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TYPE 2N768 
• Micro-energy switch—designed for low current, low volt¬ 

age, high speed applications 

• 10 me pulse rates, collector currents as low as 1 ma, 
collector supply voltages as low as 1 volt 
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TYPE APPLICATION 

Amplifier, to 100 me 

2N501 Ultra High Speed Switch 
(Storage Temperature, 85 C) 

2N501A Ultra High Speed Switch 
(Storage Temperature, 100 C) 

2N504 High Gain IF Amplifier 

2N588 Oscillator, Amplifier, to 50 me 

For complete engineering information on the types in 
which you are interested, write Technical Literature 
Section, Sprague Electric Company, 235 Marshall Street, 
North Adams, Massachusetts. 
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ADVERTISEMENT 

AIL is engaged in a cooperative program for the NASA with 
the Central Radio Propagation Laboratory designed to orbit 
an ionosounder well above the F2 region of the ionosphere. 
We call this the Topside Sounder program. In this first 
article of a short series, Warren Offutt describes some of the 

history leading up to this fascinating space program of ionospheric 
research. 

Sounding the Ionosphere 
PART I 

From Topside 

On 12 December 1901, an experi¬ 
ment was concluded with results that 
startled the scientific community. Mar¬ 
coni successfully received wireless sig¬ 
nals at St. John’s in Newfoundland 
that had been transmitted at Poldhu, 
Cornwall. Although classical diffrac¬ 
tion theory clearly predicted that the 
attenuation over the earth’s curvature 
doomed the experiment to failure, the 
signals were satisfactorily received. A 
plausible explanation was not long in 
coming: in 1902 Heaviside in Eng¬ 
land and Kennelly in America inde¬ 
pendently postulated the existence of 
a conducting layer in the earth’s up¬ 
per atmosphere. 

Proof of the presence of the Ken¬ 
nelly-Heaviside layer through meas¬ 
urement of its altitude was obtained 
in 1924. In that year Appleton and 
Barnett of the Cavendish Laboratory 
pointed out that the radially sym¬ 
metric variation in field strength they 
observed as a function of distance 
from a powerful radio transmitter 
could best be interpreted as interfer¬ 
ence fringes resulting from a conduct¬ 
ing sheet some 60 miles overhead. 
Not long thereafter, Breit and Tuve in 
America strengthened the proof by 
operating a “radar” (ionosounder) in 
the HF band. During the next 15 or 
20 years a few dozen ionospheric ob¬ 
servatories around the world were 
equipped wtih ionosounders. and a 
program of systematic observation 
and study of the bottom side of the 
ionosphere emerged ( Figure 1 ). A 
sufficiently good understanding of the 
behavior of the free electron density 
of the bottom side has been acquired 
to permit excellent predictions of its 
diurnal, seasonal, and solar cycle vari¬ 
ation. 

These studies of the ionosphere 
have extended from ground level up 
to about 300 km. Unfortunately, when 
the relatively simple sounding tech¬ 
niques are used from the ground, they 
cannot provide data for altitudes 
greater than that at which the peak 
density occurs because of shielding by 
the high-density region. 

Ihe free electron density (Ne) at 
greater altitudes than F. max is very 

No (ELECTRONS PER CC) 

FIGURE 1. TYPICAL UPPER ATMOSPHERE IONI-
ZATION AT MIDDAY DURING SUNSPOT 

MAXIMUM. 

much of interest, but it is only within 
the recent past that any data have 
been acquired. It is interesting to note 
that many of the theoretical physicists 
during the 1930’s predicted very low 
values for Ne in interplanetary space, 
and indeed even for altitudes of only 
a few thousand kilometers. During the 
early 1950’s, L. R. O. Storey inferred 
from theoretical studies and measure¬ 
ments of the whistler mode of signal 
propagation values of Ne on the order 
of a few hundred electrons/ cc at alti¬ 
tudes of 10,000 to 20,000 km. Al¬ 
though his conclusions were not in 
good agreement with those based upon 
the then accepted model atmosphere, 
measurements during the past few 
years of Ne versus altitude now tend 
to support Storey's conclusions. 
We have no detailed data on the top¬ 

side at all. Indeed, a few rocket probes 
and density measurements have re¬ 
sulted in a change in belief of fairly 
major proportions. We don’t know 
whether or not the topside is smooth 
either in Ne versus altitude or geo¬ 
graphically, or both. We don't know 
whether “spread-F” conditions exist 

above as well as below the maximum 
density region. We have scarcely any 
information on how the topside varia¬ 
tions correlate with time, season, or 
solar disturbances. One might say we 
barely know that the topside of the 
ionosphere exists at all. 
The desire to acquire knowledge 

about the topside stems from two 
types of interests. First, there is the 
immediately practical use to which 
such knowledge could be put—for ex¬ 
ample, to enhance the predictability of 
HF communication circuit quality 
through better understanding of the 
ionosphere. Second, the topside of 
the ionosphere is a basic part of the 
near-space environment, about which 
we must learn much more before man 
can build a home in the sky. 

The techniques that can be applied 
to acquire some of this knowledge in¬ 
clude: (1) rocket probes for occa¬ 
sional spot sampling, (2) high-power 
VHF vertical-incidence soundings of 
electron-scattered signals for continu¬ 
ous sampling at one location, (3) an 
orbiting ionosounder, and (4) further 
studies of whistler mode propagation 
using man-made signals under con¬ 
trolled conditions. AIL is at present 
actively engaged in (1), (3), and (4). 
Next month on this page we will tell 
you of our work with NASA and oth¬ 
ers in this program. We think you will 
find the photographs and diagrams of 
the rocket and satellite equipment of 
general interest, and the photographs 
of A-scope ionosphere echoes of spe¬ 
cial interest. 

A complete hound set of our fifth 
series of articles is available on re¬ 
quest. Write to Harold Hechtman at 
AIL, Comae Road, Deer Park, Ld., 
New York for your set. 

DEER PARK, LONG ISLAND, N. Y. 
Phone MYrtle 2-6100 
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FERRITE 

-for 
exceptionally 
high 
performance... 
a full range 
of sizes... 
30-day deliveries 

DE MORN AY BONARDI 
D-B supplies ferrite isolators covering a range from 2.6 to 
18.0 kmc. Units will soon be available to 140 kmc. All units 
in the line have the following high-performance features: 
High isolation— a minimum of 30 db at X Band, and 24 db at 
Ku Band. 
Low insertion loss— a maximum of 1.0 db in all sizes. 
DeMornay-Bonardi isolators are resonance absorption type 
units, employing a low-loss ferrite developed especially for 
this application. 
Low VSWR-a maximum of 1.15 in either direction. 
Short insertion lengths -only 5%" in X Band size. 
Complete data in Bulletin BB-480. 
Other ferrite units manufactured by DeMornay-Bonardi 
include: Frequency Converters, Circulators, and Harmonic 
Rectifiers using unique D-B ferrite compounds. 

- a reliable 
supplier 
As the oldest manufacturer of 
microwave equipment, we have 
the talents to design reliable 
instruments ... the skills to 
manufacture them, and the 
complete equipment for check¬ 
ing and calibration. You’ll find 
deliveries prompt now at D-B, 
and, as always, every instru¬ 
ment backed by a firm replace¬ 
ment guarantee. 

DE MORNAY-BONARDI 780 South Arroyo Parkway, Pasadena, California 
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HOW THE OCEAN GREW “EARS” TO PINPOINT MISSILE SHOTS 
A quarter of the world away from its launching 

pad an experimental missile nose cone enters its ocean 
target area. 

How close has it come to the desired impact point? 
Where actually did the nose cone fall? 
To answer these questions quickly and accurately, 

Bell Laboratories developed a special system of deep-
sea hydrophones—the Missile Impact Locating System 
(MILS) manufactured by Western Electric and in¬ 
stalled by the U. S. Navy with technical assistance from 
Western Electric in both the Atlantic and Pacific Missile 
ranges. MILS involves two types of networks. 
• One is a long-distance network which utilizes the 

ocean’s deep sound channel. It monitors millions of 
square miles of ocean. The impacting nose cone re¬ 
leases a small bomb which sinks and explodes at an 
optimum depth for the transmission of underwater 
sounds. Vibrations from the explosion are picked 
up by hydrophones stationed at the optimum depth 

and carried by cables to shore stations. Time differ¬ 
ences in arrivals between these vibrations at different 
hydrophones are measured and used to compute loca¬ 
tion of the impact. 

• The other is a “bull’s-eye” network that monitors a 
restricted target area with extraordinary precision. 
This network is so sensitive it does not require the 
energetic explosion of a bomb but can detect the 
mere splash of a nose cone striking the ocean’s 
surface—and precisely fix its location. 
The universe of sound—above the earth, below the 

ocean— is one of the worlds of science constantly being 
explored by Bell Laboratories. The Missile Impact 
Locating System reflects the same kind of informed 
ingenuity which constantly reveals new ways to im¬ 
prove the range of Bell System services. 

BELL TELEPHONE LABORATORIES A 
World centerof communications research and development 
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THERE’S A WORLD 
OF EXPERIENCE 

IN 
EVERYTHING 
MARCONI’S DO 

The Post and Telegraph Authorities 

of more than 80 countries rely on 

Marconi telecommunications equipment 

SURVEYS* Marconi's telecommunica¬ 
tions survey teams are at work in many 
parts of the world. Marconi's is the only 
company maintaining a permanent re¬ 
search group working entirely on wave 
propagation. 

PLANNING* Marconi’s vast experience 
is reflected in the quality of its system 
planning organisation which is constantly 
employed on planning major telecom¬ 
munications systems for many parts of 
the world. 

INSTALLATION * Marconi's instal¬ 
lation teams undertake complete re¬ 
sponsibility for system installation, in¬ 
cluding erection of buildings and civil 
engineering works as well as the instal¬ 
lation of the telecommunicat ons equip¬ 
ment and auxiliary plant. 

MAINTENANCE * Marconi’s provide a 
complete system maintenance service 
and undertake the training of operating 
and maintenance staff, either locally or 
in England. Marconi's will also establish 
and manage local training schools for 
Post and Telegraph Authorities. 

with Exhibits 

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

June 6-8, 1961 
Armed Forces Communications A 

Electronics Show, Sheraton Park and 
Shoreham Hotels, Washington, D.C. 

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

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

uct Engineering & Production, 
Philadelphia. Pa. 

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

June 19-20, 1961 
Second National Conference on 
Broadcast and Television Re¬ 
ceivers, O’Hare’s Tun. Des Plaines, 
III. 

Exhibits: Mr. Ray Lee, Philco Corp., 
6957 West North Ave., Oak Park. Ill. 

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

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

Exhibits: Mr. L. David Whitelock. 6514 
Greentree Road. Bethesda 14, Md. 

July 16-21, 1961 
Fourth International Conference on 
Medical Elect rouies «X Fourteenth 
Conference on Electrical Tech¬ 
niques in Medicine A Biology, 
W'aldorf-Astoria Hotel. New York, 
N.Y. 

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

August 22-25, 1961 
W estern Elect ron ic Show and Con¬ 
vention (WESCON), Cow Palace 
and Fairmont Hotel, San Francisco, 
Calif. 

Exhibits: Mr. Don Larson. WESCON. 
701 Welch Road. Palo \lto, Calif. 

MARCONI 
COMPLETE COMMUNICATIONS SYSTEMS SURVEYED. PLANNED. INSTALLED. MAINTAINED 

COMMUNICATIONS DIVISION, MARCONI'S WIRt-ESS TELEGRAPH COMPANY LIMITED. 

CHELMSFORD. ESSEX, ENGLAND. 

MR. J. S. V. WALTON, MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED 

SUITE 1941, 750 THIRD AVENUE, NEW YORK 17, N.Y., U.S.A. 
H2B 

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

tronics Telemetry, Albuquerque, 
N.M. 

Exhibits: Mr. V. V. Myers. 2912 Texas 
N.E.. Albuquerque, N.M. 

October 2-4, 1961 
Seventh National Communications 
Symposium Hotel Utica & Utica 
Municipal Auditorium. Utica, N.Y. 

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

October 2-4, 1961 
IRE Canadian Convention, Automo¬ 

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

Exhibits: Business Manager, TRE Cana¬ 
dian Convention. 819 Yonge St., To¬ 
ronto 7, Ontario, Canada. 

(Continued on paar 10A) 
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K AV Sweeping Oscillators ... Frequency Markers 

AUDIO-VIDEO 
ALL-ELECTRONIC • STABLE 
BALANCED OUTPUT 
NO PHASING ADJUSTMENTS 
ZERO REFERENCE LINE 
“CRYSTAL” FREQUENCY MARKERS 

20 cps to 200 kc . . . SiW SWCCÜ MODEL M 
For Audio Bandpass, High-Q Filters 

• Repetition Rate 0.2 to 25 cps, Logarithmic and Linear 
• Built-in Low Frequency Detector • Pulse Markers 

Price $895.00, f o b. factory. ($985.00 F A S . N. Y.) 

50 kc to 8 me . . . JHarka-Swccp MODEL VIDEO TTV 
For TV Frequencies 

• 5 Crystal CW & Marker Frequencies • Metered Output 
• Calibrated Variable CW and Marker 

Price $795.00, f o b. factory ($875.00 F.A.S., N. Y.) 

50 kc to 20 me . . . Marka-Sweep MODEL VIDEO 
For Fixed Band Video 

• 3 Switched Sweep Widths • Fixed Pulse Markers • Provision for 
Variable Pulse Marker 

Price $575.00, f o b. factory. ($633.00 F.A.S., N. Y.) 

50 kc to 50 me . . . Marka-Sweep MODEL VIDEO 50 
For Varied Applications 

• Variable Center • Wide 50 me Sweep with Good Low Frequency 
Output • Pulse Markers 

Price $845.00, f.o.b. factory. ($930.00 F.A.S., N. Y.) 

AUDIO-VHF 
200 cps to 220 me . . . 

Zigna-Swecp SKV 

For Audio, Video, VHF 
Bandpass, High-Q Filters 

Repetition Rate 0.2 to 30 cps • 
200 cps to 30 me Widths • Pulse 

Video Sweep 1 kc to 10 me 
Markers • Logarithmic Sweep 

Price $1,295.00, f.o.b. factory. ($1,425.00 F.A.S., N. Y.) 

VIDEO-VHF 
100 kc to 150 me . . . Cigna-Sweep 

For Communications, Video Bandpass 

MODEL CP 

• Variable Center Frequency • Pulse Markers 
Price $795.00, f.o.b. factory. ($875.00 F.A.S., N. Y.) 

i me to 260 me ... Pada—Sweep Sr. 
For Production Alignment 

• 6 Fixed Bands • Pulse Markers 
Price $725.00, f.o.b. factory. ($798.00 F.A.S., N. Y.) 

1 me to 350 me . . . Paría-Sweep 300 

For Production Alignment 
• 12 Fixed Bands • Pulse Markers 

Price $925.00, f.o.b. factory. ($1,018.00 F.A.S.. N. Y.) 

VHF 

2 me to 470 me 

the Vari-Sweeps 
• Fundamental Frequency 
• No Spurious Beats, 

Built-In Attenuators 
• Direct Reading Frequency Dials 

1.0 V into 70 ohms AGC’d 

2 me to 220 me . . . Vari-Sweep 860-A 
• Metered Output • 30 me Sweeps 

Price $795.00, f.o.b. factory. ($875.00 F.A.S., N. Y.) 

4 me to 120 me . . . Vari-Sweep if 
• Built-In Variable Marker • Fixed Pulse Markers 

Price $950.00, f o b. factory. ($1,045.00 F.A.S., N. Y.) 

10 me to 145 me . . . Vari-Sweep RADAR 
• Same as IF at Different Frequency 

Price $950.00, f.o.b. factory. ($1,045.00 F.A.S., N. Y.) 

Same as 860-A at Different Frequency 

Price $895.00, f o b. factory. ($985.00 F.A.S., N. Y.) 

15 me to 470 me . . . Vari-Sweep 400 

VIDEO-UHF 
50 kc to 1000 me 

Mega-Sweeps 
Highly Flexible Lab-Type 
Instruments, Operating 
Over a Very Wide Fre¬ 
quency Range 

50 kc to 950 me . . . CALIBRATED Mega-Sweep uh 
• Variable Center • Variable Width 
• 40 me Widths 

Price $625.00, f o b. factory. ($688.00 F.A.S., N. Y.) 

10 me to 950 me . . . CALIBRATED Mega-Sweep mA 
• Higher Output • Zero Reference 

Price »625.00, f.o.b. factory. (»688.00 FAS., N. Y.) 

KAV 
ELECTRIC COMPANY 

MAPLE AVENUE • PINE BROOK, N. J. 

DEPT. 1-6 CAPITAL 6-4000 
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and look at the variety 
WRIGHT MOTORS offer... 

quality Servos and 
Rotating Components 

Wright of Sperry Rand offers design engineers faced with new 
challenges an exceptional source for meeting the most exacting 
demands. A wide variety of standard models plus superior en¬ 
gineering and production capabilities bring you assured quality. 

Write today for technical data and the name and address of 

WWRT 
AC SEJ 
INERTIA^ 

your nearest Wright Motors representative. 

■— / DIVISION OF SPERRY RAND 
■WD |/*|1T/ Durham, North Carolina 

■/ Tel. 682-8161 

31« Meetings with Exhibits 
Illilll|i|iini|||i|||llllill»llliliiinii ■ iiniiiliii»iilllllUlllllllllllllUI 

(Continued from (aye SA) 

October 911, 1961 
National Electronics Conference, 

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

Electronics Conference, 228 N. LaSalle 
St., Chicago, III. 

October 19-20, 1961 
Sixth Annual North Carolina Section 
Symposium on Electronics, Engi¬ 
neering and Education, Greensboro 
Coliseum, Greensboro, N.C. 

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

October 23-25, 1961 
East Coast Conference on Aeronauti¬ 

cal X Navigational Electronics, 
Lord Baltimore Hotel, Baltimore, Md. 

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

October 23-26, 1961 
Eighth Annual Meeting. Professional 
Group on Nuclear Science (Aero-
Space Nuclear Propulsion), Hotel 
Riviera, Las Vegas, Nevada 

Exhibits: Mr. D. J. Knowles, Union Car¬ 
bide Company, Oak Ridge National 
Lab.. Oak Ridge, Tenn. 

October 26-27, 1961 
Electronic Techniques in Medicine 
Ä Biology Conference, University 
of Nebraska. Omaha. Neb. 

Exhibits: Mr. Harold G. Beenken. Uni¬ 
versity of Nebraska. College of Medi¬ 
cine, 428 Dewey Avenue, Omaha. Neb. 

November 14-16, 1961 
Mid-America Electronics Conference 
(MAECON), Hotel Muehlebach. Kan¬ 
sas City, Mo. 

Exhibits: Mr. Felix A. Spies, Bendix 
Corporation, P.O. Box 1159, Kansas 
City 4L Mo. 

November 14-16, 1961 
Northeast Research and Engineering 
Meeting (NEREM), Boston Com¬ 
monwealth Armory. Boston, Mass. 

Exhibits: Miss Shirley Whitcher, IRE 
Boston Office. 313 Washington St., 
Newton. Mass. 

November 30-December 1, 1961 
PGVC Annual Meeting. Hotel Rad-

dison. Minneapolis, Minn. 
Exhibits: Mr. Harold T’Kach. Mobile 

Engineering, Inc., 620 North Sixth St., 
Minneapolis. Minn. 

A 
Note on Professional Group Meetings: 
Some of the Professional Groups con¬ 
duct meetings at which there are ex¬ 
hibits. Working committeemen on these 
groups are asked to send advance data 
to this column for publicity information. 
You may address these notices to the 
Advertising Department and of course 
listings are free to TRE Professional 
Groups. 
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■«3830 

3 6 I 8 

Electrostatically focused BWO provides 
smaller, lighter X-band signal source 

New Raytheon tube combines advantages of back¬ 
ward wave oscillators in rugged compact package 
ideal for airborne and missile use. 

The QKB 830 is especially suitable for local oscillator service 
in airborne, shipboard, or ground-based equipment such as 
anti-jam radar receivers. A wide-range tube, it can be tuned 
from 8.5 to 9.6 kMc by varying a single electrode voltage. 

The small size and low voltages of the QKB 830 permit its 
use as a direct replacement for mechanically tuned klystrons 
in existing systems. It is also adaptable to many other appli¬ 
cations requiring a voltage tunable source having provision 
for low-voltage pulsed or amplitude modulation. 

Write today for technical data or application service to 
Microwave and Power Tube Division, Raytheon Company, 
Waltham 54, Massachusetts. In Canada: Waterloo, Ontario. 

QKB 830 GENERAL CHARACTERISTICS 
(Typical CW Operation) 

Power Output . 15-30mW 
Frequency &5-9.6 kMc 
Voltage Requirements 

Tuning Voltage 150-250 Vdc 
Focus Voltage 300 Vdc 
Filament Voltage . 6.3 V 

Shock 50 G’s 
Cooling . convection 
Overall Length . 7.5 in. 
Weight . 1.5 lb. Max. 

RAYTHEON COMPANY 

MICROWAVE AND POWER TUBE DIVISION 

RAYTHEON 
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stability and reliability are realized 
in practical large percentage 
bandwidth crystal filters 
With Midland type NB Miniature 1.8% wide band pass 10.7 MC crystal filters 
The Types NB-1 and NB-1B are four-crystal 
networks contained in a hermetically sealed 
package with a volume less than 1 cu. in. 
and 2.5 cu. in. respectively. The center 
frequency of both types is 10.7 MC ± 3KC 
with a 6db bandwidth of 200KC + 10KC, 
— O KC and an ultimate minimum rejection 
of lOOdb. Singly used they exhibit a 
maximum 60db 6db bandwidth ratio of 
2.25:1. Because they are small in size, two 
of the same type can be used in cascade with 
an active network between filters to produce 
an 80db 6db bandwidth ratio of better than 
1.7:1, with an ultimate rejection of over 
120db. Small quantities for engineering CRYSTAL FILTER SPECIFICATIONS 
evaluation are available immediately from 
stock. Midland invites consultation at any 
time for potential crystal filter users. 

TYPE NB-1 TYPE NB IB 

Cent« Frequency . 10.7MC ± 3KC 10.7MC ± 3KC 
Bandwidth , 6db. 200KC + 10KC. — 0 KC 200KC f- 10KC. - 0 KC 
Bandwidth « 60db . IWKC Mai. 
Bandwidth Ratio . 2.25 1 Mar 
Ult'mate Rejection . 90db Min. 
Insertion Loss . 12dt Max. 
Required Source Load Resistance. . 50 oins ±5% 
Inband Ripple .. 'db Max. 
Inband Ripple at Temperature 
Extremes . \5db Max. 

Operating Temperature . —55e C to — 90 e C 
Shock . 100 i 
Vibration . 15gto2KC 

450KC Max. 
2.25:1 Max. 
lOOdb Min. 
’8db Max. 
50 ohms ± 5% 
•1.5db Max. 

*2.0db Max. 
-55° C to —90 C 

TOO g 
T5 g to 2KC 

‘The Type NB -1B can also be provided with an insertion loss of 12db max. ; 
inband ripple of .5db max.; and inband ripple at temperature extremes 
of Idb max. When ordering, specify required insertion loss and ripple. 

WORLD’S LARGEST PRODUCERS OF QUARTZ CRYSTALS 
FREQUENCY IN MEGACYCLES MID 2-61 DIVISION, PACIFIC INDUSTRIES, INCORPORATED 
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ARNOLD: 
WIDEST SELECTION OF 
MO-PERM LLOY POWDER CORES 
FOR YOUR REQUIREMENTS 
For greater design flexibility, Arnold 
leads the way in offering you a full 
range of Molybdenum Permalloy 
powder cores ... 25 different sizes, 
from the smallest to the largest on the 
market, from 0.260” to 5.218” OD. 

In addition to pioneering the de¬ 
velopment of the cheerio-size cores, 
Arnold is the exclusive producer of 
the largest 125 Mu core commercially 
available. A huge 2000-ton press is 
required for its manufacture, and in¬ 
sures its uniform physical and mag¬ 
netic properties. This big core is also 
available in three other standard per¬ 
meabilities: 60, 26 and 14 Mu. 
A new high-permeability core of 

147 Mu is available in most sizes. 

These cores are specifically designed 
for low-frequency applications where 
the use of 125 Mu cores does not result 
in sufficient Q or inductance per turn. 
They are primarily intended for appli¬ 
cations at frequencies below 2000 cps. 
Most sizes of Arnold M-PP cores 

can be furnished with a controlled 
temperature coefficient of inductance 
in the range of 30 to 130° F. Many 
can be supplied temperature stabilized 
over the MIL-T-27 wide-range speci¬ 
fication of — 55 to -f-85° C... another 
special Arnold feature. 
Graded cores are available upon 

special request. All popular sizes of 
Arnold M-PP cores are produced to 
a standard inductance tolerance of + 

or —8%, and many of these sizes are 
available for immediate delivery from 
strategically located warehouses. 
Let us supply your requirements for 

Mo-Permalloy powder cores (Bulletin 
PC-104C)'. Other Arnold products in¬ 
clude the most extensive line of tape¬ 
wound cores, iron powder cores, per¬ 
manent magnets and special magnetic 
materials in the industry. • Contact 
The Arnold Engineering Co., Main 
Office and Plant, Marengo, Illinois. 

ADDRESS DEPT. P-6 

^ARNOLD 
SPECIALISTS in MAGNETIC MATERIALS 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL 

CITIES • Find fhem FAST in the YELLOW PAGES 
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IRE News and Radio Notes 

Current IRE Statistics 
(As of April 30, 1961 ) 

Membership 86,637 
Sections*- 110 
Subsections*—30 
Professional Groups*—28 
Professional Group Chapters 286 
Student Brauchest—207 

* See May. 1961, for a list. 
t See this issue for a list. 

Calendar of Coming Events 
and Authors’ Deadlines* 

1961 

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

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

Chicago Spring Conf, on Broadcast and 
Television Receivers, O’Hare Inn, 
Des Plaines, Ill., June 19-20. 

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

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

4th Int’l. Conf. On Medical Electronics 
& 14th Conf, on Elec. Techniques 
in Medicine & Biology, Waldorf-
Astoria Hotel, New York, N. Y. 
July 16-21. 

WESCON, Cow Palace, San Francisco, 
Calif., Aug. 22—25. 

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

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

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

Int’l. Conf, on Electrical Engrg. Educa¬ 
tion, Syracuse Univ., Adirondacks. 
N. Y., Sept. 6-13. 

IRE Conf, on Technical-Scientific Com¬ 
munications, Bellevue Stratford Ho¬ 
tel, Philadelphia, Pa., Sept. 13-15. 

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

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

CISPR, Univ, of Pennsylvania, Phila¬ 
delphia, Oct. 1-6. 

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

IRE Canadian Electronics Conf., Auto¬ 
motive Bldg., Exhibition Park, 
Toronto, Canada, Oct. 2-4. 

* DL® Deadline for submitting ab¬ 
stracts. 

(Continued on pane ISA) 

Industrial Electronics 
Symposium Will Emphasize 
S U P P LI E R - r S E R ( 'oo PE R A TI ON 

Industrial progress through cooperation 
and understanding between electronic equip¬ 
ment suppliers and industrial users of such 
equipment will be stressed at the 1961 In¬ 
dustrial Electronics Sy mposium. Sponsored 
jointly by the IRE (Professiona Group on 
Industrial Electronics), the AI EE, and the 
ISA, the Symposium will be held on 
September 20 21, 1961, in the Bradford 
Hotel, Boston, Mass. 

The Symposium is honored to have C. 
Metcalfe, Chairman of the Electronic Forum 
for Industry, London, England, .is a luncheon 
speaker. The Electronic Forum for Industry 
is a British organization formed in Feburary . 
1959, to foster a much closer liaison between 
the manufacturers and users of electronic 
equipment. 

A highlight of the meeting will be a ses¬ 
sion consisting of a panel of electronic ex¬ 
perts in various phases of industrial elec¬ 
tronics who will answer industrial users’ 
questions. Moderator for the panel discus¬ 
sion will be \\ illiam Vannah, former Chief 
Editor of Control Engineering, who is now 
an associate for advanced engineering of the 
Foxboro Company, Foxboro, Mass. 

Three additional technical sessions are 
planned. The first one, on Measuring Tech¬ 
niques for Industry, will have Dr. C. \\ . 
Clapp, Consulting Physicist, Instrument 
Department, General Electric Company, as 
Session Chairman. Papers to be presented 
will cover topics such as noncontact measur¬ 
ing techniques, nondestructive fault testing, 
moisture measurement, and infrared and 
chromatography techniques. 

I'he second session w ill deal w ith Digit.d 
and Analog Techniques in Industry. F. \\ . 
Atkinson of Owens-Corning Fiberglas will 
be Chairman. This session will cover both 
analog and digital blending techniques 

stressing actual case histories, three-mode 
controllers and computers. 

I hc final session will cover New Power 
Conversion Techniques. C. II. Chandler of 
Gillette Safety Razor Company will be Ses¬ 
sion Chairman. Papers in this session will 
cover topics such as a novel system for 
coupling a turbine to a v ariable-speed driv e 
with silicon-con trolled rectifiers, ultrasonic 
machining techniques, industrial applica¬ 
tions of thermoelectricity and electronic 
sources of industrial heat. 

Air Force MARS 
A N N O U N C E S S( ' 11E D U L E 

I'he following is the June, 1961, schedule 
of broadcasts of the Air Force MARS 
Eastern Technical Net, operating Sundays 
from 2 to 4 P.M., EDST, on 3295. 7540, and 
15,715 kc. 

June 4 —“Transistor Reliability,” C. II. 
Zierdt, Product Manager, General Electric 
Company. 

June 11 -“Advancements in Broad Band 
Communications,” A. Peterson, Communi¬ 
cations Department, General Electric Com¬ 
pany. 

June 18—“Space Tracking,’’ R. Ander¬ 
son, General Electric Laboratory. 

The Eastern Technical Net will recess 
until September 17, 1961, when it will begin 
its fifth year of weekly educational broad¬ 
casts. Listeners are invited to assist in pro¬ 
gramming the 1961 1962 season by sug¬ 
gesting the subjects in which they have 
particular interest. Every effort will be 
made to program for maximum technical 
interest. Suggestions and inquiries should 
be directed to: J. II. McCoy, Director, 
USAF MARS, Eastern Technical Net, 
Military Affiliate Radio System, Dept, of 
the Air Force, 109 W illow \v e., Huntington, 
N. V. 

The above photograph was taken in the Winston Churchill Auditorium, Tech n ion City. 1 laifa, at the meeting 
of the Forum of the Fourth Israel; National Convention of Electronic Engineers and Annual Meeting of the 
IRE Israel Section. The Convention was held on February 20-21, 1961. 
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MIT Announces Special 
Summer Session 

A summer program, “Engineering Mag¬ 
netohydrodynamics," will be given at the 
Massachusetts Institute of Technology, 
Cambridge, on June 19-30, 1961, by faculty 
members in the departments of Aeronautics 
and Astronautics, Electrical Engineering, 
Mechanical Engineering, and Nuclear Engi¬ 
neering. I'he purpose of the program is to 
discuss the application of magnetohydro¬ 
dynamic principles to engineering problems 
such as power generation, propulsion, flight 
control, fusion reactors, and liquid metal 
pumping. Lectures developing magneto¬ 
hydrodynamics from both a continuum and 
particle point of \ iew will be accompanied 
by treatments of applied topics such as 
magnetic confinement, instability, de arcs, 
gas conduct ivity, MHD channel flowsand 
boundary layers, traveling-wave accelera¬ 
tors. fusion devices, MHD shock tube experi¬ 
ments, superconducting magnets, etc. There 
will be separate panel discussions of power 
generation, propulsion, and fusion devices, 
in which invited guests will participate. 

Inquiries concerning attendance at this 
special summer program should be directed 
to: I'he Office of the Summer Session. 
Massachusetts Institute of Technology, 
Cambridge 39, Mass. 

Raymond F. Guv 
Receives NAB Award 

Raymond E. Guy (A’25 M’39 E’39), 
American aid advisor now in Viet-Nam to 
assist in the establishment of a national 
radio network, has been awarded a dis¬ 
tinguished service award by the National 
Association of Broadcasters. 

He has received N AB’s highest technical 
tribute, the 1961 Engineering Achievement 
Award for his service to his profession, the 
industry, anti the nation. 

t he presentation was made at the NAB 
Convention on May 7-10, 1961, in Wash¬ 
ington, D. C. 

Past recipients of the NAB honors have 

included David Sarnoff, head of RCA, ex¬ 
President Herbert Hoover, and W. S. Paley 
of the Columbia Broadcasting Sy stem. 

Mr. Guy is credited with the longest 
continuous service as a full-time broadcast 
engineer in the world. 

Before going to Viet-Nam, he was a con¬ 
sultant in Haworth, N. J., and served RCA 
and NBC for nearly 40 years, entering 
boradcasting in New York in 1921 as engi¬ 
neering-announcer for WJZ. He has par¬ 
ticipated in most of the major international 
electronic conferences as well as dozens of 
important industry committees. He di¬ 
rected NBC’s FM field tests in 1939-1940 
and UHF TV tests at Bridgeport, Conn., in 
1951 1953. I le has been active in allocations 
of frequencies. 

Other activities include both Treasurer 
and President of the IRE. He is Secretary 
and Past President of Broadcast Pioneers, 
and President of the Veterans Wireless 
Operators Association. Heisa Fellow of the 
American Institute of Electrical Engineers 
and the Radio Club of America. He holds 
citations for serv ice to broadcasting from the 
Radio and Television Executives Society 
and Broadcast Pioneers and holds the 
Marconi Gold Medal of the W ireless Opera¬ 
tors Association. 

Conference on M agnetism 
and Magnetic Materials 
Will Meet in Phoenix 

The Seventh Annual Conference on 
Magnetism and Magnetic Materials will be 
held in Phoenix, Ariz., on November 13 16, 
1961, at the Hotel W estward Ho. This Con¬ 
ference is sponsored jointly by the American 
Institute of Electrical Engineers and the 
American Institute of Physics, in coopera¬ 
tion with the Office of Naval Research, the 
Institute of Radio Engineers, and the 
Metallurgical Society of the AIME. 

The deadline for abstracts is August 18, 
1961. Further details can be obtained from 
the local chairman: P. B. Meyers, Motorola 
Semiconductor Products Division. 5005 E. 
McDowell Rd., Phoenix, Ariz. 

The above photograph was taken at a meeting of the Executive Committee of the Seventh National Com¬ 
munications Symposium, which will lx* held in Utica. N. V., on October 2 4, 1961. (Seated, left to right}: R. K. 
Walker, Technical Program Chairman; Mrs. R. K. Walker, Women’s Program Chairman; R. E. Bischoff. 
General Chairman; and R. E. Gaffney. Exhibits Chairman. (Standing, left to right): R, I.. Libby, Enture Scien¬ 
tists Chairman: R. L. Marks, Board of Governors; A. A, Kunze, Co-Executive Vice Chairman: W. P. Bethke, 
Scholarship Vice Chairman; B. 11. Baldridge, Co-Executive Vice Chairman: C. .1. Civin, Public Relations 
Chairman: C. W. Gordon, Chairman Board of Governors; and Lt. Col. T. G. Williams, Classified Sessions 
Chairman. 

Calendar of Coming Events 
and Authors’ Deadlines* 

(Continued from frage HA) 

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

Nat’l. Electronics Cont., Int’l. Amphi¬ 
theatre, Chicago, Ill., Oct. 9-11. 

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

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

6th Ann. North Carolina Section Symp., 
Greensboro Coliseum, Greensboro, 
N. C., Oct. 19-20. 

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

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

PGNS 8th Ann. Mtg., Hotel Riviere. 
Las Vegas, Nev., Oct. 23-26. (DL*: 
July 1, P. M. Uthe, Univ, of Calif., 
Lawrence Radiation Lab., Box 808, 
Livermore, Calif.) 

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

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

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

6th Ann. Special Technical Conf, on 
Nonlinear Magnetics, Statler Hilton 
Hotel, Los Angeles, Calif., Nov. 6-8. 
(DL*: June 1, T. Bernstein, Space 
Technology Labs., Inc., P. O. Box 
95001, Los Angeles, Calif.) 

Conf, on Electrically-Exploded Wires, 
Kenmore Hotel, Boston, Mass., 
Nov. 13-14. 

7th Ann. Conf, on Magnetism and Mag¬ 
netic Materials, Hotel Westward Ho, 
Phoenix, Ariz., Nov. 13-16. 

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

Linda Hall Library Auditorium, 
Kansas City, Mo., Nov. 14. (DL*: 
Sept. 1, Dr. A. Goldsmith, Wilcox 
Electric, Kansas City, Mo.) 

PGVC Conf., Hotel Raddison, Min¬ 
neapolis, Minn., Nov. 30-Dec. 1. 

Eastern, Joint Computer Conf., Shera¬ 
ton-Park Hotel, Washington, D. C., 
Dec. 12-14. 

1962 

8th Nat’l. Symp. on Reliability and 
Quality Control, Statler Hilton Ho¬ 
tel, Washington, D. C., Jan 9-11. 
(DL*: May 15, 1961, E. F. Jahr, 
IBM Corp., Owego. N. Y.) 

3rd Winter Conv. on Military Electron¬ 
ics, Ambassador Hotel, Los Angeles, 
Calif., Feb. 7-9. 

8th Scintillation and Semiconductor 
Counter Symp., Shoreham Hotel, 
Washington, D. C., Mar. 1-2. 

* DL —Deadline for submitting ab¬ 
stracts. 

PROCEEDINGS OF THE IRE June, 1961 15A 



JACC Announces 
Additions to Program 

Related meetings are being scheduled to 
precede the main forum of the Joint Auto¬ 
matic Control Conference, which will be 
held on June 28-30, 1961, at the University 
of Colorado, Boulder. 

I'he Conference was conceived to avoid 
duplicate, redundant, and overlapping con¬ 
trol meetings. Because this wide assemblage 
of control personnel occurs only at the 
JACC, it has been decided to schedule 
ancillary meetings, two of which are defi¬ 
nitely arranged: 

1) The Simulation Techniques Subcom¬ 
mittee of the Al EE Feedback Control 
Systems Committee will conduct a panel 
discussion on simulation techniques on 
Tuesday, June 27. Topics will range from 
specific techniques, such as simulating 
samplers and quantizers, to simulating 
broad industrial and economic systems. For 
details write to Prof. \\ . \\ . Seifert, MIT, 
Cambridge 39, Mass. 

2) The Nonlinear Control Theory Com¬ 
mittee of the AI EE will organize a workshop 
on dynamic programming on Tuesday, June 
27. Topics will include adaptive control, 
sampled data, and industrial process con¬ 
trol. For details write to Dr. R. E. Kuba, 
P.O. Box 3556, Beech wold Station, Colum¬ 
bus, Ohio. 

On Wednesday morning, June 28, H. M. 
Paynter, Chairman of the Program Com¬ 
mittee, R. K. Adams, General Conference 
Chairman, and D.A. Rodgers will participate 
in the opening introductions and announce¬ 
ments. At this time the American Automatic 
Control Council Award will be presented. 
Dr. M. L. Minsky, of the Massachusetts 
Institute of 'Technology, will deliver a talk 
on “Artificial Intelligence and Automatic 
Control.” Dr. Kan Chen, of the Westing¬ 
house Research Laboratory, will speak on 
“Modern Research in Automatic Control.” 

The complete program of the Joint 
Automatic Control Conference was given in 
the IRE News and Radio Notes section of 
the May, 1961, issue of Proceedings. 

Electrically Exploded Wires 
Topic of Fall Conference 

A conference on Electrically Exploded 
Wires, sponsored by the Thermal Radiation 
Laboratory of the Geophysics Research 
Directorate of the Air Force Cambridge 
Research Laboratories, will be held at the 
Kenmore Hotel, Boston, Mass., on November 
13-14, 1961. Invited and contributed papers 
on both theory and uses of exploding 
wires will be presented. 

For further information, contact: W. G. 
Chace, Thermal Radiation Lab., CRZCM, 
Geophysics Research Directorate, Air Force 
Cambridge Research Labs., Bedford, Mass. 

IRE Establishes 
New Subsection 

At its meeting on March 24, 1961, the 
IRE Executive Committee approved estab¬ 
lishment of a new IRE Subsection, to be 
known as the Victoria Subsection of the 
Vancouver Section, and to encompass all of 
Vancouver Island in the Province of 
British Columbia, Canada. 

Kansas City Section 
Schedules Fall Symposium 

The Kansas City Section of the IRE will 
sponsor a Symposium on Electronic Sys¬ 
tems Reliability on November 14, 1961. 

The Technical Program Chairman, Dr. 
Arthur Goldsmith, Director of Engineering 
for Wilcox Electric, is planning the Sym¬ 
posium to stress product or “hardware"’ 
reliability; papers on MTF prediction, relia¬ 
bility evaluation, and process and fabrica¬ 
tion techniques to improve reliability are 
planned. 

To provide a stimulating environment 
for discussion, the Symposium Proceedings 
will be published and mailed to those who 
have pre-registered, at least two weeks be¬ 
fore the Symposium. Speakers will then 
present only an abstract of their papers: 
about half of each session will be for discus¬ 
sion and questions and answers. An ad¬ 
dendum to the Proceedings on the discus¬ 
sion is also being planned. 

The Mid-America Electronic Confer¬ 
ence (MAECON), usually held in Novem¬ 
ber, is now scheduled only for even-num¬ 
bered years; symposiums are planned for 
1961 and 1963. 

In 1940 he was appointed Chief Engi¬ 
neer of the Acoustical and Record Labora¬ 
tory in the Library of Congress, where, 
under a Carnegie Corporation grant, he as¬ 
sisted in developing sound recording facili¬ 
ties and associated equipment. 

Shortly after the beginning of \\ orld War 
11, he joined the staff of Ml T’s Radiation 
Laboratory as associate leader of the radio 
frequency development group. Later he be¬ 
came project engineer of a key radar de¬ 
velopment program. In 1945 he served on 
the staff of the Los Alamos Laboratory. 

Eta Kappa Nu Association, the electrical 
engineering honor society, voted Dr. 
Wiesner an honorable mention as an out¬ 
standing young electrical engineer for the 
year 1947. In recognition of “outstanding 
services to his country, he was awarded the 
President’s Certificate of Merit, the second 
highest civilian award, in 1948. In 1952, he 
was elected a Fellow of the IRE for his 
“outstanding contributions to radio or allied 
fields.” He is a Fellow of the American 
Academy of Arts and Sciences and a member 
of the ASA. 

E1A Medal of Honor 
Awarded to J. B. Wiesner 

Dr. Jerome B. Wiesner (S’36-A’4O-
SM’48-F’52), Special Assistant to the 
President for Science and Technology, who 
was chosen by the EIA Board of Directors 
for award of the 1961 EIA Medal of Honor 
for “distinguished service contributing to 
the advancement of the electronics indus¬ 
try,” is the first government official to be 
selected for the award since its establish¬ 
ment in 1952. Presentation of the medal was 
made at the Award Dinner on May 23, 
1961, during EIA’s annual convention in 
Chicago, Ill. 

Dr. Wiesner, long known in scientific 
and industry circles, is now on leave from 
his position as Director of the Research 
Laboratory of Electronics at the Massa¬ 
chusetts Institute of Technology, Cam¬ 
bridge. He was, until his appointment to the 
White House post, a Director of the Sprague 
Electric Company, and also has served as 
industry' consultant to other electronic 
companies. 

Long a leader in the rapid development 
of communication sciences, he was Chairman 
of the steering committee of the Center for 
Communication Sciences established at 
MIT in 1958 to study both man-made and 
natural communication systems. He also 
has been active in advancement of tech¬ 
nology related to the nation’s international 
problems both as a member of the Presi¬ 
dent’s Science Advisory' Committee and of 
the committee which préparée! the Gaither 
report. He also was Staff Director of the 
United States delegation to the 1958 Geneva 
Conference on the prevention of surprise 
attack. 

He was born in Detroit, Mich., in 1915, 
and received the degrees of Bachelor of 
Science, Master of Science, and Doctor of 
Philosophy from the University of Michigan, 
Ann Arbor, in 1937, 1938, and 1950, 
respectively. 

Communications Conference 
To Meet in Philadelphia 

The IRE Conference on Technical-
Scientific Communications, sponsored jointly 
by the National Professional Group on 
Engineering Writing and Speech (PGEWS) 
and the Philadelphia Section of the IRE, 
will be held on September 13-15, 1961, at 
the Bellevue-Stratford Hotel in Philadel¬ 
phia, Pa. 

Seeking improved solutions to problems 
of communicating and utilizing technical 
and scientific information, the Conference 
has selected as its theme, “The Crisis in 
Technical-Scientific Communications, and 
What We Can Do About It." 

Papers will be presented by authorities 
in science, industry, the military, education, 
publicationsand documentation. Conference 
sessions will feature subjects such as: “ The 
High Cost of Research and Development 
Communication Failures," “Increasing Tech¬ 
nical-Scientific Manpower Five to Twenty 
Per Cent by Improving Communications,” 
“Literature Search and This ‘Technical-
Scientific Tower of Babel’,” and “A Field 
Theory of Communication.” 

For further information, contact: George 
Boros, Program Chairman, Conference 
on Technical-Scientific Communications, 
Moore School of Electrical Engineering, 
University of Pennsylvania, Philadelphia 4, 
Pa. 

Professional Group News 
At its meeting on March 24, 1961, the 

IRE Executive Committee approved the 
following new Chapters: PG on Bio-Medical 
Electronics Rochester Chapter; PG on 
Electronic Computers—Orange County 
Chapter; PG on Electronic Computers— 
Syracuse Chapter; PG on Engineering Man¬ 
agement—Seattle Chapter; PG on Infor¬ 
mation Theory—San Francisco Chapter. 
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when airborne radar requires the very best: 

_ 

Designers of radar equipment 

will find Bomac Laboratories' 

new BLM-071 Ku-band pulse 

magnetron meets exacting 

requirements for airborne 

systems: lightweight, rugged, 

powerful. This newest 

contribution from Bomac is 

a fixed-frequency tube 

(15.9-16.1 kMc) rated at 100 kW 

peak, at 0.001 duty cycle. 

Cathode structure is greatly 

improved over similar 

magnetrons. Operable at high 

ambient temperatures, with 

input output terminals 

permitting pressurization to 

30 psia. Special construction 

minimizes leakage current. 

High power output and low 

operating voltage are 

combined in a compact, 

ruggedized unit. Long life. 

Weight: less than 8 Li lbs. 

The many advantages 

to Bomac's BLM-071 

magnetron make it readily 

adaptable to navigation, 

high-altitude mapping, 

airport surveillance, and 

similar applications. Write 

for full technical details. 

laboratories, inc 

A Varian Subsidiary 

Other Subsidiaries of Varian Associates: 
S-F-D LABORATORIES, INC. 
VARIAN ASSOCIATES OF CANADA, LTD. 
SEMICON ASSOCIATES, INC. 
SEMICON OF CALIFORNIA, INC. 
VARIAN A.G. (SWITZERLAND) 

FEATURES: Frequency 15.9-16.1 kMc. 
Peak Power 100 kW. 
Normal efficiency 30%. 
Duty cycle 0.001 Max. 
Pulse width 0.06 to 1.2 usee. 
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R. P. Gifford Appointed 
AI ember oi J TAC 

Richard I’. Gifford, Manager of the 
Communication Products Department of 
the General Electric Company, Lynchburg. 
Va.. has recently been appointed a member 
of the Joint Technical Advisor)' Committee 
(I TAC) by the Committee’s sponsors, the 
Electronic Industries Association and The 
Institute of Radio Engineers. He fills the 
vacancy created by the death of Dr. 
John V. !.. Hogan, an active member of 
J TAC since its inception in July. 1948. 

General Electric appointed him as 
Chairman of its team of experts in prepar¬ 
ing the Company’s reply to the FCC in con¬ 
nection with Docket No. 13522. 

Mr. Gifford has been a member of the 
EIA (formerly RETMA) for the past 13 
years and has been Chairman of the Indus¬ 
trial Electronics (TR) Panel for several 
years. He is also the Engineering Liaison 
Chairman of the EIA Industrial Electronics 
Division and a member of the EIA General 
Standards Committee. 

He has been a member of the IRE Pro¬ 
fessional Group on Vehicular Communica¬ 
tions since 1955 and is its present Chairman. 
His membership in the Professional Group 
on Radio Frequency Interference dates back 
to 1958. 

IF1PS Announces 
1962 Congress 

The International Federation of Infor¬ 
mation Processing Societies (IFIPS) will 
hold a Congress in Munich, Germany, from 
August 27-September 1. 1962. 

The Congress will cover all aspects of 
Information Processing and Digital Com¬ 
puters, including the following: 

1 ) Business Information Processing, e.g., 
data processing in commerce, industry, and 
administration. 

2) Scientific Information Processing, 
e.g.. numerical analysis; calculations in ap¬ 
plied mathematics, statistics, and engineer¬ 
ing; data reduction; problems in operations 
research. 

3) Real lime Information Processing, 
e.g., reservation systems, computer control, 
traffic control, analog-digital conversion. 

4) Storageand Retrieval of Information, 
e.g., memory devices, library catalogs. 

5) Language Translation and Linguistic 
Analysis. 

6) Digital Communication, e.g., encod¬ 
ing, decoding, error-detecting and error¬ 
correcting codes for digital data transmis¬ 
sion. 

7) Artificial Perception and Intelligence; 
e.g., pattern recognition, biological models, 
machine learning, automata theory. 

8) Advanced Computer Techniques, e.g.. 
logical design, logical elements, storage de-
vices, idtra high-speed computers, program 
techniques, ALGOL. 

9) Education, e.g., selection and train¬ 
ing of computer specialists in the use of 
computers, information processing as a 
university subject. 

10) Miscellaneous subjects, e. g., growth 
of the information processing field. 

In each category it is planned to cover, 
where appropriate, the applications of digi-

More than 500 delegates nearly a quarter of the membership attended a convention in Sydney organized 
by tlie Australian Institution of Radio Engineers. 

Dr. R. Kompfer, Director of Radio and Electronic Researcli at Bell Telephone Laboratories. N. .1. (rigjil). 
shows the Australian Postmaster General. C. W. Davidson {ffiiter), and the President of the Australian Insti¬ 
tution of Radio Engineers, F. W. ,1. Orr, the traveling-wave tube which he invented. 

tai computers, programming, systems de¬ 
sign, logical design, equipment, and com¬ 
ponents. 

Those w ishing to submit papers are in¬ 
vited to send abstracts of 500 1000 words to: 
Dr. E. L. Harder, Westinghouse Electric 
Corp., East Pittsburgh, Pa., by Septen Iter 
15, 1961. These abstracts will be considered 
by the international program committee of 
I FIPS, and authors of selected papers will be 
invited to submit their complete papers (in 
French or English) for consideration by the 
program committee in March, 1962. 

In adition to accepted papers, there will 
be invited papers, symposia, and panel dis¬ 
cussions. 

The IRE, ACM, and AI EE are repre¬ 
sented in the International Federation of 
Information Processing Societies by the Na¬ 
tional Joint Computer Committee of these 
three societies, which also holds the Eastern 
and Western Joint Computer Conferences. 

index cards also provided by the manage¬ 
ment of the show. Companies will then use 
the index cards for prompt mail service of 
product and company literature directly to 
the inquirer. 

The service presents several major ad¬ 
vantages to exhibitors and visitors alike. 
Briefcase “tonnage " will lie reduced for 
registrants interested in getting the latest 
line of developments of 1180 exhibiting com¬ 
panies. 

Chances of loss or misplacement of im¬ 
portant materials during the busy four-day 
show are also eliminated, and exhibitor com¬ 
panies are free of the pressures of supplying 
their booth with thousands of pieces ot 
printed information daily. Instead, cor¬ 
porate brochures and other materials can 
lie sent directly to interested persons. Waste 
and duplication should be eliminated, along 
with the time required to register thousands 
of requests by hand. 

WESCON Adopts System To 
Ease Distribution Of Exhibitor 
Literature 

WESCOX'S anticipated 35,000 y isitors 
will use special “credit cards” to request 
product literature at the August show and 
convention, it has been announced by Man¬ 
ager Don Larson. 

Thousands of embossed plastic “inquiry 
cards" will be issued to \\ ESCOX regis¬ 
trants at three stations yvithin the Cow 
Palace, San Francisco, Calif., on August 22-
25, 1961. The cards will be embossed with 
the name, title, company affiliation, and 
address of the visitor 

WESCO.X engineers and executives- can 
simply present the inquiry card to the booth 
representative of any company or product 
line in which they are interested. The exhibi¬ 
tor-companies, all of whom will be supplied 
with imprinting machines by WESCOX. 
will quickly record ill the information on 

Papers Solicited for Electron 
Devices Meeting 

Dr. W. M. Webster, General Chairman 
of the 1961 Electron Devices Meeting, has 
announced the appointment of Dr. I. M. 
Ross of Bell Telephone Laboratories as Pro¬ 
gram Chairman. R. K. Kilbon, of RCA. will 
handle publicity, and Dr. C. P. Marsden, 
of the National Bureau of Standards, will 
lie Local Arrangements Chairman. 

The meeting will lie held at the Sheraton-
Park Hotel, Washington. I). C., on October 
26-28, 1961. 

Papers dealing with applied research or 
development in the fields of electron tubes, 
semiconductor devices, masers, parametric 
amplifiers, integrated electronics, and energy 
conversion devices are desired. The abstracts 
of papers intended for presentation at this 
meeting are due on August 1, 1961. Contact: 
Dr. I. M. Ross. Bell Telephone Labs.. Inc., 
Murray Hill, N. L. for further information. 
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TEKTRONIX OSCILLOSCOPE 
Used in Development of High-Speed Welder 

TYPE 516 DC to 15 MC 
CHARACTERISTICS 

4 Operating Modes 
Both channels electronically switched — either on alternate 
sweeps or at a free-running rate of about 150 kc. Or each channel 
separately. 

Vertical Amplifier 
Frequency Response—de to 15 me (at 3 db down). 
Risetime—23 nanoseconds. 
Sensitivity—50 mv/div to 20 v/div in 9 calibrated steps. 

Continuously variable uncalibrated from 50 mv/div to 50 v/div. 
Constant Input Impedance—at all attenuator settings. 

Sweep Range and Magnification 
Linear Sweep—0.2 ¿isec/div to 2 sec/div in 22 calibrated rates. 

Variable uncalibrated from 0.2 /xsec/div to 6 sec/div. 
Sweep Magnification—5X-magnifier extends calibrated sweep 

rate to 40 nsec/div. 
Triggering Facilities 

Fully automatic or amplitude-level selection (preset or manual) 
on rising or falling slope of signal, with AC or DC coupling, 
internal, external, or line—also, high-frequency sync to 20 me. 

Tektronix Cathode-Ray Tube 
5-inch ert at 4 KV accelerating potential provides bright trace 

on 6 div by 10 div viewing area—each div equals 1 cm. 
Amplitude Calibrator 

11 square-wave voltages, from 50 mv to 100 volts, peak-to-peak, 
available from front panel. 

Regulated Power Supplies 
All critical de voltages electronically regulated. 

Size and Weight 
13X" high X 9 %" wide x 21 %" deep—approximately 39 pounds. 

Type 516 Oscilloscope (50-60 cycles) . $1000 

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

Phone Mitchell 4-0161 • TWX—BEAV311 • Cable: TEKTRONIX 

New, high-speed, precision welder developed 
at MAXIM CONTROLS COMPANY utilizes 
a controlled gate pulse—rather than capaci¬ 
tance decay—for joining high-temperature 

alloy materials, such as those used in manufacturing struc¬ 
tural “honeycomb” cores. 

In development of this new welder the Tektronix Type 516 
Oscilloscope was used for critical timing and amplitude meas¬ 
urements. It was used by the Project Engineer for monitoring 
the time length of individual welds—since as many as six 
welds can be set to occur simultaneously or any number, 
sequentially—and for observing the constant amplitude and 
width of gate signals—thus assuring uniform bonds at speeds 
up to 2000 welds per second. 

For your own research and development projects, con¬ 
sider the Type 516 Oscilloscope. Its dual-trace facility—with 
independent controls for each amplifier channel—permits 
you to position, attenuate, or invert the input signals as nec¬ 
essary for detailed analysis of their relative amplitudes, phase 
differences, time-delay characteristics. Its extremely reliable 
performance ideally suits the Type 516 for laboratory appli¬ 
cations within the de to 15 me range. 

SPECIAL MODELS AVAILABLE 
Type 516 MOD 101 (50-400 cycles) . $1035 
Type 516 MOD 108B (significantly improved writing rate at 

6-KV on 6 div by 10 div viewing area—each div 
equals 0.85 cm) . ;. $1075 

(prices f.o.b. factory) 

For a demonstration of the Type 516 Oscilloscope 
in your own dual-trace (or single-trace) application, 
call your Tektronix Field Engineer. 

TEKTRONIX field OFFICES ■ • tor) Mast • Buffalo, N.Y. • Chicago (Park R.dge) 11. • Cleveland, Ohio • Da las, Texas • Dayton, 
M ■ • Ead >tt (Encwell) N.Y. • Greensboro. N.C. • Houston. Texas • Indianapolis, Ind. • Kansas City (Missioi) Kan. • Los Angeles, Cai f. 

• A • Minn. • Mont'« • New York City Area (Albertson, LI, N.Y. • Stanford. Conn. • Union, N.J.) • O'tar do, Fla. • Pt lad< Iphia, Pa.» I 
• • • • Syracuse, N.Y. • Toronto (W llowda e) Ont.. Canada • War. lington, D.C. (Annandale. Va.). 

TEKTRONIX ENGINEERING REPRESENTATIVES d, Oregon • 

In Europe please write Tektronix Inc , Victoria Ave., St Sampsons, Guernsey C.I., for the address of the Tektronix Representat ve in your country. 
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1961 EJCC Issues 
Call for Papers 

The 1961 Eastern Joint Computer Con¬ 
ference, which will be held on December 
12-14, 1961, at the Sheraton- Park Hotel 
in Washington, D. C., is soliciting papers on 
the theme, ‘‘Computers Key to Total Sys¬ 
tems Control.” 

This theme is to be treated in its broad 
sense; papers will be welcomed on all ad¬ 
vances in computer hardware and concepts 
leading toward present and future control of 
industrial, government, defense, and busi¬ 
ness management systems. A few representa¬ 
tive areas of interest follow: 

Business and Government Management 
Military Applications 
Space Projects 
Industrial Processes 
Real- rime Systems 
Sell -Organizing Systems 
Man-Machine Systems 
Central/Satellite Computing Systems 
Data Acquisition 
Digital Data Communications 
Data Processing and Display 
Guidance and Control 
Information Retrieval 
Simulation and Gaming 
Numerical Analysis 
Mathematical Programming 
Computer Engineering 
I )igital-Analog Devices 
Advanced Input-Output Devices 
Pattern Analy sis and Recognition 
Automatic Programming 
Compilers and Translators 
Multiprogramming 
Operating Systems 

Each person wishing to present a paper 
at the conference should submit two copies 
of both a 100-word abstract and a two-page 
summary to the Program Committee Chair¬ 
man: B. G. Oldfield, IBM Federal Systems 
Div., 326 E. Montgomerv Ave., Rockville, 
Md. 

The deadline for submission of abstracts 
and summaries is June 20, 1961. All sub¬ 
missions should be identified by title-
author, and affiliation. The full text of 
papers chosen for presentation must be sub¬ 
mitted by September 1, 1961, in order to 
allow time for publication prior to the 
conference. 

International Confèrent e on 
Ionization of the Air 

An International Conference on Ioniza¬ 
tion of the Air will be held on October 16-17, 
1961, at the Franklin Institute in Phila¬ 
delphia, Pa. 

The Conference is being sponsored by the 
American Institute of Medical Climatology , 
a non-profit scientific association, founded in 
1958 to promote the sciences of bioclima¬ 
tology’ and biometeorology . 

The technical program, now in prepara¬ 
tion, will feature internationally’ recognized 
authorities in the field of air ionization. The 
topics to be covered are: physics of air ions, 
methods of producing and measuring air 
ions, relationship of various weather factors 
to natural ion levels, effect of air contami¬ 
nants on ion levels, physiological response 

to air ions, psychological response to air ions, 
mechanisms of gaseous ion action on liv ing 
matter, and possible medical applications of 
air ions. 

The final session of the Conference will 
be a question and answer period at which 
time a panel consisting of the featured speak¬ 
ers will be available for discussion and 
questioning. 

The program is now open to a limited 
number of prospective contributors. An 
abstract of 150 words for preliminary review 
by the program committee should be sub¬ 
mitted before July 1, 1961, and completed 
manuscripts must be received before August 
1. Proceedings of the Conference including all 
accepted papers will be available at a later 
date. 

Correspondence concerning the Con¬ 
ference should be addressed to: American 
Institute of Medical Climatology, 1618 
Aliengrove St., Philadelphia 24, Pa. 

Obituaries 

Knox McIlwain (A’31-M’4O SM’43-
F’48) died on March 31, 1961, in an auto¬ 
mobile crash near Philadelphia, Pa. He was 

born in Philadelphia 
on September 4, 
1897. He received the 
B.S. degree from 
Princeton University, 
Princeton, N. J., 
in 1918, and the 
B.S.E.E. and E.E. 
degrees from the Uni¬ 
versity of Pennsyl¬ 
vania. Philadelphia, 
in 1921 and 1928, 
respect iv ely . 

From 1921 1924 
he was with the Engineering Department, 
Bell Telephone Company of Pennsylvania, 
and from 1924-1941 he was a professor at 
the Moori* School of Electrical Engineering, 
University of Pennsylvania. He was asso¬ 
ciated with the Hazeltine Electronic Corpo¬ 
ration from 1941 1957 as Chief Consulting 
Engineer. 

Since early 1956 he had been with the 
Burroughs Corporation, Paoli, Pa. He 
served first as Assistant to the Vice Presi¬ 
dent of Research and Engineering, where he 
was responsible at the staff level for all facets 
ol the Corporation’s contributions to the 
Air Force Intercontinental Ballistic Missile 
Program. In 1957, he was appointed Man¬ 
ager of the Special Products Division, and 
organized, directed, and was responsible for 
all engineering development and design 
projects in the fields of digital communica¬ 
tions, weapons systems, air defense instru¬ 
mentation, airborne control systems, tele¬ 
metering, and automation. Later he became 
Manager of the Great Valley Laboratory, a 
major division of Burroughs Research 
Center, and conducted a great bulk of the 
Corporation’s military development effort. 

He was awarded over fifty patents, in¬ 
cluding an air navigation anticollision sys¬ 
tem and a passport identification system. He 
had numerous papers published, and in¬ 
cluded among his books are Electrical Engi¬ 
neers Handbook, High Frequency Alternat¬ 
ing Currents, and Principles of Color Tele¬ 
vision. 

Knox McIlwain 

In 1948 he was awarded a Certificate of 
Commendation by the United States Navy 
for his a< hiev ements during W orld W ar 11. 
The certificate was accompanied by the 
citation: “This award is made for your out¬ 
standing supervision and great personal 
effort, as a Senior Department Head of the 
Hazeltine Electronics Corporation, in the 
design of test equipment which was of vital 
importance to the efficient operation of 
Naval radar identification equipment.” 

He was a past Vice President of the 
Institute of Navigation. Also, he was named 
RTMA representative of the Radio Tech¬ 
nical Commission for Aeronautics in 1952, 
and one of his greatest contributions was 
his work with the National Television Sys¬ 
tems Committee, Panel 8, in formulating 
color TV standards later approved bv the 
FCC. 

His active participation and interest in 
his profession were exemplified by his mem¬ 
bership in numerous IRE committees; 
among them were Admissions, Board of Edi¬ 
tors, Editorial Administrative, Editorial 
Review, Education, Papers, and Fellow. 
Also, he was a member of the follow ing tech¬ 
nical committees: Circuits, Electroacoustics, 
Electronics, Handbook, and Standards. In 
1935-1936, he was Chairman of the Phila¬ 
delphia Section of the IRE, and, in 1948, he 
received the IRE Fellow’ Award for his “con¬ 
tribution to the technical literature of 
radio and his activity in the field of radio 
aids to navigation.” 

Mr. McIlwain was a member of Eta 
Kappa Nu. Phi Beta Kappa. Sigma Psi, and 
Tan Beta Pi. 

Oliver G. Tailman (SM’54) died on 
April 8, 1961, in the Pennsylvania Medical 
Center, Philadelphia. He was Director of the 
Engineering Directorate at the Rome Air 
Development Center, Rome, N. Y. 

He was born in Asbury Park, N. J., on 
March 9, 1907, and attended New York 
University, New York, N. Y., and the In¬ 
dustrial College of the Armed Forces. In 
1926 he entered the radio field, and special¬ 
ized for several years in field testing and in 
the installation of marine radio telephone 
equipment. He jointed the Signal Corps 
Laboratories in 1941, again specializing in 
field testing, and developed the techniques 
of improved maintenance and troubleshoot¬ 
ing of radar equipment. 

In 1945 he transferred to the Air Force 
as Chief Engineer of the Florida Field Sta¬ 
tion, Watson Laboratories, and in 1947 was 
named Director of Technical Services at the 
Rome Air Development Center. 

Active in community affairs since his 
arrival in Rome in March, 1951, he had 
served as Director of the 1960 United Fund 
Budget Committee, Chairman of the Salva¬ 
tion Army Advisory Board, and Chairman 
of the IRE National Symposium Scholar¬ 
ship Fund. He was a member of the Rome-
Utica Chapter of the IRE, co-sponsor of the 
Professional Group on Engineering Man¬ 
agement, and a current member of its Ad¬ 
ministrative Committee. Also, he had 
served as Chairman of the Professional 
Group on Military’ Electronics, as well as on 
its Administrative Committee and that of 
the Professional Group on Communications 
Systems. 
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SOUTH PLAINFIELD, N. J., June 1 — ASARCO 'S CENTRAL 

RESEARCH LABORATORIES ANNOUNCED THAT HIGH 

PURITY ELEMENTS ANTIMONY, ARSENIC, BISMUTH, 

CADMIUM, GOLD, INDIUM, SELENIUM AND TELLURIUM ARE 

NOW AVAILABLE IN COMMERCIAL QUANTITIES FOR 

EXPANDING PRODUCT APPLICATIONS. SINCE THESE AND 

OTHER ELEMENTS ARE PRODUCED FROM MATERIALS 

BASIC TO ASARCO 'S DAILY OPERATIONS, CUSTOMERS ARE 

ASSURED OF CONTINUOUS SUPPLIES. 

ASARCO HIGH PURITY ELEMENTS ANALYSES as of JUNE 1, 1961 
Impurities sometimes found at maximum levels in parts per million 

(< denotes less than ppm indicated) 

Element and Grade Bi Cu Fe As Pb Ag Tl Sn Te Au Na Cl Cd 

Denotes element improved since last published analyses. 

ANTIMONY A-60 <1 <1 <1 2 <1 

y ARSENIC A-60 <1 

BISMUTH A-58 2 1 1 2 <1 

CADMIUM A-60 <1 <1 1 

COPPER A-58 No Impurities Detectable by Spectrographic Analysis 

GOLD A-59 <1 <1 <1 1 

INDIUM A-58 <1 1 <1 1 

LEAD A-59 <1 <1 <1 

SELENIUM A-58 <1 <1 1 <1 

SILVER A-59 <1 <1 <1 

SULFUR A-58 1 1 

TELLURIUM A-58 <1 <1 

y THALLIUM A-60 1 1 <1 <1 2 <1 

ZINC A-59 <1 <1 <1 < 1 

ASARCO 
The analyses above are among pertinent data compiten uy asuren s 

Central Research Laboratories in an up-to-date catalogue now available 
to users of high purity elements. For a copy, write on your 

company letterhead to American Smelting and Refining Company, 
120 Broadway, New York 5, N. Y. 

IGH PURITY ELEMENTS 



Chicago Spring Conference on Broadcast 
and Television Receivers 
O’Hare Inn, Des Plaines, III., Jine 19-20. 1961 

Monday Morning, June 19 
Registration 
Session I 

Chairman: IF. E. Swinyard, Hazeltine 
Electronics Corp. 

“Satellite Broadcasting, ” 5. C. Lutz, 
Hughes Aircraft Co. 

“Subscription Television System," A. T. 
Watters, Zenith Electric Co. 

“Stereophonic Broadcasting,” C. G. 
Eilers, Zenith Electric Co. 

“Educational TV,” author to be an¬ 
nounced. 

“A Solid-State Display Device,” 5. 
Yando and S. Talesnick, General Telephone 
and Electronics Labs., Inc. 

Monday Afternoon 
Session II 

Chairman: E. Hassler, Warwick Manu¬ 
facturing Corp. 

“A Transistorized 27 Me Citizens Band 
Transceiver,” J. Specialny, Jr., and C. Gray, 
Ph il co Corp. 

“Some Considerations in the Application 
of Electromechanical and Piezoelectric 
Filters,” //. J. Bensuly, Warwick Manufac¬ 
turing Corp. 

“Subscription Television Decoder Con¬ 
trolling Device,” G. Morris and M. Hen¬ 
drickson, Zenith Electric Co. 

“An C lira-Low- Distort ion Transistor-
ized Power Amplifier,” //. M. Kleinman 
and C. F. Wheatley, RCA. 

“A Novel FAI Multiplex Subcarrier 
Unit,” 5. P. Ronsheimer, Hazeltine Elec¬ 
tronics Corp. 

Tuesday Morning, June 20 
Session III 

Chairman: C. B. Pierce, Wells-Gardner. 
“A New Compact \ HF TV Timer,” T. 

Gossard, IP. Delp, and J. Stolte, Standard 
Kolls man Industries, Inc. 
“The Noise Figure of Transistor Con¬ 

verters,” R. R. Webster, Texas Instruments, 
Inc. 

“A Solid-State Electronic Tuning Re¬ 
ceiver,” E. M. Aupperle and T. IF, Butler. 

Jr., University of Michigan. 
“The Mu vistor Triode as a Video IF 

Amplifier,” K. IP. Angel and J. T. Gote, 
RCA. 

“Dynamic Polar Display of Transfer 
Characteristics of 'Television Receivers,” 
P. II. Van Anrooy, Zenith Electric Co. 

Tuesday Afternoon 
Session IV 

Chairman: F. Brewster, Motorola, Inc. 
“Impulse Noise Suppression in FAI Re¬ 

ceivers,” A’. Parker, Motorola, Inc. 
“Design of Stereophonic Receiver for a 

Stereo System in the FAI Band I sing an 
AA1 Subcarrier,” .1. J. DeVries, Zenith 
Electric Co. 

“A Noise-Immune Sync and AGC Cir¬ 
cuit,” R. N. Rhodes and W. Deitz, RCA. 

“A Second Progress Report on TV Re¬ 
ceiver Reliability,” E. H. Boden, Sylvania 
Electric Products, Inc. 

“Factors Affecting Over-all Performance 
on FM Stereophonic Receivers,” .1. Csi-
csatka and R. Linz, General Electric Co. 

Fifth National Convention on Military 
Electronics (MIL-E-CON 1961) 

Shoreham Hotei., W ashington, D. C., Jone 26-28, 1961 

More than 5000 of the nation's top 
engineers, scientists, and executives in the 
military electronics industry are expected to 
attend the Fifth National Convention on 
Military Electronics (MIL-E-CON 1961) 
at the Shoreham Hotel in Washington, 
I). C., on June 26-28. 

This annual meeting is sponsored by the 
Professional Group on Military Electronics 
(PGMIL) of the IRE. Major General F. L. 
Ankenbrandt, USAF (Ret.), member of the 
Technical Staff of Defense Electronic 
Products, RCA, Camden, N. J., is Conven¬ 
tion President for MIL-E-CON 1961. 

At the opening session on Monday, June 
26, J. H. Rubel, Deputy Director of Defense 
Research and Engineering, Office of the 
Secretary of Defense, will lead a panel dis¬ 
cussion on “Trends in Weapons Systems 
Development.’’ A substantial portion of 
military electronics receives its broad 
guidance from this phase of the military 
program. The Assistant Secretaries of the 
Army, Navy, and Air Force have been in¬ 
vited to participate in this panel discussion. 

Rear Admiral Frank Virden, USN, Di¬ 
rector, Naval Communications, will be the 

principal speaker at the Kes note Luncheon, 
also on Monday, sponsored by the Washing¬ 
ton Chapter of the PGMIL. Dr E. G. W itt¬ 
ing, Depute Assistant Secretary of the 
Army (Research and Development), and 
Chairman of the PGMIL, will serve as 
Master of Ceremonies. 

At a second luncheon on Wednesday. 
June 28, the M. Barry Carlton Award will 
be presented. This annual award is given to 
the author or authors of the liest paper pub¬ 
lished in the IRE Transactions on Mili¬ 
tary Electronics, the quarterly publica¬ 
tion of PGM IL. 

More than 100 papers on military elec¬ 
tronics will be presented during the tech¬ 
nical sessions which begin Monday after¬ 
noon. In addition to the 15 unclassified 
sessions, six classified sessions, sponsored by 
the Air Force Systems Command (AFSC), 
featuring invited papers, have been ar¬ 
ranged by the Technical Program Coni-
mitte, headed by Harry Davis, Office of the 
Secretary of Air Force for Research and De¬ 
velopment. 

The 1961 Conference Proceedings will be 
distributed free to all registrants at the 

Convention and will contain the texts ol the 
unclassified papers, except those presented 
in the state-of-the-art sessions. 

Displays of the latest components, in¬ 
strumentation, cc|iiipment and systems of 
particular interest and significance in mili¬ 
tare electronics will fill the exhibit area, 
which has been substantially increased over 
last year’s MIL-E-CON. Government ex¬ 
hibits will also be shown, including displays 
by the Federal Aviation Agency and N ASA, 
in addition to the Army, Navy, Air Force 
and Marine Corps. 

Another new feature of MIL-E-CON 
1961 will be an evening of entertainment on 
Monday evening, replacing the customary 
banquet. It will be preceded by a reception 
in the Exhibition Hall. 

The advance program follows: 

Monday Morning, June 26 
Research and Development Panel—Trends 

in Weapon System Development 
Moderator: ./. II. Rubel, Deputy Director 

of Defense Research and Engineering; as¬ 
sisted by the Assistant Secretaries of the Army, 
Navy and Air Force. 
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MICRO SPEED TWINS FOR MICROMINIATURIZED 

LAMINAR PICO-TRANSISTOR ULTRA FAST MICRO-DIODE 

ACTUAL SIZE 

BOTH TYPES AVAILABLE NOW ON GOOD DELIVERY SCHEDULES. 
For complete details, application notes and prices, contact a PSI field office near you. 

• Vce (sat) 0.30V @ 10mA +1V 

• hpE 20 (min) @ 10mA +1V 

• Ts 60 nanoseconds 

These companion components .. . the smallest and fastest tran¬ 
sistor/diode combination available today ... are made to order for 
the imaginative designer seeking new approaches to high per¬ 
formance microminiaturized computer logic circuits. 

• Co 2 pf (max) @ zero VDC 

• trr 2 nanosec (max) @ 10mA to —6V 

• Outstanding reliability records! 

LOGIC CIRCUITS 
PMT016 PD311 

Pacific Semiconductors. Inc 
12955 CHADRON AVENUE • HAWTHORNE, CALIFORNIA 

A SUBSIDIARY OF THOMPSON RAMO WOOLDRIDGE INC. 
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This session sets the keynote for the 
Convention by outlining the trends in 
weapon systems development from which a 
great deal of military electronics will receive 
its broad guidance. 

Monday Afternoon 
Session 1.1 (Secret)— 

Command and Control in 
the Military Structure 

Sponsor: Air Froce System Command. 
Moderator: Dr. IF. O. Faker, Vice Presi¬ 

dent, Bell Telephone Labs. 
‘‘The Impact of Automated Facilities 

on Miltary Command," C. Zracket, Mitre 
Corp., Bedford, Mass., and IF. J. Sen, 
Command and Control Dev. Div., AFSC, 
Hanscom Field, Bedford, Mass. 

‘‘Methodology of Design,” Dr. R. Davis, 
Office, Naval Research, Head, Operation Re¬ 
search Div., Washington, D. C., and 11. Ben¬ 
nington, Systems Dev. Corp., Santa Monica, 
Calif. 

“Tools and Techniques of Command 
and Control," M. Rogoff, International Elec¬ 
tric Corp., Paramus. N. J. 

“Problems of Command and Control 
Within the United States,” R. Clark, 
Office of Director of Defense Research and 
and Engrg., Washington, D. C. 

Session 1.2—Plasma Physics 
Moderator: Dr. Walter Kahn, Micro-

wave Research Inst., Brooklyn, N. F. 
“Plasma Physics in Review,” Dr. S. C. 

Brown, Research Lab. of Electronics, MIT. 
“Network Concepts in Plasma Wave 

Propagation,” Dr. N. Marcuvitz, Vice Presi¬ 
dent for Research, Polytech. Inst. Brooklyn. 

“Magnetohydrodynamic Propulsion,” 
Dr. G. S. Janes. .1 VCO-Everett Research 
Labs. 

“Fusion Power Research," Dr. R. G. 
Mills, Plasma Physics Lab., Princeton Uni¬ 
versity. 

Session 1.3—Management 
and Packaging Techniques 

Moderator: R. I. Cole, Mclpar, Inc., Falls 
Church, Va. 

“Military vs Contract Maintenues: A 
Case History,” IL IF. Adams and .1. .S’. Mor¬ 
ton, Human Factors Dept., Mitre Corp., 
Bedford, Mass. 

"Power Dissipation in Microelectronic 
Transmission Circuits,” J. I). Meindl, U. S. 
Army Signal Research and Dev. Lab., Fort 
Monmouth, N. J. 

"Microminiaturization Design Tech¬ 
niques,” J’. E. Boron, Hughes Aircraft Co., 
Culver City, Calif. 

“Advanced Management Systems for 
Advanced W eapon Systems,” Willard Fazar, 
Dept, of the Navy, Washington, D. C. 

“A Versatile Modular Packaging Con¬ 
cept,” Joseph Ritter, Bendix Corp., Towson, 
Md. 

Session 1.5—Instrumentation 
Moderator: Dr. Arnold Shostak, Office of 

Naval Res., Washington, D. C. 
“Remote Measurement of W ind Velocity 

by the Electromagnetic-Acoustic Probe,” 
R. IF. Fetter, Midwest Research Inst., Kansas 
City, Mo. 

“Some Circuit Considerations for Appli¬ 
cation of the Avalanche Injection Diode,” 

A. P. Schmid Jr., Raytheon Res. Div., 
Waltham, Mass. 

“A Comparative Review of Phase 
Measurement Methods at Microwave Fre¬ 
quencies,” R. .1. Sparks, Applied Physics 
Lab., The Johns Hopkins University, Silver 
Spring, Md. 

“Instrumentation for High Altitude and 
Space Vehicles," Dr. S. C. Stephan, Jr., Bell 
Aerosystems Co., Bell Aerospace Corp., 
Buffalo, N. Y. 

“A Miniaturized High “g" Telemetering 
System," Essad Tahan, Sylvania Electronic 
Systems, Applied Res. Lab., Waltham, Mass. 

Session 1.5—Radar Technology 
(Secret) 

Moderator: C. R. Kilgare, Applied Re¬ 
search Dept., Westinghouse Electric Co., 
Baltimore, Md. 

“A Radar Received Using Traveling-
Wave Maser and Traveling-W ave Tube 
Amplifiers, " G. T. Kresan, Bell Telephone 
Labs., Whippany, N. J. 

“Bistatic Ranging,” G. A. Klein, The 
Mitre Corp., Electronic Warfare Dept., 
Bedford, Mass. 

“Recent Advances in Megawatt Klys¬ 
trons for Broadband Systems,” Arlindo 
Jorge, Sperry Gyroscope Co., Electronic Tube 
Div., Great Neck, L. I., N. J". 

“Radar Antenna Side Lobe Suppres¬ 
sion,” L. Greenberg, Burroughs Corp., Paoli, 
Pa. 

“A Radar Simulation Study," James 
Misho, The Mitre Corp., Lexington, Mass. 

“Space Tapered Antenna Arrays,” The 
Bendix Corp., Radar Research and Dev., 
Baltimore, Md. 

Tuesday Morning, June 27 
Session 2.1—Oceanic Surveillance 

Technology (Secret) 
Sponsor: Office of Chief of Naval Opera¬ 

tions. 
Moderator: Dr. R. 0. Burns, Office of the 

Chief of Naval Operations, Washington, D. C. 
“Oceanic Space Environment." R. D. 

Fussclman, Capt., USN, I . S. Navy Hydro¬ 
graphic Office, Suitland, Md. 

“Methods of Subsurface Detection," B. 
Rosenberg, Technical Analysis and Advisory 
Group, Office of the Chief of Naval Operations. 
Washington, D. C. 

“Ocean Surveillance," L. M. Treitel, 
Bureau of Ships, Washington, D. C. 

"Ocean Signal Processing," P. !.. Stock-
Un, Office of Naval Research, Washington, 
D. C. 

Session 2.2—Radio and 
Radar Astronomy 

Moderator: Dr, J. P. Hagen, Director, 
Office for United Nations Conf., National 
Aeronautics and Space Administration, Wash¬ 
ington, D. C. 

“Expanding the Horizons of Astronomy 
by Radio Techniques,” Prof. F. T. Had¬ 
dock, The Observatory, University of Michi¬ 
gan, Ann Arbor, Mich. 

“Investigating the Ionospheres of Other 
Planets," Prof. K. M. Siegel, Radiation Lab., 
Dept, of Elec. Engrg., The University of 
Michigan, Ann Arbor, Mich. 

“The 1(100 Foot Dish and Its Capa¬ 
bilities," Dr. IF. E. Gordon, Cornell Univer¬ 
sity, Ithaca, N. J . 

“Radio Emission of the Planets,” 

Cornell Mayer, Naval Research Lab., Wash¬ 
ington, D. C. 

“Venus Radar," Dr. Eberhardt Recht in, 
Jet Propulsion Lab., Pasadena, Calif. 

Session 2.3—Reliability and 
Electromagnetic Compatibility 

Moderator: E. J. Nucci, Office, Director 
of Defense Research and Engrg., Dept, of De¬ 
fense, Washington, D. C. 

“The Reliability of Repairable Complex 
Systems,” R. S. Dick, International Electric 
Corp., Paramus, N. J. 

“Agree Reliability Testing of Air to Air 
Identification Equipment,” J. D. Burr and 
IF. L. Allen, Hughes Aircraft Co., Engrg. 
Div., Culver City. Calif. 

“ Techniques for Achieving Operational 
Reliability and Maintainability in Digital 
Computers," T. B. Lewis, IBM Corp., 
Federal Systems Div., Owego, N. F. 

“Semi-Conductor Reliability in Switch¬ 
ing Systems,” IF. P. Karas, Stromberg-
Carlson Co., Rochester, N. F. 

“The Progress oí the Department of 
Defense Electromagnetic Compatibility Pro¬ 
gram," R. F. Brady, Office of the Chief Signal 
Officer, Dept, of the Army; IF. Dean, Jr., 
Assistant Head, Radio Frequency Spectrum 
Div., Office of Chief of Naval Operations; 
Henry Randall, Office of the Director of De¬ 
fense Research and Engrg., Office of the Secre¬ 
tary of Defense; Col. O. J. Schulte, USAF, 
Chief of Electronics and Reconnaissance Div., 
Deputy Chief of Staff/Development. 

Session 2.4—Communications I 
Moderator: Ralph Clark, Assistant Di¬ 

rector of Research and Engrg. for Communi¬ 
cations, Office, Director of Defense Research 
and Engrg., Washington, D. C. 

“Recent Developments in the Field of 
Digital Data Communications," F. R. 
Cronin, AC F Industries, Inc., Riverdale, 
Md. 

“Recent Developments in the Envelope 
Elimination and Restoration High Effi¬ 
ciency SSB System,” L. R. Kahn, Kahn Re¬ 
search Labs., Inc., Freeport, L. L, N. Y. 

“The Defense National Communica¬ 
tions Control Center," C. D. May, Jr., 
Defense Communication Agency, Naval Serv¬ 
ice Ctr., Washington, D. C. 

“System Performance of a Communica¬ 
tions Control Center," Jerome Hoffman and 
David Moses, Systems Development Corp., 
Paramus, N. J. 

“On the Survivability of Communica¬ 
tions Systems," T. G. Williams, Lt. Col., 
Rome Air Dev. Ctr., Griffss AFB, N. F. 

Tuesday Afternoon 
Session 3.1—Military Systems 

(Secret) 
Moderator: D. J. McLaughlin, Applica¬ 

tions Research Div., U. S. Naval Research 
Lab., Washington. D. C. 

“Weapon System Survivability: First 
Requirement of Command and Control," 
J. P. Mullen, A F Cambridge Research Labs., 
Air Force Research Div., L. G. Hanscom 
Field, Bedford, Mass. 

“Evaluation of Cain Patterns and Side 
Lobe Response ol Focused and Unfocused 
Synthetic Arrays," R. C. HeimiUer, Hughes 
.Aircraft Co., Engrg. Div., Culver City, Calif. 

“A Pocket-Sized Reconnaissance Re¬ 
ceiver and Analyzer," J. C. deBroekert, 
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AN ACHIEVEMENT IN DEFENSE ELECTRONICS 

New Transportable Radar Directs 
Precision Air Support 

Front-line ground forces can now obtain all-weather, close air support, 
•—when and where needed—with the new lightweight AN/TPQ-10. This 
is the first helicopter-transportable, high-accuracy control radar for pre¬ 
cision air support. Developed for the U. S. Marine Corps by General 
Electric’s Heavy Military Electronics Department, the versatile new sys¬ 
tem can also provide aircraft control for emergency supply airdrops, 
paratroop placements and aerial mapping. r«? 

HEAVY MILITARY ELECTRONICS DEPARTMENT 

DEPENSE ELECTRONICS DIVISION SYRACUSE, NEW YORK 

Progress ft Our Most Important Product 

0
 



Stanford University, Stanford Electronics 
Labs., Stanford, Calif. 

“Simulation of a Low Altitude Air 
Battle Over Varied Terrain,” A. .1. McGee, 
IBM Corp.. Federal Systems Div.. Owego, 
N. J'. 

“Signal-Sorting at the Receiver in Radar 
Reconnaissance," T. C. Jackson, Stanford 
University, Stanford Electronics Labs.. Stan¬ 
ford, Calif. 

“The AN/APQ-80 Low Altitude Auto¬ 
matic Terrain Following System," D. E. 
Corp, Cornell Aeronautical Lab., Inc.. 
Buffalo, N. K 

Session 4.2—Computer Technology 
Moderator: Dr. Sam Alexander, National 

Bureau of Standards, Washington, D. C. 
“Evolution of Computer Concepts and 

Techniques,” Dr. IL. H. flare, RAND Corp., 
Santa Monica, Calif. 

“Review of Current Capabilities," Dr. 
Sam Alexander, National Bureau of Stand¬ 
ards, Washington, D. C. 

“ Trend in Research on Computer Com¬ 
ponents.” R. D. Elbourn, National Bureau of 
Standards, Washington, D. C. 

Session 3.3—Radar I 
Moderator: .1. Weinstein, Chief Sur¬ 

veillance Div., Office, Director of Defense Re¬ 
search and Engrg., Washington, D. C. 

“A Note on the Spatial Information 
Available from Monopulse Radar,” D. B. 
Anderson and D. R. Wells, Autonetics, 
Anaheim, Calif. 

“Breadboard COLIDAR (Coherent 
Light Detecting and Ranging) Systems,” 
M. I.. Stitch, F. J. Meyers, J. H. Morse, and 
E. J. Woodbury, Hughes Aircraft Co., Engrg. 
Div., Culver City, Calif. 

“Comparison of Short ARC Tracking 
Systems for Orbital Determination,” R. 
Lieber and S. Shucker, RCA, Defense Elec¬ 
tronic Products, Moorestown, N. J. 

“ECM System Analysis," J. T. Oblinger, 
HRB Singer, State College, Pa. 

“Some Advances in CW Radar Tech¬ 
niques,” Dr. J. D. Harmer and If. 5. 
O’Hare, Missile and Spare Div., Raytheon 
Co., Bedford, Mass. 

Session 3.4—Communications II 
Moderator: Claud Beckham, Executive 

Assistant to Vice President—Defense, Ameri¬ 
can Telephone and Telegraph Co.. Washing¬ 
ton, D. C. 

“Jamming Implications of Experiments 
on Interrupted Speech." D. II’. Tufts, Har¬ 
vard University, Div. of Engrg. and Applied 
Physics, Cambridge, Mass. 

“Attenuation of Electromagnetic Ra¬ 
diation from Polaris,” J. D. Meyer, Electro¬ 
magnetics Research, Lockheed Missiles and 
Space Div., Sunnyvale, Calif. 

“Solid State, 5-Band Single Sideband 
Suppressed Carrier Transmitter," IF. J. 
Maciag, Sylvania Electronic Systems. Am¬ 
herst, N. F. 

“Status of Radiation Effects Studies,” 
E. E. Conrad, Bethesda, Md. 

“A New Digital Communication System 
—Modified ‘Diphasé’," D. Douglas, G. 
Aaronson, and G. Meslener, RCA, Defense 
Electronic Products, New York, N. 1. 

Session 3.5—Aerospace Technology 
Moderator: Dr. C. T. Morrow, Aerospace 

Corp., Los Angeles, Calif. 

“Rocket Propulsion," Hank Burlage, Na¬ 
tional Aeronautics and Space Administra¬ 
tion, Washington, D. C. 

“High-Energy Rocket Propulsion," C. J. 
IFawg, Aerospace Corp., Los Angeles, Calif. 

“Attitude Control and Guidance," J. F. 
Shea, AC Spark Plug Co., Miluaukee, B7s. 

“Payloadsand Re-entry Vehicles," L. D. 
Ely, Aerosapce Corp., Los Angeles, Calif. 

“Space S< ience and Instrumentation," 
Martin Swetnik, National Aeronautics and 
Space Administration . Washington, D. C. 

Wednesday Morning, June 28 
Session 4.1—Satellite 
Communication Session 

Moderator: Brig. Gen. G. P. Sampson, 
Director of Operations, Defense Communica¬ 
tion Agency, Washington. D. C. 

“Communication Satellite Need Now 
and Future," Ralph Clark. Assistant Direc¬ 
tor for Communications, Office, Director of 
Defense Research and Engrg., Washington, 
D.C. 

Limitations in Technology—Problem 
Areas," Dr. Charles Morrow, Aerospace 
Corp., Los Angeles, Calif. 

“Various Present Approaches,” 1) Pas¬ 
sive Satellite—Maj. Don Nowakowski. Air 
Force System Command, Washington, D. C. 
2) Active Satellite—Sam Brown, Advent 
Management Agency, Washington, D. C. 
3) Lofti—Emerick Toth, Radio Div., Naval 
Research Lab., Washington, D. C. 

“Future Prospects,” A. G. Kandoian, 
IT&T Co., Nutley, N. J. 

A panel discussion and question period 
will follow this session. 

Session 4.2—Space Physics 
Moderator: Robert Jastrow, Chief, Theo¬ 

retical Div., National Aeronautics and Space 
Administration. Washington, D. C. 

"Introductory Statement on Funda¬ 
mental Scientific Problems in Space Re¬ 
search," Robert Jastrow, NASA, Washing¬ 
ton D, C. 

“Measurement of Fieldsand Particles in 
Space; Sun/Earth Relationships," C. P. 
Sonnet, NASA, Washington, D. C. 

“Lunar and Interplanetary Spacecraft 
Development." Orin Nicks, NASA, IFasÄ-
ington, D. C. 

Session 4.3—Radar II 
Moderator: J. Whitman, Institute of De¬ 

fense Analysis, Washington, D. C. 
“A W ide-Open Frequency-Reading Re¬ 

ceiver," J. L. Grigshy, Applied Technology, 
Inc., Palo Alto, Calif. 

“Ground Clutter and its Calculation for 
Airborne Pulse Doppler Radar," G. R. 
Hetrich and S. D. Coleman, Air Arm Div., 
Westinghouse Electric Corp., Baltimore, Md. 

"Automatic Tracking Considerations for 
Ballistic Targets," 5. Adelman and S. M. 
Shinners, Sperry Gyroscope Co.. Div. of 
Sperry Rand Corp., Surface Armament Div., 
Great Neck, N. F. 

“Limitations on Dynamic Range and 
Multitarget Resolution in Search or Track 
Radars due to Distortion," Dr. IF. L. Rubin 
and J. V. DiFranco, Surface Armament 
Div., Sperry Gyroscope Co., Great Neck, 
L. I., N. I'.' 

“A Target Angle Compulation Method 
for Multi-Beam Radars,” H. C. Kreide and 
J. V. Popolo, Missile and Space Div., 
Raytheon Co., Bedford, Mass. 

“Pulse-to-Pulse Target Correlation with 
Range Only Data," D. F. Allen, C. E. Dan¬ 
tas and H. C. Kreide. Missile and Space Div., 
Raytheon Co., Bedford, Mass. 

Session 4.4—Military Systems 
Moderator, A. Wimer, Chief Scientist, 

Air Force Systems Command. 
“Automation in Precision Plotting and 

Drafting," C. W. Hargens, III, The Franklin 
Institute, Philadelphia, Pa. 

“A Position Difference System Using 
Satellite Doppler Signals," Leonard Farkas. 
RCA, Missile and Surface Radar Div., 
Moorestown, N. J. 

“Utilization of UDOFTT (Universal 
Digital Operational Flight Trainer Tool) in 
Training Research," D. IF. Poole, U. S. 
Naval Training Device Clr., Port Washing¬ 
ton, N. F. 

“AUDI T, An Automatic Unattended 
Detection Inspection Transmitter for the 
Monitoring of the Nuclear l est Ban," C. C. 
Abt, Advanced Dev. Lab., Raytheon Weapons 
and Space Div., Bedford, Mass. 

“Automatic Detection of Changes in 
Reconnaissance Data," Dr. Azriel Rosen¬ 
feld, Budd Electronics, Inc., Long Island 
City, N. F. 

Wednesday Afternoon 
Session 5.1—Ballistic Missile 

Defense (Secret) 
Sponsor: Advanced Research Projects 

Agency. 
Moderator: A. Rubenstein, Director, 

Project Defender. 
"Review of Project Defender,” A. Ruben¬ 

stein, ARPA, Washington, D. C. 
“Ballistic Defense Systems,” J. L. Crone, 

ARPA, Washington, D. C. 
“Re-Entry Physics," K. Cooper, ARPA, 

Washington, D. C. 
“Radar," J. Whitman, ARPA, Washing¬ 

ton, D. C. 
“Ionospheric Research,” C. IF. Cook. 

ARPA, Washington. D.C. 
“Kill Mechanisms,” Roy Weidler, ARPA, 

Washington D. C. 
“Infra-Red Background,” R. Zirkind, 

ARPA, Washington, D. C. 
Summary: Dr. J. P. Ruina. Director, 

ARPA, Washington, D. C. 

Session 5.2—Modern Low 
Noise Receiving Systems 

Moderator: Dr. Robert Adler, I zee Presi¬ 
dent and Associate Director of Research. 
Zenith Radio Corp., Chicago, III. 

“Noise Concepts Applied to Receiving 
Systems,” M. T. Lebenbaum, AIL Div. of 
Cutler-Hammer, Ine., Melville, L. I., N. 1 . 

“Survey of Modern Low Noise Ampli¬ 
fiers,” Dr. Glen BWe, Spencer Lab., Ray¬ 
theon Co., Burlington, Mass. 

“Recent System Application of Low 
Noise Amplifiers," Dr. R. H. Kingston, 
MIT Lincoln Lab., Bedford. Mass. 

Session 5.3—Data Handling 
Moderator: Dr. L. Fan Atta, Special .ls-

sistant to Director of Defense—Research and 
Engrg., Washington, D. C. 

"Polynomial Filtering of Signals," F. IF 
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When you specify BUSS and FUSETRON fuses 
you can be sure of safe, dependable, 

trouble-free protection for your equipment 
under all service conditions. 

Every BUSS and FUSETRON fuse is tested in 
a sensitive electronic device that automatically rejects 

any fuse not correctly calibrated, properly 
constructed and right in all physical dimensions. 

Chances are you will find in the complete BUSS 
line the fuse and fuse mounting to fit your 
requirements — but if your protection problem is 
unusual, let our engineers work with you and 
save you engineering time. 

To get full data for your files, write for 
BUSS bulletin on small dimension fuses and 
fuseholders. Form SFB. 

BUSSMANN MFG. DIVISION, McGraw-Edison Co., UNIVERSITY AT JEFFERSON, ST. LOUIS 7, MO. 
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Nesi ine, Jr., Raytheon Co., Missile Systems 
Div., Bedford, Mass. 

“Multiple Monitoring of Single Events," 
G. R. Cooper, Professor of Elec. Engrg., 
Purdue University, Lafayette, hid., and 
P. M. Kelly, Acronutronic Div. of Ford 
Motor Co., Newport Beach, Calif. 

“High Speed Data Sorting I sing Mag¬ 
netic Drums and a Large Electrostatic CRT 
Display," E. B. Carne and B. G. Tragub, 
Ground Data Handling Equipment Lab., 
Melpar, Inc., Falls Church, Va. 

“Target Assignment Models," P. J. 
Queeney, Systems Criteria Section, The 
Martin Co.. Baltimore, Md. 

“Computer-Radar Environment Inter¬ 
play,” R. B. Angus, R. R. Fidler, and P. A. 
Marino, Sylvania, Data Systems Operations. 
Needham, Mass. 

Session 5.4—Electron Devices 
Moderator: K. Garoff, Director. Electron 

Tube Div., US Army R&D Labs., Fort 
Monmouth, N. J. 

“A 2200 Megacycle Transmitter for 
Sattellites,” IL. I’. Quinlivan and S. E. 
Smith, Radiation. Inc., Melbourne, Fla. 

“Microwave Delayed Automatic Gain 
Control Applied to Traveling Wave Tube 

Systems," L. Van Brunt and N. IE Hansen. 
IT&T Federal Labs., Nutley, N. J. 

“An A'-Band Helix- Type TW T for Satel¬ 
lite Applications," J. H. Herman, Electronic 
Tube Div., Sperre Rand Corp., Great Neck, 
L. i., n. r. 

“Characteristics of a Backward Wave 
Oscillator Employing an External Feedback 
Circuit." 5. J. Ameen ami Robert Plumridge. 
Raytheon Co., Microwave and Power Tube 
Div., Spencer Lab., Burlington, Mass. 

“A Quick Heating Rugged. I HE, Cer¬ 
amic Pencil Triode for Missiles and Satel¬ 
lites," 5. IF. Bogaenke and 0. Johak, Jr.. 
RCA. Harrison, N. J. 

Third National Symposium on Radio 
Frequency Interference 

Sheraton-Park Hotel, Washington, D. C., Ji ne 12-13, 1961 

Monday Morning, June 12 
Opening Remarks: D. R. J. White, 

Symposium Cha irman. 
Key Note Address: “The National Elec¬ 

tromagnetic Compatibility Program," Maj. 
Gen. J. Dreyfus. 

Session I—The RFI Problem from the 
Users’ Viewpoint 

Chairman: E. Allen, FCC. 
“FAA Radar and ATC Interference,” 

H. Burton, FAA. 
“Missile Range Interference," R. Jones, 

Frequency Coordinator. A MR. 
“Naval Radiation Hazards.” J. Roman. 

RCA Service Co. 
“Tactical Communications Interference.” 
“Military Radar Interference.” 
“Radio Astronomy Interference.” 
“Commercial-Industrial Interference." 
Panel Discussion—Seven speakers and 

three invited panelists. 

Monday Afternoon 
Session II—Data Needs and Data Formats 

Chairman: 5. Bailey, Jansky and Bailey, 
Inc. 

“Transmitters and Antennas,” H. Sachs. 
Armour Research Foundation. 

“Receivers,” K. Heisler, Jansky and 
Bailey, Inc. 

“Propagation Media," IF. Critchlow, 
National Bureau of Standards. 

Panel Discussion—Three speakers and 
five invited panelists. 

Tuesday Morning, June 13 
Session III—Instrumentation Needs and 

Instrumentation Limitation 
Chairman: H. Dinger, NRL. 
“Instrumentation Needs," D. Ports. J. 

Hill, and K. Heisler, Jansky and Bailey, 
Inc. 

“Instrumentation Needs," J. G. Holey 
and C. Blakley. Georgia Institute of Tech¬ 
nology. 

“Instrumentation Limitation Below 
1GC, " Dr. Haber, University of Pennsyl¬ 
vania, and Eckersley, Ark Electronics, Inc. 

“Instrumentation Limitations above 
1GC,” Dr. F. Morris, Electro- Mechanics, Inc. 

Panel Discussion -Four speakers and 
four invited panelists. 

Tuesday Afternoon 
Session IV—Progress in Interference and 

Compatability Programs 
Chairman: Dr. R. Showers, University of 

Pennsylvania. 
“Interference Coordination Aspects of 

Satellite Communications Systems," Dr. 
S. G. Lutz, Hughes Research Lab. 

“Dark Noise Generation of Super Power 
Tubes,” J. T. Coleman. RCA. 

“Predicting Power Transfer Between 
Large Aperture Antennas at Close Range," 
E. Jacobs, University of Pennsylvania. 

“Modeling Techniques for Interference 
Measurements," C. R. Miller, RADC, and J. 
Pallara, Melpar. Inc. 

“A Sampling Technique for the Meas¬ 
urement of Multimode Harmonic Power,” 
E. M. T. Jones and E. D. Sharp, Stanford 
Research Institute. 

The following series of tutorial papers 
will run concurrently with the main pro¬ 
gram, and will cover selected subjects in the 
fields of interference prevention and fixes, 
instrumentation advances, and system prob¬ 
lems involving prediction and control. 

Session I—Shielding, Filtering, and the 
Near-Field Problem 

“Enclosure Shielding in Radio Interfer¬ 
ence," C. B. Pearlston, Jr., Nortronics. 

“RF Shielding Analogies," O. P. Schrei¬ 
ber, Technical IFire Products, Inc. 

“Effective Broadband Filtering for Inter¬ 
ference Elimination in the Frequency 

Range from 10 Mcps to 10,000 Mcps," 
//. .1/. Schlicke, Allen-Bradley Co. 

“Interference Aspects of Fresnel Region 
Phenomena," B. Lindeman, Rome Air De¬ 
velopment Center. 

“Alternate-Bonding and Radio Inter¬ 
ference,” C. B. Pearlston, Nortronics. 

Session II—Instrumentation and 
Measurement Techniques 

“Bandwidth Relationship in IF Ampli¬ 
fiers." R. B. Schulz, Armour Research 
Foundation. 

“RF Susceptibility Testing Techniques 
for Airborne Electronic Equipment," D. B. 
Clark, Douglas Aircraft. 

“Interference Instrumentation," C. R. 
Miller, Rome A ir Development Center. 

“Instrumentation for the Measurement 
of Extremely Low Levels of Radiated Inter¬ 
ference," J. P. Rutsey, The Hinchman Corp. 

“The Current Probe—A New Device in 
the Field of Radio Interference Measure¬ 
ment," II. E. Vlfcrs, USAS RD L, Fort Mon¬ 
mouth. 

“Alternate-Documenting Probable Er¬ 
rors of Measured C-E Parametric Data," 
D. R. J. White. Don White Associates. 

Session III—Systems Problems 
“Some Practical Approaches in the Con¬ 

trol of Interference in Airborne Weapons 
Systems,” A. E. J. Dionne, Grumman Air¬ 
craft. 

“Irradiation-Susceptibility Nomograph,” 
F. Kugler and .1. R. Kall. Ark Electronics, 
Inc. 

“Government Regulation of Unlicensed 
RF Equipment as a Means of Controlling 
RFI,” L. G. Whipple and H. Garlan, FCC. 

“Frequency Management in the Anny 
Electromagnetic Compatibility Program,” 
C. A. Gregory, U. S. Army Radio Frequency 
Engineering Office. 

“A Discussion of the Site Effect Prob¬ 
lem," D. C. Ports and T. R. Evans, Jansky 
and Bailey, Inc. 
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PORTABLE KLYSTRON POWER SUPPLY 8O9-A 

fidtwing. • New compact size: 8" x 12" x 15" • New low in reflector voltage ripple: less than 1 mv rms • New 
planetary gears to give finer adjustment of reflector voltage • New design including internal blower, built-in cabinet tilt 
stand, PRD expansion coil cord with polarized ac plug • Direct reading of beam voltage or current on front panel meter. 

Regulated beam voltage 250 to 600 volts; regulated reflector voltage 0 to -900 volts; 6.3 volt ac filament supply. 
Reflector voltage available either unmodulated or internally modulated by square wave or sawtooth. Send WV t 1 
for data! PRD ELECTRONICS, INC.: 202 Tillary St., Brooklyn 1, New York, ULster 2-6800; IHTnj-ll 
1608 Centinela Ave., Inglewood, California, ORegon 8-9018. A Subsidiary of Harris-Inter type Corporation. EMJA1UJ 
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PUTTING MAGNETICS TO WORK 

CAN YOU DESIGN PAST 60 (cycles, that is)? 
Sign up for Magnetics Self-Improvement Course 
Whether you are an older engineer or a young magnetic 
circuit designer, you may be faced with the problem of 
designing for load frequencies greater than 60 cycles . . . 
or 400 cycles. Your solutions come faster when you re¬ 
fresh your memory with Lesson II of the Magnetics, 
Inc. self-improvement course. 

... or you may want to reduce circuit size by reducing 
core size, or by using fewer turns of wire with no increase 
in control current. 

You’ll rediscover the solutions to these and other 
problems dealing with frequency and core size in this 
second lesson. What’s more, you may find new ways to 
control high frequency induction heating units, high 
speed motors, the newer types of fluorescent lighting, 
or a host of other devices. 

For your sake — and ours, too, because we manufac¬ 
ture and sell high permeability cores used in amplifier 
circuits — use the coupon now. 

Incidentally, if you missed Lesson I (How To Reduce 
Magnetic Circuit Size and Response Time) we’ll send 
it along. 

mHISnETICS inc. 

MAGNETICS INC., DEPARTMENT P-38, BUTLER, PA. 
Please enroll me in the Magnetics, Inc. Self Improvement Course 
and send me all the lessons as they are made available. 

name_ title_ 

compon y_ 

oddress__ __ 
Note: If you've applied for Lesson I, no further application is necessary. 

You will receive the entire series. 
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V. M. Graham 
R. A. Hackbusch 
R. T. Haviland 
L. C. Hobbs 
A. G. Jensen 
1. Kerney 
E. R. Kretzmer 

W. T. 

W. Mason 
R. L. Mattingly 
D. E. Maxwell 
P. Mertz 
H. I. Metz 
E. Mittelmann 
L. 11. Montgomery 

Jr-
S. M. Morrison 
G. A. Morton 
J. II. Mulligan, Jr. 
C. D. Owens 
M. L. Phillips 
R. L. Pritchard 
P. A. Redhead 
R. II. Rediker 
C. M. Rverson 
R. Serrei! 
W. A. Shipman 
H. R. Terhune 
E. W eber 
J. W. Wentworth 

W intringham 

Coordinators 

E. Weber, Standards 
J. G. Kreer, Jr., .Measurements 

11. R. Minino, Definitions 

20.8 Basic Terms 

J. G. Brainerd, Chairman 

M. W. Baldwin, Jr. J. G. Kreer, Jr. 
C. H. Page 

2o.it International Standardization 
Activities 

A. G. Jensen, Chairman 

M. W. Baldwin, Jr. J. G. Brainerd 
I.. Podolsky 

20.12 Ad hoc Committee on 
Envelope Delay 

R. M. Morris, Chairman 
J. R. Popkin-Clurman, Vice Chairman 

A. J. Baracket 
S. Dolía, Jr. 
A. D. Fowler 
G. 1.. Fredendall 
R. X. Hannon 
R. C. Kennedy 
D. Kentner 

L. A. Looney 
D. W . Peterson 
O. L. Prestholde 
J. L. Stern (alter¬ 

nate) 
J. Tillman 
\\ . T. W intringham 

20.14 Ad hoc Committee 
on Procedure 

M. W. Baldwin, Chairman 

D. E. Maxwell H. R. Terhune 

20.18 Ad hoc Subcommittee on 
Annual Standards Medal 

A. G. Jensen, Chairman 

M. W . Baldwin J. G. Brainerd 

2. Antennas and Waveguides 
R. I.. Mattingly, Chairman 

K. S. Packard, Vice Chairman 
M. S. Wheeler, Secretary 

C. C. Allen 
J. Blass 
H. V. Cottony 
G. A. Deschamps 
P. W. Hannan 
R. C. Hansen 
H. Jasik 
D. J. LeVine 

E. N. 

P. A. Loth 
A. A. Oliner 
D. C. Ports 
S. W. Rubin 
W. Sichak 
C. J. Sletten 
P. H. Smith 
W. V. Tilston 

Torgow 

2.5 Methods of Antenna 
Measurement 

R. C. Hansen, Chairman 

E. Bock 
R. Clapp 
J. E. Holland 
S. Kerber 
T. Kinaga 

R. Krausz 
I). Krienheder 
K. A. Norton 
R. Stegen 
L. C. \’anAtta 

2.6 Definitions of Antenna Terms 

P. II. Smith, Chairman 

C. C. Allen P. S. Carter 
P. W . 1 lamian 

3o. Audio and Electroacoustics 
I. Kerney, Chairman 

W. W. Lang, Vice Chairman 

R. H. Rose 

D. L. Favin 
J. Hirsch 
F. L. Hopper 

M. Copel 
N. H. Crowhurst 
A. P. Evans 

Consultants 

A. B. Cohen 
E. E. Gross 
IL C. Hardv 
F. K. Harvev 
F. S. Hird 
A. H. Lind 

L. J. Malmsten 
A. A. McGee, Jr. 
IL F. Olson 
F. W. Roberts 
V. Salmon 
P. B. W illiams 

30.1 Audio Definitions 

R. IL Rose, Chairman 
L. Fink C. R. Morris 
R. A. Hackley C. W. Vadersen 

Consultants 
A. C. Angus 
E. V. Carlson 

30.3 Methods of Measurement 
of Distortion 

J. D. Hirsch, Chairman 
P. Pritchard, Vice Chairman 

W. A. Munson 

Consultant 

M. A. Cotter 

30.4 Methods of Measurement 
of Noise 

W . W. Lang. Chairman 

W . D. Cochran E. E. Gross 
A. L. Cudworth R. A. Kaenel 

D. E. Nelson V. Savchuk, Jr. 
G. A. Singer 

Consultants 

A. A. Alexander T. A. Honigfeld 
F. K. Harvev R. C. Moody 

J. P. Smith 

30.5 Methods of Measurement of 
Systems Transmission 

Characteristics 

30.6 Methods of Measurement of 
Microphone Characteristics 

M. Copel, Chairman 
T. C. Nehrbas, Vice Chairman 

V. Broci ner 
W. D. Goodale 

L. R. Hagey 
G. A. Marchand 

Consultants 

R. W. Benson F. Massa 
W. T. Fiala H. F. Olson 

30.7 Methods of Measurement of 
Loudspeaker Characteristics 

N. H. Crowhurst, Chairman 

A. B. Cohen 
M. Copel 

D. L. Favin 
R. J. Larson 

R. M. Wolfe 

Consultant 

R. P. Johnson 

30.8 Methods of Measurement of 
Recording and Reproducing 
Transducer Characteristics 

4. Circuits 
J. T. Bangert 
W. R. Bennett 
J. G. Brainerd 
A. R. D’Heedene 
R. M. Foster 
W. H. Huggins 
R. Kahal 
B. K. Kinariwala 
H. L. Krauss 

W. A. Lynch 
S. J. Mason 
C. H. Page 
E. 11. Perkins 
E. J. Robli 
A. P. Stern 
J. J. Suran 
W. N. Tuttle 
L. Weinlierg 

4.2 Linear Lumped-Constant 
Passive Circuits 

L. Weinberg 

J. A. Aseltine G. L. Matthaei 
R. Kahal J. G. Truxal 

4.3 Circuit Topology 

R. M. Foster, Chairman 

R. L. Dietzold E. A. Guilleniin 
S. Goldman J. Riordan 

4.4 Linear Varying-Parameter and 
Non-Linear Circuits 

W . R. Bennett, Chairman 

J. G. Kreer, Jr. C. II. Page 
J. R. Weiner 

4.7 Linear Active Circuits Including 
Networks with Feedback 

Servomechanism 

E. 11. Perkins, Chairman 

E. J. Angelo, Jr. J. M. Manley 
Wr. A. Lynch C. F. Rehberg 

4.8 Circuit Components 

A. R. D’Heedene, Chairman 

4.9 Fundamental Quantities 

H. L. Krauss, Chairman 

P. F. Ordung J. D. Ryder 
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With its miniature tuning fork and electronic circuit, 
Accutron introduces an entirely new principle to 
timekeeping—one which promises unprecedented 
wrist timepiece accuracy. Strapped to your wrist, it 
is guaranteed not to gain or lose more than one 
minute a month. 

Allen-Bradley Type TR tiny resistors enabled 
Accutron designers to achieve the required circuit 
miniaturization for a wrist timepiece—without sacri¬ 
ficing reliability. This circuit controls the 360 pulses 
of power each second—31 million per day—that 
drive the tuning fork. Although incredibly small, 
these Type TR miniature composition resistors are 
made by Allen-Bradley’s exclusive hot molding pro¬ 
cess that guarantees complete freedom from catastrophic 
failures! A-B Type TR resistors are conservatively 
rated 1/10 watt at 70°C. 
There are also other Allen-Bradley space-saving 

potentiometers, capacitors, and h-f filters that can 
help solve your miniaturization problem. And you 
obtain the same reliability for which the larger 
Allen-Bradley components have earned a world-wide 
reputation. For full details, send for Publication 6024. 
* TRADEMARK BULOVA WATCH CO.. INC. 

A-B HOT MOLDED 

COMPOSITION RESISTORS 
DRAWING OF ACCUTRON 

SHOWS BASIC MECHANISM 

A-B Type TR 
Resistor 
Actual Size Accutron 

new electronic timepiece 
uses ALLEN-BRADLEY 
Type TR Miniature 
Composition Resistors 

-- -- Sir- -
Type TR 1/10 Watt MIL TYPE RC 06 

■- -— - — - — 

Type CB 1/4 Watt MIL TYPE RC 07 

Type EB 1/2 Watt M|L TYPE RC 20 
■HP _ 

Type GB I Watt B JOJST MIL TYPE RC 32 

A ' V» Wk 

- 3^ w -
Type HB 2 Watts S " S! MIL TYPE RC 42 

ALLEN-BRADLEY Quality 
Electronic Components 

Allen-Bradley Co., 222 West Greenfield Avenue, Milwaukee 4, Wisconsin In Canada: Allen-Bradley Canada Ltd., Galt, Ontario 



RS102U 

1OOO-OHM0 

SMOOTH ADJUSTMENT 
Solid molded resistance tracks 
permit stepless adjustment. 

SHOCK RESISTANCE 
High contact pressure 
of molded carbon brush 
against molded-in 
resistance surface 
assures continuously 
reliable operation. 

WATERTIGHT CASE 
Molded enclosure is 

sealed against moisture 
and permits encapsulation. 

FINE CONTROL 
Continuous resistance 
Change provided over 

approximately 25 
complete turns. 

Reliable In critical applications, Allen-Bradley Type R adjustable 
fixed resistors are without equal. For example, in recent tests* 
Type R resistors successfully withstood acceleration, shock, 

Perform anee 
and 

Stable 
Setting's 
UNDER EXTREME 

EN V IR ONMENTA E 

CONDITIONS 

and vibration five times better than the latest MIL Spec re¬ 
quirements. Such wide margin of safety is your assurance of 
complete reliability. Virtual indestructibility is obtained 
through an exclusive Allen- Bradley process in which the 
solid resistance elements and the insulating mounting are hot 
molded into one integral unit. The moving element is self¬ 
locking for absolutely stable settings. Also, the Type R con¬ 
trol allows "stepless” adjustment of its resistance. 
The molded case of the Type R control is watertight and 

dust-tight. Rated K watt at 70°C, these Type R controls 
are available in values from 100 ohms to 2.5 megohms. 

ALLEN -BRADLEY 
Allen-Bradley Co., 222 W. Greenfield Ave., Milwaukee 4,Wls. 

In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 

QUALITY 
ELECTRONIC 
COMPONENTS 



«.io Solid State Circuits 

R. II. Baker, Chairman 

R. L. Bright 
D. C. Engelbart 
T. R. Finch 
E. W. Fletcher 
E. Gonzales (Alter¬ 

nate) 
R. A. Henle 
G. B. Herzog 
R. E. Lee 
M. 11. Lewin 
|. G. Linvill 
A. W. Lo 

R. E. McMahon 
R. D. Middlebrook 
D. O. Pederson 
W. J. Poppelbaum 
A. K. Rapp 
G. H. Royer 
J. Russell 
Q. W. Simpkins 
A. P. Stern 
E. E. Sumner 
J. J. Suran 
R. R. Webster 

4.11 Signal Theory 

W. II. Huggins, Chairman 

7. Electron Tubes 
G. A. Espersen, Chairman 
H. J. Reich, Vice Chairman 

M. Adelman 
S. Bloom 
E. M. Boone 
P. A. Fleming 
H. B. Frost 
K. Garoff 
H. A. Haus 
J. Hennel 
M. Houlier 
A. Kondo 
P. M. Lapostolle 

R. R. 

V. Learned 
II. N. Lewis 
A. S. Luftman 
A. M. Morrell 
G. D. O’Neill 
A. T. Potjer 
P. A. Redhead 
II. Rothe 
M. J. Sarullo 
W. Veith 
B. IL Vine 
arnecke 

7.1 Tubes in Which Transit- Time 
is Not Essential 

M. J. Sandio, Chairman 
T. A. Elder 
T. J. Henrv 
W. T. Millis 

R. W. Slinkman 
E. E. Spitzer 
A. K. W ing 

A. 11. Young 

7.2 Cathode-Ray Tubes 

A. M. Morrell, Chairman 
F. L. Burroughs 
V. C. Campbell 
J. P. Foltz 
H. K. Hammond 
F. R. Hays 
G. F. Hohn 

E. 

W. L. Holford 
R. S. Hunter 
L. Huyler 
R. Koppelon 
M. F. Magargal 
W. T. Nottingham 

W. Shinholt 

7.3 Gas Tubes 

H. H. Wittenberg, Chairman 

I. II. Burnett 
E. J. Handle} 
R. A. Herring 
D. E. Marshall 

W. Minowitz 
G. G. Riska 
L. W. Roberts 
W. W. W atrous 

D. White 

7.3.1 Methods of Test for TR 
and ATR Tubes 

L. W. Roberts, Chairman 
N. Cooper, Secretary 

L. Gould 
H. Heins 
W. J. Kearns 
F. Klawsnik 

I. Reingold 
R. Scudder 
E. Vardon 
R. Walker 

7.3.2 Gas-Filled Radiation 
Counter Tubes 

W. Minowitz, Chairman 
E. Di Anni 
C. E. Hendee 

E. Wakefield 
M. Youdin 

7.4 Camera Tubes, Phototubes, and 
Storage Tubes in Which Photo¬ 

Emission is Essential 

M. Adelman, Chairman 

S. F. Essig 
G. W. Iler 
F. W. Schenkel 

A. IL Sommer 
R. G. Stoudenheimer 
R. M. Sugarman 

7.5 High-Vacuum Microwave Tubes 

E. M. Boone, Chairman 

J. H. Bryant 
R. L. Cohoou 
H. W. Cok 
M. S. Glass 
|. M. Hammer 
J. S. Hickey 

P. M. Lalh 
H. L. McDowell 
A. W. McEwan 
R. R. Moats 
M. Nowogrodzki 
S. E. Webber 

7.5.1 Non-Operating Characteristics 
of Microwave Tubes 

M. Nowogrodzki, Chairman 
R. L. Cohoou, Secretary 

M. S. Glass 
R. C. Hergenrother 

E. E. Reed 
R. E. Vacarro 

7.5.2 Operating Measurements of 
Microwave Oscillator Tubes 

R. R. Moats, Chairman 
R. A. LaPlante, Secretary 

T. P. Curtis 
|. S. Hickey 
G. I. Klein 

J. T. Sadler 
M. Siegman 
W. W. Teich 

7.5.3 Operating Measurements of 
Microwave Amplifier Tubes 

H. L. McDowell, Chairman 
R. C. Knechtli, Secretary 

W. R. Beam 
J. Berlin 
M. R. Boyd 
P. Brennan 
H. W. Cole 
11. Einstein 
H. J. Hersh 

L. W. Hohnboe 
R. G. E. Hutter 
P. M. Lallv 
A. W. McEwan 
C. R. Moster 
R. W. Peter 
S. E. Webber 

G. Weibel 

7.6 Physical Electronics 

H. B. Frost, Chairman 
J. G. Buck J. M. Lafferty 
P. N. Hamblenton R. M. Matheson 

J. E. White 

7.8 Camera Tubes 

B. II. Vine, Chairman 
J. A. Hall M. Rome 
B. R. Linden D. L. Schaefer 

7.9 Noise 

II. A. Haus, Chairman 
T. E. Tapley, Vice Chairman 

G. M. Branch 
W. B. Davenport 
W. A. Harris 

S. W. Harrison 
W. W. McLeod 
E. K. Stodola 

7.10 Storage Tubes 

A. S. Luftman, Chairman 
C. L. Corderman. Secretary 

H. Albertine 
C. |. A nd rasco 
A. Bramley 
J. Burns 
G. Chafaris 

B. E. Dav 
M. D. Harsh 
II. Hook 
A. S. Jensen 
|. Koda 
W. R. Miller 
II. M. Smith 
M. de Thomasson 
W. O. Unruh 

H. G. Cooper 
M. Crost 
F. Darne 
D. Davis 

S. Yanagisawa 

7.12 Ad hoc Subcommittee on IRE 
Standards Philosophy 

G. D. O'Neill, Chairman 

A. T. Potjer, Vice Chairman 
P. A. Fleming T. E. Talpey 
G. Hohn J. Tomalesky 

8. Electronic Computers 
!.. C. Hobbs, Chairman 

.. W . Patterson. Ure Chairman 
W. T. Clan . Jr. 
M. K. Havnes 
R. P. Max er 

W. 

C. D. Morrill 
W. O. Olander 
T. A. Rogers 

II. Ware 

8.3 Static Storage Elements 
T. G. Chen E. A. Sands 
J. Rajchman R. Stuart-Williams 

C. B. Wakeman 

8.4 Digital Computer Definitions 

R. P. Mayer, Chairman 
G. W . Patterson, Vice Chairman 

C. F. Lee, Secretary 
J. R. Johnson T. II. Mott 
R. A. Kudlich M. II. Weik 

s.s Analog Computers Definitions 
and Symbols 

C. D. Morrill. Chairman 
L. Bauer 
S. Fifer 
H. Hamer 

W. G. McClintock 
T. A. Rogers 
H. K. Skramstad 

8.8.1 Analog Computers Definitions 
and Symbols (Western Division) 

T. A. 
G. Bekey 
E. C. DeLand 
W . K. Kindle 

Rogers, Chairman 
C. Leondes 
H. Meissinger 
I. Pfeffer 

o. Facsimile 
P. Mertz. Chairman 

J. H. Hackenberg, Vice Chairman 
T. F. Benewicz, Secretary 

II. F. Burkhard 
R. S. Egolf 
D. Frezzolini 
J. R. Hancock 
L. R. Lankes 

J. II. Long 
K. R. McConnell 
R. II. Ralls 
IL C. Ressler 
A. R. Smith 

26. Feedback Control Systems 
G. S. Axelbx . Chairman 
F. Zweig. Vice Chairman 

G. A. Biernson 
N. II. Choksy 
IL II. Freeman 
R. Kramer 
II. P. Lindorff 
D. L. Lippitt 

S. B 

J. C. Lozier 
J. S. Mayo 
J. II Mulligan, Jr. 
W . M. Pease 
J. G. Truxal 
J. E. Ward 

26.1 Symbols and Terminology 
R. Kramer, Chairman 

F. P. Caruthers 
N. II. Choksx 
P. De Russo 

K. S. Narendra 
F. II. Russell 
F. Tuteur 

26.2 METHODS OF MEASUREMENTS 
and Test of Feedback 

Control Systems 

D. Lippitt, Chairman 

io. Industrial Electronics 
E. Mittelmann, Chairman 

E. A. Keller. Vice Chairman 
R. I. Brown 
E. W. Chapin 
C. W. Frick 
R. A. Gerhold 
A. R. Gray 

H. R. Meahl 
W. I). Novak 
E. A. Roberts 
W. R. Thurston 
V. Wouk 
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Consultant 

B. Cooper 

10.3 Industrial Electronics Instru¬ 
mentation and Control 

W. I). Novak, Chairman 
C. E. Jones, Vice Chairman 

H. S. Bennett E. A. Keller 
R. I. Brown E. Mittelmann 
T. Kaslow 1*. A. Newman 

W. A. Wikihack 

Consultant 

K. Lion 

10.4 Methods of Measurement 

H. R. Meahl, Chairman 

lo.s Ultrasonics 

L. Batchelder, Chairman 
J. V. Bouvoucus 
T. J. Bulat 
S. E. Jacke 
T. E. Hueter 
F. V. Hunt 

O. E. Mattiat 
H. F. Osterman 
W. I’. Raney 
M. Strasberg 
E. B. Wright 

10.6 Regulated Power Supplies 

V. Wonk, Chairman 

ii. Information Theory and 
Modulation Systems 
E. R. Kretzmer. Chairman 

K. II. Powers, 
P. L. Bargellini 
F. K. Becker 
N. M. Blachman 
T. P. Cheatham, Jr. 
L. A. DeRosa 
E. W. Keller 

Vice Chairman 
|. G. Kreer, Jr. 
A. D. Perry 
J. F. Peters 
!.. S. Schwartz 
F. !.. Stumpers 
W. D. White 

n.i Modulation Systems 

K. H. Powers, Chairman 
P. L. Bargellini E. W. Keller 
F. K. Becker A. D. Perry, Jr. 

L. S. Schwartz 

11.2 East Coast Information Theory 

P. I.. Bargellini 

25. Measurements and 
Instrumentation 
C. D. Owens, Chairman 

G. B. Hoadley, Vice Chairman 
M. J. Ackerman 
P. S. Christaldi 
J. L. Dalke 
G. B. Hoadley 

R. 

M. C. Holtje 
G. A. Morton 
J. M. Mulligan 
M. C. Selby 

M. Showers 

25.1 Basic Standards and 
Calibration Methods 

M. C. Selby, Chairman 

R. A. Braden 
E. W. Chapin 
P. P. Lombardini 
B. P. Hand 

E. C. 

C. E. Menneken 
S. W. Rosenthal 
R. A. Soderman 
L. B. Wilson 

Wolzien 

25.2 Dielectric Measurements 

J. I.. Dalke, Chairman 
C. A. Bieling F. A. Muller 

25.3 Magnetic Measurements 

D. I. Gordon, Chairman 
W. E. Cairnes R. C. Powell 
P. H. Haas J. IL Rowen 

E. J. Smith 

25.6 High Frequency Measurements 

G. B. Hoadley, Chairman 
D. J. Blattner 
R. A. Braden 
I. G. Easton 
F. J. Gaffney 

E. W. Houghton 
D. Keim 
B. M. Oliver 
B. Parzen 

25.10 Oscillography 
M. J. Ackerman, Chairman 

B. Harris H. P. Mansberg 
H. M. Joseph E. D. Scott 
II. King (alternate) A. L. Stillwell 

29. Medical Electronics 
L. II. Montgomery, Chairman 

A. M. Grass F. T. Jung 
J. F. Herrick E. D. Trout 

V. Zworykin 

29.1 NOMENCALTURE 

E. I). Trout, Chairman 

29.2 Methods of Measurement 

A. Grass, Chairman 

16. Mobile Communication 
Systems 

W. A. Shipman, Chairman 
I). S. Dewire, Vice Chairman 

J. Germain 
M. Golden 
D. B. Harris 
G. A. Linn 
J. R. Neubauer 

H. W. Nylund 
S. R. St heiner 
N. H. Shepherd 
D. Talley 
R. W. Tuttle 

12. Navigation Aids 
H. I. Metz, 

A. G. Richardson, 
F. B. Brady 
N. Braverman 
A. M. Casabona 
R. L. Frank 
P. B. Glassco 
L. Greenberg 

13. NUCLEAR 

Chairman 
Vice Chairman 

J. J. Kishel 
C. J. Mundo, Jr. 
J. S. Prichard 
P. E. Ricketts 
W. J. Romer 
11. J. Rosenberg 

Techniques 
I). C. Cook. Chairman 

W. W. Managa 
L. Costre 

R. L. Butenhoff 
D. L. Collins 
W. H. Hamilton 

C. S 

n, Vice Chairman 
II, Secretary 

R. A. Harvev 
T. R. Kohler 
G. A. Morton 

. W'alker 

13.1 Phototubes for Scintillation 
Counting 

G. A. Morton, Chairman 
R. M. Carlson 
R. Graveson 
Q. Kerns 

R. Matheson 
L J. Morales 
B. Rudolph 

14. PIEZOELECTRIC AND FERRO¬ 
ELECTRIC Crystals 

|. IL Armstrong, Chairman 
S. L. Ehrlicl 

|. R. Anderson 
H. G. Baerwald 
R. Bechmann 
W. G. Cady 
W. A. Edson 
I E. Fair 
W. D. George 
E. A. Gerber 

K. S. 

i, Vice Chairman 
R. L. Harvey 
H. Jaffe 
E. D. Kennedy 
T. M. Lambert 
W. P. Mason 
C. F. Pulvari 
P. L. Smith 
R. A. Sykes 

VanDyke 

14.1 Ferroelectric Crystals 

J. II. Armstrong, Chairman 

J. R. Anderson E. D. Kennedy 
G. J. Goldsmith C. Pulvari 

S. Triebwasser 

14.2 Piezoelectric Crystals 

R. Bechmann, Chairman 

I. E. Fair W. I). George 
C. R. Mingins 

14.4 Definitions for 
Magnetostriction 

S. L. Ehrlich, Chairman 

H. G. Baerwald P. L. Smith 
R. L. Harvey R. S. Woollett 

14.5 Piezoelectric Ceramics 

H. Jaffe, Chairman 

D. Berlincourt T. Lambert 

27. Radio Frequency 
INTERFERENCE 

S. 1. Cohn, Chairman 
S. J. Burruano, Vice Chairman 

H. R. Butler 
E. W. Chapin 
J. F. Chappell 
K. A. Chittick 
L. E. Coffev 
F. G. Cole ' 
H. E. Dinger 
R. J. Farber 
E. C. Freeland 

C. W. Frick 
G. G. Hall 
V. J. Mancino 
L B. Minter 
W. E. Pakala 
W. A. Shipman 
R. M. Showers 
F. R. Wellner 
W. Wrigley 

27.1 Basic Measurements 

R. M. Showers, Chairman 

C. 1. Dobbs 
V. Mancino 

27.3 Radio and TV Receivers 

F. G. Cole, Chairman 

E. W. Chapin 
J. F. Chappell 

J. C. Achenberg 
A. F. Augustine 
E. D. Chalmers 
E. W. Chapin 
E. C. Freeland 
F. Kitty 

27.4 Radio 

S. Mazur 
W. G. Peterson 
F. Stachowiak 
W. J. Stroh 
D. G. Thomas 
R. S. Yoder 

Transmitters 

V. Mancino, Chairman 

H. R. Butler R. V. Faris 
W. F. Byers A. W. Silverstein 

H. S. Walker 

27.5 Industrial Electronics 

C. \\ . Frick, Chairman 

E. W. Chapin 
F. Haber 
R. J. Hallisey 
W. Jarva 
J. C. Klouda 

R. W. Lisk 
II. R. Meahl 
R. B. Schulz 
C. Smith 
L. W. Thomas 

27.7 Mobile Communications 
Equipment 

J. F. Chappell, Chairman 

K. Backman 
W. M. Cagney 
W. G. Chaney 
S. F. Meyer 

J. R. Neubauer 
N. Shepherd 
W. A. Shipman 
B. Short 

R. C. Stinson 

17. Radio Receivers 
W. P. Boothroyd, Vice Chairman 

J. Avins 
K. A. Chittick 
A. Cotsworth 

A. S. Goldsmith 
D. E. Harnett 
D. J. Healey III 
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PRECISION 
TRACKING 

SPLITS 340° INTO 500,000 SEGMENTS 

Guiding the missile into correct trajectory, the Atlas Guidance 
Tracker operates so smoothly you can't detect the motion. And there's 
good reason why. 

For instance, the molded-surface reflectors (10' high with the con¬ 
tour accurate to .008j and their support structure glide on a 48" 
diameter base ring (made to a tolerance requirement of .000050j, 
powered by a gearless power drive. Precision like this makes the U.S. 
Air Force Atlas Guidance Tracker the most accurate radar antenna 
ever designed and produced for missile guidance. (Exact antenna 
system accuracy is classified.) 
Accuracy such as this is typical of the precision designed and 

manufactured into antennas, fire control, inertial guidance, launch¬ 
ing and handling equipment, and torpedoes by General Electric's 
Ordnance Department. 16fr22

ORDNANCE DEPARTMENT 
OF THE DEFENSE ELECTRONICS DIVISION 

GENERAL ELECTRIC 
100 PLASTICS AVENUE, PITTSFIELD, MASSACHUSETTS 

research. DESIGN, AND PRODUCTION OF PRECISION ORDNANCE E Q U I P M E N T—S INCE 1941 
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J. K. Johnson 
L. R. Kirkwood 
W. R. Koch 
G. S. Ley 
X. F. Parker 

I.. M. Rodgers 
G. A. Schupp 
C. L. Spencer 
W. O. Swinyard 
F. B. Uphoff 

17.10 Automatic Frequency and 
Phase Control 

F. B. Uphoff, Chairman 

K. Farr R. N. Rhodes 
W. R. Koch D. Richman 

L. Riebman 

i7.li AM-FM Broadcast Receivers 
A. Goldsmith, Chairman 

R. Brown R. J. Farber 
E. Cornet J. Merklenger 

is. Radio Transmitters 
S. M. Morrison, Chairman 

H. R. Butler, Vice Chairman 

C. G. Dietsch 
\\ . R. Donsbach 
II. E. Goldstine 
I. B. Heffelfinger 
A. E. Kerwien 

V. 

L. A. Looney 
B. Sheffield 
J. B. Singel 
B. D. Smith 
I. R. Weir 

Ziemelis 

is.i FM Transmitters 
H. Bott 
J. R. Boykin 

P. Osborne 
H. Stratman 

15.3 Double Sideband AM 
Transmitters 

C. V. Clark W. D. Mitchell 
E. J. Martin, Jr. I. R. Skarbeck 

15.5 Single Sideband Radio Com¬ 
munication Transmitters 

J. B. Singel, Chairman 

A. Brown H. E. Goldstine 
W. B. Bruene A. E. Kerwien 

E. A. Laport 

15.6 Television Broadcast 
Transmitters 

W. F. Goetter W. Kruse 
R. Jose L. A. Looney 

J. L. Stern 

ip. Recording and Reproducing 
F. A. Comerci, Chairman 

W. R. Chynoweth, Vice Chairman 

M. Camras 
J. J. Davidson 
P. Fish 
A. W. Friend 
C. J. LeBel 
J. G. McKnight 

R. C. Moyer 
F. W. Roberts 
L. Thompson 
R. S. Todes 
T. G. Veal 
B. J. White 

to i Magnetic Recording 

W. R. Chynoweth, Chairman 

J. S. Boyers 
M. Camras 
F. A. Comerci 
E. W. D’Arcy 
T. Dewey 
R. F. Dubbe 
T. R. Garrity 

L. Knees 
O. Komei 
K. I. Lichti 
J. G. McKnight 
E. G. Xewman 
C. B. Pear, Jr. 
W. E. Stewart 

R. S. Todes 

19.2 Mechanical Recording 

B. J. White, Jr., Chairman 
W. S. Bachman 
S. M. Fairchild 
A. R. Morgan 

A. S. 

R. C. Moyer 
F. W. Roberts 
L. Thompson 

R. Tobey 

19.3 Optical Recording 

T. G. Veal, Chairman 

P. Fish J. A. Maurer 

19.5 Flutter 
F. A. Comerci, Chairman 

M. A. Cotter 
E. W. D’Arcy 
G. L. Davies 
E. N. Dingley 

D. Dubbe 
U. R. Furst 
A. A. Goldberg 
C. J. LeBel 

McKnight 

3i. Reliability 
C. M. Ryerson, Chairman 

A. C. Packard, Vice Chairman 
J. H. Bollman 
I. M. Bridges 
W. D. Fuller 
J. H. Gerth 
J. M. Havel 
C. F. Horne, Jr. 

D. R. Hull 
C. R. Knight 
W. J. O’Leary 
A. B. Oxley 
A. W. Rogers 
E. G. Witting 

Consultant 

W. A. MacCrehan, Jr. 

31.1 Equipment Reliability 
Engineering 

C. R. Knight, Chairman 

31.2 System Reliability Engineering 

A. B. Oxley, Chairman 

31.1 Symbology 

E. G. Witting, Chairman 

31.4 Methods of Measurement 

A. W. Rogers, Chairman 

31.5 Reliability Prediction 

J. H. Bollman, Chairman 

31.6 System Effectiveness Concepts 

28. Solid State Devices 
R. H. Rediker, Chairman 

W. C. Dunlap, Jr., Vice Chairman 
V. P. Mathis, Secretary 

J. B, Angell 
S. J. Angello 
R. H. Baker 
E. M. Davis 
J. M. Early 
H. J. Evans 
P. A. Fleming 
J. R. Hynenian 
E. O. Johnson 
B. Kazan 

X. R. Korn field 
A. W. Lampe 
E. E. Loebner 
R. L. Pritchard 
J. R. Roeder 
B. J. Rothlein 
S. Sherr 
K. E. Slade 
M. E. Talaat 
P. X. Wolfe 

28.0.1 General Definitions 

E. E. Loebner, Chairman 
S. J. Angello R. M. Ryder 

28.0.2 Cryogenic Devices 

A. E. Slade, Chairman 
J. W. Bremer R. De Lano 
L. L. Burns H. T. Mann 
M. L. Cohen V. L. Newhouse 

28.4 Semi-Conductor Devices 

J. M. Early, Chairman (IRE) 
S. K. Ghandhi, Chairman (AIEE) 

G. Abraham 
J. B. Angell 
E. N. Clarke 
C. G. Corrin 
I. M. Gohkx 
B. T. Howard 
B. Jacobs 

J. D. Johnson 
C. H. Knowles 
R. P. Lyon 
C. W. Mueller 
R. L. Pritchard 
B. J. Rothlein 
D. E. Sawyer 

A. C. Sheckler A. P. Stern 
R. L. Trent 

28.4.2 Methods of Test for Tran¬ 
sistors for Linear CW 
Transmission Service 

A. Coblenz, Chairman 

28.4.3 Definitions and Letter 
Symbols of Semiconductors 

B. J. Rothlein, Chairman 

28.4.4 Methods of Test for Semicon¬ 
ductor Devices for Large-

Signal Applications 

R. L. Trent, Chairman 

M. Chang 
M. L. Embree 

R. S. Hill 
W. D. Reiner 

V. R. Saari 

28.4.5 Methods of Test for 
Bulk Semiconductors 

E. X. Clarke, Chairman 

G. Bemski A. Kestenbaum 
D. C. Cronemeyer M. F. Lamorte 
I. Drukaroff J. Mandeikorn 

D. T. Stevenson 

28.4.6 Photo Devices 

D. E. Sawyer, Chairman 

M. Adelman 
J. Bramley 
G. Dermit 

J. L. Elliott 
A. J. Hodges 
M. L. Lamorte 

F. A. Reid 

28.4.7 Transistor Internal Parameters 

R. L. Pritchard, Chairman 
R. B. Adler J. M. Earlv 
J. B. Angell W. M. Webster 

28.4.8 Semiconductor Devices 
Symbols 

S. K. Ghandhi, Chairman 
B. J. Rothlein 

28.4.9 Semiconductor Diode 
Definitions 

C. H. Knowles, Chairman 
L. D. Armstrong 
D. C. Dickson 
B. Jacobs 
J. D. Johnson 

R. P. Lyon 
R. H. Rediker 
A. C. Sheckler 
J. R. Thurreil 

28.4.10 Semiconductor Diode 
Measurements 

B. Jacobs, Chairman 

A. Bakanowski 
R. Doyle 
D. R. Fewer 
J. Fishel 
J. H. Forster 

(alternate) 

J. Gillette 
C. Irwin 

(alternate) 
E. F. Platz 
A. C. Sheckler 

28.4.12 Definitions and Methods of 
Test for P-N-P-N Devices 

J. M. Goldey, Chairman 
W. T. Matzen, Secretary 

R. Biesele 
N. Holonyak, Jr. 

H. Starke 
F. S. Stein 

28.4.13 High Frequency Diodes 

K. E. Mortenson, Chairman 

A. Bakanowski 
R. A. Campbell 
E. Feldman 
K. C. C. Gunn 
R. I. Harrison 
J. Hilibrand 

X. Hoffman 
X. Houlding 
S. Karandanis 
J. Kennev 
W. G. Matthei 
S. Mayburg 
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NEW 2O-AMP 
Variable Transformer 

SERIES VT2O OHMITE 

VT20B— 
IN BASIC ENCLOSURE 

E1CJ WB 

FEATURES 

* Base has elongated mounting holes and other features which 
give the VT20 universal mounting capabilities. Can be used as a 
direct replacement for other popular transformers of comparable size. 

B Radiator plate is counterbalanced in conjunction with the 
brush assembly for smooth operation and stability under v, bration. 
A&B Unusually fast heat dissipation results from carefully de-
signeu base and radiator plates. 
C Adjustable shaft extends from either end of the transformer 
as required for panel or horizontal surface mounting. Unique, collet¬ 
type lock permits repositioning without scoring or defacing the shaft. 
o Extra large brush assembly gives a big margin of heat dissipa¬ 
tion ... is accurately counterbalanced by radiator plate design. 

NOW 

SIZES VT2 VT4 NEW VT20 

SHOWN % ACTUAL SIZE 

• Terminal panel allows quick arrangement of clock¬ 
wise or counterclockwise increase of voltage for “line" 
(120 V) or "overvoltage" (140 V) maximum output. 

VT20 VARIABLE TRANSFORMERS CURRENTLY STOCKED 

Cat. 
No. 

Input (Sing. Ph.) Output Rot. 
Ang. Volts cps Volts Amps 

VT20 
VT20B 120 50-400 0-120/140 20 317° 

WRITE FOR BULLETIN 165 

OHMITE MANUFACTURING COMPANY 

3617 Howard Street, Skokie, Illinois 

Rheostats Power Resistors 
Precision Resistors Variable 

Transformers Tantalum Capacitors 
Tap Switches Relays R.F. Chokes 
Germanium Diodes Micromodules 
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C. Messenger E. I.. Steele 
E. Senko A. Uhlir, Jr. 

28.4.14 Esaki Tunnel Diodes 

J. Hilibrand, Chairman 

28.5 Dielectric Devices 

I’. X. Wolfe, Co-Chairman (I RE) 
F. A. Schwertz, Co-Chairman (AIEE) 

|. II. Armstrong 
R. E. Benn 
J. Bramley 
II. Diamond 
II. Epstein 
W . Gardner 
R. B. Grav 
R. E. Halsted 

E. J. Herbert, Jr. 
E. E. Loebner 
C. F. Pulvari 
J. R. Roeder 
C. A. Rosen 
I-:. A. Stack 
R. M. Schaffert 
A. C. Sheckler 

F. Spitzer 

28.5.1 Non-Linear Dielectric 
Definitions 

H. Diamond, Chairman 

T. W. Butler 
R. A. Fot la nd 
X. R. Kornfield 
E. E. Loebner 
C. F. Pnlvari 

C. A. Rosen 
E. A. Sack 
C. F. Spitzer 
S. W. Tehon 
P. X. Wolfe 

28.5.2 Dielectric Electro-Optic 
Definitions 

T. E. Bray 
F. Darne 
M. S. Hall 
H. I.. Ivey 
E. E. Loebner 

R. Rulon 
E. A. Sack 
F. A. Schwertz 
C. F. Spitzer 
S. Triebwasser 

28.5.3 Definitions, Formation and 
Utilization of Electro¬ 

static Images 

W . Bixby, Chairman 

I. C. Abrahams 
R. E. Benn 
II. Epstein 
E. F. Mayer 
J. S. Rvdz 
R. M. Schaffert 

F. A. Schwertz 
J. Stone 
O. Ullrich 
J. H. Underhill 

(Alternate) 
R. E. West 

28.6 Magnetic Devices 

X. R. Kornfield, Chairman 

J. S. Cubert 
P. G. Frischmann 
R. L. Harvey 
II. W. Katz' 
A. D. Krall 
D. H. Looney 
P. X. McCabe 
R. E. McMahon 

W. A. Miller 
S. Paull 
II. A. Perkins, Jr. 
T. J. Pula 
I. Reingold 
H. C. Rothenberg 
H. Scharf man 
F. G. Timmel 

28.6.1 Basic Terminology, Materials 
and Measurements 

II. A. Perkins, Jr., Chairman 

R. L. Harvey S. Paull 
P. McCabe H. Rothenberg 

D. H. Looney 

28.6.2 Magnetic Materials and 
Measurements 

II. A. Perkins, Jr., Chairman 
R. L. Harvey W. A. Miller 
D. M. Looney T. J. Pula 
P. X. McCabe H. C. Rothenberg 

28.6.3 Magnetic Memory and 
Logic Devices 

H. W. 
J. Cubert 
D. H. Loony 
P. X. McCabe 

Katz, Chairman 
R. E. McMahot 
W. A. Miller 
T. J. Pula 

28.6.4 Microwaves 

IL C. Rothenberg, Chairman 

IL W. Katz 
A. D. Krall 

I. Reingold 
H. Scharf man 

28.7 Masers and Variable 
Reactance Transducers 

J. B. Angell, Chairman 

R. Adler 
A. I). Berk 
E. X. Clarke 
R. S. Engelbrecht 
II. J. Evans 

V. R. Learned 
J. W. Meyer 
B. Saizberg 
H. Seidel 
A. Uhlir, Jr. 
P. II. Vartanian, |r. 
G. Wade 

W. II. From 
C. IL Grauling, |r. 

j. P. W ittke 

28.8 Thermoelectric Devices 

I. Cadoff 
F. Donahoe 
II. B. Frost 
X. Fuschillo 
M. A. Gross 
P. Klein 
E. II. Long her 

aat, Chairman 
|. D. Richards 
F. D. Rose 
B. Rosenbaum 
R. G. Sickert 
R. Ure 
R. H. \’ought 
E. L. Woisard 

28.9 Microsystems Electronics 

R. H. Baker, Co-Chairman (IRE) 
A. P. Stern, Co-Chairman (AIEE) 
G. Strull, Co-Chairman (AIEE) 

\. W. Adcock 
I). Comiihan 
W. D. Fidler 
S. K. Ghandhi 
E. Keonjian 
J. S. Kilby 

T. Liimatainen 
H. C. Lin 
11. V. Moble 

R. Roeder 
F. Spitzer 
L. Steele 
Valiese I. A. Lesk 

I. 
C. 
E. 
L. 

J. T. Wallmark 

2i. Symbols 
R. T. Haviland, Chairman 
R. V. Rice, Vice Chairman 
J. M. Carroll. Secretary 

I). Drosdow L. A. Meadows 
IL J. Elschner C. D. Mitchell 
W. J. Everts R. M. Stern 
I). M. Faller R. G. Stranix 
C. Fricke H. R. Terhune 

L. H. Warren 

21.5 New Proposals and 
Special Assignments 

M. P. Robinson, Chairman 

21.7 Letter Symbols 

R. G. Stranix, Chairman 
P. R. Clement, Secretary 

|. M. Carroll 
J. F. Craib 
C. C. Foster 

J. A. 

R. M. Foster, Jr. 
C. A. Hachemeister 
D. M. Howell 

Raper 

21.8 Abbreviations 

J. M. Carroll, Chairman 

22. Television Systems 
J. W. Wentworth, Chairman 
R. X. Harmon, Vice Chairman 

M. W. Baldwin, Jr. 
J. E. Brown 
C. G. Fink 
D. G. Fink 
P. C. Goldmark 
J. E. Hayes 
A. G. Jensen 

R. D. Kell 
D. C. Livingston 
H. T. Lyman 
J. B. Minter 
A. F. Murray 
D. W. Pugsley 
D. B. Smith 

W. T. Wintringham 

22.2 Television Picture Element 
D. C. Livingston, Chairman 

A. V. Bedford P. Mertz 
J. B. Chatten T. V. Zaloiidek 

23. Video Techniques 
J. M. Barston, Chairman 
. R. Hefele. Chairman 

I. C. Abrahams 
K. B. Benson 
S. Deutsch 
V. |. Duke 

J. 

G. L. Fredenhall 
J. F. Fisher 
E. M. Leyton 
W. |. Poch 

I. Roe 

23.1 Definitions 
J. R. Roe, Chairman 

R. F. Cotellessa F. Herr 
V. J. Duke R. X. Hurst 

23.3 Video Systems and Components 
Methods of Measurement 

I. C. Abrahams, Chairman 
G. M. Glassford 
J. R. Hefele 
W. L. Hurford 

X. E. Sprecher 
E. Stein 
W. B. W halley 

23.4 Video Signal Transmission 
Methods of Measurement 

J. R. Popkin-Clurman, Chairman 
J. M. Barstow 
F. Davidoflf 

(alternate) 
A. B. Ettlinger 

(alternate) 
I. L. Hathaway 
F. I. Herr 
W . L. Hurford 

R. C. Kennedy 
(alternate) 

R. M. Morris 
E. II. Schreiber 
I). Taylor (alternate) 
|. W . W entworth 
W . B. W halley 
J. F. W iggins 

23.5 TV Magnetic Tape Recording 
Methods of Measurement 

E. M. Leyton, Chairman 
E. Somber 
F. J. Watson 
C. E. Anderson 

E. 

A. C. Luther 
F. Himelfarb 
G. W. Bartlett 

K. Dahlin 

24. Wave Propagation 
M. I.. Phillips, Chairman 

A. B. Crawford 
II. H. Beverage 
II. G. Booker 
S. Bowhill 
K. Bullington 
C. R. Burrows 
T. J. Carroll 
J. T. DeBettencourt 
F. H. Dickson 
H. Fine 
LIL Gerks 
W. I). Hershberger 
M. Katzin 
J. M. Kelso 

A. H. 

Vice Chairman 
G. II. Millman 
M. G. Morgan 
II . O. Peterson 
I. A. Pierce 
J. C. W. Scott 
J. C. Simon 
R. L. Smith-Rose 
J. B. Smyth 
A. W. Straiton 
K. Toman 
J. P. Voge 
J. R. Wait 
A. T. W aterman 
an nick 

24.1 Standards and Practices 

II. O. Peterson, Chairman 

24.2 Tropospheric Propagation 

T. J. Carroll, Chairman 

23.4 Definitions 

M. Katzin, Chairman 

24.4 Radio Propagation History 

H. II. Beverage, Chairman 

24.5 Publication of Tutorial 
Articles 

J. R. Wait. Chairman 
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MEETING THE COMPUTER INDUSTRY’S NEED FOR STANDARDIZED MEMORY COMPONENTS 

NEW FERROSE 4-WIRE COINCH 
CUBBENT MEMORY RIMES AND STACKS 
OFFER UNMATCHED RELIABILITY ■ COMPACTNESS ■ AVAILABILITY & ECONOMY 

FERROXCUBE CORPORATION OF AMERICA »SAUGERTIES.« 

highly adaptable frame. constru tion and the eliminatio/i of cosily hand ion. u 
soldering. For complete ini ■ vrite for Bu'letin PS-161. 

by wir-
>ility is 
!SUlt of 

rix. Compactness of design^^jieved by wafer constructs 
ing memory cores on 50 mil canters— makes for substantial reductions in stack dimensions. Avai 

Many are the features that set Ferroxcube memories apart from all others; unquestionably, the most note¬ 
worthy is reliability. AU array terminal connections are multiple wire wrapped and dip soldered to eliminate 
the fallibility of hand soldering. All memory cores are 100% precision tested on all electrical parameters both 
before and after assembly in the. 

continuously assured by Ferroxcube unmatched manufacturing capabilities. Economy follow^ as a 
Ferroxcube's high volume pr< 

64 X 64, 

4-WIRE, 

COINCIDENT 

CURRENT 

MEMORY PLANE. 

FOREMOST 

IN THE FIELD 

OF FERRITE 

COMPACTNESS 

OF MATRIX 

REDUCES STACK 

DIMENSIONS. 
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IRE REPRESENTATIVES IN SCHOOLS 

* Academy of Aeronautics: P. Dove, Jr. 
Acadia University: J. G. Tillotson 
Adelphia College: F. W. Temían 
•Air Force Inst. Tech., T. I.. Regulinski 
•Akron, Univ, of: M. I.. Knit 
•Alabama, Univ, of: O. P. McDuff 
•Alaska, Univ, of: R. P. Merritt 
•Alberta, Univ, of: J. W. Porteous 
•Arizona State Univ.: C. R. Zimmer 
•Arizona, Univ, of: R. L. Walker 
•Arkansas, Univ, of: W. W. Cannon 
•Arlington State College: S. T. Lanham, Sr. 
•Auburn Univ.: H. M. Summer 
Augustana College: V. R. Nelson 
•Bradley Univ.: T. L. Stewart 
•Bridgeport, Univ, of: I). M. Silverstone 
•Brigham Voting Univ. : R. C. Woodbury 
•British Columbia, Univ, of: A. I). Moore 
•Bronx Community College: Stella Lawrence 
Brooklyn College: E. IL Green 

•Brooklyn, Polytech. Inst. (Day Div.): 
E. J. Smith 

•Brooklyn, Polytech. Inst. (Eve Div.): 
G. F. Kent 

•Broome Technical Community College: 
L. J. Sitterlee 

•Brown Univ. : R. D. Kodis 
•Bucknell Univ.: II. Webb 
•Buenos Aires, Univ, of: A. Di Marco 
Buffalo, lhe Univ, of: F. P. Fischer 

•California Inst. Tech.: I). G. Dow 
•California State Polytech. College (Po¬ 

mona): R. W. Ritchie 
•California State Polytech. College (San 

Luis Obispo): IL J. Hendriks 
California. Univ, of at Los Angeles: R. S. 

Elliott 
California, Univ, of at Riverside: T. T. 

Taylor 
•California, Univ, of (Berkeley): II. J. Scott 
•Capitol Radio Engrg. Inst.: L. M. Up¬ 

church 
•Carnegie Inst, lech.: W. E. Newell 
•Case Inst. Tech.: R. Plonsey 
•Catholic Univ, of America: G. E. McDuffie, 

Jr. 
•Central Tech. Inst.: J. E. Lovan 
Chalmers Inst, lech.: Kjell-Oolof Yngves-

son 
•Christian Brothers College: I. J. Haas 
•Cincinnati, Univ, of: C. II. Osterbrock 
•Clarkson College of Tech.: J. V. Landon 
•Clemson College: J. Brittain 
•Colorado State Univ.: D. E. Cottrell 
•Colorado, Univ, of: C. T. Johnk 
Colorado, Univ, of (Extension Center): 
M. II. Zanboorie 

•Columbia Univ.: P. T. Mauzey 
•Connecticut, Univ, of: H. M. Lucal 
•Cooper Union: J. B. Sherman 
•Cornell Univ. - T. McLean 
National Univ, of Cuyo (Argentina): II. G. 

Barbenza 
Dartmouth College: M. G. Morgan 
•Dayton Univ, of: L. IL Rose 
•Delaware Univ, of: L. P. Bolgiano, Jr. 
Technical Univ, of Delft (Netherlands): 

H. Van Nauta Lemke 
Denmark, Royal Technical Univ, of: 

J. Rybner 
•Denver, Univ, of: D. R. Dubbert 
•Detroit, Univ, of: G. M. Chute 

* Schoofs with approved Student Branches. 

•DeVry Tech. Inst.: J. T. Anagnost 
DeVry Tech. Inst. (Canada): L. F. T. Gent 

•Drexel Inst. Tech.: D. II. LeCroissette 
•Duke Univ.: II. A. Owen, Jr. 
The Eastern Ontario Inst. Tech.: V. J. 

Byers 
Ecole Polytechnique (Montreal, Canada): 

A. Breton 
Escola Politécnica da Universidade tie Sao 

Paulo (Brasil): P. Ribiero de Arruda 
Evansville College: C. G. Winternheimer 

•Fairleigh Dickinson Univ.: W. Schick 
•Fenn College: K. S. Sherman 
•Florida, Univ, of: M. II. Latour 
Fordham Univ.: D. F. McDonald 

•Franklin Tech. Inst.: R. L. Harris 
Franklin Univ.: I). Moore 
Fresno State College: O. F. Foin, Jr. 
Gemeentelijke Universiteit tan Amster¬ 
dam (Netherlands): A. Van Wijngaarden 

Georgetown Univ.: A. P. Dietz 
•George Washington Univ.: G. Abraham 
•Georgia Inst. Tech.: T. M. White, Jr. 
Gonzaga Univ.: H. J. Webb 
Gottingen, Univ, of: E. W. Mever 
I he Hamilton Inst. Tech.: G. L. Pal 
Harvard Univ.: F. K. Willenbrock 
Haverford College: T. A. Benham 
I lawaii, Univ, of : R. E. Partridge 

•Heald Engrg. College: L. W. Alien 
Hillyer College of the Univ, of Hartford: 

I. S. Boak 
•Hofstra College: B. Zeines 
•Houston, Univ, of (College of Engrg.): 

E. !.. Michaels 
•Houston, Univ, of (College of Technology): 

G. C. McKay. Jr. 
•Howard Univ.: W. K. Sherman 
•Idaho, Univ, of: L. M. Maxwell 
•Illinois Inst. Tech.: P. C. Yuen 
•Illinois, Univ, of (Urbana): P. F. Schwarz¬ 

lose 
•Illinois, Univ, of (Navy Pier, Chicago): 

II. A. Setton 
Instituto Technologico de Aeronáutica 
(Sao Paulo, Brasil): J. T. Senise 

Inst, of Electronics (Canada: G. Archam¬ 
bault 

*lowa State Univ, of Science and Technol¬ 
ogy: P. M. Anderson 

•Iowa, State Univ, of: D. E. Newell 
•John Carroll Univ.: W. F. O’Hearn, Jr. 
•Johns Hopkins Univ.: W. H. Huggins 
•Kansas State Univ, of Agriculture and Ap¬ 

plied Science: C. A. Halijak 
•Kansas, Univ, of: D. Rummer 
Katholieke I niversiteit Van Nijmegen 

(Netherlands): A. J. L. Van Egmond 
•Kentucky, Univ, of: H. J. Daily 
•Lafayette College: F. W. Smith 
•Lamar State College of Tech.: F. M. Crum 
•LaSalle College: A. II. Benner 
•Laval Univ.: J. E. Dumas 
•Lehigh Univ.: L. G. McCracken, Jr. 
•Long Beach State College: J. V. Hutcher¬ 

son 
•Los Angeles State College of Applied Arts 

and Sciences: E. H. Kopp 
•Louisiana Polytech. Inst.: D. L. Johnson 
•Louisiana State Univ.: L. V. McLean 
•Louisville, Univ, of: S. T. Fife 
•Lowell Technological Inst.: C. A. Stevens 
•Loyola Univ. (Los Angeles): E. Kessler 
Universite Catholique de Louvain (Bel¬ 
gium): P. G. A. Jespers 

Universidad Nacional de La Plata: J. !.. 
Coriat 

McGill Univ. (Canada): E. Adler 
•Maine, Univ, of: L. W. Bowles 
•Maryland, Univ, of: H. W. Price, Jr. 
•Marquette Univ.: S. Krupnik, Jr. 
•Manhattan College: C. A. Welsh 
•Manitoba, Univ. of: II. Haakonsen 
•Massachusetts Inst. Tech.: A. K. Susskind 
•Massachusetts, Univ. of: J. E. Laestadius 
Max-Planck-Institut für Chemie (Ger¬ 
many): N. Hedgecock 

•Merrimack College: G. J. Kirwin 
•Miami, Univ, of: F. B. Lucas 
•Michigan College of Mining and Tech.: 

R. J. Jones 
•Michigan State Univ.: R. J. Reid 
•Michigan, Univ, of: J. E. Rowe 
•Milwaukee School of Engrg.: T. I. Lyon 
•Minnesota, Univ, of: L. T. Anderson 
Mississippi, Univ, of: R. A. Herring, Jr. 

•Mississippi State Univ.: R. D. Guyton 
•Missouri School of Mines and Metallurgy: 

R. E. Nolte 
•Missouri, Univ, of: J. R. Tudor 
•Mohawk Valley Lech. Inst.: M. R. Serbyn 
•Montana State College: R. C. Seibel 
•Municipal Univ, of Omaha: J. G. Mc¬ 

Millin 
Nebraska Wesleyan Univ.: W. G. Elwell 

•Nebraska, Univ. of: W . C. Robison 
•Nevada, Univ, of: I. J. Sandorf 
•Newark College of Engrg.: D. W. Dickey 
•New Bedford Inst. Tech. : R. Walder 
New Brunswick, Univ, of: R. J. Collier 
•New Hampshire, Univ, of: R. R. Clark 
New Haven College: W. R. Dresser 

•New- Mexico State Univ.: H. Coleman 
•New Mexico, Univ, of: A. Erteza 
•New York, City College of: II. Wolf 
•New York Trade School: P. B. Zbar 
•New York Univ. (Dav Div.): G. Herskowitz 
•New York Univ. (Eve. Div.): IL J. Perlis 
New York Univ. (Graduate Center, N. J.): 

E. Schutzman 
•North Carolina State College: C. H. Voss, 

Jr-
•North Dakota State Univ.: E. G. 

Anderson 
•North Dakota, Univ, of: C. J. Thomforde 
•Northeastern Univ.: M. J. Carrabes 
•Northrop Inst. Tech.: O. J. Switzer 
•Northwestern Univ.: R. W. Jones 
•Norwich Univ.: R. F. Marsh 
•Notre Dame, Univ, of: C. H. Hoffman 
Nova Scotia Technical College: G. H. 

Burchill 
Oberlin College: C. E. Howe 
Ohio College of Applied Science: J. W. 

Steffee 
•Ohio Northern Univ.: J. L. Klingenberger 
•Ohio State Univ.: J. C. Gilfert 
•Ohio Univ.: F. W. Cartland 
•Oklahoma City Univ.: F. W. Ashley 
•Oklahoma State Univ.: D. I). Lingelbach 
•Oklahoma, Univ, of: C. E. Harp 
•Oregon State College: D. L. Amort 
•Oregon Technical Inst.: D. B. Orrell 
Oska Univ. (Japan): 11. Ozaki 
•Ottawa, Univ, of: L. A. Beauchesne 
Pacific Union College: I. R. Neilsen 
Padova, Universita di (Italy): G. Francini 

•Pennsylvania State Univ.: W. J. Ross 
•Pennsylvania, Univ, of: R. S. Berkowitz 
•Pierce College: D. E. Fleckles 
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the strong case for Centricores 
When you’re considering magnetic cores 
it pays to get down to cases. The sturdy 
aluminum case for Centricores assumes 
special importance where impact, vibration, 
heat or mechanical pressure could cause 

trouble in a control loop you’re designing, or 
where you want to miniaturize an inductive 
component. 

The case is ruggedly rigid, so that you can 
apply your circuit windings without danger of dis¬ 
torting the core’s magnetic properties. And the case 
is absolutely leakproof. You can vacuum-impregnate 
Centricores without danger of their camping oil 
leaking out or foreign matter leaking in. The tightly 
sealed case also guards against leakage in applications 
where high ambient temperatures are present, or 
where Centricores are used in rotating equipment. 

Here’s a tip on miniaturization. The rugged 
design of the Centricore case permits use of a thinner 
gage aluminum that shaves fractions of an inch off 
their size—fractions that can add up to precious 
inches where you want to scale down component 
dimensions. Centricores are the slimmest magnetic 
cores on the market. 
Centricores are the most uniform. They 
give the exact performance you want, from core to 
core and lot to lot. Their remarkable consistency in 
insulation, dimensions, squareness, thermal stability 
and gain is the product of unique quality controls 
that begin with the very selection of raw materials 
and extend through final testing. 
Write for complete data. Centricores are avail¬ 
able from stock from our East and West Coast 
plants in all standard sizes and magnetic qualities, 
and in both aluminum and phenolic cases. We will 
match them within 5 per cent over the entire 
voltage-current loop, in sets, units or in multiples 
up to twelve. Write for detailed specifications today. 

Magnetic Mctai.s Company 
Hayes Avenue at 21st Street, Camden 1, N.J. 
853 Production Place, Newport Beach. California 
transformer laminations • motor laminations • tape-wound cores 
powdered molybdenum permalloy cores • electromagnetic shields 
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♦Pittsburgh, Unix , of: A. W. Revay, Jr. 
♦Port Arthur College: R. M. Dolson 
Portland, Unix. of: W. Vassallo 

♦Pratt Institute: I), Vitrogan 
♦Princeton Unix.: J. B. Thomas 
Providence College: E. B. Halton 

♦Puerto Rico, Unix, of: B. Dueño 
♦Purdue Univ.: L. L. Ogborn 
Queens Unix, (('anada): II. II. Stcxvart 
Radio Engrg. Inst.: I.. P. Peterson 
RCA Institutes, Inc.: B. S. Anolik 
Reed College: J. E. Delord 

♦Rensselaer Polytech. Inst.: II. D. Harris 
♦Rhode Island, I’niv. of: E. II. Middleton 
♦Rice Unix .: C. R. W ischniexer 
♦Rochester Inst, lech.: C. E. Piotraschke 
Rochester. Unix , of: I). W. He«dy, Jr. 
♦Rome, Unix , of: G. Barzilai 
♦Rose Polytech. Inst.: II. A. Moench 
♦Royal Military College of Canada: M. B. 

Broughton 
♦Rutgers Unix .: ('. V. Longo 
♦Ryerson Inst, lech.: E. L. Kerridge 
*St. Joseph’s College: C. G. I )eCoatsxvort h 
*St. Louis Unix.: T. J. Galligan 
♦San Diego Slate College: ('. R. Moe 
*San Jose State College: II. Engxvicht 
♦Santa Clara, Unix, of: I). E. Jones 
♦Saskatchewan, Unix, of: A. Michalcnko 
♦Seattle Unix.: E. P. Wood 
Sinclair College: P. C. Miller 
♦South Carolina, Unix , of: S. T. Moseley 
♦South Dakota School of Minesand Tech.: 

R. D. McNeil 
♦South Dakota State College of Agriculture 

Mecha nie Arts: J. N. Cheadle 
♦ I lie Southern Alberta Inst, 'lech.: \\ . 

Partin 

♦Southern California, Univ, of: R. W. 
Winchell 

♦Southern Methodist Unix.: L. L. Hoxvard 
♦Southern Technical Inst.: R. C. Carter 
♦Sou th XX estern Louisiana, Unix, of: F. J. 

Boudreaux 
Southwestern at Memphis: J. J. Freymuth, 

Jr. 
♦Stanford Unix.: R. M. Scarlett 
♦State Unix, of Nexv York at Alfred: J. S. 

Smith 
State ( nix. of \exv York at Farmingdale: 
W . I. Satre 

♦Stexens Inst, lech.: E. Peskin 
♦Sxvarthmore College: C. Barns 
Swiss Federal Inst. Te< h. (Switzerland): 

F. lank 
♦Syracuse Unix .: B. A. Bowen 
Technische Unixersitat Berlin: F. W. 
Gundlach 

'technische Hochschule Muenchen (Ger¬ 
many): 11. Piloty 

temple Unix.: R. I). Fidler 
* Tennessee A & I State Unix . : F. W . Bright 
* Tennessee, Unix, of: IL P. Neff, Jr. 
♦Texas, Agricultural and Mechanical Col¬ 

lege of: IL C. Dillingham 
* texas College of Arts and Industries: J. R. 

Guinn, Jr. 
♦’I'exas technological College: J. P. Craig 
♦’I'exas. Unix, of: E. Loxxenberg 
'I'exas Western College: E. A. Dean 
Tokyo, the Unix , of: I. Koga 

♦ toledo, Univ, of: D. L. Exving, Jr. 
♦Toronto, Unix . of: J. L. Yen 
♦Tri-State College: L. G. Hanson 
♦Tufts Unix.: A. L. Pike 

♦Tulane Univ.: J. A. Cronx ich 
♦Union College: R. B. Russ 
Universidad técnica Federico Santa Maria 

(Chile): W. Feick 
U. S. Naval Academy: J. L. Daley 

♦U. S. Naval Postgraduate School: C. F. 
Klamm, Jr. 

♦Utah State Unix .: W . Jones 
♦Utah, Unix, of: D. K. Gehmlich 
♦Valparaiso technical Inst.: E. E. Bullis 
♦Valparaiso Univ.: E. J. Luecke 
♦Vanderbilt Univ.: S. ¡I. Pearsall 
♦Vermont, Univ, of: L. R. Snoxx man 
♦Villanoxa Unix .: A. J. Mullen, O.S.A. 
♦Virginia Polytech. Inst.: R. R. Wright 
♦Virginia, I’nix . of: E. J. W hite 
Wagner College: L. C. Lewis 
W alia W alia College: C \ Bell 
♦Washington State Unix.: A. L. Betts 
♦Washington Unix.: R. Ozment 
♦Washington, I’nix. of: F. D. Robbins 
Waterloo, the Univ, of (Canada): W. H. 
McKee 

♦Wayne State Unix .. D. V. Stocker 
♦Wentworth Institute: II. C. Race 
Wesleyan ( nix.: E. I. Boley 
♦W estern Michigan Univ.: W . G. Marburger 
♦Western Ontario, Unix, of: E. II. lull 
♦West Virginia Inst, lech.: J. M. Propps 
♦West Virginia Univ.: C. B. Seibert 
♦Wichita, Unix, of: R. L. Schräg 
W illiams College: H. P. Stabler 
♦W isconsin, Univ, of: G. Koehler 
♦Worcester Polytech. Inst.: W. R. Grogan 
♦Wyoming, Univ, of: E. M. Lonsdale 
♦Yale Univ.: J. G. Skalnik 
♦Youngstown Univ.: R. E. Kramer 

IRE REPRESENTATIVES ON OTHER BODIES 

Council for the American Association for 
Advancement of Science (AAAS): H. M. 
O’Bryan 

American Standards Association. Inc. (ASA) 
1 . S. Advisory Committee of the Inter¬ 
national Organization for Standardiza¬ 
tion Technical Committee 69 on Statisti¬ 
cal Treatment of Series of Observations 
(ISO/TC 69): Leon Bass 

ASA Conference of Executives of Organiza¬ 
tion Members: G. W . Bailey; L. G. Cum¬ 
ming, alternate 

ASA Standards Council: C. 11. Page, alter¬ 
nate (1); L. G. Cumming, alternate (2) 

ASA Electrical Standards Board: M. W. 
Baldwin, Jr.; II. R. Minino; C. H. Page; 
L. G. Cumming, alternate 

ASA Acoustical Standards Board: L. G. 
Cumming, alternate 

ASA Graphic Standards Board: R. T. Havi¬ 
land; II. R. Terhune, alternate 

ASA Nuclear Standards Board: G. A. 
Morton; W. E. Shoupp, alternate (1); 
L. G. Cumming, alternate (2) 

ASA Sectional Committee (C16) on Radio: 
(Sponsored by IRE): E. Weber, Chair¬ 
man; 1). E. Harnett; M. W. Baldwin, 
Jr.; L. G. Cumming, Secretary 

ASA Sectional Committee (C39) on Electri¬ 
cal Measuring Instruments: C. I). 
Owens; G. B. Hoadley, alternate 

ASA Sectional Committee (C42) on Defi¬ 
nitions of Electrical Terms: M. W. Bald¬ 
win, |r.; |. G. Brainerd; H. R. Minino; 
C. II.’ Page 

ASA Subcommit tee (C42.1) on General 
Terms: |. G. Brainerd 

ASA Subcommittee (C42.I3) on Communi¬ 
cations: C. II. Page 

ASA Subcommittee (C424.14) on Electron 
Tubes: G. A. Espersen; A. S. Luftman 

ASA Sectional Committee (C60) on Stand¬ 
ardization on Electron Tubes: G. A. 
Espersen 

ASA Sectional Committee (C6I ) on Electric 
and Magnetic Magnitudes and I nits: 
J. W. Horton; S. A. Schelkunoff. E. S. 
Purington; E. Weber 

ASA Sectional Committee (C63) on Radio¬ 
Electrical Coordination: S. I. Cohn; 
R. M. Showers 

ASA Sectional Committee (C67) on Stand¬ 
ardization of Voltages- Preferred Volt¬ 
ages—100 Volts and Under: No IRE 
voting Representatives. Liaison: J. R. 
Steen 

ASA Sectional Committee (C83) on Com¬ 
ponents for Electronic Equipment: P. K. 
McElroy 

ASA Sectional Committee (C85) on Ternii-
nologv for Automatic Controls: F. Zweig: 
J. E. Ward; G. S. Axelby 

ASA Sectional Committee (C94) on Semi¬ 
conductor Electron Devices: R. IL 
Rediker; R. L. Pritchard 

ASA Section Committee (C95) on Stand¬ 
ardization in the Field of Radio-Fre¬ 
quency Electromagnetic Radiation Haz¬ 
ards: S. J. Burruano; A. L. Albin, 
alternate 

ASA Sectional Committee (N3) on Nuclear 
Instrumentation (Sponsored by IRE): 
R. W . Johnson, Chairman; L. G. Cum¬ 
ming, Secretary 

ASA Sectional Committee (N4) on Electri¬ 
cal Apparatus and Systems for the 
Nuclear Field: C. S. Walker 

ASA Se< tional Committee (N6) on Reactor 
Hazards: W Kerr 

ASA Sectional Committee (SI) on Acous¬ 
tics: B. B. Bauer 

ASA Sectional Committee (S3) on Bio¬ 
acoustics: C. M. Harris 
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Alfred Electronics Model 504 Microwave Amplifiers, 

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

No Down Time 
Is Normal. .. 

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 

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 
MndPi Frequency Gain db Power p -
woael Range KMc/s (min.) Output (min.) rrice

General Purpose 
Amplifiers for 
AM, Pulse ano 

Phase Modulation 

505 
501 
503 
504 
549 

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

10.5 to 16 

30 
30 
30 
30 
30 

10 mw 
10 mw 
10 mw 
10 mw 
10 mw 

$1550.00 
1490.00 
1550.00 
1490.00 
3190.00 

Medium Power 
Amplifiers 

5-6752 
512 

502 
5-6868 

506 

5-542 
•528 
509 
510 

•527 
•526 

1 Io 2 
2 1o 4 

2 to 4 
2 to 4 

1 4 to 8 ( 
i 4.5 10 7.5 1 

4 to 8 
7 to 11 

8.2 to 11 
8 to 12.4 
8 to 12.4 

12.4 to 18 

30 
30 
20 
30 
30 
27 

30 
30 
27 
20 
30 
25 

1 W 
1 W pulsed 

100 mw CW 
1 W 
low 

Í -5 W ) 
1 iw J 

1 w 
5 W 
.5 W 

100 mw 
2 W 
1 W 

$1990.00 
2050 00 

1550.00 
2750.00 

2290.00 

3190.00 
3490.00 
3190.00 
2290.00 
3490.00 
4950.00 

High Power 
Amplifiers 5-6826 2 to 4 30 1 Kw Pk 

.01 duty cycle $6895.00 

Low and Medium 
Noise Figure 

Amplifiers 

Amplifiers with low and medium noise figures are a mailable either 
as packaged units or unit-zed for remote operation cr TW tube 
and solenoid. Standard units provide cove-age 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 Dept. 86 ... 

ALFRED ELECTRONICS 
897 COMMERCIAL STREET 

PALO ALTO, CALIFORNIA s 

•New Instrument 



ASA Sectional Committee (S4) on Sound 
Recording (Sponsored by IRE): II. E. 
Roys, Chairman; F. A. Comerci; A. W. 
Friend, alternate; L. G. Cumming, 
Secretary 

ASA Sectional Committee (Yl) on Abbrevi¬ 
ations: R. T. Haviland; H. R. Terhune, 
alternate 

ASA Sectional Committee (Y10) on Letter 
Symbols: R. T. Haviland; H. R. Ter¬ 
hune, alternate 

ASA Subcommittee (Y10.9) on Letter Sym¬ 
bols for Radio: R. G. Stranix 

ASA Subcommittee (Y10.14) on Nomen¬ 
clature for Feedback Control Systems: 
W. A. Lynch; J. E. Ward 

ASA Sectional Committee (Y14) on Stand¬ 
ards for Drawing and Drafting Room 
Practices: C. R. Muller 

ASA Sectional Committee (Y15) on Pre¬ 
ferred Practice for the Preparation of 
Graphs, Charts and other Technical 
Illustrations: C. R. Muller; D. M. 
Faller, alternate 

ASA Sectional Committee (Y32) on Graphi¬ 
cal Symbols and Designations: R. V. 
Rice; H. R. Terhune; A. F. Pomeroy, 
alternate 

ASA Sectional Committee (Z17) on Pre¬ 
ferred Numbers: H. R. Terhune 

ASA Sectional Committee (Z-58) on Stand¬ 
ardization of Optics: T. Gentry Veal; 
\\ . B. England, alternate 

International Electrotechnical Commission 
(IEC) U. S. National Committee: J. G. 
Brainerd; C. II. Page; E. Weber; L. G. 

Cumming, alternate 
International Radio Consultative Com¬ 

mittee (CCIR) Executive Committee of 
U. S. Delegation: R. M. Emberson; E. 
Weber; L. G. Cumming, alternate 

International Scientific Radio Union (URSI) 
Executive Committee, U. S. National 
Committee: S. L. Bailey; E. Weber; L. V. 
Berkner, alternate: L. G. Cumming, 
alternate 

Joint I RE-EIA-SM PTE-NAB Committee 
for Inter-Society Coordination (JCIC) 
(Television): E. W eber, ex-officio; M. W . 
Baldwin, Jr.; W. J. Poch; W, T. Wint-
ringham; L. G. Cumming, alternate 

National Academy of Science—National 
Research Council, Advisory Board of the 
Office of Critical Tables: E. Weber 

National Bureau of Standards (NBS) IRE 
Technical Advisory Committee: H. G. 
Booker; S. L. Bailey; J. G. Brainerd; 
D. G. Fink; R. A.' Helliwell; W. A. 
Higinbotham; E. C. Jordan; J. C. 
McPherson; A. A. Oliner; L. Podolsky; 
W. H. Radford; J. C. Simons, Jr. ; A. IL 
Way nick; A. D. Wheelon 

NBS Journal of Research: A. H. W'aynick 
National Electronics Conference (NEC): 

R. E. Moe 
National Research Council (NRC) Division 

of Engineering and Industrial Research: 
D. B. Sinclair; IL W. Wells, alternate 

National Stereophonic Radio Committee 
(NSRC): F. L. Hopper; L. J. Malmsten, 
alternate 

DELCO 
SEMICONDUCTORS 

NOW 
AVAILABLE 
AT THESE 

DISTRIBUTORS: 
New York : 

HARVEY RADIO CO., INC. 
103 West 43rd St., New York 36, N. Y. 

JU 2-1500 

Chicago: 
MERQUIP ELECTRONICS, INC. 

5904 West Roosevelt, Chicago, Illinois 
AU 7-6274 

Detroit: 
GLENDALE ELECTRONIC 
SUPPLY COMPANY 

12530 Hamilton Ave., Detroit 3, Michigan 
TU 3-1500 

Philadelphia: 
ALMO RADIO COMPANY 

913 Arch St., Philadelphia, Pennsylvania 
WA 2-5918 

Baltimore: 
RADIO ELECTRIC SERVICE 

5 North Howard St., Baltimore, Maryland 
LE 9-3835 

Los Angeles: 
RADIO PRODUCTS SALES, INC. 

I 1501 South Hill St., Los Angeles 15, Calif. 
RI 8-1271 

San Francisco: 
SCHAD ELECTRONIC SUPPLY, INC. 
499 South Market St., San Jose 13, Calif. 

CY 7-5858 

Seattle: 
C&G ELECTRONICS COMPANY 

2221 Third Avenue, Seattle 1, Washington 
MA 4-4354 

Ask for a complete catalog 

DELCO 
a E PE N DA ÖI LI T Y 

Radio 
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, . . and Polaris and Talos and Atlas and Jupiter and Thor and Titan and Borrare 

and Zeus and Pershing and hundreds of other military and industrial applications. 

For Delco Radio’s high'y versatile family of 2N174 power transistors meet or exceed the most rigid e'ectrical and extreme environmental 
requirements. 

Over the past five years since Delco first designed its 2N174, no transistor has undergone a more intensive testing program both in the 

laboratory and in use, in applications from mockups for commercial use to missiles for the mi'itary. And today, as always, no Delco 2N174 

leaves our laboratories without passing at least a dozen electrical tests and as many environmental tests before and after aging. 

This 200 per cent testing, combined with five years of refinements in the manufacturing process, enables us to mass produce these highly 

reliable PNP germanium transistors with consistent uniformity. And we can supply them to you quickly in any quantity at a low price. 

For complete information or applications assistance on the Military and Indust'ial 2N174’s or other application-proved Delco 

transistors, just write or call our nearest sales office. 

Union, New Jersey 
324 Chestnut Street 
MUrdock 7-3770 

Santa Monica, California 
726 Santa Monica Blvd. 
UPton 0-8807 

Chicago, Illinois 
5750 West 51st Street 
Portsmouth 7-3500 

Detroit, Michigan 
57 Harper Avenue 
TRinity 3-6560 

Division of General Motors • Kokomo, Indiana 

QELCO 
Jependability 

Radio 
■ BILITY 
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VOU want to 
measure DC from 

1 00 //V to 1 kv with 
0.01% accuracy... 

a thousand times a day 
...and £et visual and 

printed answers? 

The KIN TEL Model 501B 4-digit, over-ranging 
digital voltmeter measures DC from ±0.0001 ; 
to ± 1000.0 volts to an accuracy within 0.01% | 
(of reading) ±1 digit. Ranging and polarity 
indication are automatic. The measured voltage 
is displayed in direct numerical form on an in¬ 
line, single-plane readout. Only an interconnect¬ 
ing cable is required to drive parallel entry digi¬ 
tal printers. An extra fifth digit in the left 
decade indicates “0" or “1" to provde 100% 
over-ranging... ten times greater resolution at 

decade (1, 10, 100) voltage points where 
other 4-digit voltmeters change ranges and lose 
a digit going from 9.999 to 10.00. There's no 
better way to make fast, accurate DC voltage 

measurements. Price $2995. 

Representatives in all major cities 

ELECTRONICS. IfNiC 

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

Industrial 
/l\ 

R^E 

iiiiiiiiiiiiiiiiiliiiiiiiiiiiiiini 

Engineering Notes* 

Association Activities 
The EI A Microwave Section has ended 

its long and intensive activity in the Fed¬ 
eral Communications Commission’s pro¬ 
ceeding on allocation of frequencies of 
space communications with the filing of its 
technical findings. The tiling, a companion 
piece to policy comments entered into 
i-CC’s Docket 13522 late in February, re¬ 
iterated the Microwave Section’s conten¬ 
tion that space and earth communications 
systems can share the same frequencies, 
and gave technical explanations to back it 
up. The section's major conclusion was 
that “satellite communications systems 
can exist on a co-channel basis with surface 
multi-channel systems by engineering such 
that an interfering signal to the surface 
sy stem is no greater than 10 db above the 
receiver noise level for 0.01 per cent of the 
time.” The exhaustive study , conducted 
under Section Chairman R. G. Jones 
(Motorola, Inc.), also concluded that radar 
systems would interfere most with satellite 
communications, and could not share 
spectrum space. The same was found true 
for airborne radar. Interference by tropo¬ 
spheric scatter systems would be harmful, 
but could be engineered to protect a sta¬ 
tionary orbiting satellite receiver. The 
FCC now has before it the comments of 
EIA and eight other firms and organiza¬ 
tions. A lengthy study is expected before 
the Commission lays down rules for fre¬ 
quencies to be used for global communica¬ 
tions via satellites. 

Governmental and 
Legislative 

The Federal Communications Commis¬ 
sion launched a new inquiry into the prob¬ 
lems of establishing world-wide commu¬ 
nications via satellites—this one concerned 
with regulating commercial space com¬ 
munications systems. The proceeding, 
which the I CC said would not touch on 
ma Iters involved in its current space fre¬ 
quencies inquiry , will probe into adminis¬ 
trative and regulatory problems which 
must be resolved before authorization of 
space communications systems operated 
by commercial linns. The Commission 
asked for industry's detailed comments 
based on an assumption that a single or a 
limited number of satellite communica¬ 
tions systems would best serve the public. 
It set forth these specific questions: 1) 
What plan for participation is best de¬ 
signed to provide equitable, non-discrimi-
Iiatory use of satellite facilities by existing 
and future international communication 
common carriers and others? Would the 

* The data on which these Not i s are based were 
selected by ¡»erniission from H’rrWy Reports, issues 
of April 3, 10. 17. and 24, 1961, published by the 
Electronic Industries Association, whose helpful¬ 
ness is gratefully acknowledged. 

plan include participation by manufac¬ 
turers of satellite communication and 
launching equipment? 2) How would such 
a plan comply with existing laws and 
policies? Which laws and rules of com¬ 
munications are applicable, and what 
changes should be made to implement the 
plan? 3) To what extent would the par¬ 
ticipants in such a plan be subject to 
regulation by the FCC as common carriers 
or otherwise? The FCC notice set a May 1 
deadline for industry comments. . . The 
Federal Communications Commission be¬ 
gan a formal inquiry into the methods by 
which one of the seven commercial VHF 
television channels at New York City and 
at Los Angeles could be made available 
for non-commercial educational broad¬ 
casting. Ihe Commission noted that, 
despite the achievements of educational 
groups in placing 54 educational 1 \ sta¬ 
tions on the air, “the vast populations of 
the New York City and Los Angeles areas 
—over 13 per cent of the total population 
of the country—are still not served by 
non-commercial educational I \ stations. 
In these circumstances, and recognizing 
the abundance of resources for educational 
programming in those cities, it is urgently 
desirable in the public interest to inquire 
into available means by which it could 
enhance the opportunities for providing 
such services,” theCommission's announce¬ 
ment said. Deadline for comments is 
May 1. . . . Research and development in 
the field of semiconductors—transistors, 
crystal diodes, and related devices— 
amounted to more than $70 million in 
1959—the latest year for which figures are 
available—the Business and Defense 
Services Administration of the U. S. De¬ 
partment of Commerce reported. Private 
industry underwrote more I han $54 million 
of this total, and U. S. Government 
agencies, primarily the Department of 
Defense, the remaining S16 million, BDSA 
said. Of 60 semiconductor manufacturers 
surveyed, the 3 largest accounted for ap¬ 
proximately 39 per cent of the total factory 
shipments in 1959. Some 34,700 produc¬ 
tion workers were engaged in semiconduc¬ 
tor manufacturing in the period January 
to April, 1960. Scientists and engineers 
numbered approximately' 6,200, and other 
workers, 7,800. More than 60 per cent of 
the manufacturers were planning to ex¬ 
pand their facilities. I he data are con¬ 
tained in a publication, “Semiconductors: 
I . S. Production and Trade," prepared by 
BDSA’s Electronics Division. The ma¬ 
terial is based in part on information 
gathered in the course of BDSA’s indus¬ 
trial mobilization activities, and also on 
certain studies by the Depart ment of De¬ 
fense. Markets, prices and foreign trade in 
semiconductors are treated in the study. 
T he report is available from the Superin-

(Continued on puye 50 A) 
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SIGNAL SOURCES 

MODULATED AND CW OUTPUT 

X772A 

4 MODELS COVER 
RANGES FROM 
0.95 KMC TO 11.0 KMC 

AMPLE POWER FOR NORMAL 
REQUIREMENTS 

DELIVERY FROM STOCK 

* Single control tuning 

* — 1 % frequency accuracy 

* Pulse or square wave modulation, internal 
or external 

• 10 mw to 100 mw max. CW power output 

• Regulated internal power supply 

Truly unique in the industry, the ¿FÄ) family of 
signal sources provides full coverage from 0.95 
KMC through 11.0 KMC. Power output is more 
than ample for most test requirements. The 
sources provide for the use of internal or external 
modulation, either pulse or square wave, or ex¬ 
ternal FM. Design features include an internal, 
regulated power supply and frequency tuning dial 
accuracy of ±1% throughout the range. This fre¬ 
quency tuning accuracy is always assured by 
automatic variation of the klystron reflector voltage 
simultaneous with positioning of a broadband, non¬ 
contacting tuning plunger within the oscillator cav¬ 
ity. Each model is a compact self-contained unit 
ready for laboratory or field use. 

direct reading, self contained 

SERIES 772 
SIGNAL SOURCES 

PRECISION MICROWAVE EQUIPMENT HIGH POWER PULSE MODULATORS • HIGH VOLTAGE POWER SUPPLIES • ELECTRONIC TEST EQUIPMENT 

MR OFFICES IN NEW YORK • BOSTON • IOS ANGELES 
REPRESENTATIVES IN All MAJOR CITIES THROUGHOUT THE WORLD. 

Design • Development • Manufacture 
25 26 50th STREET _ RA. 1-9000 
WOODSIDE 77, N. Y. TWX: NY 43745 

MODEL L772A 
MODEL S772A 
MODEL C772A 
MODEL X772A 

FREQUENCY RANGES PRICE 

0.95 to 2.0 KMC $1340. 
1.9 to 4.0 KMC $1340. 
3.95 to 8.2 KMC $1340. 
7.0 to 11.0 KMC $1340. 

FREQUENCY ACCURACY ±1%, all models 

POWER OUTPUT 10 mw to 100 mw max CW output power vari¬ 
able by front panel control through use of an 
internal level-set attenuator 

MODULATED 
OUTPUTS 

Internal: CW, pulse or square wave 

External: Pulse, square wave or FM 

EXTERNAL 
MODULATION 
REQUIREMENTS 

Pulse: positive pulse of 30 v. amplitude across 
100 K ohms. Pulse width from 1 microsecond 
to square wave 

Reflector: sine wave or sawtooth FM, sensi¬ 
tivity from 100 to 200 kc/v 

CONNECTORS RF Output-Type N jack 

External Pulse-Type BNC jack 

Reflector Modulation-Type BNC jack 

POWER REQUIREMENTS 1L5/230 v. AC, 50 or 60 cycles, 150 w. 

DIMENSIONS 11" high X 16" wide x 15" deep 

NET WEIGHT 45 lbs. 
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CATHODE RAY TUBE BEZELS 
Illustrated are a few of the stock molded phe¬ 
nolic and or cast aluminum Bezels and support 

cushions available for most popular Cathode 
Ray Tubes. Not illustrated but also available, 
camera-mount and illuminated types. 

JAMES MILLEN MFG. CO., INC. 
MALDEN 

MASSACHUSETTS 

Industrial ZR
Engineering Notes 

(Continued from paffc 48.4) 

tendent of Documents, Government Print¬ 
ing Office, Washington 25, D. C. I’rice 15 
cents. 

FCC Ac tions 
Authorizing a new broadcasting service 

and opening a vast new market for radio 
receivers and broadcasting equipment, the 
Federal Communications Commission on 
April 19 adopted technical standards for 
stereophonic FM radio broadcasting by 
multiplexing techniques. I'he new serv ice 
was made possible at this time by the in¬ 
tensive technical studies and tests con¬ 
ducted by the National Stereophonic Ra¬ 
dio Committee established and financed by 
EIA. I'he adopted standards were de¬ 
scribed by FCC asa “composite” of stereo¬ 
phonic transmission standards proposed by 
the Zenith Radio Corporation and General 
Electric Company. Stereophonic broad¬ 
casting will be accomplished by subcarrier 
multiplex transmission in conjunction with 
main channel operation of FM stations 
offering the service. To receive the stereo 
broadcasts, FCC said, FM stereo receivers 
must be purchased or, if an FM receiver 
and stereo phonograph combination is al-
ready owned, a multiplex subchannel 
adapter must be obtained. I'he Commis¬ 
sion anticipated that receiving equipment 

would be on the market “in the relatively 
near future." I'he Commission said the 
Zenit h-GE combination of standaro wa> 
adopted after “other systems were weighed 
and rejected, after technical analysis and 
an exhaustive field test program, because 
of inferior technical quality or unaccept¬ 
able impairment of main channel cover¬ 
age " The FCCs long-awaited stereo radio 
decision was the culmination of a staff 
study of technical data accumulated dur¬ 
ing an intensive study by the NSRC. Ihe 
Committee of industry experts on the 
technical aspects of stereo sound was 
established, with the blessing of I CC, in 
January, 1959 at the suggestion of the late 
Dr. \\ . R. G. Baker, former President of 
EIA and then Director of the EIA Engi¬ 
neering Department. 

Industry Marketing Data 
Japanese transceiver equipment for 

the Citizen’s Radio Service may become 
the third largest export to this country, 
ranking behind transistor radios and tape 
recorders, a Japanese trade magazine 
predicts. “Transceiver fever is reported to 
be high in the United States,” states an 
article in the .March edition of Japan Elec¬ 
tronics. “Many makers began cashing in 
on this reported budding boom in America 
by producing transceivers for export to 
that country." With the release by the 
Federal Communications Commission of a 
band for private radio service, the article 
says, there were “increasing inquiries and, 
in some cases, actual orders from America 
on transceivers . . . and an increasing 
number of Japanese manufacturers started 

to consider or to produce transistorized 
transceivers." Ihr transceiver “is likely to 
become one of (the) star export produc¬ 
tions, following TR radios and tape re¬ 
corders," the magazine forecast. I he pop¬ 
ularity of the Citizens Radio Service in the 
I . S. prompted the Japanese Radio Wave 
Control Commission, in conjunction with 
EIA of Japan, to study the feasibility of 
also releasing the 27 Me band for private 
use. the article reported. . . . Japanese ex¬ 
ports of electronic products to the United 
States during I960 totaled $94 million, a 
24 per cent increase over the $75.6 million 
total of 1959, the Electronics Division, 
Business and Defense Services Adminis¬ 
tration, U. S. Department of Commerce, 
reported. I'he value of exports of radio 
rec eivers in I960, which accounted for 74 
per cent of the total shipments, registered 
a gain of 11 per cent over 1959. Exports ol 
radios with 3 or more transistors last year 
increased by 4 per cent in quantity, but 
declined by 4 per cent in value from the 
preceding year; exports of other radios 
increased appreciably. Other products 
showing substantial gains were sound re¬ 
corders and reproducers, radio-phono¬ 
graphs, speakers, receiving tubes, and 
other electronic components. I'he I960 
exjM>rts of television receivers to the U. S. 
totaled 10,000 valued at $507 thousand. 
Exports to the U. S. were equiv aient to 48 
jx*r cent of total Japanese exports of elec¬ 
tronic products io the world in I960 
compared with 56 per cent in 1959. . . . 
Shipments of electronic components in¬ 
creased about 4 per cent during the fourth 

(Continued on t'allé 57.-D 
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CANNON MS PLUGS 
MEET THE MOST SPECIALIZED AND STRINGENT DEMANDS’Cannon MS 

Plugs are built for rugged service! From general duty ground use to specialized mis¬ 

sile applications, these plugs fulfill the requirements of MIL-C-5015. ..are also suitable 

for many commercial and industrial applications where quality and dependability are 

required. Our full line of environmental resisting MS plugs gives you the optimum 

in interchangeability, variety of contact arrangements, and shell types and sizes. 

The MS series, MS-A, MS-B, MS-C, MS-E, MS-R, MS-K, are available from authorized 

Cannon Distributors everywhere; or write: 

CANNON 
©PLUGS 

CANNON ELECTRIC COMPANY -3208 Humboldt St., Los Angeles 31, Calif. 
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In the next decade, the United States is committed 
to an extensive program of space exploration. The Jet 

Propulsion Laboratory has been assigned, by the National 
Aeronautics and Space Administration, a responsibility for 
lunar, planetary and interplanetary un manned exploration 
programs. 

In the field of planetary exploration, the development 
and technology of automatic spacecraft and the gathering 
of scientific knowledge concerning the planets and their 
environment is involved. 

By 1970, sufficient scientific data is to be acquired 
demonstrating the feasibility of spacecraft capable of orbit¬ 
ing and landing on Mars and Venus. In addition, programs 
will be initiated for probing Mercury and Jupiter and for 
further penetration into space. 

The early Venus and Mars missions will utilize the 
Centaur launch vehicle and will constitute the “Mariner” 
series. These will be followed by the “Voyager” series 
employing the Saturn system. 

The vast amount of information to be acquired, the 
scientific research and testing necessary, the new concepts 
to be investigated and the number of areas to be explored 
constitute an extensive long-range program. The challenge 
of probing the unknown, the vigor with which these prob¬ 
lems are now being attacked and the demonstrated stability 
of the whole JPL operation provide career incentives for 
engineers and scientists in every field. 

Here is an unparalleled opportunity for you for years 
to come — investigate now! 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LABORATORY 
PASADENA, CALIFORNIA 

These new 
career opportunities are 
now open at JPL for 
SENIOR ENGINEERS 

and 
SENIOR SCIENTISTS 
in the following areas of 

research and development 

▼ 
Participation in the design and analysis 
of lunar and interplanetary trajectories; 
both ballistic and ion-propelled . .. 
planetary satellite orbit stability and 
interplanetary round trip studies. 

• 
Plan and design integrated scientific 
instrument test systems. Plan and direct 
system testing of scientific instruments 
in conjunction with the spacecraft system 
testing and environmental evaluation. 

• 
Perform design and analysis of structures 
for spacecraft and for future advanced 
projects in part, or in whole. 
Responsibility for conducting structural 
tests during research and development 
period through final analysis portion 
of programs. 

• 
Work with research engineers and 
scientists as support instrumentation for 
studies on materials for rocket motors, 
space vehicles and space experiments— 
scope includes crystalline metallurgy, 
high temperature stress-strain 
measurements, induction and resistance 
heating. • 
Perform advanced development on liquid 
propellant rocket engines and gas 
generators to be used in lunar and 
planetary spacecraft. Effort includes 
both in house work and technical 
direction of outside contracts. 

• 
Participation in the design, testing and 
evaluation of solar cell panels, 
development of laboratory sun-simulators 
—also includes development and 
evaluation of solar thermionic and 
thermo electric systems. 

• 
Organize and conduct experiments on 
the containment of high temperature 
plasmas for ultimate possible use 
in propulsion and for studies in 
thermonuclear physics. 

• 
Send resume and professional 
qualifications, today, for 
immediate consideration. 
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MICROWAVE DEVICE NEWS from SYLVANIA 

BROADBAND FERRITE ISOLATORS 

AVAILABLE 
IN 

QUANTITY! 

COAXIAL DEVICES / WAVEGUIDE DEVICES 
-from 1-11 GC ' -from 3.95-26 GC —from 3.95-26 GC 

Sylvania offers a comprehensive line of coaxial and waveguide isolators— 
12 types, in all—featuring extraordinary isolation to insertion loss ratios as 
high as 30 to 1. Designed for wideband applications in such end-products 
as ECM and laboratory test equipment, they're extremely well suited for 
the reduction of VSWR and the elimination of anomalies caused by long 
line effects in oscillator outputs. 
Your Sylvania Sales Engineer will be pleased to tell you more about the 
full line of competitively priced broadband coaxial and waveguide isolators. 
Ask him. For technical data, write Electronic Tubes Division, Sylvania 
Electric Products Inc., 1100 Main St., Buffalo 9, N. Y. 

BROADBAND COAXIAL ISOLATORS 

Frequency Types 

Isolation 
(Min.) (db) 

Insertion Loss 
(Max.) (db) 

VSWR 

1.0-2.0 
2.0-4.0 
4.0-8.0 
8.0-11.0 

BROADBAND ft 

3.95-5.85 
5.85-8.2 
7.05-10.0 
8.2-12.4 
10.0-15.0 
12.4-18.0 
18.0-26.0 
18.0-26.0 

FD-1537 
FD-15IP 
FD-1519 
FD-1522W 

AVEGUIDE ISOLATORS 

FD-492 
FD-502 
FD-512 
FD-522 
FD-7530 
FD-911 
FD-531A 
FD-531AF1 

10 
15 
10 
30 

18 
20 
24 
30 
30 
24 
24 
24 

1.2 
1.0 
1.0 
1.0 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

1.2 
1.2 
1.25 
1.4 

1.15 
1.15 
1.2 
1.15 
1 15 
1.15 
1.15 
1.15 

Typical performance characteristics of FD-522 

FREQUENCY (KMO 

SYLVANIA 
SUBSIDIARY OF (GENERA L) 

GENERAL TELEPHONE & ELECTRONICS 
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MORE THAN 

450 Styles of Quality RPC Resistors I 
MANY TO CRITICAL MILITARY SPEC* 

rpc—America’s largest manufacturer of resistors—uses test equipment 
and standards for checking and calibrating that are matched only by 
a few outstanding laboratories. 

Resistance values from .05 ohms to 100 teraohms—low coefficients— 
unsurpassed performance—small or large quantities—prompt delivery— 
these are some of the reasons why rpc maintains customer loyalty. 

Our knowledgeable engineering department is available for consultation 
without obligation.. Chances are we can recommend the "just right” 
resistor for your problem. Write for free catalog. 

PRECISION WIRE WOUND 
CARBON FILM 

*Conjormaiice to M1L-R-93 ; 
MIL-R-106S3A : 

METAL FILM 

RESISTANCE NETWORKS 
M/L-R-9444 ; MIL-R-14293A ; 
MIL-R-lOtMC 

©Resistance Products Co 
914 S. 13TH ST., HARRISBURG. PA. 

Engineering Notes 

(Continued from ('aye 50A ) 

quarter of 1960 in sharp contrast to the 5 
per cent decline during the third quarter, 
according to a report released by the Elec¬ 
tronics Division of the Business and De¬ 
fense Services Administration. Total 

j shipments for the year were 10 per cent 
i over 1959 levels, reflecting the general in¬ 

crease in electronics activity. The quar-
! terly rise was due to increased require¬ 

ments for military and industrial type 
electronic components. Shipments of con-

j sumer type components declined signifi-
! cantly. Output of receiving tnites and 

television picture tubes, which are pre-
I dominately used in consumer electronic 
| equipment, declined 12 per cent during the 

quarter while shipments of all other major 
groups of electronic components increased. 
The value of shipments of semiconductor 
devices increased sharply despite the con¬ 
tinuing decline in average unit prices. Unit 
output of transistors increased over 30 
per cent although average unit prices 
declined over It per cent. Unfilled orders 
at the end of 1960 were about 5 per cent 
above those of a year earlier and amounted 
to about 11 weeks’ production at the 
fourth quarter, I960 rate. The tables ap¬ 
pearing in the Supplemental Information 

. section of this edition give details by com-
! ponent category. They were derived from 
I the quarterly Survey of Production Capa¬ 

bilities for Electronic Parts conducted 
jointly by the Electronics Production Re¬ 
sources Agency of the Department of 
Defense, and the Electronics Division, 

i BDSA. The data presented, however, 
represent estimated total industry ship-

I ments and unfdled orders rather than total 
shipments and unfdled orders reported in 
the survey, since adjustments were neces¬ 
sary where the coverage was not com-

' píete. . . . Factory sales of transistors in 
February gained by more than 1 million 
units and $2.7 million over totals for 
January, according to month-end sta¬ 
tistics released by the EI A Marketing 
Data Department. The number of transis-

j tors sold at the factory in February totaled 
13,270,428 valued at $25,699,625. The 
month before, 12,183,931 units worth 

I $22,955,167 were sold. During the first two 
months of this year, 25,454,359 transistors 

¡ were sold at the factory, compared with 
I 19,134,292 sold during the same period 

in 1960. Revenue from sales during 
January and February of this year totaled 
$48,654,792, against a total of $49,546,150 
during the two-month period last year. 

Military and Space 
Electronic checkout techniques similar 

to those used in missile launchings are 
being tested on Army aircraft to determine 
if the airplanes are safe for flight, the De¬ 
partment of Defense announced. Army-
sponsored research into the feasibility of 
the concept is being carried out by the 
Bendix Corporation, York, Pa. Known as 
Project ALARM, the concept uses strate¬ 
gically placed sensors to forecast the con¬ 
dition of critical components. 
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automatic 
accurate 
attack 

Today’s pilots traveling at supersonic speeds must seek out targets they cannot see.To make low-level attacks in any 

weather, day or night, requires highly sophisticated electronic aids. Autonetics meets this need with advanced radars 

using terrain avoidance equipment, bombing-navigation systems and projected displays. Such are: NASARR, a com¬ 

pact, lightweight, monopulse radar system in F-105's of the USAF, the F-104's of Canada, West Germany, Belgium, 

Netherlands and Japan; and the AN/ASB-12 radar-equipped, inertial bomb-nav system in the Navy’s Mach 2 A3J. 



The Highest Sensitivity 
and the lowest noise. 

ree of excellent picture with 

definition. 

Advanced electronic research by Hitachi technicians 

has now resulted in the development of a superb 

frame grid type twin triode (6R-HH8) with excellent 

high gain and low noise characteristics. As a 

component of the tuner, the 6R-HH8 ensures an 

Hitachi also produces other receiving tubes and components for television which, when 

even better than he currently enjoys 
used together with the new 6R-HH8, cannot fail to earn any maker a market reputation 

Automatic tube testing equipment 

Cable Address : "HITACHY" TOKYO 
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COLLINS RADIO COMPANY • CEDAR RAPIDS, IOWA « DALLAS, TEXAS • BURBANK, CALIFORNIA 

NEW FROM COLLINS - THE 51S-1 

FINGERTIP TUNING 

with accuracy. The tatest in a 

series of générai coverage HF receivers features single 

sideband and AM reception with: extreme dial accuracy, 

visual setting within one kc throughout the range - high 

frequency stability, particularly suited to receiving 

pre-assigned frequencies - optimum selectivity, made 

possible by Collins Mechanical Filters. Highest sensitivity 

for difficult monitoring assignments - all in one compact, 

lightweight, easily installed unit. 

Write for descriptive brochure. 

^COLMNS^^ 
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we’re 
probably 
a little 
backward 
about the 
way we 
make 
Backward 
Wave 
Oscillators 

Automation, mass production? 
They’re just the thing if you're 
making automobiles or terminal 
ugs or even transistors. But 

for making backward wave tubes, 
we still hold to the old-fashioned 
tenets of skilled craftmanship. 
And we even admit to using 
such bygone techniques as 
trial-and-error. 

This is simply because we know 
of no other way to build tubes 
with the fantastic precision and 
extremely minute tolerances re¬ 
quired in a BWO. 

There are some shortcomings 
to making tubes the way we do. 
The attrition rate on some of 
the parts is scandalously high. 
But when we finish a tube, 
like the Type 00 1-2 shown be¬ 
low, we know it will live up to its 
specifications, and then some. 
We guarantee a minimum of 
500 hours service from it. and 
are hurt way down deep if it 
doesn't last several times that 
long. 

Our new brochure tells some of 
the secrets of making BWOs. 
Along with it we'll send you a 
set of specification sheets on 
our tubes covering the range 
1-18 kmc. Write today. 

STEWART 
ENGINEERING 
CORPORATION 

SANTA CRUZ • CALIF. 

IRE People 

Appointment of Howard A. Bond 
(SM’57) as Vice President of Systems and 
Development in Dresser Electronics, SIE 
Division, has been announced in Houston, 
Tex. He will be responsible for the Divi¬ 
sion’s expanding military electronics prod¬ 
uct development activities as well as for 
its industrial and military electronic 
systems management and engineering. 

The SIE Division of Dresser Elec¬ 
tronics now provides electronic equipment 
and systems for military applications, 
pipeline and proc ess control systems, and 
geophysical inst rn mentation equipment. 

Mr. Bond has been serving on one of 
the panels of the Scientific Adv isory Board 
of the National Security Agency and as an 
advisor to the Deputy Director for Re¬ 
search and Development. He was formerly 
Manager of Reconnaissance Systems at 
Stromberg-Carlson with responsibility for 
management of a $50,000,000 electronic 
reconnaissance sy stem under development 
for the United States Air Force since 1957. 

For more than ten years previously, he 
was engaged in research and development 
for the U. S. Government, first with the 
Naval Security Agency, and later as chief 
of a radio frequency division of the Na¬ 
tional .Security Agency. 

From 1944 to 1947, he served in the 
U. S. Army Signal Corps and the U. S. 
Army Security Agency, and now holds the 
rank of major in the U. S. Army Reserve, 
as a member of the U. S. Army Security’ 
Agency. 

Mr. Bond holds a degree in electrical 
engineering from Northwestern University, 
Evanston, III., and attended the graduate 
school at the University of Maryland, Col¬ 
lege Park. He isa member of Tan Beta Pi. 
honorary engineering fraternity, and is ac¬ 
tive in the IRE Professional Groups on 
Engineering Management, Military Elec¬ 
tronics, Antennas and Propagation, and 
Communication Systems. 

Theappointment 
(S’50-A’54-SM’56) 
newly-formed inform, 
at the Applied Re¬ 
search Laboratory 
of Sy lvania Electric 
Products, Inc., has 
been announced. 

The Applied Re¬ 
search Laboratory 
is responsible for the 
investigation and 
creation of new elec¬ 
tronic systems and 
techniques to meet 
the requirements of 
government and in-

of Dr. Donald B. Brick 
as Manager of the 
ation processing group 

D. B. Brick 

dustry. 
Dr. Brick’s group will be responsible for 

research in bionics, speech and pattern rec¬ 
ognition, statistical decision theory, arti¬ 
ficial intelligence information retrieval and 

related areas in the data and information 
processing fields. 

With Sy lvania since 1955, he was for¬ 
merly a Research Fellow at Harvard Uni¬ 
versity, Cambridge, Mass., where he 
worked on electromagnetic scattering, an¬ 
tennas, and microwave circuits. During the 
past live years, he has directed a variety of 
work in electromagnetic theory, applied 
physics, countermeasures and counter¬ 
countermeasures, missile guidance and ra¬ 
dar sy stems. Among his more recent proj¬ 
ects has been the study of the use of 
artificially generated clouds for communi¬ 
cation purposes. 

He is a graduate of Harvard Univer¬ 
sity, and received the Bachelor of Arts de¬ 
gree, cum laude, in engineering sciences 
and applied physics in 1950. the Master’s 
degree in 1951, and the Ph. I), degree in 
applied phy sics (electrody namics) in 1954. 

He is a member of Sigma Xi, honorary 
scientific fraternity; the Harvard Engi¬ 
neering Society , the American Physical So¬ 
ciety and the American Association for the 
Advancement of Science. 

Dr. Liborio J. Castriota s'47 M’52-
SM’59) has been promoted to the position 
of Manager of Engineering at PRD Elec¬ 
tronics, Inc., Brrnk-
lyn, N. Y., it was 
recent IV announced. 

In 1947, he re¬ 
ceived the B.E.E. 
degree from New 
York University, 
College of Engi¬ 
neering, New York, 
N. Y., and the M.S. 
degree from Har¬ 
vard University, 
Cambridge, Mass., 
in 1948. During the 
same year, he joined the research statt of 
the Microwave Research Institute of the 
Polytechnic Institute of Brookly n, Brook¬ 
lyn, N. Y., where he worked on microwave 
interference studies and RF noise genera¬ 
tion investigations. 

Beginning in 1950, he headed an inter¬ 
ference research unit at the Rome Air De¬ 
velopment Center, Rome, N. Y., and was 
engaged primarily with radar and com¬ 
munications interference problems. 

Two years later, he returned to the 
Microwave Research Institute, where he 
undertook research activities on low fre¬ 
quency telephony’ location circuitry, con¬ 
tinuous look through radar jamming sys¬ 
tems development and receiver noise 
studies. 

During the period from 1955-1957, his 
services were again utilized at the Rome 
Air Development Center, this time as a 
USAI7 research consultant. In 1957, he was 
appointed leader of the Linear Networks 
Section and was engaged in microwave dis-

(Continued on l'âge óOel) 

L. |. Castriota 
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METAL FILM RESISTORS OFFER 5 
DISTINCT TEMPERATURE COEFFICIENTS 
TO MEET ALL CIRCUIT REQUIREMENTS 

RUGGED END-CAP 

CONSTRUCTION 

FOR LONG TERM 

STABILITY 

EXCEPTIONAL 

RESISTANCE TO 

MOISTURE AND 

MECHANICAL DAMAGE 

SURPASS MIL-R-10509 

PERFORMANCE 

REQUIREMENTS 

Providing close accuracy, reliability and 
stability with low controlled temperature 
coefficients, these molded case metal-film 
resistors outperform precision wirewound 
and carbon film resistors. Prime character¬ 
istics include minimum inherent noise level, 
negligible voltage coefficient of resistance 
and excellent long-time stability under rated 
load as well as under severe conditions of 
humidity. 

Close tracking of resistance values of 2 
or more resistors over a wide temperature 
range is another key performance charac¬ 
teristic of molded-case Filmistor “C” Re¬ 
sistors. This is especially important where 
they are used to make highly accurate ratio 
dividers. 

Filmistor “C” Resistors are automatic¬ 
ally spiralled to desired resistance values by 
exclusive Sprague equipment. The metallic 
resistive film, deposited by high vacuum 
evaporation, bonds firmly to special ceram¬ 
ic cores. Noble metal terminals insure low 
contact resistance. 
The resistance elements, complete with 

end caps and leads attached are molded in 
dense, high temperature thermosetting ma¬ 
terial to form a tough molded shell for max¬ 
imum protection against mechanical dam¬ 
age, moisture penetration and repeated 
temperature cycling. 

Filmistor “C” Resistors, in 14, 14, 14 
and 1 watt ratings, surpass stringent per¬ 
formance requirements of MIL-R-10509C, 
Characteristic C. Write for Engineering 
Bulletin No. 7025 to: Technical Literature 
Section, Sprague Electric Co., 235 Marshall 
Street, North Adams, Mass. 
For application engineering assistance write: 

Resistor Division, Sprague Electric Co. 
Nashua, New Hampshire 

SPRAGUE COMPONENTS 

RESISTORS 

CAPACITORS 

MAGNETIC COMPONENTS 

TRANSISTORS 

INTERFERENCE FILTERS 

PULSE TRANSFORMERS 

PIEZOELECTRIC CERAMICS 

PULSE-FORMING NETWORKS 

HIGH TEMPERATURE MAGNET WIRE 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 

SPRAGUE 
THE MARK OF RELIABILITY 

'Sprague' and are registered trademarks of the Sprague Electric Co. 
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For Accuracy ... to 1 part per mil¬ 
lion, or 1 minute in 2 years. Read 
hours, minutes, seconds and tenths 
directly. Estimate hundredths of 
a second. Any group of four pulse 
outputs optional, from 10 cps to 
1,000 cps in multiples of 10. 

For Dependability ... on shipboard 
or in the field. Rugged, compact 
unit withstands shock and vibra¬ 
tion, will survive total power fail¬ 
ure of 1 second duration (or 24 
hours with small standby battery 
pack) . 

The Times Chronometer TS-3 is 
a precision time and frequency 

standard ideally suited for astro¬ 
nomical, geophysical, naviga¬ 
tional, and general laboratory use. 
With suitable amplification, it may 
be used for driving many types of 
recording equipment at precise, 
constant speed. It takes up less 
than half a cubic foot, weighs only 
23 pounds. Manual controls per¬ 
mit setting to WWV or other time 
standard. 
Look into the Times Chronometer, 
another product of a world 
pioneer in the design and man¬ 
ufacture of facsimile, ocean¬ 
ographic and radio communica¬ 
tions equipment. 

Westrex Corporation 
A DIVISION OF LITTON INDUSTRIES -

540 West 58th St., New York 19, N. Y„ 1523 L St., N.W., Woshington 5, D. C. 

# IRE People^ 

(Continued from page 58A) 

tribu ted parameter networks studies. As a 
member of the Research Faculty, he also 
lectured in the Graduate School, Polytech¬ 
nic Institute of Brooklyn. 

The following year (1958), he was 
awarded the Doctorate from the Polytech¬ 
nic Institute of Brooklyn. In 1959, he 
joined PRD, where he became involved in 
all phases of operations with the company 
especially with the development of mili¬ 
tary and industrial microwave calibration 
systems and special test equipment for 
field and laboratory applications. 

Dr. Castriota is a member of Sigma Xi 
and of RESA. 

C. E. Rutherford, President of Ruther¬ 
ford Electronics Company, Culver City, 
Calif., has announced 
John J. Davis (S’59-
M ’60) as project en¬ 
gineer on the new 
B-10 Transistorized 
Pulse Generator. 

Prior to coming 
to Rutherford, Mr. 
Davis was at Sum¬ 
mers Gyroscope, 
Aeronutronic Divi¬ 
sion of the Ford 
Motor Company, 

the appointment of 

and the Ramo-
Wooldridge Corpo-

J. J. Davis 

ration. 
He isa registered engineer in California, 

a member of Eta Kappa Nu, the Audio 
Engineering Society, and is also currently 
a broadcasting consultant and chief engi¬ 
neer at KCBH, Beverly Hills, Calif. He 
attended the University of Southern Cali¬ 
fornia, Los Angeles, earning the B.S. and 
M.S. degrees in electrical engineering. 

Alton C. Dickieson (SM’44 F *60) has 
been named Director of Transmission De¬ 
velopment of the Bell Telephone Labora¬ 
tories, effective April 
1, 1961. 

He was born in 
New York, N. Y., 
and studied electri¬ 
cal engineering at 
the Polytechnic In¬ 
stitute of Brooklyn, 
Brooklyn, N. Y. He 
began his Bell Sys¬ 
tem career in 1923 
in the engineering 
department of West- A-C. Dickieson 
ern Electric Com¬ 
pany, and transferred to Bell Laboratories 
when it was established in 1925. Eor most 
of his career he specialized in long distance 
transmission systems. During World War 

(Continued on page 64. 1 ) 

IRE People 
use the 

IRE DIRECTORY! 
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Attention 

Hard Pulse Modulator 

Address 

Complete listing and technical data on over 
25 tubes, including oxide-cathode, shield¬ 
grid triodes and thoriated-tungsten triodes. 

Des ig n information for the use of Hard Pulse 
Modulator Tubes in high-power radar. 

Please send me the Hard Pulse Modulator 
Tube Brochure. 

Send now for the 76 page brochure just 
issued by The Machlett Laboratories, 
Incorporated. 

Company 

Name_ 

THE MACHLETT LABORATORIES, INC. 
Subsidiary of Raytheon 

1063 Hope Street 
Springdale, Connecticut 
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proven in use DIELECTRIC Rigid Transmission Lines 
Satisfy Every Performance Requirement 

Choose From Two Hard-Drawn, 
High-Conductivity Lines . . . 
QUICK-CLAMP TYPE 40 
and EIA (RETMA) TYPE 70 

* Available in: 

Standard sizes: %, l5/g, 3YS, 6'/g, 93/is inches 
Special sizes: 9, 10, 12, 16 inches 

Any length up to 30 feet 

All standard impedances from 25 to 
200 ohms 

Copper or aluminum outer conductors 

Both DIELECTRIC Lines—Type 40 Quick-Clamp 
and Type 70 EIA Bolted-Flange are: 

• Engineered to exhibit low VSWR, small 
attenuation of power 

• Designed for high average and high peak 
power transmission 

• Engineered to provide minimum r-f leakage 
at connections 

• Notable for their proven 
low-noise connections 

TYPE 40 QUICK-CLAMP LINE 

Unusually flexible in application and installation, DIELEC¬ 
TRIC’S Type 40 Line offers such specific advantages as: 

• flange connections that swivel to any rotational 
position 

• a Marman Clamp that assures quick and positive 
assembly with the tightening of only two bolts 

• piloted flanges that eliminate the need to align the 
outer conductor by centering rings or other devices 

A captive O-ring for sealing not only provides a perfect gas 
seal, but renders damage or jamming during assembly 
virtually impossible. Electrical contact is dependent only on 
tightening the clamp. 

TYPE 70 EIA (RETMA) LINE 

When specifications stipulate an EIA (RETMA) bolted-
flange line, DIELECTRIC Type 70 offers the same elec¬ 
trical properties as the Type 40 line. Positioning of line 
sections during installation is made accurate by alignment 
pins. An O-ring placed between the flanges is provided 
for gas sealing. 

PRESSURIZED COMPONENTS ACCESSORY 
TO TYPE 40 AND TYPE 70 LINES 

90° ELBOWS • 45° ELBOWS • FLEXIBLE SECTIONS 
BREAKAWAY SECTIONS • ADAPTERS 
QUICK STEP REDUCERS • GAS STOPS 

END SEALS • END COVERS 
COUPLINGS (unpressurized) • FIELD FLANGES 

Prompt shipment of standard lines and components is usual 
because a large stock of manufactured parts is maintained 
for fast assembly. And in addition, DIELECTRIC’S com¬ 
plete r-f laboratory and production facilities are available for 
the design and manufacture of other lines and components 
for special requirements. 

For more detailed data on the above lines and their com¬ 
ponents, write for Catalog 61-4. Also, DIELECTRIC de¬ 
signs, develops and manufactures a wide range of com¬ 
ponents and equipment for the communications industries. 
If you’d like to know how we can help you solve a problem 
in this field, simply dial DIELECTRIC. 

*For applications in the broadcast and television field. transmission line 
products are available from the Radio Corporation of America. For all 
other applications, contact DIELECTRIC directly. 

DIELECTRIC’S areas of capability include coaxial, waveguide and open wire techniques . . . 
TRANSMISSION LINES & COMPONENTS . NETWORKS 

SWITCHES . ANTENNAS & FEEDS . TEST EQUIPMENT • R & D ENGINEERING 

dial DIELECTRIC 
for solutions to 
communications 

problems 

DIELECTRIC PRODUCTS ENGINEERING CO., INC. 
RAYMOND, MAINE Tel. No. OL 5-4555 
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PM SERIES POWER RELAY 

by POTTER 4 BRUMFIELD 

4J 
64 

TOP VIEW 

ANNOUNCING J 
AN IMPORTANT4* 
NEW SPACE SAVER 

P&B compact 4PDT power relay switches one H.P. per moveable arm 
Save panel space! This new 4-pole relay is only W  wider than our PR 
Series, America's most popular 2-pole power relay! Yet, it is engineered 
for reliable heavy-duty switching . . . and you can confidently expect 10 
million mechanical operations. 
PM Series relays are rated at 16 amperes (or 1 H.P.) at 115 volts 50/60 cycles 
resistive . . . and special relays can be supplied for loads up to 25 amperes, 
at 220 volts, 50/60 cycles resistive. Heavy screw terminals are arranged for 
fast, easy hook up. An adapter plate is available for mounting PM relays 
in the same location used for 2-pole relays. 
For full information, write today or call your nearest P&B representative. 

PR Series MR Series AB Series 

A whole family of power relays for a wide range of applications carry the 
P&B symbol of quality. Call P&B first for all your power relay requirements. 

PM ENGINEERING DATA 
GENERAL: 

Description; Heavy-duty AC power relay. 

Insulating Material: Molded phenolic. 

Insulation Resistance: 100 megohms minimum. 

Mechanical Life: 10 million operations minimum. 

Contact Life: 100,000 operations minimum at rated load. 

Breakdown Voltage: 2,000 volts rms minimum between all 
elements and ground. 

Ambient Temperature: -55°C to • 55°C. 

Weight: Approximately 14 ozs. 

Pull-In: 78% of nominal voltage. 

Terminals: Heavy-duty screw type with No. 8-32 BH screw. 

CONTACTS: 

Arrangements: 4PDT or 4PST— normally open. 

Material: %* dia. silver-cadmium-oxide. 

Rating: 16 amps (ft» 115 volts, 50 60 cps resistive. 
8 amps (u 220 volts, 50/60 cps resistive. 
1 H.P. per moveable, 1 1 5 or 220 volts AC single phase. 

25 amps (" 220 volts, 50, 60 cps resistive available on 
special order. 

COILS: 

Voltage: 6 to 230 volts AC 50 60 cycles. 

Power; 14 volt-amps aveiage at nominal voltage. 

Duty: Continuous. 

P&B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONICS PARTS DISTRIBUTORS 

© POTTER & BRUMFIELD 
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY • PRINCETON. INDIANA 

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



from 
i MOTOROLA 

VALUABLE 
HANDBOOKS 

for 
CIRCUIT 
ENGINEERS 

Complete your reference bookshelf 
with these liberally-illustrated 

technical handbooks 

POWER TRANSISTOR HANDBOOK 
A 200 page manual with 9 chap¬ 
ters covering: Semiconductor 
electronics, transistor charac¬ 
teristics, power amplifiers, 
switching applications, ignition 
systems, special circuits, power 
supplies, testing and specifica¬ 
tions. Written by Motorola's 
Applications Engineering De¬ 
partment. Price $2.00. 

ZENER/RECTIFIER HANDBOOK 
A new 185 page guide to basic 
theory, design characteristics 
and applications of zener di¬ 
odes and rectifiers. The second 
edition of the popular zener 
handbook first published in 
1959. Price $2.00. 

ORDER TODAY — You can obtain these hand¬ 
books from your local Motorola Semiconduc¬ 
tor distributor or by sending $2 (check or 
money order) for each book to Motorola 
Semiconductor Products Inc., 5005 East 
McDowell Road, Phoenix 10, Arizona. Please 
specify handbook desired. No purchase or¬ 
ders, please. 

AA MOTOROLA Semiconductor Products Inc. 

4 Sues O'AHV or UOTOfOLA. MC. 

ÿ IRE People^ 

(( "iitinued from page 6Us4) 

11 he was in charge of anti-submarine w ar¬ 
fare activities and of carrier systems for the 
Signal Corps. In 1954 he was responsible 
lor planning the communications systems 
for the original Distant Early Warning 
(DEW) Line stations in Alaska. He was 
named Director of Transmission Systems 
Development in 1951. 

Mr. Dickieson isa Fellow' of rhe AI EE. 

Charles H. Doersam (SM’51 ) has been 
appointed Product Development Manager 
in Engineering at Potter Instrument Com-

namics/Electronics J 
Technology for 1960 
—a commendation 
plaque and $2,000. 

I Ie is manager of 
the Radio Commu¬ 
nication Laboratory 
in General Dynam-
ics/Electronics’ Re¬ 
search Division. The 
award was given in 
recognition of his 
work in developing 
.i new technique for 
high s|K‘ed data 
transmission that is e 
to jamming. 1'his tec 

rard for Science and 

G. A. Franco 

xceptionallv resistan: 
hnique, ( ailed DEI I 

(Continued on l'âge 69.1) 

ant to the Chief Fu-

Mr. Doersam received the Bachelor of 

Industries, Inc., recent Iv announced. 

George A. Franco (S’54 M’56' has bee i 

Engineers who know 

-SPECIFY 

SUPERFINE 

LOW-LOSS RF LACQUER 

<i graduate of I CL A with the Bachelor’s 
degree in meteorology and holds the M.S. 
and Ph. I), degrees in electrical engineering 
from the California Institute of Technol-

degree in mechanical engineering in 1944, 
both from Columbia I Diversity, Xew York, 

Laboratory at Canoga Park. Calif. 
Before joining Litton in 1958. he was 

\ ice President and Director of Engineer-

Prior to thi: 
s( (ciation 

Gyroscope Com¬ 
pany, and earlier by 
Fairchild Camera and Instrument Com 

Promotion of Vice President Norman 
H. Enenstein <S’46 A’49 M’55) to Direc¬ 
tor of Technical Administ rat ion of Litton 

• Q-Max, an extremely low toss dielectric im¬ 
pregnating and coating composition, is for-
mulated specifically for application to VHF and 
UHF components. It penetrates deeply, seals 
out moisture, provides a surface finish, im¬ 
parts rigidity and promotes stability of the 
electrical constants of high frequency circuits. 
Its effect upon the "Q" of RF windings is prac 
tically negligible. 
• Q-Max applies easily by dipping or brush 
Ing. dries quickly, adheres well; meets most 
temperature requirements. Q-Max is indus¬ 
try’s standard RF lacquer Engineers who 
know specify Q-Max! Write for new catalog. 

•Registered Trademark 

MARLBORO 

NEW JERSEY 

Telephone: 

HOpkins 2-1880 

pany, Inc., Plain-
view, X. Y., accord¬ 
ing to a recent an¬ 
nouncement. 

He joined the 
company in Octo-

$100 MILLION IN ELECTRONICS SALES 

PLANNED. 

PROGRES’ 

electronics 
\ center Fort Monmouth's Research & Develop¬ 

ment Laboratory, the U. S. Army 
Signal Equipment Support Agency, & 

Signal School form a mecca for many 
Electronic leaders of the nation. Here are t Bell Laboratories, Bendix. Electronic Associ¬ 

ates. Frequency Standards and many others. 
Superb living conditions afford easy recruiting 

of professional Engineers. Scientists, Technicians, 
skilled, trained personnel. You are invited to join 

this BU E CHIP LIST. ; S : 

Monmouth County 
Write: REID N. DICKERSON, Industrial Representative 
Monmouth County Planning Board 

L 18 Court Street, Freehold, N. J., HOpkins 2-1940 
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This 3 lbs . of transistorized, 
new AC amplifier gives you 20 
or 40 db gain, increases scope 
or VTVM sensitivity 10 or 100! 
This new fy 466A AC Amplifier is just 4" 
high, 6" wide and 6" deep. Yet it can become 
one of the most helpful instruments on your 
bench, or in the field. It is ac or battery pow¬ 
ered; battery operation gives you hum-free 
performance and easy portability. Response 
is flat within approximately % db over the 
broad range of 10 cps to 1 MC, distortion is 

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

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

Gain: 
Frequency 
Response: 
Output Voltage: 
Noise: 

Input Impedance: 
Output Impedance: 

■ Specifications 
20 and 40 db, ±0.2 db at 1000 cps. 
±0.5 db, 10 cps to 1 MC; 
±3 db, 5 cps to 2 MC. 
1.5 V rms across 1500 ohms. 
75 /zv rms referred to input, 
100,000 ohm source. 
1 megohm shunted by 25 
Approximately 50 ohms. 

Data subject to change without notice. 

Dimensions: 

Distortion: 
Power: 

Less than 1%, 10 to 100,000 cps. 
Ac line power normally supplied, 
but battery operation available. 
(12 radio type mercury cells, 
battery life about 160 nours.) 
Specify battery operation if desired. 
6V4" wide. 4" high, 6U" deep. 
Weight: approx. 3 lbs. 
$150.00 f.o.b. factory. (Either ac 
or battery operation.) 

HEWLETT-PACKARD COMPANY 
I027D 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, Switzer'and 

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

Field Representatives in all principal areas 
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Another First From General Electric 

Unretouched photo of 

TV monitor test pattern 

shows 600-line resolu¬ 

tion accomplished at 

1000 cycles, 44 G’s vi¬ 

bration with a General 

Electric super-rugged¬ 

ized image orthicon 

selected at random 

from stock. 

Super-Ruggedized Image Orthicons Exceed 

600-LINES AT 1000 CYCLES, 44G’s 
General Electric, which first intro¬ 
duced the Magnesium Oxide thin-
film semi-conductor target, now offers 
a complete line of super-ruggedized 
image orthicons. 

Outstanding performance of new 
General Electric lO’s is the result of 
a new integral mounting technique 
recently developed by General 
Electric engineers. 

Initial tests indicate this new 
technique surpasses all previous 
methods of ruggedizing image or¬ 
thicons. 

Built to withstand severe vibration 
conditions encountered in tank, air¬ 

craft, missile and space-vehicle ap¬ 
plications, the new lO’s greatly 
exceed military specifications of 350-
line resolution at 50 to 500 cycles 
and 5 G’s. 

Representative samples are evalu¬ 
ated to as high as 1000 cycles, 44 
G’s vibration. 
A complete line of the new lO’s is 

available for immediate delivery. For 
more information on General Electric 
super-ruggedized image orthicons, 
and other special purpose tubes, 
contact the General Electric Co., 
Camera Tube Section, Cathode Ray 
Tube Dept., Building 6, Electronics 
Park, Syracuse, New York. 

265-16-9545-8481-39 

CATHODE RAY TUBE DEPARTMENT 

GENERAL HI ELECTRIC 
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Madel 860-1500P— handles low level DC data 
signals in the presence of high common mode 

Model 651-3400 — drives high frequency optical 
galvanometers to 5 KC 

COMPACT 7" HIGH 8 CHANNEL UNITS ARE COMPLETELY TRANSISTORIZED, HAVE FLOATING INPUT ISOLATED FROM OUTPUT 

Sanborn precision amplifiers 
^F Data Preamplifier — Model 860-1500P 
Designed for precise, economical amplification of signals 
with source impedance of zero to 10,000 ohms, such as 
thermocouples, strain gage bridges, etc. in presence of 
severe ground loop noise, and for driving digital voltmet¬ 
ers, scopes, tape recorders and similar devices. Each 
plug-in unit is only 2" x 7' x 14' deep ; 64 channels with 
blower require only 60" of rack -panel space. Separate 
868-500 Power Supply required for every 8 preamplifiers. 
Power consumption 2.5 watts per channel. 

Noise 
Gain 

Output 

Linearity 
Common Mode 
Performance 

Input 
Impedance 

Gain 
Stability 

Drift 

Rise Time 

3 uv peak-to-peak 
100 (10 mv in gives 1 v out) (Model 
860-1500PA with gain of 1000 also 
available) 
± 1 v across 300 ohms, DC-70 cps; ±1.5 
v to 40 cps. Output impedance 100 ohms. 
(10 v across 10K available on special 
order.) 
± 0.1% of full scale output (2 v) 
120 db rejection at 60 cps, 160 db at 
DC, with 5000 ohms unbalance in source. 
Inphase tolerance 220VAC. 

Greater than 200,000 ohms 

±0.1% for 24 hours 

± 2 uv referred to input 

to 99.9% less than 25 ms 

^F Optical Galvanometer Amplifier — Model 658-3400 
Eight channels of amplification and common power supply. 
Each channel provides for sensitivity, compensation, 
damping and current limiting. Inputs floating and guarded, 
impedance 100,000 ohms on all ranges. AI! amplifier ele¬ 
ments except output transistors are plug-in assemblies. 

Sensitivity 

Common Mode 
Performance 

± 10 mv input gives ± 400 ma output 
into 20 ohm load (max.). Eleven atten¬ 
uator steps to X2000 in 1-2-5 ratio, 
smooth gain control. 
± 500 volts, max; rejection 140 db min 
at DC. 

Gain Better than 1% to 50°C and for line 
Stability voltage variation from 103-127 volts. 

Frequency 0 to 5 KC within 3 db; can accomodate 
Response wide range of galvanometers. 
Output Output networks available for wide 

range of galvanometers. 
Power 125 watts for 8 channels. 

Consumption 

year Sanborn Sales-Engineering Representative (offices 
throughout the U. S., Canada and overseas) will pro¬ 
vide detailed information and application assistance. 
Call him or write plant in Waltham, Mass. 

SAN B O R INI ^COIVIRAINIY 
INDUSTRIAL DIVISION 

175 Wyman Street, Waltham 54, Massachusetts 



The giant radio-telescope aerial at Milliard Radio Astronomy Observatory, Cambridge 

What’s happening in Europe? 
From Europe’s center of electronics research and development 
—universities, industries, government agencies — comes a 
prolific stream of new ideas and practical applications. 
A complete, up-to-date picture of this vigorous progress is 
reflected in Wireless World, Britain’s leading technical 
magazine for electronics, radio and television, enjoying by far 
the widest readership among Britain’s scientists and techno¬ 
logists in this field. 
Wireless World articles are backed by the authority of top 
specialists, and maintain a careful balance between theory and 
practise. Wireless World’s coverage includes illustrated 
reviews of latest equipment, news of important conferences 
and exhibitions, detailed reports of industrial developments. 

Wireless World was the world’s first magazine devoted to 
radio, and this year celebrates its fiftieth anniversary. It is an 
essential medium for keeping contact with European advances. 

TYPICAL RECENT FEATURES: 

• Report on the London Physical Society Exhibition 
• Beam Indexing Color TV Tubes 
• Accurate Hydrographic Radar 
• Increasing Dynamic Range in Magnetic Recording 
• Permeability Tuners for Television 
• The “Bootstrap-Follower” Circuit 
• Report on London Scientific Radio Conference (U.R.S.I.) 

MAIL THIS COUPON TODAY 
TO: BRITISH PUBLICATIONS INC., 30 EAST 60TH STREET, NEW YORK 22, N.Y. 

Please enter my our subscription to wireless world for :— 

12 MONTHS (12 ISSUES) $5.00 

36 MONTHS (36 ISSUES) $10.00 (SAVING S5.00) 

CHECK M.O. FOR $ ENCLOSED 

BILL ME LATER 

NAME 

ADDRESS 

ZONE 

CITY 

STATE PRO.IICE 
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(Dynamic Error Eree Transmission), was 
described in a technical paper which he 
presented at the 1961 IRE International 
Convention. 

This is the second of the awards, which 
are given annually by General Dynamics/ 
Electronics in recognition of outstanding 
achievement in science and technology, and 
for which all employees of this division of 
General Dynamics Corporation are eligi¬ 
ble. 

In presenting the award to Mr. Franco, 
J. D. McLean, President of General Dy-
namics/Electronics, told him that his work 
“opened new horizons in the field of data 
transmission, and established a solid foun¬ 
dation for future developments. ...” 

Mr. Franco has been with General Dy¬ 
namics since 1956. He is a native of Phil¬ 
lipsburg, N. J., and a graduate of Lehigh 
University, Bethlehem, Pa., with the de¬ 
gree in electrical engineering. During 
World War 11 he served as a radio operator 
and gunner in the U. S. Air Force in 
Europe. In 1950 he re-entered military 
service as a lieutenant in the U. S. Army, 
and served two years in Korea. He is a 
member of the American Radio Relay 
League. 

Airborne Instruments Laboratory (AIL), 
a division of Cutler-Hammer, Inc., has an¬ 
nounced the appointment of Winfield E. 
Fromm (A’41—AI ’44— 
SM’50) to the posi¬ 
tion of Director, 
Research and Sys¬ 
tems Engineering 
Division. Prior to 
this appointment, 
he was in charge of 
AIL's Space Tech¬ 
nology and Research 
Department. 

He received the 
B.S. degree in elec- " • Fromm 
trical engineering 
from Drexel Institute of Technology, Phil¬ 
adelphia, Pa., in 1940. He received the 
M.E.E. degree in 1948 from the Polytech¬ 
nic Institute of Brooklyn, Brooklyn, X. 5 . 

In December, 1941, after one and one-
half years in Kansas City, Mo., with 
Transcontinental and Western Air, Inc., as 
an aircraft radio engineer, he joined Co¬ 
lumbia University's Division of War Re¬ 
search (OSRD) at Quonset Point, R. L, 
for work on magnetic airborne detection of 
submarines, in 1942 the Quonset Point 
Laboratory became Columbia University's 
Airborne Instruments Laboratory at Min¬ 
eola, N. Y. From 1942 to 1943, he was a 
technical advisor on antisubmarine war¬ 
fare to the Army Air Force at Langley 
Field, Va., and to the Navy for six months 
in the South Pacific. 

He remained with AIL when it became 
an independent laboratory in 1945. His 
activities have included work on special re-

(Continued on page 72A) 

dry circuit contact 
available today! 

Tecknit Fuzz Buttons, a new 
concept in high-reliability con¬ 
tact design, are made of knitted 
wire mesh compressed into a 
resilient form. 
These Fuzz Buttons make re¬ 

liable contact under dry circuit 
conditions. They are made of 
wire having a contact radius of 
.0005" to .0015", resulting in a 
pressure high enough to break 
through non-conducting films 
with a relatively small total 
force. Additional reliability is 
gained from the redundancy of 
contact made to the same wire 

in at least four or more places. 
For anti-bounce characteris¬ 

tics, Fuzz Buttons have a 
built-in mechanical hysteresis. 
Impact energy is absorbed by 
internal friction and softened 
by the non-linearity of com¬ 
pression. This makes Fuzz 
Buttons ideally suited for 
relays, switches, choppers and 
similar devices where contact 
bounce is a difficult problem. 

For a free sample and tech¬ 
nical literature from Tecknit 
Design Service, mail the coupon 
below—today! 

1-5CO 

ECKNIT 
Technical Wire Products, Inc. 

48 Biown Avenue, Springfield, N. J. 

PHONE Area Code 201—DRexel 6-3010 

TWX: MLBN 40 

Technical Wire Products, Inc. P661 

48 Brown Avenue, Springfield, N. J. 
Please send me 
Fuzz Button samples and literature. 

NAME_ 

COMPANY-

ADDRESS_ 

CITY_ ZONE- STATE-
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Most companies think there’s only one way to design a klystron. 

Some rf ranges and requirements call for an internal cavity klystron. Others, an external one. For still 
others, a combined internal -and -external cavity is best. That’s why Eimac designs klystrons all three ways. 
(And why it has more high power klystrons operating throughout the free world than all other 
makers combined.) Fact is, that’s how Eimac designs every tube: to meet your specific needs. 
For data on Eimac klystrons shown above (4KP40.000SQ, internal cavity; 4K50.000LQ, external cavity; 5K21O.0O0LQ, combined internal-
and-external cavity) contact your Eimac representative or write: Power Klystron Division, Eitel -McCullough, Inc., San Carlos, Calif. 
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Sciant if ic-At lanta antenna pattern recording console at Boeing Airplane Company, Wichita, Kansas, with Scientif ic-Atlanta model range tower in background. 

Advancing the Art of Aircraft Antennas 
Boeing uses versatile Scientific- Atlanta equipment 
to design and evaluate antennas for B-52H bombers 

i A Boeing B-52H global bomber packs more total 
Jr firepower than that expended by ail the Allied and 

■ Axis bombers in World War II. Each B-52H will 
carry four Skybolt missiles plus a potent assortment of other 
weapons. Equipped with penetration aids, including elec¬ 
tronic countermeasures (ECM) and decoys, the B-52H can 
strike as many as five military targets on a single mission. 
It is produced for the Air Force s Strategic Air Command 
at the Wichita. Kansas, Division of Boeing. 

Obviously, the design of antennas for such an aircraft de¬ 
manded nothing short of “state of the art.’’ As it turned out, 
Boeing engineers advanced the state of the art in the design 
of ECM antennas for B-52Hs and B-47s. They were aided 
significantly by a new antenna test facility, consisting pre¬ 
dominately of Scientific-Atlanta equipment— including pat¬ 
tern recorders, wide range receivers, signal souices, and a 
model range tower. 

The foremost advantage of Scientific-Atlanta instrumenta¬ 
tion is versatility. Complete frequency coverage is provided 
with recordings proportional to voltage, power, or db in 

either rectangular or polar coordinates. Owing to the equip¬ 
ment’s wide frequency coverage, sensitivity, and flexibility, 
many other laboratory measurements can be made including 
calibration of microwave attenuators, insertion loss and gain 
measurements. These, and other features which enable Boe¬ 
ing to derive data faster and easier, have resulted in significant 
savings of research time. 

There's one other point that should be mentioned. At Boe¬ 
ing’s antenna test facility. Scientific-Atlanta’s equipment has 
operated with good reliability. Whenever help is needed. 
Scientific-Atlanta engineers are there in a hurry. 

Scientific-Atlanta will accept full responsibility for the de¬ 
sign, construction, and manufacture for any antenna test 
facility that suits your needs. For details, write 

SCIENTIFIC-ATLANTA, img 
2162 Piedmont Road, N.E. • Atlanta 9, Georgia 

Phone: TRinity 5-7291 
Exce lent employment opportunities exist for electronic, 
microwave and mechanical engineers. 



Give your Products 
MORE RELIABILITY and 
BETTER PERFORMANCE with 

FREED 
In stock for immediate delivery 

WRITE FOR FURTHER INFORMATION ON THESE 
UNITS OR SPECIAL DESIGNS. 

Send tor NEW 48 page transformer catalog. Also ask for 
complete laboratory test instrument catalog. 

FREED TRANSFORMER CO., INC. 
1720 Weirfield St., Brooklyn (Ridgewood) 27, N. X. 

,re pe°p|eA 
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ceivers, automatic antenna pattern meas¬ 
urement systems, and advanced magnetic 
airborne detection systems. In 1949, he be¬ 
came Assistant Supervising Engineer of the 
Special Devices Group in AIL’s Research 
and Engineering Division and was asso¬ 
ciated with numerous projects in the fields 
of microwave instrumentation, microwave 
components (including new types of rotary 
joints and receixer front ends), microwave 
techniques (including STRIPLEX E of which 
he was a co-inxentor), and countermeas¬ 
ures systems. In 1955, he xvas appointed 
Department Head of the Department of 
Special Systemsand Conqxments. Projects 
in this department have encompassed nu¬ 
merous engineering fields, including an¬ 
tennas, microxvaxes, electronics, passixe 
and active countermeasures, and other spe¬ 
cial electronic and microxvaxe systems. 
Project STAR (Space 'lech nolog y and Ad-
xanced Research) began in this depart¬ 
ment, and XX hen it became a full AIL space 
program early in 1958, he xvas appointed 
Program Director. Project STAR is en¬ 
gaged in high priority systems projects in 
the field of space technology. Areas of ac¬ 
tivity include advanced development, engi¬ 
neering, and fabrication of highlx -reliable 
equipment in the fields of microxvaxes, 
electronics, d.ita processing and analysis. 

(Continued on ruge 7-1 A) 

Referred to regularly f 

most frequently 
considered most helpful 

by 74,000 engineers, 
buyers and manufacturers. 

Closes July 15th. You can't afford tc stay out! 
To be in, write or call: 

Adv. Dept.. 72 W. 45 St., New York 36. MU 2-6606 

I0B APPLICATICN 

Everything 
in 

Connectors! 
AMPHENOL CONNECTOR DIVISION 
1830 SOUTH 54TH AVENUE • CHICAGO 50, ILLINOIS 

Amphenol-Borg Electronics Corporation 



SLASH 
COMPONENT 

REQUIREMENTS 
with 

Dynaquad 

new Tung-Sol 4-layer PNPN 

TO-5 

Bistable Transistor 

Here is a shift register pane) which demonstrates 
the enormous component savings and the sub¬ 
stantial reduction in backboard wiring and circuit 
complexity that can be achieved through the use 
of Tung-Sol Dynaquad transistors. This compo¬ 
nent advantage is typical of the assembly economy 
(especially with printed circuitry) that can he real¬ 
ized in many other applications, including: com¬ 
puter memory and readout; core drivers; relay 
activators; sweep generators; and high energy 
switching. For full technical details write: Tung-
Sol Electric Inc.. Newark 4, New Jersev. 

1 printed circuit board assembly performs the 
job of 3. 10-bit shift register designed with 
Tung-Sol Dynaquàd transistors. Just one as¬ 
sembly is required where 3 are necessary when 
designed with conventional components. 

7 components replace 14. Comparison of a single stage of the 10-bit shift 
register designed with Dynaquad transistors (left) and conventional com¬ 
ponents (right) shows the circuit simplicity and component reduction ob¬ 
tained with Tung-Sol’s new germanium multilayer alloyed junction tran¬ 
sistor. 

2N1966 2N1967 2N1968 

Typical electrical characteristics and ratings. 

Pc collector dissipation at 25°C 120 MW 
BVces collector breakdown voltage •- 50 volts 
les sustaining current 15 Ma 
Ib (on) base turn-on current 0.1 Ma 

Technical assistance is available through: Atlanta, Ga.; Columbus, 
Ohio; Culver City, Calif.; Dallas. Tex.; Denver, Colo.; Detroit, Mich.; 
Irvington, NJ.; Melrose Park. HI.; Newark, N.J.; Philadelphia, Pa.; 
Seattle, Wash. In CANADA: Abbey Electronics, Toronto, Chit. 

Dynaquad is a three-terminal device featuring re¬ 
generative switching characteristics. One terminal 
—the base—serves as the control gate for initiation 
of the regenerative action. It permits turn-on and 
turn-off by bursts of drive power. In this way, a 
small signal controls large amounts of energy in a 
ratio not approached by conventiona! 3-layer junc¬ 
tion transistors. Trace shows Dynaquad collector 
characteristics with base current turn-on. 

TUNG-SOL 
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"W1' 7 TRUE RMS Voltmeter 
with 

^ACCURACY 
measures 

wide range of Waveforms 

BALLANTINE model 350 
features: 

• High accuracy achieved on waveforms in which 

peak voltage may be as much as twice the 

RMS. Not limited to sinusoidal signals. 

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

nulling operation consists of selection of dec¬ 

ade range by push-button, and adjustment of 

four knobs for minimum meter indication. 

These operations attenuate the input signal to 

a predetermined value, causing a bridge cir¬ 

cuit to be balanced by changing the current 
through a barretter. 

• Temperature-controlled oven contains the bar¬ 

retter and and ambient temperature compen¬ 

sating resistor. Effect of ambient temperature 

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

• Proper NIXIE digit is lighted automatically 

while bridge is being balanced. No jitter. 

• Rugged, accurate. Doesn’t require the extreme 

care of many laboratory standard instruments. 

No meter scales to read. Useful for laboratory, 

production line, and in the field. 

specifications: 
$720 

VOLTAGE RANGE: 0.1 to 1199.9 V 

FREQUENCY RANGE: 50 cps to 20 kc 

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

Vî% 0.1 V to 1199.9 V, 50 cps to 20 kc 

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

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

WEIGHT: 19 lbs. for portable or rack model 

Available in Cabinet or Rack Models 

Write for brochure giving many more details 

— Since -1932 — 

BALLANTINE LABORATORIES me. 
Boonton, New Jersey 

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

ASK ABOUT OUR LABORATORY VOLTAGE STANDARDS TO 1.000 MC 

(Continued from page 72A) 

and ground support. Emphasis in the pro¬ 
gram is on analysis of the operational prob¬ 
lem, system design of the space and ground 
equipment, and reliability. 

He has presented papers on microwave 
STRIPLINE developments, rotary joints, 
antennas, and countermeasures and space 
electronic systems at various technical 
symposia. He is also the author of “The 
Magnetic Airborne Detector," which ap-
peared in “Advances in Electronics,’’ Aca¬ 
demic Press, New York, N. Y., 1952. In 
1951 he was a special lecturer for a gradu¬ 
ate course in microwaves at Hofstra Col¬ 
lege, Hempstead, N. Y. 

Mr. Eromin isa member of Phi Kappa 
Phi, Tan Beta Pi, and Eta Kappa Nu. 
Also, he is a mendier of the American 
Rocket Society and the American Manage¬ 
ment Association. 

I he appointment of Robert R. Golds¬ 
borough, Jr. (M’53 SM’55) as Manager of 
the Engineering Operations Department 

I at the Reconnaissance Systems Laboratory 
of Sylvania Electric Products, Inc., has 
been announced. 

He previously was mai lager of the USD-
7 program for development and design of 

I airborne electronic equipment at Sylvania’s 
Mountain View Operations. 

The Reconnaissance Systems Labora¬ 
tory, a part of Sylvania Electronic Sys¬ 
tems, a major division of the company, is 

I engaged in research and development of 
j advanced reconnaissance systems for the 
1 armed services. 

Mr. Goldsborough joined the company 
I in 1933 as a Senior Engineer at the Elec¬ 

tronic Defense Laboratories in Mountain 
View, Calif. He was later named head of 
the systems test and integration section, 
and, in 1958 was transferred to the Wal¬ 
tham Laboratories of Sylvania Electronii 
Sy stems to assume new responsibilities as 
manager of the l'SD-7 program. He re¬ 
turned to Mountain View the following 
year when the program office was trans¬ 
ferred to the West Coast. 

A 1946 graduate of the U. S. Naval 
Academy, Annapolis, Mil., he has since 
taken graduate work at Arkansas State 
Teachers College, Conway , and Stanford 
University , Stanford, Calif. He is a mem¬ 
ber of the American Rocket Society and 
the Naval Academv Alumni Association. 

Radiation, Incorporated hasannounced 
the appointment of John T. Hartley (S‘54-
M’56) as Vice President, Corporate Mar¬ 
keting. 

He has been with the company since 
1956, and is now responsible for an inte¬ 
grated corporate sales eflort for all divisions 
and subsidiaries. He will supervise evalua¬ 
tion anti assignment of product line areas, 
and the establishment and operation of 
Radiation’s District Sales Offices. He re¬ 
ports directly to the President. 

(Continued on fuge 77A) 
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Environmental 
conditioning 
for 

missile 
ground support 

systems 

AiResearch electronic cooling 
units for U.S. Army Hawk missile 
mobile ground radar equipment 
require only half the space origi¬ 
nally allotted. These lightweight 
production units, with a heat rejec¬ 
tion capacity of 10 KW, measure 
20" X 2 1" X 21". 
A complete system package, the 

liquid-to-air unit includes an ac¬ 
cumulator. pump, heat exchanger, 
fan, switches and valves. 

Contact AiResearch early in 
your planning and design stage for 
greater reliability, smaller unit size 
and weight. AiResearch is the lead¬ 
ing designer and manufacturer of 
advanced electronic conditioning 
equipment and systems for missile 
and ground support applications. 
Environmental conditioning 

equipment has been produced for 
the following electronic systems: 
Detection • Communication 
• Control • Ground Support • 

Guidance 
JTrite for literature today. 

AiResearch Manufacturing Division 

Los Angeles 45, California 

ELECTRIC BLILEY 

Bliley crystal filters are custom engineered for 
your production requirements, ard may be des gned 
for a wide range of frequency and selectivity 
characteristics. Dependent upon shape factor and 

frequency range, bandwidths are obtainable from 
.01% to 8% of center frequency. Call upon Bliley 
for a qualified analysis and quotation on your 

crystal filter application. 

REQUEST BULLETIN 524 

CUSTOM ENGINEERED 

CRYSTAL 
FILTERS 
1OOkc to 30 me 

COMPANY 
UNION STATION BLDG., ERIE, PENNSYLVANIA 

Another reason ... 
the world becomes smaller 

7,500-mile Pacific Scatter Communication System linking major 
command posts from Hawaii to Formosa was recently designed and 
built for the U. S. Army Signal Corps 

COMMUNICATIONS 

ENGINEERS, INC. 
Subsidiary of Northrop Corporation 

page 
2001 WISCONSIN AVENUE, N.W., WASHINGTON 7, D.C. 
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Once off the firm footing of earth, the most critical need of any 
vehicle is for precise direction. The straight course of a sub, a 
ship, a jet ... the precision track of missile or space vehicle ... 
these result from a directional reference of superior accuracy; 
the kind provided by gyros made at Sperry. 
Whatever the application, gyros by Sperry have a common 

denominator: stability. Sperry is dedicated to, concentrates upon, 
stability -absolute directional accuracy, absolute repeatability. 
The result is seen in the widespread technological successes 
achieved at the direction of the Sperry gyroscope. 

Sperry gyros are the precise directional reference in these amd many other applications: pinpoint navigation for the Polaris subs; 
automatic steering for advanced vessels such as the NS. Savannah; automatic flight controls for the DC-8 and other aircraft; 
precision bomb-nav system for the B-58 ‘‘Hustler’“; miniaturized gyros for space vehicles (symbolized in main illustration). 

sPERRv 



IRE People^ 

(Continued from pane 74.4) 

A Xavy veteran, he served with the 
Atlantic Fleet as a staff communications 
officer, and worked in radar and CIC com¬ 
munications. A native of Jacksonville, 
Ila., he graduated from .Alabama Poly¬ 
technic Institute, Auburn, with the B.S. 
degree in ( hemist ry and the bachelor’s de¬ 
gree in electrical engineering. He joined 
Radiation from a position as instructor in 
electrical engineering at Auburn. 

He became part of Radiation Incorpo¬ 
rated’s research staff in 1956, then rose to 
stall engineer, technical advisor in the Ad¬ 
vanced Programs Department, and later 
assistant manager of the Advanced Pro¬ 
grams Department. He was made Director 
of Marketing in March, 1959. Prior to 
being named Marketing Vice President, he 
served as executive assistant to the Vice 
President, Operations, and on special as¬ 
signment as Program Manager for the 
Company’s Dyna-Soar project. 

Mr. Hartley is a member of the Ameri¬ 
can Management Association, and the hon¬ 
orary fraternities, Eta Kappa Xu, Tan 
Beta Pi, and Phi Kappa Phi. 

Ryan Electronics has named Herbert 
H. Hauser (SM’59) as technical assistant 
to the Chief ol Advanced Design to serve 
as technical liaison 
for European Af¬ 
fairs. 

He came to the 
I nited States from 
Fiance in 1959 to 
serve as Chief of the 
Technical Liaison 

I Jepartment of Xord 
Aviation’s Wash¬ 
ington, D.C., office. 

His experience 
includes se\ en years IL H. H \rsi K 
in the design of 
countermeasure receivers and transmit¬ 
ters, instrument landing system receivers, 
broadband mi< rowave circuits, transis¬ 
torized power supplies, and servo systems. 
He holds patents for a frequency meter 
and a multichannel receiver. 

Before coming to the ( nited Slates, he 
held several key posts at Compagnie Gen¬ 
erale de TSI-' (CSE), the largest electronics 
corporation in Erance. 

He speaks French, German, and Eng¬ 
lish. He was graduated from the I Diver¬ 
sity of Paris with the Bachelor of Science 
degree in mathematics, and the Master’s 
degree in electronic engineering. He later 
studied business management at lhe Sor¬ 
bonne Law School. 

Mr. Hauser is a member of the Ameri¬ 
can Rocket Soc iety, the Institute of Aero¬ 
space Sciences, the Institute of Electrical 
Engineers (Britain), and the Soc iété Fran¬ 
çaise des Radio Electriciens (France). 

Dr J. Richard Hechtel (SM’59) has 
joined the stalf of the Research Laboratory 

(Continued n page 79.4) 

WIRES 

SIGMUND COHN MFG. CO., INC 

Write for Latest Brochure 

We plate wire continuously with 
unusually high uniformity 
throughout the length of wire. 
. . . Gold, Silver, Nickel, 
Rhodium, Indium, Tin and many 
other metals, or combinations of 
metals, are plated onto wires of 
Tungsten, Molybdenum, Nickel, 
Bronze, Copper, Silver, etc. . . • 
The purity of the metals and 
the quantity deposited are 
reliably controlled within 
narrow limits. 

121 SO. COLUMBUS AVE., MOUNT VERNON, N Y Since 1901 

Another reason 

the world 
becomes . 
smaller Ê 

A new Voice of America broadcasting facility in Liberia is being engi¬ 

neered by Page. Three previous VOA stations in Tangier, Okinawa, and the 

Philippines, bringing together over 100 nations, were designed and 

built by 

page COMMUNICATIONS 

ENGINEERS, INC. 
Subsidiary of Northrop Corporation 

2001 WISCONSIN AVENUE, N.W., WASHINGTON 7, D.C. 
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IS POWER STABILITY A REQUIREMENT 
FOR PARAMETRIC PUMPS? 

by IRVING R. VER SOY 
Engineering Manager, Instrument Division 
LABORATORY FOR ELECTRONICS, INC, 

Parametric Amplifiers, in contrast to con¬ 
ventional or transistor amplifiers, utilize A-C 
sources of power rather than D-C sources 
These A-C power supplies are commonly 
called pumps and the operation of the 
amplifier depends on converting some of the 
pump energy into signal energy. 

There are two main requirements for any 
amplifier: that it have a stable gain charac¬ 
teristic, and that it introduce into the system 
no more than the absolute minimum of 
noise. Examination of these two design 
factors indicates that the power source of the 
amplifier must have specific characteristics. 
Considering the requirements of the para¬ 
metric amplifier, we find that the pump must 
have both power and frequency stability for 
optimum results. 

Oversimplified, the effect of pump power on 
parametric amplifier gain can be compared to 
the effect of varying the B-f* supply of a more-
conventional amplifier and indeed, within 
limits, variation of pump power can be used 
as an amplifier gain control. A typical curve 
of pump power vs amplifier gain is shown 
in figure 1. 

PUMP POWER (MW) - > 
Figure 1 

From this figure it is obvious that optimum 
pump power is required for maximum gain, 
and also that slight variations in pump power' 
can have a significant effect on amplifier 
gain. 

The noise figure of a parametric amplifier is 
given approximately by: 

NF = 10 iog(l + — ) 

Where wi = signal frequency 
w2 = idler frequency 

Additionally the pump frequency, «3 is 
related to ui ami 02 by the following 
possible relations. 

w3 =  w2 ~ wi 

03 = w2 4 w 1 

03 = coi — w2 

In the case where wi = w2, the minimum 
achievable noise figure is 3 db. However, 
when 0 2 >> wi, the noise figure can become 
better than 1 db. 

For this reason, it is generally taken as a 
guide figure that 02 = 4 to 6 wi. For 
lower frequency, amplifiers UHF through 
S-band, the X-Band pump is chosen. At 

higher frequencies, a compromise must be 
made between available power sources and 
minimum noise figure. 

So far, little has been said concerning the 
requirement for frequency stability of the 
pump. This occurs because the bandwidth 
of the amplifier is a function of the idler cir¬ 
cuit Q; the higher the Q, the narrower the 
bandwidth. Increase of bandwidth can be 
attained only at the expense of more pump 
power. It is, therefore, very desirable to be 
able to set the pump on frequency and forget 
it, particularly if the pump power is also 
stable. 

LFE’s Model 81 4 series of Stable Microwave 
Oscillators are ideally suited to attaining the 
ultimate in both stable gain and pass band. 

Here are the pertinent specifications: 
Frequency : 

Short-term stability 
5 parts in 10« peak deviation 

(i.e. 500 cycles peak @ 10 kmc) 
Long-term stability 1 part in 1()6 per hour 

Power Stability 
At any set frequency 

± 0.25 db/hour into a constant load 
These figures are based on normal environ¬ 
mental conditions. 

Short-term frequency stability implies a 
period of time. Actually, however, our defini¬ 
tion is the measure of periodic or transient 
perturbations that take place about the 
operating frequency, Fo, over a disturbance 
or modulating frequency band of 15 c/s to 
10 kc/s. 
This is determined by the response charac¬ 
teristic of the metering amplifier in the 
stability tester used, the LFE Model 5009. 
This corresponds to an averaging period of 
a minimum of 100 microseconds and a 
maximum of O.O66 seconds. As a matter of 
interest, noise, a non-periodic function, in¬ 
troduces the greatest amount of fin residual. 
As expected, the principal periodic contribu¬ 
tion is from power line frequencies. 

Long-term drift is brought about almost 
equally by variations in temperature and 

humidity, and drift of the D-C amplifier. 
The components most affected are the invar 
dual-mode discriminator cavity, and the 
diodes associated with it. The specification 
figure is a maximum to be expected over a 
period of one hour under usual environ¬ 
mental conditions. 

In the 814 Series, there are only two primary 
operating controls, the main one is directly 
calibrated in frequency to ±0.1%. Loss of 
stabilization is signalled by a warning light. 
An additional feature of the 814 Series is a 
built-in 1 kc AM modulator, with provision 
for FM modulation by an external modula¬ 
tor. Wherever frequency and power stability 
really count, you can count on LFE’s Stable 
Microwave Oscillators. 

SIGNIFICANT USES: 
Maser and parametric amplifier pumps 
MTI laboratory and production tests 
Secondary microwave frequency standards 
Microwave spectroscopy 
Backscatter measurements 
Q measurements 
Simplified dielectric constant and tan¬ 

gential loss measurements. 

SERIES 814 
STANDARD MICROWAVE 

OSCILLATOR LINE 

Oscillator Frequency 
in mc/s 

Nominal 
Power 

(milliwatts) 

S-BAND 

814-S-l 
814-S-2 
814-S-31 

2500-3050 
2950-3600 
3700-4300 

75 
80 

1 

C-BAND 

814-C-1A 
814-C-10 
814-C-31 

5100-5900 
5400-5900 
5925-6425 

60 
200 

1 

X-BAND 

814-X-l 
814-X-2 
814-X-21 

8500-10,000 
9000-10,500 
8500-10,000 

80 
55 

500 

K-BAND 

814-K-21 
814-K-22 
817-K-25 

12,400-14,000 
14,500-17,500 
24,000-27,000 

100 
100 
40 

In addition to the standard models whose 
power and frequency ranges are shown 
above, packaging and engineering modifica¬ 
tions are available to meet the physical re¬ 
quirements of systems in which an 814 is a 
component. For Bulletin 814, or for particu¬ 
lar information, write to Mr. Perry Pollins. 
If you are also interested in measuring 
stability, ask for a bulletin on the Model 
5009 Stability Tester. 

LABOR ATOU Y TOR ELECTRONICS, ¡NC. 

714 BEACON STREET, BOSTON 
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of Litton Industries’ Electron Tube Divi¬ 
sion as a senior scientist. 

For the last three years he has been 
head of the microwave tube branch, Naval 
Ordnance Test Station, China Lake, Calif. 
Previously, he was employed for seven 
years as research scientist and head of the 
microwave tul>e department for Tele-
funken, GmbH, at Ulm, Germany. He also 
was associated with C. Lorenz A.G., Olær-
esslingen/Stuttgart, Germany, for two 
years. 

Since receiving the doctorate at the 
University of Technology, Munich, Ger¬ 
many, in 1940, he has specialized in reflex 
klystrons, traveling wave tubes, triodes 
and the interaction of electrons. 

Dr. Hechtel is associated with the Re¬ 
search Society of America and the Profes¬ 
sional Group for Electron Devices. 

PRD Electronics, Inc., Brooklyn, N. Y., 
has announced the promotion of Dr. Sam¬ 
uel Hopfer (SM’58) to the position of 
Manager of Re¬ 

in the ASTP Pro¬ 
gram at Westmin- S. Hopfer 

Wilmington, Pa. Following the termina¬ 
tion of this program, he continued his 
graduate studies in physics at Cornell Uni¬ 
versity, Ithaca, N. V., on a teaching fellow¬ 
ship. He received the M.A. degree in 1946, 
at which time he joined PR I). In 1954, he 
received the Ph. I), degree in physics from 
the Polytechnic Institute of Brooklyn, 
Brooklyn, N. Y. 

He was appointed to Section Head in 
1949, became Head of the Microwave Re¬ 
search Department in 1956, and was pro¬ 
moted to Manager of the Advanced Engi¬ 
neering Department in I960. 

Since joining PRD, he has been engaged 
in the fields of microwave theory and in¬ 
strumentation. He has made substantial 
contributions to the theory of coupling in 
multimode systems, the development of 
broadband transmission systems, the engi¬ 
neering of Ammonia Maser Oscillators, and 
the design of numerous novel microwave 
instruments. 

He is an Adjunct Professorat the Poly¬ 
technic Institute of Brooklyn, a member 
of the American Physical Society and of 
the Sigma Xi and Sigma Pi Sigma So¬ 
cieties. He has delivered numerous papers, 
many of which have been published in the 
I RE Transactions, in various Symposium 
Records, PRD Reportsand other scientific 
journals. 

(Continued on page 138A) 

Primarily for Frequency 
Standard Use Under 
Rigorous Environmental 
Conditions. 

MEGACYCLES 
5th 

OVERTONE 

Aging: 1 x 10* /day. Frequency Change: Less than 1 x 10* under vibra¬ 
tion of 10 to 200 cps at 10 G, and under 100 G shock when tested per 
MIL-STD 202A Method 202A. Frequency Range: From 4.966 me to 6.133 
me. Write for literature to James Knights Company, Sandwich, Illinois. 

Another 
reason ... 

world 
becomes 
smaller 

An experimental satellite communication relay being designed 
and engineered under cognizance of Rome Air Development 
Center will transmit voice and teletype 2000 miles through space 
via a passive orbiting satellite. Stations will be at Floyd, N.Y. 
and Trinidad. 
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RF LOAD RESISTORS 
COVER THE RANGE: 

TO 6000 WATTS AND 3000 MCS. 

RF Load Resistors provide the virtually 
reflectionless terminations needed for accurate RF power 
measurement. They serve many useful purposes as non¬ 
radiating RF power absorbers, particularly in lieu of antenna 
systems during the measurement and alignment phase of 
transmitter operation. 

Other useful functions are in conjunction with feed-through 
wattmeters to form excellent absorption -type wattmeters, 
and as a load for side-band elimination filters or high power 
directional couplers. 

SPECIFICATIONS RF LOAD RESISTORS 

MODEL NO. 
FREQUENCY RANGE 

(mes) 

RF POWER 
DISSIPATION 

(watt«) 
RF CONNECTORS 

601 

603 

633 

634 

635 

636 

638 

0-3000 

0-3000 

0-3000 

0-3000 

0-3000 

0-3000 

0-2000 

5 

20 

50 

150 

200 

600 

6000 

N, C or BNC 
N, C or BNC 
N, C or HN 
N, C or HN 
N, C or HN 
N, C or HN 
3’/a" flange 

Many other special models have been designed and manu¬ 
factured to meet your particular space and input connection 
requirements. 

For more information on RF Loads, Directional Couplers, Tuners, and RF Wattmeters, write: 

M. C. JONES ELECTRONICS CO., INC. 

185 N. MAIN STREET, BRISTOL, CONN. 

SUBSIDIARY OF 

SPRAGUE 
PIEZO¬ 

ELECTRIC 
CERAMIC 
ELEMENTS 

TRANSDUCER ASSEMBLIES 
FOR MOST APPLICATIONS, 
SUCH AS UNDERWATER 

SOUND AND 

ELEMENTS 
FOR ALL 

APPLICATIONS 
AS WELL AS 
COMPLETE 

VARIOUS ORDNANCE AND 

Sprague-developed mass production 
and quality-control techniques assure 
lowest possible cost consistent with 
utmost quality and reliability. Here 
too, complete fabrication facilities 
permit prompt production in a full, 
wide range of sizes and shapes. 

Look to Sprague for today's most 
advanced ceramic elements — where 
continuing intensive research prom¬ 
ises new material with many proper¬ 
ties extended beyond present limits. 

YOUR INQUIRIES 

ARE INVITED 

WRITE FOR 
LITERATURE 

SPRAGUE ELECTRIC COMPANY 
235 Marshall Street, North Adams, Mass. 

SPROGUr 
THF MARK OF RELIABILITY 
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ELECTROMETER 
You can measure de voltage, current, 
and resistance over 64 ranges with 
the Keithley 6I0A Electrometer. 
Some examples of its extreme versa¬ 
tility are voltage measurements of 
piezo-electric crystals and charged 
capacitors; currents in ion chambers, 
photocells, and semi-conductors; and 
resistance measurements of insulation. 

The input resistance of the 6I0A can 
be selected from one ohm to over 
10 14 ohms; it checks its own resist¬ 
ance standards and is a stable de 
preamplifier. Brief specifications are: 

• 9 voltage ranges from 0.01 to 100 
V full scale, 2% accuracy all ranges. 

• current ranges from 3 amperes to 
1 X 10-” ampere full scale with 2 ranges 
per decade. 

• resistance ranges from 10 ohms to 
10' 4 ohms full scale on linear scales. 

• gains to 1000 as a preamplifier, de 
to 500 cps bandwidth, 10 volts and one 
milliampere outputs. 

• accessory probes and test shield 
facilitate measurements and extend 
upper voltage range to 30 kv. 

• price, $565.00. 

Write for complete details 

KEITHLEY 
I N S T R U KÆ E N T S 

12-115 EUCLID AVENUE 

CLEVELAND e, OHIO 

MODEL C612A 

220 500 50 IOO 220 500 

I 
ASK FOR BULLETIN 3O72A 

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

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

C624A 

- C620..C62IA 

MEASUREMENTS 
COMPANY. INCORPORATED 

EATONTOWN • NEW JERSEY 

Regatron Programmable 

CONSTANT¬ 
CURRENT 

POWER 
SUPPLIES 

TWX: EAT 984 i Telephone: liberty 2-0300 

Outstanding 
career 
appointments 
Appointments on advanced levels are offered 
engineers with three to five years’ experience in 
communications systems and theory; antenna design; 
radio propagation; modulation, detection 
and diversity techniques; RF and receiver 
design; space communications. 
Address your inquiry to Mr. J. P. Gaines, Pers. Mgr. 

page COMMUNICATIONS 

T ENGINEERS, INC. 

Subsidiary of Northrop Corporation 

2001 WISCONSIN AVENUE, N.W., WASHINGTON 7, D.C. 

PROCEEDINGS OF THE IRE June, 1961 81A 



RCA SUPER POWER TUBES 
For Widest Choice at Highest Power 

RCA SUPER POWER TUBES are 
now available in a new, wide choice 
of ratings for CW, Pulse, and Hard-
Tube-Modulator Applications. 

RCA Super Power Tubes have 
made operation with conven¬ 
tional circuit tuning techniques 
a practical reality in high-power 
UHF. 

Electron optics—ingeniously I 
coupled with mechanically and 
electrically rugged envelope 
structure—enable you to develop 
unprecedented levels of power 
with straight-forward circuitry. 
Cumbersome magnetic field 
beam-focusing is not required. 
X-ray shielding is not required 
in essentially all applications. 
Phase stability (less than 0.25° 
per 1 % change in supply voltage) 
meets exacting requirements in 
every application where phasing 
is a major parameter. Where 
sophisticated modulation is re-

I quired. RCA Super Power Tubes 

CW APPLICATION 

Type Prototype Description 

Power 
Output at 
Frequency 

Max. 
Freq. 
(Me) 

Power 
Gain 

Typical 
Plate 
Kilo¬ 
volts 

Typical 
Pulse 
Plate 
Kilo¬ 
volts 

Typical 
Duty 
Factor 

Typical 
Pulse 
Width 
uSec 

6448 Beam Power Tetrode 14Kw 400Mc 1000 35 6.5 — - — 

6806 6448 Beam Power Tetrode 25Kw/400Mc 1000 85 8.5 — — — 

2029 6806 Beam Power Tetrode 25Kw z400Mc 1000 85 8.5 — — — 

A-2548* 2041 Beam Power Tetrode 50Kw 425Mc 575 50 10.0 — — — 

A-2690' 6952 Beam Power Tetrode 70Kw/450Mc 900 50 10.0 — — — 

6949 Shielded-Grid Triode 500Kw/425Kc 75 250 17.5 — — — 

A-15157* A-2342* Shielded Grid Iriode 500Kw/110Mc 150 25 17.0 - — -

A-2335-C* Double Ended Triode 75Kw/550Mc 1000 15 9.0 — - — 

A-15161* A15O37* Double Ended Triode 300Kw/425Mc 600 10 9.0 — — — 

PULSED RF APPLICATION 
2C41 A-2515-H* Beam Power Tetrode 180Kw/450Mc 575 100 24** - 0.06 2000 

4605 6952 Beam Power Tetrode 2MW/425MC 575 100 — 50 0.004 13 

6952 Beam Power Tetrode 2MW/425MC 575 100 - 50 0.004 13 

A-2589* 2041 Beam Power Tetrode 180Kw/575Mc 1000 90 — 26 0.06 2000 

A-2590* 6952 Beam Power Tetrode 
lMw/940Mc 

200Kw/940Mc 
1000 
1000 

40 
40 

- 40 
25 

0.005 
0.05 

20 
200 

A-2606* 2041 Beam Power Tetrode 1.25MW/425MC 900 100 — 50 0 003 13 

A-2645* 6952 Beam Power Tetrode 275Kw/425Mc 900 100 25** — 0.06 2000 

A-2669-A* 6952 Beam Power Tetrode 275KW/425MC 900 100 20“ — 0.06 2000 

4603 6949 Shielded-Grid Triode 1.5Mw/ 50Mc 100 125 — 32 0.09 2000 

6950'2039 A-2342* 
Double-Ended. 
Shielded-Grid Triode 

1.5MW/200MC 250 30 - 30 0.05 2000 

2054 A-2346-N* Double-Ended Triode 5MW/440MC 600 25 - 33 0.06 2000 

7835 A-2346-f* Double-Ended Triode 5Mw/250Mc 300 35 — 34 0 006 25 

A-15025-A* A-2346 f* Double-Ended Triode 5Mw/250Mc 300 35 — 34 0.02 20 

A-15040* A-15037* Double-Ended Triode 5Mw/425Mc 600 30 — 30 0.008 20 

A-15038* Coaxitron 5Mw 
Broadband 
385-465 

20 - 25 0.008 30 

A-2344* A-2335* Double-Ended Triode 5Mw900Mc 200-1300 20 — 50 0.01 10 

HARD-TUBE MODULATOR APPLICATION 
A1SO34C- 6949 Shielded-Grid Triode llMw — — 40 — 0.05 2000 

A-15042 5831 Beam Trode 44Mw — — 40 — 0 005 20 

•Developmental Type Number **Screen-and-Grid-Pulsed Amplifier Service 

take the extra load in stride—re¬ 
gardless of complexity of data 
impressed on the carrier. 

Extensively proved in com¬ 
mercial and military applica¬ 
tions, RCA Super Power Tubes 
today can be supplied in a variety 

of types, and ratings. Variants of 
many types also can be supplied 
for specific application. For com¬ 
plete information, get in touch 
with the RCA Field Office near¬ 

est you. Or write: Marketing 
Manager, RCA Industrial Tube 
Products, RCA Electron Tube 
Division, Lancaster, Pa. 

RCA Electron Tube Division Field Offices 

INDUSTRIAL TUBE PRODUCTS SALES 
NEWARK 2. N. J., 744 Broad St.. HUmboldt 5-3900 • 
CHICAGO 54, ILLINOIS, Suite 1154, Merchandise 
Mart Plaza. Whitehall 4-2900 • LOS ANGELES 22. 
CALIF., 6801 E. Washington Blvd., RAymond 3-8361 • 
BURLINGAME. CALIF., 1838 El Camino Real. 
OXford 7-1620 

GOVERNMENT SALES 
HARRISON. N. J.. 415 S. Fifth St . HUmboldt 5-3900 
• DAYTON 2. OHIO. 224 N. Wilkinson St . BAIdwin 
6-2366 • WASHINGTON 7. D. C., 1725 "K" St.. 
N.W.. FEderal 7-8500. 

The Most Trusted Name 
in Electronics 
RADIO CORPORATION OF AMERICA 
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Poles and Zeros 

International Scene. Poles 
and Zeros, since its inception 
in 1956, has commented eight 
times on some aspect of I RE 

international activities. These comments have covered such 
significant items as the establishment of sections outside the 
United States, the first meeting of the Board of Directors held 
outside of the United States, cooperation with international 
scientific bodies, and the number of members outside of the 
United States. Regular readers (if any) of Poles and Zeros 
may have wondered at this repetition. The emphasis on inter¬ 
national activities on this page has been a purposeful one. 
IRE as an organization, although founded in the I nited 
States, not only recognizes the world-wide interest in elec¬ 
tronics but also recognizes that scientific knowledge has no 
respect for geographic boundaries. 

It is significant that the increasing emphasis on IRE ac¬ 
tivities outside the United States has its origin among foreign 
members and nonmembers who recognize the service that 
IRE renders to the profession through its publications, meet¬ 
ings and sections. A specific example of this recognition is re-
vealed by the editorial “Why in the World in Europe?”, 
written by Bruce B. Barrow. as an introduction to the 
March 1961 issue of the Transactions ox Commi nications 
Systems. This editorial is reprinted in this issue of the Pro¬ 
ceedings and is called to your attention for the importance 
it places on IRE in international affairs as viewed by an 
eminent member of the IRE living in the Netherlands 

The issue of the Transactions on Commi nications Sys¬ 
tems, referred to above, is devoted to the papers presented at 
the International Symposium on Data Transmission held at 
the Delft Institute of Technology. The Netherlands, in Sep¬ 
tember. 1960. This was the first symposium sponsored by the 
I R E outside of North America. It originated through the initi¬ 
ative of the Benelux Section of the IRE. The Benelux Section 
was effectixelx supported by the Netherlands Radio Society, 
the Royal Institute of Engineers (Telecommunications Sec¬ 
tion). and the IRE Professional Group on Communications 
Systems. Oxer 500 persons registered for the symposium; 
about one-half were from The Netherlands and the other half 
were from thirteen other countries. The symposium marks a 
distinct extension of the I RE international actixities. 

Other recent emphasis on international exents is found in 
the December, 1960 issue of the Transactions of the Profes¬ 
sional Group on Circuit Theory. The issue was jointly spon¬ 
sored by the Professional Group and by the Union Radio 
Scientifique International in memory of Balthasar van der 
Pol (a natixe of The Netherlands, whose pioneering contribu¬ 
tions to nonlinear circuit theory began nearly forty years ago). 
Contributions to the issue come from six nations; Holland. 

France, Japan, England, the USSR, and the USA. 
Other IRE activities on the international scene are worth 

recording here. For many years IRE has participated directly 
in the activities of the International Electrotechnical Com¬ 
mission (I EC), the International Radio Consultative Com¬ 
mittee (CCIR), and the Union Radio Scientifique Interna¬ 
tional (URSI). IRE appoints represen ta tix es to serve on the 
United States National Committee or delegation for each of 
these bodies. The Professional Group on Automatic Control 
represents IRE as a member of the Automatic Control Coun¬ 
cil. This council is a member of the International Federation 
of Automatic Control. It held its first international congress 
in Moscow in 1960. The Professional Group on Electronic 
Computers is a member of the American Federation of In¬ 
formation Processing Societies, a member body of the Inter¬ 
national Federation of Information Processing Societies. It 
held its first international meeting in Paris in 1959, and it will 
hold its second meeting in Munich in 1962. The Professional 
Group on Biomedical Electronics has participated in three 
international conferences of the International Federation for 
Medical Electronics. The Professional Group will be the host 
for the fourth conference to be held in July , 1961. The Profes¬ 
sional Groupon Education will be a cosponsor of an Interna¬ 
tional Conference on Electrical Engineering Education to be 
held in September. 1961. 

In further recognition of the increasing interest in I RE ac 
tixities and a demand for greater accessibility of I RE services 
and publications from abroad, the Board of Directors at its 
meeting last January established an Ad Hoc Committee on 
IRE International Activities Outside of Existing Regions. 
Among other assignments the Ad Hoc Committee is charged 
with the responsibility of assisting in the establishment of 
I RI Sections abroad Poles and Zeros will present further 
information on the actixities and accomplishments of this 
committee. 

Membership. An interesting point revealed bx the most 
recent Report of the Secretary is the character of the growth 
of IRE. Most emphasis on growth of any organization is usu 
ally placed on total membership figures, and IRE has pointed 
out this phase of its growth regularly. The Secietary’s report 
shows the membership totals for the years 1958, 1959, and 
I960 as 71,361. 79.166, and 88,479, respectix elx . A more de 
tailed examination rexeals. however, that this steady increase 
has resulted from increases in all grades except that of Associ 
ate. When one recalls that the qualification for Associate 
grade is only that of “interest in radio engineering or an allied 
field” the figures above emphasize the truly professional char¬ 
acter of the annual membership growth.— F.H., Jr. 



W. G. Shepherd 
Director, 1960-1962 

Dr. W illiam G. Shepherd (A’42-SM’49-F’52) is Professor of Electrical Engineering at the 
University of Minnesota in Minneapolis. He was born in Fort W illiam Ontario, Canada, on 
August 28, 1911, and attended public and high schools in Minneapolis, Minn. He entered 
the University of Minnesota in 1929. where he was awarded the B.S. degree in electrical 
engineering in 1933 and the Ph.D. degree in physics in 1937. 

He joined the technical staff of the Beil Telephone Laboratories in 1937 and remained 
until 1947. His principal research activities at the Bell Telephone Laboratories were concerned 
with nonlinear microwave circuits and electron tubes, particularly reflex klystrons for radar 
applications. In 1947 he returned to the University of Minnesota as Professor of Electrical 
Engineering. He has been actively engaged in research in the field of physical electronics, 
particularly studies of electron emission From 1954 to 1956 he served as Associate Dean of 
the Institute of Technology, and since 1956 has served as 1 lead of the Department of Electrical 
Engineering 

He has served on a number of I RE committees, including the Electron Devices Committee, 
the IREI Fellow Committee, and the Awards Committee. In 1953 he served as Chairman of 
the 1953 IRE Electron Tube Conference and in 1954 as Local Arrangements Chairman for the 
Semiconductor Devices Conference. From 1955 to 1958 he was a member of the Administrative 
Committee of the Professional Group for Electron Devices 

He has been active in the affairs of the International Scientific Radio Union, serving first 
as Chairman of the U. S. Commission 7, and presently as International Chairman of Com¬ 
mission VII on Radio Electronics. In 1957 he organized the program of the U S. Commission 
7 held at Boulder, Colo., and in 1960 the program of the International Commission VII in 
London. 

Dr. Shepherd was awarded a Certificate of Appreciation by the U. S. Navy Department 
in 1948. He is a member of Sigma Xi and a registered engineer in the State of Minnesota. 
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Why in the World in Europe? (Barrow, p. 1008)—-As noted 
in Poles anil Zeros this month, the [RI', through its Benelux 
Section and the Professional Group on Communications Sys¬ 
tems, sponsored its first large international meeting outside 
North America last September in Holland. This event was 
important evidence of the quickening growth of the IRE as 
an international organization. In Europe, for example, the 
IRE has formed new Sections in the Benelux countries, 
in Geneva and in Italy just in the last two years. \\ by in the 
world Europe? I'he answer to this important question is pro¬ 
vided by the Secretary of the Benelux Section in an editorial 
reprinted from the March issue of the PGCS Transactions. 
Frequency Allocations for Space Communications (Joint 

Technical Advisory Committee, p. 1009)—One of the most 
important matters now facing the communications field con¬ 
cerns the impending use of earth satellites to provide long-
range broad-band communication channels. A major ques¬ 
tion that must first be answered is how to provide room for 
this important new communication medium in an alreadv 
crowded frequency spectrum. The question is of world-wide 
importance, growing urgency, and involves a wide range of 
technical considerations. I'he I I I has. therefore, called a spe¬ 
cial international conference in New Delhi in 1963 to discuss 
spectrum allocations for satellite relays. Meanwhile, in the 
U.S.A., the FCC is alreadv deeply engaged in an inquiry into 
the matter. As reported in the April Poles and Zeros column, 
the Joint Technical Advisory Committee of the IRE and 
EI A recently formed a special subcommittee to study the 
technical problems imposed by satellite relays, including the 
critical question of whether sharing frequencies with other 
services is technically feasible. Although the study is still con¬ 
tinuing, in order to provide the FCC with initial comments 
by March 1 the JTAC issued a preliminary report on that 
date. Because of the widespread interest in communication 
satellites and the importance of the J TAC studies, special 
arrangements have been made to present in this issue the 
principal findings of the report. 
A Low-Noise Microwave Quadrupole Amplifier (Ashkin. 

p. 1016)—Twenty months ago the Proceedings reported an 
important new type of fast cyclotron wave parametric 
amplifier, called the quadrupole amplifier, which gave un¬ 
usually good low-noise performance at UHF frequencies. In¬ 
deed, of the electron beam parametric amplifiers thus far pro¬ 
posed. it has proved to be the most successful. The excellent 
experimental work described in this paper shows that the 
quadrupole amplifier can achieve an equally low noise figure 
at much higher frequencies than previously reported, namely, 
a double-channel noise figure at 0.79 db at 4137 Me. This im¬ 
portant result will be of great interest not only to tube spe¬ 
cialists but to ;mv<me interested in low-noise devices. 

Tapered Distributed RC Lines for Phase-Shift Oscillators 
(Edson, p. 1021)— It is well known that the losses in a multi¬ 
section lumped RC network can be greatly reduced by taper¬ 
ing the impedance and increasing the number of sections. 
However, the analysis of such a network is exceedingly 
complicated. I'he author develops the much simpler proce¬ 
dure of considering the limiting case in which the number of 
sections becomes infinite and the network becomes a smoothly 
tapered distributed RC transmission line. He then works upa 
set of normalized curves describing the behavior of tapered 
lines. 1'hese curves make it readily possible to estimate the 
performance of a network containing a finite number of sec¬ 
tions and. in particular, are shown to have practical applica¬ 
tion to the design of phase shift networks for oscillators. 
Submillimeter Wave Radiometry (Long and Rivers, p. 

1(124)— Radiometers serve as a valuable tool for detecting 

and measuring the temperature of thermal and radio sources 
in the heavens and studying atmospheric attenuation. Need¬ 
less to say. there is a lively interest today in sensitivity im¬ 
provement of radiometers and in their utility over the spec¬ 
trum. This paper presents a timely review and comparison 
of existing radiometric techniques at centimeter and milli¬ 
meter wavelengths, extrapolating the latter to a virtually 
unexplored region of the spectrum—the submillimeter region. 

Results of a Long-Range Clock Synchronization Experi¬ 
ment (Reder, et al., p. 1028)—Several organizations in the 
U.S.A, and England are jointly studying the feasibility of us¬ 
ing VLF transmissions for world-wide synchronization of 
atomic clocks with an error of less than 5 microseconds. Under 
the proposed plan, synchronization would be established by 
living an atomic clock from the master to the slave clocks. 
From then on. synchronization would be maintained by \ LF 
signals controlled by the master clock. A briet progress report 
is presented, giving results on recent flight tests and propaga¬ 
tion experiments and indicating that there is no longer any 
doubt that world wide synchronization can be accomplished 
to within a 1-microsecond error. 
High-Frequency Power in Tunnel Diodes i Permit. p. 

1033)—A general expression has been developed for the 
maximum power output of tunnel diodes operating at high 
frequencies within the nearly linear range of their negative 
resistance characteristic. From this expression a number of 
very interesting results are derived which will be of timely 
and general interest to device engineers, circuit designers, 
and a broad segment of readers interested in microwave de¬ 
vice applications. 

Design Theory of Optimum Negative-Resistance Ampli¬ 
fiers (Kuh and Patterson, p. 1043)—An ideal negative re¬ 
sistance can. in theory, provide infinite gain-bandwidth. In 
reality, however, parasitic elements impose a practical limita¬ 
tion. \\ hat maximum gain-bandwidth products, then, can be 
expected and what methods of synthesis will lead to an opti¬ 
mum design? I'he bases for answering these questions are 
provided in this timely contribution 
A General Steady-State Analysis of Power-Frequency 

Relations in Time-Varying Reactances (Smart, p. 1051)— 
This paper contains some interesting results concerning 
power distribution among different frequencies in time vari¬ 
able circuits. The analysis is of great generality. exceeding 
that of the famous .Manlev -Rowe relations, which are shown 
to be special cases of the results presented here. This gen¬ 
eralitv makes the analysis an important and timely contribu¬ 
tion to the study of many important energy conversion and 
power amplification devices. 

Error Statistics and Coding for Binary Transmission Over 
Telephone Circuits (Fontaine and Gallager, p. 1059)— I’he 
authors explore whether it is feasible to employ error codes 
to lower the error rates for transmitting digital data over tele¬ 
phone circuits. They find that it is much better to use a cod¬ 
ing that will detect an error and then to retransmit that por¬ 
tion of the message, than to use a coding that will correct the 
error In view of the rising use of digital communication, 
the data reported here come at a most timely moment. 
Communications Satellites Using Arrays (Hansen, p. 

1066)—This paper examines whether satellites might to ad¬ 
vantage employ a relatively new type of array which, because 
of the special way its radiators are interconnected, will always 
return energy in the direction of arrival (i.e., towards the 
earth) even though the direction (i.e.. the attitude of the 
satellite) varies x45°. This would greatly simplify the orbit 
control problem and has other interesting advantages as well. 

Scanning the Transactions appears on page 1111. 
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Why in the World in Europe?* 
BRUCE B. BARROW t. senior member, ire 

WHY in the world is the IRE organizing a sym¬ 
posium in Europe? This was a common reaction 
among those who, early in I960, read the an¬ 

nouncements of the International Symposium on Data 
Transmission, the first large international meeting to be 
sponsored by the IRE outside North America. This 
symposium manifested the continued development of 
the IRE as an international organization it did not 
represent the birth of internat ional I RE activity, though 
it might be seen in some respects as a coming of age. 

1 low can the I R E, with slightly more than 90 per cent 
of its members living in the I .S.A., call itself an inter¬ 
national organization? The question may be answered 
by asking another. W hat other adjective can describe a 
professional society that numbers more than 6500 
members outside the U.S.A., that has local sections 
holding meetings in every continent except Australia, 
and that draws members from a dozen countries to a 
meeting in Holland? The Delft Symposium, which was 
appropriately organized in cooperation with two Dutch 
professional societies, attracted more than 500 par¬ 
ticipants. Ninety-five per cent of them, including more 
than a hundred IRE members, came from Europe. 
Already the IRE Professional Group on Information 
Theory has announced its intention ol holding a sym¬ 
posium in Europe in 1962, and it is clear that within a 
few years the IRE will be regularly working, either as 
sponsor or as a supporting society, in a lull program of 
European symposiums and conventions. 

The IRE is American, and the IRE is international. 
With a nonpolitical organization the two are not mu¬ 
tually exclusive, and this is a point worth emphasizing 
in a world where political divisions are so sharp. Eurther-
more, both aspects of IRE activity are as old as the 
IRE itself. 1

’Reprinted from IRE Irans, ox Commvxic.vhoxs Systems, 
vol. CS-9, p. 3; March, 1961. 

f SHAPE Air Defense Technical Center, The Hague. Nether¬ 
lands. 

' Eor a thorough discussion of IRE history, see I.. E. Whitte¬ 
more, “ I he Institute of Radio Engineers—forty-live years of serv¬ 
ice." Prix:. IRE. vol. 45. pp. 597-635: May. 1957 

The international aspect of IRE activity is not new. 
The founders of the Institute specifically chose a name 
and constitution without national preference, and sec¬ 
tions were operating in Canada and South America 
twenty years ago. W hat is new is the expansion in inter¬ 
national activity, which follows not from a change in 
I RI’, policy but iront the growth in IRE membership in 
all parts of world. 

In the leading countries of Europe there are well es¬ 
tablished professional societies working effectively al¬ 
ready. Here the IRE, with profit to everyone concerned, 
can help to obtain speakersand organize joint meetings, 
and can provide liaison for such large international 
meetings as the Delft Symposium. But these activities 
require a local IRE organization, i.e., a section. Even in 
the European countries with the most vigorous and 
effective societies, which by no coincidence also happen 
to be the countries with the largest number of IRE 
members, there is therefore an appropriate place for 
IRE section activity. In such countries. IRE sections 
are not established as independent organizations to com¬ 
pete with local societies; they may, on the contrary, 
even be officially affiliated with the local societies. 

Ihe development ol the IRE in Europe comes at a 
time when the European nations are busily forming ever¬ 
closer ties economically, industrially, and politically. 
Nevert heless, although the need for better exchange of 
technical information within Europe is now consciously’ 
felt, it is a fact that each ol the national European 
technical societies is handicapped by history in building 
a professional society for a United Europe. 

Ihe IRE can build just such a societv. The various 
I RI' sections will continue to operate nearly autono¬ 
mously, Iree to serve wherever needed and to adapt to 
local conditions as appropriate. They will, in the not 
distant future, be joined together in the structure of an 
IRE region (as the ( anadian sections were joined long 
ago). The regional committees, automatically both in¬ 
ternational and European, will tot only help to coordi¬ 
nate professional society activity, but will provide a 
force to attack the special problems lacing the new Eu¬ 
rope. This is the challenge facing the international IRE. 
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Frequency Allocations for Space Communications* 
A Report of the 

JOINT TECHNICAL ADVISORY COMMITTEE 
I RE-EI A 

I’HE! At E 

111 IS report has been prepared to examine the tech¬ 
nical aspects of space communications w ith special 
attention to the use of satellites for commercial 

trunking purposes. I lie problems of frequency alloca¬ 
tion and of the influence of system design on frequency 
allocation and frequency utilization are examined. 

I'he Ad Hoc Subcommittee 60.2 of the Joint Techni¬ 
cal Advisory Committee of the Institute of Radio Engi¬ 
neers and the Electronic Industries Association was 
formed to examine the complicated problems of fre¬ 
quency allocations for space communications. To assist 
the subcommittee in compiling the accomplishments, 
plans, and technical opinions of industry, universities, 
and laboratories, the services of the Boulder Labora¬ 
tories of the National Bureau of Standards and ol Stan¬ 
ford Research Institute were obtained. I'he contribu¬ 
tions and findings ot both these organizations are con¬ 
tained in this report. From these findings and other 
documents and reports available, the JTA( ' has compiled 
recommendations and conclusions concerning the allo¬ 
cation of the radio-frequency spectrum for space com¬ 
munications: these can lie found in Section II of this 
report. 

I. IXTROLH < TION 

In approaching the study a review was undertaken of 
the information developed for the Federal Communica¬ 
tions Commission inquiry into the allocation of frequen¬ 
cies in the bands above 890 Me, because the inquiry in¬ 
cluded introductory aspects ol the problems posed by 
the advent of communication satellites. This inquiry— 
FCC Docket 11866 extended from 1956 to 1960 and 
concluded that adequate frequencies above 890 Me are 
available to take care of the present and reasonably 
foreseeable future needs of both the common carriers 
and the private users of point-to-point communication 
systems. No determinations were made with respect to 
allocation of frequencies for space communications. 

It has now developed that inquiry into the allocation 
of frequency bands for space communications should be 
undertaken in order to permit the timely development 
of plans for experimentation and for operational use of 
this new medium. The FCC has, therefore, announced 
that inquiry into the allocation of frequency bands for 
space communications will be undertaken in the spring 
of 1961. FCC Docket 13522 w as established for this pur¬ 
pose. Statements and data sought by the FCC for con-

* Received by the IKK. April 19. 1961. Abridgement of a J I AC 
report of the same title, dated March. 1961. 

sideration in this inquiry are to be responsive to the 
matters that follow.1

1. I'he nature and extent of experiments which have Iteen con¬ 
ducted or are now in progress involy ing utilization of frequencies for 
space communications of various kinds. 

2. \\ hat segments of the radio spectrum are required for the t ari¬ 
ons space communications functions to be performed, e.£„ earth-
space-earth. space-space, telemetry, tracking, guidance, command, 
etc.? How much spectrum space is required for each such function? 
At what point in time will access to these bands be required for each 
such function? Does each function require the same degree of pro¬ 
tection from interference? 

3. Cutler what conditions can frequency bands for space com¬ 
munications be shared with other services: 

a) in the case of passive relay s? 
b) in the case of active relays? 
c) in the case of other space systems and functions? 

Replies to this question should recognize that the emissions of the 
sharing sen ices may be incompatible and should specify (1) the type 
of sharing service, i.e., fixed, mobile, radio navigation, etc., (2) trans¬ 
mitter powers, (3) antenna gains and orientations, (4) geographical 
separations, (5) the minimum angle above the horizon to which the 
earth terminal antennas will be oriented. (6) orbital characteristics 
of the satellite system being considered, i.e., altitude, degree of ran¬ 
domness, orbital plane, with or without attitude control, with or 
without station-keeping, etc., (7) the area to be served by the space 
sy stem, if other than yvorld-yy ide, and (8) any other pertinent infor¬ 
mation. 

4. Do non-Goy ernment entities plan to launch either active or 
passiy e communication satellites? 

5. If non-Goy ernment entities have no plans for launching active 
communication satellites, by what means won It I access to active relay 
satellites be achiey ed for non-Government communications? 

6. Should there be separate or shared frequency allocations for 
Government and non-Government spate communications? 

7. W ill the receiy ing sites for space communications systems be 
generally distributed throughout the I nited States or limited to spe¬ 
cific areas? 

8. I he purposes to be sery ed by space communications which are 
not met by other communications sy stems. 

9. Assuming, at least initially, ( 1 ) that existing surface communi¬ 
cations must continue to function, and (2) that geographical separa¬ 
tion is the key to successful sharing of frequency bands; it appears 
that earth terminals should be located in sparsely settled areas, away 
from concentrations of communication installations. Therefore, 
should the Commission, on the basis of criteria developed pursuant 
to the new issue three, give consideration to amending its Rules at 
an early date to establish protected geographical areas to be held in 
reserve for the installation of future earth terminals for civil com¬ 
munication systems via space relays? If such a concept yvere adopted 
it might be advisable to prohibit, for example, the use of certain fre¬ 
quency bands between 1,215 Me and 10,000 Me within “X” miles of 
a given site for all uses other than space communication. Comments 
are requested on geographical areas which might be appropriate for 
such a protected reserve status and the frequency limits between 
w hich it would be applied. 

Recognizing the technical and policy problems that 
concern us nationally and internationally in the utiliza¬ 
tion of space for communications and to assist in the 

1 From FCC Notice of Inquiry Docket 13522, as released May 20, 
I960: revised and amended by Supplement to Notice of Inquirx 
Docket 13522, released December 28. I960. 
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consideration and resolution of these problems, the 
JTAC of the IRE and the EI A formed Ad Hoc Sub¬ 
committee 60.2 charged with responsibility for investi¬ 
gation in these areas of interest. The subcommittee was 
asked to review the subject and to recommend the na¬ 
ture of the contribution that JTAC should make to 
forthcoming technical inquiries. 

Information developed for the FC( ’ during earlier 
hearings has been reviewed together with details of the 
various systems proposed for the commercial exploita¬ 
tion of satellite communications. A summarization of 
these systems is contained in this report. 
With the cooperation of members of the ECC, a 

series of technical questions was developed as a basis for 
study and survey of industry plans, interests, and opin¬ 
ion. These questions were addressed to approximately 
forty of the nation’s leading corporations and universi¬ 
ties who were thought to be engaged in or qualified in 
fields directly contributing to the development of space 
communications. I'he questions presented were: 

1) What is the feasibility of frequency sharing with 
other radio services? There is a difference of opin¬ 
ion concerning this vital question, and the answer 
thereto will have a fundamental bearing upon the 
ultimate implementation of any satellite system, 
since the allocation of the necessary spectrum 
space for a world-wide system of space communi¬ 
cations may impair the ability of this country and 
others to provide for essential terrestrial radio 
services. W hile there have been theoretical papers 
on the ability of space and terrestrial services to 
share the same portion of the spectrum, we need 
some program of concentrated experimentation in 
this field to give more definite answers. 

2) What is the estimate of total government and non¬ 
Government requirements for circuits and termi¬ 
nal facilities for the near future (five years) and 
for the more distant future (1980)? 

3) What are the estimated requirements of other 
countries for circuits anti terminals in a satellite 
system ? 

4) How much spectrum space is necessary to satisfy 
the estimated requirements, and where in the 
spectrum should it be located (1-10 kMc, 1-16 
kMc, or 1-20 kMc)? 

5) What system of modulation is best suited for satel¬ 
lite systems, passive and active? Is the presently 
advocated system of broad-band feedback EM 
circuits the best system, or can some other nar-
rower-band system be used with comparable re-
sidts and more efficient use of the spectrum? This 
is a very important question, and should receive 
the attention of competent engineering groups 
such as this. 

6) What is the estimate of knowledgeable engineers 
concerning the present and future power potentials 
of transmitters aboard active satellites? The an¬ 
swer to this question, of course, will have a direct 

bearing upon the very fundamental question of 
w hether space and terrestrial services can live side 
by side, since it relates to the amount of signal 
that may be available at the earth terminal re¬ 
ceiver location. 

7) Probably one of the most fundamental questions 
relates to the ultimate type or types of satellites 
to be used in a system: 1) passive, 2) low-level 
random-orbit, or 3) 24-hour synchronous-orbit. 
What are the technical factors involved in each 
system, both on the ground and on the satellite? 

1 he following questions were also presented to deter¬ 
mine the extent to which information has been devel¬ 
oped that will contribute to further study of the subject 
and space communications: 

1) Do you have scientific reports or system studies 
reports w hich can be made available to JTAC for 
review? If so, please list their titles and authors. 

2) Is your organization actively participating in plans 
for the exploration of commercial satellite com¬ 
munications? If so, please comment. 

3) Will your organization be a user of the channels 
provided by satellite communications other than 
normal overseas telephone service? W ill you utilize 
the channels for new’ services of any kind? 

4) Reliability is a serious problem for an active satel¬ 
lite. Do you have studies and experimental pro¬ 
grams which will help reduce the lifetime problem? 

Significant responses were received by letters, reports, 
or personal interviews from approximately a dozen or¬ 
ganizations and individuals in sufficient time to be in¬ 
cluded in this report. In some instances, these responses 
have been integrated into the technical discussion in this 
report. In other instances, the responses are set apart 
and identified as relating to a specific question. I'he 
sources of specific responses are not identified and the 
responses are not always verbatim. Time has not per¬ 
mitted rechecking the edited responses with the original 
source for accuracy and emphasis. It should be empha¬ 
sized that these responses represent only individual 
views, not the views of |TAC. 

I'he information presented in this report is prelimi¬ 
nary in nature and limited by time and funds available 
and by restrictions imposed by corporate proprietary in¬ 
terestsand military security. Recommendations for con¬ 
tinued investigation and experimentation are included 
in the report. 

II. Findings and Recommendations oe the J TAC 
Regarding Freqiency Allocations for 

Space Communications 
1) Prior to reaching final technical conclusions, more 

extensive theoretical and experimental research is 
needed. Accordingly, the tentative nature of the findings 
which follow should be recognized. 

2) Subject to important restrictions, sharing of spec¬ 
trum space between fixed microwave point-to-point sys-
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teins and satellite systems is possible. Among the re¬ 
strictions that may be retpiired are the following: 

a) Separation between terminal locations of satellite 
systems and of surface microwave systems— Dis¬ 
tances from 100 to 150 miles should suffice and, 
under ideal conditions, distances less than 100 
miles may give adequate protection. 

b) Control of antenna radiation patterns —Side- and 
backlobe suppression may be necessary for both 
surface and satellite systems. 

c) Avoidance of terminal locations inadequately pro¬ 
tected by terrain features. 

d) Limitations on effective radiated power, including 
harmonics, of both satellite and surface sy stems. 

It seems certain that frequency bands allocated to satel¬ 
lite communication systems must be different, and ade¬ 
quately separated from, those used by high-power 
ground radars, tropospheric scatter, and mobile com¬ 
munication services. 

3) Both government and industry agree that United 
States and world needs make urgent the attainment of 
increased common-carrier communication capacity. 
Even now capital investments on an increasing scale 
are being made to implement common-carrier communi¬ 
cation systems. Both of these considerations indicate 
the need for prompt action to attain the knowledge nec¬ 
essary adequately to reserve frequencies and geographic 
locations for common-carrier satellite purposes. 

4) Allocation of spectrum space for space communi¬ 
cations is a world-wide problem. An Extraordinary I 1 U 
Conference in 1963 has been proposed for the purpose 
of considering allocations for space communications, 
this Conference is needed: its convening at that time 
should be made final. 

5) A review of plans and programs ol organizations 
interested in space communication applications indi¬ 
cates the existence of diverse opinions on the methods 
of accomplishing common-carrier satellite relays. An in¬ 
tensive effort to obtain one coordinated view on system 
design which would permit the establishment of a 
United States policy and program is most desirable prior 
to international negotiations. To this end, initial testing 
of experimental common-carrier relays and the planning 
of operational commercial systems, coupled with inten¬ 
sive theoretical investigations of the unresolved tech¬ 
nical problems involved, should be undertaken as soon 
as possible. 

6) Three major classes of satellite relays have been 
proposed for commercial purposes: random-orbit low-
altitude repeaters, 24-hour synchronous repeaters, and 
intermediate-altitude repeaters in orbits with accurately 
controlled periods (6 or 8 hours). Comprehensive sys¬ 
tem comparisons have not yet been made on which to 
base firm comparative conclusions in terms of cost, serv¬ 
ice, and spectrum use. However, there are no known 
technical features that will cause any one of the classes 

of systems to be eliminated on the basis ot unfeasibility. 
7) No one feature of radio propagation or the sy stem¬ 

design problem is so predominant as to make any por¬ 
tion of the 2000- to 10,000-Mc band unfeasible for wide-
bandwidth common-carrier purposes. Therefore, the de¬ 
cision as to which portion of this frequency band is to be 
allocated for common-carrier use can be separated from 
the decision as to which type of system (high-altitude, 
low-altitude, etc.) is to be employed. The availability ot 
transmitting tubes and other existing equipment for 
certain specific frequencies does make it desirable to 
employ these frequencies for initial experiments; how¬ 
ever, there is no technical reason why adequate devices 
cannot be developed for any portion ol the 200(1- to 
10,000-Mc spectrum. 

8) Frequencies in the range of 100 to 2000 Me can be 
used for nar rower-band, common-carrier purposes; how¬ 
ever, time variations of polarization rotation and multi¬ 
path introduce problems of signal degradation and ot 
restriction of transmission bandwidth. These frequen¬ 
cies (100 to 2000 Me), despite bandwidth limitations, 
are optimum for direct broadcast ty pes ot satellite sys¬ 
tems where antennas of low directivity are to be em¬ 
ployed at satellite and ground terminals. 

9) For the immediate future, frequencies below 
10,000 Me must be made available for satellite com¬ 
mon-carrier communications systems. An examination 
of the region above 10,000 Me shows promise for use by 
satellite common-carrier systems, but adequate research 
and development will first be necessary . These higher 
frequencies can be usable where terminal locations do 
not receive high-intensity rainfall or when high stand¬ 
ards of circuit reliability are not essential. 

It should be possible to develop a system using the 
region of 2000 to 10,000 Me for maximum-reliability 
channels backed up with additional channels above 
10,000 Me for traffic that can tolerate the occasional 
rainfall outage. Frequencies above 10.000 Me may also 
be utilized with space-diversity earth terminals. Termi¬ 
nal separations should be such that heavy rainlall will 
not be expected simultaneously at two or more ot the 
earth terminals. 

10) An optimum modulation system tor common¬ 
carrier purposes has not been determined. Many inter¬ 
related and unresolved system factors are involved, 
such as: 

a) The number and location ol earth terminals. 
b) The number of communication channels. 
c) The available transmitter power. 
d) The receiver sensitivity. 

The parts of the frequency spectrum above 2000 Me to 
be used for point-to-point trunk service should be allo¬ 
cated in broad bands, on the order of hundreds of mega¬ 
cycles. 

Broad blocks of frequency space are to be preferred 
technically to the same amount of spectrum in several 
small bands, since a continuous band facilitates the pos-
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sible eventual use of more efficient modulation Opti¬ 
mum modulation techniques with interference rejection 
properties applied to both satellite and surface systems 
should facilitate the sharing of frequencies. 

11) Industry has the technical capability of accomp¬ 
lishing the task of designing, launching, and operating 
common-carrier satellite relays. Many companies have 
under way technical plans for providing the communi¬ 
cation aspects of a common-carrier satellite relay sys¬ 
tem for global communication. 

12) l'he pioneering space-research achievements of 
our Government agencies, both civil and military, gen¬ 
erated the capability lor early development of common¬ 
carrier satellite communication systems. 

Means should be activei)’ sought so that the perti¬ 
nent technical information derived from these govern¬ 
ment satellite programs can serve to stimulate and ex¬ 
pedite the most efficient development of commercial 
communication systems. 

III. Recommendations for Experiments and In¬ 
vestigations Needed to Provide Technical 
Data for Satellite Commi nication Relays 

. 1. General 

\\ hile the progress and plans of various organizations 
were being reviewed, it became apparent that some 
technical areas had not been explored in the detail that 
would be desired by a group assigned with final system-
design responsibility. In this section, recommendations 
for further research are presented and discussed. Due 
to the limited time available for the completion of this 
report, the recommendations discussed are not intended 
to cover all possible areas that require research. Those 
discussed are prominent areas which require examina¬ 
tion before extensive application of satellites for com¬ 
mon-carrier communications can be made. 

following is an itemization of the programs included 
in this section. 

1) Compile an expanded spectrum usage chart. 
2) Conduct a spectrum usage measurements pro¬ 

gram. 
3) Investigate the feasibility of the use of frequencies 

above 10,000 Me. 
4) Determine the field-strength levels of distant in¬ 

terference sources. 
5) Stud)’ the design of surface terminal antennas to 

minimize interference. 
6) Stud)’ and measure effects of surface site screening. 
7) Use computers to simulate the complex ground¬ 

interference situation. 
8) Stud)’ and measure the harmonic radiation of 

other UHF high-power transmitters which might 
cause interference. 

B. Discussion 

1) Expanded Spectrum Usage Chart: Only limited 
knowledge is available concerning the use of the UHF 

spectrum space. If there must be sharing of frequencies 
between satellites and ground services, it is necessary 
to know the current extent and planned expansion of 
the ground systems on a world-wide basis. This informa¬ 
tion should be compiled from records of the Federal 
Communications Commission, International Telecom¬ 
munications Union, the operators of microwave sys¬ 
tems, foreign government frequency boards, and publi¬ 
cations of other domestic and foreign government agen¬ 
cies. The technical parameters such as frequency, band¬ 
width, power outputs, antenna patterns, receiver char¬ 
acteristics, modulation, and location of transmitter and 
receiver terminals must be assembled in a form suitable 
for the computation of spectrum and space usage of 
existing systems. 

it is recommended that such information be compiled 
for those specific bands that might be employed for 
satellite communications and be published in a volume 
available to interested parties. 

2) Spectrum Usage Measurements Program: While 
the spectrum usage chart recommended in 1) will be 
valuable in the over-all study of spectrum availabilit y, 
one improperly assigned or incorrectly operated trans¬ 
mitting station could cause field strengths capable of 
interfering with satellite receiver reception. The pres¬ 
ence of unusual or unknown interference can be checked 
prior to the actual test of a complex communication re-
la)’ by the use of a small low-altitude receiving experi¬ 
ment. 

It is recommended that consideration be given to 
conducting a test using a low-orbit satellite with simple 
receiving equipment scanning those bands that might 
be useful for satellite relays. Alternatively, a satellite¬ 
tracking station having a large dish (capable of high 
directivity in the 1000- to 3000-Mc bands) and a smaller 
precision dish (capable of high directivity in the 3000-
to 10,000-Mc bands) may be modified to provide con¬ 
tinuous frequency coverage from 1000 to 10,000 Me. 
Then this directive tracking station may be used to 
monitor the stray signals impinging on one or more 
Echo-type balloon satellites. Still other methods of 
measuring the interference ma)’ be proposée!. The re¬ 
ceived field strength and frequency information ob¬ 
tained can be transmitted to existing ground terminals 
via standard telemetering equipment. Such a direct 
measurement of the electromagnetic environment would 
permit the extrapolation of measured results to higher 
orbits, thus providing key data for systems designers. 

3) Use of Frequencies Above 10,000 Me: An important 
concern is determination of the highest frequency that 
may sensibly and economically be used. At present, the 
frequency region of approximately 2000 to 6000 Me ap¬ 
pears to be most favored, with serious interest extending 
up to approximately 10,000 Me. 

Extremely-low-noise antenna-pre-amplifier combina¬ 
tions operated at frequencies higher than 5000 Me will 
at times experience a noticeable degradation in sensi¬ 
tivity arising from other than gaseous attenuation in 



1961 JTAC: Frequency Allocations for Space Communications 1013 

the earth's lower atmosphere. This attenuation, caused 
by concentrations of solid particles (rain, snow, log, 
and cloud) in the receiving-antenna main beam, will in¬ 
crease the effective receiver temperature above the 
value set by antenna-pre-amplifier noise plus O2 and 
H2O vapor sky noise. 

If we assume that a satellite communication circuit 
will be designed to have a satisfactory performance for 
99.90 per cent of the time, many low- and mid-latitude 
receiving-terminal locations must be designed to expect 
a receiving effective noise temperature of some 300°K, 
since this temperature associated with particle at¬ 
tenuation may be expected to obtain for at least 0.1 
to 0.01 per cent of the time. In terms of receiving sensi¬ 
tivity alone, then, there is no preference for any fre¬ 
quency region above, roughly, 3000 to 5000 Me. 
The fundamental limitation to the extension of satel¬ 

lite communication techniques to frequencies very much 
higher than 5000 Me appears rather to be that of in¬ 
creased path loss caused by radiowave attenuation in 
rainfall. This effect will become important at much 
lower frequencies than that of increased gaseous atten¬ 
uation for mid- and lower-altitude terminal location ; the 
latter is not expected to increase greatly until frequen¬ 
cies above approximately 15,000 Me are employed. 
To a first approximation, we may expect a surface 

small-area-rainiall rate of 5 mm per hour to occur 0.1 
per cent of the time. If we make the further crude as¬ 
sumptions that 1) ray paths of interest do not come 
closer than 10° to the local horizon, 2) heavy precipita¬ 
tion does not extend to beyond 10 miles in altitude, and 
3) at any instant, this rainfall intensity does not occur 
in the beam for any more than one quarter of the total 
path length, total attenuation figures of some 3 db at 
10,000 Me, 8 db at 15,000 Me, and 20 db at 20,000 Me 
are indicated. To the extent that these assumptions 
prove to be valid, the penalty at 10,000 Me does not 
appear too grave, and even that at 15,000 Me is not 
prohibitive. I n any event, these higher frequencies could 
be considered useful lor terminal locations where high-
intensity rainfall is not expected to occur or, indepen¬ 
dent ol location, when a somewhat restricted circuit per¬ 
formance is acceptable. 

E rom all of this, an important conclusion is evident: 
W e must have a comprehensive and quantitive knowl¬ 
edge oi the values of path attenuation expected to be 
equaled or exceeded over paths traversing the earth's 
lower atmosphere as a function of the percentage ol a 
year’s time that such losses occur, and for various termi¬ 
nal locations and low (Io—10°) slant angles. With this 
knowledge, sensible engineering judgments can be made 
as to the value of these higher-frequency regions. 

It is to be noted that in the case of a passive Echo-
type repeater, (setting aside the problems of accurate 
antenna pointing and sphere design) the higher frequen¬ 
cies will provide a lower free-space transmission loss 
(proportional to/-) between fixed-aperture antennas. In¬ 
clusion of this factor in the transmission equations tends 

to eliminate any over-all frequency dependence for the 
entire 1000- to 15,000-Mc region where a very high cir¬ 
cuit reliability performance is mandatory. 
An experimental program is recommended using a 

low-altitude satellite to receive two or three ground 
transmissions in the 10- to 30-kMc region measuring 
signal strength to establish signal degradations from 
weather. This can be measured by transmission from 
ground transmitters to satellite receivers, signal¬ 
strength measurements being retransmitted to the 
ground via standard telemetering—a relatively simple 
experiment. 

4) Interference Field-Strength Levels: To a very good 
first approximation for frequencies below 6000 Me, free-
space path-loss conditions may be expected to obtain 
over line-of-sight paths for slant angles greater than a 
very few degrees above the local horizon. We may, 
therefore, have a high degree of confidence in predicting 
interference levels between satellite repeaters and sur¬ 
face stations. Essentially, all that is needed to make 
such calculations is a knowledge of the frequency and 
antenna characteristics. 

I his knowledge is not generalis sufficient to calcul. ite 
interference levels between surface terminals. Since very 
high values ol effective radiated power and extremely 
sensitive receivers are expected to be employed at satel¬ 
lite circuit surface terminals, we must be concerned with 
fields propagated between various surface terminals 
that are well beyond the geometrical line-of-sight of 
each other. Consequently, we should have an accurate 
and comprehensive knowledge of the propagation of 
radiowaves over great distances beyond the geometrical 
horizon at frequencies between, roughly, 1000 to 
20,000 Me. 

In general, such knowledge is lacking. As a result of 
tropospheric-scatter propagation studies, it is probably 
reasonable to expect that usefid estimations can be 
made to distances of some 500 miles at frequencies be¬ 
low, roughly, 500 Me and to some 200 to 300 miles at 
frequencies below, roughly. 3000 Me. At frequencies 
above this, useful data are meager, and none are known 
to exist above 10 kMc. Because the investigations that 
have been made have tended to emphasize measurement 
of the lowest values oi field strength (tor reliable com-
munications-circuit-design purposes), the highest (1 to 
0.01 per cent) fields were often ignored or not measured 
accurately. 

Before generally accurate estimations of SHE inter¬ 
ference between surface terminals can be made, there¬ 
fore. data of particular pertinence to the interference 
question must be obtained throughout this frequency 
region. Perhaps concentrating first on frequencies below 
10,000 Me, long-term measurements should be made of 
the fields expected to be equaled or exceeded 1 to 0.01 
per cent of the time over various path lengths out to 
100 or 200 miles in various meteorological locations. 
Particular attention should be paid to such path charac-
tersitics as surface roughness, horizon angles, and the 
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prevalence of super-standard index profiles, elevated 
layers, and ducts. 

It would appear that the most serious interference 
potential involves the satellite surface terminals rather 
than the active high-altitude space repeater. To the ex¬ 
tent, then, that the effective radiated power of the sur¬ 
face transmitter and the sensitivity of the surface re¬ 
ceiver can be reduced, so will their potential for inter¬ 
fering with others and of being interfered with by 
others. 

It is to be noted, in this regard, thatan active satellite 
receiver effective temperature looking earthward as gen¬ 
erally discussed today is in the neighborhood of 3000°K. 
An active satellite antenna, looking earthward, will 
“see” the radio temperature of the earth (approxi¬ 
mately 300°K) surrounded by a narrow halo of gaseous 
absorption (approximately 10°K to 100°K) and the 
cold of space (approximately 0°l<). 

For antenna half-power beamwidths ̂ 50°, approxi¬ 
mately, satellites at 5000 miles and lower will see es¬ 
sentially only the earth, and the receiver sensitivity 
will be fundamentally limited to approximately 300°K; 
greater altitudes or beamwidths or both will allow a 
greater sensitivity, since then the earth will not com¬ 
pletely fill the antenna beam. 
There appears to be, therefore, the possibility of in¬ 

creasing the active satellite-receiver sensitivity by a 
factor of 10, perhaps by somewhat more. To date, this 
probably has not seemed worthwhile in view of the ad¬ 
ditional complexity this would imply for receiving 
equipment in the satellite and the tact that technical 
means are well within hand of generating and directing 
adequate values of microwave effective radiated power 
(ERP) toward the satellite. Eventually, this factor of 
10 might be important from the standpoint of reducing 
ground transmitter power to reduce the radius of pos¬ 
sible surface-to-surface interference. In current designs, 
attempts are now being made to keep the surface re¬ 
ceiver noise level very low, because of the small amount 
of ERP expected from the satellite and the very long 
line-of-sight path lengths inherently involved in satel¬ 
lite communications. The low value of satellite ERP 
results from great reluctance to incorporate directive 
antennas in a satellite with the consequent problems 
of dynamic long-term antenna orientation—and the 
need to keep the microwave power level low (approxi¬ 
mately 1 to 10 watts) in order both to achieve very 
long cathode life and not to require heavy satellite 
power supplies which would increase the launch cost. 
As more powerful rockets become available, and as 

more experience is gained in placing many nearly identi¬ 
cal satellite packages into similar orbits, it appears rea¬ 
sonable to expect that the cost per pound of placing 
satellites into orbit will decrease. This would encourage 
the use of greater ERP from the satellite, either in 
terms of average microwave power output, or in terms 
of more sophisticated antennas, or both. Perhaps some 
5 to 10 times the presently planned output power might 

be achieved by placing some 5 to 10 lower-power final 
amplifiers in parallel, thereby not only increasing the 
power output, but conceivably increasing transmitter 
long-term reliability. 

While caution must be exercised in putting forth 
these particular suggestions, the goals of increased ERP 
and receiver sensitivity in high-altitude active satellites 
appear to be worthwhile areas for study—study 
prompted particularly by the possibility of reducing the 
interference potential of the surface equipments by per¬ 
haps a factor of 10 to 100. 

5) Surface Terminal Antenna Design: It appears that 
the surface transmitting and receiving antenna of a 
satellite repeater circuit, in order to minimize atmos¬ 
pheric influences on radiowave propagation and receiver 
sensitivity, will probably not be used at angles lower 
than 5° above the local horizon—perhaps not much 
lower than 10°. Eor most antenna aperture sizes and 
wavelengths now being seriously considered, main radi¬ 
ation pattern free-space, half-power beamwidths of less 
than J° will be employed—more likely, the beamwidths 
will approximate |° or less. Therefore, the center of 
radiation will be, even during the time of greatest de¬ 
pression angle, at least 10 beamwidths above the local 
horizon. Even the second-order sidelobes of a circular 
(parabolic) antenna will be at least 2 to 3 beamwidths, 
and perhaps as much as 10 beamwidths, above this 
local horizon. 

Under these conditions, the energy directed toward 
the horizon from such a high-gain antenna will, for the 
most part, be radiated from the backlobes of the an¬ 
tenna. 
At the present time, the general backlobe level for a 

sensible antenna design should be at least somewhat be¬ 
low isotropic. A careful antenna design can reduce the 
average backlobe to 10 db below isotropic; careful study 
might result in a design 20 db or more below isotropic. 
In the latter case, a 1-kw transmitter would radiate 
only 10 watts in the horizontal plane, i.e., an amount oi 
power comparable to that presently used on line-of-
sight microwave circuits. 

From symmetry considerations, it is just as important 
that the receiving antenna present an extremely low ef¬ 
fective absorption area in the direction of the radio hori¬ 
zon, i.e., in the direction of potentially interfering 
sources. Here then, isa fruitful area for further research: 
the marked reduction of backlobe radiation from very-
high-gain antennas. 

6) Surface Site Screening: Inasmuch as the surface 
antennas are expected to be directed upward a mini¬ 
mum of some 5° to 10° above the local horizon, it be¬ 
comes possible to consider screening transmissions from 
(or toward) the antenna from any azimuth sector—even 
in the direction of the main beam—tor angles close to 
the local horizon. 
An appropriately designed and located diffraction 

“screen” near the surface terminal location could con¬ 
ceivably attenuate low-angle signals by several tens ol 
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decibels without affecting the antennas' mainlobe per¬ 
formance in any significant manner. Such a technique 
has heretofore been used to screen a line-of-sight micro¬ 
wave circuit receiver from the surface reflected radia¬ 
tion component and thus to avoid the fading caused by 
such a multipath signal. It would appear that the tech¬ 
nique might be logically extended to gain a further 
marked advantage over interfering signals propagated 
between surface terminals at angles at or very near to 
the horizon. 

7) Computer Simulation of Ground Interference: It is 
evident that complex interference-producing situations 
would arise with the juxtaposition of a ground-micro¬ 
wave complex and satellite terminals with high-power 
transmitters and sensitive receivers. Also, satellite sys¬ 
tems, except the 24-hour ty pe, require moving anten¬ 
nas, further complicating the determination of inter¬ 
ference levels. 

Large electronic computers have been used with con¬ 
siderable success to compute the unwanted interference 
levels in large communication networks. Simulation of 
the ground-microwave complex and the satellite termi¬ 
nals on a large digital computer for the purpose ot de¬ 
termining interference levels is feasible. Such a program 
would permit the alteration of system parameters in¬ 
cluding locations, power output, antenna patterns, re¬ 
ceiver sensitivity , etc., and the immediate determina¬ 
tion of interference levels for each suggested alteration. 

8) Harmonic Radiation : It has been pointed out that 
there is a significant amount of radiation of higher har¬ 

monics from present-day radars. Ihe increased use of 
the microwave region by satellite systems, utilizing, in 
most cases, low signal levels at the ground receiver, im¬ 
plies that restrictions should be placed on this undesir¬ 
able harmonic radiation. 

Studies of harmonic radiation from the many sy stems 
using these bands will be required, so that attainable 
standards for new equipment and the modification of 
existing systems can be determined. 
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A Low-Noise Microwave Quadrupole Amplifier* 
A. ASH KIN t 

Summary—Experimental results on a low-noise microwave 
amplifier operating at 4137 Me are described. At a gain of 19 db the 
measured double-channel noise figure is 0.79 db, corresponding to 
an effective temperature of 58°K±10°K. The effective beam tem¬ 
perature is 25°K±10°K. The noise bandwidth between points 3 db 
down from the optimum is 32 Me. The tube operates at 10 volts and 
27 p.a and requires about 150 mw of pump power. The dynamic 
range of the amplifier is about 100 db. 

INTRODUCTION 

HE quadrupole amplifier is a fast cyclotron wave 
parametric amplifier.1 Of the electron beam para¬ 
metric amplifiers proposed, 1-3 it has thus far been 

the most successful. Recently Adler, Hrbek and Wade, 
in comments on a letter by Lea-Wilson, have reported a 
double-channel noise figure of slightly better than 1.0 
db, with a beam temperalure of 35°K for a quadrupole 
amplifier operating at 425 and 780 Me.4 This was an 
improvement over earlier results1 and involved use of a 
virtual cathode in the gun region. Previously reported 
noise figure results for a quadrupole amplifier operating 
at microwave frequencies had been considerably 
higher.5-6 This report describes a recently designed ver¬ 
sion ol the microwave quadrupole amplifier which has 
given a noise figure of 0.79 db, or an effective tempera¬ 
ture of 58°K + 10°K with a beam temperature of 25°K 
+ 10°K. These new results were achieved without the 
use of a virtual cathode, and without any current inter¬ 
ception on the gun anodes. A brief description of this 
new version oi the microwave tube and some experi¬ 
mental results follows. 

Description of the Tube 
The experiments were performed on the basic quadu-

pole tube, since the prime objective was to see how low 
a noise figure could be achieved at microwave frequen¬ 
cies. Such a basic structure consists of two identical two-
pole Cuccia coupler cavities and a quadrupole pump 
cavity. I'igs. 1 and 2 show a photograph of the tube and 

* Received by the IRE, February 8. 1961; revised manuscript 
received. March 29, 1961. 

+ Bell telephone Labs., Inc., Murray Hill, X. |. 
1 R. Adler, G. Hrbek, and G. Wade, “The quadrupole amplifier, 

a low-noise parametric device,” Proc. IRE. vol. 47, pp. 1713 1723; 
October, 1959. 

2 T. J. Bridges, “A parametric electron beam amplifier." Proc. 
IRE (Correspondence), vol. 46, pp. 494-495; February, 1958. 

3 W. IL Louisell and C. F. Onate, “Parametric amplification of 
space-charge waves," Proc. IRÉ, vol. 46, pp. 707 716; April, 19.58. 

4 C. P. Lea-W ilson, R. Adler, G. Hrbek, and G. Wade, “Some 
possible causes of noise in Adler tubes,” Proc. IRE (Correspond¬ 
ence), vol. 48. pp. 255 -256; February, 1960. 

6 T. J. Bridges and A. Ashkin, “A microwave Adler tube," 
Proc. IRE (Correspondence), vol. 48, pp. 361 363; March. 1960. 

"A. Ashkin, “A microwave Adler tube," Proc. Internat!. Conf, 
on Microwave Tubes, Munich, Germany ; June 1960. I To be pub¬ 
lished.) 

PUMP IN 

a sketch ol its components. The tube differs from previ¬ 
ous microwave quadrupole amplifiers5 6 in the design of 
its signal and pump cavities, and also in several other 
features to be described. 

The signal cavities have wider anti longer vane faces 
(plates). The increase in width ensures that the beam 
will be in a region of umform transverse field even when 
expanded by pumping.' 7 The increased length reduces 

7 R. Adler, A. Ashkin, and E. I. Gordon, “Excitation and am¬ 
plification of cxclotrnn waxes and thermal orbits hi the presence of 
space charge," A ppi. Ph vs., \<>L 32. pp. 672 675: April, 1961. 
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the coupling to synchronous wave noise by reducing the 
rate at which signal is applied or removed from the cy¬ 
clotron wave.* 
The spacing of the poles in the quadrupole pump cav¬ 

ity was increased, and the poles were reshaped to more 
nearly approximate a hyperbolic surface. I he cavity 
was constructed using a hobbing technique which re¬ 
sults in a high degree of symmetry and uniformity. All 
these changes assure increased purity of the hyperbolic 
fields in the region of beam interaction. 11 The pump cav¬ 
ity was also doubled in length to prevent the introduc¬ 
tion of synchronous wave noise in the pumping process.’ 

Considerable care was taken with gun and cavity 
alignment. This feature is much more important in this 
type of tube than in traveling-wave tubes, since the tube 
naturally provides a built-in mechanism for amplifying 
any accidental beam spiraling. A sealed-off tube con¬ 
struction technique with all metal and ceramic materials 
was used, permitting high bakeout temperatures, and 
resulting in a cleaner tube with better ultimate vacuum. 
This manifested itself in improved cathode emission 
with lower cathode temperature. A precision solenoid 
with less than two gauss variation over the tube length 
greatly assisted in the proper testing oi this tube. 
Tables I and 11 list some of the pertinent cavity dimen¬ 
sions and characteristics. 

TABLE I 
Input ano Oil pc i Signal Cavities 

1. Resonant Frequency 
2. Unloaded Q 
3. Plate Length 
4. Plate Width 
5. Plate Spacing 
6. Cai it y I liaineter 
7. Cavity Width 
8. Cavity Length 

4137 Me 
22(H) 

0.8(H) inch 
0.065 inch 
0.039 inch 
0.800 inch 
0.380 inch 
I .000 inch 

TABLE II 
Pump Caví i v 

I. Resonant Frequency 
2. Unloaded Q 
3. Plate Length 
4. Plate Spacing (along a diameter. 
5. Cavity Diameter 
6. Cavity Length 

8274 Me 
1650 

0.250 inch 
0.062 inch 
0.450 inch 
0.500 inch 

A confined How gun was used consisting ol a 0.015-inch 
cathode, a beam forming electrode, and three anodes lor 
controlling the potential profile between cathode and 
input signal cavity. The collector was similar to Adler, 
Urbek, and Wade’s, and consisted of two plates as 
shown in Tigs. 1 and 2. A potential difference was tip-
plied between them which deflected the beam and pro¬ 
vided tin effective trap against returning secondaries. 

’ R. Kompilier and |. W. Klüver, private communication 
* J. W. Klüver, private communication. 

Experimentai. Results and Discussion 
Fig. 3 shows a plot of the transmission loss through 

the tube as a function of the frequency with the pump 
off. The minimum loss of 1.9 db is imide up of approxi¬ 
mately 1.1-db loss from the two coaxial lines, and about 
0.4-db loss in each of the signal cavities. The data were 
taken with the ratio of beam voltage to beam current 
arranged to give a match with the cavity and with the 
cyclotron frequency adjusted to ecpial the signal fre¬ 
quency. Aside from the circuit losses, the tube behaves 
as a perfect isolator. 

Turning on pump power gives signal gain as shown 
in Fig. 4. The signal gain in decibels theoretically should 
be linear when plotted against the square root of the 
pump power at high pow er, and should lie 6 db below a 
line of the same slope passing through the origin. 1 •' This 
is borne out quite well in practice. 
The dynamic range of the amplifier can be deter¬ 

mined by measuring the gain vs the input signal level 
for a fixed pump power (see Fig. 5). For the pump 
power corresponding to optimum noise figure, the gain 
is constant at about 19 db until the input power is ap¬ 
proximately — 18 dbm. At higher input power, beam 
interception occurs and the gain decreases. The maxi¬ 
mum output power before beam interception is 1.4 
mw. The thermal noise level in the 2-Mc receiver band 
used is —118 dbm at best noise figure. Thus the tube 
has a dynamic range of about 100 db. 

Fig. 6 shows the measured variation in noise figure 
with frequency. The optimum noise figure ol 0.79 db 
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corresponds to an effective temperature of 58°K + 10°K. 
The noise figure readings shown here include the input 
cavity loss, but not the input line loss. 1 f the input cavity 
loss is subtracted, one obtains the effective temperature 
of the beam itself, which is 25°K±1O°K. The effective 
temperature of the beam really lumps together all the 
residual uncompensated noise sources that remain on 
the beam after the input circuit loss is subtracted. Com¬ 
paring Fig. 6 with Fig. 3, it is seen that the noise band¬ 
width is less than the signal bandwidth. This is to be ex¬ 
expected since as one departs from the resonance fre¬ 
quency, not only does the transmission loss go up, but 
the noise stripping is no longer entirely effective. Under 
the conditions giving optimum noise figure, there is no 
current interception on any of the gun anodes. Also, the 
noise figure is found to depend only very slightly on the 
potential profile of the gun. 

Fig. 7 shows the variation of noise figure with beam 
voltage for constant gain. The beam current and pump 
power are adjusted at each beam voltage to give the 
proper gain and optimum noise figure as shown in Figs. 
8 and 9. The beam current variation is necessary in 
order to maintain constant beam impedance for proper 
noise stripping and minimum signal loss. The variation 
in pump power simply compensates for the variable 
electron drift time in the pump cavity. The observed 
straight line relationship between pump power and 
beam voltage for constant gain is to be expected since 
the gain is proportional to the ratio of the quadrupole 
field to the beam velocity. It is seen that above about 
10 volts there is little improvement of the noise figure 
with beam voltage. The increase in the noise figure with 
decreasing beam voltage is probably associated with the 
increased percentage velocity spread of the beam at 
lower voltage. A velocity spread results in different 
gains for electrons with different axial velocities; this 
destroy s the noise balance between different parts oi the 
beam as established in the input coupler. Differences in 
axial velocity in conjunction with variations in the mag¬ 
netic field between signal cavities can also introduce 
noise1" which would increase at lower beam voltages. 
With this tube, one can get a measure of a small part 

of the fast cy clotron wave noise spectrum by measuring 
the noise stripped off the beam by the input cavity, if 
the noise spectrum were smooth, one yvould expect the 
observed noise from the input cavity to start at room 
temperature, rise smoothly to a maximum correspond¬ 
ing to the true beam temperature at the center band fre¬ 
quency, and then fall smoothly’ again to room tempera¬ 
ture. Fig. 10 shows the measured noise variation for the 
set of gun potentials indicated. An unexpected noise 
peak is seen superimposed on an otherwise smooth 
curve. Small changes in the gun electrode potentials 
drastically affect the noise peak. Changing anode 2 or 3 
a few volts reduces the peak markedly. A change in the 

Fig. 6. 10 E. I. Gordon, private communication. 
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cyclotron frequency of a given number of megacycles 
causes a corresponding change in the position of the 
peak. 

Although the details are not all clear, it seems that 
this noise peak is related to a phenomenon observed by 
Adler and Hrbek" in their low-frequency tube. They ob¬ 
served a signal transmission anomal) when studying 
transmission through their tube in the absence of pump 
power when the quadrupole was run at a potential 

" R. Adler and G. Hrbek, private communication. 

higher than the neighboring couplers. Ihey found ab¬ 
sorption and gain, which they ascribed to slow elec¬ 
trons, and which were somehow scattered into the quad¬ 
rupole section and trapped in the potential well. Their 
interaction was shifted from the cy clotron frequency by 
an amount yvhich yvas presumably- the space charge re¬ 
duction in the rotational frequency oi the trapped elec¬ 
tron cloud. As evidence for a similar trapping effect in 
the gun region of this tube, Eig. 11 shoyvs the variation 
in the frequency of the noise peak as the cathode cur¬ 
rent is varied by changing the heater poyver with all gun 
potentials fixed. According to the trapping supposi¬ 
tion, electrons are trapped in the gun region due to the 
potential profile, and rotate at different frequencies de¬ 
pending on the beam space charge. They interact yvith 
the passing beam and serve to increase its fast cyclotron 
wave noise content at their rotational frequency . The 
slope of Eig. 11 is close to a straight line, yvhich is the 
tv pe of variation of rotational frequency yvith beam cur¬ 
rent one yvould expect on the assumption that the den¬ 
sity- of the space charge is uniform and proportional to 
current. The variations in the size of the noise peak 
yvith small changes in anode voltages may be due to 
variations in the noise content oi the trapped cloud 
caused by changes in the transit time of electrons in the 
trapped region. 
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If one accepts the noise peak as due to induced noise, 
then the basic temperature of the fast cyclotron wave 
corresponds to the midband temperature in the absence 
of the peak, which is about 75O°K. This is somewhat 
lower than cathode temperature, and possibly implies a 
little beam expansion. 

1'he slight changes of the noise figure observed as the 
potential profile of the gun was varied are undoubtedly 
due to variations in the size and position of the noise 
peak on the incident cyclotron wave noise spectrum. The 
fact that fairly substantial variations in incident noise 
affect the measured noise figure so little is a tribute to 
the effectiveness of the input cavity noise stripping. 
W ith the input cavity matched at room temperature, 

one can look at the noise being stripped off the output 
cavity. Assuming that no additional beam noise is be¬ 
ing added, one expects to find room temperature again 
as the output noise temperature. The measurement 
yielded room temperature plus about 15°K. Thus, 15°K 
is the beam temperature at zero gain. Since the beam 
temperature at full gain is 25°K + 1()°K, it is seen that 
there may be some additional noise contributed to the 
beam in the pumping process. This point can be estab¬ 
lished by a precise measurement of the noise figure vs 
gain. Such measurements were attempted, but the ac¬ 
curacy at low values of gain was inadequate. 

CoN< LI SIONS 

On the basis of the above measurements, it is con¬ 
cluded that thus far there is no evidence of any degrada¬ 
tion of noise figure of quadrupole amplifiers with fre¬ 
quency up to 4137 Me. The effective beam temperature 
of 25°K±1O°K is comparable to that measured by 
Adler, Hrbek and Wade at 425 Me and 780 Me, and was 
achieved without use of a virtual cathode or beam shav¬ 
ing in the gun. The tube itself is likely to prove a useful 
tool for investigating the residual sources of noise in fast 
cyclotron wave amplifiers. On the basis of the present 
information, there is no evidence that the noise figure 
cannot be further improved. 
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Cor ruction 

Edward E. David, Jr., author of “Digital Simulation 
in Research on Human Communication,” which ap¬ 
peared on pages 319-329 of the January, 1961, Special 
Computer Issue of these Proceedings, has called to 
the attention of the Editor a confusion in the order oi 
figures. 

The photograph indicated as Fig. 2 should be Fig. 
S(b). The photograph indicated as Fig. 8(a) should be 
Fig. 2. The photograph indicated as Fig. 8(b) should 
be Fig. 8(a). The figures are reproduced below as they 
should have appeared. 

Eig. 2 Picture consisting of 100X100 points after 
passing through translator. 

Eig. 8—Comparison of picture codings, (a ) 3 hits/picture point . differ¬ 
ential quantizing, (b) 3 bits/picture point, pulse-code modulation. 
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Tapered Distributed RC Lines for 
Phase-Shift Oscillators* 

W. A. EDSONf, FELLOW, IRE 

Summary—Tapered transmission lines of distributed resistance 
and capacitance are useful in electronic oscillators because they 
permit a reduction in the required levels of impedance and gain. 
The analysis of such lines is also of value as a guide to estimating 
the performance of multisection lumped networks. An interesting 
feature of such lines is that the attenuation constant and charac¬ 
teristic impedance is different for forward and backward waves, and 
the voltage is shifted in phase and does not double in magnitude at 
the reflection from an open circuit. A set of normalized curves de¬ 
scribing the behavior of such lines is presented as the principal result 
of this work 

1. Introduction 
A NAI A’SES by Sherr,1 Sulzer,2 and others show that 
f—\ in RC phase-shift networks for vacuum tube 

oscillators, the loss is greatly reduced by tapering 
the impedance and by increasing the number of sections 
from three to four or more. Extrapolating iront these 
results, it is forseen that even lower losses could be 
secured by going to five, six, or even more sections, 
especially if impedance taper were employed. Considera¬ 
tion of the Nyquist diagram shows that no possibility 
of spurious oscillation exists unless the number of sec¬ 
tions exceeds six because the limiting phase shift in each 
section is 90°. Moreover, because the voltage loss factor 
in a uniform three-section network producing a 180° 
phase shift is 29, it follows that the loss of a nine-section 
network producing a 540° shilt is of the order ot 
293 = 24,389. Results derived below show that spurious 
oscillation presents no real problem regardless oi the 
number of sections. 

Unfortunately, the analysis of multiple-section 
lumped networks is exceedingly complicated and tedi¬ 
ous. Therefore, some alternative procedure is desirable. 
It is found that useful inferences may be drawn from 
the limiting case in which the number of sections be¬ 
comes infinite and the network becomes a smoothly 
tapered transmission line. The properties of uniform 
transmission lines are well known, and the character¬ 
istics of tapered loss-free lines have been published. 3 

However, a reasonably careful search failed to disclose 
any analysis applicable to the tapered RC transmission 
line. The following sections are devoted to such an 
analysis and its application to phase-shift oscillators. 

* Received by the IRE, January 3, 1961. 
t Electromagnetic Technology Corp., Palo Alto, Calif. 
1 S. Sherr, “Generalized equations for RC phase-shift oscillators,” 

Proc. IRE, vol. 42. pp. 1169 1172; July, 1954. 
2 P. G. Sulzer, “The tapered phase shift oscillator,” Proc. IRE, 

vol. 36, pp. 1302 1305; October, 1948. 
’ A. \\ . Gent and P. J. Wallis, “Impedance matching by tapered 

transmission lines,” J. I EE, vol. 93, pt. IIIA, pp. 559-563; 1946. 

II. Analysis of Infinite Line 
To simplify the analysis, it is assumed that the trans¬ 

mission line is infinitely long and has an exponential 
variation of the parameters corresponding to 

r = Re±2b and c = Ce' 2̂ , (1) 

where r and c are respectively the resistance and capaci¬ 
tance per unit length, and the ± sign ol k permits taper 
in either direction. Referring to Eig. 1, the differential 

x xrdx 
Z dx • I rd I 
T I T7T, to . 

source ~cdx ■ /oad

Fig. 1—Notation used. 

equations corresponding to steady-state sinusoidal ex¬ 
citation are 

dV dx = — ri and dl/dx = — jucV. (2) 

They combine to yield 

d-V dx- = — r(dl dx) — l[dr dx) 

= jurcV ± 2k(dV/dx). (3) 

Assuming an exponential solution of the form 

E = Vue^, (4) 

and noting that RC = rc, one has by substitution 

72 + 2ky -juRC = 0. (5) 

Thus, the propagation constant is 

y = a+jii = + k + Vk- T^RCk (6) 

The physical situation is such that for small values of 
the taper parameter k, and tor large values of at, the 
attenuation constant a must be positive. Therefore, 
only the positive value of the radical has physical sig¬ 
nificance. However, as previously noted, k may be either 
positive or negative. 
The analysis is simplified if we normalize the fre¬ 

quency variable to 

m = a/ÜRC72R (7) 

Substitutions in (6) yield 

y = a+jd = + k + x/k2̂ 2jk2m2. (8) 

Transposing and squaring gives 

a2 + 2ka + k- — d' + j-ad + j2kd = k2 + j2k2m2. (9) 
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Separating real and imaginary parts yields two equa¬ 
tions: 

a* + 2ka = ß*, (10) 

and 
aß + kß = k'-nF. (11) 

It is relatively easy to evaluate w for assigned values 
of k, a, and ß, but the converse process is much more 
difficult. Therefore, it is advantageous to prepare a plot 
relating a and ß to k and tn (see Fig. 2). 

It is found that the most natural representation in¬ 
volves the ratios a k and ß/k. Thus, the situation is 
comparable to that in loss-free tapered lines where the 
taper per wavelength is more significant than the taper 
per meter. 

It is seen that the value oi the phase constant is in¬ 
dependent ol the direction ol propagation, but the at¬ 
tenuation constant is double valued, the lower attenua¬ 
tion corresponding to propagation in the direction of 
increasing impedance. Moreover, the ratio of phase shift 
to at tenuation varies w ith in and increases w ithout limit 
as tn approaches zero. 

I he characteristic impedance, Zu, ol a transmission 
line is ordinarily of interest. However, t he same informa¬ 
tion is provided bv its reciprocal, the characteristic ad¬ 
mittance, 1 u, which is used in the present case tor sim¬ 
plicity. Substitution of (4) in (2) yields 

1 o — Go + JRh = / I = 7 r = a r + ¡ß r. (12) 

I herefore, the curves ol iig. 2 could also represent the 
characteristic admittance by addition of an appropriate 
ordinate scale. 

It is seen that all the curves of Fig. 2 become straight 
and parallel for large values of tn. This fact suggests 
that the data would be more useful if the ordinate were 
divided by the abscissa. The resulting design curves, pre¬ 
sented in Fig. 3 (next page), are the principal result of 
the foregoing analysis. Emphasis is placed upon a,, 
rather than a», because it is of greater practical interest 
and because a? is easily and accurately evaluated by the 
relationship 

III. Total REELECTION 
Assume a wave is propagated to the right in a finite 

line section which is open-circuited at the point x = l. 
1 he simple voltage doubling w hich is characteristic of 
smooth lines does not occur, and it is necessary to return 
to fundamental considerations. In terms of component 
voltages and currents, one has 

/, + /.. = o = FiF,;, + (13) 

which with (12) gives 

I » I i = I'm Jáis — 71 7». (14) 

I he total open-circuited voltage is related to lá bv 

I i I i = (I i + I ■>) I i = 1 + (a i + jß} (a> + ¡J). (15) 

However, ai=ai + 2&. Therelore, we may convert this 
expression to 

I , I i = Ilk + a, + iß) (2 k + «i + jß). (16) 

I he magnitude and phase angle ol this function are 
plotted in I'ig. 3. Bv an odd coincidence, the magnitude 
oi I", I | is closely equal to l+a+^m. 

I he total resistance and capacitance of a finite line 
section are of interest. Assuming the negative sign for 
the exponential, one has for the total capacitance 

/
.I n / 
cdx = C I e~-lrdx = (C 2ÆH1 — (17) 

II •/ II 

Similarlv , using the positive sign, the total resistance is 

R< = J rdx = R J c-k'(lx = (R 2k)(e2h ‘ — 1). (18) 

I he product, which will be compared with that of 
lumped circuits, is 

R,C, = (RC - 2 + e-“'), (19) 

and it is seen to be independent of the direction of taper, 
as indicated by the sign of k. 

introduction of a taper parameter, 

p = e™, (20) 

and substitution in (7), yields the useful relationship 

RAá = (m-'2u)(p — 2+1 p). (21) 

1\ . APPLICATION TO AN OSCILLATOR 

Let us assume that a line of length / is connected at 
its left end where .r = 0 to the plate of a triode having a 
dynamic plate resistance rp and transconductance gw. 
I'he problem is to determine line parameters which will 
residt in stable oscillation at some specified angular fre-
quenev , w. It is desirable to minimize the value of trans¬ 
conductance required for oscillation. However, the situ¬ 
ation does not lend itself to a formal differentiation. Ac¬ 
cordingly, the treatment is limited to the demonstration 
that the results obtained are more favorable than previ-

a'Jk = 2ß-<X\/k. Ous ones. 



I'he basic conditions for oscillation (Barkhausen’s 
criteria) are that the total loop phase shift is an integral 
multiple of 360°, and the total voltage gain is unity. 
Since a triode has an inherent phase shift of 180°, it 
follows that the line must also produce a phase shift of 
180° or 7T radians. Because terminal phase shifts are 
relatively small, it follows that 01 is approximately equal 
to 7T. From Fig. 3 it is seen that very small ratios of a 
to 0 are obtained by the use of small values of m. How¬ 
ever, very small values of m are inappropriate because 
they lead to excessive values of impedance taper. To 
explore this situation, we introduce the approximation 

01 = 3 (22) 

which, with (20), yields the relationship 

3 k = 6 In />. (23) 

This expression is useful because it fixes the value of 
0'k, and hence of nt, and thereby all the other parame¬ 
ters which correspond to a particular value of the over¬ 
all imped.nice taper, p. 

In very short sections of line, the input impedance is 
naturally sensitive to the impedance attached to the lar 

end. However, in lines suitable tor oscillators, the at¬ 
tenuation is high enough so that the input impedance is 
nearly independent of the termination. Attention is 
directed to Fig. 2, which shows that in all cases 
aiTa?>23. Since 01 = 3 is a basic condition for oscilla¬ 
tion, it follows that the corresponding two-way attenua¬ 
tion is of the order of six nepers, corresponding to a 
voltage ratio near 300. 

V. Ximerical Example 
I’he application of the foregoing relationships will 

now be illustrated by carrying out the design of an oscil¬ 
lator using a triode having a plate resistance oi 104 ohms. 
For a typical triode, the impedance ratio factor p may 
have a value as large as one hundred. Substitution of 
this value in (23) yields 0 ¿=1.30. Reference to Fig. 2 
fixes the value of the frequency variable at wz = 1.41. 
An appropriate value for the line input admittance 

is Goi = 5X10_& (fifty micromhos). Referring to Fig. 3 
at m = 1.41, we have Boi = (0.883/0.424) • (5 X IO-5 ) 
= 108X 10-6 . I'he total admittance at the plate terminal 
is the sum (l/rp+Goi+jßoi) = (lOO4-5O+jlO8)XlO-6 

= 185X1O-* at an angle 35.7° (lagging). 
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I' rom Fig. 3, the phase angle at the grid end of the 
line is 12.1° leading. Thus, the total phase shift required 
in the line is 

(180 + 12.1 - 35.7) = 154.4°, or 2.70 radians. (24) 

Therefore, the line length must be such that 

pl = 2.70 and al = (O.424/O.883) X 2.70 

= 1.30 nepers. (25) 

Thus, the voltage loss within the line is 

d- 30 = 3.68. (26) 

However, this loss is partial!) compensated by the 
voltage step-up at the open-circuit, which for m = 1.41 
has the value 1.42, so that the net voltage loss of the 
total line is only 3.68/ 1.42 = 2.50. 
A voltage F, at the grid terminal produces at the 

plate a driving current equal to g,„ F( and a plate voltage 
having magnitude equal to g„ T, T,. The loop-gain con¬ 
dition requires 2.59 = g„,/(185 X 10-8 ) or gm = 480 micro¬ 
mhos. To guarantee oscillation in the presence of un¬ 
avoidable degradation ol tube parameters, a larger 

transconductance such as 1000 micromhos is desirable. 
Use of the corrected value of phase shift gives, for the 

final impedance taper, 

kl = 2.08 and /> = 65. (27) 

Introducing these values in (13) gives 

R,C, = 15.75RC/F = 63'u. (28) 

I he value of the R(C, product is abnormally large be¬ 
cause of the relatively large value of impedance taper 
chosen. However, the required value of voltage ampli¬ 
fication is exceptional!) low . 
The impedance presented to the grid is obtained by 

the use of the corrected taper tactor, p. The susceptance 
value is 108 X106 divided by 65 or 1.66 micromhos. The 
conductance is enhanced by the fact that propagation 
is in the reverse direction. Using Fig. 2 to obtain the 
ratio Goj/Goi, we have as the total conductance 

(50 X 10s X 2.6) (0.6 X 65) or 3.3 micromhos. (29) 

I his value corresponds to a ver)’ reasonable impedance 
level of about one-fourth megohm. 

Submillimeter Wave Radiometry* 
M. \\ . LOXGj, SENIOR MEMBER, IRE, AND \\ . K. RIVERS, jR.f 

Summary—The sensitivities of square-law detectors and super¬ 
heterodyne receivers presently available at the shorter millimeter 
wavelengths are reviewed and extrapolated to the submillimeter 
region. It is concluded that, for applications which permit wide recep¬ 
tion bandwidths, significantly more sensitivity will result from use of 
a direct-detection system consisting of a chopper, square-law detector 
and narrow-band amplifier than will be attainab e with superhetero¬ 
dynes in the foreseeable future. The expected sensitivity of a direct-
detection system at wavelengths of the order of 1 mm is compared 
with that of the most sensitive centimeter radiometers. 

I. INTRODUCTION 

MICROWAVE researchers are interested in ex¬ 
tending the spectral region in which they can 
make observations to include wavelengths 

which are presentí) unused. Such an extension is limited 
by weakness ot generators and lack of sufficiently sensi¬ 
tive detectors. Sophist icated radiometry receivers such 
as tlie superheterod) ne, traveling-wave tube or maser¬ 
amplifier t) pes have not yet been realized for the w ave¬ 
length region between 1 mm and 0.1 mm. A direct -detec¬ 
tion sy stem consisting ol a chopper, square-law detector, 

* Received b) the I RI’., December 22, 1960; revised manuscript 
received. March 21, 1961. This paper was supported in part by the 
Office of Naval Res. and the National Science Foundation. 

+ Engrg. Experiment Sta.. Georgia Inst, of Tech., Atlanta. 

and audio amplifier, however, is sufficiently sensitive in 
the submillimeter region to be of use in radiometry . 
Such a sy stem is practical because wide bandwidths are 
available at the high operating frequencies of the sub¬ 
millimeter wave region. I lie direct-detection sy stem is 
less complex than the superheterody ne or the timed 
RF receiver; consequently, it is more easily transport¬ 
able in satellites and other vellidos. The very narrow 
radiation patterns available Iroin submiliimeter an¬ 
tennas result in high antenna temperatures for radio 
sources which subtend small angles, such as planets; 
therefore, less receiver sensitivity is required for a given 
aperture size at the shorter wavelengths. 

II. Direct-Detection Radiometer 
Noise power from a matched microwave load and its 

temperature can be related by the approximation1

P = kTB. 

1 This approximation is not usually valid for infrared; it causes 
only a small error in calculations for the submiliimeter region provid¬ 
ing low tern peni titres are not involved (see either Nicoll-' or I larris*). 
For 0.1 -mm wavelength, the maximum error in A/’ calculated (Eq. 
(1)| for switching between 300°l< and any other temperature is ap¬ 
proximately I db. 
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where k is Boltzmann’s constant (1.38X10-28 joules per 
degree Kelvin), T is the temperature of the load in de¬ 
grees Kelvin, and P is the power in watts available in 
the bandwidth R in cycles per second. If the input to a 
detector is switched between two loads at different tem¬ 
peratures, as is conventional in radiometry,2-4 the change 
in available power is 

AP = 1.38 X 10“t8ATB, (1) 

where A7 is the difference in the temperatures of the 
two loads. If the minimum detectable change in power, 
AP,„in, is known for a given detector-amplifier combina¬ 
tion, the minimum detectable temperature change, 
A7 mi„, can be determined from 

(2) 
1.38 X 10 -'B 

In (2), R represents an equivalent bandwidth over 
which the detector can be assumed to be matched. Be¬ 
cause the detector is a square-law device, AP,n¡n varies as 

AP,„.„ = AV/<, (3) 

where K is defined as the minimum detectable change in 
power referred to a 1-cps video bandwidth, ami R, is 
the video bandwidth. Expected values of K are dis¬ 
cussed in Section III . When combined, (2) and (3) re¬ 
sult in 

7.3 X 1O22Av/L 
A T,„in = - —- • (4) 

Data on commercially available centimeter-wave de¬ 
tector mounts suggest that B may be larger than one 
half the operating frequency. At submillimeter wave¬ 
lengths the equivalent bandwidth will probably be 
limited due to matching difficulties, so it will be assumed 
that 

B = / 3. (5) 

The result of substituting (5) into (4) is 

2.2 X llP’AVA 
APni,. =- ( - (6) 

l'or K = IO-"’ watts cps-1'2, B,. = 1 cps and a wavelength 
of 1 mm (/=3X10" cps), 

A7j„in = 73° K. 

Although the sensitivities of square-law detectors are 
poor, sensitivities available with direct-detection sys-

2 G. R. Nicoll, “The measurement of thermal and similar radia¬ 
tions at millimetre wavelengths,” Proc. I EE, vol. 104, pp. 519 527; 
September, 1957. 

3 F. I). Drake and H. I. Ewen, “A broad-band microwave source 
comparison radiometer for advanced research in radio astronomy,” 
Proc. IRE, vol. 46, pp. 51 60; January, 1958. 

4 I). B. Harris, “Microwave radiometry,” Microwave J., vol. 3, 
pp. 41-46, April, 1960; vol. 3, pp. 47 54, May, 1960. 

terns are practical for submillimeter wavelengths because 
of the very wide bandwidths available. Eor example, 
several investigators0-9 have used the Golay cell as the 
detector for such a system to measure the equivalent 
black-body radiation of the sun and the moon, and 
measurements have been made to obtain a better under¬ 
standing of total attenuation through the atmosphere. 

111. Square-Law Detectors 
Kaufman 10 gives a good general description of detec¬ 

tors for the region between microwaves and infrared. 
The crystal diode, the barretter, and the Golay cell are 
practical devices for a direct-detection system. Little 
quantitative sensitivity data are available for this 
region because good measurement techniques have not 
as yet been developed. 
The crystal diode has a very short time constant that 

gives it an advantage over the barretter and Golay cell, 
which are heat detectors. As early as 1953, Gordy 11 

and others at Duke University used a crystal diode in a 
video sy stem to investigate absorption by the molecule 
DCS at 0.77 mm, but insufficient data were given to 
compute sensitivity. Richardson and Riley 12 have meas¬ 
ured the 3-mm sensitivity ol silicon wafers extracted 
from commercial crystal cartridges. Eor the best crys¬ 
tals, they suggest a sensitivity of 5X10-12 yvatt for a 
cycle of amplifier bandyvidth and claim that the sensi¬ 
tivity has not suffered greatly by working in the milli¬ 
meter region. 

I he Golay 13 cell is an instrument which detects pres¬ 
sure changes in a small volume of gas that is heated by 
incident radiation. This detector is reported to have 
constant sensitivity throughout the infrared region and 
well into the millimeter region. Eor example, the Eppley 
Laboratory, Inc., reports 14 a sensitivity for a commer¬ 
cially available Golay cell-amplifier combination of 
6X 10 -11 yvatt for a time constant of 4 seconds for wave¬ 
lengths as long as 4 mm. By assuming that the relation-

5 W. M. Sinton, “Observations of solar and lunar radiation at 1.5 
millimeters," J. Opt. Sor. Am., vol. 45, pp. 975 979; November, 1955. 

6 W. M. Sinton, “Observation of a lunar eclipse at 1.5 mm.” 
Astrophys. J., vol. 123. pp. 325-330; March, 1956. 

7 II. II. Theissing and I’. J. Caplan, “Measurement of the solar 
millimeter spectrum," J. Opt. Sor. A m., vol. 46, pp. 971 978: Novem¬ 
ber. 1956. 

8 H. H. Theissing and P. J. Caplan, “Atmospheric attenuation of 
solar millimeter wave radiation,” J. Appt. Phys., vol. 27, pp. 538-543; 
May, 1956. 

» II. A. Gebbie, “Detection of submillimeter solar radiation,” 
Phys. Rev., vol. 107. pp. 1194-1195; August, 1957. 

10 1. Kaufman, “ The band between microwave and infrared re¬ 
gions," Proc. IRE. vol. 47, pp. 381 396; March, 1959. 

11 \\ . Gordy, “Millimeter and submillimeter waves in physics." 
Pror. of the Symp. on Millimeter Har«, New York, March 31, 1959. 
Polytechnic Press of the Polytechnic Institute of Brooklyn, New 
York, N. Y.: 1960. 

12 J. M. Richardson ami R. B. Riley, “Performance of three-milli¬ 
meter harmonic generators and crystal detectors," IRE I RANS, on 
Microwave Theory and Techniques, vol. MTT-5, pp. 131 135, 
April, 1957. 

13 M. J. E. Golay , “Bridges across the infrared-radio gap,” Proc. 
IRE, vol. 40, pp. 1161 1165; October. 1952. 

14 “Golay infra-red detector.” The Eppley Laboratory . Inc., Bull. 
No. 10, rey i sed April, 1959; private communications with Mr. A. R. 
Dennett of The Eppley Laboratory, Inc. 
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ship15 between the filter time constant, t, of a phase 
sensitive detector and noise bandwidth is B,.= l ttt, 
the sensitivity of this Golay cell-amplifier combination 
corresponds to about 2X10 10 watt per cycle per second 
of amplifier bandwidth. The cell itself has a 15-msec 
response time. 

Bolometers have been used for some time to detect 
weak infrared signals, 16 and Rohrbaugh 17 has reported 
the use of a fine-wire bolometer (barretter) at 1.4 mm. 
A minimum detectable A'-band signal of 4X10 111 watt 
per cycle per second of amplifier bandwidth has been 
reported. 18 These measurements were made with a 
Xarda-ty pe 610B barretter and with a modulation rate 
ol 1000 cps. More recent measurements, at the Georgia 
Institute of Technology, with a Xarda 610B barretter 
evacuated to a pressure of about 20 microns resulted in 
a sensitivity of 5 X 10 11 watt per cycle of amplifier band¬ 
width for a modulation rate of 30 cps. Improved bar¬ 
retter performance may possibly be attainable by op¬ 
erating at the low temperatures 19 of superconducting 
transitions. Sensitivities comparable to our A'-band re¬ 
sults are reported for infrared bolometers; hence, it 
seems plausible that bolometers which are at least as 
sensitive as 10 losJB, watt can be used to span the 
region between microwaves and infrared. Our only 
measurements made at shorter wavelengths to this 
date have been at 4 mm with a PRD 634 mounted in an 
evacuated PRD 632 holder. Minimum detectable power 
was not measured because our main interest was in the 
minimum detectable temperature. Measurements using 
a noise source20 indicate a minimum detectable tem¬ 
perature, A7', ilin , of 130°K for a 30-cps chopping fre¬ 
quency and an amplifier bandwidth of 1 cps. The use of 
this value for A7',„¡„ in (6) would indicate a minimum 
detectable power. K, of 4X10 " watt. 

IV. The Dicke Radiometer 
The sensitivity oi a superheterodyne employing the 

Dicke RE switching scheme may be approximated-1 as 

//L 
ST,. = V2T. 4/ 

I It 

where T, is the equivalent receiver noise temperature, 
It is the IP bandwidth, and B, is the post-detection 
bandwidth. 

R. !.. Cosgrilt, “A study of Detectors and Amplifiers Used in 
Antenna Instrumentation," Antenna Lab., Ohio State ( nix ersit\ 
(Res. Foundation), Columbus. Tech. Rept. 487-5; December. 1953. 

"■ R. A. Smith. F. E. Jones, and R. I’. Chasmar, “The Detection 
of Infrared Radiation.” Oxford University Press, Loudon, Eng., sects 
3.3.3, 3.4. 7.2; 1957. 

17 J. II. Rohrbaugh, “A Study of the Generation and Detection of 
Electromagnetic Waves in the Millimeter Wave Region,” New York 
University, Xe» X’ork, Final Rept., Contract No. AF 19(6041-1115; 
\ugust 31, 1957. 

XL W. Long. ‘‘Detectors for microwave spectrometers." Rev 
Sei. Instr., vol. 31. pp. 1286 1289; December. 1Q60. 

19 If. Lale\ ic. “Criteria for the choice of a superconducting Itolom-
eter," J. Phys.. vol. 31, pp. 1234 1236, July, 1960; Electronic 
Design, vol. 8, pp. 34 36; July 20, 1960. 

711 Noise Source Model GNW-V18, for which the noise tempera¬ 
ture was given as 14,500°K ± 1800°K in private communications 
with R. White. Roger White Electron Devices, Inc. 

21 J. A. ( aordmaine, el a!., “A maser amplifier for radio astron¬ 
omy at A'-band," Proc. IRK, vol. 47, pp. 1062 1069; June, 1959. 

As far as is known by the authors, 2 mm is the short¬ 
est wavelength for which superheterodyne sensitivity 
has been published. Some years ago Johnson reported 22 

a sensitivity in the 2 to 3 mm region corresponding to 
an equivalent temperature of about 106°K, but it is 
likely that better sensitivities have been obtained since 
then. Available local oscillator power is low, and there¬ 
fore submillimeter superheterodyne performance in the 
near future is expected to be very poor. Even with suffi¬ 
cient local oscillator power for optimum sensitivity, 
sensitivities available from cry stal mixers developed for 
the submillimeter region are expected-'3 to be poor com¬ 
pared with those for the centimeter region. Eor specu¬ 
lating on differences in superheterody ne and direct-de¬ 
tection performance, it is assumed here that the 106°K 
equivalent temperature that Johnson obtained several 
years ago in the 2- to 3-mm region can now be obtained 
lor wavelengths less than 1 mm. Then for an IE band¬ 
width oi 10 Me and a video bandwidth of 1 cps, the 
minimum detectable temperature would be 

ATlilh , = 45O°K. 

A comparison of this result with that calculated for the 
1-mm direct-detection system indicates a somewhat 
better sensitivity for the simpler system. If one were 
willing to increase the IE bandwidth to the order of 1 
kMc by adding traveling-wave amplifiers, at the ex¬ 
pense of more complexity and a higher noise figure, the 
sensitivity oi the superheterodyne could be improved so 
that it would approximate that of the direct-detection 
system at this wavelength. 

\. Comparisons Between St bmillimeter and 
Centimeter Radiometers 

The radiometer having the smallest minimum detect¬ 
able temperature for a specified integration time em¬ 
ploys a superheterodyne with a maser preamplifier for 
operation at 3 cm. Eor this instrument, an rms fluctua¬ 
tion level ol about 0.04°K has been attained 21 bv using 
an integration time constant of 5 seconds. Within the 
authors’ knowledge, the most sensitive microwave 
radiometer was developed by Drake and Ewen.3 This 
radiometer operates at 8 kMc; and, with an integration 
time constant of 320 seconds, it can detect an antenna 
temperature of 0.01°K. Drake and Ewen minimized 
deleterious effects of gain fluctuations by a new tech¬ 
nique that results in some degradation of receiver-noise 
temperature. The effects of gain fluctuations on the sen¬ 
sitivity of a direct-detection system are also small be¬ 
cause equivalent receiver-noise temperatures are large. 

In many microwave radiometry applications, the 
solid angle subtended by the source is smaller than the 
antenna beam. Eor these applications, the temperature 

Ä C. M. Johnson, “Superheterodyne receiver for the 100 to 150 
kMc region,” IRK Trans. on Microwave Theory \\i> Tech-
xiq( i s, vol. M 11-2, pp. 27 32; September, 1954. 

C. I. McCov . “Present and future capabilities of microwave 
crystal receivers.” Proc. IRK. vol. 46, pp. 61 66; Januarv, 1958. 
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which is measured by the receiver is proportional to 
antenna gain, which, for a fixed aperture size, increases 
as the square of the operating frequency, it is instruc¬ 
tive to compare the potential of a direct-detection radi¬ 
ometer with the high performance X-band radiometers. 
A 1-mm direct-detection radiometer operating with a 
5-second or a 320-second time constant could detect an¬ 
tenna temporal tires ol 18°K or 2.3°K, respectively. 
However, for a given aperture size, antenna gain will be 
30 db higher at 1 mm than at X band; thus, the direct-
detection system could, in the absence of atmospheric 
attenuation, detect source temperatures which are less 
than those detectable with the best microwave radi¬ 
ometers presently available. I he authors believe that 
submillimeter-wave antennas can be developed which 
would be sufficiently large to justify this comparison in 
spite of the stringent requirements on surface accuracies 
and dimensional stability. 
The above examples, which neglect atmospheric at¬ 

tenuation, indicate greater system sensitivity tor 1-mm 
direct-detection systems than for highly sensitive A'-
band systems. These examples are valid only for those 
thermal sources, such as planets, subtending angles 
smaller than the submillimeter antenna beamwidth; 
however, some day submillimeter antennas may be de¬ 
veloped which have beamwidths smaller than the angles 
subtended bv some of the planets. 

\ I. Atmospheric Attenuation 
Effects of atmospheric absorption on the capabilities 

of ground-based submillimeter-wave radiometers are 
appreciable. Eor example, the total attenuation 24 along 
the zenith at a wavelength of 1 mm is expected, depend¬ 
ing on humidity, to lie between 3 db and 12 db. Some 
advantage may be gained by operating at 1.3 mm, where 
there seems to be a relative minimum of atmospheric 
absorption; results of previous research8 indicate that 
the total attenuation for humid conditions should not 
exceed 5 db in this window. 

There seems to be little submillimeter spectrum avail¬ 
able where atmospheric attenuation is sufficiently low to 
allow detection of thermal sources outside the atmos¬ 
phere bv a ground-based radiometer, iaroslavskii and 
Stanevich report 25 that humid air causes attenuations 
greater than 100 db/km for most of the frequency 
interval between 3X10" cps (1 mm) and 3X1O 12 cps 
(0.1 mm). Results of several spectroscopic investiga¬ 
tions 9 25 26 indicate a relative minimum in the atmos¬ 
pheric absorption at 0.35 mm (860 kMc). Iaroslavskii 

2t E. S. Rosenblum, “Atmospheric absorption of 10 400 kMeps 
radiation: summary and bibliography to 1961,” Microwave J., vol. 4, 
pp. 91 96; March, 1961. 

25 N. G. Iaroslavskii and A. E. Stanevich. “Rotational spectrum of 
water vapor and the absorption of humid air in the 40-2500|u wave¬ 
length region,” Optics and Spectroscopy, vol. 6, pp. 521-522; June, 
1959. (Translated by Am. Opt. Soc.) 

w H. Happ, \\ . Eckhardt, L. Genzel, G. Speiling, and R. Weber, 
“The crystal detector as a receiver of thermal radiation in the 
wavelength region of 100-1000/<,” Z. Naturforsch., vol. 12-A, pp. 
522-524; June, 1957. 

and Stanevich are the only investigators who have at¬ 
tempted to give quantitative data on the absorption. 
However, the attenuation they obtained in the labora¬ 
tory over a 7.5-meter path was small, and consequently 
their measurements were subject to large fractional er¬ 
rors in regions of low absorption. I hus, little can be sur¬ 
mised about the numerical value ol total atmospheric 
attenuation for the relative minimum. The authors 
have planned experiments to make total atmospheric 
measurements with a ground-based direct-detection 
radiometer by using the sun as the source for 0.35-mm 
waves. 

Strong27 has described a balloon-borne telescope to 
reduce effects of attenuation. In a window, the total 
atmospheric attenuation along the zenith is approxi¬ 
mately equal to the attenuation per kilometer caused by 
the atmosphere near sea level; therefore, it seems that a 
substantial reduction in attenuation would result by 
operating from a mountain top, as was done by Gebbie.9

\II. Discission 
The shorter millimeter wavelengths and the sub¬ 

millimeter wavelengths lie in a virtually unexplored 
region of the electromagnetic spectrum. Difficulties as¬ 
sociated with these wavelengths include high atmos¬ 
pheric attenuation, increased waveguide losses, and in¬ 
creased apert ure-phase errors because of dimensional 
errors. These wavelengths offer the potentiality of de¬ 
veloping very narrow-beam, high-gain antennas of rea¬ 
sonable size. 
The direct-detection radiometer, which at present 

provides more sensitivity for submillimeter waves than 
does the more complex superheterodyne, has been used 
to study atmospheric attenuation and determine equiva¬ 
lent black-body temperatures of the sun and the moon. 

1‘he very narrow beamwidths available from submilli¬ 
meter antennas result in high antenna temperatures lor 
radio sources which subtend small angles, such as 
planets; therefore, less receiver sensitivity is required for 
a given aperture size at the shorter wavelengths. Be¬ 
cause of the large antenna gains available, existing sub¬ 
millimeter technology permits the capability of detect¬ 
ing source temperatures comparable to those detectable 
with the most sensitive centimeter systems. However, 
care must be used to insure that maximum advantage is 
taken of available windows. 

Eurther developments on frequency multipliers, milli¬ 
meter-wave klystrons and magnetrons, parametric 
amplifiers, and the sophisticated new devices, such as 
masers ami tunnel diodes, may make the submillimeter 
region attractive for communications systems. In the 
meanwhile, valuable information on atmospheric at¬ 
tenuation, temperatures of thermal sources, absorp¬ 
tivity of materials, and RE component design can be 
obtained from measurements with direct -detection sub¬ 
millimeter radiometers. 

27 J. Strong, “Interferometry for the lar infrared, J. Opt. Soc. . I in., 
vol. 47. pp. 354 357; May, 1957. 
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Results of a Long-Range Clock 
Synchronization Experiment* 

F. H. REDERt. associate member, ire, M. R. WINKLERf, member, ire 
an» C. BICKARTf 

Summary—The USASRDL is conducting a feasibility study of 
World Wide Synchronization of Atomic Clocks (WOSAC) with an 
error of less than 5 /jsec (l-^sec target). Original synchronization is 
established by flying an atomic clock from the master to the slave 
clocks. Synchronization is maintained by phase tracking a VLF sig¬ 
nal controlled by the master clock. This paper gives the results of 
various phases of the project. Influences of the propagation medium 
allow VLF frequency transfer over the Atlantic with an accuracy of 
2p : 10" for a 24 hour averaging period. A synchronization experiment 
over 1000 miles gave an accuracy of 0.2 ,usec. Further improvements 
by a factor of 5 of LF frequency transfer over 300 miles distances was 
accomplished by phase control of the radiated signal by an Atomi-
chron. 

U. S. Army Signal Research and Develop¬ 
ment Laboratory at Fort Monmouth, X. J., is 
undertaking a feasibility study of world wide 

synchronization of atomic clocks (Project WOSAC), in 
close cooperation with Prof. J. A. Pierce of Harvard 
University, the Rome Air Development Center of 
USAF, the U. S. Xavy Electronics Laboratory, and the 
British Post Office. Target is the demonstration of 
clock synchronization to 1 pisec and better over dis¬ 
tances of several 1000 km. This is to be accomplished 
first, by synchronizing an atomic clock mounted in an 
airplane with the master clock, second, by synchroniz¬ 
ing all slave clocks with the th ing clock, and third, by 
maintaining synchronization of the skive clocks through 
phase tracking of VLF transmissions controlled by the 
master clock. Details of WOSAC are described else¬ 
where. 1
The project falls into various phases. Between last 

August and October, a phase-monitoring station for the 
VLF station GBR (16 kc) was established temporarily 
at Banbury, England, and the phase of the GBR sig¬ 
nal was measured simultaneously with identical equip¬ 
ment at Banbury and Cambridge, Mass., as shown in 
Fig. 1. This way, influences ol the propagation medium 
could be separated from perturbing influences originat¬ 
ing in the transmitter facilities. It was shown that VLF 
frequencies could be transferred over several thousand 
km's with a standard deviation of 2/U10 11 for 24-hour 
averaging periods.2 It is to be noted that the GBR prop-

* Received by the IRE. August 15, 1960. 
t USASRDL. Eort Monmouth, N. |. 
1 E. H. Rederand G. M Winkler. “World-wide clock synchroniza¬ 

tion," IRE Irans. on Military Electronics, vol. MIL-4, pp. 366 
376; April July, 1960. 

2 J. A. Pierce, G. M. Winkler, and L. Corke, “The GBR experi¬ 
ment. Nature, vol. 187. pp. 914-916: September 10, 1960. 

agation path to Cambridge, Mass., constitutes the 
worst condition as a result of its east/west direction be¬ 
cause the diurnal phase variations during sunset and 
sunrise render substantial portions of the reception 
time useless for this purpose. 
The results of the first flight tests of atomic clocks of 

the Cs-beam ty pe (Atomichron), carried out in Xovetn-
ber, 1959, were reported recently/1

It is the purpose of this paper, to report briefly the 
results of further flight tests and of our preliminary high 
precision synchronization test over a distance of 1600 
km, and to present new data on frequency transfer via 
LF and VLF propagation from transmitters directly 
controlled bv Atomichrons. 

I6KC 

RESULT: 

cr(-2ild"F0R 

24 HR. AVERAGING 
TIME 

SYNCH 

RECEIVING STATION 

CRUFT LAB 

SYNCH 

MONITORING STATION 

BANBURY 

GBR 

RUGBY 

O’- 5. 200 K M —- KH 40 K M,— so 

TASK'GBR'OF WOSAC SEPARATION OF PROPAGATION ERRORS 

FROM ERRORS INTRODUCED BY TRANSMITTER FACILITIES 

Fig. I Principle set-up lor measuring the influences of the propaga¬ 
tion medium on the phase of the 16-kc GBR transmission signal. 

A li-hour round trip around I'ort Monmouth, similar 
to those conducted last Xovember,' was carried out in 
good flying weather on February 9, 196(1. Comparisons 
of the plane clock, 119, with the ground clocks, 118 and 
115, over a 10-km long microwave link before and after 
the flight showed that the plane clock advanced by only 
6(1 nanosec, which corresponds to an average frequency 
offset during the flight of 1.1/K10". Thereafter, two 
more round trips around Fort Monmouth were carried 
out in rather turbulent weather. As a result, the Atomi¬ 
chron in the plane fell out of lock once in each case, and 

1 I- 11. Reder and G. M. \\ inkier. “Preliminary Hight tests of an 
atomic clock," Nature, vol. 186, pp. 592 593; May 21. 1960. 
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each time it took a few minutes to lock it again. Dur¬ 
ing the 2-hour flight on February 26, the plane clock 
lost 20.8 gsec while it was out of lock for about 10 min¬ 
utes. During the l|-hour flight on March 1, it gained 
6.0 gsec while it was out of lock for about 4 minutes. 
These two flights gave three important results. 

1) The Atomichron, if properly aligned and mounted 
parallel to the fuselage axis,3 operates much better than 
expected, even in moderately turbulent flying weather. 
I'he roll of the airplane is the most frequently encoun¬ 
tered motion. Its effect is diminished by the special 
mounting of the Atomichron. Pitch would be dangerous, 
but it is not experienced as often as yaw which has, 
therefore, the most perturbing influences (coriolis 
forces) during passage through severe turbulences. Ac¬ 
celerations caused by temporary falls in air pockets have 
no ill effect. 

2) Usually when a yaw put the Atomichron out of 
lock, the standard ended up locked to one of the side 
peaks of the Ramsey-type resonance pattern, which cor¬ 
responds to a frequency offset of 250 cycles at 9.2 kMc 
or to a frequency deviation of 2.7/>:108. 

3) The decade dividers used in the experiment re¬ 
vealed a relatively high sensitivity to power source in¬ 
stability. Changes in the line voltage level caused occa¬ 
sional slips in the final stages of the divider with the re¬ 
sult that the counted time differences displayed then 
wrong ligures for the 1 /10 second numbers. 

In February, I960, atomic clocks were set up at the 
Air Force Missile l est Center, Patrick Air Force Base, 
Fla. (#134), at the I . S. Army Signal Research and 
Development Laboratory, Fort Monmouth, X. J. 
(#118), and in a C-47 airplane (#119).3 Each clock con¬ 
sisted of an Atomichron and a pulse divider, with a 1 
pulse per second output signal3 in addition to the 5-Mc 
and 100-kc signals from the Atomichrons. On February 
15, clock #119 was compared with clock #134 over a 1-
km long coaxial cable. Observation of the beat note at 
5 Me for a period of 2 hours gave the necessary informa¬ 
tion for adjusting the rate of plane clock #119 to that of 
the ground dock #134. The adjustment was accom¬ 
plished by changing the magnetic ('-field of #119. Then, 
the 1 pps pulses from the ground and plane clocks were 
used to trigger the start and stop gate, respectively, of a 
time interval meter, giving the offset, 7\ ¿isec, between 
the 2 clocks. At noon the plane took off from Florida 
and arrived at 1900 at Fort Monmouth, where the 
ground clock was adjusted in rate and measured in 
phase in the same way as described above, with the 
only difference that a 10-km long microwave link was 
used instead of a coaxial cable. The measurement gave 
the offset 7» nsec. Overnight, the plane clock #119 was 
turned off. 
On the following morning, the plane clock was re¬ 

measured in terms of the bort Monmouth clock #118, 
giving an offset of jusec. At noon the plane returned 

to Florida, arriving at 1900 hours. From the values 
134-119= 7’i, 110-118= 7'., and 119'-118= 7:; . one could 
calculate the value of 134-1 19' = 1\ = 7 j+ 7o — 7’:t , which 
was to be expected for the final comparison at Florida, 
if it was assumed that all clocks performed properly. 
Table I displays the various measurements and the 
final result. I'he clock error between #119 and #134 
alter a 32-hour interval was only 0.1 +0.1 jusec, which 
corresponds to an average offset in rate of only 1.7 p: It) 12 . 
It must be noted that the flight weather was excellent, 
but that otherwise the C-47 airplane is probably the 
most unsuitable plane for transporting an operating 
Atomichron because of its unusually large wing surface. 
We, therefore, no longer have any doubt that we can 
accomplish a world-wide synchronization of atomic 
clocks to within a 1-jusec error, provided that fast planes 
are used and turbulence is only moderate. 

During March, I960, the Signal Corps Atomichrons 
#117 and #116 were installed on Oahu, Hawaii, and Fo¬ 
restport, X. Y., respectively, for a direct atomic fre¬ 
quency control of the high-power VLF Xavy OMEGA 
transmitters,4 located at these places. 12.2-kc signals 
from both stations were measured by Prof. J. A. Pierce 
at Cambridge, Mass., in terms of Atomichron #112. 
Table II gives some preliminary results. The relative 
fractional frequency offsets represent the slopes of the 

TABLE I 
Resilts of rm Clock Synchronization Test between Fort 

Monmouth, X. |., and Patrick Air Force Base, Fla., 
on Febriary 15-16, I960 

Date ES T Clocks Measured 
T, /nsec 

X um¬ 
ber of 
counts 

ar 
/¿sec 

Predicted 
value of 
77 gsec 

Feb. 15 
15 
16 
16 

11:00 
19:00 
12:00 
19:00 

134 -119 
119 -118 
119'1 18 
134 -119' 

542173.5» 
778900.5» 
741661 .7» 
579412.2* 

30 
261 
39 
58 

.04 

.04 

.02 

.06 
H 
579412.3’ 

TABLE II* 
Atomichron-Controlled VLF Transmissions from Hawaii (117) 

and Forestport (116), Received and Mi ascred by 
Pierce at Cambridge (112). Mass. 

* I lata supplied by Prof. Pierce. 

Date 1960 Atomichrons 
1 )u ra¬ 
tion, 
hours 

AC 
10" 

f 
(70* 

pl second d/X 10" 

March 3 
21/22 

24 
24 
25 
25 

117-112 
117-112 
117-112 
116-112 
117-112 
116-112 

5 
24 
6 
5 
6 
6 1 

1 
1 

1 
1 

1 
GJ

 —
 —

• 

1 .4 
1.7 
3. 
2.5 
3.2 
3.6 

11 . 
3. 

20. 
20. 
21 . 
24. 

4 C. J. Casselman, D. P. Heritage, and M. L. Tibbals, “VHF 
propagation measurements for the radux-omega navigation system,” 
Proc. IRE, vol. 47, pp. 829 839; May, 1959. 
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best tilting straight lines through the recorded phase 
curves.5 a® is the standard deviation oi the phase curve 
in microseconds, and a, is the standard deviation of 
A/ /, calcul. ited from by dividing it through the total 
observation time and multiplying it with \/2 to take 
into account the uncertainty ol both end points ot the 
phase curve. It is believed that the data for and 07 
can be improved soon by introducing servo control for 
the phase of the radiated signals, as discussed later. It 
should also be noted that the available transmission 
periods were in general too short tor a good measure¬ 
ment of frequency. It is significant that the results of 
the 24-hour transmission almost approached the ac¬ 
curacy of 2/>:10" achieved during the GBR experi¬ 
ment. The relative!} poor quality ot the signal from the 
much closer Forestport station max’, at least partly, be 
caused by strong interference ol the first sky wave with 
the ground wave in the Cambridge area. 

2.2 percent, the radiated power 28 watts. In December, 
a 56-meter high base-insulated antenna tower was sub¬ 
stituted tor the flat-top antenna, giving a 5-db gain in 
radiated power for the same input power of 1250 watts. 
During January, the tower was fitted with a capacitive 
top load (about 800 gjuf) consisting of 6 r;tdial and 1 pe¬ 
ripheral wire, which gave an additional antenna gain of 
4 db. It was now also possible to raise the input power 
from 1250 to 5000 watts, so that the total gain over the 
flat-top assembly was about 15 db, giving a final oxer-all 
efficiency of the transmitter facilities of about 18 percent 
(000 watts radiated). It was observed that full-power 
operation since the introduction of the antenna top 
load introduced considerable slow xariations of the 
transmitter impedance because ol heat dissipation in 
the tuning unit. I here were also short-time variations 
during wind} weather because ol the unax’oidable sag 
ol the peripheral wire. It is the purpose of the above 

AMPLIFIER 

lig. 2—Block diagram ot the \5X \ transmitter facilities and 
its frequency anti phase control circuit. 

Since October, 1959, the Signal Corps has been op¬ 
erating an experimental Lb' station, A5XA (133J KC), 
at Earle, X. J., in order to stud} direct Atomichron 
control of LF transmission signals and means of re¬ 
ducing phase variations introduced by the transmitter 
system. I he 133|-kc signal is derived from the 100-kc 
output signal ol the Atomichron, and is transferred to 
the power amplifier at the transmitter site ox’er a 3-km 
long microwaxe link. Since April 18, the phase of the 
radiated signal has been serxrocon trolled, as shown by 
the block diagram of Fig. 2. A flat-top antenna with 5 
wires, each 100 meters long, and an effective height of 15 
meters was used during October and Xovember, 1959. 
The efficiency ot the tuning unit and antenna was about 

5 |. \. Pierce. '■Iiilereoiitiiieiit.il frequency comparison by ien 
low -frequence radio transmission, " Cruft l.ab.. Harvard I nie.. Cam¬ 
bridge. Mass., lech. Kept. Xu. 220; 1957. 

mentioned servo control to counteract the resulting 
phase variations. Cable HI, I' igs. 3 and 4 (page 1032) gi ve 
the results of comparing Atomichrons, located at Fort 
Monmouth, with Atomichron #112 at Cambridge over 
the 133j-kc transmission path. A significant improve¬ 
ment ol the standard deviations since the introduction 
ot the servo control is apparent despite some antenna 
breakdow n problems and a deteriorating beam tube of 
Atomichron #115 (Fig. 3), both ot which happened to 
enter the picture just about the same time as the servo 
was put into operation. Che results show n in Fig. 4 
were achiex’ed with the better Atomichrons #111 and 
#119. During August, I960, new models NC2001 of 
atomic beam standards w ill be employed on both ends 
to see if further improvements will be possible by using 
improved frequency standards for controlling the trans¬ 
mitter and receiver. 
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TABLE 111* 
Ki si lts ok Comparisons of Atomichrons Located at Fort Monmoi th with Atomichron 112 at 

Cambridge, Mass., via 133}-kc Transmission Signals 

1 late Antenna Atomichrons Time, hours Average inter¬ 
val, minutes 

V* 
- X10" (70* 

H sec <z/X10" 

1050 
Oct. 22 

28 
29 
30 
30 

Nov. 4 
4 
4 

4/5 
5 
5 
5 
5 

12 
13 

Dec. 10 

1060 
Feb. 5 

8 
8 

11 
15 
16 
17 
18 
19 

Mar. 10 
14 
17 
21 
24 
28 
31 

Apr. 18 

21 

25 
28 

Mav 12 
16 
19 
23 

lune 2 
6 
6 

6/7§ 
7 
7 

7 8§ 
8 

Flat top 
a 

lower 

Tower with top load 

U 
•4 
44 

l ower with top load, 
and servo control u 

44 
44 

« 

u 
41 
44 

8 112 
8 112 
8 112 
8 112 

119-112 

8-112 
119-112 

8 112 
8-112 
8 112 
8 112 

115 112 
115-112 
115 112 
115-112 

115 112 

115-112 
115-112 
115-112 
115 112 
115-112 
115 112 
115 112 
115-112 
115 112 

115 112 
115-112 
115-112 
115-112 
115-112 
115-112 
115-112 

123 112 
115 112 
115-112 
115112 
115-112 

111-112 
111112 
111-112 
119-112 

119 112 
119 201 
112 119 
112-119 
112-119 
201-119 
201-119 
201 119 

6 
6 
6 
2 
4 

2 
2 
3 
14 
5 
2 
2 
2 
44 
6 

6 

8 
6 
4} 
6 
3 
6 
6 

2 J 
3 
3 
2 
2 

6 
7 
8 
4 

8 

4} 
0? 
7} 
8 
6 
12} 

60 
60 
60 
10 

10 
10 
30 
60 
60 
10 
10 
10 
30 
30 

30 
30 

30 
30 
30 
30 
20 
30 
30 

10 
10 
30 
30 
10 

10 
30 
30 
20 

30 
20 
30 
30 
30 
30 
30 
30 

-1.4 
-3.4 
-5.2 
-0.6 
-10.8 

-3.6 

-3.4 
+ 22.6 
-2.0 
-4.7 
-3.0 
-0.1 
-6.0 
-5.5 

-7.0 

-11.0 
— 14.0 
— 17.0 
-13.0 
— 13.0 
-15.0 
-17.0 
- 16.0 
— 14.0 

-3.4 

-J! 5 
-10.0 
-25.0 

-2833.0* 
— 2.8 

-8.7 
— 4.5 
-3O.5t 
-48. Ot 
-22.0 

+ 21 .0 
+ 19.5 
+21.1 
— 10.6 

+ 11 . 
+ 15. 
+ 4.5 
+ 14. 
+ 8.3 
+ 0.11 
+ 0.37 
+ 1.0 

0.06 
0.11 

0.07 
0.06 
0.05 
0.26 
0.18 
0.06 
0.04 
0.03 
0.07 
0.05 

0.17 
0.22 
0.16 
0.08 
0.06 

0.16 

0.06 
0.06 
0.11 
0.20 
0.70 

0.05 
0.1 
0.06 
0.07 

0.08 
0.05 
0.05 
0.71 
0.08 
0.06 
1 .03 
0.16 

1 .2 
1.1 

1 .4 
1.2 
0.7 
0.7 
1 .4 
1 .2 
0.8 
0.6 
0.6 
0.3 

0.8 
1.4 
1 .3 
0.5 
0.7 

'I 

0.9 
0.8 
1.5 
3.9 
1 .4 

0.52 
0.56 
0.27 
0 65 

0.4 
0.58 
0.45 
4.3 
0.41 
0.31 
6.8 
0.5 

* Data supplied bv Prof. Pierce. 
t Beam tube of 115 had very low signal-to-background ratio, and failure of the room air conditioner caused frequency drift. Measurements 

were therefore div ided over 2 intervals. 
* Atomichron 115 was accidentally locked at lower side peak. 
§ Night transmission only. 
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Fig. 3—Some typical phase recordings for 
A5XA transmission signals. 

Fig. 4 Phase recordings for A5XA achieved 
during May and .lune. 1960. 

(ABLE IV 
Ri st i.is or Comiarisox oi A iomicuroxs tx tin Sh.x al Coris I a non \ toux 

1 late Atomichrons 'I'ime, hours 
Axerage 
interval, 
minutes 

N 
X10" 

f Msec o/X1O" 

1059 
Nov. 8/9 
Nov. 8/9 
Nov. 8/9 
Nov. 8/9 
Nox . 8/9 

I960 
Feb. 12/20 
Feb. 12/20 
Feb. 12/20 
Feb. 12/20 

Apr. 29 
Apr. 29 
Apr. 29 
Apr. 29 
Apr. 29 
Apr 29 

Max 3 
25 

201 8 
119 8 
201 8 
201-8 
201-8 

118 115 
123 118 
123 118 
123 118 

119 8 
111 119 
115 119 
115 119 
118 119 
123 119 

115 119 
201 202 Í 

5 
13 
21 
5 
5 

195 
180 
81 
75 

5 J 
5! 
3 
2 J 
5Í 

6 
8 

30 
60 
60 
60 
60 

900 
900 
900 
900 

30 
30 
30 
30 
30 
30 

30 
30 

4.6 
7.9 
5.0 
4.5 
5.4 

1.0 
1.8 
0.3* 
3.9* 

0.4 
21 .3 
0.75 + 

-59. t 
9.4 
37.2 

4.9 
1 .77 

0.005 
0.07 
0.05 
0.0(8» 
0.04 

0.3 
1.9 
0.5 
0.3 

».2 
0.02 
0.006 
0.5 
0.02 
0.23 

0.01 
0.0034 

0.04 
0.2 
0.1 
0.1 
0.3 

0.1 
0.4 
0.2 
0.2 

0.2 
0.14 
0.08 
8. 
0.12 
1.7 

0.1 
0.017 

* Split-up oxer two interxals because 123 dexelo|X-d a small frequency shift after 84 hours, caused by changing room temperature, 
t Split-up oxer txxo interx als because 115 drifted because of defectixe air conditioner. 
{ Nexx- Atomichrons, type NC200I 

Table l\ gives the results of comparisons of several 
Atomichrons in the Signal Corps Laboratory in order 
to show that there is some good hope to approach with 
LF or VLF transmissions the precision achieved with 
present standards under laboratory conditions. 

Further experiments on long-range synchronization, 
and additional propagation studies were performed dur¬ 
ing the summer of 1060. 
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High-Frequency Power in Tunnel Diodes* 
G. DERMITf, MEMBER, IRE 

Summary—An expression for high-frequency tunnel-diode power 
is developed with a simple dissipative load and for signals confined 
within the nearly linear range of the diode negative resistance. The 
existence of maximum power output for a given frequency of opera¬ 
tion, and for an optimum peak current-to-capacitance ratio is demon¬ 
strated. The power and the inductance appear in the equations as a 
product, and consequently, the higher-power output diodes require 
the lower inductances. 

The results are plotted for germanium as well as for gallium ar¬ 
senide in the form of charts with the ratio of peak current-to-capacity 
and the operating frequency as coordinates. These charts present 
two families of curves which cross each other, one referring to con¬ 
stant products of power times inductance and the other referring to 
constant products of capacity times inductance. The presented data 
cover a wide operational range of tunnel diodes. For a diode oscillat¬ 
ing at 10 kMc and having a resistive cutoff frequency of 30 kMc, 
the maximum power-inductance product is 0.0224 (mw)(m^h) for a 
voltage swing of 0.15 volt in the nearly linear range. 

1. INTRODUCTION 

MAJORITY carrier tunneling in Esaki diodes 
takes place at extremely high speeds compared 
to minority carrier injection across ordinary-

junctions. Tunnel diodes that utilize this mechanism 
have very high-frequency capabilities, and promise use¬ 
ful applications in high-speed switching, and as high-
frequency oscillators and amplifiers. 
One approach to high-frequency tunnel diodes has 

been to build a point contact junction directly into the 
cavity. GaAs diodes fabricated in this way have been 
reported to oscillate in third- or fourth-order modes' at 
as high as 40 kMc. These “pulsed-junction” diodes have 
the advantage of giving extremely small junction areas 
directly without requiring subsequent reduction bv 
etching. 

Another approach has been to construct very small, 
individually enclosed, “alloy ed-junction” units. Dom¬ 
inant mode oscillations up to 10.8 kMc have been re¬ 
ported2 with germanium tunnel diodes of this tvpe. 
Their advantage lies in that they allow fairly accurate 
reproduction of parameters and stable encapsulation. 

The purpose of this paper is to show the development 
ol a general expression lor the maximum power output 
ol tunnel diodes operating within the nearly linear range 
of their negative resistance characteristic. This linear 

* Received by the IRE, December 28, I960; reviseri manuscript 
received, February 24, 1961. The contents of this paper appeared in a 
lech. Memo. ( TAI 366.1), October 7, 1960, except for some qualita¬ 
tive considerations on nonlinear oscillation and a specific calculation 
of maximum power at 10 kMc. A treatment of inductance and fre¬ 
quency limitation of cylindrical cavities with tunnel diodes was in¬ 
cluded in the Memo, but has been omitted in this paper. 

f Genl. Telephone and Electronics Labs., Inc., Bayside, X. Y. 
1 R. Trambarulo and C. A. Burrus, “Esaki diode oscillators from 

3 to 40 kMc,” Proc. IRE, vol. 48, pp. 1776-1777; October, 1960. 
2 G. Dermit, II. Lockwood, and \\ . Hauer, “10.8 kMc germanium 

tunnel diode,” Proc. IRE, vol. 49, pp. 519-520; Februarv , 1961. 

range is shown to be quite large in comparison to the 
entire negative resistance region in tunnel diodes. The 
analysis, and the formulation of a general expression 
for power is carried out for conditions of steady sinus¬ 
oidal oscillation.3'1

II. Steady Sinusoidal Oscillation 
A de current-voltage characteristic of a typical tunnel 

diode in the forward direction is shown5 in Fig. 1. It 
consists of three distinct parts: the peak region, the 
valley region, and the forward exponential rise. The 
positive and negative resistance regions on either side 
of the peak are due to majority carrier tunneling. The 
valley region is variously regarded as being due to car¬ 
rier tunneling to intermediate states followed by 
recombination, and the final exponential rise is due to 
forward injection of minority carriers. The last two 
mechanisms of conduction are slow in comparison to 
normal tunneling. Thus, the usefulness of the valley and 
forward injection regions at high frequencies, 10 kMc 
and higher, is questionable. In this paper the emphasis 
is on operation in a region of the characteristic domi¬ 
nated by normal band-to-band tunneling only. 

°- 1 °- - 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

Volts 

Fig. I Typical GaAs tunnel-diode current-voltage characteristic 
with forward bias. Pp = peak voltage; V?, valley voltage; Fand L, 
voltage and current swings over linear range of negative resist¬ 
ance. respectively. 

3 M. E. Hines, “High-frequency negative-resistance circuit prin¬ 
ciples for Esaki diode applications,” Bell Sys. Tech. J., vol. 39, pp 
477-513; May, 1960. 

1 R. P. Murray, “Biasing Methods for Tunnel Diodes,” Electron¬ 
ics, vol. 33, pp. 82 83; June, 1960. 

5 X. Holonyak and I. A. I.esk, “Gallium arsenide tunnel diodes,” 
Proc. IRE. vol. 48, pp. 1405-1409; August, I960. 
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For a first-order characterization of the device we 
restrict ourselves to the linear portion of the negative 
resistance region which is described by the voltage and 
current swings, 1’ and I. The linear portion we are de¬ 
fining as the region in which the average value VH 
does not exceed the minimum value of the negative re¬ 
sistance by more than 15 percent. In Section IV-B it is 
shown that this region accounts for a large fraction oí 
the total power available in tunnel diodes. The quanti¬ 
ties l and /are related by the equations 

r = Wr(r, - i p) 

/ = mflp — R), (1) 

where l'„ l'p and I,., Ip are the valle\ and peak values 
oi the voltages and currents, respectively. The s) mbols 
ui, and nt, are constant fractions specifying the linear 
portion of the over-all negative resistance characteristic. 
For most diodes the difference between the peak and 
vallex currents, I p — Ir, is close to I, and since we mainly 
consider diodes with appreciable peak-to-valley current 
ratios, Ip Ir. we can take I = Ip. Diodes with small nt, 
and small current ratios are considered in Appendix I. 
The voltage swing is an inherent property of the junc¬ 
tion. It is related to the energy -gap and Fermi levels of 
the semiconductor, and does not depend on the area of 
the junction. This is in contrast to the peak current, 
which is directly proportional to the area of the junction 
and depends very much upon the semiconductor ma¬ 
terial. I he quantity’ F does depend on doping, but this 
dependence is ver) small, because the peak voltages of 
the diode change only a small amount with doping. 

. 1. Conditions for Steady Sinusoidal Oscillations 

I he circuit diagram in Fig. 2 depicts a lumped pa¬ 
rameter network for a tunnel diode, where L is the in¬ 
ductance ot the diode, R, the series resistance, Ri. the 
external load, — R the negative resistance of the junc¬ 
tion, and C its capacitance. In order to start oscillations 
at the angular frequency co, the diode is biased in the 
negative resistance region with a loyv-impedance source 
which in turn is by passed with a large capacitor. The 
equivalent series impedance of the circuit is given by: 

R R-uC 
Z=RL + R.- - /- ~ + (2) 

1 + RW- ' 1 + R-^C' ' 

When sell oscillations occur, the current / must be 
finite. Since the equation 

17 = 0 (3) 

must hold at all times, stead)’ sinusoidal oscillations not 
exceeding the linear range occur only when the imped¬ 
ance Z is zero.4 Setting both the real and imaginary 
parts of Z equal to zero, and solving for the correspond¬ 
ing frequencies, leads to 

1 / R 
wk = — 4/ - 1. (4) 

CR F Rf 4- R 

in the case ot the real part, and to the inductive cutoff 
frequency 

in the case oi the reactive part. It should be noted that 
Wk increases with the decreasing time constant RC, 
yy hereas approaches zero for a given inductance I., 
w hen /it’ approaches \CL. For stead) sinusoidal oscil¬ 
lations at a frequency at. both conditions (4) and (5) 
have to be fulfilled simultaneously , w hich meansw=wn 
= Wi. A more general discussion of the oscillation condi¬ 
tions is given in Appendix II.. 

Hg. 2—-hquivalent network for tunnel diode. Ihe junction param¬ 
eter.- are C, — R. and R.. The inductance of the cavity and the 
load are L and Rt.. 

B. Power Output 

For the purposes of the present treatment the oscilla¬ 
tions have been confined to the linear range. This mode 
of operation is of primary interest in amplifiers and 
high-frequency oscillators. It is also of interest in lotv-
frequency oscillators, especially since it turns out that 
the available power in the linear range is a substantial 
percentage of the total poyver of a tunnel-diode oscil¬ 
lator which is not restricted to the linear range (see 
Section IV-B). 

Since the useful energy- is dissipated in the load Rl. 
the available power output is given by 

(6) 

where the second relation follows from (4). Referring to 
Fig. 2, yve can write the relationship betyveen the rms 
current I and the linear voltage swing Vas 

which gives 

I /Is
F’ 1 + RWC* 

8 R-

CD 

(8) 
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Inserting this into (6) we have 

E2 1 + R2u2C2 / R 
- R. 

8 R2 \1 + R^C2
(9) 

This equation must be subjected to condition (5), before 
it can describe the power for sinusoidal oscillations. 
However, we can discuss the concept of resistive cutoff 
frequency and a few experimental results without in¬ 
troducing (5). At low enough frequency, when u<¡Zl/RC, 
the power output in (9) approaches the de power 

I- A' - R. 

8 R2
(10) 

The frequency at which P drops to \/n of the low-fre¬ 
quency power is 

1 R - R. n - 1 
W2 =- - (U) 

R2C2 R. n 

E rom this formula we can calculate the resistive cutoff 
frequency w/,, at which the power drops to zero. This 
occurs at n = « , i.e., 

R — R, 

R 
(12) 

Note that this is simply (4) for R/, = 0 or zero power. 
Since the concept of resistive cutoff frequency is con¬ 
tained as a special case within condition (4), we have 
been able to arrive at a correct conclusion despite the 
fact that (9) is not sufficiently restricted to include, as 
yet, (5). 

Eor most diodes the series resistance R„ is much 
smaller than the negative resistance R, which reduces 
the resistive cutoff frequency to 

and the power output in (9) to 

I- /I \ 
P = (- R^2C2], (14) 

8 \/? / 

or 

1’he limitations imposed by the assumption 7?»/?., and 
a more general expression for power avoiding this as¬ 
sumption are given by (31) and (30) in Appendix 111, 
respectively. 

This expression for power is based on a strictly re¬ 
sistive load Ri.. According to the oscillation condition 
(5), capacitance, inductance and negative resistance 
are enough to determine the frequency of oscillation. 
Experimentally, it is observed that the frequency can 
be changed slightly by moving the bias point to higher 

resistance values in the negative resistance region. Eor 
diodes oscillating close to their cutoff frequencies, oscil¬ 
lations may cease altogether with a small change in 
bias, whereas, for oscillations far below cutoff, the bias 
can be shifted well into the valley region without stop¬ 
ping the oscillations.2 Eor a typical tunnel diode with 
£ = 0.25 mph, C=0.784 ppf, R, = 6 ohms, and R = 55 
ohms, we observed oscillations up to 10.8 kMc, which 
is in good agreement with 10.75 kMc as calculated from 
(5). Experimentally, the frequency for such a diode can 
be shifted about 100 Me by changing the bias point. 

Although our analysis applies strictly to resistive 
loads, the extension to complex loads is straightforward. 
In either case, however, for a given diode operating at 
a given frequency, the load must be fixed to a value de¬ 
termined by the oscillation conditions (4) and (5). If the 
load exceeds this value, oscillations cease. If the load is 
slightly smaller than this value, the voltage swing ex¬ 
tends into the nonlinear range to a certain degree and 
causes a stabilization due to a corresponding change in 
R. Eor much smaller loads the oscillations become highly 
nonlinear, provided the frequency of oscillation is not 
too high. 

Eq. (15) as it stands includes only the effects of oscil¬ 
lation condition (4). According to (3), both oscillation 
conditions (4) and (5) must be satisfied simultaneously 
in order tor the diode to carry out sinusoidal sell-oscilla¬ 
tions. Consequently, we have to introduce into (15) the 
functional dependence given by (5). We could substi¬ 
tute either for w or R; since for our purposes we are in¬ 
terested in obtaining a power expression having an ex¬ 
plicit dependence on the time constant of the junction 
RC= CV/1, we substitute for R. RC is essentially one 
ol the most significant parameters in the design of high-
frequency tunnel diodes. Since E is fixed, let us intro¬ 
duce the peak current-to-capacity ratio Ip/C=k which 
can be measured easier than R in a tunnel diode. We 
then can substitute in (15) 

which results in 

A combination of (5), (16), and (17) finally yields 

E k 
P =- (1 - u2/uH,2). (18) 

8£ œ2 + F/E2

This is the equation for the output power of a tunnel 
diode operating at a frequency ay and within the linear 
region specified by V and I in Eig. 1, subject to condi¬ 
tion R^Rx or (31). The general power expression where 
this condition is removed is given by (32). 
When the frequency of oscillation is close to the re¬ 

sistive cutoff frequency, the power approaches zero. On 
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the other hand when w<1/3wíím, the ratio w2 w«,2 is 
small compared to 1 and can be neglected. In this case 
it can easily be shown that at a given frequency ol oper¬ 
ation w = «0, the power P reaches a maximum at an opti¬ 
mum value of k = ku, given by 

wo — I (19) 

where k0 corresponds to an optimum /,, C ratio oi the 
tunnel diode. Consequently, 

f3 f2
P,.^ = —— = - - (20) 

16¿oA 16wi>/. 

In Appendix III, (10) and (20) are shown to hold even 
when w is close to W/Í... Although (19) is shown to be com¬ 
pletely general, (20) holds strictly when /¿/2»/<,. The 
general expression for (20) is given by (33). Krom (19) 
the important conclusion that can be drawn is that at a 
given frequency Un there exists an optimum value for 
which the tunnel diode yields a maximum power output 
given by (20). Furthermore, it is very important to 
note that the maximum power, which will be discussed 
further in Section l\ , is strongly affected by F. This 
voltage-swing F depends mainly on the semiconductor 
material, its energy gap, and its Fermi levels. High-
energy-gap semiconductors apparently give larger volt¬ 
age swings, and consequently lead to higher powers. Be¬ 
sides its dependence on the degeneracy of the I'ermi 
levels, F also is related to the tail-off of the density ol 
states that takes place at the band edge. Quantitative 
relations for these effects have not been published. 
B.ised on experimental data we used 1 =0.1, and 0.15 
for Ge, and GaAs, respect ively. It is interesting to 
note that when the effects of R are negligible, i.e., il 
w<ww,/3, (15) does not contain w explicit!), whereas 
(18) does. Of course, (15) is a more general expression 
and while it holds for ever)’ oscillating diode, the con¬ 
verse statement that any arbitrary value oí R is suffi¬ 
cient for a diode to carry out sinusoidal oscillations is 
not correct. 
So far, we have considered only the linear voltage 

range, i.e.. the range where the negative resistance is 
maximum. W hen the diode oscillates close to its cutoff 
frequency, or when Rt. is sufficiently large [see (23)], 
the voltage is confined very closely within this range. 
However, if the diode is oscillating at low frequencies 
and considerably below its cutoff, F can swing over a 
wider range, extending well into the nonlinear regions. 
1'he oscillations under these conditions become quite 
complex and. depending on the diode, the apparent 
power which now includes strong harmonics and cross¬ 
modulation, can be about a factor two higher than the 
peak powers given before (see Section l\ -B). It should 
be noted that in our anal) sis F is fixed : as w approaches 
the cutoff frequency w«,, the power goes to zero be¬ 
cause Rl becomes zero (see Section l\ - B), and not be¬ 
cause of a decreasing voltage swing. 

III. Tinnei.-Dio»e Charts 

In this section numerical computations based on 
(18) are presented. For this purpose w«/ in (18) can be 
replaced by 

w«,2 = k CRA'. (21) 

which follows from (13) and (16). 
The product CR, should be considered further. To a 

first order of approximation, this product is independ¬ 
ent of the junction size, because Cis proportional to the 
area of the junction, and R, is inverse!) proportional. 
W’e shall now show that the dependence of the product 
on various doping concentrations is also small. The 
resistivity range in germanium tunnel diodes is about 
0.0008 to 0.0004 ohm-cm. This range would give a 
2 to 1 variation in R,. If the usual p-n junction theory 
holds tor these degenerate levels, the capacitance is pro¬ 
portional to the square root of the impurity concentra¬ 
tion. Due to the severe drop in mobility going from 
0.0008 to 0.0004 ohm-cm, the impurit) concentration 
must be increased by a factor of about 4. Thus, over the 
entire useful range of resistivities, the product CR. 
w ould tend to remain independent ol doping. 

Fig. .5 Serie- re-i-tan< e-< ap.u itaiK e product R.C lor various Ge 
diodes vs peak current-to-capaeitance ratios k. 

In Fig. 3 a distribution of the product R,C for over a 
hundred experimental germanium diodes, covering ;i 
wide range of Cs, is shown. More than 50 per cent oi 
these diodes which were prepared by alloy ing and sub¬ 
sequent etching fell within the range oi 5.5 to 8 ohm-
Hfii. Since we are interested in the higher k units for 
high frequency, we shall choose RSC = 6 ohm-jujaf. W ith 
point contact junctions this figure would be lowered by 
as much as an order of magnitude. If R,C is different 
from 6 it will be shown in Section HI-B that a correc¬ 
tion. particular!) at high frequencies, can be applied 
very easily. Further discussion of R. is taken up in 
Section 1\ following the presentation of charts for Ge 
and GaAs diodes. 
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.1. Germanium 

Using (21) for the cutoff frequency in the power ex¬ 
pression (18), and inserting for germanium F=0.1 volt 
and CR = 6 ohm-ggf, we are left with the quantities P, 
L, k and w. Since the power and the inductance occur as 
a product, we can plot (18) as a series of constant power¬ 
inductance curves with k as a function of w. In Fig. 
4(a)-4(c), next page, these plots are shown over a wide 
range of frequencies. These plots are accurate for k values 
that are about 3 ma/ggf or less. This limitation on k is 
due to condition (31), giving R>5R„ but is removed in 
(32). 'Die power-inductance values for each curve have 
been indicated as power by assuming a fixed inductance 
of 0.25 mgh. The powers corresponding to any other in¬ 
ductance can be computed easily from the same plots. 
One striking feature of these curves is that the k values 
are double valued with respect to frequency. In general, 
the lower the frequency, the higher the power, provided 
one uses the proper k value, or time constant, for the 
junction, k is also proportional to the peak-current 
density- of the diode. Thus, for a given frequency of 
operation there is an optimum peak-current density 
that one must use in order to obtain maximum power. 
If k is much higher than this optimum value, the power 
output drops. This behavior holds primarily for power 
diodes. If, for instance, a one kMc oscillator is desired, 
the permissible value for k is only 0.63, which corre¬ 
sponds to a peak-current density of approximately 
6000 amp/cm2. If a k value of 1.7 is used instead, the 
power at 1 kMc will drop from the original level of 
0.358 mw to 0.25 mw. 

Considering now the low-power curves of Fig. 4(a)-
4(c), we observe that the zero-power curves are the cutoff 
curves of the diodes. For high-frequency, low-power 
diodes, we see that the frequency increases with k. The 
highest k values reported in Batdorf, et al.,6 are for I nSb, 
with 6=16 ma/ggf. For Ge, the maximum values ob¬ 
tained so far are smaller, in the range of 10 ma/ggf. 
However, even before the frequency limitation due to 
the k value is reached, there are other more serious 
limitations related to the problem of the smallest junc¬ 
tion size that can be achieved in practice. 
We have already seen that the area of the junction 

is proportional to itscapacitance. The behavior of capaci¬ 
tance can be plotted also on the tunnel-diode chart. To 
show this, we eliminate R in (5) through the substitution 
of (16). The resulting expression is 

1 
CI. -- (22) 

W2 _|_ ¿2/^2 

Constant capacitance-inductance product curves can 
now be plotted with k as a function of w. These product 
curves are shown in Fig. 4(a) and 4(b) as capacitance 

6 R. Batdorf, G. Dacey, R. Wallace, and I). J. Walsh, “Esaki 
diode in InSb. " J. Appt. Phys., vol. 31, pp. 613-614; March, 1960. 

curves, since they have been computed lor a fixed in¬ 
ductance of 0.25 mgh. The capacitance values corre¬ 
sponding to any other inductance can be calculated 
from the same curves. 
The characterization of a tunnel diode on these charts 

is now complete. Any point on the chart gives the 
frequency of oscillation, peak-current, capacitance and 
power output of the diode for an inductance of 0.25 
mgh. In case of larger inductances, for instance, if the 
diode is placed in a larger cavity, the power and capaci¬ 
tance figures are reduced by the ratio of the small in¬ 
ductance to the large one. Since k as an intrinsic 
property of the junction remains unchanged, we move 
to the left on a horizontal line representing constant 6; 
vice versa, a reduction in inductance results in a gain 
of the power output. 
The constant CL curves, besides giving practical in¬ 

formation about peak-currents, also establish the high¬ 
est possible frequency of operation. Moving to higher 
frequencies on the 2.5 gw curve requires smaller and 
smaller capacitances, or smaller junction sizes. The 
smallest mechanically -stable junctions that can be 
fabricated by etching are estimated to be close to 0.2 
mil. This corresponds approximately- to capacitances as 
low as 0.7 ggf, for 6 = 3.5. Referring now to Fig. 4(b) 
yve see that for 6 = 3.5 and C = 0.7 ggf, we obtain on the 
2.5 gw curve approximately a frequency of about 11 
kMc. Diodes represented by this point on the chart 
have been constructed.2

B. Gallium Arsenide 

The charts shown in Fig. 5(a) and 5(b), p. 1039, are 
equivalent plots for GaAs. The importance of a larger 
voltage swing, I’ = 0.15 volt as compared to 0.1 volt tor 
Ge, becomes clearly- apparent in these curves. These 
plots are accurate for values of 6 <5 ma/ggf which 
satisfy (31), giving R>5RX. This limitation is removed 
in (32). All other parameters for GaAs are the same as 
for Ge. The curves show that the maximum power ac¬ 
cording to (20) has now increased with I'2 for a fixed 
frequency. For instance, at 1 kMc the peak power is 
0.84 mw, instead of 0.358 mw, the value for germanium. 

For GaAs yve have assumed CR, = 6 ohm-ggf as for 
Ge. Zinc-doped GaAs tunnel diodes actually have a 
resistivity of about 0.002 ohm-cm, and consequently 
lead to series resistances that are higher than those of 
Ge diodes. On the other hand, the capacitance per unit 
area of GaAs diodes is about one half that of Ge diodes, 
and therefore, the CR„ product does not change appreci¬ 
ably. In order to show clearly the effects of higher series 
resistance, yve have included in Fig. 5(a) a set of dashed 
curves for a diode that has a series resistance an order of 
magnitude higher than 6, i.e., CR, = 60 ohm-ggf. In 
this case, the dashed curves in Fig. 5(a) are accurate 
for 6<0.5 ma/ggf only. The effect on the 2.5-gw oscil¬ 
lation is obviously detrimental; the frequencies for a 
given 6 value have dropped by the square root of ten. 
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Fig-. -1—(a), (b) and (c). Germanium constant power-inductance product, PL curves for L =0.25 m^h, V=0.1 volt, ami R,C=6 ohm-^f. V 
is the voltage swing over the linear range of negative resistance; R,C is the diode series resistance junction-capacitance product. Con¬ 
stant capacitance-inductance Cl. curves for ¿.=0.25 m^h, and F=0. 1 volt have been included in (a) and (b). 
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Fig. 5—(a) Ga As constant power-inductance product. PL curves for 
L — 0.25 m/<h, voltage swing K = 0.15 volt, and diode series re¬ 
sistance-capacitance product R,C=6 ohm-j^f. (b) Similar con¬ 
stant PL curves with constant capacitance-inductance CL curves 
for L=0.25 mph and F=0.1 5 volt added. 

However, at lower frequencies of operation the efiect is 
negligible. 

Besides offering higher power at low frequencies, 
GaAs diodes could be etched down to about one hall the 
capacitance of Ge junctions because of their lower 
capacitance per unit area. This property extends their 
high-frequency range. 

IV. Maximi m Power Oitpit 

The conditions for steady sinusoidal oscillations are 
given by (4) and (5) with the additional requirement 
that w«=W£. The equality of the two frequencies leads to 

Rl + R _ 1 

L ~ RC 
(23) 

where R, depends on junction size and semiconductor 
resistivity. For constant resistivity, Rs decreases with 
increasing junction area, but RC remains constant, hor 
large enough junctions Rs is small compared to R/., and 
therefore R,. approaches L/RC, a value independent of 
junction size. 

For very high-frequency tunnel diodes, (5) requires 
small capaci tances which necessitate the use of very 
small junctions. Alloyed junctions can be etched down 
to very small diameters of about 0.1 to 0.2 mil, but 
etching results in relatively high R, because of the for¬ 
mation of a thin column at the junction. In computing 
the charts of Section III-A and B, we used R, values 
that were taken from ordinary heavily-etched type 
junctions with relatively high R, (RrC=6 ohm-^i). 
The problem of reducing R, and, at the same time, 

maintaining a small junction area can be attacked in 
two ways. One way is to use pulsed-point contact junc¬ 
tions.1 Here, R, approaches the spreading resistance of 
the point which is much lower than the resistance of the 
etched column. The other way of reducing R, is by the 
use of very thin semiconductor layers. In this case, 
small junctions require wafer thicknesses which are a 
fraction of the junction diameter, and quite difficult to 
achieve. These two ways of reducing R, leave the pa¬ 
rameters L, R, C unchanged, and from (5) it follows that 
the operating frequency remains unchanged. For small 
enough Re, the load Rj. approaches L/RC, as stated 
above. 

It should be noted that an attempt to decrease R, is 
of importance only if the condition R,<üL/RC is not yet 
fulfilled. It is quite obvious that this condition is easier 
met if the time constant RC is lower or k is higher. On 
the other hand, the lower the inductance L, the lower 
R, has to be. 

A. Maximum Power in the Linear Range 

When a tunnel diode oscillates close to its resistive 
cutoff frequency, (4) and (12) require R,. to approach 
zero and the power developed in the load also ap¬ 
proaches zero. This means, from (23), that R., approaches 
the value L/RC. If R, is decreased, the cutoff frequency 
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uh, goes up and consequently the power output at an 
operating frequency œ increases as seen by (18). The 
power loss due to R, is less than 10 per cent of the total 
power when 
As pointed out in Section 1I-B, (18) reduces, in this 

case, to 
V k 

P -- (24) 
8¿ w2 + ¿2/F2

The Pmm and ko values are given by (20) and (19). If 
tunnel-diode charts, similar to the ones shown in bigs. 
4 and 5, are plotted for low R, according to (19), the 
P,„„x points fall on a straight line which goes through 
the origin. Furthermore, by combining (22) and (19), 
the diode capacity-inductance product for maximum 
output is 

The load resistance for maximum power output is ob¬ 
tained by combining (23), (19) and (16). For R^R^ 
we have 

Rl = Lku F = 1mu. (26) 

It is interesting to note that the maximum power output 
is obtained when the external impedance seen by the 
tunnel diode consists of a resistance and an inductive 
reactance which have the same value. 
I'sing these results, we calculate a specific example of 

a tunnel diode operating at 10 kMc. R„ is assumed to 
be low enough to give a resistive cutoff oi 30 kMc. For 
F = 0.15 volt and with the aid of (19) and (20), we ob¬ 
tain the optimum peak current-to-capaci tance ratio, 
¿o = 9.4 ma/ju/d and the maximum power-inductance 
product Pmax L = 0.0224 mw-mph. If the inductance is 
assumed as low as 0.025 m^h, the power output is 0.896 
mw. 1 he significance oi a low inductance for achieving 
a useful power output is quite evident. According to 
(26), the cavity impedance seen by the junction for this 
case turns out to be 1.57 + /1.57 ohms. Such a low im¬ 
pedance can be realized with the diode in the thin, center 
section of a tapered cavity operating at higher-order 
modes.1

For lower-power applications of up to 100 gw at 10 
kMc, a plain cylindrical cavity in a coaxial arrangement 2 

gives an inductance as low as 0.25 m/xh. This value is 
constant up to 18 kMc, and the simple equivalent cir¬ 
cuit of Fig. 2 has been shown to hold under the following 
conditions:7

1) I nner radius of outer conductor of cavity <60 mils, 
2) Radius of inner conductor >2 mils, 
3) Thickness of cavity <57 mils, 
4) Diameter of semiconductor junction <0.4 mil. 

Practical, stable and self-contained devices have been 
built to meet these conditions. If these devices are 

7 G. Derinit, Tech. Memo. (TM 366.1); October 7, 1960. Un¬ 
published. 

operated in higher-order mode cavities instead of in the 
simple cylindrical cavity referred to previously, the in¬ 
ductance seen by the diode becomes smaller. Conse¬ 
quently, the junction size and, therefore, the capacity 
and peak current can be made larger to increase the 
power output. 

B. Power in the Nonlinear Range 

At low enough frequencies the oscillations extend into 
the nonlinear region. This will happen when the diode 
is operating much below its resistive cutoff frequency 
(12), and when the load is smaller than the Rl value 
determined by (23). The evaluation of the nonlinear 
case is a complex problem which is not treated here; 
however, some qualitative considerations should be 
noted. 
When the load is very small or zero, the oscillations 

extend into the valley region, and partly into the posi¬ 
tive resistance regions. The fundamental sinusoidal com¬ 
ponent of these nonlinear oscillations can still be de¬ 
scribed by an equivalent negative resistance Re that 
takes the place oi R in (23). Rr will be larger than R, 
but the exact functional relationship between R and Re 

cannot be obtained by simple averaging. As the load is 
increased, the voltage swing of the nonlinear oscillations 
begins to contract, R. decreases, and the power de¬ 
veloped in the load begins to increase. 
An approximate estimate of the maximum of non¬ 

linear power compared to the maximum power in the 
linear range can be made by a simple computation. The 
total power available in the entire negative-resistance 
range at de is compared with the power available in the 
linear range defined in Section 1. For a typical GaAs 
diode shown in Fig. 1, the area under the negative-re¬ 
sistance region extending from the peak to the valley 
gives 261 gw. This is the total available power in the 
tunnel diode. The power in the triangle defined by Fand 
I is 96 gw, or 37 per cent of the total available power. 

In Fig. 1 the minimum value of R is 101 .5 ohms ami 
V/I = 114.5 ohms for F=0.15 volt. Thus, the variation 
of R is 12.8 per cent. If we allow R to vary up to 47 
per cent, we obtain F' = 0.18 volt and the power in the 
triangle VP is 50 per cent of the total available power. 
Front these data one sees that the maximum linear 
power is a significant part of the total possible power 
output. Moreover, only part of the total power of non¬ 
linear oscillators can be utilized in many cases due to 
the higher content of undesired frequencies. It should 
be noted that for w<wb„/3, a 15 per cent variation in 
R results in the same variation in P, according to (15), 
since dR/R=—dP/P for constant F. Thus, the non¬ 
linearity error in the maximum power estimates is also 
limited to 15 per cent in our calculations. 

V. Conch signs 

Equations lor the power output of high-frequency 
tunnel diodes have been derived. The treatment is 
limited to the linear range of operation of a tunnel diode. 
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4'he linear range is defined by the condition that the 
deviation of the average negative resistance V/I from 
the minimum negative resistance value Ji is small. 
The linear range is of interest in the following three 

cases : 

1) Amplifier applications where signal distortions are 
not acceptable. The equations of Section fl and the 
charts can be applied directly for estimating the upper 
limit of the undistorted power level that can be handled 
by the tunnel diode within its frequency range. 

2) Low-power oscillators where the emphasis is on 
achieving a high frequency of oscillation close to the re¬ 
sistive cutoff frequency of the diode. In this case, the 
oscillations are only possible within the linear region. 

3) High-frequency oscillators where the diode oscil¬ 
lates at a frequency considerably below resistive cutoff. 
Here, both linear as well as nonlinear oscillations are 
possible. The conditions and power output are discussed 
in Section I\ . 

An important result is that in the derived equations 
the power output of a tunnel-diode oscillator and the 
series inductance appear as a product. Consequently, in 
all applications the role of inductance is a very dominant 
one. Lowering of the inductance means increasing the 
power, but low inductances also lead to very low im¬ 
pedances. This presents special problems of coupling 
the input and the output. For instance, the cavity im¬ 
pedance seen by the diode must be about 1.6 ohm in 
order to achieve about 1 mw output at a frequency of 
10 kMc. 

'I’he linear voltage swing V has a drastic influence on 
power also. The maximum power-inductance product 
at a given frequency is proportional to the square of I'. 
Another important conclusion is that tunnel-diode oscil¬ 
lators operating in the linear range give maximum 
power output only for an optimum value of the junction 
time constant or its k value. These maxima are further 
improved by reducing the series resistance of the junc¬ 
tion to the point where the resistive cutoff frequency 
becomes approximately three times the operating fre¬ 
quency. 

It has been shown that a significant part of the total 
possible power output of a high-frequency tunnel-diode 
oscillator can be realized in the linear region. 

Appendix I 

Extension to Small Iv/J, Ratio Diodes 

In Section II the linear portion of the current swing 
I was assumed equal to the peak-current Ip. Tunnel 
diodes with small peak-to-valley current ratios are use¬ 
ful in amplifier and oscillator applications. To include 
the effect of small ratios and the effect of nonlinearity 
through m, in (1), we have only to modify (16) into 

V 
R = - , (27) 

kC(\ — l/n)m, 

where n = Ip/Ir. Thus, all the k's in the text have to be 
multiplied by (1 — 1/m)wz, whenever this factor is appre¬ 
ciably smaller than one. 

Appendix II 

Alternate Derivation oe Conditions i or 
Steady-State Oscillation 

The results of (4), (5) and (23) can also be obtained 
by solving the circuit differential equation for the tunnel 
diode. This solution is quite general and includes all the 
possible states of operation, such as transients and 
blocking oscillations, as well as steady sinusoidal states. 
The complete solution of the differential equation is3

z = dir"1'+ .l>e"2'+ /L (2«) 

where i is the total instantaneous current at time /; At, 
/12 and B are constants depending on initial conditions; 
and pt, pi are given by 

In (29), Jit has been lumped into Ji, because Ji, and Ji¿ 
occur in series. When the two p's are equal, they are 
real, and a transient undergoes an exponential growth 
or decay; when they are complex, we have exponentially 
decaying or growing sinusoids; and when they are 
imaginary we have steady-state oscillation. For the 
imaginary case, (23) must hold. Using this relation, and 
eliminating Ji, under the square root of (29), we arrive 
at the original oscillation condition given by (5). 
The two methods clearly give the same results. The 

impedance given by (2) is just a short-cut to the 
specialized steady-state sinusoidal solution of the dif¬ 
ferential equation and excludes the more general 
transient states. 

Appendix HI 

General Expression eor Power 

By removing the condition that Ji^R, in (13) and 
combining (9) and (12), (15) becomes 

P =- (R — R,)( 1 -Y (30) 
SR- \ Ull,: / 

It is clear that when Ji = Ji,, the power is zero; similarly, 
wit, = U from (12), and therefore, w = 0. Obviously (13), 
(15), and (18) fail when Ji approaches R„ but these ex¬ 
pressions are quite good when Ji is more than 5 times 
larger than R,. The condition R^PR, can be made general 
by multiplying both sides by C. Making use of (16), we 
have 

F 
— »R,C. (31) 
H 
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This is the necessary condition for (15) and (18) to hold. 
In Section III, it was shown that R,C is independent of 
the capacitance and negative resistance product RC of 
the junction. For severely-etched junctions, a practical 
value for R,C is about 6 ohm-ju/xf, and for unetched junc¬ 
tions, such as large area junctions or small point-contact 
junctions, it is estimated to be about 0.6 ohm-ggf. Thus, 
for unetched-type junctions, (15) and (18) would hold up 
to very high values of k (viz., up to 32 ma//x/xf for Ge, 
see Section III-A and 50 ma/ju/xf for GaAs, see Sec¬ 
tion 111-B). 
By subjecting (30) to condition (5) and making use 

of (16), we obtain the general power expression for pure 
sinusoidal oscillations. 

k 
— - (Æ,C)F 

k~ 
ur + 

(32) 

Eq. (32) can be plotted in the manner of the tunnel 
diode charts of Section HI. Since R,C and V are inde¬ 
pendent of the doping, we see immediately that, at a 
fixed frequency of operation o>o, there is an optimum 
value of k given by wo = ̂ o/F that leads to maximum 
power. This is in agreement with (19) , which is thus 
quite general and rigorous. The maximum power is 

This becomes equal to (20) when V f2k,OR,C, or when 
R/2»R„. 

1 he power expression (32) is based upon three as¬ 
sumptions which are quite valid for sinusoidal oscilla¬ 
tions. The first assumption is that tunnel diodes can be 
made to oscillate with a voltage amplitude extending 
beyond the linear range in Fig. 1. It is always possible to 

change Rl in (23) and thereby to increase the voltage 
swing from F to a value such as F', if R, is low enough. 

I he second assumption is that R,C is independent of 
the resistivity of the p- and „-type regions of the junc¬ 
tion. This property, which was shown to be true in Sec¬ 
tion 111, is quite basic in deriving the conclusions on the 
maximum power and optimum k. It implies that R.C is 
independent of RC, despite the fact that R, by itself de¬ 
pends on both the area and the resistivities. 
The third assumption is that L can be varied without 

affecting the area and the other parameters of the 
junction. Since we are mainly considering coaxial 
cavities with the diode occupying a very thin section in 
the center conductor, it is possible to substitute greatly 
varying junctions in the cavity without changing L. 
The frequency at which (32) becomes zero is 

which is simply the resistive cutoff frequency (12), ob¬ 
tained by substituting for (16). Following the assump¬ 
tion of independent RSC, we can now compute from 
(34) the maximum possible cutoff frequency of tunnel 
diodes. 

= 1/2R.C, (35) 

which occurs for the optimum time constant 

RC = 2R,C. (36) 

Observe that lor time constants smaller than (36) the 
cutoff frequency will decrease. If R„C=0.6 ohm-jx/xf, 
the maximum frequency of oscillation is 130 kMc! 
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Design Theory of Optimum Negative-
Resista nee Amplifiers* 

E. S. KUHf, MEMBER, IRE, AND J. D. PATTERSONf 

Summary—In this paper we consider general amplifiers obtained 
by imbedding a linear active 1-port device in arbitrary 3-ports. The 
active device is assumed to have a representation of a negative con¬ 
ductance — Gi, in parallel with a parasitic capacitance Cd- We prove 
that for the lossless reciprocal imbedding, the transducer voltage 
gain is limited by 

I 5S,I < 
where wo is the angular bandwidth. For arbitrary passive imbedding, 

I •Sal < 
Synthesis methods to approach or achieve the optimum are pre¬ 

sented. 
Other types of amplifier configurations are next considered. In 

each case, the optimum gain-bandwidth formula, synthesis pro¬ 
cedure and some useful design curves are given. 

I. Introduction 

The recent development of new 1-port active devices 
has given amplifier designers a new challenge, i.e., the 
limitation of the given device in terms of maximum 
gain-bandwidth product and synthesis procedures for 
an optimum amplifier. It is obvious that an ideal nega¬ 
tive resistance can provide infinite gain-bandwidth. The 
limitation of practical active devices is due to parasitic 
elements. In the case of conventional amplifiers employ¬ 
ing 2-port active devices, such as vacuum tubes, the 
maximum obtainable gain-bandwidth product was first 
derived by Bode. 1 Bode also gave synthesis methods for 
optimum passive networks which act as input, output 
or interstage coupling networks. 

'runnel diodes and degenerate parametric amplifiers 
have often been used as the active elements to design 
simple amplifiers. 2 5 However, no general theory has 
been found for the limitations of the devices and opti¬ 
mum synthesis procedures. In this paper, it is assumed 
that the 1-port active device has an equivalent repre-

* Received by the IRE. Decembers, 1960; revised manuscript re¬ 
ceived, February 27, 1961. Presented at the joint meeting of URSI 
and IRE, Boulder, Colo.; December 12 14. I960. This research was 
supported in part by the Office of Naval Research under Contract 
Nonr-222(74) and the National Science Foundation under Contract 
No. G-12142. 

t Dept, of Elec. Engrg., University of California, Berkeley, Calif. 
1 II. \\ . Bode, “Network Analysis and Feedback Amplifier De¬ 

sign," D. \ an Nostrand Co., Ini ., New York, N. Y.; 1945. 
2 H. E. Rowe, “Some general properties of nonlinear elements. 11. 

Small signal theory," Proc. IRE, vol. 46, pp. 850-860; May, 1958. 
3 K. K. N. Chang, “Low-noise tunnel-diode amplifier," Proc. 

IRE, vol. 47, pp. 1268 1269; July, 1959. 
4 M. E. Hines, “High-frequency negative-resistance circuit prin¬ 

ciples for Esaki diode applications," Hell Sys. Tech. J., vol. 39, pp. 
477-514; May, 1960. 

6 E. \V. Sard. “Tunnel-diode amplifiers with unusually large band-
widths,” Proc. IRE, vol. 48, pp. 357-358; March, 1960. 

sentation of a negative conductance — Go in parallel 
with a capacitance Cd- We first consider the problem 
where the active device is imbedded in a 3-port lossless 
reciprocal network. The maximum obtainable gain¬ 
bandwidth and a synthesis procedure for an optimum 
amplifier are presented. We then consider other ampli¬ 
fier configurations. In each case the maximum gain¬ 
bandwidth and synthesis procedure are given. 
A problem which is not considered in this paper is the 

reflection coefficients at the input and output of the am¬ 
plifiers. It will be noted that except for the matched 
circulator and hybrid types, all amplifiers seem to have 
large reflection coefficients. 

(I. Lossless, Reciprocal Imbedding 

The most general amplifier employing a 1-port active 
device is illustrated in Eig. 1, where Gs and G i. are source 
and load conductances. Eor obvious reasons, we wish to 
restrict the passive 3-port to be reciprocal and lossless. 
The network is then redrawn as shown in Eig. 2. N„ is a 

Fig. 1—Passive 3-port imbedding of an active 1-port. 

Fig. 2—Lossless, reciprocal imbedding of an active device. 

lossless reciprocal 3-port described by its normalized 
scattering matrix with respect to a set of reference ad¬ 
mittances; Gs, Gl, and To, where Fo is arbitrary.6 No is 
a lossless reciprocal 2-port with reference admittances, 
Vo and —Go. The parasitic capacitance Cd is now in¬ 
cluded in No. With this representation, we can express 
the over-all transmission coefficient in terms of the 

6 E. S. Kuh and D. O. Pederson, “Principles of Circuit Synthesis," 
McGraw-Hill Book Co., Inc., New York, N. Y.; 1959. 
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scattering coefficients of Na and Nb as follows: 

2F2 /Gl „ 523«531«5116 
521 = — 4/— = 52.,, +- (1) 

I 0 I Gs 1 — 533o5116 

Since the reference admittance Yo is not involved in the 
expression, we can arbitrarily choose Yo = Y33, where 
V33 is the input admittance of Na at port (3) with ter¬ 
minations Gs and G1.. Thus, 

533« — 0, (2) 

and (1) is simplified without losing any generality. 

521 = S3¡a + 523o531«5116. (3) 

The physical interpretation of (3) is clear. The over¬ 
all transmission is equal to the sum of two parts. The 
first part 52u represents the direct transmission of Na 

from port (1) to port (2). The second part represents 
the product of three terms: the direct transmissions 
from port (1) to port (3) and port (3) to port (2), and 
the reflection at port (3) due to mismatch of Nb. Since 
52i«, Än«, and 523a are the scattering coefficients of a 
lossless network with passive reference admittances, 
their magnitudes cannot be larger than unity. The only 
term which could contribute gain to this expression is 
5116. In the following we will consider separately Na and 
-Vö and derive the optimum gain-bandwidth formula, 
which can be approached when both Na and Nb are 
optimized. 

N„ is it lossless reciprocal 3-port described by its nor¬ 
malized scattering matrix S„ with reference admittances 
Gs, Gl, and To. Without losing any generality we can 
assume that Fo = Fn is real at one frequency. This is ex¬ 
plained in Fig. 3, where a tuned circuit is inserted be¬ 
tween Na and Nb. Clearly, at the resonant frequency, 
the complete network is not changed by this insertion, 
yet Tja can now be made purely real.7 With real refer¬ 
ence admittances, Sa is unitary. In addition, since 
533« = 0, we have 

I 531« |2 + I 532o 12 = 1, (4) 

) 5110 |2 + I 521o |2 + I 531o |2 = 1, (5) 

and 

531o5iio + 5.32o512o = 0, (6) 

where the bars (-) designate the complex conjugate. 
Moreover, since N„ is reciprocal, 

523o = 5.32o and 52i« = 512«. (7) 

Combining the above four equations and eliminating 
5110 ! , we obtain the following useful result: 

I 5210 I = I 523o531o I . (8) 

Eq. (8) is now substituted in (3). The over-all trans-

’ Note that the real part of Yu cannot be zero if 52a« and 53la are 
finite. A lossless balanced bridge will illustrate this particular case. 

ducer voltage gain is 

I 521 1 = I 523.1531o I I 1 + 511 be,'p Í , (9) 

where </> is a phase angle. Clearly, we wish to maximize 
!523o5h„| to obtain the optimum | 52] !. From (4), it is 
seen that the maximum is realized if 

li i 1I 523« I = I 531„ I = • (10) 
v2 

and the scattering matrix 
real coefficients is found as 

5« = 

1 

2 

1 
2 

1 

V2 

an optimum N„ with all 

1 1 -

2 

1 1 

2 \2 

1 
0 

x/2 

(11) 

The complete network for GS = GL=1 and To = 2 is 
shown in Fig. 4. From (3) and (11), we conclude that 

521 — |(1 +5116). (12) 

The problem of finding the maximum gain-bandwidth 
product for given Cd and — GD is reduced to the prob¬ 
lem of finding the optimum 2-port Nb such that 5m is 
the maximum for a specified bandwidth. For this, we 
refer to Fig. 5, where Nb is shown with terminating con-

Fig. 3—Insertion of a tuned circuit between Na and Nb. 

Fig. 4—An optimum network. 

Fig. 5—Lossless 2-port. 
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ductances G\ and G*. Let pi be the reflection coefficient 
at the input for an output termination G«=-]-Gd and 
Pi' be the reflection coefficient at the input for G’— — Gn-
It is shown in Appendix 1 that 

(13) I -Sm I — I Pi' I - ï r 
I Pi I 

Thus, the problem of finding the maximum 5m overa 
given band is reduced to the problem of finding mini¬ 
mum ¡pij if the output termination is a positive con¬ 
ductance Gi>. This is the familiar lossless matching 
problem and the solution is well known for a GC load. 
From Bode, 

or 

(15) 

For a specified bandwidth Wo, the constant gain is lim¬ 
ited by 

I 5in, I < (Î6) 

Substituting in (12), we obtain the final result 

| 52i | < ¿(1 + e''’"'"^")- (17) 

This expression gives the upper bound of the gain ob¬ 
tainable for a given bandwidth by imbedding the active 
1-port in a lossless reciprocal 3-port. The treatment in 
Section 1\ will indicate that the upper bound cannot be 
attained over a band through w0. This is because 5m of 
the resulting network has a phase even if infinite num¬ 
ber of elements are allowed. However, for a high-gain 
amplifier the upper bound can essentially' be approached, 
since the second term in the parenthesis of (17) is much 
larger than unity. Since the amplification of such an am¬ 
plifier is obtained through reflection, we refer to this as 
the reflection-type amplifier. The synthesis procedure 
of the matching network and some design formulas are 
given in Section 1\ after we consider two other similar 
configurations in the next section. 

111. Till': CiRCILATOR- AND HYBRID-
Type Amplifiers 

In this section, we analyze two familiar types of am¬ 
plifiers. The first employs a non reci procal passive 3-
port. 25 The second one uses two active 1-ports.4 The 
gain-bandwidth performance is better than the reflec¬ 
tion type discussed in the previous section. 

A. The Circulator-Type Amplifier 

We refer again to Fig. 2, but remove the requirement 
of reciprocity on N„. From (3) it is clear that in order to 
optimize 5>i, the product -?2:t«5.n„ I has to be maximized. 

An ideal circulator has the following normalized scat¬ 
tering matrix: 

ro 1 01 

5 = 0 0 1 

1 0 0 

(18) 

Thus, 523„5jjO= 1, which is the maximum that can be ob¬ 
tained from a passive network. Hence, the network as 
shown in Fig. 6 gives an optimum amplifier configura¬ 
tion. The transmission coefficient is equal to the reflec¬ 
tion coefficient of N/,. 

5-, = 5,1». (19) 

For a given Wo, 

I 5-1 1 < c'(i '>'“<£ >•. (20) 

This is about 6 db better than the reflection-type am¬ 
plifier. However, the circulator-type amplifier is a 
strictly one-way amplifier in contrast to the two-way 
amplifier of the reflection ty pe. 

B. The Hybrid-Type Amplifier 

To avoid the use of nonreciprocal elements, to pro¬ 
vide two-way amplification and to achieve the gain 
level of (20), we need to use two active 1-ports. This is 
shown in Fig. 7. Na is a lossless hybrid which has a 
scattering matrix 

(21) 

Fig. 6—The circulator-type amplifier. 

Fig. 7—I he hybrid-type amplifier. 
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Networks Nb and Nc are lossless 2-ports; each is ter¬ 
minated by an active 1-port device. Let ph and pc be the 
reflection coefficients at the inputs of Nb and Nc as 
shown. The resulting scattering matrix of the over-all 
2-port is 

5 (22) 

11 we choose 

(23) Pc — ’ Pb, 

then 

Nil — .8'12 — pb- (24) 

i r pb + pc pb — pc " 

2 Lp6 — Pc Pb + Pc. 

1 bus, we have a two-way amplifier with exactly the same 
gain-bandwidth limitation as the circulator type. The 
requirement of (23) indicates that the input admittance 
of Nb must be the reciprocal of that of Nc. Since the 
two 1-port active devices have the same equivalent 
circuit, the dual network concept cannot be used to ob¬ 
tain the reciprocal admittance. To realize approxi¬ 
mately the condition of (23), a broad-band 90° phase¬ 
shift network can be used in one oi the two networks. 

IV. Synthesis of Matching Networks 

In order to achieve or approach the optimum gain¬ 
bandwidth, we need to design an optimum matching 
network. 1 he matching problem is a familiar one in 
network theory and has been solved by Bode, Fano and 
others.8 In our problem, since the load is a parallel GC, 
exact synthesis procedure can be carried out to accom¬ 
plish either a maximally-flat magnitude or an equal 
ripple match. The following simple derivation for the 
general maximally-flat match is presented along with 
some useful design formulas. 
We refer again to Fig. 5. Let 

1 — t" 
Gi = 1 and G> = - > (25) 

1 + t" 

where e<l is a positive design parameter. We denote t 
and p as the normalized transmission ami reflection co¬ 
efficients of the lossless 2-port with reference to G\ and 
Gt. For a maximally flat match, 

i, 1 — e2“ 
'l2 = — — (26) 

1 + w2" 

and 

Since the lossless ladder-matching network is transpar¬ 
ent at de, Gt = (1 —en/\ +e") follows from (26) and (27). 

8 R. M. Fano, “Theoretical limitations on the broadband match¬ 
ing of arbitrary impedances," J. Franklin Inst., vol. 249, pp. 57-83, 
139-154; January, February, 195(1. 

1 he transducer voltage gain of the over-all amplifier 
is equal to 1/ p for the circulator and hybrid typesand 
is equal to approximately 1/2 |p| for the reflection type. 
In this section, we designate I S21 J as the gain of the cir¬ 
culator or hybrid type; thus, Sn=\/p. From Eq. (27) 
the de gain is 

1 
(28) 

and the 3-db bandwidth is found at S2i = or 

e 

~ (1 - 2e2») 1'2“ 
(29) 

The complete network can be obtained in the following 
way: First determine the reflection coefficient from (27) : 

p(j)p(-s) |,_>u = I p(ju) I2 = - —- - (30) 
1 + w2" 

I'he poles of p(s) are restricted to be in the left half plane 
for stability reasons. The zeros of p(.t) for maximum 
gain-bandwidth are restricted to be in the right-half 
plane.’ Once p(s) is determined, the input admittance 
Fifi) can be found. 

r, - — 8

1 + p 
(31) 

A low-pass ladder can be developed based on Cauer’s 
continued fraction expansion. For the specified G2 in 
Eq. (25) the last shunt capacitance is given by 10

(32) 
2 sin (ir/2n) 

1 - 6 

From (29) and (32), the actual 3-db bandwidth for a 
given set of Cd ami Gp can be found by frequency and 
admittance denormalization. 

w,C„ Go t 2sin(7r/2«) Go 
Wj-db = - - = - • (33) 

CD G-, (1 - e2«)1'2" 1-t Cn 

The asymptotic behavior of Ws ,n, as n—» » with a con¬ 
stant de gain can be found by letting e” fixed and e—»1 : 

7T 
Wj-db —> - —-

lnS21 (0) CD
(34) 

which is the optimum gain-bandwidth given by (20). 
The network for n = 3 is shown in Fig. 8. For design con¬ 
venience, the normalized angular bandwidth w/(Gp/C») 

’ From Bode,1 the zeros of the reflection coefficient at the port 
where the capacitance appears should be in the left half plane. Thus, 
zeros of p(s), which is the reflection coefficient at the input port, 
should be in the right half plane. 

10 I.. Weinberg and P. Slepian, “Takahasi’s results on T< hebycheff 
and Butterworth ladder networks,” 1 RE Trans. on Circuit Theory, 
vol. CT-7, pp. 88-101 ; June, 1960. 
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is plotted vs the transducer gain in Fig. 9 for n- 1, 2, 3, 
4 and x. The gain for the reflection type is about 6 db 
less. It should be pointed out that exact element values 
of the ladder network for both the maximally-flat and 
the equal-ripple matching networks can also be calcu¬ 
lated from formulas given by Weinberg and Slepian. 10

V. Other Amplifier Configurations 

In this section, we consider three more amplifier con¬ 
figurations. For each configuration, we derive the opti¬ 
mum gain-bandwidth and give the synthesis procedure. 

J. The Direct-Connected-Type Amplifier 

The simplest amplifier configuration is shown in Fig. 
10, where Fi is a 1-port passive network. Chang uses a 
single inductance as the 1-port passive network in his 
tunnel-diode amplifier.3 The transmission coefficient 
can be expressed by 

Mho, Farad and Henry 

Fig. 8—Maximally -flat magnitude matching network. 

where 

1 Z — Gs + Gj. — Gd + sCd + Fi. (36) 

The problem of optimum gain-bandwidth is similar to 
Bode’s problem of the 2-terminal interstage. Using a 
similar approach, we find that for a given bandwidth 
Wo, the maximum constant gain is given by 

■\Vg7g7 i Sn =- -- = , (37) 
uoCd e woCd + a/ 1 + (t/woCo)2

where 

For Gs = G¡, = Gn/T e = 0, the maximum gain of the am¬ 
plifier is given by 

1GU
Set = - -

Wot d 
(38) 

The required Fi is the same as that given by Bode, that 
is, the input admittance of a constant-Æ-type image 
filter. The circuit is shown in Fig. 11. 

B. The Transmission-Type Amplifier 

This configuration was first used by Sard.5 As shown 
in Fig. 12, the load and the source are separated by a 
coupling network N, which contains the parasitic capac¬ 
itance Cd as the final element. The other configuration, 
where the active 1-port is at the input end as shown in 
Fig. 13, can be treated identically. 

Fig. 10—The direct-connected-type amplifier. 

Fig. 11— The optimum direct-connected-type amplifier. 

Fig. 12—The transmission-ty pe amplifier. 

Fig. 9—-Gain-bandwidth performance of the circulator-ty pe 
and hybrid-type amplifiers. Fig. 13—-lhe transmission-type amplifier. 
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It is assumed that G^ — Gd<0\ hence, the over-all 
output conductance in Fig. 12 is negative. As shown in 
Appendix II, the transmission coefficient with load con¬ 
ductance GL can be written as 

/ G l I 
S2l = < /- , (39) 

V Gd - Gl p 

where t and p are, respectively, the transmission and re¬ 
flection coefficients of the same network N with source 
ami load conductances, Gs and Gd~Gl- Since 

and 

ur = i- 1 pi 2, 

(40) 

(41) 

it is fourni that for a given w0, 

1 - e 
(43) 

and 

(44) 

The transduo 

(45) 

For the normalized conductances 

(46) 

(l+O2
>47) 

The de gain and the 3-db bandwidth are 

It is seen that the gain limitation is a function of the 
load conductance. For a maximally-flat magnitude de¬ 
sign, let 

_ (girKiD-Hi.ilvuCv _ 1)1/2 02) 

Thus, the gain-bandwidth is a function of Gl- Sard has 
shown that the optimum choice of Gl is given by 

1 - e2" 
Gl = Go -

2m(1 - e) 
(50) 

The design curves for such a load are shown in Fig. 14. 

C. The Cascade-Type Amplifier 

This configuration is shown in Fig. 15, where the 
negative conductance is separated from the source and 
the load by two coupling networks N„ and Nb. As shown 
in Appendix 111, the over-all transmission coefficient 
can be expressed in terms of the normalized scattering 
parameters of N„ and Nk: 

(51) 

If we arbitrarily set G = 2 and Sa„ = — Sub, (51) becomes 

Fig. 14—Gain-bandwidth performance of the optimum 
transmission-type amplifier. 

w.-t-db 
2t sin (ir/2n) Gn — Gl 

1 — « Cd 

(48) 

(49) 
Fig. 15— The cascade-type amplifier. 
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The equation is similar to (39) of the previous case. 1 he 
gain limitation is found to be 

52, | < - 1), (53) 

which approaches the optimum case for the reciprocal 
lossless 3-port imbedding as given by (17). 'I he require¬ 
ment of 5î2„ = —5m indicates that N„ is the dual of A 6. 
For a maximall} -Hat design, 

(54) 

The de gain and the 3-db bandwidth are 

1 1 - t1" 
S2|(O) -- ; (^a) 

2 t'n

- * . Go 
w¡i_db = (x/2 — 1) 1/2’- sin (ir/2n) — - • (56) 

1 — t Cd 

As n approaches infinit}' while 52t(0) is fixed, (56) ap¬ 
proaches (53), the limiting case. The network for n = 2 
is shown in Fig. 16 below. The design curves are given 
in Fig. 17. 

Mho, Farad and Henry 

Fig. 16—A maxiinally-flat cascade-type amplifier with n-1. 

Fig. 17—Gain-bandwidth performance of the cascade-type amplifier. 

Appendix I 

W ith reference to Fig. 5, let Ft be the input admit¬ 
tance of A\ with G» = + 1 : 

Illi + a, 

w2 + «2 
(57) 

where yn and y22 are the short-circuit driving-point ad¬ 
mittances, 322 is the open-circuit driving-point imped¬ 
ance at port (2), and m's and h’s are, respective!} , the 
even and odd polynomials of the complex frequency s. 
The short-circuit admittances and the open-circuit im¬ 
pedance can be written in either of the following forms. 11

nh 

n« 
III-: 

yî2 = — or 
»2 

»11 

nt 

ih 
yn = 

nt2

(58) 

Let Yi be the input admittance of Nt, with Gv= —1, 
then 

y 22 — 62 «s — nt 2 

Thus, 

1 — Ft in- — nit + n« — lit 
P. = - = - (60) 

1 + I i m* + iih + n- + ni 

and 

1 — Ft — (m2 + nh) + ih 4- n-
pi' = - - = - • (61) 

1 4- Ft nh — m« 4- it- — »1 

Let 5 =jw: 

(62) 

Appendix II 

W’e refer to Appendix 1 and let t and t' be the trans¬ 
mission coefficients of Nt, with 62 =4*1 and —1, respec¬ 
tively. In terms of the m’s and h’s, 

2\/ni\m< — 111H2 
I =-

nh 4- nt2 4- »1 4- »2 
(63) 

11 E. A. Guillemin, “Synthesis of Passive Networks, John Wiley 
and Sons, Inc., New York, N. Y.; 1957. 
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and 

2V«1«2 —  «1™2 
I' =- (64) 

Wi — m« — «i + «2 

Let s=jw. 

(65) 
p(j^) 

We therefore conclude from Fig. 12 that the trans¬ 
mission coefficient t' for the network with a load admit¬ 
tance Gl~Gd can be expressed in terms of the trans¬ 
mission coefficient t and the reflection coefficient p with 
a load admittance Gd — Gl- Since the actual load is Gl, 

_ 2VZ /Gl _ 21'2 /Gl - Gn / Gl 

l’o V Gs I o r Gs t G i. — Go 

, / / Gl I 
= I 4/ —- = X/ 7-- 7T (66) 

I Gl — Gn I Gn — Gl p 

Appendix HI 

Eq. (51) can be derived most easily if Fig. 15 is re¬ 
drawn, as shown in Fig. 18. The Thevenin’s equivalent 

V2

Fig. 18 The cascade-t ype amplifier. 

circuit can be used to determine the current /. 

(67) 

where 

2 Foe 1 
321a — - ■— -

r„ v< 
1 

“ 1 + F^ 

1 
Zl = - — - — 

— 1 ~ G + J 116 

(68) 

(69) 

(70) 

Next I' can be related to 1 by 

/• - !+ 
1 — G + lia, 

F2 can then be determined from I’: 

21’2 — 
•$216 = ^Gl-

Combining the above equations, we have 

(71) 

(72) 

21 
• (73) 

Gs 

2 
(74) 

1 + I 116 

I hen 

We obtain 

2SnaSilb 
•$21 = 

Gl SilaS'UbO + F22a)(l + Fiu) 
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A General Steady-State Analysis of Power-Frequency 
Relations in Time-Varying Reactances* 

R. G. SMART! 

Summary—A time-varying reactance in an electrical network 
absorbs power at some frequencies and returns part of this power at 
other frequencies, the balance being delivered to the source of the 
reactance changes. This analysis is a study of these power transfers 
and establishes steady-stage energy relations which apply under 
very general conditions to varying reactances, including linear, non¬ 
linear, static and electromechanical systems. These relations include 
the Manley-Rowe results as special cases and provide a useful de¬ 
scription of the external characteristics of varying (and fixed) react¬ 
ances. An “energy coefficient” is derived which specifies the be¬ 
haviour of an individual frequency transformation. The modes in 
which an individual transformation can operate are described and 
the results related to the characteristics of a wide range of varying 
reactance devices. An example of the application of the theory is 
given in the Appendix. 

This theoretical analysis was undertaken as a basis for digital 
computer studies of varying reactance systems, since it provides 
both an over-all description of general characteristics and a means of 
numerical analysis of particular devices. A fuller account of the work 
will be available in a later paper by the author [1 1. 

List of Symbols 

e(t), i(t), ¿(/)= general voltage, current and inductance 
L„, q„, 0„ = the peak amplitude, angular frequency 

and phase of a frequency component in 
the inductance 

v, </> = the peak amplitude, angular frequency 
and phase of a frequency component in 
the current 

d,„ </„* = the complex amplitude of an inductance 
component and its conjugate 

œ = the angular frequency of a voltage source 
^,=an “energy-coefficient” expressing the 

energy per radian for a transformation 
from a current at the angular frequency 
V to an induced voltage at the angular 
frequency y 

t(v), t(y) = complex amplitude of currents at the 
angular frequencies v and y 

P, Pqor Pu = a. “reactance” power component, i.e., the 
power delivered to the source of the re¬ 
actance changes at the indicated fre¬ 
quency or its harmonics 

W, = the electrical power delivered to the in¬ 
ductance at the angular frequency v 

* Received by the IRE, October 14, 1960; revised manuscript re¬ 
ceived, February 20, 1961 . This paper is a summary of the theoretical 
analysis of time-varying reactances which is part of a Ph. I), research 
project (almost completed), “A Digital Computer Study of Systems 
Containing Time-Varying Reactances." I'he research is being done 
in the School of Electrical Engrg., University of New South Wales, 
Kensington, Australia, under the supervision of Profs. R. E. Vowels 
and D. G. Lampard. 

f School of Electrical Engrg., University of New South W ales, 
Kensington. Australia. 

u, n, ¿ = real positive integers 
m, s, r = real integers 

£ = column matrix of voltages across an in¬ 
ductance in frequency components (one 
frequency for each rotv) 

I, 1* = column matrix of currents through an 
inductance in frequency components 
(one frequency for each row) in the same 
order as the voltage vector, and its 
transposed conjugate 

Z VL = square matrix expressing the impedance 
of a time-vary ing reactance, in terms ol 
individual voltage and current frequency 
components 

y = the inverse of Z 
W=diagonal matrix of all the angular fre¬ 

quencies v, in a system arranged in de¬ 
scending algebraic sequence 

L = a skew Hermitian matrix expressing the 
effective inductance of a constant or 
varying reactive component 

D, D* = the diagonal form of the current vector 
and its conjugate 

W = VK = a matrix of power components expressing 
the exchange of poyver between different 
frequencies in the electrical system 

K=the skew symmetric matrix of energy 
coefficients 

C = the capacitance matrix which is the 
dual of L. 

Note 1: It is assumed that there are it frequencies v. 
(where t = 1, 2, • ■ - , n) in the system under discussion. 
The dimensions of all matrices are then, (E and Z)„.i, 
(Z, *),.,„ tZVLC Y D D* WK). 

Note 2: j has its usual meaning \/ — 1. 

INTRODUCTION 

ARYIXG parameter networks and devices are 
very yvell known for their generation (in the 
steady' state) of new frequencies not present in 

the original inputs. A very' important class of these, 
yvith varying reactance, exhibits other special properties, 
resulting in power amplification, energy' conversion 
(electrical-mechanical) and unyvanted instability. Sys¬ 
tems containing time-varying reactance have been 
studied at length [6], but their practical solution, par¬ 
ticularly' in the nonlinear case, is difficult. These vary¬ 
ing reactance phenomena occur in many phy sical situa-
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tions, but they are vital to modern electrical engineering. 
Hartley [2 ] is credited with the first analysis of an 

electrical network containing a varying inductance. In 
this and his subsequent treatment [3 ] of a capacitive 
unit, the steady-state power relations were examined in 
terms of the Fourier components in the system. This 
approach has been used by many workers since, gen¬ 
erally with approximating assumptions about the fre¬ 
quencies present in the system. Manley and Rowe [2 ] 
discussed a nonlinear inductance and gave general 
power-frequency relations based on fairlv general as¬ 
sumptions about the shape ot the hysteresis loop of the 
core material. 1'heir results have been applied exten¬ 
sively in describing the power relations in varying re¬ 
actances. The characteristics of reactive frequency 
transformations were discussed by Weiss [4] in terms of 
a quantum mechanical model. 

Although other approaches have been used |5], |6], 
the Fourier component analysis for the steady-state 
case has been the most widely developed. This paper 
follows the same line and aims at presenting a consistent 
analysis of varying reactance devices in general, in¬ 
cluding linear, nonlinear, static and electromechanical 
systems. A generalized inductive reactance is used in a 
steady-state circuit analysis approach. This method has 
proved successfid [10] in digital computer studies of 
parametric devices and the present analysis has been 
made to provide a theoretical basis for extending this 
work. 

Steady-State Voltage—Current Relations 

Let L(t) be a time-varying inductance, across which 
the voltage drop, resulting from a current /(/), can be 
written as 

e(0 = 4 bWW]. dt 

In the steady state and under very general conditions, 
X 

iáo = 22 (qj + ö„). (i) 
m—0 

( onsider the voltage drop resulting iront a current 
component 

/(/) = /„ cos (r/ + <j>). 

This gives 
X 

e(0 = 22 L„[(t' + </,,) sin (tI + 0 + qj + 0„) 
u—o 

+ (r - </„) sin (r/ + <t> - qj - d„) ]. (2) 

Eq. (2) is transformed to a more convenient form by 
substituting “complex amplitude,” in place of peak 
amplitude and phase angle for the inductance and cur¬ 
rent components; thus, 

a„ = i¿„(cos0„ +ysin0„) and i{r) = /,.(cos<£ + /sin </>). 

The transformed expression becomes 
X 

eU) = i(t’) 22 L/0’ + cos (r 4- q„)l «-0 
+ X® - qM* cos (t - ç„)/]. (3) 

Note that these expressions could be given entirely in 
terms of exponentials, but with less convenience. “Com¬ 
plex amplitude” is used in the following sense: If 
I, cos (!'/+</>) = i(v) cos vt, then i(v) is the complex am¬ 
plitude of the component and equals 7, (cos 0 + / sin 0). 
Eq. (3) shows that a current oi angular frequency v 
produces voltages at frequencies (v + ç„). Therefore, if an 
electrical network contains a time-varving inductance 
with components of angular frequency q0, qt, q2, • • • , 
q„ ■ ■ • , and a voltage source of angular frequency w is 
connected to this network, the resulting voltages and 
currents will, in general, contain the angular frequencies 
(w+sç„), where s is any real integer, including zero and 
negative values. 

Consider an inductance as given by (1) in a network 
containing frequencies v,, where z = 1, 2, 3, • • • , w. 

Note: I heoretically, n is infinite, even it only one in-
ductacce component exists. In most practical cases, 
however, provided the inductance remains non-negative 
throughout its variation, a finite limit can be as¬ 
sumed 11 ]. 

If the current through this inductance is resolved into 
its n frequency components and (3) applied for each, a 
summation of the resulting voltages gives the total volt¬ 
age drop across the inductance, in terms of the same n 
frequency components. The relation between the volt¬ 
age and current associated with the inductance can be 
expressed in matrix form, 

E = ZI. (4) 

where E and 1 are w-1 column vectors, whose elements 
are the frequency components of the voltage and cur¬ 
rent, respectively. Z is the n-n impedance matrix for 
the inductance. Its elements are the coupling imped¬ 
ances between the different frequencies, in accordance 
with (3) which, for one current component (i.e., one 
value of v), provides one column of Z. The elements of 
both E and I should be arranged in algebraically-
descending frequency sequence. This gives a convenient 
co-diagonal form to Z, in which the major diagonal ele¬ 
ments correspond to the constant term in the induct¬ 
ance, while each alternating component in the induct¬ 
ance gives rise to a pair of co-diagonals in Z. 

Io demonstrate the form of (4), consider an induct¬ 
ance in a system to which a voltage source of frequency 
« is applied. Let the inductance components be at Ço = O, 
qi = q, q> = 2q. Taking into account only the frequencies 
between (o>±2g) and putting e(s) and i(s) for the com¬ 
plex amplitudes of the voltages and currents at the fre¬ 
quencies (u+sq), the matrix equation for the inductance 
is 
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"e(2) 

e(D 

e(0) 

e(~l) 

_e(— 2) _ 

+ 2q)di 

j(ui + q)La

jt“ - q)dS 

+ 2q)d2 

jfo + q)d\ 

j(ü))Lÿ 

j(œ - q)di* 

- 2q)df 

~j(o> + 2q)L0

+ q)d* 

jMV 

j(u + q)d2

jMdt j(u)d2

j(u — q)L0 j(a — q)di 

j(o> — 2q)dx* j(u — 2q)Lu_ 

X 

-¿(2) -

f(l) 

¿(0) 

f(-l) 

_i(— 2) _ 

(5) 

In general, and as demonstrated by this example, the 
impedance matrix Z can be replaced by the product of 
two square matrices 

Z = VL. (6) 

V is simply a real diagonal matrix of the frequencies zq, 
present in the current and voltage (including zero and 
negative frequencies). It will be fourni that L is skew 
Hermitian, (i.e., Lr,= —L,*). This special property of 
Z, which holds for any inductance expressible in terms 
of (1), (with the further trivial restriction that 0„ = O if 
ç„ = 0) leads to the important “energy coefficient” con¬ 
cept developed later. 

For a time-varying capacitance, there is a dual rela¬ 
tion to (6) giving Y = VC. The impedance matrix for a 
capacitance is thus Z=Y l=V(VCV)~’. A time¬ 
varying capacitance thus has an “inductance” matrix 
L = (VCV)~', which again is skew Hermitian and could 
be used in (6). 
The discussion to date has been in terms of a single 

reactance. It will be found, however, that any two-
terminal reactive network with steady-state variations 
in inductances and capacitances has an equivalent skew 
Hermitian inductance matrix (see Section E of the 
Appendix). Furthermore, in place oi (4), there is a cor¬ 
responding matrix equation for a multiterminal network 
which again has these special properties (see Appendix, 
Section F). 
Where the reactance variations arise from nonlinear¬ 

ity, these algebraic expressions still hold. However, in¬ 
dividual Z matrices (to be combined by addition and 
inversion, etc.) which are components of a composite Z 
matrix must be evaluated for the composite operating 
conditions in nonlinear systems. It should be appreci¬ 
ated that, while the present algebraic analysis is only 
very slightly complicated by nonlinearity, actual nu¬ 
merical solutions remain difficult. 

For any purely reactive network, therefore, there is a 
matrix equation similar to (4), relating the external 
voltages and currents. The impedance matrix from this 
equation can be expressed as the product of two matrices 
as in (6). The “inductance” matrix L from this equation 
is skew Hermitian for any network in which the indi¬ 
vidual reactances can be expressed as the sum of a 
series of frequency components as in (1). These general 
conditions include practically any reactance system. 

Power-Frequency Relations 

From (4), the net average flow of power into a re¬ 
actance system is given by 

P = Real part: %lt*E 

= Real part : 1,1,*ZI (7) 

where I* is the transposed conjugate of the current 
vector I. 

Since (7) applies generally to varying reactance sys¬ 
tems, regardless of how these variations are produced, 
the principle of conservation of energy leads to the fol¬ 
lowing interpretations of P. For a static lossless re¬ 
actance, P is zero. For a static lossy reactance (e.g., 
hysteresis), P equals the loss. For an electromechanical 
device in which reactance changes are associated with 
physical movement, P equals the electrical power con¬ 
verted into mechanical power (and losses). For an elec¬ 
tric motor, P is positive, but for a generator P is nega¬ 
tive, since electrical power is produced from mechanical 
power via the varying reactance. 
A varying reactance, even if lossless, can take elec¬ 

trical power at one frequency and deliver this back to 
the circuit at another frequency. To study this effect 
and the net transfer of power between the electrical and 
“reactance” systems, we will now examine (7) in detail. 

Eq. (7) gives an expression for the net average input 
power to the inductance. If the current vector I is re¬ 
placed by its diagonal form D (the same elements ar¬ 
ranged down the major diagonal of an otherwise zero 
matrix), the summation is avoided and a new matrix of 
power components results, whose grand sum equals P. 

W = Real Part: lD*ZD. (8) 

Using (6) and the symmetry of D* and V. (8) can be 
written as 

W = Real part: \V(D*LD) = VK. (9) 

Since L is skew Hermitian (£„„ pure imaginary; 
Lyv =—Lv*), it follows that K is skew symmetric 
(¿„ = 0; kyr = The row sums of W are the elec¬ 
trical input powers at the corresponding frequencies and 
the grand sum is the net “reactance” power P. For any 
angular frequency then, the power input from the elec¬ 
trical network at that frequency is 

IF. = r £ k,u. (10) 
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To show the form of the matrix W, the example given 
in (5) would yield: 

W = VK = 

• (u + 2ç)^2.i 

(co + q)ki,2 

(w)£#,2 (co)feo.i 

(co — 

(co + 2q)k‘.u 

(co + q)kt,u (co + q)ki,_i

(co)^o,—1 (u>)^0,-2 

(co — q)k-i.u • (co — g)^-i,_2 

(co — 2q)k_t.n (u — 2q)k-2.-\ 

(ID 

where, for example. k, ,* is an abbreviation ot 

Tin: Energy Coefficient “k” 

Consider now the element of matrix K. Let 
y = v+qu. Then, in terms of the currents t(v) and i(y) 
at the respective angular frequencies v and y, making 
use of (3) and (9), 

kn, = — Imaginary part : ¿/(r)*</„*/(y), 

while 

L,, = — Imaginary part : hi(i)d„i(y)*. 

Thus, as noted above, 

kr„ = - ku,. (12) 

and is the power component delivered from the net¬ 
work at the angular frequency ï', into the v/y frequency 
coupling impedance. Conversely, yk„r is the power com¬ 
ponent delivered from the electrical network at the 
angular frequency y into the same frequency coupling. 
Since ku„ and have opposite signs, one of these will 
generally be a power output1 to the electrical network. 
I n any event, if v and y are unequal, there will be a com¬ 
ponent left over which is the power delivered from the 
v/y transformation to the source of the reactance 
changes. This “reactance” power component is 

{y^ifv d- r^-^) (y — Okyv q^k^. (13) 

The total behaviour of the varying reactance in the 
steady- state, therefore, is the sum of the effects of the 
individual frequency couplings, each of which can be 
thought of as taking power from the electrical network 
at one frequency, delivering part ol it back to the elec¬ 
trical network at another frequency, and delivering the 
balance to the reactance system. The individual trans¬ 
fers are entirely- dependent on frequency, according to 
the equations: 

1 This depends on the signs of r and y. 

Power delivered from the electrical system at y) 

= yk , 

Power delivered to the electrical system at » 

Power delivered to the reactance system at q ■ 

= qk„r

(14) 

where y = v+q. 

Because of its importance, k„r will be referred to as 
the “energy- coefficient” for the particular transforma¬ 
tion. It has the units of energy per radian and is related 
to the “number of quanta per second N” used by Weiss 
|4 |, by k = Nil 2tt yvhere h is Plank’s constant. 

Before examining the energy- coefficient in more de¬ 
tail. some over-all energy relations for varying react¬ 
ances in general yvill be established, based on the above 
characteristics of the energy coefficients. 

Gem. rai. Energy Relations 

Eirst, from (9) and (10), if each row of W is divided 
by its respective angular frequency and the sum taken 
over all frequencies, the result is the grand sum of K. 
which must be zero. In terms of the electrical input 
powers at each frequency- (t.e., royv sums of W), 

(15) 

This means that, yvithin the electrical system of fre¬ 
quencies associated with a varying reactance, the net 
input of “energy per radian” over all frequencies is zero. 
This relates the poyvers at different frequencies and. 
used yvith the conservation of energy-, gives useful in¬ 
formation about the over-all performance of varying 
reactance devices. 
The second relation concerns the partitioning of the 

floyv of poyver to the reactance system. Suppose the elec¬ 
trical system contains the frequency- components 
v = mu-\-sq for any real integral m or 5. The net poyver 
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supplied to the reactance can be partitioned into com¬ 
ponents: 

p = E ” 

(16) 

Considering the part 

(where y = m'wA-s'q), this will contain pairs of terms of 
the forms s'^¿v,.and sqk,„. Making use oi ( 13), these have 
a sum of (s' — sfqk^. Now, if s' = s, this sum is zero; but 
if not, the component is the contribution to the “react¬ 
ance” power, at the angular frequency (s' — sfq. The 
sum of all these pairs of terms is thus the total power 
delivered to the source of the reactance changes at the 
frequencies sq, for all s. In terms of the power inputs 
from the electrical system, the “reactance” power at sq 
is 

By similar treatment, 

Note: The example of (11) gives Pu = 0, P = Pq. 
Provided the harmonic frequency series mu and sq 
have no coinciding terms, the expressions for the “re¬ 
actance” power at the two frequency series will be inde¬ 
pendent; in any case, hoyvever, P = Pu-\-Pq- This re¬ 
sult can be extended for more frequency components 
in the system. 
The Manley- Rowe [2] results are special cases of 

i 17). Their general equations for a lossless nonlinear 
reactance (for yvhich the net reactance poyver must be 
zero) are two independent expressions of the form of 
(17). When examining hysteresis loss, Manley and Royve 
limited their study to the case in yvhich all the loss was 
associated yvith one frequency'. The reactance poyver Pq 

in (17) for a nonlinear reactance is equivalent to the 
total hysteresis loss at all the frequencies in the sq series. 
Xote that the present notation and range of summation 
differs from that of Manley and Royve. Their yvork con¬ 
firms the present results for the particular case of a non¬ 
linear reactance. 

The important relations expressed by (15) and (17) 
result from the special properties of the impedance 

matrix Z [as discussed in connection yv ith (6)]. The 
relations, therefore, hold for any reactive network, pro¬ 
vided each individual varying inductance (or capaci¬ 
tance) can be represented by a frequency series, as given 
by (1) (or its dual). 

Furthermore, the relations depend on the summation 
of the energy coefficients, yvhich appear in pairs, one for 
each “end” of each frequency transformation in the 
electrical system. For any given device, there may be 
several independent systems of frequencies yvithin the 
electrical system; and, in this event, the relations (15) 
and (17) hold separately for each frequency- system, as 
yvell as over-all. This aspect yvill be elaborated in the 
Appendix. 
One restriction for yvhich the relations were derived 

should be noted. Losses in a real reactance (e.g., copper 
losses) which are associated yvith the electrical system, 
yvere excluded from the analysis. These must be allowed 
for in the external circuitry. Hysteresis losses or, in fact, 
any losses yvhich extract poyver from the electrical sys¬ 
tem through a frequency transformation yvill appear as 
“reactance poyver.” If the copper losses just mentioned 
yvere not considered as being outside the reactances, L 
yvould not have a purely imaginary major diagonal and 
the losses yvould incorrectly appear as part of the react¬ 
ance poyver. 

Individual Transformation Modes 

Eq. (14) shoyvs only one mode of operation for a single 
frequency transformation. Depending on the relative 
frequencies and the direction of the poyver flows, four 
distinct transformation modes can occur in varying re¬ 
actance devices. Consider, then, a reactance component 
at the angular frequency q and currents at the angular 
frequencies v and y only. If the poyver input to the 
transformation at y is P,„ the output at v is P„ and the 
reactance poyver output at q is Pq and y = v+q\ this yvill 
be referred to as Mode 1. This ami the other modes can 
be shown diagrammatically as in Fig. 1. 

Evidently, all varying reactance poyver phenomena 
can be described in terms of a number of individual 
transformations, each of yvhich is one of these four 
modes. 

For example, the upper sideband of a saturable re¬ 
actor magnetic amplifier [8 1 corresponds to Mode 2, 
yvhere Pq is the input signal power, P, the carrier input 
poyver, and P„ the output poyver. Mode 1 describes the 
lower sideband of the same device, if v and y are ex¬ 
changed. Xote that, if the energy coefficient for the 
lower sideband exceeds that for the upper, the device 
is potentially unstable, as the net signal input poyver is 
negative (neglecting losses). Mode 3 describes the gen¬ 
eration of reactance changes in a nonlinear device. If 
v = y, the reactance changes are at twice the current fre¬ 
quency but, if y = 0, corresponding to a de input, the re¬ 
actance changes can occur at the frequency of the cur-
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Mode / y and v have equal signs 
k positive 

Mode 2 y and v have equal signs 
k negative 

All power flows are reversed. 
Mode 3 y and v have opposite signs 

k positive 
To comply with (14), r is considered to be a negative frequency. 
Mode 4 y and f have opposite signs 

k negative 
Again, (14) requires r to be a negative frequency. 

Fig. 1. 

rent. These well-established phenomena are thus capa¬ 
ble of description in terms of the present work. Mode 
4 describes the so-called parametric or negative resist¬ 
ance amplifier |0], with Pq the pump power, Pu the 
idler power, and P„ the power delivered to the signal 
circuit. 
Some electromechanical devices are: the simple in¬ 

duction motor, Mode 1, with Pv the line input power; 
Pr the slip frequency power in the rotor; and Pq the 
mechanical output power. When v = 0, Modes 1 and 3 

describe the normal constant field electric motor and 
Modes 2 and 4 the corresponding generator. With 7 = 0, 
Modes 1 and 2 describe a normal transformer with v=y. 
Generally, in practical devices, more than one trans¬ 
formation and more than one mode occur simultane¬ 
ously and the above description is in terms of the prin¬ 
cipal effect. 1'he examples have been given to demon¬ 
strate the application of the above theory. 

Conclusions 

The general class of devices, consisting of time-vary¬ 
ing reactance in an electrical system, has been studied 
by generalized circuit analysis to establish an expres¬ 
sion for the power flow between different frequencies in 
the electrical system. The over-all operation of such a 
device was seen to consist of the over-all effect of a 
number ol individual frequency transformations within 
the electrical system. By introduction of an “energy 
coefficient,” the exchange of power between frequencies 
in the electrical system and between the electrical and 
reactance systems were described and four individual 
modes of operation identified. Krom the properties of 
these energy coefficients, over-all power-frequency re¬ 
lations were established, which were independent of the 
individual energy coefficients. These apply to linear, 
nonlinear, static and electromechanical systems in gen¬ 
eral and include the Manley-Rowe results as special 
cases, thus providing a considerable extension of their 
work. 
The value of the present analysis is that it provides 

a general theory applying to practically all time-varying 
reactance systems. It gives over-all characteristics and 
a simple picture in terms of the energy coefficients of 
the detailed operation of these systems. The many im¬ 
portant practical devices which use time-varying re¬ 
actance for energy conversion and power amplification 
appear very simple in terms of the present analysis, 
which, therefore, will facilitate a more rigorous analysis 
of existing devices and the development from theoret¬ 
ical considerations of more elaborate devices. The phe¬ 
nomena of instability associated with varying react¬ 
ances are similarly explained (as negative power Hows) 
from the present analysis, which thus provides a means 
of studying the incidence and control of instability. 

Although this analysis is in terms of an electrical net¬ 
work with time-varying inductance and capacitance, 
the results can be applied in other fields, e.g., mechan¬ 
ical or aerodynamical, where the same equations apply. 

Finally, the analysis provides a consistent approach 
to varying reactance phenomena which is suitable for 
the digital computation of results for practical devices. 
Although the emphasis has been on power relations, the 
circuit analysis technique used can be applied very 
simply to finding the voltage, current, and impedance 
transforming characteristics of these devices. It there-
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fore constitutes a generalization of steady-state circuit 
analysis to cover varying, as well as constant, reactance 
components. The Appendix summarizes some of the 
features of the analysis and its application. 

Appendix 

Some Applications and Special Features 
oe the Analysis 

A. Circuit Characteristics of a Single- Frequency Trans¬ 
formation 

If a current of angular frequency v is coupled to a 
current at the angular frequency y by an inductance 
component of angular frequency q, where y = v+q, put¬ 
ting T as the current amplitude ratio the voltage 
amplitude ratio is Ev/E,= (y/v)T~l and, if the imped¬ 
ance seen by the transformation at the angular fre¬ 
quency y is z(y), then this is reflected onto the frequency 
V as (v/y) l^zfy)*. The power ratios have already been 
given as proportional to the frequency ratio. The cur¬ 
rent ratio is the same as a normal transformer action, 

where (dd*) is the square of the inductance compo¬ 
nent. These expressions apply even if v = y. 

B. An Important Special Case 

A useful result of (15) and (17) is in the study of a 
varying reactance device with electrical power input 
at one angular frequency w and reactance changes with 
any waveform periodic at the fundamental angular fre¬ 
quency q. Output power from the reactance to the elec¬ 
trical circuit occurs at the frequencies (w + sq) for all 
real integral s. Thus, the electrical power input W  at w 
in terms of the electrical power outputs IF, at all other 
frequencies is 

(18) 

{Note: this sum excludes s = 0.) 

.vhile the power input from the reactance changes at the 
angular frequencies q, 2q, 3q, • • • is 

(19) 

Thus, a particular power output bF, is supplied jointly 
by the electrical input W and the reactance power PQ 

in a proportion fixed by the frequencies, quite inde¬ 

pendently of the waveform of the reactance. The dis¬ 
tribution of power output over the frequencies will, of 
course, depend greatly on the waveform of the react¬ 
ance. 

C. Negative and Zero Frequencies 

Eqs. (15) and (17), as given, depend on the existence 
of negative frequencies. Although other conventions can 
be adopted, parts of the present work are consistent 
only if negative frequencies are allowed. There is no 
present contradiction, then, in having two separate 
power components, one at v and another at —r. In relat¬ 
ing this analysis to the external circuit, we must com¬ 
bine separate components of current or voltage at fre¬ 
quencies of equal magnitude but opposite sign. 

Eq. (15) applies to zero frequencies when it is realized 
that the net power delivered to a reactance (either elec¬ 
trical or reactance power) at zero frequency is zero. The 
limiting value oi the power divided by its angular fre¬ 
quency, as this frequency approaches zero, is the sum of 
the associated energy' coefficients, not infinity. 

D. Frequency '1'opology 

1'he over-all behaviour of a varying reactance device 
can be described in terms of the power flow between 
frequencies, once the frequency relations are known. 
This is conveniently shown by a diagram made up of 
individual transformations interconnected by electrical 
or reactance power flows. As an example, the two pump 
parametric amplifier of Bloom and Chang |7] would 
be (in its simple form with limited frequencies) as seen in 
big. 2, where k} is a Mode 3 transformation with input 

powers IFi and IF2 at the frequencies Wi and W2, respec¬ 
tively. The sum of these powers is delivered to the react¬ 
ance changes at the frequency (W1+W2). The second 
transformation k2 is a Mode 4. It delivers power to both 
the signal circuit and the idler circuit at the respective 
frequencies v and y. The various powers in terms of the 
energy coefficients are: [Æote: y = (wi+wj —1>)] 

IFi = Wik, HA = vk« 

II 2 = 012k 1 11 4 — yk2

and the loss 11= (wi+w2)(^i — k2). 
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Eq. (17) can be applied to the electrical power inputs 
and outputs in their form given above, but to apply 
(15) the standard from is necessary as follows: 

iij = «ib ip3 = vkj 

If, = - |f4 = - yk2, 

where k' = — k and IE, and IP« are negative, being out-
puts. Eq. (15) is satisfied by the device as a whole, or by 
either electrical systems (Hj, IF») or (IJ':t , IF«). Simi¬ 
larly, (17) can be used over-all to find the loss II, or 
separately on each electrical system to find the react¬ 
ance power out of E or into k2. It will be seen that the 
frequency topology diagram of power Hows full}- de¬ 
scribes the power relations (noting the characteristics 
oi a single transformation). Eqs. (15) and (17) do not 
add to this but provide an algebraic approach to the 
same information viewed externally. The energy co¬ 
efficients or the frequency-power diagram present the 
lull detail of the internal operation of the device. 

E. An Example of the Z Matrix for a Composite React¬ 
ance (Fig. J) 

Suppose the network contains angular frequencies Vo 
These are then the elements of the diagonal matrix V. 
The inductance matrices for each component are, for 

(jEi) U; lor Ci, | —j(l. G) ] V~2: lor Lt(t), Lç, and for 
C’(t), ( VC2V)~', where all tire skew 1 lermitian. Assuming 
that the indicated inversesexist then, the over-all ma¬ 
trix is 

Note that U is the unit matrix and that the over-all L 
is also skew Hermitian. Note, from (20), that the con¬ 
stant reactances only contribute to the major diagonal 
of L. 

F. Multi-Terminal Networks 

In placeo! (4), for this example, (Eig. 4), 

_ E* . 

(21) 

where Z, = VL,, Z2=VL2, Z=VL,. 

Since Li. L< and L3 are skew Hermitian, so is the com¬ 
pounded inductance matrix. Thus, there is an equiva¬ 
lent form ol equations (4), (6) and (9) which lead to the 
energy relations of equations (15) and (17) for multi-
terminal networks. 

Further information on these generalizations will 
be given elsewhere by the author [1 ]. 
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Error Statistics and Coding for Binary Transmission 
(J J 

Over Telephone Circuits* 
A. B. FONTAINEf, associate member, ire, and R. G. GALLAGERJ 

Summary—About 2000 hours of noise data on various digital 
data telephone links are analyzed with respect to the applicability of 
coding theory to such links. The analysis indicates that coding for 
error correction is inefficient for such systems, but that coding for 
error detection, along with feedback, is remarkably simple and 
effective. 

INTRODUCTION 

COMMERCIAL transmission of digital data over 
telephone circuits is capable of providing an over¬ 
all error probability on the order of 10-5, but in 

many situations, lower error probabilities are either 
needed or highly desirable. This paper will enquire 
whether coding can be efficiently combined with existing 
digital data systems to provide these lower error rates. 

1'he applicability of coding, however, is very closely 
related to the particular statistics with which the errors 
occur. For instance, a simple single error-correcting 
block code would be quite effective if the errors were 
independent in time, but almost useless if the errors were 
to occur dumped together into bursts. Likewise, there 
are simple burst error-correcting codes1 that are very 
effective for errors clumped together into short bursts, 
but such codes are almost useless if an appreciable 
number of bursts, or noisy periods, persist for many 
digits. In fact, even the most advanced error-correction 
schemes are not very effective if there are noisy periods 
lasting for hundreds or thousands ol digits, since the 
capabilities of such schemes are overloaded during the 
noisy periods and wasted at other times. As will be 
shown later, a simple and effective alternative in such 
situations is to use coding to detect the presence of 
errors in a block and then retransmit blocks originally 
received in error. 

Experimental measurements capable of resolving 
these questions about error statistics have been made 
for some time. One technique [2], [5] developed at 
Lincoln Laboratory, is to transmit a 16-symbol message, 
compare the received message with that transmitted 
and punch onto paper tape pertinent error data if the 
transmitted and received messages do not agree. The 
paper tape is then processed to determine several 
quantities such as the average error rate, the variation 
in error rate as a function of the day of the week or 
the time of the day, and the distribution of errors within 
the 16-symbol words. 

• Received by the IRE, Novemlter 25, 1960; revised manuscript 
received February 20, 1961. 

t Lincoln Lab., University of Wisconsin, Madison, Wis. 
J Lincoln Lab., M. I. T„ Cambridge, Mass. 
1 See |10| for discussion and bibliography on burst codes. 

This type of analysis indicated that the errors on 
digital data telephone circuits are not independent, but 
it left unanswered the question about the distribution 
of the duration of noisy periods. About 2000 hours of 
this data have been re-analyzed in this report in order 
to answer this question. The analysis of these data will 
be given in the next section and then the implications 
to coding will be discussed. 

Experimental Noise Data 

The noise data [3], |6], |7], [9] that were used in 
this report were obtained using four different data 
systems: ( 'TDS, Milgo, A-l and Kineplex. 'Die types 
of telephone line and amount of time over which the 
data were taken are tabulated in Table I. The lines 
used were private lines leased from the New England 
Telephone and Telegraph Company. 'The lines received 
no special treatment or equipment and are expected to 
be typical of the private wire plant. 

TABLE I 

* Phe error data were recorded lor only one channel oí the 
Kineplex system. Data were transmitted but not recorded on re¬ 
maining seven channels |6|. 

Modulation 
system 

Channel 
data rate 

(symbols/sec) 

Type oí 
telephone 

line 
Time 

(hours) 

CIDS 

A-l 
Milgo 

Kineplex 

1300 

1300 
1000 

2400* 

Microwave 
K-carrier 
Microwave 
Microwave 
K-carrier 
Microwave 
K-carrier 

Total 

305 
241 
521 
204 
249 
449 
ILS 

2087 

Ehe recording of the error data was accomplished 
with the ADDER [2], |5] (automatic digital data error 
recorder). The pattern of ones and zeroes in the trans¬ 
mitted word was determined by toggle switch settings 
and was usually kept constant during a day’s run but 
was varied from one day to the next. When errors 
occurred, the ADDER punched the received word and 
time of occurrence onto paper tape. Since the time 
required to punch the necessary data for a received word 
containing errors is approximately thirty times longer 
than the times required for transmission (assuming the 
1300-bit/sec rate), some provision is necessary to 
handle successive words with errors. The ADDER has 
storage for three 16 symbol words. If words with errors 



1060 PROCEEDINGS OF THE IRE June 

are received when these three storage registers are in 
use, a counter, called the “excess error” counter, is used 
to count the number of such words even though the 
words cannot be saved. When a storage register is again 
available for error data, the contents of the “excess 
error” counter are punched onto tape and the counter 
is reset to zero. 

Successive 16 symbol words were combined into 
longer sequences of 127, 255 and 511 symbols which 
will be called code words. Several error statistics of the 
longer sequences were then computed. These lengths 
were chosen to fit the length requirements for the Bose-
Chaudhuri |1 ] class of cyclic codes. The lengths of the 
code words differ by one from a multiple of 16 and in 
forming the code words, this extra symbol was ignored. 
If an “excess error” count occurred in forming the 
longer sequences, the last recorded 16 symbol error pat¬ 
tern was repeated immediately in the longer words as 
many times as indicated by the counter. 
The following error statistics were measured for the 

code words: 

1) The distribution of the number of errors in code 
words that have errors, 

2) The distribution of burst lengths2 in code words 
that have errors, 

3) The distribution of the number of 16 symbol 
words with errors in code words that have errors, 

4) 'Die distribution of the number of code words from 
one code word with errors to the next code word 
with errors. 

The results of these four measurements for the CTDS 
data system using code words with lengths 127, 255 and 
511 are shown in Figs. 1 through 4. Continuous curves 
are drawn through the data points to indicate the 
general trend of the data even though more accurate 
representations would have been the usual stair-step 
curves for discrete distributions. In Figs. 5 and 6 the dis¬ 
tribution of errors and burst lengths for code words with 
511 symbols is shown for the four data transmission 
systems that were used. 

Disc i ssion of Noise Data 

The figures clearly indicate that the errors occur in 
bursts rather than independently. The average proba¬ 
bility of a symbol error in the telephone line channel is 
about 10-5 [3]. If these errors were independent, then, 
for word lengths of 511 symbols, words with single 
errors would account for 0.997 of all the words with 
errors instead of 0.21 as in Fig. 1. It should be noted 
that the error data shown in Figs. 1 through 4 are 
nearly independent of the length of the code. Thus if 
error correction is used to correct errors in 90 per cent 
of the code words with errors, the code must be capable 

* 1'he “burst length” is defined here as the number of s\mbols from 
the first to the last symbols in error in any given code word. Thus the 
minimum burst length for a code word in error is one and the maxi¬ 
mum is the length of the code word. 

of correcting up to 30 randomly placed errors independ¬ 
ent of whether a 127 or 511 symbol code is used. Al¬ 
though the individual curves differ considerably when 
the data system is changed as in Figs. 5 and 6, they 
still illustrate the same characteristics of the noise. It 
is also to be observed from the numbers of 16 symbol 
words with errors in code words with errors in Fig. 3 
that there are many instances in which errors are spread 
throughout the code word rather than being confined to 
one or two short severe bursts. 
One additional characteristic of the data should be 

discussed. There was evidence in some of the data of 
complete loss of signal as though the line were momen¬ 
tarily open or as though the signal suffered from severe 
fading. Although the actual time such conditions pre¬ 
vailed was very small, the curves in Figs. 1 through 6 
would be noticeably affected by including these data 
since large numbers of errors are involved. For example, 
the signal was lost during 0.65 minute of one of the 
Milgo records. The data collected during this time 
would result in 76 code words with errors which is more 
than 10 per cent of the errors found in the remaining 
448 hours of noise measurement, Consequently noise 
data obtained when a complete loss of signal was ap¬ 
parent were removed from the data used in Figs. 1 
through 6, and this amounted to 0.65 minute for the 
Milgo system and 4.30 minutes for Kineplex. In addi¬ 
tion, of the 23 A-l records which were initially selected, 
five were not used because they each contained several 
sustained periods of signal dropout. 

Complete line failures of this type usually result in a 
received word with all zeroes or all ones depending upon 
the modulation system which is used. These failures are 
easily detected by the decoder by requiring that all 
transmitted words contain a minimum number of ones 
(or zeroes). For example, if an open line results in the 
all zero sequence at the receiver, complementing the 
parity check symbols after they are computed would 
insure that the all zero sequence is not a code word for 
now all zeroes in the information places will result in all 
ones in the parity places. 

Other interesting characteristics of the raw data [6], 
[7 I are the lack of symmetry in the channel with respect 
to the input symbols, the dependence of errors upon the 
previously transmitted symbols, and the dependence of 
errors on the time of day. 'Diese will not be discussed 
further here since they are not very pertinent to the 
coding and error-detection schemes discussed. 

Error Correction 

In addition to characterizing the noise, the curves 
are also useful in forming conclusions about the use of 
error-correcting codes for telephone circuits. Several 
error-correcting codes and decoding procedures are 
available for binary channels and an important question 
is whether or not these codes are practical in combating 
the noise found in telephone circuits. 
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Fig. 1 Fraction of the V symbol code words with errors 
which have more than e errors (C I DS data). 

Fig. 2—Fraction of the .V symbol code words with errors for which 
the burst length of errors is greater than b (CTDS data). 

Fig. 3—Fraction of the .V symbol code words with errors for which 
the number of 16 symbol words with errors is greater than 
(CTDS data). 

Fig. 4 —Fraction of the time for which the number of code words from 
one code word with errors to the next code word with errors is 
greater than Nn^t (CTDS data). 

Fig. 5—Fraction of the code words with errors Fig. 6—Fraction of the code words with errors for which 
which have more than c errors. the burst length of errors is greater than b. 
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For a specific example, consider the 546 hours of data 
for the CTDS system which represents a total of 5X10" 
code words of length 511. Of these only 1475 (less than 
1 out ot every 3000) contained errors. Assume that an 
error-correcting code is used to reduce by a factor of 10 
the number of code words containing errors. 1'his would 
require that the code correct 90 per cent of the words 
that have errors, or from Fig. 1, that the code correct 
all code words containing up to 30 errors. Since the un¬ 
corrected words contain so many errors, even such a 
code would reduce the number of symbol errors by a 
factor of less than 2. The amount of equipment to cor¬ 
rect 30 errors with present-day decoding techniques 
would prohibit the use of such a code with telephone 
circuits except perhaps for some very unusual applica¬ 
tions. Even if the error correction were done, a con¬ 
siderable amount of redundancy would be required in 
the transmitted code word. Although an optimum code 
capable of correcting up to 30 errors in a block of 511 
symbols is not known, the theory of error-correcting 
codes guarantees that at least 161 of the 511 symbols 
would have to be parity checks. If a burst error¬ 
correcting code were used under the same assumptions, 
it would have to be capable of correcting a burst of up 
to 300 sy mbols which is also unrealistic. 
Any conclusion about the feasibility of error-correct¬ 

ing codes with telephone circuits must be prefaced by 
repeating again that the curves represent 2000 hours of 
data taken over several private telephone lines with 
four types of modulation equipment. Improvement in 
either the noise characteristics of the telephone lines or 
in the modulation equipment may affect the conclusion. 
However, subject to the foregoing reservations, error¬ 
correcting codes in general do not appear practical for 
use with telephone circuits because their cost is too 
great in relation to the number of code words with errors 
that would be corrected. 

Error Detection 

Since error-correcting codes appear impractical for 
telephone circuits, the question of whether redundancy 
of any type is useful and practical and whether there 
are other schemes for correcting errors arises and will 
be discussed. 

It is easy to envision communication systems in which 
the receiver is willing to discard data containing errors 
but is unwilling to tolerate errors in the data that is 
accepted. It will be shown that for applications such as 
these, the addition of very small amounts of redundancy 
can reduce the probability of an undetected error almost 
to zero. In other communication systems there may be 
equally stringent conditions on accepting only error-
free data, but it may be possible to signal the trans¬ 
mitter to retransmit the message if errors are detected. 
In situations such as these, error-detecting codes can be 
very useful. In general, error-detecting codes can be 

implemented very easily with a minimum of equipment 
and, tor the same probability of undetected error, re¬ 
quire much less redundancy than error-correcting codes. 
The noise in telephone circuits lends itself very well to 
error detection. The channel seems to operate in two 
extreme states: noise-tree and very noisv, and about 
all that can be done from a practical viewpoint if reli¬ 
able communication is required is to use the channel 
when it is good and not use it when it is bad. The experi¬ 
mental noise data were used with several error-detecting 
codes which were simulated on an IBM 709 computer. 
I hese results will be presented after a briet description 
ot the codes and their implementation. 
One promising class of new codes for error detection 

is the class ot cyclic codes. 1'hese are systematic group 
codes in which a sequence of k information symbols are 
encoded into a sequence of n symbols by appending n — k 
redundancy symbols. Cyclic codes can be encoded with 
an n—k stage shift register and if only error detection 
is required, the decoding also can be done with an n-k 
stage shift register. 

The encoding and decoding equipment are shown in 
I ig. 7. A square box represents a single stage shift regis-

Fig. 7—Ty pical encoder and decoder for a cy clic shift register code. 

ter and a circled plus sign represents addition modulo 
two. Encoding is done as follows: [10 | 

1) With the shift register initially set to all zeroes and 
switches St and St in the positions shown, the k 
information symbols are fed into the shift register 
one at a time and simultaneously transmitted over 
the channel. 

2) After the last information symbol has entered the 
shift register, the shift register contains the n — k 
redundancy symbols. Switches Si and S2 are now 
placed in the opposite positions and the contents 
of the shift register are transmitted over the 
channel to form the code word with n symbols. 

The decoding for error detection is performed in much 
the same way. 

1) W ith the register initially set to all zeroes and 
switch Si closed, the entire «-symbol received 
word is shifted into the register one symbol at a 
time. 

2) After the last symbol has entered, a test is made 
of the contents of the register and an error is 
assumed to have occurred unless every stage con¬ 
tains a zero. 
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IABLE II 
— 

Code size 
— — 

irror data 

Length 
(symbols) 

Parity 
checks 

(symbols) 

Minimum 
distance 
(symbols) 

Data system No. of 
code words 

No. of 
word errors 

Average lime 
for undetected 
errors (years) 

No. of 
undetected 

errors actually 
found in data 

511 IS 5 CIDS 
Milgo 
Kineplex 
A-l 

5.0X10« 
2.8X10« 
1 .4X10« 
4.8X10« 

1475 
693 
1238 
2979 

21 
97 
35 
9 

0 
0 
(1 

255 16 5 CTDS 
Mi Igo 
Kineplex 
A-l 

1 .0X10’ 
5.7X10« 
2.4X10« 
9.5X10« 

1758 
806 
1685 
4284 

4 
20 
5 
1 

0 
0 
0 
0 

127 14 5 CIDS 
Milgo 
Kineplex 
A-l 

2.0X10’ 
1.1X10’ 
4.8X10« 
1 .9X10’ 

2118 
908 

2659 
6405 

.9 
4 

. 5 
2 

0 
0 
0 
1 

127 7 
3

CIDS 2.0X10’ _2"8_ .006 10 

Bose-Chaudhuri codes were selected lor use with the 
experimental noise data. I hese are cyclic codes with the 
following properties, bor any positive integers m and t 
there is a Bose-Chaudhuri code with length n = l"‘~X 
for which the minimum distance3 between any pair of 
code words is at least 2/+1. The number of parity check 
symbols is never greater than mt. The combinations of 
length, minimum distance and number oi parity checks 
which were used are tabulated in Table II. 
The Bose-Chaudhuri codes with minimum distances 

three and five are close packed |4 ] and hence are opti¬ 
mum when used for error correction with a symmetric, 
independent channel. The structure that these codes 
must have to be optimum when used for error correction 
should make them good codes for error detection, and 
in fact, for a given code size, no greater minimum 
distance can be achieved with any fewer parity checks. 
Any code with minimum distance 2/ + 1 will detect 

any It or fewer errors that occur. In addition, when a 
cyclic code with r parity checks is used for error detec¬ 
tion, all error bursts of length r or less are detected. 
The only way for an undetected error to occur is lor 
noise to alter the transmitted word in such a way that 
the received word is identical to some other code word. 
This is possible only if more than 21 errors or a burst of 
more than r symbols occur, and even then, the proba¬ 
bility that the errors will be undetected can be ex¬ 
tremely small. 
An exact determination of the probability of an un¬ 

detected error is difficult for it involves a determination 
of the probability of an undetected error for the in¬ 
dividual code words. A reasonable simplification is to 
assume that when over It errors occur or when an error 
burst of more than r symbols occurs, the code words and 
noise are essentially independent. Since there are lk

3 1'he distance between two binary sequences is equal to the num¬ 
ber of positions in which the two sequences differ. 

code words and 2“ possible received words, the prob¬ 
ability of an undetected error in such cases is approxi¬ 
mately 2* ’. W ith these assumptions, the probability 
of an undetected error is now equal to the product of 
the probability that the received word has more than It 
errors or an error burst of more than r symbols by the 
probability that such a received word is a code word. 
To illustrate the above, consider the ("IDS data 

which represents 546 hours of ADDER operation. When 
51 1 symbol code words were formed from the 16 symbol 
code words, a total of 1475 code words contained errors. 
Of these, 714 contained four or fewer errors. A Bose-
Chaudhuri code with « = 511 and « — ¿=18 has a mini¬ 
mum distance of five so that all of the 714 errors were 
detected. If the probability of an undetected error for 
error patterns with more than four ones is assumed to 
be 2-18 as mentioned above, one would expect that since 
761 code words had more than four errors in 546 hours 
of operation, an undetected error would occur on the 
average of once every 218 X546/761 = 1.87 X 105 hours of 
operation or once every 21.3 years. Similar results were 
obtained using other data systems, and these results are 
tabulated in Table 11. When a « = 127, n — k = l code 
is used with the CTDS data, an undetected error is 
expected every 50 hours of operation. Actually ten un¬ 
detected errors occurred, or one every 55 hours of opera¬ 
tion, which is in good agreement with the expected rate. 

Feedback 

In many communication systems it is unacceptable 
for the receiver to know merely that there has been an 
error in a block of messages; the receiver must also be 
able to find the correct message. If a noiseless return 
channel, or feedback channel, is available from the re¬ 
ceiver to the transmitter, the receiver can simply request 
a retransmission of the offending message from the 
transmitter. Complications arise, however, if the teed-
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back channel is noisy. Effective methods to handle a 
noisy feedback channel have been proposed by Metzner 
and Morgan [8 | and by Wozencraft and Horstein [11 |. 
The fundamental characteristic of all these methods 

is that the transmitter retransmits the message both 
when the feedback signal is a request for retransmission 
and when the feedback signal is in doubt. Thus a par¬ 
ticular block of messages will fail to be correctly re¬ 
ceived only when there is an undetected error in either 
the forward or feedback directions. However, as de¬ 
scribed before, the probability of an undetected error 
using coding can be made as small as desired in both 
channels. 
A much more likely event than an undetected error 

is that the same message will be correctly received 
several times due to detected errors in the feedback link. 
Metzner and Morgan [8] suggest handling this problem 
by means of an alternating tag on successive messages 
and there are also other procedures that can be used. 
The use of feedback in communication generally 

causes some loss in rate over and above that lost by 
coding. In the case of telephone circuits, however, the 
rate loss due to repetitions is quite small. Assuming that 
both forward and feedback channels have similar char¬ 
acteristics as the data in this report, it should be neces¬ 
sary to repeat less than 1 block in 1500. 

If such a feedback scheme is to be used with a con¬ 
stant data rate source, considerable storage is needed 
to handle the waiting line created by the occasional re¬ 
transmission of messages. However, if one considers a 
telephone circuit to be a channel with time-varying 
capacity, and notes from the data in Eig. 1 that the 
capacity occasionally drops to practically nothing for 
periods at least as long as 500 digits and probably longer, 
then one sees that considerable storage is required by 
any scheme that transmits reliably over such a channel. 
To keep the waiting line from building up with a 

constant data rate source, it is necessary to have the 
source rate somewhat lower than the transmitter rate. 
The smaller the rate sacrifice here, the larger the storage 
that has to be provided. The storage can be of the fixed 
access type, but still it will constitute the major cost of 
the coding system. It is possible, although it appears 
unlikely, that a small amount of error correction in this 
situation could reduce the storage requirement enough 
to be economically feasible. In the situation where the 
source rate is controllable, however, the argument is 
very clearly in favor of simple error detection and feed¬ 
back, since little storage is necessary. 
To illustrate the effect of attempting some error cor¬ 

rection along with detection for telephone data systems, 
consider the CTDS data. Out of the 1475 code words of 
length 511 recorded with errors, only 323 had single 
errors. In Table II it is estimated that a Bose-Chaudhuri 
code of length 511 with 18 parity checks will produce 
an undetected error on such data about once every 21 
years. If this code is used for a single error correction 
plus detection, an undetected error will occur not only 

when the noise changes one code word to another code 
word, but also when it changes a code word into any of 
the 511 words at distance one from a code word. This 
would produce undetected errors at an estimated rate 
of once every 15 days. An extra 9 parity checks would 
be needed to decrease the undetected error rate to the 
previous value of once every 21 years. 'Ill us the reduc¬ 
tion in rate necessary to correct the 323 single errors is 
equi valent to a loss of 91,000 of the original 5 million 
code words. This loss of rate will aggravate the waiting 
line problem and although no data are available here, 
it does not seem likely that many of the 323 words with 
single errors occur during the very noisy periods when 
the waiting line gets long. 

Mathematical Models for Telephone Cir< t its 

In the preceding pages, a large body of experimental 
error statistics has been used to determine methods for 
decreasing the error probability on digital data links. A 
seemingly more elegant approach to this problem is that 
ol using the data to construct a mathematical model of 
error statistics and then determining how to decrease 
the error probability in the model. This approach has 
been used in the past, often with quite misleading re¬ 
sults, so it is worth pointing out the dangers and dif¬ 
ficulties here. 

In constructing a model, it is first necessary to 
separate the important characteristics of the data from 
the trivia. If this is not done with caution, however, 
these “trivial” occurrences will be precisely the occur¬ 
rences that cause errors in any reasonably chosen coding 
scheme, Eor instance, one could measure the first and 
second order error statistics on a digital data link and 
decide to ignore both the higher order statistics and the 
second order statistics for lengths greater than 15 or 20 
bits. A model constructed from this data would clearly 
illustrate the short bursts of the noise but would com¬ 
pletely ignore the very long periods of low channel 
capacity that make error correction impractical. 
A somewhat better model could involve a channel 

with two states one noisy and one noise-free, along 
with a distribution function determining the time spent 
in the noisy state. Assuming an error rate in the order of 
2 in the noisy state, one is forced to conclude after the 
reception of a small number of correct digits that the 
channel is back in the noise-free state. This model again 
illustrates the short severe bursts of noise, but fails to 
bring out the more moderate bursts of much longer 
duration. Both these models would indicate the effective¬ 
ness of burst error-correcting codes, whereas the actual 
data clearly indicates just the opposite. 

The previous paragraphs do not imply that these 
models are completely inapplicable to telephone lines. 
Such simple models might be useful in learning how to 
improve both telephone lines and their digital data 
transmitters and receivers. Such models are certainly 
inapplicable to coding questions, however, due to the 
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great sensitivity of coding to slowly varying channel 
characteristics. 
One can easily visualize models that are broad enough 

to include most of the quantities of interest in coding 
studies. For instance, the channel could be considered 
as having two states again, but the noisy state could 
now be characterized by a distribution function over 
both the error rate and the duration of the noisy state. 
The attractiveness of using a model rather than direct 
data fades somewhat for a model this complex that still 
omits many important characteristics. The results of 
this paper would have been both difficult to derive and 
somewhat questionable if a model approach had been 
used. 

CONCLUSIONS 

The data demonstrate that error-correcting codes are 
impractical with the circuits and modulation systems 
that were tested. The fact that all of the systems and 
circuits behave in a comparable manner and that over 
2000 hours of operation is represented suggests that this 
conclusion might be extrapolated to most of the “private 
wire” plant. 
On the positive side, it has been shown that error¬ 

detection codes either with or without feedback are 
practical. Using moderate size block lengths (100 to 500 
symbols) and a very small amount of redundancy (15 to 
20 symbols), it is possible to transmit over “private 
wire” telephone circuits with a probability of an un¬ 
detected word error so small it almost can be neglected. 

Moreover, the encoding and decoding for such codes can 
be easily implemented with a modest amount of equip¬ 
ment most of which consists of 15- to 20-stage shift 
registers. 
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ascribed to be a licensee of Potter for magnetic tape 
units used by SEA. This error is regretted. Compagnie 
des Compteurs has informed the author that their tape 
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Communications Satellites Using Arrays* 
R. C. HANSENf, member, ire 

Summary—Passive reflectors require large ground antennas and 
powers but permit use of unstabilized reflectors. Active systems, on 
the other hand, offer attractive performance through high directivity 
antennas but generally require stabilized vehicles. Further, the reli¬ 
ability of a satellite repeater amplifier is a critical factor. 

Automatic angle return arrays are investigated for both passive 
and active systems. These arrays, called Van Atta arrays, return a 
signal in the direction of incidence and are effective over at least 
+ 45°. Thus only partial stabilization or single axis (spin) stabiliza¬ 
tion need be used, greatly simplifying the station-keeping orbit con¬ 
trol problem. 

An active Van Atta (AVA) scheme has inherently high reliability 
since many of the distributed amplifiers can fail without serious per¬ 
formance degradation. The distributed structure also allows use of 
low-power solid-state amplifiers. 

This paper points up the salient advantages of the AVA system, 
and delineates the major areas where further work is indicated. 

I. Introduction 

MUCH has been written about communications 
satellites, both active and passive. 1-9 Generally 
considered for the active case is a single an¬ 

tenna, whereas metallic spheres and trihedral corner 
reHectors are considered for the passive case. Ryerson, 6 

however, also considered the Van Atta reflector, a 
passive array wherein each element is connected to one 
other element. Obviously the next step is to insert 
amplifiers in each connection, thereby making an active 
Van Atta array (AVA). This paper discusses the uses of 
such arrays for both active and passive communications 
satellites. 

In the next section, the basic array will be described 
in several geometries, followed by a discussion of effec-

* Received by the IRE, October 13, 1960; revised manuscript re¬ 
ceived February 27, 1961. 

t Electronics Lab., Aerospace Corp., Los Angeles, Calif.; formerly 
at Space lech. Labs., Los Angeles, Calif. 

1 J. R. Pierce anti R. Kompilier, “Transoceanic communication by 
means of satellites," Proc. IRE, vol. 47, pp. 372-380; March, 1959. 

2 M. Handelsman, “Performance equation for a ‘stationary’ pas¬ 
sive satellite relay (22,000-mile altitude) for communication," IRE 
Trans, on Commi nication Systems, vol. CS-7, pp. 31-37; Mav. 
1959. 

’ C. T. McCoy, “Satellite communication," Proc. IRE, vol. 47, 
pp. 2019 2020; November, 1959. 

1 J. E. Bartow, et al., “Design considerations for space communi¬ 
cation,” 1959 IRE National Convention Record, pt. 8, pp. 154-
166. 

5 L. Jacobv, “Communication satellites," Proc. IRE, vol. 48, pp. 
602-607; April, 1960. 

6 J. L. Ryerson, “Passive satellite communication,” Proc. IRE, 
vol. 48, pp. 613-619; April, 1960. 
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multi-station network," 1060 IRE International Convention 
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11 D. C. MacLellan, “Some aspects of the use of space satellites for 
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five aperture and element factor. Section IV covers 
passive arrays. Active systems are treated in Section V. 
A comparison of passive and active systems is made in 
Section VI. 

II. The Van Atta Array 

The \'an Atta passive array 1011 is the discrete equiv¬ 
alent of a corner reflector; it has a directivity commen¬ 
surate with the physical aperture, yet returns energy at 
the incidence angle. Fig. 1 depicts the basic principle 
wherein conjugate pairs of elements are connected by 
equal (electrical) lengths of cable (or waveguide, etc.). 
In this figure, all incident rays have equal phase at the 
wave front, and each ray acquires an additional phase 
shift of « + 3/3 in getting back to the same wave front; 
thus exit rays are in phase at the same angle. An odd 
number of elements can be accommodated by connect¬ 
ing the center element back on itself with the same 
cable length, then connecting conjugate element pairs 
as before. 

l’he array can be mechanized in a number of geome¬ 
tries, among which are planar, cylindrical, and spheri¬ 
cal. Fig. 2 shows the connections required for a planar 
array wherein each box represents an element, and boxes 
containing the same number are connected together, 
with all cable lengths equal. It can be seen that each 
quadrant of a rectangular array is a mirror image of the 
opposite quadrant. In this case, the principal plane 
beamwidths are just what one would expect from a 
conventional uniformly excited array, 'l’he scattering 
cross section of the array is found to be essentially that 
of a flat plate of area equal to the effective aperture 
(see below). Fig. 3 shows a ring source on a cylinder, 
and it can be seen that if the line lengths are adjusted 
to include the departure of the array surface from the 
projected planar aperture, reinforcement again occurs 
at the incidence angle. For a two-dimensional array on a 
cylinder, there would, of course, be a mirror-image con¬ 
nection in both azimuthal and axial directions. Several 
arrays would be needed to cover the cylindrical surface. 
Other useful geometries include the tetrahedron with an 
array on each lace, the cube, and the sphere. Several 
arrays would be used on the spherical surface. Before 
discussing applications, the effective aperture variation 
will be investigated. 

10 L. C. Van Atta, “Electromagnetic reflector," U. S. Patent No. 
2,908,002; October 6, 1959. 

" E. D. Sharp and M. A. Diab, “Van Atta reflector array," IRE 
Trans, on Antennas and Propagation, vol. AP-8, pp. 436-438; 
July, 1960. 
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Fig. 1—Linear Van Atta reflector. 

Fig. 1— Square Van Atta reflector. 

Fig. 3—Cylindrical array. 

ments are excited with constant amplitude and with 
linear phase. For a continuous radiator, the effective 
aperture at broadside (.4o) is just the physical aperture, 
and the effective aperture varies as cos 9 cos </> out to a 
transition point beyond which the array acts in an end-
fire fashion. A discrete broadside array of half-wave 
spacing has a somewhat greater effective aperture than 
a continuous aperture of the same size. In the limit of 
end fire, the effective aperture normalized wrt . 1» is 
given by 13

Beamwidth is given by the standard formula 

102° 51°X 
0o = - =* - , 

.V L 

where N is the number of elements on a side. Fig. 4 
gives an estimate of effective aperture variation. 

Ill. Effective Aperture and Element Factor 

A. Effective Aperture 

The effective aperture of an electronically scanned 
array depends upon the element factor, the array 
geometry and scan or incidence angle. The element fac¬ 
tor will be discussed later in terms of specific realizations 
of these arrays. The effective aperture can be defined 
on the basis of beamwidths 12 or on the basis of directiv¬ 
ity (maximum gain). Since the latter corresponds to the 
most common usage, this will be used here. Directivity 
is given by 

G = 4tr.f/X2. (1) 

Here .1 is the effective aperture, which depends upon the 
manner in which the array is excited. The Van Atta 
array functions as a linear phase device and is probably 
not amenable to supergain. F urther, since high sidelobe 
ratios do not appear necessary for communications 
satellite purposes, this paper will be concerned exclu¬ 
sively with the so-called uniform array in which all ele-

li. Element Factor 

The response of arrays is comprised with good ac¬ 
curacy of the product of an array factor described above 
and an element factor. The elements used would typi¬ 
cally be either half-wave dipoles or slots, and it appears 
at first glance that a printed slot or dipole array on the 
surface of the satellite is most attractive. For a half¬ 
wave dipole, the element factor is 

cos (tt 2 sin 0) 
- - - ■ (4) cos 0 

This is plotted in Fig. 5 along with the cos 0 factor 
for an elemental dipole. At 45° off normal, the element 
factor is down 4 db. Typical resonant slot patterns are 
more complex than (4), depending on the method of 
feeding, but are all numerically very close to the half¬ 
wave dipole pattern of Fig. 5. 
The element spacing in the array would be nominally 

X/2. As the spacing increases up to a value of about 0.9, 
the gain of a broadside array remains proportional to 

12 R. W. Bickmore, “A note on the effective aperture of electri¬ 
cally scanned arraj s,” I RE Trans, on Antennas and Propagation, 
vol. AP-6, pp. 194 196; April, 1958. 

13 M. J. King, and R. K. Thomas, “Gain of large scanned arrays,” 
IRE Trans, on Antennas ano Propagation, vol. AP-8, pp. 635-
636; November, 1960. 
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Fig. 5—Element factor. 

the area. 14 Beyond this point, the gain no longer in¬ 
creases with area as before. However, spacings of 
greater than \/i produce secondary main beams at scan 
angles oft broadside and hence represent a gain loss of 
at least 3 db and possibly more; thus the X/2 figure is 
often used for scanning arrays. 

IV. Passive Array 

l'he principal advantages of a passive satellite are 
that no power supply or equipment reliability problems 
are incurred, that the satellite may have a very wide 
bandwidth, and that the attitude may not need to be 
controlled. I'he two common types of passive reflectors 
are the metal sphere and the triplane assembly of eight 
trihedral corner reflectors. The disadvantage of the 
spherical reflector is its low-scattering cross section com¬ 
pared to its diameter. The corner reflector has an ex¬ 
cellent scattering cross section; however, it suffers some 
diffraction from the edge at angles close to 45°, and the 
diffracted component may produce dips15 as large as 20 
db. Compare this with a large planar array whose re¬ 
sponse is down only 5.5 db at 45°. 

I’he wide angle response of the Van Atta reflector 
allows the satellite array to return the signal with high 
gain over a wide range of angles, at least ±45° from 
broadside. This means that a satellite need only have 
limited attitude stabilization, in that as long as the 
earth is within +45° of the array axis, the response will 
be within 5.5 db. Essentially complete response could be 
obtained by disposing six arrays around a cube or four 
arrays around a tetrahedron, 16 or several arrays around 
a cylinder or sphere. 

For purposes of calculation, a stationary equatorial 
satellite has been assumed; the numbers can readily be 
changed to accommodate other orbits. From the “sta-

14 II. E. King, “Directivity of a broadside array of isotropic radi¬ 
ators,” IKE Trans, on Antennas and Propagation, vol. AP-7, pp. 
197-198; April, 1959. 

15 S. I). Robertson, “Targets for microwave radar navigation," 
Fell Sys. Tech. J., vol. 26. pp. 852 869; October, 1947. 

18 One problem here is the interference produced when two or 
more arrays are illuminated by and return energy to the earth. 

tionary” altitude, the earth subtends an angle of 17.5°; 
for a vehicle with attitude stabilized to ±1.5°, an an¬ 
tenna of about 20° beamwidth is needed which realizes 
a gain of about 17 db. For two fixed terminal points, a 
narrower beam could be used. For example, with a 
satellite at a longitude of 320°, the angle at the satellite 17 

between Xew York and Lisbon is 7°44'. Fig. 6 depicts 
such a case; the reflector beamwidth needs to be twice 
the angle, or 15°28'~16°. For angles of incidence other 
than broadside, the scattering cross section is somewhat 
reduced, but there is a compensating change in that 
there is less signal loss 8° away from the beam axis due 
to the broadened beam. For an orientation of the array 
axis in the direction of wave incidence, the bistatic re¬ 
turn is 3 db below the monostatic return, at an angle 
equal to half the beamwidth. With an orientation of 
array axis at 45° to the incident wave, the bistatic return 
is 1.5 db below the monostatic return at the same angle 
as above (calculated using sin X/X pattern), but the 
effective aperture-element factor reduces both by 5.5 db 
making a total of 7.0 db. For the example above where 
the beamwidth is 16°, an array with seven elements on 
a side (49 elements in a square configuration) would be 
needed. At broadside the monostatic equivalent gain is 
21.9 db. Bistatic gain 8° away is 18.9 db, and at a 45° 
inclination angle this decreases to G = 14.9 db. 

Fig. 6—Passive array. 

Directivity ami effective area were related in (1); 
scattering cross section is related to these by 

a — X2G2/4ir, (5) 

where G here is the equivalent directivity as used in the 
two-way active radar range equation. 
Appendix 1 contains passive range calculations for the 

Xew York-Lisbon example, l’he results are given in 
Fig. 7 for both a \ an Atta reflector and a 100-foot Echo 
balloon. Parameters assumed are for a digital biphase 
modulation system. The figure clearly demonstrates a 
well-known fact: high gain reflectors are not large in 
wavelengths (due to coverage limitations) and thus do 
not intercept much of the primary radiated energy. Iso¬ 
tropic scatterers, on the other hand, are inefficient, but 
can be very large. 

17 Calculated by Dr. Rojanskv of Space Tech. Labs. Inc.. Los 
Angeles, Calif. 
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tion of isolators at present). Circulators of modest 
(20-db) isolation which would allow 15 db of gain are 
readily made in compact printed strip line form. In fact, 
a slot or dipole array could be printed with the circu¬ 
lators built in. Each circulator would connect to a low-
gain (say 15-db) printed transistor or tunnel-diode am¬ 
plifier. The gain useable is limited by feedback through 
the element-to-element mutual impedance. Appendix 
II gives a cursory look at that problem with the result 
that single frequency gain would be limited to 15-20 db. 
Phase stability' must be maintained within about ± 10° 
through each amplifier. Deviations greater th.m this will 
cause non-negligible gain reductions, Feedback circuits 
would probably' be indicated; no serious reduction in 
reliability would occur due to additional components, 
as will be seen later. 

Since the art and literature on solid-state microwave 
amplifiers are extensive and are increasing rapidly, de¬ 
tails of device configurations and of printed circuit 
realizations of ty pical amplifiers have not been included. 

V. Ac tive Vax Atta Arrays 

.1. Active Systems 

There are at least three ways in which an active array 
can be used. First, a broadside array as a single port 
input (or output) device can simply replace a parabolic 
dish-ty pe antenna. This usage will not be discussed. 
Second, an electronically steered array could be used on 
a vehicle with incomplete attitude stabilization. Here a 
sensing device would be used to determine the appropri¬ 
ate direction of radiation,3 and the requisite phase shifts 
would be produced by ferrite phase shifters, etc. The 
complexity of the sensory phase shift mechanism prob¬ 
ably precludes serious consideration of this scheme for 
some time to come. Third, the Van Atta array of the 
previous section can be made active; this array also 
applies to partially -stabilized and spin-stabilized ve¬ 
hicles. The A VA (active Van Atta array) appears the 
best of the three, and will be the subject of this section. 
AVA needs an amplifier in each cable or transmission 

line connecting two elements. Either bilateral gain is 
needed or two back-to-back unilateral amplifiers could 
be used. Circulators to separate signals in the two direc¬ 
tions could also be used. An advantage of a distributed 
array amplifier or AVA is that enhanced reliability re¬ 
sults, as will be shown later. 

15. Single Frequency Schemes 

The amplifier for each pair of AVA elements must 
either be bilateral or consist of two unilateral amplifiers. 
Due to the change of element input impedance with 
scan angle, bilateral amplifiers are not practical. It 
appears that either circulators must be used at each 
element, or that a frequency offset be used to obtain the 
necessary stability (weight and size eliminate considera-

C. Frequency Shift Schemes 

Frequency shifting through the amplifier will reduce 
the mutual coupling problem and may make circulators 
unnecessary. One frequency-shifting amplifier is the up-
converter (upper sideband) where the gain obtained is 
ecpial to the up-frequency multiplication. Since it is dif¬ 
ficult to design arrays to operate simultaneously at 
widely separated frequencies, the up-converter appears 
to be severely limited in gain. Further, the AVA system 
must be examined for operation under a frequency 
translation. Refer to Fig. 1, and observe that ii the exit 
frequency is different from the entrance frequency, the 
exit angle differs from the entrance angle. In fact, the 
relationship is 

h . if"* (6) 
/a sin 02

which, for small frequency shifts A/, reduces to 

If 
— = 19 cot 0 (7) 
f 

where 19 is the beam shift angle. This is plotted in Fig. 
8 for 5 and 10 per cent frequency shifts. The array beam¬ 
width must be made large enough that the beam shift 
will not move the beam off the receiving point on the 
earth. One might take advantage of this frequency 
squint since a squint of 8° is desired. However the shift 
occurs in both 9 and </> planes and, as seen in Fig. 8, 
varies with angle 9. If stabilization in one plane were 
available, an “average” shift could be used in the other 
plane, allowing use of a narrower beam, hence higher 
system gain. 
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Fig. 8—Beam shift clue to frequency offset. 

Thus the input and output frequencies should not be 
too different. One scheme would use an up-converter, 
either variable capacitance or tunnel diode, followed by 
a negative resistance down-converter (for good noise 
figure), where the down-frequency ratio is slightly dif¬ 
ferent from the up ratio. Another possibility would use 
an RE amplifier with a frequency translator or offset 
stage. With these types of schemes, it should be possible 
to achieve gains of the order of 70 db with wide band¬ 
widths with a modest number of components. Band¬ 
width will be largely determined by power (and gain) 
lost due to impedance mismatches, as the element im¬ 
pedances change with frequency. Because these con¬ 
siderations are strongly affected by the mutual im¬ 
pedance, bandwidth is discussed along with mutual im¬ 
pedance in Appendix 11. All schemes must preserve the 
phase information in the correct relationship. 

D. Performance Calculations 

Eor the “stationary” satellite case, the AVA system 
could be used two ways, both involving spin stabiliza¬ 
tion (some form of stabilization is desirable and spin 
stabilization is probably the simplest form). If the con¬ 
trol of the orientation of the spin axis is poor, AVA 
arrays connected for automatic angle return in two di¬ 
mensions would be disposed on a tetrahedron, rectangu¬ 
lar box, sphere, cylinder, etc. The minimum gain, each 
way, for the New York-Lisbon example would be 14.9 
db. A square array wotdd contain 49 elements with 49 
amplifiers. 

If the spin axis can be aligned parallel to the Earth’s 
axis, say within ±1.5°, then a disk-shaped pattern co¬ 
axial with the satellite would always illuminate Earth. 
Such a pattern would have 7. 1-db directivity. However, 
an AVA array with a fixed beam in 0 (cylindrical co¬ 
ordinates) and automatic angle return in ó would realize 
14.9 db. A cylindrical geometry would be ideal, with 
several “printed” slot arrays on the cylindrical surface. 
Each array would have elements on each circle (of 
latitude) connected in Van Atta fashion. The several 
circles would then be connected to produce a narrow¬ 
beam response in a plane containing the axis. Automatic 
angle return in azimuth would be obtained as the 
cylinder rotates, with the fixed narrow beam in the 
other plane. Each array would have seven elements in 

the </> direction. Seven amplifiers would be needed. 
This scheme offers over the fixed disk array 7.8 db. A 
significant advantage of AVA is that the power levels 
at each amplifier will probably allow solid-state devices 
to be used whereas a single port amplifier would require 
a higher power capability. 

Appendix III contains calculations for the previous 
example, for 1-Mc bandwidths. Eig. 9 presents vehicle 
output power for four cases: a completely stabilized 
vehicle (a very difficult job due to solar and lunar per¬ 
turbations) ; AVA; a fixed disk pattern; a zero-db an¬ 
tenna. AVA is observed to compare favorably with the 
stabilized dish, without the attitude control system 
complexity. 18 Eor example, with a 60-foot ground dish, 
an A\ A power output of 65-mw provides 1 Me of PCM 
bandwidth. This is substantially independent of fre¬ 
quency, depending only on maintaining the assumed 
performance of antennas, noise temperatures, etc. Eor 
the spin-stabilized case above, with seven amplifiers, the 
output of each would be 9.2 mw (for a 60-foot ground 
dish). W ith an amplifier gain of 70 db, the input level 
to the amplifier would be about —60 dbm, which would 
allow use of crystal video vehicle receivers and low 
ground power. 

I lie attitude-control problem ol orienting an antenna 
to always point at Earth is exceedingly difficult. The 
A\ A system is within 4.6 db of the stabilized dish, and 
requires only spin stabilization. Eurther. the use of 
solid-state transmitters and the enhanced reliability are 
salient advantages. 

E. Reliability 

Although arrays are usually built with uniform spac¬ 
ing of elements, it is known that a pseudo-random 
spacing can be utilized in such a way that the number 

18 The effect of solar and lunar perturbations on spin-stabilized 
vehicles remains to be investigated. 
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of elements can be appreciably reduced with only minor 
changes in directivity. Resolution is largely determined 
by the over-all size as before. Xow invert the problem: 
start with regid. ir X/2 spacing and let amplifiers fail 
in a random fashion. Roughly 40 per cent of the elements 
in a conventional array can fail in a random fashion 
without reducing gain appreciably. Sidelobe degrada¬ 
tion is considerable, but affects gain only slightly. 

The problem of calculating the probability of failure 
of more than a stated percentage compared to probabil¬ 
ity of failure of one item is a binomial distribution 
problem. The probability of exactly Af out of N ampli¬ 
fiers working is given by 

P = f If ) ~ ?) V " (8)

where p is the probability of a single amplifier operating, 
and 

/ *V\ V!
\ M / ” Af!(.V - Af)! 

as usual. This problem is the same as that of a popula¬ 
tion oi Rp red balls and R(\—p) black balls. I he 
probability of a random sample of size N with replace¬ 
ment having exactly- .1/ red balls is given by (8) above. 
The probability of at least M red balls, or working ele¬ 
ments, is given by 19

P = X ( \ (1 - ?)' (°) 
\ Af + i / 

Tables are available;- 11 Eig. 10 shows the variation of 
over-all probability with element probability .21 These 
curves display the advantage of a distributed A VA: 
that with a 70 per cent element probability-, the prob¬ 
ability of over 60 per cent surviving is 95 per cent. Since 
40 per cent can fail without serious performance degra¬ 
dation, yve have a 95 per cent probability of satisfactory 
operation from an individual amplifier probability of 
only 70 per cent. Thus the individual reliability- is con¬ 
siderably enhanced. Using a transistor failure rate of 
0.060 per cent per 1000 hours, a single amplifier 
(element) can have over 25 transistors for a 70 per cent 
probability of lasting one year, if half the failures are 
due to transistors! It might be more economical, in view 
of the very good reliability, to trade off this against 
number of elements, and to use a pseudo-random array-
spacing with consequent reduction in number oi 
amplifiers. 

19 W. Feller, “Introduction to Probability Theory and Its Appli¬ 
cations,'' John Wilev and Sons, Inc., Xew York, X. Y., vol. 1, p. 172; 
1950. 

29 “ Tables of the Binomial Probability Distribution," Xatl. Bur. 
Standards, AMS-6; 1952. 

21 Calculated bv Richard Jaeger of Space Tech. Labs.. Inc., Los 
Angeles, Calif. 

Fig. 10 A\ A reliability . 

\ 1. Comparison of Actdt and Passive Systems 

In order to eliminate common elements such as 
ground antennas, transmitter powers, etc., the two-
yvay passive range equation is compared w ith the prod¬ 
uct of the two one-way active equations. This gives a 
result relating scattering cross section to active gain, 
distances, etc. Changes in ground power, etc., are 
readily factored in. The following definitions are used: 

G\ = Ground antenna directivity. 
6’2 = Satellite antenna directivity. 
Pir=Ground transmitter power. 
2,.jr = Satellite transmitter power. 
a = Scattering cross section. 
R = Range. 

Put = Ground signal into receiver. 
P2/f = Satellite signal into receiver. 

Eor a passive sy stem, 

. (1())

Pit 64tt"^i 

The up and down links ot an active system are repre¬ 
sented by 

Pit XfnPR- Pit 

Xow for satisfactory operation P>n must be sufficiently 
greater than receiver noise kl.ttP. This is usually no 
problem due to large ground powers readily- available. 
The down link is usually the limiting factor due to 
limited P>t- Very low-noise ground receiver, large an¬ 
tenna combinations mitigate this situation, however. 
The combined active equation is 

P™ = ^ G^ . (i2)

Pit PihIS^R' 

Eor comparative purposes, let all common factors be¬ 
tween (10) and (12) be equal. Then to make the passive 
and active sy stems equal, we must have 
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where Gt = P^t/ Pin is the gain of the satellite repeater 
amplifier. 

Example: Spherical reflector and A VA 

For a spherical reflector, a = irD!/4 so that 

I or the example used previously, /= 1 Gc, G?= 70 db, 
Gt = 14.9 db, we get 

R„2 , 
D = 30,600 — feet. (15) 

R,,1

A passive altitude of 2000 nautical miles and an active 
altitude of 19,400 nautical miles requires a balloon 
diameter of 325 feet even for the low (70-db) gain re¬ 
peater assumed, for equal ground power. Larger ground 
power for the passive case would reduce the 325-foot 
size proportionately. 

I'he two-wax equation (12) can be rewritten, 

S 
B(FN ~ ̂ R^ 

A7
Pl T = - - - ’ (16) 

G^GF^l.l db) 

Units are given in Appendixes 1 and III. For the equa¬ 
torial synchronous case again, with biphase PCM and 
an over-all ground Fx = ) db, the power per Me 
bandwidth is 

(185.1 db) 

GJ)' 

With a 70-db gain repeater and a 120-foot dish on the 
ground. 1.55-kw power is needed per Me. Since the 
satellite position only changes slightly over a year's 
time (due to lunar effects), the 120-foot antenna could 
be a fixed dish with movable feed, for example. This 
installation would cost less than a 60-foot steerable dish. 

VIL Coxci.USIONS 

A passive satellite requires a high-power ground 
transmitter even when low altitudes are used. In con¬ 
trast, the AVA allows the possibility of achieving such 
typical performance as 1-Mc bandwidth, 1.6-kw ground 
power, and 120-foot ground antenna, at 1 Gc, with onlv 
spin stabilization required for the vehicle. 
The Van Atta array response is down 5.5 db at 45° 

and can realize a minimum gain of 14.9 db for coverage 
between .\ew York and Lisbon. 1'his 14.9-db gain is 
realized each wax’ in addition to the distributed ampli¬ 
fier gain. An important factor is that many of the 
amplifiers can fail without serious performance degrada¬ 
tion; this allows an excellent over-all reliability from 
lesser individual amplifier reliabilities. If each amplifier 
has a 70 per cent probability of lasting five years, the 

probability of satisfactory system operation for five 
years is 95 per cent. In addition, the low -power output 
of each amplifier allows only solid-state devices to 
be used. 

Probably an amplifier with small frequency offset is 
most desirable, and it appears that these amplifiers 
could be built in a number of configurations, including 
cascaded transistors and cascaded tunnel diodes. It 
should be possible to achieve in the order of 70-db gain 
with a modest number of components in each amplifier. 
Phase stability of such amplifiers is as yet an unknown 
problem. Although the AVA distributed amplifier 
scheme involves a large total number of components, it 
should be remembered that both the array and the 
circuitry lend themselves to printed techniques and, in 
fact, such configurations could probably be made using 
a sandwich of printed circuit boardsand components. 

It is hoped that this paper will provoke a more de¬ 
tailed investigation into solid-state printed amplifier 
techniques, and into final-stage vehicle configurations, 
weights, etc., for AVA. 

Appendix 1 

A Passive Systexi 

Starting with the standard range equation 

Pa G^ 
=- , (18 

Pt Mtt'R' 

one max’ write 

.S' 
64Jr:y- kTJpFx - l)R': 

Pt = - . - (19) 
G-c'a 

With proper values for the constants, the result is 

5 
fR' - B(FN - 1) 

Pr = - 1 - , (20) 
G2a(29.8 db) 

where 

P — power in watts, 
/= frequency in gigacycles, 
R = distance in natutical miles, 
B = bandwidth in cps, 
<7 = cross section in in2. 

Ex = over-all noise figure (antenna, loss, receix’er 
noise). 

The follow ing assumptions appear reasonable. 

R = 16,400, 
5/.V = 8.4db fora 10 1 error rate22 biphase PCM, 
Preamp and receix’er noise figure = 1.5 db, 

22 C. R. Cahn, “Performance of digital phase-modulation com¬ 
munication systems," IRE Trans, on Communication Systems, 
xol. CS-7, pp. 3 -6; May, 1959. 
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Antenna and loss temperature = 50°K so 
Over-all-3 db, l\ - 1 = -2.3 db. 

For an antenna of 50 
efficiency. 

per cent aperture illumination 

db) (21) 

with D in feet,/ in Gc. Then 

(163.5 db) 

D'F<7 
(22) 

For a 100-foot sphere, <7 = 2920 m2. For the example of 
a 14.9-db \'an Atta array. 

f-

(8.3 db) 
<r = (23) 

So the ground power needed, assuming constant /•/-, 
decreases with frequency squared for Echo, and is con¬ 
stant for the array. The above calculations do not in¬ 
clude various losses, nonoptimum equipment perform¬ 
ance, etc., but these can readily be included. 

Appendix II 

Elemi nt Inpi t Impedance and Bandwidth 

The input impedance of each element of an array is 
conveniently represented in the conventional fashion as 
the combination of a self and a mutual impedance. The 
self impedance is not that of the element in the absence 
of all other elements, but rather that of the element with 
all other elements present and open circuited, as the 
capacitively loaded elements will have a non-negligible 
effect. I he mutual impedance can accurately be taken 
as that between adjacent elements only. For quarter¬ 
wave monopoles or half-wave dipoles, the input self¬ 
reactance is substantially independent of the antenna 
diameter; however, the resistance is a function of 
diameter. For dipole elements of practical size, a typical 
single-element sell impedance is 734-/42 ohms. As 
mentioned, this should be corrected for the presence of 
other dipoles. Slot impedance can of course be found for 
the complementary slot by Babinet's principle. The 
mutual impedance between half-wave dipoles is strongly 
dependent upon whether the elements are parallel or 
collinear. King quotes an impedance for parallel half-
yvave dipoles21 with 0.5 X spacing of 

Z12 - 12 — /30 ohms 

while for collinear half-yvave dipoles with spacing 0.8 X, 
he quotes2' 

Zu = — 0.6 ~ jl ohms. 

23 Note that it might be simpler to use effective noise temperature 
exclusively, however, many articles use noise ligure. 

21 R. W. 1*. King. “Linear Antennas.” Harvard I'niversity Press. 
Cambridge, Mass., pp. 440 and 287; 1956. 

Thus the mutual impedance for parallel elements is 
nearly- five times larger than for collinear elements. Un¬ 
fortunately, as the direction of arrival of the incident 
wave changes, so does the relative phase between ad¬ 
jacent elements in the array, and in the equivalent cir¬ 
cuit, this is equivalent to changing the phase angle 
of the load impedance. A simple calculation of the power 
transferred from one element to the adjacent element 
through the mutual impedance y ields the formula 

l\ Rne2
= i . (24) 

Pi 2a[2a- cos a — c- cos (ß — 2y) | 

where c and y are the magnitude and angle of the 
mutual impedance, a and a are the magnitude and 
angle of the self impedance, and d is the added phase 
shift. The usual conjugate impedance match is assumed. 
For the worst case of half-yvave parallel dipoles, the 
traction of power coupled varies from —14.3 db to 
— 14.5 db to —14.7 db as the phase angle changes from 
— 45 to 0 to +45°. For the collinear pair, the broadside 
coupling is doyvn —27.8 db. Previous experience has 
shown that the use of baffles, etc., can reduce coupling 
between parallel dipoles to a value near that for colinear 
dipoles. 25 Thus it appears that loop gain useable at a 
single frequency is limited to about 20 db. 
A more careful investigation of the change in input 

impedance yvith scan angle is that of Carter. 26 Fig. 11 
is reproduced from his work, This shows the input im¬ 
pedance vs scan angle for an element in a finite array-. It 
appears that for scan angles less than 45° the input 
impedance changes are sufficiently- small as to not con¬ 
stitute a serious problem. 

Fig. 11—Impedance vs scan angle of element 31 of half-wave, dipole 
array with reflector (after Carter). 

25 I. I’. Kami notv and R. J. Stegen. “W aveguide Slot Array De¬ 
sign," Microwave Lab., Hughes Aircraft Co., Culver City, Calif.. 
Tech. Memo. 348, p. 73; July, 1954. 

26 P. S. Carter, Jr., “Mutual impedance effects in large beam scan¬ 
ning arrays,” IRÉ Trans, on Antennas and Propagation, vol, 
AP-8, pp. 276-285; May, 1960. 
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Calculations of input impedance vs frequency are 
straightforward but tedious; results have been com¬ 
puted by Blasi'27 for an element in a parallel array and 
in a collinear array. From these data, it may be observed 
that the impedance variation is slow with frequency, 
and it should be possible to impedance compensate 
fairly simply to cover bandwidths as wide as 20 per cent 
or more. 

Appendix III 

An Active System 

For the satellite-to-ground link, always the limiting 
factor, 

Pt G\GJ~ 
— =- (25) 
I’it I6r-R-

which becomes 

.S' 
16t2- kTJUIX - V)R2

X 
Pt - - (26) 

G,GN 

which reduces to 

5 
. RIF y -

Pt = - - - • (27) 
GtGA 106.1 db) 

• E. A. Blasi and R. S. Elliott. “Scanning antenna arrays of dis¬ 
crete elements," IRE Trans. os Antennas as» Propagados, vol. 
AP-8, pp. 435 436; October, 1960. Also “Effects of Mutual Interac¬ 
tion on the Design ol \ arions Dipole Arrays," .Microwave Lab., 
Hughes Aircraft Co., Culver Citv, Calif., lech. Memo. 336; Decem¬ 
ber. 1953. 

Units are the same as in Appendix 1 ; Cn is ground¬ 
antenna directivity, Gt is vehicle-antenna directivity. 
Assumptions will be the same; the minimum AVA gain 
ol 14.9 is used. 

S/N = SA db, 
Fa -1 = — 2.3 db, 

6’i = D-p (7.2 db), 
Go =14.9 db. 

Then 
(53.7 db) 

Pt = - - -
D2

(28) 

D in feet, for a 1 Me bandwidth. Table I shows the 
results. The disk pattern to cover Earth with ±1.5° 
stabilization has a 20° beamwidth, and a 7.1-db direc¬ 
tivity. So it is 7.8 db poorer than the AVA. A com¬ 
pletely stabilized platform with 20° pencil beam has a 
17.2-db directivity, or 4.6 db better than AVA. 

TABLE I 
Vehicle Power per Me Bandwidth 

Stabilized 
Dish AVA Disk 

Pattern Isotropic 

D= 60 feet 
P=120 feet 

5.6 mw 
22.4 mw 

64.5 mw 
16.2 mw 

390 mw 
98 mw 

2 w 
500 mw 

At KNOWI.EDGMENT 

It is a pleasure to mention discussions with Dr. 
\. Rojansky ol Space Technology Laboratories, Inc., 
and with G. Rove and R. G. Stephenson ol Aerospace 
Corporation. M. L. Buschkotter had the patience to 
assist in several cycles of manuscript preparation. 
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Correspondence-

Nonreciprocal Parametric 
Amplifier Circuits* 

I wo ty pes of cavity difference frequency 
parametric amplifiers have been discussed 
extensively in the literature: the two-port 
transmission amplifier anti the single-port 
reflection amplifier which uses a circulator 
to achieve separation of the input and out¬ 
put signals. Of these two, the circulator 
amplifier (shown in Fig. 1 ) has been shown to 
have a number of advantages over the two-
port amplifier:1 an increase in the voltage 
gain-bandwidth product by a factor of at 
least two, the isolation of the amplifier from 
the noise of the output termination, and an 
improvement in stability with respect to 
variations in source and load impedances. 

I afortúnatele, the characteristics of 
available circulators are often unsatisfactory 
for parametric-amplifier use because of ex¬ 
cessive insertion loss, restricted bandwidth, 
or large size. At low frequencies, circulators 
tire presently- not available. 

Ihe purpose of this letter is to point out 
two circuit configurations which, while rot 
using a circulator, have similar properties to 
the single-port reflection amplifier with a 
three-port circulator. These circuits are 
shown in Figs. 2 and 3. Both use two time-
varying reactances with a relative phase 
shift of 90° between them. In addition, the 
signal frequency is also shitted by 90° at the 
two reactances. A common idler circuit 
resonant at ui =u,,—<•>. is used. 

In the circuit of Fig. 2, a 90° hybrid is 
used to split the incoming signal into two 
equal parts which then emerge from ports 
2 and 4. The signal phase at port 4 leads that 
at 2 by 90°. Since a similar phase shift is 
present in the pumping, idler currents of the 
same phase are generated and dissipated in 
the idler load. Thus, the signal power at 
ports 2 and 4 is amplified and reflected to 
emerge from port 3. 

In the reverse direction, power entering 
port 3 is split between ports 2 and 4 but with 
the phase at port 2 leading that of port 4 by 
90°. In this case the idler currents generated 
are 180° out of phase, and they cancel in the 
idler resonant circuit. The signal power is 
then reflected at ports 2 and 4 without am¬ 
plification and combines to emerge from 
port 1. The circuit is thus seen to be non¬ 
reciprocal with a power gain in the forward 
direction and a gain of slightly less than 
unity in the reverse direction. A more quan¬ 
titative analysis shows that with the excep¬ 
tion of the slight difference in reverse gain, 
the performance of the hy brid amplifier is 
identical to that of the circulator amplifier. 

The circuit shown in Fig. 3 uses a 90° 
phase-shift network of characteristic con¬ 
ductance g«.:+gu:i to obtain the required 
phase shift at the signal frequency-. This net¬ 
work may consist ol a quarter wavelength of 

* Received by the IRE, January 20, 1961: re¬ 
vised manuscript received. March 3, Í96I. 

1 A. E. Sieeman. “Gain bandwidth and noise in 
maser amplifiers," Proc. IRE, vol. 45, pp. 1737-
1738; December, 1957. 

Fig. 1 Circulator amplifier. 

equal quality, the 90” network amplifier of 
Fig. 3 has a somewhat higher equivalent in¬ 
put noise temperature because of a more un¬ 
favorable ratio of g,3 to g. . This difference in 
noise temperature is dependent on the rela¬ 
tive size of the two terms in (1) anti may be 
quite small in some cases. 

!.. David Bai.dwix 
Radio Commun. Lab., Res. Div. 
General Dy namics/Electronics 

Rochester. X. Y. 

Fig. 2 Hybrid amplifier. 

Fig. 3 'HP network amplifier. 

transmission line or a lumped constant 
equivalent network. Here the phasing is cor¬ 
rect for idler cancellation in the reverse di¬ 
rection only at the center frequency . How¬ 
ever, in the important practical case where 
the idler circuit bandwidth is much smaller 
than that of the signal circuit, the same 
voltage gain-bandwidth product and a re¬ 
verse gain of slightly less than unity are also 
obtained with this circuit. 

For large gain the equivalent input noise 
temperature for the three circuits is given by 

However, large gain also requires that 

_ gH = _ _ 2 _ g-» 

gol + g.l go2 + g.2 go3 + X« 

where a = Ci/Co and a,- is the varactor angu¬ 
lar cutoff frequency. Thus, for varactors of 

A Millimeter-Wave Esaki Diode 
Amplifier* 

Oscillation of Esaki diodes at funda¬ 
mental frequencies in excess ot 100 kMc1 has 
stimulated the use of these diodes as ampli¬ 
fiers at millimeter wavelengths. Amplifica¬ 
tion with high gain has now been attained 
with Esaki diodes at frequencies ranging 
from 55 to 85 kMc (5.5- to 3.5-mm wave¬ 
length). The amplifier closely resembles the 
millimeter-wavelength oscillator previously 
described,1 with the essential differences 
being in its adjustment anti connection in 
the circuit. 

“Formed" point-contact Esaki diodes of 
n-type gallium arsenide were mounted in re¬ 
duced-height rectangular waveguide having 
a LF cutoff of 48 kMc, as shown in Fig. 1. 

Fig. 1—Cross section of a millimeter-wave Esaki-
diode amplifier circuit. The waveguide was RG 
99 U reduced in height to 0.01 inch. 

The frequency of operation was determined 
largely by the length and shape of the zinc 
contact anil by the conditions under which 
the diode was formed. Oscillations were sup¬ 
pressed by the positioning of a contacting 
piston. The piston also tuned the amplifier 
frequency to some extent. 

A block diagram of the test circuit in the 
55-kMc frequency range appears in Fig. 2. 
The input and output of the reflection am-

* Received by the IRE. April 10. 1961. 
1 C. A. Burrus, “Millimeter wave Esaki diode os¬ 

cillators,” PROC. IRE (Correspondence), vol. 48, p. 
2024; December, I960. Also, “Gallium arsenide Esaki -
diodes for high frequency applications," J. A ppi. 
Phys., to be published in June, 1961. 
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plifier are separated advantageously with a 
circulator. I'he amplifier showed high gain 
at piston positions for which the circuit was 
on the verge of oscillation, and the gain was 
adjusted to the desired level with tuning 
stubs between the amplifier and the circu¬ 
lator. 

Eig. 2—Block diagram of the 55-kMc test circuit used 
for noise and gain measurements of the amplifier. 

Noise ligures were measured near 55 
kMc with a special calibrated argon noise 
lamp2 having an excess noise ratio of 14 db. 
To avoid saturation of the amplifier by local 
oscillator leakage during noise measure¬ 
ments, at least 60 db of isolation was main¬ 
tained between the circulator and the local 
oscillator input. 

1'he performance of this amplifier was 
similar to that previously reported at lower 
microwave frequencies.3 Stable gains as high 
as 35 db were attained w ith gain compression 
appearing at a power output of about —35 
dbm (0.3 ^w). The bandwidth was approx¬ 
imately 40 Me at a peak gain of 20 db. The 
highest frequency at which amplification 
was observed was 85.5 kMc. This limit was 
imposed by the available test equipment, 
however, and not by the diodes or the am¬ 
plifier circuit itself. 

Near 55 kMc, the noise figure of the 
amplifier exclusive of the circulator was 
found to range from 16 to 18 db. Because of 
large circuit losses, these noise figures were 
considerably higher than the diode shot 
noise contribution, which was about 7 db 
for the particular diodes employed in the 
noise measurements. 

.Although the amplifier was not of opti¬ 
mum design, its operation has demon¬ 
strated that extremely simple solid-state 
Esaki diode circuits can amplify with sub¬ 
stantial gain at high microwave frequencies. 
In passing, it is worth noting that the noise 
figure of this amplifier is comparable to 
that of a conventional 55 kMc receiver hav¬ 
ing a similar bandwidth. 

The authors are indebted to W. M. 
Sharpless for the noise measurements and 
to E. II. Turner and A. P. King for the loan 
of many of the necessary millimeter wave 
components. 

C. A. Burrus 
R. Trambarulo 

Bell Telephone Labs., Inc. 
Holmdel, N. J. 

2 W. W. Mumford, “Gaseous discharge source,” in 
“Millimeter Wave Research," Bell Telephone Labs., 
Inc., New York, N. V., Final Rept. No. 24261-15, 
Contract Nonr-687(00). pp. 111 113; 1955. 

1 R. Trambarulo, “Esaki diode amplifiers at 7, 11, 
and 2ft kmc," Proc. IRE (Correspondence), vol. 48. 
pp. 2022-2023; December, 1960. 

Two-Wire Millimeter-Wave 
Surface Transmission* 

I he purpose of this note is to report some 
characteristics of open-wire lines in the 
millimeter-wave region. Open-wire lines 
such as single-wire or two-wire lines have 
been practically abandoned for frequencies 
higher than 10 kMc. Two-wire lines have 
been considered for frequencies below 100 
Me, and single-wire lines for frequencies 
above 100 Me.1

Recently, it has been found that these 
open-wire lines might be helpful for milli-
meter-wave communication. Ihe high at¬ 
tenuation due to atmospheric absorption of 
millimeter-wave energy ordinarily makes 
communication difficult. Open-wire lines 
may help to solve this problem. 

W hen No. 28 enameled wire is connected 
between two 15-db-gain pyramidal horn 
antennas located one meter apart and facing 
each other, the received detected output 
voltage increased to three times the value 
observed without the wire. When another 
wire was added in parallel to the former wire, 
this two-wire line increased the voltage 5.6 
times the value observed without wires. 
The spacing of the wires was 9.5 mm and 
the operating frequency was 58 kMc. A two-
wire line with 4.5-mm spacing showed 10 
db less attenuation than the single-wire 
line, and a two-wire line of 2-mm spacing 
showed 20 db less attenuation than a single¬ 
wire line at 59 kMc. No. 26 wire was the 
optimum size for minimum attenuation. 
This wire had 5 db less attenuation than 
No. 38 wire and 3 db less attenuation than 
No. 16 wire. W hen a polystyrene sheet of 
0.015-inch thickness was attached between 
the two wires of 2 mm spacing, the attenua¬ 
tion increased 7 db. The stranded-silk-
covered two-wire line of 2-mm spacing 
showed a 3.5 db increase of attenuation 
when it was dry and a 25.7 db increase for 
the wet condition, in comparison with the 
No. 28 enameled two-wire line of 2-mm 
spacing. When the silk cover was removed, 
the attenuation was almost equal to the 
enameled wire line. 

The field extent was measured by meas¬ 
uring the attenuation due to an obstacle of 
15-mm X 180-mm area conductor placed to 
disturb the transmission. The experimental 
results are shown in Fig. 1. According to 
these results, the field extent was 8 mm for 
the single-wire line and 3.5 mm for the two-
wire line of 4.5-mm. spacing. The field ex¬ 
tent decreased to 2.2 mm when the spacing 
of the wires was 2.2 mm. The test frequency 
was 58.29 kMc and the wavelength was 5.15 
mm. 

It is interesting to note that these field 
extents are very small in comparison with 
the value of , inch reported by Wiltse for 
the dielectric image line operated at 70 
kMc measured in a similar way.2 As Goubau 
has remarked,1 two-wire ines exhibit better 

* Received by the IRE, March 20. 1961. 
1 G. Goubau, “Ojien wire lines,” IRE Trans, on 

Microwave Theory and Techniques, vol. MTT-4; 
pj>. 197-200; October. 195ft. 

2 J. C. Wiltse, “Some characteristics of dielec¬ 
tric image lines at millimeter wavelengths," IRE 
Trans, on Microwave Theory and Techniques, 
vol. MTT-7, pp. 66-69; .January, 1959. 
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TEST FREQUENCY 5829 KMC 
TEST WAVELENGTH 5.15 mm 

Fig. 1 Field extent. 

power concentration than comparable sin¬ 
gle-wire lines. 

Ihe theoretical work relating to the 
two-wire line has yet to be completed. It 
appears that the line operates in a hybrid 
mode in which longitudinal components of 
both the electric and magnetic fields are 
present, but that an approximate solution 
can be obtained by assuming a transverse 
magnetic mode. I he nature of the launching 
device suggests a transverse electric mode, 
but an analysis has indicated that the lowest 
possible mode is rapidly attenuated and that 
the next possible mode, the dipole mode, 
would exhibit a field extent much larger than 
that observed. It appears that an analysis 
based on the TM ,, mode, which exists on 
the Goubau line, will yield good approxima¬ 
tions for attenuation and field extent. 
The authors wish to thank the Raytheon 

Company for contributing the klystron 
tubes as a signal source. 

K. Ishii 
J. B. Y. 1st i 
J. I). Horgan 

Dept of Elec. Engrg. 
Marquette University 

Milwaukee, \\ is. 

Computer Simulation of a Tele¬ 
vision Coding Scheme* 

This letter reports initial residís on the 
performance of a television channel-com¬ 
pressing scheme using “dual-mode” trans¬ 
mission.1 The scheme is easily implemented 
with pulse code modulation. For a “bit-
rate” reduction of approximately 2:1, pic¬ 
tures obtained by computer simulation 
show varying amounts of degradation de¬ 
pending on picture material. 

Past efforts aimed at reducing the chan¬ 
nel capacity required for TV transmission 
by removal of redundancy have met with at 
least two major obstacles: the need for com¬ 
plex instrumentation, even for testing some 

* Received by the IRE, Marell 23, 1961. 
1 E. R. Kretzmer, "Television System Having Re¬ 

duced Bandwidth," I . S. Patent No. 2,946,851; July 
26. 1960. 
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of the schemes; anil the extreme difficulty 
of realizing a channel capacity reduction 
in the form of bandwidth saving. Three new 
factors have entered the scene in recent 
years: the utilization of certain tolerances 
of the human visual mechanism;12 increas¬ 
ing interest in the use of pulse code modula¬ 
tion;3 and the possibility of testing proposed 
systems by digital computer simulation? 

I he tolerance in the visual mechanism 
mentioned above has been demonstrated in 
a transmission system which separates the 
low and high video frequencies and quantizes 
the "highs" much more coarsely than the 
"lows."2 This is permissible because we 
tolerate much less accurate amplitude rendi¬ 
tion of picture areas containing line detail 
or edges than of regions of quasi-uniform 
luminance. I he dual-mode scheme reported 
here also effects coarse quantization of fine 
detail, but uses time division instead of fre¬ 
quency division. At the transmitter, the 
video signal is sampled in the usual way at 
a rate twice its highest frequency. A running 
decision is then made as to whether or not 
the present sample qualifies as line detail. 
The criterion is whether it differs from the 
preceding sample by more than a predeter¬ 
mined magnitude six ]xt cent of the video 
range for the results reported here. If so, 
the sample is encoded coarsely -to only 
four binary digits; if not, full seven-bit en¬ 
coding is used, but every other sample in a 
low-detail area is omitted—to be approxi¬ 
mated at the receiver by interpolation. A 
method for informing the receiver which 
mode is being transmitted has been de¬ 
scribed? but was not included in the simula¬ 
tion. Ils inclusion requires equal blocks of, 
say, eight digits for both modes (including 
one mode-identilication bit) and would 
cause some further degradation which is be-
lieved to be small. 

I he present encoding uses four bits per 
sample instead of the normal seven bits, at 
the expense of some picture quality, l ig. 1 
shows picture material in dual-mode proc¬ 
essed form, while Fig. 2 shows the same 
material in seven-bit representation (con¬ 
sidered as perfect). These pictures have been 
obtained by programming the IBM 7090 
digital computer to perform the operations 
specified by the processing scheme on a large 
number of numerical data, representing the 
luminance values of all picture elements. 
I he computed values appear in digital form 
on an output magnetic tape which is then 
played back on a special monitor? Each 
picture contains approximately 10,000 sam¬ 
ples and is scanned in 2.4 seconds. 

There are two important effects which 
are not shown by this computer simulation 
method; namely, the effects of repeated 
scanning of still pictures and the effects of 
motion. Therefore, computer pictures can 
be used to disqualify poor systems but do 
not necessarily indicate the best system. 

- E. K. Krelzmer, "Reduced alphabet representa¬ 
tion of TV siendo," l'»56 IRE Com es riox Record, 
pt. 4, pp. 140—1 17. 

» R. !.. Carbrev, “Video transmission over tele¬ 
phone cable pairs by pulse code modulation," Proc. 
IRK, vol. 48, pp. 1546 1561 : September, 1060. 

1 R. F. Ca.iham and .1. L. Kelly, Jr.. "A computer 
simulation chain for research on picture coding," 
1058 IKI WESCOX Comes rlos Record, pt. 4. 
pp. 41 46. 

Fiz I Pictim material in dual mode processed form. 

Fig. 2 Same picture material 
quantized to 7 bits per sample. 

Al KXOW I.I UGMI X I 

Thanks are due io E. E. Sumner and 
J. S. Mayo for their guidance, 11. S. Mc¬ 
Donald for helpful suggestions anil the use 
of the pictures and playback equipment, 

. A. Anderson for taking the pictures, and 
M. J. Magelnicki for programming the com¬ 
puter. 

S. C. Kitsopovlos 
E. R. Kretzmer 

Bell Telephone Labs., Inc. 
Murray Hill, X. J. 

Secondary Electron Emission and 
the Satellite Ionization 
Phenomenon* 

The observations of J. Kraus and col¬ 
leagues at I he Ohio State University on 
large anomalous electromagnetic scattering 
from artificial earth satellites have been ex¬ 
tensively reported? 2 Most of these obser¬ 
vations have been obtained using reflected 
signals from W\\A at 15, 20, and 25 Me. 
These observations are assumed to be con¬ 
nected in some manner with a satellite-
induced ionization phenomena in the me¬ 
dium traversed by the vehicle. 

Several independent and distinct mecha¬ 
nisms have been proposed and analyzed for 
the production of local electron and ion 
densities varying from ambient in the 
neighborhood of a satellite. One of the 
earliest models was the result of the theory 
of electrohydrodynamic interactions of a 
charged satellite with the ionosphere devel-

* Received by the IRK, April 3, 1961. 
1 J. D. Kraus, and E. E. Dreese, “Sputnik I's last 

days in orbit," PROC. IRE, vol. 46, pp. 1580-1587; 
September, 1958. 

2.1. D. Kraus. R. C. Higgy, and W. R. Crone. 
“The satellite ionization phenomenon," Proc. I RI'., 
vol. 48. pp. 672 678; April, I960. 

oped originally by Kraus and Watson. 3 

I he model was subsequently expanded and 
analyzed from a somewhat different view¬ 
point by Rand’ and Pappert.5 A theory to 
account for the ionization buildup of a 
traveling cloud or satellite ghost has been 
proposed by Walker and Singer.6 Magnuson 
and Medved7 have considered the question 
of sputtering as having some bearing on 
ionization buildup for vehicles below 200 km. 

It seems most unlikely that any unique 
simple physical model can completely ac¬ 
count for all of the observations reported, 
particularly in view of the large variation 
in the altitude regime involved. 11 is the pur¬ 
pose of this note to outline a model for ioni¬ 
zation buildup based on secondary electron 
emission and to delineate two altitude do¬ 
mains for its validity. I he term “secondary 
electron emission" is used here in a rather 
broad and general sense to signify the emis¬ 
sion of electrons from the vehicle surface 
initiated by any neutral species such as: 1) 
neutral atomsand molecules in the ground or 
excited states, or 2) energetic photons above 
the photoelectric threshold (X<4000 A). 
I he two altitude regimes of interest are de¬ 
fined by process 1 ) to lie between 90 and 250 
km and by process 2) to correspond to alti¬ 
tudes greater than 1000 km during exposure 
of the satellite to solar radiation. These do¬ 
mains correspond rather roughly to the re¬ 
gions where Kraus’ observations have been 
reported. 

Emission of electrons from solids due to 
ion impact has been beautifully treated in 
an extensive series of papers by Hagstrum 8 

in terms of the Auger emission process. I he 
yield of secondary electrons 7 is relatively 
independent of the ion kinetic energy and 
depends mainly on the ionization potential 
of the bombarding atom and the work func¬ 
tion of the solid. Typical yield values ob¬ 
tained by Hagstrum are 7^10 1 for ion 
energies ranging from 10 ev to several 
hundred ev for clean surfaces. We here as¬ 
sume that some fraction of the neutral spe-
cies in the upper atmosphere (alt <250 km) 
are in metastable states. Ihe satellite is ex¬ 
posed to the particle stream with impact 
energies on the order of 10 ev. The emission 
of an electron from such an impact process 
proceeds in an analogous manner to the posi¬ 
tive ion case here via the process of Auger 
de-excitation. There is some experimental 
evidence that 7 values for ions and meta¬ 
stables are similar. Effective values of 
7>10 3 for the upper atmosphere appear 
plausible if we assume that at least one in a 
hundred of the neutral atoms are metasta¬ 
bles. As a consequence of 7>10~3 satellite 

’ L. Kraus, and K. Watson. “Plasma motions in¬ 
duced by satellites in the ionosphere," Phys. Fludis, 
vol. 1. pp. 480 488; November December, 1958. 

1 S. Rand. “Wake of a satellite traversing the 
ionosphere,” Phys. Fluids, vol. 3, pp. 265-273; March-
April, I960. 

5 R. A. Pap|>ert. “Application of Bohm- Pities 
Theory to Plasma Motion," Phys. Sec., Convair, San 
Diego, Calif., Rept. No. Z Ph -026; December, 1958. 

6 E. II. Walker, and S. F. Singer, “Wake of a 
charged body moving in a plasma," Full. Am. Phys. 
Soc., vol. 5. p. 234; April, I960. 

7 G. D. .Magnuson, and D. B. Medved, “Sputter¬ 
ing as a Mechanism for Increase of Ionization in the 
Vicinity of Low Altitude Satellites," Phys. See.. ( on 
vair, San Diego. Calif., Rept. No. ZPh-050, 11 227; 
December, 1959. 

* II. D. Hagstrum. “Auger ejection ot electrons 
from metals by ions." Phys. Rev., vol. 96, pp. 336 365; 
October, 1954. 
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surfaces should charge positive at altitudes 
less than 200 kin with a resulting electron 
sheath formed around them. 

1'he emission of electrons can be analyzed 
for several assumed conditions. For an in¬ 
finite flat plate bombarded by neutral parti¬ 
cles where the ejected electrons are mono-
energetic, the electron density distribution 
surrounding the vehicle follows the l.ang-
muir-( hilds Law for the plane parallel diode 
where the equivalent of the second plate is 
given by the turn-around point of the elec¬ 
trons trapped in the potential well formed 
by the positive surface charge buildup on 
the satellite. 

The electron density variation n(x) is 
given by: 

n(x) = Bx 2 ’ 

— -- J (mks units) (1) 

and the effective sheath thickness .v, (which 
can be considered as an effective Debye dis¬ 
tance characteristic of the problem) is given 
by 

ih I t'(.v,) I2
X«2 = — • (2) n(x.)r-/fU

where v, is the distance from the satellite to 
the electron turn-around point, j(x„) is the 
electron current density emitted at the satel¬ 
lite surface, and r(.v.) is the initial velocity 
of the emitted electrons. 

Finally in terms of assumed values of 
t'( v,) = 1.6 X 10» cm/sec and satellite velocity 
of 8X 106 cm/sec we have 

»(x.) = 5 X lO’vp. in cm' 1 (3) 

x? = 1.6 X lO’Gp")-' in cm2, (4) 

where p„ is the neutral density. 
The variation of the sheath thicknessand 

the electron concentration at the surface 
with altitude are plotted in Fig. 1. Above 
1000 km where the satellite may go positive 
due to photoemission, there will be little vari¬ 
ation with altitude depending only on the 
flux of ultraviolet solar radiation. 

For electron densities relevant to 10-Mc 
radiation and higher, the sheath thickness 
is less than 10 cm. It can then be shown that 
for a spherical or cylindrical satellite, the 
plane parallel analysis and equations given 
are quite valid. A detailed discussion of these 
questions is given by Langmuir and Comp¬ 
ton9 where it is shown that for equidistant 
curved surfaces having a radius of curvature 
large compared to their separation the prob¬ 
lem may be treated to a high degree of ac¬ 
curacy as though they are plane surfaces. 
Although the thickness of the sheath is small 
compared to the satellite dimensions, such a 
configuration may resonantly scatter in the 
Rayleigh limit. Thecaseof a uniform spheri¬ 
cal plasma shell surrounding a metal sphere 
has been analyzed by Pappert 10 ami in the 
long wavelength limit it is found that for 
back scattering and 20 Me waves, the cross 
section for such a case wotdd be on the order 

* I. Langmuir and K. T. Compton. “Electrical 
discharges in gases II. Fundamental phenomena in 
electrical discharges,’ Rev. Moil. Phys., vol. 3, pp. 
191 257; April, 1931. 

10 R. A. Pappert, “Rayleigh Scattering Associated 
with Possible Shock Formation in a Collisionless 
Plasma,’ Ph vs. Sec., Convair, San Diego, Calif., 
Rept. No. ZPh-062, HI 29; June, I960. 

Fig. I Electron density n(xa) and sheath thickness 
(r,) as a function oí altitude. Assume -, =10 2 and 
constant. 

of 100 square meters. Several important 
considerations must still be resolved before 
these mechanisms can be invoked in an ex¬ 
planation or prediction of the satellite ioni¬ 
zation phenomenon in a particular altitude 
regime; it is essential that an understanding 
of actual secondary electron yields and 
velocity distributions for 10-ev particles be 
achieved. The effects of the satellite field and 
electron density and velocity gradients in 
the electron shells on the calculated resonant 
scattering must also be determined. Another 
problem which should be considered is 
whether the relatively large velocities 
(108 cm/sec) of the electrons at and near 
their points of origin on the satellite surface 
can somehow give rise to Doppler shifts. 

D. B. Medved 
Physics Section 

Convair 
San Diego, Calif. 

Tunable S-Band Traveling-Wave 
Maser for Telemetry Systems* 

Traveling-wave masers, 1-4 utilizing dis¬ 
tributed structures and yielding nonrecipro¬ 
cal gain have resulted in a significant ad¬ 
vance in the state-of-the-art. The purpose of 
this note is to report on a ruby traveling¬ 
wave maser that is electronically tunable 
over an 11 per cent band (2120 to 2370 Me) 

♦Received by the IRE, March 31, 1961. This 
work was supported by the U.S.A. F., Aeronautical 
Systems Div., under Contract AF33(600) 38862. 

1 R. W. DeGrasse, E. O. Schulz-Du Bois, and 
H. E. D. Scovil, “Three level solid-state traveling¬ 
wave maser," Hell Sys. Tech. J., vol. 38, pp. 305 334; 
March, 1959. 

2 E. O. Schulz DuBois, H. E. D. Scovil, and R. W. 
DeGrasse, “Use of active material in three level solid 
state masers," Hell Sys. Tech. J., vol. 38, pp. 335 352; 
March. 1959. 

3 W. S. C. Chang, ,1. Cromack, and A. E. Siegman, 
“Cavity and Traveling Wave Masers Using Ruby at 
S-band," Electronits Labs., Stanford University, 
Stanford, Calif., Tech. Rept. 155-2; July 28, 1959. 

4 S. Okwit, F. R. Arams, and J. G. Smith, “Elec¬ 
tronically tunable traveling-wave masers at L and S 
bands," Proc. IRE, vol. 48, pp. 2205 2206; Decem¬ 
ber, I960. 

having a net gain of 30 db with an ampli¬ 
fication bandwidth of 21 Me. 

The maser utilized a comb slow-wave 
structure1 that was loaded with X-ray oriented 
ruby (nominal chromium concentration of 
0.05 per cent) on both sides of the comb.’ 
I he active length of the structure was 6’ 
inches. The magnetic fields and pump fre¬ 
quencies that were required for three-level 
maser operation varied from 2.38 to 2.48 
kilo-oersteds and 12,420 to 12,730 Me, re¬ 
spectively; the incident pump power rc-
qtiired for saturation was about 100 mw. 

Ihe net forward gain of the maser, 
measured as a function of operating fre¬ 
quency at a bath temperature of 1.8°K, is 
plotted in Fig. I. From this figure it is clear 
that the maser gain is nearly constant across 
the tuning range, and there arc no regenera¬ 
tive effects in the amplification band. I he 
slow-wave structure incorporated poly¬ 
crystalline yttrium-iron garnet (YIG) disks 
to obtain the non reci procal reverse loss 
which is necessary for amplifier stability. 1 

I he net reverse loss of the maser was in ex¬ 
cess of 100 db, thus insuring short-circuit 
stability. 

Fig. 2 is a plot of a typical bandwidth 
curve measured at 2189 Me. It can be seen 
that there is a slight “hump’’ on the high-
frequency side of the amplification band. 
Furthermore, the measured bandwidth is 
slightly greater than predicted by the nomi¬ 
nal 20-oersted ruby linewidth? These are 
the results of a stagger-tuning effect caused 
by slight variations in the relative C-axis 
orientation of the four ruby slabs used. 

Measurements on the over-all effective 
receiver input noise temperature, (Tc), using 

3 J. E. Geusic, R. W. DeGrasse, K. O. Schulz-
DuBois, and H. E. D. Scovil, “ I he Three Level Solid-
State Maser," Bell Telephone Labs., Murray Hill, 
N. J., 9th Interim Rept. on Microwave Solid-State De¬ 
vices, U. S. .Anny Signal Corps Contract DA 36-
039-sc- 73224, pp. 7 10; August. 1958. 
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a hot and cold load noise generator in a 
1-factor measurement, yielded a 7', = 18°l< 
+ 2°K, of which 8.5°K was due to the noise 
contributions of a relatively poor second-
stage amplifier (14.5-db noise factor). Thus, 
the T, of the maser proper phis its input feed 
line losses is less than 10°K. 

Measurements on the gain character¬ 
istics have shown a gain saturation (devia¬ 
tion of 3 db from linearity) at an output 
power of —27.5 dbm. 

Tuning of the maser is accomplished by 
varying a single dial which simultaneously 
adjusts the applied magnetic field (current 
through an electromagnet) and the pump 
frequency (delay line voltage of a backward¬ 
wave oscillator). Xo mechanical tuning is 
necessary because of a multiple-resonance 
effect in the pump transmission line at the 
pumping frequency. 

Further work is in progress, and a com¬ 
plete report on the design considerations of 
the final packaged system capable of mili¬ 
tary field use will be presented at a later 
date. 

The authors gratefully acknowledge the 
help of J. Wolczok and J. Baris in the con¬ 
struction and measurements. 

S. Okw IT 
J. G. Smith 
F. R. Arams 

Airborne Instruments Lab. 
Division of Cutler-Hammer, Inc. 

Melville, L.I., N.Y. 

Measurements on Resonators 
Formed from Circular Plane 
and Confocal Paraboloidal 
Mirrors* 

Fig. I Response of die Sommerfeld wave on a cylin¬ 
drical conductor along with the spurious response in 
a resonator formed by two plain circular end 
plates. 

Fig. 2—Response curve of a resonator formed 
by two plain circular plates. 

the measured Q for the resonator was 
60,000 or a loss ol 0.0426 db. This corre¬ 
sponds to a loss per transit of 1 per cent. 
I his point lies on the curve for circular plane 
mirrors given by Fox and Li in their Fig. 2. 
At the time these measurements were made 
the analysis of the resonance phenomena 
was not put in the form given by Fox anti Li. 

I he second curve given by Fox and Li in 
their Fig. 2 is for confocal paraboloidal mir¬ 
rors and is the same curve given by Goubau 
and Christian in connection with their work 
on the beam waveguide for millimeter 
waves? I'he curve represents the loss per 
iteration lor the beam waveguide and is pres¬ 
ently being verified experimentally by the 
resonator technique. I he resonator is formed 
by using a paraboloidal minorât one end and 
a plane mirror at the other. The plane mirror 
is set at the focal point of the paraboloid. 
I'his resonator simulates one iteration along 
the beam waveguide and is equiv aient to a 
resonator made up of two confocal parabo¬ 
loids. 

Measurements on this resonator at a 
wavelength of 3.2 cm are now in progress. 
A resonator with mirror diameters of 31.5 
cm and an a*/bX ratio of 0.905 had a meas¬ 
ured Qof 260,000. I he unloaded Q when end¬ 
plate reflection loss is accounted for is 
364,000, or a loss of 0.18 per cent . This agrees 
very well with the curve first given by 
Goubau and Christian and again bv Fox and 
Li. 

Elmer II. Scheibe 
I niversity of Wisconsin 

Dept, of Elec. Engrg. 
Madison, \\ is. 

G. Goubau and .1. R. Christian, "A New Wave 
guide for Millimeter VV ave-,' presented at I RSI IKI 
Fall meeting. San Diego. Calif.: October, 1959. 

In a recent letter by Fox and Li1 an 
analysis of the resonator modes in resonators 
formed from circular plane mirrors and con¬ 
focal paraboloidal mirrors was presented. 
Fheir analysis was in connection with an 
interest in optical masers. This note is to 
call attention to the same results obtained 
in work connected with guided waves and 
beams. 

Resonances between circular-plane con¬ 
ducting surfaces was discovered some years 
ago in a resonator being used to measure the 
loss of the Sommerfeld surface wave on a 
cylindrical conductor. 2 3 The resonance ap¬ 
peared as a spurious response along with the 
expected resonance of the Sommerfeld wave. 
A typical case is shown in Fig. 1. It is easily 
shown that to obtain such an over-all re¬ 
sponse curve requires that the interfering 

* Received by the IRE. March 3. 1961. The work 
described in this letter was supported by the Signal 
Corps under contract DA 36 039 sc-56734. 

'A. G. Fox and T. I i, “Resonator modes in an 
optical maser." Proc. IRE, vol. 48. pp. 1'104 1905; 
November, 1960. 

- E. II. Scheibe, "Study of Surface Wave Trans¬ 
mission lines," University of Wisconsin. Madison, 
Final Rept. on Signal Corps Contract DA 36 039 sc 
56734; June 30. 1955. 

’ B. G. King. E. H. Scheibe. I. Tatsuguchi, “The 
physical realizability of the Sommerfeld wave on a 
cylindrical conductor." Proc. Nall. Electronics Conf.. 
vol. 11, pp. 949-957: October, loss. 

response must have a higher Q than the de¬ 
sired response. Xo resonance with a higher 
Q than that associated with the Sommerfeld 
wave was known to exist in such a resonator 
at that time. 

In an attempt to identify the spurious re¬ 
sponse in the Sommerfeld wave resonator, 
the copper wire between the flat circular 
plates was removed. Very high Q responses 
were found to occur for certain spacings of 
the loop coupled parallel plane resonator. 
The resonator was rather large, making it 
difficult to adjust, and hence limited the 
completeness of the experimental investi¬ 
gations. A typical response curve for the 
parallel-plane resonator is shown in Fig. 2. 
The curve is tins) mmetrical about I he center 
frequency and hence the phenomenon was 
called “Pseudo-Resonance.”1 l he partie dar 
case shown in Fig. 2 was for a resonator end 
plate diameter of 189 cm, a resonator length 
of 300 cm, and an operating wavelength of 
3.2 cm. Using the notation of Fox and Li, 
a for the radius of the circular mirrors and 
b for resonator length the ratio a^/bX is 9.4. 

' B. G. King. I. Tatsuguchi. E. II. Scheibe and G 
Goubau, “Pseudo-Resonance Between Parallel Plates," 
presented at ( RSI IRK Spring meeting, W ashington 
D (’.; May. 1955. 

A Solid-State Analog to a 
Traveling- Wave Amplifier* 

Previous multidiode parametric ampli¬ 
fiers have used relatively few diodes per 
wavelength on the propagating circuit with 
the result that the circuit is dispersive and 
the bandwidth is limited accordingly. In an 
attempt to overcome this limitation, an ex¬ 
ploratory /.-band. nondegenerate parametric 
amplifier has been built with a shielded 
helix as the propagating circuit, and three 
parallel stacks of 8 pill varactor diodes, each 
placed end to end, mounted symmetrically 
in the helix as the active medium (see Fig. 1). 

Gains of 4-8 db with bandwidths of 
15-25 per cent were obtained at I. band 
with a pump frequency of 2020 Me. A noise 
figure of 9.8 db was measured. The poor 
noise figure is believed to be due to a poor 
idle frequency termination and internal re¬ 
flections of the pump frequency signal. Be¬ 
cause the diodes operate under self-biased 
conditions, they must be carefully selected 
to ensure the proper operating point for each 

* Received by the IRE, April 21, 1961. This work 
was supported io part by the AF Cambridge Res. Ctr. 
under Contract No. AF|9(604) 4980. 
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Fig. 1 

and must be carefully positioned in the helix 
to achieve the proper interaction impedance. 
Further development is required to perfect 
the amplifier. 

It is a pleasure to acknowledge many 
helpful discussions with Dr. K. Chang and 
the assistance of R. D. Hughes and E. 
Diamond. 

George II. 11 eh.meier 
Dept, of Elec. Engrg. 
Princeton I Diversity 

Princeton, N.J. 
Formerly with 

RCA Labs. 
Princeton, N.J. 

The Equivalent Noise Current 
of Esaki Diodes* 

In the theoretical analysis of the noise 
performance of Esaki semiconductor diodes 
used as amplifiers and mixers, it is necessary 
to know the voltage dependence of the sum 
of the two-tunnel current components which 
constitute the net (measured) tunnel cur¬ 
rent. Unfortunately, the measured diode cur¬ 
rent only yields the difference of these com¬ 
ponents. Though it is possible to ascertain 
the tunnel current sum by shot-noise meas¬ 
urements, in practice, this presents ex|X‘ri-
mental difficulties because of the negative 
differential conductance exhibited in part 
of the diode I-V characteristic, and also 
because of the inherently high differential 
conductance associated with the positive 
slope region at small forward and reverse 
bias voltages. The former situation necessi¬ 
tates stabilization of the diode with a load¬ 
ing conductance whose noise contribution 
must be known accurately, 1 whereas the 
latter situation requires that a suitable low-
loss impedance step-up transformer be in¬ 
serted between the diode and the following 
low-noise preamplifier, in order that the 
diode noise will not be obscured by the noise 
of the amplifier.2

* Received by the IRE, March 6, 1961. 
1 J. .1. Tiemann, “Shot noise in tunnel diode ampli¬ 

fiers,” Proc. IRE, vol. 48, pp. 1418 1423; August. 
1960. 

2 B. Schneider and M. .1. O. Strutt, “Theory and 
ex|)eriments on shot noise in silicon p-u junction 
diodes and transistors,” Proc. IRE, vol. 47, pp. 546-
554; April, 1959. 

As an alternative we shall show, using 
quite general considerations, that each tun¬ 
nel component, and hence the sum of these 
components, can be calculated simply in 
terms of the tunnel-diode current for the 
voltage range, which excludes the “excess” 
current region.3 Our results should apply for 
“reverse” bias voltages and for “forward” 
bias voltages which encompass most of the 
negative differential conductance region of 
the I-V characteristic. 

I'he two oppositely-directed tunnel cur¬ 
rents are given by certain integrals over the 
electronic energy states participating in the 
tunneling process. These have the general 
form:4 5

/. = .4 J F(/i, D/(A)[l - f(E + qV)\dE, (la) 

A- .4 J /■(/„ F)/(/-+9F)[l-/(£) \dE. (lb) 

I I ere E is the energy variable, T the applied 
voltage, and q the electronic charge. The 
factor J isa constant which incorporates the 
physical properties of the semiconductor 
material. 'The function F represents the 
quantum mechanical probability that an 
electron will tunnel through the diode junc¬ 
tion barrier potential. The quantity f(E) is 
the Fermi occupation function given by 

where Er is the Fermi level, k is Boltz¬ 
mann’s constant, and T is the absolute 
temperature. 

The current I, is caused by tunneling 
electrons which originate in the conduction 
band of the «-doped semiconductor, and 
hence is in the direc tion of the applied bias 
when the p-side of the junction is made posi¬ 
tive with respect to the «-side ( F>0).® The 
component I: is directed oppositely, and 
originates with electrons which tunnel from 
the valence band of the ^-doped semi¬ 
conductor. If we define the net bias current 
I to be positive when the diode is “forward” 
biased, V>0, then 

I - le ~ E- (3) 

To relate the indix ¡dual tunnel components 
to I, we note that the Fermi factors in the 
tunneling integrals ( I ) arc related as follows: 

J(E + 7V)[1 -/(A)] 

= /(A)[l - J(E + ?F)] exp ( - ~) (4) 

This is the key result. Since V is not an inte¬ 
gration variable, then 

/=/.exp(-^) (5) 

3 E. O. Kane, “Theory of tunneling," J. Appl. 
Phys., vol. 32. pp. 83-91 ; January, 1961. 

1 L. Esaki, “New phenomenon in narrow ger¬ 
manium p-n junctions," Phys. Rev., vol. 109, pp. 
603-604; January, 1958. 

5 P. I. Price and J. M. Radcliffe, “Esaki tunnel¬ 
ing,” IBM J., vol. 3, pp. 364 371; October, 1959. 

• R. A. Pucel, “Physical principles of the Esaki 
diode and some* of its projierties as a circuit element,” 
Solid-State Electronics, vol. 1, pp. 22-23: March, 1960. 

hence. 

(6a) 

(6b) 

I hese results ha X e also been stated by others, 
though without proof.7 It should be empha¬ 
sized that these results are not based upon 
any assumptions concerning the functional 
dependence of the tunneling probability 
factor F(E, F). They are dependent only on 
the wax the Fermi functions appear in the 
tunneling integrals, and hence, should hold 
whenever the tunnel currents can be ex¬ 
pressed in the form given by (1 ). Thus, they 
would apply, for example, to “direct” and 
“indirect ” tunneling in semiconductors5 3 

and to tunneling between normal and super¬ 
conducting metals separated by an insulat¬ 
ing film. 89

The author has used the above relations 
in a theoretical study of the noise perform¬ 
ance of Esaki diode mixers (to be published ). 
Thus, if the two tunnel components exhibit 
full shot noise, and if the two noise currents 
are uncorrelated, then the mean square 
noise current in a frequency interval ôf is 
expressed as 

i2 = 2q! , fit. (7) 

I he equivalent diode noise current E is 
equal to the sum of the txvo tunnel currents, 
and hence is given by 

l„ = I coth —— • (8) 

If the diode I-V < haracteristic is given in 
the tunneling region, then the equivalent 
noise current /„can be obtained from it with 
the help of (8). For 7'=300°K, the equiv¬ 
alent noise current and net diode current 
coincide for E> 100 mv (excluding the excess 
current region, of course), a result which 
has been verified for a germanium diode.* It 
would be X ery useful to verify (8) by careful 
noise measurements taken in the positive 
conductance region near F = 0, since this 
region is of importance in mixer applications. 

At zero bias, it is important to observe 
that (7) reduces (correctly) to the thermal 
noise formula /2 = 4¿7xV* I” this limit I 
vanishes; hence, 

bl 2kT _ 2kT^ 
I n * “ — 

SV q q 

I ’ ->0 

Here g(0) is the incremental conductance at 
V=0. This result has also been derived by 
Tiemann, although in a less direct manner 
and only fora specific tunneling model. 1

7 D. I. Breitzer, “Noise figure oí tunnel diode 
mixer,” Proc. IRE, vol. 48, pp. 935-936; May, 1960. 

8 J. Nicol, S. Shapiro, and P. Smith, “Direct 
measurement of the superconducting energy gap,” 
Phys. Rev. Lett., vol. 5, pp. 461 463; November, I960. 

9 J. Fisher and I. Giaver, “Tunneling through 
thin insulating films,” J. Appl. Phvs., vol. 37, pp. 
172 177; February, 1961. 
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It is interesting to note that (7) anti (8) 
also hold for the low-frequency shot noise 
in conventional p-n junction diodes when 
operated at low injection levels, and when 
the effects of recombination and generation 
in the depletion layer are unimportant. 210

R. A. Pucei. 
Research Div. 
Raytheon Co. 

Waltham, Mass. 

10 A. van der Ziel, “Noise in junction transistors," 
Proc. IRE. vol. 46. pp. 1010-1021 ; June, 1958. 

Fig. 1 -Transistor frequency divider, (a' 
Common base, (b) Common emitter. 

ceed the maximum instantaneous rating of 
the transistor, since a large voltage may be 
det eloped in the input circuit especially as wo 
approaches w/2. It may prove necessary to 
operate the transistor in an inverted con¬ 
figuration with the co lector-base junction in 
the input circuit. 

If a relatively pure subharmonic output 
is required, Ri. may be replaced by a parallel 
tank circuit resonant at the subharmonic 
frequency. Although interaction with the 
input is increased, stable operation may be 
obtained. 

W. D. Ryan 
H. B. Williams 

Dept, of Light Elec. Engrg. 
Queen's I niversity 
Belfast, X. Ireland 

A Junction-Transistor 
Frequency Divider* 

A low-ratio binary frequency divider 
may be constructed utilizing the carrier¬ 
storage delay in a junction diode.' Since 
such a device possesses two stable states, it 
may lie used to perform logical operations in 
an analogous manner to that suggested by von 
Xeumann2 and Goto.3 Like the parametric 
subharmonic oscillators, phase synchroniza¬ 
tion may be obtained by cyclically varying 
the operating conditions so that the device 
passes through a region in which it is sensi¬ 
tive to a small subharmonic synchronizing 
signal. The number of units which may thus 
be controlled is limited by the load pre¬ 
sented to the output terminals of the fre¬ 
quency divider. In order to reduce the effect 
of the load, some isolation is necessary. One 
method is to use a junction transistor as the 
frequency divider. 

Typical low-power audio-frequency tran¬ 
sistors have storage times which limit the 
lower input frequency to about 100 kc. Some 
power transistors may operate with input 
frequencies as low as 10 kc. For an initial 
investigation a low operating frequency is 
to be preferred to enable waveforms to be 
studied. The following observations were 
made with an input frequency of 50 kc. 

Two typical circuits are shown in Fig. 1. 
The operating conditions for the input cir¬ 
cuit are substantially the same as for the 
diode. I he source impedance should be low, 
600 Si or less. Frequency division may be ob¬ 
tained within the range 1<£/V<2 and 
1 <w/wo<2, where E is the peak value ami 
w the angular frequency of the input volt¬ 
age, V is the applied bias and wo the series 
resonant frequency of L and C. It can be 
shown’ that the subharmonic output ap¬ 
proaches a maximum as E/V and w/w» tend 
to 1 and 2, respectively. 

Fig. 2 shows typical waveforms obtained 
under the following conditions: E/F=l.l, 

* Received by the IRE, January 16. 1961. 
1 W. D. Ryan, “Frequency division by carrier 

storage,” Electronic Engrg,, vol. 33, pp. 40-41; Jan¬ 
uary, 1961. 

r R. L. Wigington, “A new concept in computing. 
Proc. IRE, vol. 47, pp. 516-523; April. 1959. 

3 E. Goto. “The parametron, a digital computing 
element which utilizes parametric oscillation.” Proc. 
IRE. vol. 47, pp. 1304 1316; August. 1959. 

1 W. D. Ryan and II. B. Williams, “The carrier 
storage frequency divider, a steady-state analysis," 
in preparation. 

CaiKTOR 

VOLTAGE 

Fig. 2—(a) Common base circuit waveforms. (bi 
Common emitter circuit waveforms. 

w/wu —1.4, F = 4.5 v, Vrr = t.5 V, R/. ’ 25 kSi. 
The shape of the collector voltage waveform 
is influenced principally by the available 
charge stored in the base; and by the base¬ 
collector barrier capacitance in the common 
emitter circuit. It is found that the common 
base circuit provides the better isolation, it 
being possible to reduce Ri. to zero w ithout 
materially influencing the operation of the in¬ 
put circuit. Care should be taken not to ex¬ 

Sideband Correlation of Lunar and 
Echo Satellite Reflection Signals in 
the 900-Mc Range* 

The detection of electromagnetic signals 
reflected from the moon was reported in 
1946 by Mofenson. 1 Fourteen years later 
voice communication via a moon relay was 
discussed by Radford.2 Doppler information 
and range depth of the moon have been 
measured,3 and these have bearing on the 
effectiveness of a moon relax' for communi¬ 
cation. 

In an attempt to determine Ihe correla¬ 
tion bandw idth of signals reflected from the 
moon, some preliminary experiments have 
been carried out recently. These experiments 
have shown poor correlation in the ampli¬ 
tude fluctuations of two sidebands at 915 
Me. Comparison with similar tests of tropo¬ 
spheric scatter signals and signals reflected 
from the Echo satellite indicate that the lack 
of correlation is due to the moon and not to 
the Earth's atmosphere or ionosphere. 

I he lunar reflection tests were made co¬ 
operatively by General Electric Company 
and Air Force Cambridge Research Lab¬ 
oratories. AFCRL, at Bedford, Mass., il¬ 
luminated the moon at 915 Me using double¬ 
sideband suppressed carrier modulation. 
The transmitted power was ten kilowatts 
and the transmitting antenna is a 28-foot 
diameter paraboloid with a linearly-polar¬ 
ized feed. 

Signals reflected from the moon were re¬ 
ceived at General Electric's Radio-Optical 
Observatory, near Schenectady, X. Y. The 
receiving antenna is a 28-foot paraboloid 
with rotatable linearly-polarized feed. A 
parametric amplifier with a 1.5-db noise 

* Received by the IRE. February 16. 1961. 
1 I. Mofenson, “Radar echoes from the moon,” 

Electronics. vol. 19. pp. 92 98; April, 1<>46. 
-' W. 11. Radford, “Moon relay communication.” 

1960 IRE International Convention Record, pt. 
5. pp. 277-2X3. 

3 Gordon II. Pettengill, “Measurements of lunar 
reflectivity using the millstone radar," Proc. IRE. 
vol. 48. pp. 933 934; May. I960. 
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(a) 

<b) 

Fig. 1 —(a) Echo satellite reflection 20 kc sideband separation, 
(b) Lunar reflection- 500 cps sideband separation. 

mi »«mri 

Fig. 2 (a) Lunar reflection 2000 cps sideband separation, 
b) Lunar reflection 8000 cps sideband separation. 

Echo experiments were made coopera¬ 
tively by GE and Bell Telephone Laborato¬ 
ries at Holmdel, N. |. BTL illuminated the 
satellite at 960.05 Me using a 60-foot parab¬ 
oloidal antenna with a circularly-polarized 
feed. The receiving equipment at General 
Electric was identical to that used in the 
lunar reflection tests except that the re¬ 
ceiver bandwidths were set at 1000 cps. A 
carrier phase lock receiving system was used 
to compensate for Doppler shift. I'he carrier 
phase lock equipment is sometimes used on 
the lunar reflection experiments but is not 
essential for the moon signals. 

I ropospheric scatter recordings were 
made with sideband separations up to 80 
kc. Amplitude fluctuations of both side¬ 
bands were always well correlated, even 
though 30-db fades were common. 

I ypical results from Echo and the moon 
are shown in the chart recordings. Chart 
speed was one division per second for all the 
examples shown here. 

On this particular record, the Project 
Echo reflections show a fading period axer¬ 
aging approximately 5 seconds. The test 
shown in Fig. 1(a) was made on November 
8, 1960, at 0230 EST. The line structure is 
believed to be due to noise, There is reason 
to believe that this fading is due to distor¬ 
tions in the surface of the satellite. It should 
be noted that when the measurement was 
made, the 100-foot-diameter metallized 
plastic sphere had been in orbit 88 days. 
I'he fading rate is much lower than that ob¬ 
served from the moon and has a more regular 
pattern. I he fading of both sidebands was 
well correlated when the sideband separation 
was 20 kc. 

An examination of the lunar reflection 
charts show that the amplitude fluctuations 
as received from the moon appear to have a 
poorer correlation for a 500-cps sideband 
separation than from Echo with 20-kc sepa¬ 
ration and over the tropospheric scatter 
path with 80-kc separation. I'he noise level 
observed on the lunar tests when the receiv¬ 
ers were detuned may be observed in I'ig. 
2(b) on the ('harts. \\ hen both receivers were 
tuned to the same sideband, i.e., zero-cps 
sideband separation, the AGC voltage fluc¬ 
tuations appear to be almost perfectly corre¬ 
lated. However, as the sideband separation 
is increased, the correlation decreases rap¬ 
idly until it appears to be very low when the 
sidebands are separated by 4 or 8 kc. Corre¬ 
lation coefficients for lunar data were com¬ 
puted on a digital computer and found to be 
as follows: 

0 cps 
KMM» 
2000 
HKM> 
8000 

Correlation 

0.99 
0.325 
0. 161 
0.099 
0.111 

figure is followed by a crystal mixer and the 
mixer in turn by a 30-Mc IE amplifier. I'he 
amplifier feeds l wo R390 receivers that have 
their IE bandwidths set at 100 cps. The 
AGC circuits of the receivers have been 
modified so that the AGC voltage is a linear 
function of signal level in db even at very 
low signal levels. The AGC time constant is 

0.3 second. The receivers are separately 
tuned, one to each sideband, and the AGC 
voltages are recorded on a two-pen chart re¬ 
corder and also on magnetic tape. 

Amplitude fluctuation measurements 
over the tropospheric scatter path from Bed¬ 
ford to Schenectady were made in the same 
way as the lunar reflection experiments. 

The author would like to acknowledge 
the aid of R. W. Garrett and B. II. Claxton 
of GE, R. J. Miner of AECRL, and the BTL 
personnel who carried out most of these 
measurements. 

Roy E. Anderson 
General Engineering Lab. 
General Electric Company 

Schenectady, N. Y. 
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The Teflon Waveguide Plunger* 
Microwave waveguide plungers com¬ 

posed of a teflon block and a small piece of 
metal have been used in this laboratory for 
several years. 

The structure of the plunger is shown in 
Fig. 1. A small piece of metal is embedded, 
capped, plated or sputtered on the tip of a 
teflon block, which slides inside the wave¬ 
guide. 

Fig. 1 — Teflon plunger for rectangular 
cross-section waveguide. 

Since the plunger fits snugly to the wave¬ 
guide wall, the waveguide can easily be 
hermetically sealed without any special con¬ 
sideration. 

It is not necessary for the dielectric ma¬ 
terial to be teflon. Other materials which 
have the same mechanical characteristics as 
teflon are equally good or may be even 
better. A lossy dielectric might eliminate the 
need for an attenuator behind the metal cap. 

The metal part of the plunger can lie 
made in several ways to meet the require¬ 
ment. Embedding, sputtering, painting, and 
capping the metal on the tip of the plunger 
are equally easy to do. 

Another version of the teflon plunger in 
the circular waveguide is shown in Fig. 2. 

Fig. 2- Teflon plunger for circular 
cross-section waveguide. 

The metal part of the plunger is isolated 
from the waveguide wall by a clearance of a 
few mils. 

The reflection of the wave at the plunger 
is tine only to the large impedance mismatch, 
but it is large enough to cause a YSW R 
greater than 35. This is sufficient to match 
out most load impedances. 

The characteristics are constant over the 
waveguide frequency, lx-cause there are no 
frequency-sensitive components in the 
plunger. 

The leakage wave is absorbed by a mi¬ 
crowave attenuator which is embedded in a 
teflon block, as shown in Fig. 1. Ihe leakage 
power can be made as small as needed by ad¬ 
justing the attenuator plate. A leakage of 
less than —50 db is easily achieved. 

In the frequency range above 8 kMc, es¬ 
pecially in the millimeter range, the teflon 
plunger becomes much more stable, and 
easier to adjust than metal plungers. It 
shows extremely good stability against me¬ 
chanical shock and preserves constant elec¬ 
tric characteristics for a long time. 

Even if the surface of the waveguide is 
not clean, the electric characteristics as a 
plunger do not change, because there is no 
metal-to-metal contact point which is sensi¬ 
tive to surface conditions. 

The wax-like smooth surface ol teflon 
makes it very easy to move the plunger in 
the metal waveguide and to set it in the re¬ 
quired position quickly. Therefore, we can 
very often eliminate mechanical adjusting 
devices even in the millimeter-wave range. 
It saves considerable time and labor, both 
in the experiments and in the production. 

Besides this, the elasticity of teflon eases 
the restrictions on waveguide tolerance and 
on the surface finish. 

* Received by the IRK, January 17, 1961. This 
work was supported jointly by the U. S. Army Signal 
Corps, the Office of Naval Research, and the Air 
Force Office of Scientific Research. 

The shallow groove on the waveguide 
wall guides the teflon plunger smoothly with 
a screw action. 

Carefully made teflon plungers have been 
found to be as good electrically as metal 
plungers having spring lingers or chokes on 
the tips, and mechanically they are very 
much superior to the metal plungers. 

Akira Okaya 
Dept, of Physics 

Columbia University 
New York, X. Y. 

A New Microwave Power Amplifier 
Quite often the simplest solution to a 

problem is overlooked. In the case of micro¬ 
wave power amplification a very simple 
solution, which involves neither resonance 
nor phase-synchronism anti has never been 
tried, is as follows. 

Part of a Lecher line or of a coax is made 
such that a de potential can be applied be¬ 
tween the two conductors. Also, one of the 
conductors is made electron emissive. \Ve 
shall call this electrode the cathode and the 
other the anode. The de potential applied is 
negative and the anode repulses the elec¬ 
trons toward the cathode. When a suffi¬ 
ciently large signal travels down the guide, 
the positive peaks of the signal will be 
large enough for electrons affected by it to 
reach the anode. The current thus produced 
at the anode separates into a current flowing 
in phase with the signal and a current flow¬ 
ing in the opposite direction. The current 
flowing in phase with the signal is increased 

♦ Received by the IRK, February 14, 1961. 

continuously, while that part of the signal 
which created it propagates in the tube. Ihe 
current flowing in the opposite direction is 
made of about equal increments which flow 
at equal velocity and can never bunch to¬ 
gether. This current is thus a de current 
which returns to the source of de potential 
between anode and cathode. 

Let one affect the system by a pulse of 
signal of duration r. Thedc potentials isso 
chosen that the signal potential 0, surpasses 
it for a duration Or and within that time has 
an average value 0,. I he input energy is of 
the form 

where Z has the dimensions of an input im¬ 
pedance but also involves the ratio between 

and 0i. If the phase velocity of the pulse 
is c. the length of the pulse in the guide is 

I = er. (2) 

I he current which flows to the anode within 
that length is of the form 

lr = — 0o)), (3) 

with R a length due to the geometry and in 
general equal to the perimeter of the cross 
section of the cathode. I he function f re¬ 
lates the current density to the potential 
seen by the electrons. One wotdd, of course, 
operate the tube in the space-charge-limited 
region so that the current density would 
follow the potential difference. 

Half of the current reaching the anode 
flows back to the cathode through the de 
source of potential and provides the de 
energy necessary. I he total de energy thus 
provided is 

/„ L 
E,Ie = —- 0u. (4) 

2 c 

in which L is the length of the active section 
of the guide. Part of this energy is used for 
plate dissipation and the rest is transformed 
into ac energv. The plate dissipation is given 
by 

Ev = / p(0i — — • (5) 
c 

Thus the energy acquired by the pulse is 

l„ L 
Eu = — — (30„ — 201 ). (6) 

e C 

I he power gain is the energy acquired over 
the input energy and, when large, is of the 
form 

g- ' <7) 
2 \ / / 0i2

The efficiency is the ratio of output power 
to de power used and is given by 

It is simple to plot the current, power gain, 
and efficiency characteristics on a (0i. 0o) 
space. 

An efficiency of 60 per cent for a power 
gain of 50 seems quite reasonable and is ob¬ 
tained, for instance, in the numerical exam¬ 
ple (Table I). 'Ihe tube is a limiter either 
when it becomes temperature limited or when 



1084 PROCEEDINGS OF THE IRE June 

exceeds 3/2<>o. whichever occurs for the 
lowest 0i. The tube of course is not direc¬ 
tional and will oscillate when reflections pro¬ 
duce a reflected 0i larger than </>«. A direc¬ 
tional tube can be made bt lightly bending 
the paths of the electrons forward or back¬ 
ward with a de magnetic field. A small sig¬ 
nal theory for such a tube, with <!>» necessar¬ 
ily positive, shows gaining waves. 

TABLE I 

I. = 10 cm 
l,, I =200 a cm 
Z = 600 ft 
_r = 10 2 second 

= 6(MM) volts 
^«=5000 volts 
Zio =3.10' joules 

(output |MMver: 3 10” watts) 
Zip =2. 101 joules 

(2 103 joules cm of axial length) 
G =50 
n =60 per cent 

Basically, the tube is a dass-C amplifier 
at microwave frequencies so that the output 
current wave form corresponding toa sinus¬ 
oidal voltage contains a large amount of 
harmonics. It is obx iously possible to keep 
the energy in the fundamental by having a 
sufficient lx -resonating load or antenna. In the 
< ase where the load or antenna is extremely 
broad band, the useful output-signal is made 
of pulses repeating ata microwave frequency, 
a rather interesting possibility. 

This new amplilier is related to the os¬ 
cillator invented by A. G. Clavier and used 
by him in the late twenties on the micro¬ 
wave link across the English Channel. In 
this case the anode circuit was ended so as 
to resonate and the de potential did not 
exist. Ihe noise power in the electron gas 
surrounding the cathode was sufficient to 
excite the resonating anode. 

P. A. Clavier 
Aeronut ron ic 

Div. of Ford Motor Co. 
\ew|M)rt Beach, Calif. 

A Superposition Property of Angle 
Modulation* 

There has been some previous analysis 
reported concerning the properties of the 
waveform 

f«) = cos + p(d + /(/)], (i) 

where is a fixed angular frequency, P(t) 
is a periodic angle modulation of period T, 
and/(/) is a second angle modulation which 
may be either random or causal. Blachman 1 

and Karr2 have shown with certain approxi-

* Received by the IRE, February IS, 1961. This 
work was supported by the U. S. Air Force under Con-
tract No. AF 33(616)-6207. 

1 N. M. Blachman, “Limiting Frequency Modula¬ 
tion Spectra,” Electronic Defense Lab., Sylvania 
Electric Products Inc., Mountain View, Calif., Tech. 
Rept. No. EDL M43, pp. 3-5; April, 1955. 

2 P. R. Karr, “A note on angle modulation by a 
mixture of a periodic function and noise,” IRE Trans, 
on Information Theory, vol. IT-5, pp. 140-143; 
September, 1959. 

mations that the effect of the second modu¬ 
lation is to angle modulate each of the dis¬ 
crete spectral components of the waveform 

y(/) = cos [œj + P(l) I (2) 

by the modulation f(t). Thus, given 

y(0 = IL 11 « cos £ (“r + y ) z — 3. J , (3) 

it has been shown to be approximately true 
that 

F(/) = + ' 

+ â„+/(/)J (4) 

I'he purpose of this correspondence is to 
show that (4) is indeed an exact relationship. 

Begin by rewriting ( 1 ) as 

Y(t) = Re |e<l"r<+f'O+/o>jj 

= Re |ed<M+/(O|ipuo}. (5) 

The periodic function t' p,e may now be ex¬ 
panded in a complex Fourier series, 

¿“W _ y Ç„(i^’eru (ft 

where the C„ are given by 

C. = -- f (7) 
/ J o 

Substitution of the series in (5) and term-by-
term multiplicaiton by the first exponential 
gives 

F(0 = Re j L 7»+/«>]| . (8) 

Taking the real part as indicated, we have 

1(f) = L cos [ (a. + +/(<)] 

— ln sin [ ( 4—yr) t +/(/)] ,(9) 

where 

Rn = Re (C.j 
1„ = im |C„). (10) 

Use of the trigonometric identity 

A cos 0 -T B sin 9 

= x/TH^cos^ + tan 1 pM (11) 

gives 

y (I) = L VRJ + A’ cos [(“< + y ) ' 

+«.-'y) +H <i2>
I'he definitions 

lead to the desired result, 

VW = 

+ 3. +/(/)]. (4) 

Note that when f(t) is identically zero, (4) 
reduces to (3), thereby ensuring that the d„ 
and ß„ are the same in both equations. 

Thus, the effect of the periodic modula¬ 
tion P(t) is to divide the carrier into a num¬ 
ber of subcarriers separated in frequency by 
an amount equal to the fundamental fre¬ 
quency of P(l). The added modulation /(/) 
then angle modulates each of these subcar¬ 
riers identically. 

J. W. Goodman 
Stanford Electronics Labs. 

Stanford University 
Stanford, Calif. 

Cerenkov Radiation in a Dielectric 
Tube Waveguide* 

The Cerenkov radiation of a prebunched 
beam in a dielectric tube waveguide has two 
important features: one, the mode interfer¬ 
ence problem and physical size restrictions 
are less severe than in closed metallic wave¬ 
guides;1 two, this mode of interaction pro¬ 
vides a radiation resistance which is about 
an order of magnitude higher than that of 
the conventional Cerenkov radiation in an 
infinite medium.2’ 

The experiments reported on herein con¬ 
sist of passing a tightly bunched, 0.8-mev 
beam along the axis of a dielectric tube 
waveguide of inner and outer radii a and b. 
respectively, and a relative dielectric con¬ 
stant K. 1'he usual synchronism conditions 
are imposed, i.e., at the beam harmonic fre¬ 
quency of interest the phase velocity of the 
TMom waveguide mode that is excited is 
equal to the beam velocity. A schematic 
drawing of the experimental arrangement 
is shown in Fig. 1. 

Cerenkov radiation, escaping from the 
end of the dielectric tube, passes through a 

Fig. 1—Schematic diagram tor the Cerenkov radiation 
of a 0.8-mev tightly bunched beam in dielectric 
tube waveguide. The beam source is not shown. 

* Received by the IRE, February 18, 1961. This 
work was sponsored by the U. S. Atomic Energy Com¬ 
mission under Contract AT(1 1-1 )-392. 

1 R. C. Becker and P. D. Coleman, “The dielectric 
tube resonator,” Proc. Symp. Millimeter Wawr, Poly¬ 
technic Press, Brooklyn, N. V., pp. 191—222; April. 
1959. 

2 II. Lashinsky, “Generation of microwaves by 
Cerenkov radiation," Proc. Symp. Millimeter Waves, 
Polytechnic Press, Brooklyn, N. V., pp. 181-190; 
April, 1959. 

3 P. D. Coleman and C. E. Enderby, “Megavolt 
electronics Cerenkov coupler for the production of 
millimeter and submillimeter waves,” J. A ppi. Phys.. 
vol. 31, no. 9, pp. 1695-1696; September, 1960. 
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glass vacuum seal into a coaxial line coupled 
to a waveguide detection system timed to a 
wavelength of 9.01 millimeters. This ar¬ 
rangement does not completely couple out 
all of the power generated, but it is suffi¬ 
ciently good to evaluate adequately the be¬ 
havior of the device. 

First to be examined were the phenom¬ 
ena of first and second coherence. \\ hen the 
length I. of the interaction region is greater 
than the spacing I) between two consecutive 
electron bunches, the radiated power or 
total radiation resistance vary as the 
square of the distance /„ which phenomenon 
is called second coherence.1 II the length L 
is less than I), then Æ, is a linear function of 
L, resulting in first coherence, the condition 
that applied to these experiments. 

W hen the nth harmonic beam frequency 
is in synchronism with the I Mam mode of 
the dielectric guide, then the Cerenkov 
power generated by first coherence can be 
expressed in the form 

^[”0 - »d/)/. 
2 L 4tr«rfX? 

Fig. 1 Exiwrimental variation of the radiation re¬ 
sistance vs length of a dielectric tube waveguide. 

- y <» 

where the transverse dimensions of the 
beam are assumed to be small, v-fic is the 
beam velocity, I„ is the harmonic current 
amplitude, is the harmonic wavelength, 
anti Gm is a function of tube geometry, di¬ 
electric material, and mode of operation. 

Fig. 2 gives the experimental results for 
radiation resistance vs length of interaction 
L. Within experimental accuracy, the radi¬ 
ation resistance was found to increase lin¬ 
early with length; the mode of operation 
was the TM™ mode. It was noticed that for 
large waveguide lengths there was some 
evidence of beam interception by the side¬ 
walls. In spite of the fact that this can re¬ 
duce the power level, it is doubtful that 
enough beam interception would occur to 
change a square law variation to the ob¬ 
served linear variation. 

In Fig. 3 is shown the theoretical and 
experimental variation of radiation resist¬ 
ance for a teflon tube waveguide, operating 
in a 'I'M,,i mode, as the inner radius, and 
hence also the outer radius, are varied. I he 
theoretical curve is for the bunch-by-bunch 
type of radiation, since the length of the 
structure is less than the distance of separa¬ 
tion between two consecutive bunches. It is 
seen that agreement between the theoretical 
and experimental curves improves consider¬ 
ably as the inner and outer radii of the 
waveguide are increased. This is due to 
three factors: In the first place, increasing 
the radii improves the matching of electro¬ 
magnetic radiation between the waveguide 
and free space. In the second place, an in¬ 
crease of inner radius reduces the extent of 
beam interception by the side walls and 
hence the debunching of the beam. Finally 
and most important, at small hole sizes the 
inner surface of the waveguide seemed to 
charge-up; the surface charge tends to 

Fig. 3—Experimental and theoretical variation ot 
radiation resistance vs fl X for a dielectric tube 
waveguide. (A different glass seal from the one in 
the results of Fig. 2 was used.) 

shield the beam and hence to reduce the 
power level appreciably. This last effect 
seemed to be quite independent of the length 
of the structure. 

As has been shown in the literature,5 

Cerenkov radiation in a slow-wave guiding 
structure and TWT action are the same. 
Hence, the relatively high radiation resist¬ 
ance of the dielectric tube waveguide may 
lead one to suspect that this structure may 
be suited for 1 \\ 1 schemes. However, at 
low phase velocities the dielectric constant 
of the waveguide must correspondingly be 
high, which results in a reduction of the cir¬ 
cuit impedance, unless the dimensions are 
reduced considerably. 

« G. A. Bernashevsky, el al., “Radiation in the 
millimeter waveband by a relativistic electron flow." 
Proc Symp. Millimeter Waves, Polytechnic Press, 
Brooklyn. N. Y„ pp. 160 180: April. 1959. 

• J. R. Pierce. “Interaction of moving charges with 
wave circuits," J. A ppi. Phys., vol. 26, no. 5, pp. 627— 
638; May. 1955. 

On the other hand, this scheme has a 
higher radiation resistance than Cerenkov 
radiation in an infinite dielectric material. 
The price of the high radiation resistance is 
the mode interference problem which is 
nonexistant in an infinite slab of dielectric 
material. 

These experiments again verify that 
higher interaction resistances can be ob¬ 
tained at the expense of physical size and 
mode interference. However, it appears that 
the Cerenkov effect in a dielectric tube guide 
can readily be used down to a wavelength 
of 1 millimeter with power levels of the 
order of 1 to 10 watts for a drive current 
of 0.1 ampere. 

B. W. Hakki 
P. I). COLEMAX 

Electrical Engrg. Dept. 
I niversity of Illinois 

I’rbana, III. 

Autocorrelation Pattern 
Recognition* 

The recent article on autocorrelation pat¬ 
tern recognition 1 was of considerable interest, 
since this author did some work in the same 
area several years ago.2 I he optical methods 
discussed in the article imply, in some sense, 
the storage of large amounts of information, 
viz., the value of the autocorrelation func¬ 
tion for all possible translations of the ideal 
pattern relative to itself. In contrast, the 
previous work was an attempt to distill this 
vast amount of information into a smaller 
quantity which could be stored easily. Ihis 
study was entirely in the framework of com¬ 
puter program recognition, where economy 
of storage space is of some importance. One 
advantage of the scheme to be described is 
that it permits (imleed requires) the use of 
several “ideals” for definition of the patterns. 

Consider the presentation of several 
samples of a given pattern which are to be 
used as the “ideals" for recognition. Rather 
than use the complete autocorrelation func¬ 
tions, we could examine the set of autocorre¬ 
lation functions for the various patterns pre¬ 
sented and try to find those displacements 
(amounts of two-dimensional shift) for which 
the several autocorrelation functions have 
the most “similar” values. 

For the moment, let us consider only one 
displacement. For this displacement, we can 
examine the distribution of the values of the 
autocorrelations of the samples which are 
presented. We wish to find some measure of 
“similarity" from the distribution of values 
at the one displacement. 

Several measures of “similarity" of a set 
of numbers, measured from their distribu¬ 
tion, have been proposed. One measure is the 

* Received bv the IRE, February 14. 1961. 
i L. P. Horwitz and G. !.. Shelton, Jr., “Pattern 

recognition using autocorrelation. Proc. I Ri'-, vol. 
49, pp. 175-185; January. 1961. 

2 R. Y. Kain, “A New Approach to Pattern Recog¬ 
nition." M.S. thesis, Dept, of Elec. Engrg., Mass. 
Inst. Tech., Cambridge; June, 1959. 
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standard deviation of the numbers, which in¬ 
dicates the “spread” of the numbers from 
their mean value. If the numbers are all 
multiplied by a constant, their standard de¬ 
viation (and mean) will be multiplied by that 
same constant. So that the similarity meas¬ 
ure will be invariant to scale changes (in the 
numbers), the ratio of the mean to the 
standard deviation is chosen as the measure 
of “similarity." A second measure has been 
proposed by Lewis,3 and involves computa¬ 
tion of the amount of information “con¬ 
tained” in a distribution of values. This re¬ 
quires a better estimate of the distribution 
than can be obtained from several samples, 
and also requires computation of logarithms. 
The first method, using the ratio of the 
mean to the standard deviation, was used 
exclusively in these experiments. 

Recognition using the mean to standard 
deviation ratio was programmed for the 
TX-O computer. Samples of patterns were 
traced from a book of type faces. The height 
of a line (and not of a letter) was stand¬ 
ardized in the tracing process. For recogni¬ 
tion of printed characters, this is not an un¬ 
reasonable constraint, since it merely corre¬ 
sponds to adjustment of the magnification 
of the optical system on the input. Seven 
different type fonts were used for the experi¬ 
ments, but only capital letters were used. 
In all cases, all seven examples of each letter 
were presented as ideals, and were later pre¬ 
sented for recognition. Numerals were not 
used in any phase of the experiments. A 
16 X 16 square matrix was used, and the line 
height was standardized at ten squares. 

I'he seven samples of a given letter were 
used to obtain seven samples of the auto¬ 
correlation function fora particular displace¬ 
ment. The ratio of the mean to the standard 
deviation of these values was then com¬ 
puted. The N (number chosen) displace¬ 
ments with the highest ratios were selected 
as the “characteristics’ of that letter. Pres¬ 
entation of samples of another letter will 
result in another selection, giving N displace¬ 
ments for this letter. In general, there is 
some overlap in the selection. 

For the moment, consider recognition of 
only one letter. When a picture is presented 
for recognition, the value of the autocorre¬ 
lation for each of the previously selected dis¬ 
placements is computed. If the value lies 
within R (the range) standard deviations of 
the mean for each of T (the threshold) dis¬ 
placements, the pattern is said to match the 
samples previously used to define the charac¬ 
teristics. When a number of different letters 
have been given as samples, this procedure 
is followed for each possible answer. Thus, a 
number of possible answers are given, not 
the “most likely” answer. In almost all cases, 
the correct answers were given, but there 
were multiple answers in most cases. 

A considerable improvement in the re¬ 
sults was obtained by using the autocorrela¬ 
tion function normalized to the number of 
black points in the picture. The number of 
correct answers was increased, while the 
number of incorrect answers was decreased. 
It is interesting that a large percentage of 

* P. M. Lewis, “Efficient Information Storage," 
General Electric Res. Lab., Schenectady, N. V., Rept. 
No. 58-RL-2141; December, 1958. 

the incorrect answers were either I or J. Re¬ 
duction of the threshold to pick up all cor¬ 
rect answers can be accomplished either by' 
reducing the threshold uniformly, or by re¬ 
ducing it only for those letters where correct 
answers were missed. The experimental re¬ 
sults are summarized in Table I, where equal 

include the possibility of presentation of 
samples of “not A," etc. The values of the 
autocorrelation function of these “negative 
samples” should be used in the selection 
process, credit being given to how well sepa¬ 
rated they are from the values for the “posi¬ 
tive samples.” There are several ways that 

TABLE I 
Experimental Results 

Method Percent of Correct 
Answers Appearing 

Average Number of 
Answers per Sample 

Per cent 
Recog¬ 
nition 

N T R With I, J Without /, J With I. J Without I, J With /. J 

Unnormalized 
16 
16 

16 
15 

4.5 
4.5 

87.0 
95.6 

79.9 
88.3 

3.14 
4.73 

2.40 
3.82 — 

Normalized 
24 
24 
24 

24 
23 

23/34 

3.5 
3.5 
3.5 

98.3 
100.0 
100.0 

90.0 
92.3 
92.3 

1 .98 
2.75 
2.16 

1 .34 
1 .94 
1.46 

89.9 
84.6 
93.4 

letter probabilities hate been assumed. The 
columns labeled “Without I, J" indicate the 
results if all J or J answers are disregarded, 
but I and J are still allowed as inputs. A 
threshold of 23/24 indicates reduction of the 
threshold to twenty-three for those letters 
(A, F, H, J, O, U) where a correct answer 
was missed. The last column in the table 
indicates the results using a simple system 
for picking one answer from the set of pos¬ 
sibilities. The probability that a given an¬ 
swer will be correct is found by feeding all 
possible letters to the computer and assum¬ 
ing that all letters are equally probable (for 
simplicity). When a number of answers are 
given, the one with the highest probability' 
of being correct is chosen. 

There is one major problem inherent in 
this method. Identical values for all of the 
samples at a particular displacement give a 
standard deviation of zero. As this is not a 
good measure of the deviation, such displace¬ 
ments were not used for recognition. To esti¬ 
mate the number of such cases, the division 
subroutine was modified so that a/0 was a 
large positive number when a was nonzero, 
and zero when a was zero. When this was 
done, all selected displacements had devia¬ 
tions of zero, showing that a large number of 
“good” displacements are discarded by the 
procedure used. One solution might assign 
some arbitrary small deviation to these 
cases. 

As indicated above, this method requires 
less storage space than the use of the com¬ 
plete autocorrelation functions. It possesses 
the further advantage that it is possible to 
specify the pattern by a number of samples, 
rather than by only one sample. This situa¬ 
tion seems to correspond more to the speci¬ 
fication of patterns to people. The method 
here also involves little computation, a com¬ 
plete recognition including selection among 
all possibilities in the alphabet of twenty-six 
letters requiring only about one second on 
the TX-O. Since the computer does not have 
instructions for multiple shifting, multiplica¬ 
tion, or division, the time should be much 
less in most high-speed computers. Selection 
of displacements from seven samples re¬ 
quires about three minutes per pattern, but 
this is done infrequently. It should be pos¬ 
sible to modify the method of selection to 

this might be done. It might also be possible 
to employ similar processes in finding com¬ 
plete autocorrelation functions from mul¬ 
tiple samples using some sort of averaging 
and weighting of the various points, accord¬ 
ing to the amount of “similarity" of the auto¬ 
correlations of the samples at the particular 
displacement. Such a weighting could be in¬ 
corporated in the optical scheme discussed 
by' Horwitz and Shelton using an extra nega¬ 
tive immediately adjacent to the standard 
autocorrelation negative. 

The author is indebted to his thesis ad¬ 
visor, Prof. P. M. Lewis, for many helpful 
comments and suggestions. 

Richard Y. Kain 
Dept, of Elec. Engrg. 
Mass. Inst, of Tech. 
Cambridge, Mass. 

Closed-Form Solution for the Out¬ 
put of a Finite-Bandwidth Pulse-
Compression Filter* 

I'he analysis in a review paper by Cook 1 

concerning a pulse compression technique 
which utilizes linear FM phase coded pulses, 
assumes a matched filter approximation of 
infinite bandwidth and linear group time 
delay. This model can be refined consider¬ 
ably by a restriction of filter bandwidth. A 
closed-form solution has been obtained, and 
the theoretical output pulse computed more 
closely resembles the output of actual band-
width-limited, pulse-compression filters for 
low and moderate time-bandwidth products. 

The coded pulse signal at the input to the 
filter can be represented by 

/(/) = cosine (w0/ + Jai2) for | /1 < T (1) 

* Received by the IRE, February 3, 1961. 
1 C. E. Cook, “Pulse compression—key to more 

efficient radar transmission," Proc. IRE, vol. 48, pp. 
310-316; March, I960. 
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(a) 
Ib) /!(«)- J(-w) 

(wi — w)2
(c) 0( — w) = — fi(u) = bu-

la 
Fír. 1—Filter transfer characteristic. 

and zero elsewhere. Ihe term a=irSf/T is 
the sweep rate, where Sf is the total fre¬ 
quency deviation. The Fourier transform of 
f(t) can be written as 

Ihe second term in this integral can be 
shown to be very small and will be neglected. 
For the bandwidth-limited filter character¬ 
istic shown in Fig. I. the output of the filter 
is given by 

Fig. 2—Typical example of output pulse for band¬ 
width-limited pulse compression filter. 

where is a constant phase shift which is 
contained in each term and can be ignored; 
and where .S', 5', S", S'", C, C, C", ¿'"'are, 
respectively, the sine and cosine Fresnel 
integrals of the following limits: 

5' is the sine Fresnel integral with limits 
02 and 0i where ami 0= are given, respec¬ 
tively, by adding \ 27A/to m and «2; 

Likewise, 5'” is given by the same expres¬ 
sion as S" with ( +m) replacing ( — p) in the 
limits. 

The result given in (4) can be used to 
compute the output of a pulse-compression 
filter for any pulse-compression ratio, or 
time-bandwidth product (2TSf), when the 

b) - j — - — J J rlexP (J“47)] 

3) 

where 
á — I — b — (g — l)w<i/d. 

The double integral can be evaluated in 
closed form by integrating by parts to give 
the exact solution of (3): 

filter band-pass characteristic is centered 
on. or offset, with respect to the signal spec¬ 
trum; thus, the effects of Doppler shifts on 
the output can be evaluated. I he output 
envelope for a specific case, with moderate 
pulse-compression ratio of 50:1, is plotted 

. / r trAt C 
(¡ti) = ( y A • ( ■ cos (wo + rSJ >6 — - — J2 + <t> — tan 1

2trA'« \ L 27 5 

[
irSJ C 

two — nS) >ô — —— í2 + <¡> — tan 1 — 

+ y (A")2 + It ")s cos w 1 + T 0 — tan 

in Fig. 2 and compared with the sine x/x 
form. It may be noted that the peak is re¬ 
duced somewhat from the sin x/x envelope. 
In addition, the zeros of the sidelobe struc¬ 
ture are displaced unequally. I he sidelobe 
structure will complicate the application of 
techniques for sidelobe reduction such as 
Taylor weighting2 and transveral filtering. 

J. DiFranco 
Advanced Studies Dept. 
Sperry Gyroscope, Co. 

Great Neck, N. Y. 

- T. T. Taylor. “Design of Line Sources for Narrow 
Bandwidth and Low Side Lobes,” Hughes Aircraft 
Co., Culver City, Calif., Tech. Memo No. 316; July, 
1953. 

Silicon Epitaxial Microcircuit* 
A completely semiconductor microcir¬ 

cuit was devised from a slab of multilayered 
silicon which was constructed by the Merck, 
Sharp and Dohme Research Laboratory. 
The completely silicon structure was en¬ 
tirely fabricated by the use of vapor phase 
deposition techniques. An eight-layered epi¬ 
taxial structure was constructed to yield 
electrical characteristics of an oscillatory 
nature. Simple processing of the multilay¬ 
ered slab directly produced the microcircuit 
structure. 

The three- terminal network oscillated in 
different modes yielding output voltage 
variations as shown in Fig. 1. Sinusoidal 
and gated type electrical variations oc¬ 
curred. Voltage amplitude variations of 1 to 
5 volts occurred at pulse and cyclical time 
rates of 10,000 to 30,000 repetitions per 
second. By the use of an additional linear 
external resistance, it was possible to ob¬ 
serve a waveform consisting of a 100-kc 
variation combined with a 10-kc variation. 

The silicon integrated circuit was de¬ 
signed to contain regions capable of per¬ 
forming switching and negative resistance 
action, capacitive storage, and resistive dis¬ 
sipation. The basic circuit arrangement is 
that of the conventional saw-tooth gener¬ 
ator-relaxation oscillator. Shunting capaci¬ 
tive and resistive leakage effects play a 
role in the microcircuit operation. Electrical 
characteristics of the negative resistance 
element or switch were: holding-current 
magnitude was 1.25 milliamperes, breakoxer 
voltage magnitude 9.0 volts, and negative 
resistance value 5000 ohms. The voltage-
current characteristics of the capacitive 
region was typical of that of a large-area 
silicon p-n junction. The measured value of 
zero bias capacitance was 1500 ^L A con¬ 
ductive material applied properly to a p-n 
junction of the C-region circumvented the 
occurrence of low-voltage breakover. Simi¬ 
larly, conductive material applied properly 

(4) * Received by the IRK, January 16. 1961; revised 
manuscript received, February 13, 1961. 
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to a junction of the negative-resistance re¬ 
gion permitted control of transition param¬ 
eters and enabled low-voltage breakover to 
occur. The resistive region possessed a linear 
type electrical characteristic. Resistance 
magnitude was about 40,000 ohms. The 
structure resistive coupling between the 
output terminal and the resistance input 
terminal was very low. 

Various features of circuit operation 
were determined largely by the initial dis¬ 
tribution of impurities in the multilayered 
structures. Maximum applied voltage, for 
example, was limited to a value below the 
breakdown voltage value of the junction 
that isolated the resistance region. The ap¬ 
plied voltage magnitude was also limited by 
the breakdown voltage value of the center 
junction of the capacitive region. 

Circuit operation depended large!} upon 
surface conditions of all junctions. The 
shunt leakage effect of the capacitive region 
was significant in affecting circuit operation. 
Excessive shunt capacitive leakage intro¬ 
duced a voltage-dividing action that resulted 
in the occurrence of a stable de level. Rela¬ 
tively large capacitive leakage did not per¬ 
mit oscillations to occur. The off impedance 
of the switching element (Rm.), the charging 
resistance (R), and the capacitive shunt re¬ 
sistance (Resit) combined and imposed the 
following necessary condition upon circuit 
operation 

Rm. X Re su 

I applied X ~ ——— > \ U.K" 
K <r. X Kcsh 
Ru + Resu 

(a) (b) 

Fig. I Output waveforms: (a) sinusoidal, horizontal (30 psec 'em), vertical (5 volts/cm); (b) gated, 
horizontal (30 psee cm), vertical (1 volt 'em). 

Fig. 2 —Sketch illustrating slab external geometry, 
(a) Resistive region, (bi Capacitive and switching-
negative resistance regions. 

where P^ppua is applied voltage, and 
Vm.bo is the breakover voltage. 

The geometry of the multilayered micro¬ 
circuit is illustrated in Fig. 2. Fig. 3 show's 
the individual layer thicknesses and indicates 
type conductivity. In constructing the cir¬ 
cuit from the multilayer silicon sandwich, 
several simple asphalt mask applications 
were used as well as several chemical etch 
applications consisting of relatively fast 
and slow silicon etches. 

Preliminary work indicates that a new 
process tool is available for broadening and 
simplifying the approaches to microcircuit 
construction. Results suggest the possible 
use of layerized silicon sandw iches that can 
be chemicalix or electrochemically etched a 

number of ways to obtain numerous forms of 
electrical performance. 

W. Glendinning 
C. Marlett 

I . S. Anny Signal Res. & Dev. Lab. 
Fort Monmouth, N. J. 

J. Allegretti 
D. Shombert 

Merck, Sharp ami Dohme Res. Lab. 
Rah wax, X. J. 

On the Integration and Summation 
of Trigonometric and Exponential 
Functions* 

For many purposes, the expressions given 
below for the definite integrals of trigono¬ 
metric and exponential functions are more 
conxenient than the well-known forms. 
Similar expressions for the summations of 
such functions arc also useful and are shown 
below. Each formula applies to three cases, 
and the same function must be used on both 
sides of the equation; exp i means the nat¬ 
ural exponential of i times the stated argu¬ 
ment. The proofs are left as exercises for the 
reader. 

sinh 
cosh (c.v -4- d)dx 

sinh c-
2 

sinh 
/ b + u 

cosh I c —— + d 
exp 

, sin 

22 c°s (be + d) 
k~a 

exp I 

! sinh 
22 cosh (kc + d) 
k-a exp 

b — a 4 * 1 
11 - -- c sinh 

2 
- cosh 

c 
sinh — exD 2 

Nelson M. Blachman 
Sylvania Electronic Defense Labs. 

Mountain View, Calif. 

Fig. 3—Sketch showing features of epitaxial stab. * Received by the IRE, February 13, 1961. 
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The Old and the New* 
Poles and Zeros’ “The Old and the New,” 

in the Proceedings for February, 1961, re¬ 
calls the old crystal detector, now resur¬ 
rected in combination with modern advances 
in the art for uses where the latter alone are 
unworkable. 

But it fails to point out the unmistakable 
and striking similarity between those detec¬ 
tors and modern diode transistors, not alone 
in physical form, but in electrical character¬ 
istics as well. 

One need only go back to the early ( 1910) 
papers of Harvard’s George Pierce, G. \\ . 
Picard, or J. A. Fleming, to see such devices 
pictured and described in detail, with char¬ 
acteristic E-l curves, very much like those 
of present-day transistors, using the same 
point contacts but on natural instead of man¬ 
made crystals. I, myself, also made such 
measurements and, additionally, on electro¬ 
lytic detectors in those early days, and still 
have the curves. Modern solid diode recti¬ 
fier devices are only refinements of those old 
crystal detectors, so why all this hocus pocus 
in new nomenclature? Some of the “wireless” 
workers of that period even made those de¬ 
tectors osi illatc! 

May I also remind our forgetful oldsters 
and untutored newsters in this art that when 
W hitney, Langmuir and their associates and 
contemporaries at Schenectady and New 
York's West Street got higher vacuums in de 
Forest’s Audion, by means of a newly-
developed German pump, they also used 
such hocus-pocus nomenclature, by the word 
“Kenotron,” in an effort to label a mere im¬ 
provement as a wholly new genus of elec¬ 
tronic devices. The Patent Courts, however, 
judged otherwise! 

Benjamin F. Miessner 
Miessner Inventions, Inc. 

Miami Shores, Fla. 

* Received by the IRE. February 20. 1961. 

from the Faraday rotation of the signal. A 
nominally-zero spin rate was anticipated for 
the rocket. By initially rotating the plane of 
polarization of the transmitted signal, a 
series of nulls was recei\ ed on a linear dipole 
carried by the rocket. From a comparison 
of the times of occurrence of these nulls with 
those observed on a ground-based monitor 
the electron density could be computed. 

The method is illustrated by Fig. 1. It 
was based on the well-known Magic-Tor hy¬ 
brid junction. This was constructed of co¬ 
axial cable (RG 11 /U) with £i=Xg/4 and 
Li=3Xg/4. Xg is the wavelength in the cable 
of the T. Two of the terminals were excited 
through RG 8/Í7 cables, by signals of fre-
quency/i and which differed by 160 cps. 
From the other two terminals, signals were 
fed to two crossed half-wave dipoles through 
cables of RG 8/Í7, such that ¿, = Z.3+Xg/4. 
Xg is the wavelength in the RG %/U cable. 
The analysis indicates that the wave propa¬ 
gating from the antenna system is of the 
form 

„ (ir i + ir2) 
2 cos ;

/(Hi- IF2) 

/ 2

The rate of rotation of the plane of polariza¬ 
tion is thus 80 cps, with the direction de¬ 
termined by sign of fi-ft. 

Fig. 1—Arrangement of the magic T and dipoles. 

Generating a Rotating Polarization* 
In a recent letter1 Allen discussed the 

problem of generating an EM wave with 
rotating polarization. The solution involves 
the use of two radio sources, of different fre¬ 
quency, with an arrangement of phase 
shifters between the sources and a radiating 
device. The two resulting EM waves from 
the radiator are circularly polarized and of 
such phases as to produce a rotating polari¬ 
zation. I he present note describes a system 
developed to produce a rotating-polariza¬ 
tion, 22-Mc wave for transmission from the 
ground to a rocket. 

The application involved the determina¬ 
tion of the electron density of the ionosphere 

* Received by the IRE, February 13, 1961. 
1 P. J. Allen, “(Generating a rotating polarization,” 

Proc. IRE (Correspondence), vol. 48. p. 941; May, 
I960. 

The choice of cable types was dictated by 
the condition that the characteristic imped¬ 
ance of the cable of the T must be x/2 times 
that for the feed cables. The two cables 
chosen satisfied this condition closely. It was 
found that the T could be adjusted to an 
isolation of 40 db between opposite termi¬ 
nals and an equality of power division to 
within 0.25 db. 

Two transmitters were used, capable of 
producing up to 45 watts each. One trans¬ 
mitter provided ft in Fig. 1, and also pro¬ 
vided a reference signal to a SSB generator 
circuit which produced the drive for the sec¬ 
ond transmitter at a frequency 160 cps 
different from ft (Fig. 2). 

Type-7360 tubes were used at 11 Me as 
balanced modulators; their output tanks 
were detuned above and below the carrier 
frequency, and the outputs combined in a 
cathode follower to provide a SSB signal 80 
cps removed from the original carrier. 

The cathode follower output was injected 
into the grid circuit of a class-C Hartley os¬ 
cillator. 

The synchronized oscillator provided 
good limiting and hence suppression of resid¬ 
ual carrier and unwanted sidebands, and 

Fig. 2 — Circuit for the generation of the signals 
of frequency /i and ft. 

gave a high-level signal to drive the doubler 
of the second transmitter without further 
amplification. 

S. R. Penstone 
A. W. Adey 

Radio Physics Lab. 
Defence Research Telecommunications 

Establishment, 
Shirley Bay, Ottawa, Canada. 

A Comparison Between Theoretical 
and Experimental Data on Phase 
Velocity of VLF Radio Waves* 

The U. S. Navy Electronics Laboratory 
has obtained data which permit the absolute 
determination of the phase velocity of VLF 
radio waves. 12 The observations were made 
by transmitting one-second bursts of an un¬ 
modulated carrier from a master station. 
When the master station was silent, similar 
transmissions were made at the same fre¬ 
quency at two slave stations. The relative 
phases of the master and the two slave trans¬ 
missions w'ere observed at two receiving 
sites. The results of these experiments are to 
be published in a forthcoming paper by 
Pierce, Casselman, Tibbals, and Heritage. 
Mr. Tibbals sent me a copy of the manu¬ 
script for my comment. Since the subject is 
of great importance, 1 thought that my in¬ 
terpretation of their data might be of in¬ 
terest. For sake of completeness, a concise 
description of their technique is also given. 

In the first set of experiments, in the 
spring of 1959, the master station was at 
Haiku, Hawaii, and a slave station was at 
San Diego, Calif. The receiving site was 
located at Wahiawa, also in Hawaii. The 
frequencies employed were 10.2, 11.2, 13.2, 
14.2, and 15.2 kc. In the second set of ex¬ 
periments, in early 1960, a second slave sta¬ 
tion was located at Forestport in New York 
state and an additional receiving site was 

♦ Received by the IRE, February 9, 1961. 
1 J. A. Pierce, C. J. Casselman, M. L. Tibbals, and 

D. P. Heritage, “The velocity of propagation of VLF 
radio waves,” to be published. 

2 C. J. Casselman, D. P. Heritage, and M. L. 
Tibbals, “VLF propagation measurements for the 
Radux-Omega navigation system,” Proc. IRE, vol. 
47, pp. 829-839; May, 1959. 
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located near San Diego. The frequencies 
were then 9.2, 10.2, and 12.2 kc. 

The data obtained in such experiments 
define only the phase, <t>, of one signal with 
respect to another. The corresponding phase 
velocity v is related to </> by the equation 

„ . d 
2irj — = 2tmr -h 

V 

where d is the total distance of travel and m 
is some unknown integer. An initial estimate 
of m can be made by taking the phase veloc¬ 
ity » to be the same as the velocity of light. 
The remaining ambiguity can be resolved by 
plotting derived values of f as a function of 
frequency for various values of m. When 
this is repeated for several values of d, it be¬ 
comes quite apparent which sets of points 
should be chosen. Essentially, this is the tech¬ 
nique used by Pierce, Casselman, Tibbals, 
and Heritage.1

The situation is illustrated in Fig. 1(a) 
and Fig. 1(b), where possible values of the 

- B«0 I 
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(b) 

Fig. 1 Phase velocity as a function of frequency for 
day and night. The curves are based on mode 
theory and the points are obtained from the ex¬ 
perimental data of Pierce, Casselman, Tibbals, and 
Heritage. 

phase velocity deviation (v/c — 1 ) are plotted 
vs frequency. The small circles correspond 
to the path from Hawaii to San Diego to 
Hawaii. The dots correspond to the path 
from Hawaii to Forestport, N. Y., to Ha¬ 
waii. The crosses correspond to the path 
Hawaii to Forestport, to San Diego. Also 
shown in Figs. 1(a) and 1(b) are some 
points which represent data taken on a 
ship moving between California and Hawaii 
in August, 1959. The distance to San Diego 
in hundreds of kilometers is indicated beside 

each point. Because the ship’s position was 
not known accurately, this set of data is not 
as precise. 

Curves of (v/c — 1) derived from mode 
theory are now also drawn in Figs. 1(a) and 
1 (b). Thefulleffect of earth curvature is taken 
into account by using Airy integral approxi¬ 
mations for the relevant spherical wave 
functions.3’4 The ionosphere is assumed to be 
sharply bounded and its lower edge is lo¬ 
cated at heights of 70 and 90 ktn. The 
dashed curves were calculated on the as¬ 
sumption that the upper boundary was 
equivalent to a perfect magnetical conductor 
and the lower boundary was a perfect elec¬ 
trical conductor. (Sometimes this is called 
the “rr-model” since the phase shift on re¬ 
flection at the ionosphere is rr radians or 
180°.) The solid curves are the result of ap¬ 
plying a correction which takes into account 
the imperfect reflection at the upper bound¬ 
ary. In this example, a parameter B (x the 
reciprocal of the ionospheric conductivity) 
was taken to be 0.1, which is quite typical. 3 

The effects of the earth's magnetic field are 
neglected in the calculation since its in¬ 
fluence on phase velocity is expected to be 
very small.4

It is quite apparent from studying Fig. 
1(a) and Fig. 1(b) that the curve for A = 70 
km and B = 0.1 is quite a good fit for the 
data in the daytime, whereas the curve for 
h=90 km and 77=0.1 is more appropriate 
for the night. In fact, it would be very diffi¬ 
cult indeed to find any other smooth curves 
which could be drawn in a satisfactory man¬ 
ner through the data points. Ideally, one 
should have coincidences between the dots, 
circles, and crosses for the correct value of 
v/c — 1. Unfortunately, the variability of the 
relative phase is large enough to destroy any 
close coincidences. Furthermore, the theo¬ 
retical curves refer only to the first order or 
dominant mode. In actuality, there are 
many modes present and only at very great 
distances may the higher modes be neg¬ 
lected. The presence of such modes is to ren¬ 
der the phase velocity a function of distance. 
Thus, perfect coincidences would not be ex¬ 
pected between the three kinds of points in 
Figs. 1(a) and 1(b) even if there were not 
any time variability. Another effect of 
higher modes is to introduce an undulation 
in the dispersion curve. There is some sug¬ 
gestion in Fig. 1(b) that the circles would 
fall on such a curve. The smallness of this 
undulation is actually strong evidence that 
only one mode is really significant at these 
ranges. 

It can be concluded that there is fairly 
good agreement between measured phase 
velocity and the mode theory as developed 
for a curved earth-ionosphere waveguide. 
Furthermore, the heights of the equivalent 
reflecting layer are fairly consistent with 
other results. 

James R. Wait 
National Bureau of Standards 

Boulder, Colo. 

’J. R. Wait and K. Spies, “Influence of earth 
curvature and the terrestrial magnetic field on VLF 
propagation,” J. Geophys. Res., vol. 65, pp. 2325-
2331; August, 1960. 

« J. R. Wait. “A new approach to the mode theory 
of VLF propagation." J. Res. NBS, vol. 65D, pp. 37-
46; January-February, 1961. 

Reflection and Transmission of 
Conductive Films* 

In a recent letter, Koide1 has discussed 
the reflectivity of thin conducting films. The 
author derives a formula for the surface im¬ 
pedance of the film for the case of normal 
incidence and he obtains the reflection co¬ 
efficient as a function of the intrinsic im¬ 
pedance, the propagation constant and the 
thickness of the film. It is interesting to note 
that the reflection coefficient is completely 
independent of frequency as long as the 
complex permittivity of the film remains 
constant. 

The purpose of the present letter is 
1) to present a more general relation for 

the reflection coefficient and transmis¬ 
sion coefficient of thin conductive 
films for an arbitrary angle of inci¬ 
dence; 

2) to give the first-order frequency-de¬ 
pendent term for the reflection and 
transmission coefficient; 

3) to present the first-order correction 
terms in case of non-negligible dis¬ 
placement currents; 

4) finally, to derive a formula for thick 
conducting films. 

The formulas derived subsequently will 
be useful for evaluating the transmission and 
reflection coefficients for an arbitrary angle 
of incidence and for estimating the perturba¬ 
tion terms due to the frequency and the dis¬ 
placement current. 

The term thin conductive films will only 
be applied for a film having the following 
properties: 

1) The thickness, d, of the film must be 
small with respect to the skin depth, r 

d<s^^ = L±i. (1) 

2) The conductivity, a, of the film must 
be large compared to the displacement 
conductivity of the film 

d > (2) 

The following notation will be used: 

a = «i = angle of incidence for a plane 
electromagnetic wave (Fig. 1) 

7m = Vw^memMoe« —jwMmMisrm = propa¬ 
gation constant 

=electric field perpendicular to the 
plane of incidence 

Ha. = magnetic field perpendicular to the 
plane of incidence 

In addition, we introduce the general im¬ 
pedance 

7m cos a,„ 
gm =- for Kl nt = 1, 2, 3 (3) 

7m 

UH,„Un COS am 
gm ™ for IIA. nt = 1,2,3 (4) 

where sin a„ satisfies Snell’s reflection law 

* Received by the IRE, February 16, 1961. 
1 F. T. Koide. “Depth of penetration as a measure 

of reflectivity of thin conductive films." Proc. IRE 
(Correspondence), vol. 48, pp. 1654-1655: September. 
1960. 
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Fig. 1—Schematic representation of a plane electro¬ 
magnetic wave incident on a plane boundary and 
transmitted into medium 3. 

Wwi Sin Otm Sill am + l (5) 

nm — 4/ — J- - (o) 

The reflection coefficient, r, and the 
transmission coefficient, t, may be computed 
by formulating the boundary conditions on 
each interface of the layer. Both coefficients 
are defined as the amplitude ratio of the 
tangential component of the electric field 
(El.) or the magnetic field (//±) on the in¬ 
terface and the corresponding incident field 
strength on the interface. The result is 

r = — t(Xi — ft) (ft + gd^’1
P 
+ (ft+ft)(ft-ft)^l (7) 

P 
P = («i + ftXft + gd^ 

+ (ft - ft) (ft - g3)e^. (9) 

A general discussion as well as recursion 
formulas for any discrete number of layers 
have been published by Wolter.2

If we take vacuum for the medium »» = 1 
ami in=3, we have »i =»3=0, mi=M3=1 and 
»i =«:, = 1. We put 

» ■ »j and 0 = 02 (10) 

ami we obtain by a straight forward calcula¬ 
tion from Í7) (9), by neglecting the displace¬ 
ment current and by using only the first 
three terms of the series expansion, 

(0d}2
^»l±0d+^- (11) 

l= +- - ß± (13) 
/m- lad (ßd)2

co cos ot 2 

111. (15) 

2 H. Wolter, “Optics of thin films," in “Encyclo-
jx-dia of Physics," Springer- Verlag, Berlin, Germany, 
vol. 24, pp. 469 473; 1956. 

The perturbation term, (fid)2, increases 
linearly with increasing frequency and may 
be disregarded if the thickness of the film is 
extremely small with respect to the skin 
depth. This w ill lead finally to the frequency 
independent reflection and transmission co¬ 
efficient as mentioned above. 

It is important to note that the effective 
thickness of the film is 

d.a =- El. (16) 
cosa 

defied cos a HJL. (17) 

From this it follows that the film has the 
properties of a polarization filter if a«r/2. 

Additional terms are added if the per¬ 
turbation due to the displacement current is 
computed. The first-order terms are 

r F ad 

T . , iow sin2 a ”1 
• i :- /a (is) L 2a Lß2a J 

1 . . / Mo ad 
— =1 + 4 — ~ I F Co 2 cos a 

[
.e-^ow . cow sin2 a~| „ 

l+j ?- J—- (19) 
¿a L^aa J 

Un ad COS a 

«•¿tow «o» sin2 ot "1 
• 1-7^ -J 2“- [EL (20) L La Lf^a J 

1 /fin ad COS a 
I co 2 

[
Cien« sin2 a "I 

1 + j - "1- (21) La ¿n>a J 

The term (3</)2/2 may be added, if neces¬ 
sary, according to the formulas (12)-(15). 

A thick conducting film is defined by 

I » I (22) 

and we obtain directly 

/ItnUMú 
r = — 1 4* cos a 4/ - (1 + j) 7--L (23) 

9 a 

/ IfnUKü 
t = 2 cos a i. (1 + j)^ AT (24) 

' a 

1 /2t>M-^3 
r = + 1- 4/---(l+j) Hl (25) 

cosa ’ a 

2 / 2tfíUKú 
t = - 4/ — - ( 1 + j)e-M Hl . (26) 

COS (ï * a 

As expected, the reflection coefficient is 
of the order —1 in the electric case and -H 
in the magnetic case. The perturbation term 
is always complex and of course frequency¬ 
dependent. 

The author thanks W. Tschopp for valu¬ 
able discussions. The aid of the “Schweizer¬ 
ischer Nationalfonds zur Förderung der 
Wissenschaften” is gratefully acknowledged. 

Martin V. Schneider 
Swiss Federal Institute of Technology 

Zurich, Switzerland 

A Mechanism for Direct Adjacent 
Channel Interference* 

The type of crosstalk described in the 
title is likely to occur in systems which have 
closely packed FM channels such as broad¬ 
band microwave systems or FM multiplex 
systems. The phenomenon can be described 
with the aid of Fig. 1. Assume that the 
Channel 1 input is an unmodulated carrier 
and the Channel 2 input is a frequency 
modulated carrier. In these circumstances, 
it is possible for the modulation on Channel 
2 to appear in a clear, ungarbled form in the 
baseband output circuit of Channel 1. This 
is true in spite of the fact that |o>|—wsj is 
much greater than the highest baseband 
passed by the output filter in Channel 1. 
1'he resulting interference is not, and cannot 
be, the result of simple beats between the 
Channel 1 carrier and the spectrum of the 
signal in Channel 2. 

This type of interference was first noted 
by J. G. Chaffee in 1939, and was observed 
in the TD-2 Radio System in 1955 by S. D. 
Hathaway. The problem was brought to the 
attention of the author by H. E. Curtis of 
Bell Telephone Laboratories. In view of the 
continuing interest in this problem and its 
importance in broad-band FM systems,' 
it was thought that this mechanism may be 
of general interest. 

Fig. 1 ■ Channel arrangement resulting in 
direct adjacent channel interference. 

D, Dz

Fig. 2—Limiter circuit. 

The purpose of a limiter in an FM re¬ 
ceiver is to remove any incidental amplitude 
modulation on the incoming signal. This 
AM suppression can be \ iewed asa combina¬ 
tion demodulation anti remodulation proc¬ 
ess. A theory2 has been worked out along 
these lines, and the predictions from this 
theory agree remarkably well with labora¬ 
tory experiments on practical limiters. Thus, 
if the limiter input (see Fig. 2) is an ampli¬ 
tude modulated carrier, the combination of 
1)1 anti Zb forms a detector which detects 
the AM signal and causes a voltage, at the 
modulating frequency, to appear across Zb. 

♦ Received by the IRE, February 27, 1961. 
1 II. E. Curtis, T. R. D. Collins, and B. C. Jami¬ 

son, "Interstitial channels for doubling TD-2 radio 
system capacity,' Bell Sys. Tech. J., vol. 39, pp. 1505 
1527; November, I960. 

2 C. L. Ruthroff, “Amplitude modulation suppres¬ 
sion in FM systems," Bell Sys. Tech. J., vol. 37, pp. 
1023-1046; July, 1958. 
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This voltage remodulates the carrier in 1)2, 
creating AM sidebands which tend to cancel 
the original AM. 

With this brief description of limiting, 
the mechanism of direct adjacent-channel 
interference can be understood. The FM 
signal in Channel 2 (Fig. 1) is partly con¬ 
verted to AM on the frequency selectivity 
skirts of Channel 1. This AM signal is de¬ 
modulated in the limiter of Channel 1 result¬ 
ing in the Channel 2 modulation appearing 
across Zb. This is in turn remodulated on the 
carrier of Channel 1 as amplitude modula¬ 
tion. The discriminator is, of course, sensi¬ 
tive to AM, so the Channel 2 modulation 
appears at the output of Channel 1. It re¬ 
mains to examine the behavior of the inter¬ 
ference with respect to the amplitude ratio 
of the desired to undesired signals. 

After the signal on Channel 2 is con¬ 
verted to AM, the limiter of the Channel 1 
receiver has the following input: 

e = £[cosuff + /(I 4- k cos />/) C0SW2/] 

= /'.'[cOS Ult + / COSW2/ 

+ I y (cos(œ, + />)/ + cos (wj - />)/)] (1) 

where, 
I is the ratio of the carrier voltage of 
Channel 2 to that in Channel 1, at the 
limiter input of Channel 1 
k is the AM index as a result of FM-AM 
conversion of the FM on Channel 2 on 
the skirts of Channel 1 

w, is the carrier frequency of Channel 1 
ws is the carrier frequency of Channel 2 
p is the modulating frequence on Chan¬ 

nel 2. 

In the limiter diode DI, new frequencies 
will be generated corresponding to the sums, 
differences, and harmonics of the frequencies 
in ( 1 ). If any new frequency is terminated in 
a finite impedance, it, too, becomes an input 
and the frequency generating process con¬ 
tinues.’ I’he current in the diode can be rep¬ 
resented by a power series of the input volt¬ 
age. 

in = a,e + a2e2 + • • • a„e" • • • (2) 

Consider the „th term, 

a„e" = a„E"\aKatt + /(I + Pens pt) cosw»/]“ 
(3) 

= <i„/f"|cos” uil +„cos"_1 a>i//(l+Â’COS/>/) 

COSO!-./ 

n(n — 1) 
-j- -■ - COS" 2 Mill2

• |(1 + k cos pl) cos w-/]’ 
n(w - 1)(„ - 2) 

-|- - cos" 

•|(1 + k cos pl) COS 012/]’ 

Ihe first term represents harmonics of the 
Channel 1 carrier. I he second term gives 
distortion predicted in low-index theory 

' R. S. Caruthers, “Copper oxide modulators in 
carrier telephone systems," Hell Sys. Tech. J., vol. 18, 
pp. 315-337; April. 1939. 

which falls outside the output filter of Chan¬ 
nel 1 for this case. I he third term contrib¬ 
utes to direct adjacent channel interference. 
In addition to terms falling outside the fre¬ 
quency range of interest, the third term 
includes 

n(n — \)En n-2 
et> = —212"“*— COS * even

n—2 
where X(»_2>-2. is equal to the combination 
of n — 2 things taken („ —2)/2 at a time. 

Therefore, a current at the frequency p 
is flowing in DI and a voltage across Zb will 
appear in proportion. T his voltage will re-
modulateui in D2, giving the direct adjacent-
channel interference effect. 

The magnitude of the interference is pro¬ 
portional to I2k. Therefore, if the interfering 
Channel 2 is suppressed one db, the inter¬ 
ference drops 2 db. If the index of modula¬ 
tion on Channel 2 is increased one db, the 
interference increases one db since the factor 
k is proportional to the FM index on Chan¬ 
nel 2. (Assuming a constant slope skirt.) 

1 ligher-order distortion terms will result 
from terms beyond the third in (3), but 
these will be much smaller in magnitude 
than the interference due to the third term. 

Once the AM is generated in the limiter, 
the main damage is done. A second limiter 
would remove the AM generated in the first, 
but the same mechanism will occur in the 
second limiter. In general, practical discrim¬ 
inators are very sensitive to AM and it is 
also known that the AM generated in the 
limiter can be converted to FM in the lim¬ 
iter. This, of course, would “freeze” the in¬ 
terference in Channel 1 and it would then 
be impossible to remove it. 

I he foregoing explanation was based on 
the limiter, but the mechanism is obviously 
valid for any nonlinear components, includ¬ 
ing amplifiers, in compression and discrim¬ 
inators. 

Clyde I,. Ruthroff 
Bell Telephone Labs., Inc. 

Holmdel, N. J. 

Tunnel-Diode Binary Counter 
Circuit* 

Fig. 1 shows a tunnel-diode circuit with 
a de load line shown in Fig. 2 This load line 
establishes two stable de operating points, 
A and C. I nder ordinary conditions, the 
load line is determined mainly by R. 

Assume that the circuit is at state /I 
(Fig. 2). A positive input pulse of sufficient 
amplitude would move the operating point 
beyond the knee and the operating point 
would switch. I he current in the inductance 
would not change during switching and the 
operating point would move to B. The cur¬ 
rent in the inductance would then start to 

♦Received by the IRE, January, 30, 1961; re¬ 
vised manuscript received, February 23, 1‘»6I . 

Fig. 2 -Operating conditions for single tunnel-diode 
flip-flop and the monostable circuit. 

decay and the operating point would finally 
rest at C. 

\\ hen a second positive pulse is applied, 
the voltage on the tunnel-diode will rise 
(about to B) and start to decay. If the re¬ 
active elements of the circuit are such that 
the circuit is underdamped there will be a 
negative overshoot. This may bring the 
operating point below the knee, and hence 
the diode will switch back to A through I). 
A tvpical waveform is shown in Fig. 1. To 
understand why the negative overshoot oc¬ 
curs only at the second pulse, consider the 
current initial conditions: on switching 
from .1 there is a high initial current I a in 
the inductance, while in the other case it is 
only R, with Ic the steady-state value. For 
transient quasi-linear analysis, the initial 
current in the inductance could be consid¬ 
ered Ib — Ic in the first case and zero in the 
second. The capacitance initial voltage 
(after the input pulse is over) is FA — Fc in 
both cases. Examination will show that the 
component of the transient, due to the ex¬ 
cited inductance, will cancel the negative 
overshoot which is present in the component 
due to the capacitance charge. 

Design values for Ge diodes are about 

TOO 

~ip 
VL/C/R = 3.5. 

R is measured in ohms, and Ip, the diode-
peak current, in milliamperes. 

From the description of the operation, 
it is clear that the duration of the input 
pulses has to be short compared to the time 
constant of the circuits. Hence, if the input 
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pulses are too long, it may be necessary to 
add capacitance. 

The voltage obtained across the induct¬ 
ance, or on a secondary turn, is shown in 
Fig. 1. Considering only single polarity pulses, 
a pulse (say positive) is obtained only for 
every other input pulse. This could be used 
asa “carry” in counting. 

A convenient way to eliminate the nega¬ 
tive pulse, and at the same time to amplify 
and reshape the positive pulse, is to feed it 
into a monostable amplifier. The monostable 
circuit is essentially similar to that of Fig. 1, 
but with a load line .1 F that cuts the char¬ 
acteristic only at one point. A positive input 
pulse triggers it, and it produces a square 
wave while a negative input pulse does not. 

Conclusion 
lhe above-described circuit will alter¬ 

nate between two voltage states, high and 
low, with every input pulse. It will also pro¬ 
vide an output pulse for every second input 
pulse; this would make it eminently suit¬ 
able as a counter. 

Hanoch I'r 
Electronic Data Processing Div. 
Radio Corporation of America 

Camden, X. J. 

forward bias across the E-B junction. The 
trigger sensitivity' can be optimized in the 
following ways: 

1 ) Adjust the collector potential close to 
the avalanche-breakdown potential. 

2) Set the base bias close to the poten-
tential where regenerative multipli¬ 
cation starts. 

3) Reduce the base resistance rs' to the 
lowest possible value so that most of 
the trigger ptdse energy reaches the 
emitter junction. 

3) The avalanche-breakdown current 
drives the tunnel diode back into the 
reverse high-conduction state, thus 
reducing losses and feedback of pulse 
energy into the trigger reset. 

4) The tunnel diode is automatically 
reset. 

Fig. 2- Base-triggered avalanche stage with 
tunnel diode. 

New Ways to Trigger Avalanche 
Pulse Circuits* 

1'he problem of triggering avalanche 
pulse stages is considered in this note. A 
good trigger system should fulfill the follow¬ 
ing conditions: 

1) High sensitivity without responding 
to noise. 

2) Low delay and negligible jitter be¬ 
tween trigger and output ptdse. 

3) No feedback of pulse energy into the 
trigger circuit. 

Base triggering, as shown in Fig. 1, seems 
most suitable because switching occurs 
mainly between emitter and collector. In 
the stand-by’ condition, the collector volt¬ 
age Pc is adjusted close to the avalanche 
breakdown potential where the multiplica¬ 
tion factor, If, is high. To prevent regenera¬ 
tive avalanche breakdown, the minority 
current, Ie, from the emitter junction must 
be below a critical value. If Vb> ru' Ib, 
practically no minority carriers are intro¬ 
duced by the reverse-biased emitter junc¬ 
tion and /b=0. Nearly’ all the collector cur¬ 
rent Ic=MIco flows through the base. 

(Map- 1) ~ 
IB ~~ IC~(^ = ~IC-

Avalanche breakdown starts as soon as 
more than the critical number of minority 
carriers are generated as a residt of increased 

* Received by the IRE. January 10, 1961; re¬ 
vised manuscript received. March 3, 1961. 

Fig. 1—Base-triggered avalanche stage. 

Component variation and temperature 
changes of transistor parameters force a 
high safety’ factor and consequently reduce 
trigger sensitivity. Particularly damaging 
is the temperature sensitive collector cur--
rent Mico- The voltage drop MIco(R+rB') 
tends to forward bias the emitter junction. 
The situation can be improved if rn' and 
Mico are kept as low as possible. Reduction 
of R is only helpful to the point where the 
gain increase in sensitivity is offset by the 
loss of trigger energy' in Ra-

Better results are possible if the resistor 
Ra is replaced by a tunnel ditxle as shown 
in Fig. 2. The circuit is very sensitive and 
works reliably if the base resistance r«', and 
the current, Mico, are reasonably low. Re¬ 
verse bias Ve is applied at the emitter side 
to compensate for the forward bias Vb 
across the tunnel diode. A highly capacita-
tive forward-biased diode between emitter 
and ground supplies the de bias and pro¬ 
duces an ac short at the same time. After 
breakdown, the tunnel diode must be reset 
to its original state. Fig. 3 shows an ava¬ 
lanche power device triggered from the 
emitter side. The resistor Re between emitter 
and ground should be large during the stand¬ 
by period for high trigger efficiency and 
small during the breakdown period to pre¬ 
vent power losses and feedback of the output 
pulse into the trigger circuit. A tunnel diode 
instead of Re fulfills these requirements. The 
circuit has the following features: 

1) de bias can easily be adjusted from 
the base side. An inhibit circuit may 
be used. 

2) Ie is low during the standby period 
which allows biasing the tunnel diode 
very closely to the switching thresh¬ 
old.’ 

Fis. 3—Emitter-triggered avalanche stage with 
tunnel diode. 

Input and output waveforms in Fig. 3 
show that very little energy flows back into 
the trigger circuit. The time delay of 2-4 
m^sec between input anti output pulse de¬ 
pends on the lead inductance and stray 
capacitance. Our test circuit was much 
easier to control from the emitter than from 
the base side. 

In summary, it can be said that the 
tunnel diode improves the sensitivity and 
stability of base-triggered, and especially' of 
emitter-triggered, avalanche circuits. A 
promising application may be their use as 
power drivers in microminiaturized form for 
tunnel diode logic. 

H. G. Dill 
Semiconductor Div. 

Hughes Products Co. 
Newport Beach, Calif. 
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Discussion of “Combined 
AM and PM for a One-
Sided Spectrum”* 

In a recent communication,1 Chakrabarti 
proposes a simple means of obtaining a one¬ 
sided spectrum. His method is to modulate 
the phase as well as the amplitude of a car¬ 
rier. rhe modulating signal, a sine wave, is 
shifted 90° before being applied to the phase 
modulator. While this method appears to be 
an elegant means of obtaining a single¬ 
sideband spectrum, it does not, after scruti-
nization. actually yield the desired result. In 
what follows, it will be shown that for the 
case considered by Chakrabarti, only the 
first lower sideband frequency component 
vanishes. 

Consider a sinewaxe carrier of angular 
frequency wo, modulated by a signal of 
angular frequency w. such that the resultant 
signal is 

r(t) = ( 1 4- ni cosaU) sin (w(7 4- in sinaU). (1) 

This can also be written in complex form as 

r(t) = Im |(1 4- in cos u„t) 
•exp [i(wn/ 4* ni sin w,oil. (2) 

w here I in denotes the imaginary part. I sing 
the relation2

exp (»»/ sin = F exp (inuj). (3) 

one can write 

r(/) = Im lexP ('W)+exp ( — 

* / 
'A ■' ,,(m) exp z(wo4-hw„)/ç , 

or 

= lm j ¿ 

exp /(wo4-wwJ/ç . (4) 

Applying the well-known recursion formula2

nJ,, (in) = — lJn+i(w) 4-/n-i(w)J, (5) 

and taking the imaginary part of (4) yields 

r(/) = ¿ (n 4- sin (w0 4- n^Al, (6) 

the Fourier series expansion of ( I ). From (6), 
it is seen that only the term for xx hich n = — 1 
(i.e., the first lower sideband frequency com¬ 
ponent) vanishes ident ically for all values 
of in. 

Although the above combination of 
AM-PM does not produce a spectrum that 
vanishes identically for all negatixe values 
of n, there does exist a combined AM-PM 
system w hich w ill gixca one-sided spectrum. 

Consider w riting (1) in the more general 
form, 

r(i) — 11 4~ n(I) I cos [wp/ 4" ̂ (/)L (7) 

* Received by the I RI’. October 20, 1960. 
1 N. B. Chakrabarti, “Combined AM and I’M for 

a one-sided spectrum," Proc. IRK, vol. 47 (Corre¬ 
spondence), I». 1663; September, I‘>59. 

2 A. Sommerfeld, “Partial Differential liquations," 
Academic Press, Inc., New York, N. Y., pp. 84 108: 
1949. 

where the amplitude modu ation function 
satisfies the inequality 

1 4- a(0 > 0. (8) 

Now if the phase modulation </>(/) is related 
to the amplitude function by 

1 f * In [1 4-ö(t)I 
^(1) = - I — - ~ dr. (9) 

IT J -X / — T 

where In denotes the natural logarithm, then 
r(t) has no frequency component smaller 
than the carrier frequency wo, provided the 
integral exists.3

For small values of a(t), «(/)«1, the 
logarithm in (9) may be expanded and 
higher-order terms inxolx ing powers of a(r) 
neglected. Hence, 

1 f * o(t) 
^(t) » — I - dr iora(i) « 1. (10) 

7T J -x t — T 

The integral on the right s the “Hilbert 
transform” (quadrature signal) of a(t), In 
the frequency domain, the Hilbert trans¬ 
form shifts the phases of all the spectral 
components by —90°. Specifically , if 

a(t) = in cosW, (11) 

(10) yields 

</>(/) ~ nt sin aM forw « 1, (12) 

in agreement with the original suggestion of 
Chakrabarti, but now restricted to small 
values of in. 

Ihe fact that (6) xvill yield approxi¬ 
mately a one-sided spectrum for small values 
of the modulation index in xvill noxx’ be shown 
directly from (6). 

For small x alues of in, the Bessel function 
can be approximated by2

, v (m/2)n
J„(ni) ~ for n > 0 (13a) 

nl 

and 

, (w/2) -w
J„(m) « (— D"- for n < 0. (13b) 

( —n)l 

Substituting this relation in (6) and neg¬ 
lecting second- and higher-order terms in in 
gives a relation inxolx ing only the carrier 
and the first upper-sideband frequency 
component: 

r(/) ~ sin wp/ 4- m sin (w0 4" w J/ 
for m « 1. (14) 

In a later communication, Taylor1 points 
out that the “identity” betxveen combined 
AM-PM and a single-sideband modulation 
was illustrated and discussed in 1937 by 
Barkhausen.5 Howexer, Taylor doesnot 
mention that Barkhausen correctly states 
that this rekit ion is only an approximation 
for small x alues of m. 

R. M. Golden 
M. R. Schroeder 

Bell Telephone Labs., Inc. 
Murray Hill. N. J. 

3 Fora recent application of this relation and fur¬ 
ther references, see K. II. Powers. “The compatibility 
problem in single sideband transmission." Proc. IRE, 
\’ol. 48, pp. 1431 1 135; August, I960. See especialk’ 
p. 1433. 

' A. II. Taylor, ^“Combined AM and PM for a 
one sided spectrum," Proc. IRE (Correspondence), 
vol. 48, p. 953; May, I960. 

••II. Barkhausen, “ Electronon- Röhren," Yerlag 
S. Hirzel, Leipzig, Germany, vol. 4, pp. 159 ff; 1937. 

A uthor's Reply6
The author is in full agreement with the 

remark of Golden and Schroeder that the 
scheme presented 1 applies to the low-modu¬ 
lation index. He was fully aware that only 
the first-order sideband will be completely 
cancelled. One could readily calculate that 
under the conditions envisaged in the letter 
under discussion the magnitudes of the 
second- and third-order loxver sidebands are 
respectixely J2 and 2 J.,. No reference was 
made to these, as their magnitudes are much 
smaller than the corresponding higher-order 
sidebands (3J2 and 4J3). 

We shall here briefly indicate how the 
magnitudes of the higher-order sidebands on 
either side can be reduced. Our consideration 
xvill be limited Io single-tone modulation. if 

denotes the magnitude of the wth side¬ 
band before the carrier is amplitude modu¬ 
lated by a signal c.(/)= I 4-W« cos ff, then the 
corresponding amplitude after the modu¬ 
lator is 

in a 
B„ = (.l„-i 4" d„+i) 4* • !„. 

To ensure better reduction of the second- or 
third-order sidebands than xvas possible in 
the simple scheme, one notes that the mag¬ 
nitude of A .2 has to be greater and .!_» has 
to be negatixe. In the practical setup, the 
three following schemes were tried: 

1) Introducing, by means of a nonlinear 
shaper, a controlled amount of har¬ 
monic distortion in the right phase in 
the phase-modulating signal prior the 
90° phase shifter. 

2) Adding an asymmetrical sideband 
carrier modulated by the harmonics 
of the phase modulating signal, and 
limiting. 

3) Limiting the output of an asy mmetric 
sideband carrier obtained through 
nuxlulating txvo 90° phase-shifted 
carriers by phase-shifted signals 
(Ccosff4"Nsin ffand Ceos ff —5sin ff). 

I he trouble is that the cancellation of 
the first-order sideband is no longer auto¬ 
matically complete: the ratio of the magni¬ 
tude of phase-mod illation index to AM index 
w ill haxe to be adjusted for good rejection 
with xariation of modulation depth by 
means of an amplitude-control .irrangement. 
In case 1 ), this gain control is xery well pro-
vided by the shaper itself for certain shaping 
characteristics. (On the debit side the band-
xvidth of the phase shifter is considerably 
greater than that ordinarily required.) The 
gain control circuit is either a volume ex¬ 
pander for the phase modulator or volume 
compressor for the amplitude modulator. 

Let us consider a specific example of 
case 1). Suppose that the phase-modulated 
carrier is gix en by 

sin (wi»/ 4- m,, sin ff — m2 sin 2ff 4- m., sin 3ff) 

11 ere m2 and ni,. arc proportional respcc-
tixcly to ni lt- and m,,8. the constants of 
proportionality being adjusted to minimize 
the magnitude of the undesired components. 
Taking ni,, = 0.5. w_> = 0.08, and nin = 0.02, one 
gets approximately 

• Received by the IRE. March 7, 1961. 
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4+, = 0.252, 4_i = 0.232. .l +2 = - 0.01, 
4+2 = 0.067, ^+3—0, 4_2 - - 0.02 
and 
4» = 0.938. 

On adjusting »»«=0.475, one gets 
B_, = 0.006, B+1 = 0.473, 
B_, = 0.01. B+2 = 0.045. 

Similarly, for 
mp = 0.80, »u = 0.22, m3 = 0.08 and 

m« = 0.66, 

one gets 
B,, = 0.734, B , - 0.005, 
B+2 = O.l(X), B_2 = - 0.040. 

Now to consider cases of scheme 3) in 
similar conditions, let the modulated carrier 
prior to the limiter be represented by 

e(/) = sin wot + -4 « sin (wd + 9) 
— Ai sin — 9). 

For 4.=0.375 and 4 (=0.1 25, the relative 
magnitudes of the sidebands after the limiter 
will be given approximately by 

4+i= 0.267, 4_i= 0.233, 
4+2 = - 0.02 4_2 = 0.034. 

Taking »/„=0.475, we obtain 

B.,= 0.505, B+2 = 0.043, B-2 = - 0.021. 

Similarly, when 4„ = 0.60 and Ai-0.20, one 
calculates 

B+1 = 0.720 B-2 = - 0.040, B+2 = 0.090. 

These figures are obviously not the optimum 
values. We should like only to note that it is 
quite a practical proposition to keep the 
total undesired sidebands on the wrong side 
to within 5 per cent, and the total higher-
order sidebands on the same side to within 
10 per cent for an equivalent modulation 
depth not exceeding 80 per cent. It is felt 
that since the energy distribution of common 
signals is sparse at higher frequencies, the 
in-band distortion can be permitted within 
reasonable limits, in which case it is possible 
to reduce further the out-of-band undesired 
sidebands. 

In conclusion, the author would like to 
mention that “combined AM-PM” has been 
successfully applied to pulse modulation 
with an almost 50 per cent reduction in 
bandwidth. The carrier to be pulse modu¬ 
lated is first phase modulated by means of 
a repetitive pulse sequence. The repetitive 
wave is to be skew-symmetric, that is, to 
change sign at the pulse center (correspond¬ 
ing to the requirement of 90° phase shift in 
the LF case), its time period should bear 
a certain relationship to the duration of the 
pulse, depending on the latter’s waveform. 
The resultant spectrum is due to the sum of 
spectra of modulated carriers centered at the 
carrier and the combination frequencies of 
the carrier and the phase-modulating wave, 
which are of right phases to give cancellation 
on one side and augmentation on the other. 

N. B. Chakrabarti 
Inst. Radio Physicsand Electronics 

University of Calcutta 
India 

Approximate Solution to Semi¬ 
conductor Noise as a Queuing 
Problem* 

Bell' interprets the charge carriers in the 
conductor band as the waiting line of a 
queuing operation whose customers (exci¬ 
tation from the base levels) arrive at ran¬ 
dom, i.e., by a Poisson process: 

We-X‘ 
(» = 0, 1 • • • ). 

The service channels of a queue whose total 
number is c correspond to c vacant base 
levels to which the charge carriers can re¬ 
turn, and the duration of time in which the 
base level is occupied by a carrier (until it is 
excited into the conduction band) has an 
exponential distribution 1 —c-“1. The mean 
1/» is fixed by the excitation energy through 
the thermodynamic relationship between 
“free” and “bound” times. The number of 
carriers is assumed governed by the number 
of excitations (although the two have equal 
expected values, they will not tally pre¬ 
cisely all the time). It is desired to compute 
the semiconductor noise spectrum. 

In his paper. Bell attempted the use of 
an approximation by Pollaczek2 which led to 
considerable analytical difficulty and hence 
was unable to compute the power spectrum. 
We shall use an important and useful ap¬ 
proximation to carry out the calculation. 
One first obtains P(>f), the probability 
that an excitation is delayed for a time 
greater than t due to the occupation of all 
base levels. 

Riordan,3 in studying a Poisson input 
queue with c multiple parallel channels, 
each of which serves arriving units by an 
exponential distribution with identical 
means, and where waiting units are selected 
for service at random, gives 

POO = id - Vp/2)e“,<1_*,<1-v^’’ 

+ i(l + vp72)e^,<,_p,(l+'/*'2>

where 
X 

p =-CM 

This solution is valid for 0<p<0.7. Curves 
have been plotted for various values of p 
by Wilkinson. 1 It is well known in the 
theory of queues, and also pointed out by 
Bell, that for p> 1 both the queuing problem 
and the corresponding semiconductor noise 
problem have divergent solutions. Some 
reflection will show that the queue size be¬ 
comes infinite if the input rate equals or 
exceeds the total service rate. 

♦ Received by the IRE, February 28, 1961. 
1 D. A. Bel), “Semiconductor noise as a queuing 

problem," Proc. Phys. Soc. (London), vol. 72, pp. 
27 32: July-December, 1958. 

2 F. 1 ollaczek, “Application de la théorie des 
probabilities poses par l'encombrement des reseaux 
téléphoniques,” Ann. Telecommun., vol. 14, pp. 165-
183, 1959. 

’ J. Riordan, “Delay curves tor calls served at 
random, Bell Sys. Tech. J., vol. 32. pp. 100-119; 
1953. 

• R. I. Wilkinson, “The reliability ot holding-time 
measurements," Bell Sys. Tech. J., vol. 20, pp. 365-
404: 1941. 

Thus, the auto-correlation function is 
given by 

^(r) = f PODPOl + r)dl 
do 

1 _ 
=- [(3 - p - y p/2)e'1'_p,"_,’' 2l

8(1 -p) 1

+ (3 - p + xp72)c~ < lp >< 

The cosine Fourier transform of ^(r) is an 
even function of r, and hence the frequency 
spectrum is given by 

IV(/) = 4 I ^(r) cos 2rjldr 
J <1 

1 (3 — p — yp/2)(l — y/p/2) 

2 (1 - p)2(l - X » 2)- + (2)r/)2

1 (3 — p + y/p/^Kl + x/p/2) 

2 (1 - p)‘(l +Vp72)’ + (2»/)* 

which is valid for 0<p<0.7. 
This is the classical case of the super¬ 

position of two low-pass filter characteristics. 
An approximate behavior of the frequency 
spectrum as 1 /f is usually expected. How¬ 
ever, it can be seen by examining the com¬ 
ponents of our solution that the spectrum 
behaves as 1//“, 1 <a<2. There is now the 
mathematical dilemma that it is impossible 
for 1 /f” spectrum to arise as the transform 
of a correlation function because the integral 
would not converge. I he way out of this 
dilemma is that the spectrum is the trans¬ 
form of a correlation function of an infinite 
series of phenomena.5 As pointed out by 
Bell, accumulating evidence shows that a 
law 1//“, with a a little greater than unity, 
tends to occur when the excitation energy is 
large compared with the thermal energy. 
Evaluation at the break-point, when the 
frequency term equals the constant term, 
shows that p = 0.7 (which yields the mini¬ 
mum x’alue for the smaller constant term), 
gives /~0.03, indicating the possible useful¬ 
ness of the queuing representation for low 
frequencies. Semiconductors are used in 
these low-frequency ranges in switching for 
computer applications where low noise levels 
corresponding to frequencies of this order 
are prohibitive. They are also used in sub¬ 
marine de battery inverters, in telemetering 
from space vehicles, in measuring long 
periods of fluctuation such as measuring 
noise from actual sea pounding, in the 
generation of class A amplifiers and more 
generally in power supplies in which there 
are thermal fluctuations. 

A main use of this representation lies 
in the possibility of transferring ideas about 
queuing problems with measures taken to 
relieve congestion, etc., 6 7 to the treatment 
of semiconductor noise problems. 

'Thomas L. Saaty 
Department of the Navy-
Office of Naval Research 

Washington, D. C. 

s A. Van Der Ziel. Physica, vol. 16. p. 359; 1950. 
• T. L. Saaty, “Résumé of useful formulas in 

queuing theory," Opus. Res., vol. 5, pp. 161-200; 
April, 1957. 

’ T. L. Saaty, “Elements of Queuing Theory with 
Applications," McGraw-Hill Book Co.. Inc., New 
York, N. Y.; 1961. To be published. 
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Taylor-Cauchy Transforms for 
Analysis of Varying-Parameter 
Systems* 

The method of Taylor-Cauchy trans¬ 
forms1 can be easily applied to the analysis 
of varying-parameter systems, as shown by 
six examples below. Additional transform 
pairs are given in Table I. 

Example 1 

Given 

dv 
1^ = ̂  (1) dt 

where y = 0 at t=(). According to Ku, el al.,1
we rewrite ( 1 ) as 

XII"’(X) = (2) 

faking the I ax lor-Cauchy transform of 
both members of (2) gives 

tv„_i = (3) 

where < = l for n=k and zero otherwise. 
So we get Wi , =k and 

^’"(X) = iX‘ '. (4) 

Integrating with respect to X gives 

H(X) = X‘. (5) 

This corresponds to y(l) = ti. 

Example 2 

Given 

The initial conditions are: at / = 0, y = 1 and 
y' = (dy/dl) = 3. We rewrite (6) as 

XW’W + X W<»(X) + XW(X) = 0. (7) 

Taking the Taylor-Cauchy transform of (7) 
gives 

+ — — +- —-
n - 1 (a - 2Hn - 3) 

+ «„-» = 0. (8) 

Solving recursively gives 

—T + Sx, -¿‘'+ — 
Integrating twice with respect to X and in¬ 
serting the initial conditions give 

H\X) = 1- X2+ - X' -
4 64 2304 

= (10) 

where JJX) denotes the Bessel function of 
the first kind of order 0 and argument X. 
Eq. (10) corresponds to y(t) = JJt), which 
is one of the two solutions of (6). 

Example 3 

Given the Bessel equation 

' d! d "I 
t* — + / — + /’ y = (11) 

. dt2 dt J 

♦Received by the IRK, February 16, 1961; re¬ 
vised manuscript received. March 13, 1961. 

' Y. II. Ku. A. A, Wolf, and .1. II. Dietz. ‘Taylor-
Cauchy transforms tor analysis of a class of nonlinear 
systems," Proc. IRK. vol. is. pp. 912 922; May. 
I960. 

x”ii'“'(x) 

X”'|f<^>>(XI 

X-If-a-ofX) 

r»xlf'‘>(X) 

^no-ttíx) 

(sAiru-oix) 

** w — m—I — + /h-iô,, 
H — HI 

_ tÇs-ÇL-r_ __ y- —At-, _ 
(n — m)(n — m — X) • * • (n — tn — r + 1) 7^ (r — q)l 

V e, - m m-0 Hl. 

E -V ml Ln —mJ »! 

X-’lll“’^2

X"[W < "(X)!2

X"’|li'“-"’(X)|2

X"[H'<* '»(X) |‘ 

c“x|H»>(X)|’ 

^[^«“''(Xll2

r»x[ii‘»-'-’(x)|2

r“xtH*'>(A) |‘ 

3-0 

" ¿ _ r _ _ i , 2 4  ^.-.-1 

3 + 1 L» — m — P — 1J ' n - m 

The symbols C„ . and Ar q are defined in footnote 1. 
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Eq. ( 11 ) is rewritten as 

XW<’>(X) + XIF<*>(X) + XW(X) = i2H (X). (12) 

Let 6=+l. Taking the Taylor-Cauchy 
transform gives 

Wn—2 . ^n—4 
ww_2 4- t 4- A iô„_i + -- — — 

n — 1 (n — 2)(n — 3) 
4- A |0„_3 4- A^,,-* 

= —-- 4" A )ôw_i 4” -4oôM. (13) 
n(n — D 

lhe initial conditions are: / = 0, j) —0 and 
ÿ ~ j. I lence, 4o-O and A, = J. Substituting 
the values of zl 0 and A, in (13) and solving 
recursively give 

3 5 
U'O = 0, U’l —- — ’ ^2 = 0 W3 — — » 8 96 

W) = o, __L, .... (14) 

Therefore, 
0C 

H' 2, (X) = E ;,„X” 

Integrating twice with respect to X and in¬ 
serting the initial conditions give 

™ = (16) 

where J,(X) is the Bessel function of the first 
kind of order 1 and argument X. The cor¬ 
responding expression is y(t) = Ji(t). I he 
other solution is given by 1 i(f), which is the 
Bessel function of the second kind. 

Example 4 
Given 

y" + (2 — e '}y' + y = e*2'. (17) 

The initial conditions are: ( = 0, y=l and 
y'= — 1. Eq. (1 7) is rewritten as 

JT<«(X) + 2JF«*>(X) + ll(X) 

= e * + e xIF’»(X). (18) 

Taking the Taylor-Cauchy transform of (18) 
gives (see Table I ) : 

Solving recursively gives 
1 1 

ti'o = 1, M'l “ — 1, tCj “ — > tCj — — — ’ 

Therefore, 
IT I2 >(X) = e \ IPOiX) = - e-x

ll(X) = e-X . (21) 

This gives y(t) = e~‘. 

Example 5 
Given the nonlinear varying-parameter 

equation 

e~'y" + (1 + 2e_‘)y' + y + y* = 0, (22) 

where y" ̂ d^y/df1 and y' =dy/dt. The initial 
conditions are: 7 = 0, y = l, and y'=— 1. 
Eq. (22) is rewritten as 

<TxlP”>(X) + ̂“’(X) + 2«-xW'“’(X) 

+ IF(X) + [1T(X)]2 = 0. (23) 

Taking the Taylor-Cauchy transform of (23) 
gives 

“ (-1)”', U'„-> 
m-o w! n 

,çj (-I)~rw„_m_, 
+ .4,«„ + 2 E — -

m-o wH Ln— m 

4" 2-41 - -- 1— - 77 4“ -4 iôM—i 4" Ai$n
n! n(n — i) 

+ h Ü + W+2)Lõi~~k~3}(n--k - 2) 

Wn—3 2 
4- 2. 11- - 4~ 2 1 ' 

(n — l)(n — 2) n(n — 1) 

-J- .1 i23„_2 T 2.1o.4i8„_i -f- .lo25« ~ 9, (24) 

where .l 0=l and .1, = —1. Solving recur¬ 
sively gives 

IT<”(X) = e-x, H">(X) = - e"x, 
Il (X) = e \ (25) 

This corresponds to y(/) = e-'. 

Example ó 
Given the nonlinear varying-parameter 

equation 

y" + (1 — e~'y')y’ + e-2'y = 0. (26) 

The initial conditions are: Z = 0, y=l, and 
y' = — 1. Eq. (26) is rewritten as 

IF<”(X) + IT">(X) - «-^’»(x)]2
+ e-’W(X) = 0. (27) 

Taking the Taylor-Cauchy transform of (27) 
gives 

where .4o=l and -li = — 1. Solving recur¬ 
sively gives 

(-1)" <29) 

This gives IF l2)(X) = e-x . The corresponding 
expression is y" =e~‘. Integrating twice with 
respect to t and noting the initial conditions 
give y=e~'. 
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Correction to “Laurent-Cauchy 
Transforms for Analysis of 
Linear Systems Described by 
Differential-Difference 
and Sum Equations”* 

In the above paper,1 the authors wish 
to make the following corrections. 

Eq. (78) should be 

É"=^r^-(p*+'- »i iw 2! Lap- Jp-j 

In I'able 1, Section 1, Operational Forms, 
item 18 should be 

COS Illi 

Above item 6, we may add the pair: 

In item 26, the three primes should be re¬ 
placed by three dots. 

In I'able I, Section 2, Functional Forms, 
item 10, the Laurent-Cauchy transform of 
( — 1/n), should be 

p2 — 2e “p cos a + e 21

■ p — 1 log -- -
p 

In item 20, the transform of ( — n3h„) should 
be 

+ 3p2//"(p) + pll'(p). 

In item 21, the denominator of the trans¬ 
form should be 

p2 — 2e~ap cos a + e-2“. 

We can add a similar pair: 
p(p — e~^ cos a) 

p — a 

In item 24, we should define 

»1*1 = n(n + 1) •••(» + k — 1). 

The authors would like to thank Prof. E. I. 
Jury of the University of California for sug¬ 
gesting the corrections in item 18 of opera¬ 
tional forms and items 10 and 20 of func¬ 
tional forms.2

V. 11. Ku 
Moore School of Elec. Engrg. 

University of Pennsylvania 
Philadelphia, Pa. 

A. A. W olf 
Stromberg-Carlson Co. 

Rochester, N. Y. 

* Received by the IRE, February 16, 1961. 
1 V. II. Ku and A. A. Woll, Proc. IRE, vol. 4S. 

pp. 923 931 ; .May. I960. 
2 V. II. Ku and A. A. Wolf, “Laurent-Cauch y trans¬ 

form for analysis of linear systems described by dif¬ 
ferential-difference and sum equations,’’ Proc. IRE 
(Correspondence), vol. 48, pp. 2026-2027: Decem¬ 
ber, I960. 



1100 PROCEEDINGS OE THE IKE June 

Some Recent Papers in 
Threshold Logic* 

Recent papers in the area of threshold 
logic point up a great need for some sort of 
drawing together of the various workers not 
only in the matter of basic notation, but also 
in the area of what/ac/sare known about the 
subject. There are already available the 
many papers listed below, and the author 
knows of at least half a dozen other inde¬ 
pendent studies in threshold logic so far un¬ 
published. The following remarks are in¬ 
tended to bring these papers to the attention 
of interested readers and perhaps to suggest 
some order in this fast developing field. No 
attempt at comparison or relative evalua¬ 
tion is made, but emphasis certainly is 
affected by the author’s bias and state of 
information. 

The basic ideas of single-element thresh¬ 
old logic have been discovered independently 
by many people. These ideas include, first, 
a number of simple properties,1 the most 
important of which is that the realizability 
of a given function is equivalent to the con¬ 
sistency of a certain set of linear inequalities 
—the solutions of this set give all realizing 
weightings. Going beyond these simple prop¬ 
erties, most workers evolve at least parts of 
a doubly infinite chain of conditions neces¬ 
sary for realizability. Since no one else has 
suggested names for these properties, we will 
use the author’s terms. The first chain con¬ 
sists of 1-monotonicity, 2-monotonicity, and 
k-monotonicity in general.2 Each of these 
conditions entails its predecessors, and is 
stricter than them; the union of all these 
conditions is called complete monotonicity. 2 

Complete monotonicity in turn is equivalent 
to 2-acyclicity, and then 3-acyclicity, 4-
acyclicity, and k-acycUcity in general2 form 
successively stricter conditions yet. All of 
these conditions, together with their union 
—complete acyclicity, are easily seen to be 
necessary for realizability. Whether com¬ 
plete acyclicity is sufficient for realizability 
remains an open question. The importance 
of these conditions in testing for realizabil¬ 
ity, completing partially specified functions, 
and deriving compound realizations is dis¬ 
cussed in the References. 

Now we shall trace these and other ideas 
in the various studies available. Around 
1956-1957, several men at Bell Telephone 
Laboratories were interested in magnetic 
core switching, and were familiar with many 
of the basic properties of threshold logic. 
Unfortunately, their work was not pub¬ 
lished then and is only recent!) coming to 
light. The Paull and McCluskey paper [10|, 
for instance, establishes the necessity of 1-
monotonicity (unateness), 2-monotonicity, 
and complete monotonicity. A function de¬ 
vised by E. F. Moore, now widely known, 
establishes that complete monotonicity is 
not sufficient for realizability (see [12]). The 
report of McNaughton [6] derives from the 

♦Received by the IRE. February 17, 1961; 
revised manuscript received. Marell 3, 1961. 

1 Pl. (9], and [12| provide the most detailed dis¬ 
cussions. 

2 These ideas are defined in these terms in (121. 
3 In Elgot’s notation (2),/ is Ä-acyclic when there 

is no cycle of length r<k: 

Xi — .V. 

Bell Labs, body of knowledge and discusses 
1-monotonicity and the equivalence of re¬ 
alizability to the consistency of a set of 
linear equalities. 

An independent effort was generated by 
Minnick [7 ], who applies the theory of linear 
programming to obtain solutions of this 
system of inequalities. He takes a step in the 
important direction of compound realization 
(realization using more than one threshold 
element) by treating the “residue” of an 
unrealizable function as a new function to 
be realized, and, after a series of such steps, 
producing a collection of threshold devices 
whose outputs are then “or-ed” together to 
realize the original function. Stram [11] 
streamlines this procedure by the use of 
2-monotonicity (equivalent to the passing 
of all “sieve" tests). His suggestion that 2-
monotonicity is sufficient for realizability 
(consistency) is erroneous. 

The independen tly derived papers of 
Muroga, et al., Elgot, and the author give 
extensive treatments of the various simple 
properties already discussed, and further 
consider: chains of functions realized by 
fixed weights, varying threshold [2], [9]; 
bounds on the number or realizable func¬ 
tions of n arguments [9], [12]; an “enumer¬ 
ation lemma” which facilitates the listing 
of all 5-argument realizable functions [9], 
[12] and has been used by Muroga, et al., 
and by the author, to list all 6-argument 
realizable functions. These lists demonstrate 
that a 4- or 5-argument function is realiza¬ 
ble if and onl) if it is 2-monotonic [2 ], a 
6-argument function if and only if 3-mono-
tonic. Muroga, et al., [9], also discuss the 
linear programming approach to synthesis, 
relate a completel) monotonic function and 
its dual, study the “convolution” of two 
functions obtained by adding weights term-
wise, and describe several families of realiz¬ 
able functions. Elgot [2] identifies com¬ 
plete monotonicity and 2-acydicit) , shows 
the necessity of complete acyclicity for 
realizability, further analyzes 3-acyclicity, 
characterizes realizable functions of one, 
two, three, and four prime implicants, dis¬ 
cusses the system of linear inequalities 
which characterizes a function’s realizabil¬ 
ity, and gives an equivalent characterization 
in terms of a classical property of such sys¬ 
tems. (Chow [1 ] also states this character¬ 
ization, and provides a short and elegant 
treatment of a condition dosel) related to 
¿-acyclicity—also discussed by Elgot.) The 
emphasis in the writer's paper [12] is on a 
facilitation of the algebraic test-synthesis 
procedure. Aids in the checking of complete 
monotonicity are given (for instance, it’s 
shown that at most n — l sieves are needed, 
instead of Strain’s n(n —l)/2, to check 2-
monotonicity); and a process of deleting 
redundant inequalities from the original set 
of 2" characterizing realizability is studied in 
detail. 

Two further efforts in threshold logic, 
somewhat out of the general stream of the 
above discussed work, should be mentioned. 
Lindaman’s treatment of compound design 
using three-argument majority elements [3 ], 
[4], and Mattson's experiments with self¬ 
organizing, many-input threshold devices 
[5 ]. There is much other work in the area of 
self-organizing threshold devices, at pres¬ 
ent little involved in the specific properties 

of threshold logic; yet, such effortswill ver) 
likely eventually contribute to the growing 
theory of threshold logic. 

Primary R ufe ri xces 
(For papers with incidental importance to threshold 

logic, see the references of these papers.) 
|1] C. K. Chow. “Boolean functions realizable with 

single threshold devices," Proc. IRE, vol. 49, 
pp. 370 371 ; January. 1961. 

[2] C. C. Elgot. “Truth Eunctions Realizable by 
Single Threshold Organs," AI EE Conf. Paper 
No. 60-131 1 ; October, I960. Revised, November, 
1960. 

(3) R. Lindaman, “A new concept in computing," 
Proc. IRE, vol. 48. p. 257; February. I960. 

[4 ] R. Lindaman. “A theorem for deriving majority¬ 
logic networks within an augmented Boolean 
algebra,” IRE Trans, on Electronic Com¬ 
puters. vol. EC-9, pp. 338 342; September, 
I960. Also, “Axiomatic majority decision logic," 
ibid., vol. EC-10, pp. 1-6; March, 1961. 

[5] R. L. Mattson. “A self-organizing binary sys¬ 
tem," Proc. EJCC, no. 16, pp. 212 217; De¬ 
cember, 1959. 

[6] R. McNaughton, “Unate Truth Functions," 
Appl. Math, and Stat. Lab., Stanford University, 
Stanford. Calif., Tech. Rept. No. 4, October, 
1957; and IRE Trans, on Electronic Com-
pi tors, vol. EC-10, pp. 1 6; March, 1961. 

(7] R. C. Minnick, “Synthesis of Linear-Input Logic by 
the Simplex Method," presented at the 6th An¬ 
nual Symp. on Computers and Data Processing, 
Denver Research Inst., Denver, Colo.; July, 1959. 
Published as “Linear-input logic" in IRE I rans, 
on Electronic Compi tors, vol. EC-10, pp. 6-
16; Marell, 1961. 

(8) S. Muroga, “Logical Elements on Majority De¬ 
cision Principle and Complexity of their Cir¬ 
cuits," presented at the Internat!. Conf, on 
Information Processing, UNESCO NS/ICIP/ 
G.2.10; June, 1959. 

[9] S. Muroga, I. Toda, and S. Takasu, “Theory of 
majority decision elements,” to appear in 
J. Franklin Inst. 

[IO| M. C. Paull and E. J. McCluskey, Jr., “Boolean 
functions realizable with single threshold de¬ 
vices," Proc. IRE, vol. 48, pp. 1335 1337; 
July, I960. 

[11) O. B. Stram, “Arbitrary Boolean functions of 
N variables realizable in terms of threshold de¬ 
vices,” Proc. IRE, vol. 49, pp. 210-220; 
January. 1961. 

[12] R. O. Winder, “Single Stage Threshold Logic,” 
AIEE Conf. Pa|>er No. 60 1261; October, 1960 

R. O. Winder 
RCA Labs. 

Princeton, X. J. 

WWV and WWVH Standard Fre¬ 
quency and Time Transmissions* 

The frequencies of the National Bureau 
of Standards radio stations \\ \\ V and 
WWVH are kept in agreement with respect 
to each other and have been maintained as 
constant as possible with respect to an im-
proved United States Frequency Standard 
(I SFS) since December 1, 1957. 

Ihe nominal broadcast frequencies should 
for the purpose of highly accurate scientific 
measurements, or of establishing high uni¬ 
formity among frequencies, or for removing 
unavoidable variations in the broadcast fre¬ 
quencies, be corrected to the value of the 
I SFS, as indicated in the table. I he correc¬ 
tions reported have been improved by means 
of improved measurement methods based on 
LF and VLF transmissions. 

The characteristics of the I'SFS, and its 
relation to time scales such as ET and UT2, 

* Received by the I RI', April 14. 1961. 
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have been described in a previous issue,1 to 
which the reader is referred for a complete 
discussion. 

1'he \\AW and \\ \\A H time signals are 
also kept in agreement with each other. Also, 
they are locked to the nominal frequency of 
the transmissionsand consequently may de¬ 
part continuously from I 12. Corrections 
are determined and published by the I . S. 
Naval Obserxatory. I lie broadcast signals 
are maintained in close agreement with I 12 
by properly offsetting the broadcast fre¬ 
quency from the I SFS at the beginning of 
each X ear when necessary. 1 his new system 
xvas commenced on January 1, I960. A re¬ 
tardation time adjustment of 20 msec xvas 
made on December 16, 1959; another re¬ 
tardation adjustment of 5 msec xvas made 
at 0000 I I on January 1, 1961. 

WWV Fri qcencv with Respect to 
U. S. Frequency Standard 

1061 
March 

I 

3 
4 
5 
6 
7 
X 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
26 
26 
27 
28 
29 
30t 
31 

Parts in 10lot 

-150.2 
-150.3 

150 ; 
-150.6 
- 150.8 
-150.5 

1 50 ' 
-150.0 
-150.0 
— 150.1 
-150.3 
- 150 .5 
-150.7 
-150.4 
-149.8 
-149.8 
-149 .5 
-149.4 
-149.3 
-149.6 
-149.6 
-149. 5 
-149 .4 

1 19 I 
-149.2 
-148.9 
-148.7 
-148.6 
-148.8 
-149.1 
-150.3 

t A minus sign indicates that the broadcast fre¬ 
quency was low. The uncertainty associated with these 
values is ±5X10 ». 

t The frequency was decreased 10 ±3X10 11 on 
March 30. 1961. 

National Bi ri. ai or Standards 
Boulder, Colo. 

* “National Standards of Time and Frequency in 
the United States," Proc. I RI'., vol. 48. pp. 105 106; 
January, I960. 

Gallium Antimonide Esaki 
Diodes for High-Frequency 
Applications* 

Gallium antimonide (GaSb) has not 
aroused wide interest as a semiconductor for 
diode fabrication, probably because its en¬ 
ergy gap (0.7 ev) closely approximates that 
of germanium. However, Esaki diode volt¬ 
age-current characteristics available in the 

♦ Received by the IRE. April 20. 1‘>6I 

literature1 suggested that this material 
should make Esaki diodes with relatively 
low noise potentialities for negative resist¬ 
ance amplifier applications, and therefore 
that it warranted investigation as a possible 
semiconductor for the fabrication of high-
frequency Esaki diodes. 

Such diodes, capab e of operation into 
the millimeter wave region, have now been 
made from both l>- and »-type GaSb. I he 
techniques and processes differed only in 
detail from those previously employed in the 
fabrication of gallium arsenide (GaAs) 
Esaki diodes for use at very high frequen¬ 
cies.2

Briefly, small-area alloyed junctions on 
/»-type GaSb were produced by electrically 
‘‘forming’’ a light contact between the GaSb 
surface and a metal alloy point containing 
an arbitrarily large percentage of tellurium 
or selenium. Heavily doped polycrystalline 
/»-type GaSb was obtained by remelting />-
type material from commercial sources3 with 
any of several acceptors (germanium or zinc, 
for example). A back contact was formed 
most simply by soldering directly to the 
semiconductor. The junction-forming opera¬ 
tion consisted of a low voltage current pulse 
in the forward-diode direction. The exact 
composition of the alloy, not critical, was 
dictated by the limiting amount of tellurium 
or selenium which could be incorporated into 
tin, lead or other convenient carrier without 
rendering the alloy too brittle to handle. 
The resulting Esaki diodes, using /»-type 

GaSb with a resistivity of about 0.0011 
ohm-cm, normally exhibited a peak current 
at 0.07-0.09 volt with the valley at O.2-O.3 
volt. 1’he forward current returned to the 
peak-current value at 0.45-0.6 volt. Peak 
currents ranged from several microamperes 
to a few tens of milliamperes, depending 
upon the exact forming conditions, with 
peak-to-valley ratios commonly 6:1 to 12:1, 
but frequently exceeding 15:1. Current den¬ 
sities well in excess of 50.000 a/cm2, esti¬ 
mated from a microscopic examination of 
the apparent junction areas, have been ob¬ 
tained. Fig. 1 (a)-(c) shows three rather 

inann irni 
Kam 
0 0.2 0.4 

VOLTS 

(c) 

Fig. 1. Oscilloscope tracings of forward 60-cpsV-I 
characteristics of high-frequency GaSb Esaki di¬ 
odes: (a)-(c) diodes of />-tyi>e GaSb with formed 
point contacts of a Sn-Te alloy; (d ) diode of n-
type GaSb with formed point contact of zinc. 

1 R. N. Hall. “Tunnel diodes," IRE Trass, ox 
Electron Di vices. vol. ED 7. pp. 1-9; January. 
1961). 

- C. A. Burrus. “Gallium arsenide Esaki diodes lor 
high frequency applications," J. Appl. Phys., vol. 32: 
June. 1961. 

» Ohio Semiconductors. Inc., Columbus, Ohio. 

typical 60-cps forward characteristics for di¬ 
odes of /»-type GaSb with formed Sn-Te 
alloy point contacts. The different curves 
were obtained by variations in the forming 
operation. 

I se of slightly higher semiconductor re¬ 
sistivities yielded diodes with peak and val¬ 
ley voltages reduced to about 0.05 and 0.17 
volt minimum, respectively , but at the ex¬ 
pense of reduced current densities and there¬ 
fore lower expected high-frequency cutoff 
frequencies. Conversely, use of lower-re¬ 
sistivity material shifted these voltages to 
considerably higher values and increased the 
current dens’ties. 

Diodes have been made in an analogous 
way from »-type GaSb doped with tellurium 
or selenium. The maximum peak-to-valley 
ratios were considerably lower than those of 
comparable /»-type units, and the peak and 
valley points in many cases tended to shift 
to somewhat higher voltages. Zinc, cadmium 
or copper was employed as the point mate¬ 
rial. Fig. 1 (d) shows the 60-cps characteristic 
of an »-type diode with a formed point con¬ 
tact of zinc. 

A number of authors' have pointed out 
that a useful noise figure of merit for Esaki 
diodes is the quantity I«R„, where Io is the 
diode current at the operating point and R„ 
is the diode negative resistance evaluated at 

I he product should be small for low noise 
amplification. High-frequency diodes of mod¬ 
erately doped /»-type GaSb have exhibited 
room temperature IoR„ values as low as 
0.043 volt. This value compares favorably 
with that previously reported3 for lower-
frequency germanium (0.06 volt) and galli¬ 
um arsenide (0.12 volt) Esaki diodes. Ihe 
I„R„ values for Ge and GaAs diodes with 
demonstrated higher-frequency capabilities 
have been somewhat larger" than those listed 
by Dacey.6 We feel, therefore, that when 
compared to materials previously used in 
fabricating Esaki diodes, GaSb Esaki diodes 
can provide at least some noise advantage in 
high-frequency microwave amplifiers op¬ 
erated at room temperature. This advantage 
also should be realized in diodes fabricated 
for lower-frequency applications. 

Fundamental oscillations to frequencies 
in excess of 50 kMc (6 millimeters wave¬ 
length) have been obtained with 0.3-0.6 ma 
/»-type GaSb diodes in the simple waveguide 
circuits previously described.2 Somewhat 
higher peak-current units of »-type GaSb 
oscillating in the same circuits have pro¬ 
vided fundamental power to 62.5 kM< 1 he 
microwave output in all cases was readily 
detectable with the simplest video receiver. 

We should like to thank R. F. Tram-
barulo for helpful suggestions and discus¬ 
sions concerning this work. 

C. A. Burrus 
Bell Telephone Labs. 

Holmdel, X. J. 

1 See. lor example, .1. .1. Tieman. “Shot noise in 
tunnel diode amplifiers," Proc. IRE. vol. 48, pp. 
1418 1421; August. I960. 

G. C. Dacey. “Materials Requirements lor Esaki 
Diodes. ■ presented at the AIME Symp. on Ele¬ 
mental and Compound Semiconductors, Boston, 
Mass.; August 29. 1960. 

1 R. F. Trambarulo, “Some X-Band Microwave 
Esaki- Diode Circuits." presented at the 1961 Inter-
natl. Solid-State Circuits Conf.. Philadelphia, Pa.; 
February 14. 1961. 
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N. Y., in 1947, and 
the Ph.D. degree in 
physics from Cornell 
University, Ithaca, 
N. Y., in 1952. 

From 1942 to 
1946 he worked at 
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tion Laboratory on 
microwave magne¬ 
trons. From 1945 to 
1946 he served in the 
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Corps. At Cornell in the Laboratory of 
Nuclear Studies, he performed experiments 
on high-energy gamma-ray absorption and 
high-energy electron and positron scattering. 
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been working in the field of microwave elec¬ 
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A. A. Ashkin 
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physics at the Poly¬ 
technic Institute of 
Brookly n, Brookly n, 
X. Y. His disserta¬ 
tion is on theoretical 
work in crystal bind¬ 
ing. 

From 1952 to 1956 he was employed in 
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Bnxiklyn, N. Y., and by Link Aviation, Inc., 
Binghamton, N. Y. In 1956 he joined the 
General transistor Company, Jamaica, 
N. Y., where he carried out and directed 
semiconductor device work including the 
drift transistor, four-layer switch, high-
voltage transistor and other device work. In 
1959 he joined General Telephone and Elec¬ 
tron i<s Laboratories, Inc., Bax side, N. Y., 
"here he is presently Head of the Advanced 
Device Research Section in the Solid-State 
Laboratory. 

Mr. Dermit isa member of the American 
Physical Society and RESA. 

W. A. Edson (M’41 SM’43 1’37), fora 
photograph and biography, please see page 
1505 of the August, 1960, issue of Proci id-
1NGS. 

A. Burr Tontaine (S’52-A’55) was born in 
Green Bay, Wis., on May 26, 1927. He re-
ceixed the B.S. degree from the University 

of Wisconsin, Madi¬ 
son, in 1950, and the 
M.S. and Ph.l). de¬ 
grees from The Ohio 
State University, 
Columbus, in 1952 
and 1954, respec¬ 
tively. 

He xvorked as a 
research assistant 
from 1950 to 1953, 
and as a research fel¬ 
low from 1953 to 
1954 at the Ohio 

State Research Foundation. From 1954 to 
1959 he XX as employed by the IBM Product 
Development and Research Laboratories, 
Poughkeepsie, N. Y., where he worked on 
the design and development of the IBM 705 
computer and in the Information Research 
Development. In 1959 he joined the faculty 
of the I nixersity of \\ isconsin. where he is 
now an associate professor. 

Dr. Fontaine isa member of Eta Kappa 
Nu and Tan Beta Pi. 

A. B. Fontaim: 

Robert G. Ga Hager was born in Phila¬ 
delphia, Pa., on May 29, 1931. He received 
the B.S. degree from the University of 

R. G. Gallager 

Pennsylvania, Phila¬ 
delphia, in 1953. 

From 1953 to 
1954 he was em¬ 
ployed by the Bell 
Telephone Labora¬ 
tories, and from 1954 
to 1956 he served 
with the U. S. Army. 
From 1956 to 1960 
he xvas associated 
with the Research 
Laboratory of Elec¬ 
tronics, Massachu¬ 

setts Institute of Technology, Cambridge, 
receiving the M.S. and D.Sc. degrees inl957 
and I960, respect ixely. Since September, 
1960, he has been an assistant professor at 
M.i. T., xvorking in the field of information 
theory. 

Dr. Gallager is a member of l au Beta 
Pi, Eta Kappa Nu, and Sigma Ni. 

Robert C. Hansen (S’47-A’49 M’55 
SM’56) xvas born in St. Louis, Mo., on Au¬ 
gust 3, 1926. Hereceixed the B.S.E.E. degree 

from the Missouri 
School of Mines and 
Metallurgy in 1949, 
where he xvas an 
honor student, and 
the M.S. and Ph.l). 
degrees from the Uni¬ 
versity of Illinois, 
Urbana, in 1950 and 
1955, respectively. 

In 1945 and ¡946 
he xvas in the U. S. 
Navy Service as a 
radio technician and 
At the University of 

Illinois he worked in the Antenna Labora¬ 
tory on ferrite loops, streamlined airborne 
antennas, direction finding and homing sys¬ 
tems. Subsequently he xvas Senior Staff En¬ 
gineer in the Microwave Laboratory of 
Hughes Aircraft Company, Culver City, 
Calif., xvorking on surface-wave antennas, 
slot arrays, near fields and radio poxver trans¬ 
fer, elect ronic scanning and steerable arrays, 
and dynamic antennas. In 1960 he became a 
Senior Staff Engineer in the Telecommuni¬ 
cations Laboratory of Space Technology 
Laboratories, Inc., engaged in communica¬ 
tions satellite, telemetry, tracking, and 
command studies. After the formation of 
Aerospace Corporation and transfer of proj¬ 
ects from SIL, he transferred to Aerospace 
Corporation. Los Angeles, Calif., xvhere he 
is Senior Staff Engineer in the Electronics 
Laboratory. 

He is Vice Chairman of the Los Angeles 
Section of the IRE, Chairman of the Los 
Angeles Chapter of PGM I T. an I Associate 
Editor of the Microwave Jour nil. 

R. C. Hansen 

ele< tronics instructor. 
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Dr. Hansen isa member <>l the American 
Physical Society, Tati Beta Pi. Sigma Xi, 
Eta Kappa Xu, Phi Kappa Phi, Commission 
VI of URSI, anti isa registered Professional 
Engineer in Missouri. 

Ernest S. Kuh (S'49 A’52-M’57) was 
born in China on October 2. 1928. He re¬ 
ceived the B.S.E.E. 

E. S. Kt n 

degree from the Uni¬ 
versity of Michigan, 
Ann Arbor, in 1949, 
the M.S. degree from 
Massachusetts Insti¬ 
tute of Technology, 
Cambridge, in 1950, 
and the Ph.D. degree 
from Stanford Uni¬ 
versité, Stanford, 
Calif., in 1952. 

He then joined 
Bell Telephone Lab¬ 
oratories. Murray 
Hill, X. J., where he 

worked in the transmission systems group, 
principally in the field of network theory. In 
1956 he joined the Electrical Engineering 
Department of the University of California, 
Berkeley, where he is now an Associate Pro¬ 
fessor. 

Prof. Kuh isa member of Eta Kappa Xu, 
Tan Beta Pi. Phi Kappa Phi. and Sigma Xi. 

Maurice W. Long (S’47-A’51-SM’55) 
was born on April 20, 1925, in Madisonville, 
Ky. He received the B.E.E. degree from 

the Georgia Institute 
of Technology, At¬ 
lanta, in 1946, and 
the M.E.E. degree 
from the University 
of Kentucky, Lexing¬ 
ton, in 1948, did a 
year of graduate 
work at Columbia 
University, New 
York, X. Y., and 
received the Ph.D. 

M. W. Long degree in physics 
from the Georgia In¬ 

stitute of Technology in 1959. 
After spending 1943 to 1946 in the U. S. 

Navy, he was employed as a research assist¬ 
ant for parts of 1946, 1947, anti 1948 at the 
Georgia Institute of Technology. From 1947 
to 1949 he was an Instructor of electrical 
engineering at the University of Kentucky. 
Since 1950 he has been at the Engineering 
Experiment Station of the Georgia Institute 
of Technology, where he is presently Chief 
of the Electronics Division. 

degree in 1960, both from the I Diversity 
of California, Berkeley, where he is pres¬ 
ently working toward 

J. D. Patterson 

the Ph. I >. degree. 
He has been em¬ 

ployed part time by 
E. A. Hosmer and 
Company, where he 
was engaged in de¬ 
velopment and con¬ 
struction of telephone 
anti carrier systems, 
and by the Applied 
Radiation Corpora-
t ion, where he worked 
on electron linear ac¬ 
celerators. 

Mr. Patterson re¬ 
ceived the National Science Foundation Co¬ 
operative Graduate Fellowships for 1959 
1960 and 1960 -1961. He is a member of I an 
Beta Pi. Sigma Xi. and Phi Beta Kappa 

Reder (A'54) was born in 
December 9, 1919. He 

the Cand. Ing. degree in technical 
physics from the In¬ 
stitute of 'Technol¬ 
ogy, Graz, Austria, 
in 1947, anti the 
Ph.D. degree in 
physics from the Uni-
versitv of Graz in 

Friedrich H. 
Garsten, Austria, on 
received 

F. H. Redi r 

1949. 
From 1948 to 

1950 he was scien¬ 
tific assistant at the 
Physics Institute of 
the University of 
Graz, and worked on 

microwave cavity methods for determining 
the dielectric constant of solids and liquids, 
and in interference microscopy. From 1950 
to 1951 he held a research fellowship at 
Massachusetts Institute of Technology, 
Cambridge, Mass., where he was engaged in 
studying microwave gas discharge phe¬ 
nomena in pure helium gas. From 1951 to 
1953 he worked on gas discharge projects 
and high-vacuum techniques at the Uni¬ 
versity of Graz and at the Shell Research 
Laboratory, Amsterdam. The Netherlands. 
Since 1953 he has been with the Frequency 
Control Division of the U. S. Army Signal 
Research anti Development Laboratory, 
Fort Monmouth, X. J., where he is now chief 
of the Atomic Resonance Branch, and in 
charge of research and development work in 
atomic and molecular frequency control. 

Dr. Reder is a memlxT of the American 
Physical Society. 

John D. Patterson was born in Santa 
Rosa, Calif., on April 24, 1933. I Ie received 
the B.S.E.E. degree in 1959. and the M.S. 

Wayne K. Rivers, Jr., was born in At¬ 
lanta, Ga., on May 18, ¡930. He received the 
B.S.E.E. degree in 1951, and the M.S. degree 
in physics in 1958. both from the Georgia In¬ 
stitute of Technology, Atlanta. 

From 1951 to 1954 he served with the 
U. S. Navy as degaussing officer and in¬ 

structor. I ront 1956 to 1958 he was engaged 
in the production of quartz crystals with 
Pan Electronics Corporation, Griffin, Ga. 

W. K. Rivers, Jr. 

In 1957 he joined 
the Engineering Ex¬ 
periment Station, 
Georgia Institute of 
'Technology, where 
he is presently a re¬ 
search physicist with 
the Electronics Dix i-
sion. 

Mr. Rivers is a 
member of the Amer¬ 
ican Phy sical Society 
and Sigma Xi. 

Ronald G. Smart was born in Sydney, 
Australia, on October 26. 1927. He received 
the B E. E. E. degree with first class honours 

and University medal 
from the University 
of New South Wales, 
Sydney. Australia, 
in' 1954. 

After one year 
in telecommunica¬ 
tions with the Aus¬ 
tralian Post Office, 
he spent a year in 
England studying 
digital computers for 

R. G. Smart the University of 
New South Wales. 

In 1956 he set up the UTECOM digital 
computing laboratory in the School of Elec¬ 
trical Engineering and since then has been 
in charge of the laboratory, providing a 
teaching and computing service for Eastern 
Australia. Since 1953 he has been working 
on varying reactance devices, making ex¬ 
tensive use of digital computation. Since 
April. 1961 he has been Director of Com¬ 
puting Services for Remington Rand 
Chartres in Australia. 

Mr. Smart is an associate member of the 
Institution of Engineers, Australia, and a 
member of the British Computer Society. 
Ltd. and the Statistical Society of New 
South Wales. 

Gernot M. R. Winkler (M’60) was born 
in Bruck, Austria, on October 17, 1922. He 
received the Ph.D. degree from the Univer¬ 

sity' of Graz, Austria, 
in 1952. 

He was on the 
staff of the Astro¬ 
nomical Observatory 
in Graz, as Assistant 
to the 1 firector, from 
1949 to 1953. He was 
employed in industry 
from 1953 to 1956. 
He came to this 
country in 1956 anti 
joined the Frequency 
Control Division, 

LTSASRDL. Fort Monmouth, N. J., asa con¬ 
sulting physicist. He has been engaged with 
various developments in the field of micro¬ 
wave electronics, precision frequency and 
time measurements. He is now Deputy Di¬ 
rector of the Exploratory Research Divi¬ 
sion C. 

G. M. R. Winkii R 
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Report of the Secretary—1960 

To the Board of Directors 
Till' Institute of Radio Engineers, Inc. 

Gentlemen: 
The Secretary’s Report for the year 1960 

is transmitted herewith 
The continued enlargement of your In¬ 

stitute’s size and importance, as particularly 
evidenced by an 11.8% increase in member¬ 
ship (see Fig. 1 and Tables I and 11), and a 
16.1% increase in attendance at the Inter¬ 
national Convention during 1960, clearly in¬ 
dicates the growing importance of the fields 
of endeavor that IRE represents. A mere 
perusal of these statistics discloses how 
rapidly our ramified activities are moving 
forward geographically, technically, profes¬ 
sionally, and in education. Also can be seen 
how the IRE structure serves the member¬ 
ship. 
The acquisition of your new building on 

Fifth Avenue adjoining the main building at 
1 East 79th Street was completed and its 
renovation well under way at the end of the 
year so that space will soon be ready for the 
heavier work load carried by the Headquar¬ 
ters Staff. 

Respectfully submitted, 

Fiscal 
A condensed summary of income and ex¬ 

penses for 1960 is shown in Table III, and a 
balance sheet in Table IV (page 1106). 

TABLE I 

Editorial Department 
The year 1960 saw the IRE publication 

program continue its steady growth. During 
the year the IRE published 135 issues total¬ 
ing 18,610 pages, of which 15,388 pages were 
devoted to technical and editorial material, 
a 6' , increase over 1959. The rise in publi¬ 
cation output underscored the fact that the 
Professional Group Transactions are grow¬ 
ing with continued vigor and now account 
for more than half the articles published by 
the IRE. 

Proceedings of the IRE 
The year was highlighted by the appear¬ 

ance of two special issues of the Proceed¬ 
ings: "Space Electronics” in April and “Re¬ 
port of the Television Allocations Study 
Organization” in June. The total number of 
papers published, 174, was less than the 
previous year’s total of 208 due to the heavy 

Comparison of Total Membership by Grades, 1958-1960 

As of Dec. 31, I960 As oí Dec. 31, 1959 As of Dec. 31, 1958 
Grade .... -

Number % oí Total Number % oí Total Number % oí Total 

Fellow 896 1 823 1 770 1.1 
Senior Member 10,001 11 9,463 12 8,536 12.0 
Member 47.1 14 53 38,977 49 32,373 45.4 
Associate 12,806 15 13,165 17 14,721 20.6 
Student 17,662 20 16,738 21 14,961 20.9 

Totals 88,479 79,166 71,361 

TABLE II 
Five-Year Analysis of Membi rship in U. S. and Other Countries 

1<»6() 1959 1958 1957 1956 

Total 88,479 79,166 71,361 64,773 55,494 
U. S. ami Possessions 81 ,634 73,044 65,786 59,061 51 ,551 
Other Countries 6.845 6,122 5,575 4,812 3,943 
Per Cent Other Countries 7.7 7.7 7.8 7.4 7.1 
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TABLE V 
VOLUME OF PROCEEDINGS PAGES 

I960 1959 1958 1957 

Editorial 2325 2370 2199 1868 
Advertising 2485 2760 2169 27(M> 

Total 4810 5130 4368 4568 

schedule of special issues in 1959. However, 
the number of contributed papers in regular 
issues rose substantially in 1960. This in¬ 
crease was accompanied by an expansion of 
the Correspondence section from 209 letters 
to 280 letters. The continued growth of the 
Correspondence section, which has now 
doubled in size in the last three years, made 
it necessary for the Editorial Board to place 
a limit on the length of letters to the editor. 
The resulting total of Proceedings papers 
for 1960 is shown in Table V and in Fig. 2. 

The number of papers reviewed for the 
Proceedings remained relatively constant: 
259 papers totaling 2156 pages. Of these 
26', were accepted, 39% were referred to 
the Transactions for publication considera¬ 
tion, and 35% were rejected. An additional 
153 papers were reviewed for special issues. 
Seven IRE Standards also appeared during 
the year. 

Transactions 

The continued good health of the Profes¬ 
sional Groups was evidenced by an 11% in¬ 
crease in Transactions output during 1960. 
As shown in Fig. 3, total pages increased 
from 7,778 in 1959 to 8,616. The total num¬ 
ber of papers and letters published, 1,213, 
accounted for more than half the total I RI’, 
output (2,085). It is noteworthy that the 
number of Transactions on a bi-monthly 
publication schedule rose from 1 to 3. 

IRE Convention Records 
The 1960 IRE International Conven¬ 

tion Record, published in 10 parts, con¬ 
tained 240 papers anti 18 abstracts totaling 
2,208 pages, while the 8-part I RE WESCOX 
Convention Record contained 135 papers 
and 23 abstracts totaling 1,188 pages. The 
IRE WESCOX Convention Record was 
published in time for distribution at 
WESCOX. 

IRE Student Quarterly 
Four issues, totaling 224 pages, were sent 

free to IRE Student members during the 
year. In addition, approximately 24,000 free 
copies of the September issue were distrib¬ 
uted to all non-IRE junior and senior elec¬ 
trical engineering students. 

IRE Directory 

The 1961 IRE Directory, which was 
published in November, 1960, contained 
1,432 pages including covers, of which 645 
were membership listings and information 
and 787 were advertisements and listings of 
manufacturers and products. 

Xew Publications 
A five-year cumulative index to all IRE 

publications, covering the years 1954-1958, 
was issued early in 1960. Meanwhile, work 

VOLUME OF TECHNICAL AND EDITORIAL MATTER 

PUBLISHED IN THE PROCEEDINGS OF THE IRE 1913-1960 

Fig. 2 

Fig. 3 
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TABLE HI 

Summary of Income and Expense, 1960 

Income 
Advertising 
Members Dues and Convention 
Subscriptions 
Sales Items, Binders, Emblems, etc. 
Investments 
Miscellaneous 

Total Income 
Expense 

Proceedings Editorial Pages 
Advertising Pages 
Directory 
Section Rebates 
Student Program 
Professional Groups 
Sales Items 
General Operations 
Convention 
Publications 

Total Expense 

Reserve for Future Operations Gross 
Depreciation 

Reserve for Future OjxTations—Net 

$1 .710.134 
1.769.532 
217.707 
187 .043 
52.96«) 

I .607 

$ 585.458 
855.441 
318.1«»«) 
88 .46«) 
142.624 
237.53«) 
108.923 
587.283 
545.757 
117.5(H) 

S3. «>38. 992 

S3. 58 7, 193 

S 351.799 
28.033 

S 323 .766 

TABLE l\ 

Balance Sheet, December 31, 1960 

Assets 
Cash and Accounts Receivable 
Inventory 

Total Ci rrent Assets 

Investments at Cost 
Buildings and Land at Cost 
Furniture and Fixtures at Cost 
Other Assets 

Total 

Total Assets 

Liabilities iiihl Surplus 
Accounts Payable 

Total Current Liabilities 

Deferred Income 
Professional Groups Funds on Deposit 

S1 .087 .667 
20.379 

SI .108.046 

I,769,701 
1 .261 .361 
288,390 
104.60«) 

$3,424,061 

$4,532,107 

S 94,660 
S 94.6«) 

1 ,282 .265 
187,38«) 

To i al Liabilities 

Reserve for Publications 
Reserve for Depreciation 

Total Reserves 

Surplus Donated 
Surplus 

Total Surplus 

Total Liabilities and Surplus 

1.469.654 

$1 .564.314 

165,000 
113. 798 

278.798 

595,287 
2.093 ,708 

2.688.995 

$4,532,107 

on the IRE Dictionary of Electronics Terms 
and Symbols, containing all definitions of 
terms and graphical and letter symbols 
which have appeared in IRE Standards over 
the past 18 years, was completed. The Dic¬ 
tionary was issued in January, 1961. 

Technical Activities 
During 1960, 26 Technical Committees 

and their 120 subcommittees and Task 
Groups held 233 meetings, of which 224 were 
held at IRE Headquarters and 9 throughout 
the nation. 

Seven IRE Standards, having been ap¬ 
proved by the IRE Standards Committee 
and the Executive Committee, were pub¬ 

lished in the Proceedings in 1960. Reprints 
are now available to the public. 

IRE is directly represented on 34 Sec¬ 
tional Committees of the American Stand¬ 
ards Association, of which IRE sponsors 
three: The ASA Sectional Committee on 
Radio and Electronic Equipment, C16; the 
ASA Sectional Committee on Sound Re¬ 
cording, S4: and the ASA Sectional Commit¬ 
tee on Nuclear Instrumentation, N3. One 
IRE Standard received approval bv the 
American Standards Association in 1960, 
and is now available overseas through its 
international agency. 

IRE Technical Committees participated 
in international standardization in 1960 by 
reviewing and preparing comments on docu¬ 

ments for the United States National Com¬ 
mittee of the International Electrotechnical 
Commission. 

The International Electrotechnical 
Commission (IEC) 

The annual meeting of the International 
Electrotechnical Commission was held in 
New' Delhi, India from October 31 to 
November 7, 1960. The following meetings, 
of particular significance to the IRE, took 
place: Technical Committee 45 on Electrical 
Measuring Instruments used in connection 
with Ionizing Radiation; Technical Com¬ 
mittee 12 on Radio Communication: and 
Subcommittee 12-1 on Radio Receiving 
Equipment. I Rlv secured the services of two 
delegates to represent the l’nited States, and 
the IRE Technical Committees prepared 
these delegates on all items to be discussed 
at this meeting. 

In addition, I EC Technical Committee 
25 on Symbols, met in Paris. France, from 
April 20 to 22, 1960. At this meeting, the 
l’nited States was represented by a delegate 
appointed by the IRE. 

Appointed IRE. Delegates to Outside 
Organizations 

I RF. appointed Delegates to a number of 
organizations for the one-year period May 1, 
I960, to April 30. 1961 (as lifted on page 60A 
of the October, 1960 Proceedings). 

The Joint Annual Spring Meeting of the 
International Scientific Radio Union (URSI) 
and IRE was held in Washington, D.C.— 
May 2 5, I960. The Fall Meeting was held 
at the Boulder Laboratories, National 
Bureau of Standards, Boulder, Colo., 
December 12 14, 1960. The IRE Profes¬ 
sional Groups on Antennasand Propagation; 
Circuit Theory; Information Theory; In¬ 
strumentation; and Microwave I heorv and 
Techniques co-sponsored these meetings. 
Several IRE Board members attended the 
XIHth General Assembly of URSI which 
was held at the University of London, 
London, England, from September 5 
through 15, 1960. 

During 1960. the Executive Committee 
of the I S. National CCIR (International 
Radio Consultative Committee) Organiza¬ 
tion held three meetings during which the 
representatives of the fourteen Study 
Groups summarized and reported on their 
activities. Lists of all material received at 
IRE during 1960 were distributed quarterly 
to the Chairmen of the IRE Technical Com¬ 
mittees and Professional Groups, as well as 
to the members of the Joint Technical Ad¬ 
visory Committee. 

The Joint IRE-EIA-SMPTE-NAB 
(JCIC) Committee for Inter-Society Co¬ 
ordination held four meetings during 1960 
to discuss the problems facing intersociety 
coordination. The scope of JCIC has been 
expanded. 

Armed Forces National Research Coun¬ 
cil Committee: Panel on Bio-Instrumenta¬ 
tion held several meetings of its various 
Panels during the year. Among these were 
one in Los Angeles, April 19-20, I960, and 
another at Woods Hole, Mass., August 31 to 
September 2, 1960. 



1061 Report of the Secretary-—1060 1107 

The Joint Technical Advisory 
Committee (JTAC) 

The Joint Technical Advisory Commit¬ 
tee held a total of ten meetings for the period 
July 1, 1959, through June 30, 1960. 1 he 
Twelfth Anniversary dinner was held in 
May. 1960 at the University Club, New 
York. 

Volume XVII. the cumulative Annual 
Report of the JTAC Proceedings was pub¬ 
lished in September, 1960. Section I of the 
Report included official correspondence be¬ 
tween the Federal Communications Com¬ 
mission and the Joint Technical Advisory-
Committee (IRE-EIA) and correspondence 
pertinent to the activities of the JTAC: 
Section II contained approved Minutes of 
Meetings of the Joint Technical Advisory 
Committee from July 1, 1959, through 
lune 30, I960. 

The JTAC ad hoc Subcommittee 60.1 
was formed in January, 1960 to study Fre¬ 
quency Diversity problems posed by the 
FCC. The Committee submitted its report 
to the FCC in November, 1960. 

In July. I960, the J TAC, recognizing the 
technical and policy problems concerning the 
United States, formed an ad hoc Subcom¬ 
mittee on Frequency Allocations for Space 
Communications to study- problems posed 
In the FCC’s inquiry into the allocation of 
frequency bands for space communication of 
an industry-wide nature. The Subcommittee 
held three meetings during 1960. 

Professional Group System 
General: There are currently 28 Professional 
Groups operating actively within the IRE. 
The majority of IRE members have taken 
advantage of the Professional Group System 
which now has a total membership of 89.1 14. 
Included are 6,729 Student members of the 
IRE who have joined the Groups at the 
special Student member rate of S1.00 an¬ 
nually. Under the newly instituted Affiliate 
Plan, 503 scientists and medical doctors, 
whose major interests lie in fields other than 
electronics, have affiliated with a number of 
the Professional Groups. 

All of the Groups have levied publica¬ 
tions fees and their members are receiving 

the pertinent Group Transactions regu¬ 
larly. In addition, large a number of com¬ 
pany, university and public libraries have 
subscribed to the Transactions of all the 
Groups. There is also a demand for indi¬ 
vidual Group subscriptions and individual 
copies of the Transactions from outside 
sources. 

Financial and editorial assistance were 
among the many services rendered by Head¬ 
quarters to the Groups during I960. The 
Office of the Technical Secretary provided 
administrative services for Group operat ions, 
the planning of meetings, advance publicity 
and the recording and mailing for all activi¬ 
ties, including 800 mailings to Group mem¬ 
bers during the year. 
Symposia: The procurement of papers and 
actual management of national symposia are 
entirely in the hands of the Professional 
Groups. Each of the Groups sponsored one 
or more technical meetings during this year, 
in addition to technical sessions at the I RE 
International Convention, the WESCON, 
the National Electronics Conference and 
other jointly sponsored meetings, for a total 
of 59 meetings of national and international 
import in 1960 (see list attached). The 
Groups participated in the following meet¬ 
ings held overseas: 

International Conference on Automatic 
Control, June, I960, Moscow, USSR 

Third International Conference on Medi¬ 
cal Electronics, July, 1960, London, 
England 

International Information Theory Sym¬ 
posium, August 29-September 3. Lon¬ 
don, England 

International Symposium on Data Trans 
mission, September, 1960, Delft, 
Netherlands 

Publications: During the year 27 Groups 
published Transactions. Since publication 
began in 1951 the number of issues and 
pages published have expanded each y ear. 
Full details in Group Transactions are i i-
chided in the Report of the Editorial 
Department. 

Professional Group Chapters: 279 Profes¬ 
sional Group Chapters have been organized 

by Group members in 6(1 IRE Sections. 
Chapter growth is continuing at a healthy 
rate. Most of the Chapters are meeting regu¬ 
larly and sponsoring meetings covering the 
fields of interest of their associated Groups 
in the various Sections of the I RE. 

Section Activities 
We were glad to welcome four new Sec¬ 

tions into the IRE during the past year. 
Thev are as follows: Geneva, Kitchener-
Waterloo, Las Vegas, and Mobile. 

The total number of Sections is now 109. 
The Subsections of Sections now total 28, 

the following having been formed in 1960: 
Catskill (New York) and Pikes Peak (Den¬ 
ver). 

A growing major activity of many Sec¬ 
tions and the larger Subsections in recent 
years is the publication of a local mon'hly 
Bulletin to fidfill the need for announcing to 
the Section member the increasing activities 
of the Section, including 1 ) Section Meetings 
2) Professional Group Chapter Meetings, 
and 3) Information on the local and national 
level of interest to the Section member. 

Fifty-four of the Sections and Sub¬ 
sections are now issuing these monthly pub¬ 
lications. 

Student Branches 
The number of Student Branches formed 

during 1960 was 13. The total number of 
Student Branches is now 196, 124 ol which 
operate as joint IRIC-AII-.lv Branches, 24 as 
Student Associate Branches, and 1 as a 
joint I RE-AI EE Student Associate Branch. 

Following is a list of the Student 
Branches formeri during the year: Arlington 
State College, University of Buenos Aires 
(Argentina), Merrimack College, Municipal 
University of Omaha. State University of 
New York, New York Trade School, Okla¬ 
homa City University , Port Arthur College, 
New York Trade School; Oklahoma City-
University, Port Arthur College, Rochester 
Institute of Technology, Saint Joseph’s Col¬ 
lege (Pennsylvania), Southern lechnical 
Institute, Tri-State College (Indiana), and 
Valparaiso Technical Institute (Indiana). 
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Books 

Frequency-Power Formulas, 
by Paul Penfield, Jr. 
r Published (I960) by The Technology Press. Mass. 
Inst. Tech.. Cambridge, and John Wiley and Sons, 
Inc.. 440 Fourth Ave.. X. V. 16. X. V. 138 pages+2 
index pages +viii pages +7 bibliography pages +20 
api>endix pages. Ulus. 6X9J. S4.(81. 

This is a research monograph that con¬ 
tains a systematic and general treatment of 
frequency-power formulas. It discusses four 
such general formulas. Of these, the Manley-
Rowe formulas, first developed in the study 
of power flow at various frequencies in a 
nonlinear capacitor, are the best known, and 
possess the greatest applicability. 1'he three 
other frequency-power formulas are less 
well known, ami presently have less practi¬ 
cal uses. It is established that any system 
with an energy state function, and in par¬ 
ticular that distributed systems that obey 
Hamilton’s principle, obey the Manley- Rowe 
formulas. 

The book is divided into three parts: 
Part I discusses and proves the four fre¬ 
quency-power formulas: Part II describes 
systems that obey formulas of each type; 
Part HI discusses uses, applying them to 
rotating machines and communication sys¬ 
tems. An appendix lists devices known to 
obex each formula. The author anticipates 
that the results of this book will be useful in 
future work on energy ami frequency con¬ 
version, parametric excitation, hydrody¬ 
namic and magnetodynamic stability. 

Because of its specialized nature, the 
book will appeal principally to those who 
are engaged in some related field of en¬ 
deavor. But to these research workers, the 
book will be of real interest. 

Sami el Seei.y 
Case Inst. Tech. 
Cleveland. Ohio 

Yoler on magnetohydrodynamics; O. Bune-
man on relativistic plasma waves; D. Fin¬ 
kelstein on relativistic self-focusing streams; 
P. A. Goldberg on high-altitude ionized 
shock waves; J. E. Drummond on two spe¬ 
cific microwave plasma problems; C. B. 
Wharton on microwave diagnostics; and 
S. C. Brown on microwave measurements of 
gas discharges. In some of these chapters it 
is pleasing to find the fundamental aspects 
of the topics laid down in both precise and 
concise terms, which could only result from 
mastery of the subject and an appreciation 
of its relation to the general framework of 
physics. In particular, Drummond’s intro¬ 
duction is especially valuable. Meeron’s dis¬ 
cussion of the Debye length and Sturrock's 
discussion of dispersion relations are also 
good. 

There is still a need, which this book does 
not fulfill, to unify and consolidate the phys¬ 
ical approach, terminology, and mathemati¬ 
cal description of plasma physics for the 
student. Such unity, of course, only comes as 
a subject approaches greater maturity than 
plasma physics now enjoys. Indeed, the sub¬ 
ject is currently suffering from an excess of 
theory over critical experiment, so that the 
usefulness of all the manifold theories has 
not been adequately verified. Wisely, the 
book avoids attention to the complicated 
and imperfectly understood empirical de¬ 
vices of large scale plasma experimentation. 
Lack of attention to production and trans¬ 
port of optical radiation will appear as a 
deficiency to the astrophysically trained. 

In general, however, this is as useful a 
collection of topics in plasma physics as is 
now available, and is pointed toward funda¬ 
mental principles and illustrated with well-
developed examples. 

John M. Richardson 
National Bureau of Standards 

Boulder, Colo. 

Plasma Physics, by James E. Drummond 
Published (1961) by McGraw-Hill Book Co., Inc.. 

330 W. 42 St.. N. V. 36, N. Y. 372 pages+13 index 
pages +xiv pages +bibliography by chapter. Ulus. 
6JX9J.S12.50. 

I his book has its origins in a series of 
seminars in plasma pin sics held in 1957-
1958. Consequently the material is at semi¬ 
nar level and is definitely for readers well 
advanced in physics. The listing of very 
comprehensive references provides a means, 
although not an easy one, for those who 
must acquire more background for the sub¬ 
ject. 

The organization of the book is in three 
main sections: “Basic Plasma Theory,’’ 
“Magnetohydrodynamics,'’ and “Microwave 
Plasma Physics.” It has eleven different 
contributors, so that choice, emphasis, and 
treatment of topics are inevitably heavily 
influenced by the interests of the individual 
authors. These contributors are: Y. Klimen¬ 
tovich and V. P. Silin on collective excita¬ 
tions in plasmas; E. Meeron on the statistical 
mechanics of plasmas; P. A. Sturrock on 
amplifying and evanescent waves; Y. A. 

High Frequency Applications of Ferrites, 
by J. Roberts 

Published (1961) by D. Van Nostrand Co., Inc., 
120 Alexander St., Princeton. N. J. 159 pages+5 
index pages +x pages+2 bibliography pages. Ulus. 
5X7J. $4.85. 

This book is, in effect, an extended re¬ 
view article on the subject of high frequency 
applications of ferrites. It is very readable 
and deals effectively with several basic proc¬ 
esses in magnetic materials, although in 
some cases the author has presented only 
one of several possible interpretations. The 
book is intended for advanced students in 
electrical engineering and physics, and is 
written at a level of easy understanding for 
this audience. While it is not complete 
enough to serve as an editorial reference or 
as a text book, it would nevertheless be in¬ 
formative to the audience it was designed to 
reach. 

John H. Rowen 
Bell Telephone Labe., Inc. 

Whippany, N. J. 

Design for a Brain, 2nd Edition, 
by W. Ross Ashby 

Published (1960) by John Wiley and Sons, Inc., 
440 Fourth Ave., N. Y. 16, N. Y. 280 pages +4 index 
pages+2 appendix pages +ix pages. Ulus. 5IX8L 
$6.50. 

When the first edition of “Design for a 
Brain” appeared in 1952, any attempt to 
provide a systematic framework for the 
logical study of adaptive processes in bio¬ 
logical systems was sure to be welcomed by 
those of us who were concerned with related 
theoretical models—a field for which this 
reviewer has proposed the term “neurody¬ 
namics. I he simple, lucid exposition which 
is characteristic of Ashby’s writing did much 
to win converts among biological and be¬ 
havioral scientists, for whom a more formal 
treatment would have proven excessively 
forbidding. After eight years, however, it 
seems reasonable to reappraise the new edi¬ 
tion of this book in terms of its contribution 
to the enduring structure of neurodynamic 
theory, which, it is hoped, is beginning to 
emerge. From this standpoint Ashby’s work, 
though still provocative, is apt to be some¬ 
what disappointing for a reader who seeks 
some understanding of brain functioning in 
terms of its physical structure. 

“Design for a Brain” is concerned pri¬ 
marily with the problem of adaptive be¬ 
havior, defined in terms of abstract systems 
of interacting variables. The recognition of 
the importance of studying closed systems 
isa major asset tothiswork. The concepts of 
stability, ultrastability, and habituation are 
defined, and a number of basic theorems are 
demonstrated, with a more rigorous treat¬ 
ment in a mathematical appendix. The home-
ostat, a physical model for an adaptive sys¬ 
tem consisting ot linked servomechanisms, is 
described in detail, and there is some discus¬ 
sion of the problems of minimizing con¬ 
vergence time in adaptive systems. This is 
particularly critical in devices like the 
homeostat, which, in effect, execute a ran¬ 
dom walk through the phase space of the 
system until they happen to achieve a “suc¬ 
cessfid” configuration in which stability is 
possible. J here is little reference, however, 
to the physical structure or dynamics of 
either a natural or an artificial nervous sys¬ 
tem; the application ol Ashby’s principles 
to a network consisting of neurons rather 
than “variables” is left largely to the imag¬ 
ination. Indeed, the book might equally 
well have been entitled “Design for an Or¬ 
ganism,” as it is concerned with adaptation 
at so abstract a level that its principles could 
apply equally well to the processes of evolu¬ 
tion, maturation, or social organization. 

I his is at once valuable and frustrating; 
valuable inasmuch as it suggests a general 
mode of approach to all adaptive processes, 
but frustrating in the obscurity of its rela¬ 
tionship to the brain problem. The ques¬ 
tion is w hether the brain can best be under¬ 
stood by an analysis of the abstract “logic of 
systems,” or whether it is best approached 
as a problem in the analysis of a particular 
physical organization of unusual complex-
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ity. While these two strategies are likely to 
provide complementary insights into the 
problem, this reviewer tends to favor the 
second attack as the more promising one at 
this time. If this view proves correct, then 
Ashby's work will find its place more ap¬ 
propriately in the metamathematics of bio¬ 
logical systems than as a building block in 
the mathematical development of a physical 
theory. 

Whichever way this may turn out, “De¬ 
sign for a Brain” is assured a place as one of 
the landmarks in the awakening interest in 
theories of brain mechanisms which has oc¬ 
curred during the last two decades. 

Frank Rosenblatt 
Cornell University 

Ithaca. N. Y. 

Fundamentals of Signal Theory, 
by John L. Stewart 

Published (1960) by McGraw Hill Book Co., Inc., 
330 W. 42 St., N. Y. 36, N. Y. 335 pages + 10 index 
pages +xiii i>ages. Ulus. 6J X9J. $9.00. 

The title of this book might mislead 
some readers because it is primarily con¬ 
cerned with the mathematical concepts and 
techniques useful in the analysis of linear 
time-invariant systems. Its level of presen¬ 
tation is that of an average senior course. 
The only part of the book that considers 
random signals is the second half of the last 
chapter and this discussion requires 26 
pages! 

The first part of the book (166 pages) 
review’s the mathematics and develops the 
methods and concepts of steady-state analy¬ 
sis; in order of presentation: phasors, com¬ 
plex numbers, transfer functions (25 pages); 
differential equations, linear algebraic equa¬ 
tions, determinants, matrices, flow graphs 
(25 pages); polesand zeros, partial fraction 
and continued fraction expansions, root loci, 
Nyquist criterion (65 pages); maximally 
flat, Tchebycheff approximation (40 pages). 

The second part of the book is concerned 
primarily with the mathematics of tran¬ 
sient analysis. First, transfer functions are 
considered as operators; the unit impulse re¬ 
sponse is written //(/>)i(/), (26 pages). Next, 
the Laplace transform is introduced (23 
pages), followed by some complex function 
theory (49 pages). The latter includes Jor¬ 
dan's lemma and Hilbert transforms. Then 
come Fourier series and integrals (33 pages), 
followed finally by 26 pages of random signal 
analysis. 

Frankly, I must report a slight lack of 
enthusiasm for the book. First, there is a 
problem of organization. For example, does 
it make sense to present Nyquist’s criterion 
before the tw’o chapters on complex vari¬ 
ables? What is gained by introducing both 
the operational and the Laplace transform 
interpretation of transfer functions? Sec¬ 
ond, there is the difficulty created by the 
spread in the let el of the material presented. 
For example, the first few chapters might be 
adequate for sophomores but as review chap¬ 
ters for seniors they are, in the reviewer’s 
opinion, too vague and intuitive. For exam¬ 
ple, the requirements placed on systems to 
be called linear time-invariant include sys¬ 

tems that do not obey the superposition 
theorem. On the other hand, the book is suc¬ 
cessful in mentioning at appropriate places 
interesting applications and uses of the 
techniques presented. 

This book might be used in a senior 
course entitled “Analysis of Linear Sys¬ 
tems.” It will, however, have to displace 
W’ell-established texts in this field. 

C. A. Desoer 
University of California 

Berkeley, Calif. 

The McGraw-Hill Encyclopedia of Science 
and Technology 

Published (1960) by the McGraw-Hill Book Co., 
Inc., 330 W. 42 St., New York 36, N. Y. 8500 pages 
+536 index pages. Ulus. 71X10. 15 vols. S175.OO. 

The reviewer found his examination of 
this W’ork to be a fascinating and informa¬ 
tive occupation. The scientific investigator 
of today’s space age cannot practice intel¬ 
lectual myopia by pursuing his narrow spe¬ 
cialty and disregarding the wealth of in¬ 
formation developed by other disciplines. 
Rarely is the scope of a technical problem so 
limited that one cannot benefit from the ex¬ 
perience garnered by investigators in other 
technical fields of endeavor. Acquiring an 
acquaintanceship with other fields is a 
goal not easily achieved through the medium 
of handbooks and similar reference works. 
An entirely different type of pedagogical 
medium is required, one that takes the 
reader by the hand and builds complex tech¬ 
nical theories from “concepts of one sylla¬ 
ble. " The periodical, Scientific . 1 merican, does 
this very successfully and is used by many 
of this reviewer's scientific colleagues to 
“stretch” their minds. This suffices for the 
leisurely reader who does not have an im¬ 
mediate and pressing goal, but for the in¬ 
vestigator with an immediate specific need, a 
more methodical compendium of broad tech¬ 
nical scope is required. “The McGraw-Hill 
Encyclopedia of Science and Technology” 
fills this latter requirement quite amply. 

The entries in the Encyclopedia fall 
within the broad areas of Life Sciences, 
Earth Sciences, Physical Sciences and Engi¬ 
neering. These broad areas are divided into 
more than 60 subdivisions, each organized 
by a consulting editor. A typical subdivision, 
Electronics, for which Donald G. Fink is the 
Consulting Editor, is comprised of more 
than 200 articles, each written by an expert. 
The 7224 individual articles of the Encyclo¬ 
pedia, ranging from concise definitions of 
only 100 words to lengthy, 24,000-word dis¬ 
sertations, were written by’ more than 2000 
expert contributors. 

A reviewer should generally’ avoid a 
cataloging of a book's contents; however, in 
the case of this review’, it is almost manda¬ 
tory’ that it be done in a modified fashion if 
only to delineate the scope of the Encyclo¬ 
pedia. The major subdivisions are : Acoustics, 
Aeronautical Airframes, Agriculture and 
Soils, Analytical Chemistry, Inorganic Chem¬ 
istry, Organic Chemistry, Electrical Engi¬ 
neering, Electricity, Electronics, Graphic 
Arts, Growth and Morphogenesis, Heat, 
Microbiology, Medical Microbiology, Min¬ 

eralogy and Petrology, Petroleum Chemis¬ 
try, Petroleum Engineering, General Physi¬ 
ology, Animal and Plant Anatomy, Animal 
Sy’stematics, Anthropology, Physical Chem¬ 
istry, Civil Engineering, Communications, 
Flight Science, Food Engineering, Forestry, 
Industrial and Production Engineering, Low 
Temperature Physics, Machine Design, 
Mining Engineering, Naval Architecture and 
Marine Engineering, Nuclear Engineering, 
Plant Physiology, Solid State Physics, 
Space Technology, Archeology, Astronomy, 
Atomic, Molecular and Nuclear Physics, 
Conservation, Control Systems, Cytology, 
Genetics and Evolution, Geochemistry, 
Physical Geography, Mathematics, Mechan¬ 
ical Power, Classical Mechanics, Oceanogra¬ 
phy, Optics, Paleontology, Theoretical 
Physics, Plant Taxonomy, Propulsion, Bio¬ 
chemistry, Biophysics, Chemical Engineer¬ 
ing, Animal Ecology, Surficial and Historical 
Geology, Geophysics, Metallurgical Engi¬ 
neering, Meteorology and Climatology, Ani¬ 
mal Pathology, Physiological and Experi¬ 
mental Psychology, and Invertebrate Zool¬ 
ogy. 

The usefulness of this encyclopedia rests 
not alone on the excellence of material 
choice and presentation but also on the ex¬ 
tensive cross-reference system employed. 
Each article contains numerous references to 
companion articles in the same subdivision; 
thus, by following the leads from one article 
to others, the entire subdivision can be sys¬ 
tematically explored. Most of the articles 
contain bibliographical references, permitting 
the serious reader to pursue a particular 
topic further. At the close of each article is a 
two- to four-letter code through which the 
author and his affiliation may be identified. 
The articles written by each author are 
listed so that one may completely explore a 
writer's point of view on a subject. The 
Index Volume has been carefully organized 
to provide rapid and efficient access to the 
Encyclopedia. 

The publishers plan to issue annually a 
two-part year book. Part I will feature arti¬ 
cles on the important scientific break¬ 
throughs of the previous year. It is intended 
that this material will be rewritten and in¬ 
tegrated into future printings of the Ency¬ 
clopedia. Part II will contain shorter articles 
of less earthshaking importance but re¬ 
quired to update the Encyclopedia. These 
latter articles will probably be added ver¬ 
batim to future printings. 

These volumes can serve two groups: 
those that require an authoritative reference 
work having broad coverage and those who 
wish to broaden their technical knowledge in 
an interesting painless manner. The authors 
impart their information with varying de¬ 
grees of effectiveness but on the w’hole the 
overwhelming majority have done their job 
well. Leisurely browsing through these vol¬ 
umes can be an interesting and rewarding 
experience for the casual reader. 

This reviewer can find fault with the 
Encyclopedia only by being picayunish, and 
he has no intention of stooping to do so just 
to make this a convincing “critical” review. 
With no reservations, this work can be com¬ 
mended as much needed and well done. 

Gustave Shapiro 
National Bureau of Standards 

Washington, D. C. 
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Boolean Algebra and Its Applications, 
by J. Eldon Whitesitt 

Published (1961) by Addison-Wesley Publishing 
Co., Inc., Reading. Mass. 167 pages +4 index liages 
+x pages ¿-bibliography by chapter -1-10 pages an¬ 
swers to selected problems. Ulus. 61 X9J. S6.75. 

This book is an introductory treatment 
of Boolean algebra with applications to 
Symbolic Logic, Switching Theory and 
Probability in Finite Sample Spaces. Il was 
designed to be used as a text in a one-semes¬ 
ter course for students of mathematics and 
engineering. As stated by the author, “No 
particular subject matter is prerequisite to 
the study of this text, although any maturity 
gained in other mathematics courses will be 
helpful.” 

I he book contains seven chapters. Chap¬ 
ter 1 is a treatment of the algebra of sets 
from an intuitive point of view, i.e., a treat¬ 
ment in which illustrations and examples fa¬ 
cilitate understanding. Chapter 2 presents 
Boolean algebra formally, without any refer¬ 
ence to applications. Chapter 3 is an intro¬ 
duction to Symbolic Logic, utilizing es¬ 
pecially the algebra of propositions, a 
Boolean algebra. Chapters 4 6 deal with the 
application of Boolean algebra to Switching 
Theory, i.e., the analysis and synthesis of 
control and of computer circuits. Chapter 4 
deals with switching circuits, the design of 
circuits possessing given two-state proper¬ 
ties. Chapter 5 deals with relay circuits and 
control problems, including sequential cir¬ 
cuits. Chapter 6 deals with the logical design 
of circuits for arithmetic computation, par¬ 
ticularly binary addition and subtraction. 
Finally, Chapter 7 is a brief introduction to 
Probability in Finite Sample Spaces, utiliz¬ 
ing parts of the algebra of sets as funda¬ 
mental concepts. Well-chosen exercises and 
a short but adequate list of references for 

further study are given in each chapter. 
Answers to selected problems and an index 
are included. 

As an introductory text, this book is ex¬ 
cellent. It is definitely recommended, par¬ 
ticularly to engineering students and others 
who wish to study the increasingly impor¬ 
tant applications of Boolean algebra in the 
computer field. 

Robert Ser reel 
Consultant 

Princeton, N. J. 

Modern Mathematics for the Engineer, 
Second Series, Edwin F. Beckenbach, Ed. 

Published (1061 ) by McGraw-Hill Book Co.. Inc., 
330 W. 42 St., N. V. 36, N. V. 441 pages 4- 14 index 
pages 4-xviii pages ¿-bibliography by chapter. Ulus. 
6X91. $9.50. 

'This book, like the earlier work of the 
same title, is a series of lectures presented 
in the well-known University of California 
Extension Series, “Modern Science for the 
Engineer.” Ihe list of contributors to this 
book, as that of its predecessor, is a roster 
of mathematicians who have made signifi¬ 
cant original contributions toward the solu¬ 
tion of contemporary problems in science 
and technology. 

I he three major divisions of the book— 
“Mathematical Methods,” “Statistical and 
Scheduling Studies,” and “Physical Phe¬ 
nomena”—each contain five or six chapters 
of about 25 pages in length. As might be 
expected of a book of this nature, the level 
and style of presentation varies considerably 
from chapter to chapter. Some of the con¬ 
tributors assume little mathematical sophis¬ 
tication of the reader and proceed by the 

way of familiar examples; others use a more 
general approach. Yet, throughout the work, 
one can detect a coherent objective: to give 
the reader an intuitive feeling for the sub¬ 
ject matter instead of a dry recital of the 
mathematical formalism. Virtually every 
chapter exudes the enthusiasm of the au¬ 
thor, and is likely to capture the interest and 
imagination of the reader. 

Since these lectures were intended not 
only for electrical engineers, one might 
suspect that much of the material is not 
relevant. However, even the chapters on 
such topics as theory of inventory proc¬ 
esses, Monte Carlo calculations in mathe¬ 
matical physics, and fluid mechanics are 
likely to be of interest—not only to workers 
in these specific areas, but also to others who 
might find the techniques, if not the results, 
applic able to their own problems. 

Except for the bibliographies at the end 
of each chapter, the book should not be 
treated as a reference handbook. It is un¬ 
likely that the reader will find that his 
problem becomes completely transparent 
as a result of his reading the appropriate 
chapter. Rather he should expect only to 
find a clue to a possible solution, and this 
perhaps in an unlikely place. Hence, instead 
of putting it on the reference shelf for emer¬ 
gency use, the reader should read the book 
leisurely and reflectively. In so doing he will 
be introduced to the theory of distributions, 
modern operator calculus, random processes 
and information theory, optimum control 
theory, linear programming, and more; and 
he will be treated to a delightful essay on the 
intuitive method by its most famous ex¬ 
ponent, George Pólya. 

Bernard Friedland 
Columbia University 

New York. N. V. 

Scanning the Transactions_ 

A 300-year-old antenna design, despite the fact it pre¬ 
dates radio itself, still qualifies as one of the most interest¬ 
ing “new” antenna designs in recent years. The new antenna 
takes its shape from the Cassegrain telescope, which orig¬ 
inated in the 17th century. A Cassegrain telescope consists 
of two mirrors instead of one. A large concave primary mirror 
collects the incoming light and reflects it to a small convex 
mirror directly in front, which in turn reflects the light back 
again through a small hole in the center of the primary mirror 
to an observer or camera behind. It combines the advantages 
of a short focal length and permitting the observer to remain 
behind, instead of in front of, the main mirror. This same 
geometry has now been adapted as a microwave antenna, 
with the transmitter (or receiver) and its feed replacing the 
observer behind the center of the primary dish. The arrange¬ 
ment leads to a number of interesting applications, such as 
very-low-noise reception and novel two-in-one antennas. 
(P. W. Hannan, “Microwave antennas derived from the 

Cassegrain telescope,” IRE Trans, on Antennas and Prop 
agation, March, 1961.) 

The Fabry-Perot interferometer is becoming an increas 
ingly familiar and important figure on the electronics scene. 
In essence, it is a reflector system in which multiple reflections 
of plane waves occur between two parallel reflecting plates, 
forming in effect a resonant cavity. The Fabry- Perot inter¬ 
ferometer is usually associated with optical phenomena. It 
has been mentioned with increasing frequency in the elec¬ 
tronics literature of late because it forms an important part 
of the optical maser. However, there is also growing interest 
in this technique in connection with the upper end of the 
radio spectrum, in the millimeter and submillimeter region. 
An interferometer of this type has now been successfully 
operated at 8 mm. This development may well lead to the 
extension of klystron techniques to shorter wavelengths, and 
perhaps may eventually play a role in closing the gap between 
the millimeter and infrared regions of the spectrum. (W. Cui-
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shaw, “Resonators for millimeter and submillimeter wave¬ 
lengths,” IRE Trans, on Microwave Theory and Tech¬ 
niques, March, 1961.) 

Maiden names have a marked propensity of being changed 
after the second decade in festive ceremonies marked by 
champagne and rice. Although no rice and champagne are at 
hand and only one decade has passed since their birth, we 
wish to announce that the maiden names of three of the family 
of IRE Transactions have been changed this year: Medical 
Electronics has become Bio-Medical Electronics; Production 
Techniques has changed to Product Engineering and Pro¬ 
duction; and Aeronautical and Navigational Electronics has 
dropped “Aeronautical” in favor of “Aerospace.” These are 
by no means the first such changes to be recorded. The last 
named Groupât one time was not “Navigational”; Reliability 
and Quality Control once had no “Reliability”; and Space 
Electronics and Telemetry started out life as Radio Telemetry 
and Remote Control. As other eligible young subjects come 
upon the scene in the future we shall, no doubt, see more mar¬ 
riages in the family. 

A novel three-in-one waveguide has been proposed for 
transmitting three different messages at one time inside a 
single closed waveguide, rhe configuration being explored 
consists of a double ridged waveguide having two center con¬ 
ductors. In cross section it looks much like a large block letter 
II, with a conductor in the center of each vertical portion. 
Recent theoretical and experimental studies show that by 
launching a TEM mode on each conductor and by also using 

the dominant waveguide mode, it seems likely that a three-
in-one transmission scheme could be made to work using one 
mode for each message. (J. E. Storer and I. \\ . I hompson, 
“TEM impedance and cross coupling for small circular 
center conductors in a double ridged waveguide. I RI'. 1 RANS. 
on Microwave Theory and Techniques, March. 1961.) 

Definition of a Committee: A group of the unwilling chosen 
from the unfit to perform the unnecessary. (II. A. Zahl. “Look¬ 
ing backward toward tomorrow.” IRE I rans, on Aerospace 
and Navigational Electronics, March, 1961.) 

Parametric feedback is a new concept which describes a 
wav of looking at nonlinear filters that sheds interesting new 
light on them. In a recent study it was found that quasi-linear 
forced oscillations can be regarded in filter theory as a form of 
parametric feedback whereby the system parameters are 
functions of the output. The idea of parametric feedback 
leads naturally to the inclusion phase, as well as amplitude, 
feedback. This new perspective opens up a broad class of 
filters with some rather startling characteristics. One example 
that can be cited is a filter with phase feedback which can dis¬ 
criminate between amplitude and phase modulation by pass¬ 
ing the former and rejecting the latter. In addition to phase 
or amplitude filters, the unusual properties of parametric 
feedback can lie used to construct modulation amplifiers, 
modulation function generators, and phase-to-amplitude 
modulation converters. (D. A. Robinson, “Modulation in 
nonlinear filters with parametric feedback.” I RI'. I'rans. on 
Circuit Theory. March. 1961.) 

Abstracts of IRE Transactions_ 

The following issues of TRANSACTIONS have recently been published, and 
are now available from The Institute of Radio Engineers, Inc., 1 East 79 
Street, New York 21, N. Y., at the following prices. The contents of each issue 
and, where available, abstracts of technical papers are given below. 

IRE Libraries 
Sponsoring Group Publication Members and MeXrs 

Colleges 

Aerospace and Navigational 
Electronics ANE-8, No. 1 $2.25 $3.25 $4.50 

Circuit Theory CT-8, No. 1 2.25 3.25 4.50 
Communications Systems CS-9, No. 1 2.25 3.25 4.50 
Component Parts CP-8, No. 1 2.25 3.25 4.50 
Information Theory IT-7, No. 2 2.25 3.25 4.50 
Microwave Theory and 
Techniques MTT-9, No. 2 2.25 3.25 4.50 

Nuclear Science NS-8, No. 1 2.25 3.25 4.50 
Reliability and Quality 

Control RQC-10, No. 1 2.25 3.25 4.50 

Aerospace and Navigational 
Electronics 

Vol. ANE-8, No. 1, March, 1961 
The Editor Reports (p. 2) 

Looking Back Toward Tomorrow Harold 

A. Zahl (p. 3) 
Post-War Developments in Continuous-

Wave and Frequency-Modulated Radar 

W. K. Saunders (p. 7) 

This pa¡»er is a survey of trends in the post¬ 

war development of continuous-wave and fre-

quency-modulated radar with emphasis on sys¬ 

tems designed to oiærate to short range. The 

larger part of the material is concerned with 

systems which use a single microwave genera¬ 

tor as both a transmitting tube and as a source 

of local oscillator power. The discussion is or¬ 

ganized around the various methods ot analysis 

which may be used to study these systems. 

Hitherto unpublished work on a statistical 

method, developed at the Diamond Ordnance 
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Kuze Laboratories, is summarized. Some in¬ 

formation of a practical nature on micro¬ 

phonism, nonlinearities, feed-thru, and satura¬ 

tion is included. A bibliography of work done 

in the post-war period is also included. 

An Analysis of Bistatic Radar Merrill 1. 

Skolnik (p. 19) 

This pajx*r briefly describes some of the 

characteristics, capabilities, and limitations of 

the bistatic radar when used for the detection 

and location of targets such as aircraft or 

satellites. (A bistatic radar is one in which the 

receiver is physically separated from the trans¬ 

mitter so that the echo signal does not travel 

over the same path as the transmitted signal.) 

Among the topics discussed are the type of in¬ 

formation available from the received signal, 

methods for extracting information from the 

bistatic radar signal, bistatic radar equation, 

target cross sections, and the properties of the 

bistatic radar fence. Throughout the paper the 

bistatic radar is continually compared to the 

conventional monostatic radar. It is concluded 

that although the bistatic radar has several 

interesting attributes, it is not as generally 

applicable as the more versatile monostatic 

radar because of the limited fence-type cover¬ 

age and the difficulty of extracting target loca¬ 

tion information. An appendix is included 

which describes the multiple-frequency CW 

method for measuring distance as applied to 

either the bistatic or the monostatic radar. 

A Self-Contained Interplanetary Navigator 

II. B. Haake and J. D. Welch (p. 28) 

This paper is concerned primarily with 

various methods that can lx* used to mechanize 

a self-contained space navigation system, using 

a positional perturbation guidance equation to 

compute velocity corrections. The key com¬ 

ponents involved are thos«* used to determine 

present position, a control system to imple¬ 

ment velocity corrections, and a computer to 

interrelate their functional operations. 

In the area of determining present position, 

various schemes are described for obtaining a 

celestial fix. These include purely-optical and 

inertial-optical schemes, which are compared. 

In addition, a least-squares data smoothing 

criterion is shown, whereby position is com¬ 

puted using redundant fix data. 

The implementation of velocity corrections 

is largely dependent upon the ability to control 

accurately vehicle attitude and to measure 

the magnitude of the velocity increment. 

Therefore, various schemes are proposed for 

controlling the direction and magnitude of a 

velocity correction. 
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A Method of Tree Expansion in Network 

Topology Hitoshi Watanabe (p. 4) 

This paper presents a systematic method of 

obtaining the total sum of all possible tree ad¬ 

mittance products of a very complicated net¬ 

work. First, such a network is partitioned into 

several simple subnetworks by a set of inde¬ 

pendent cut sets. Then, the relationship be¬ 

tween trees or tree admittance products of the 

network and multitrees or multitree admit¬ 

tance products of each subnetwork is found 

and presented as the tree expansion theorem. 

Finally, an effective method for decomposition 

of the large network into simple subnetworks 

is discussed. The methods described in this 

paper are very suitable for use by automatic 

computation. 
On the Realizability of a Set of Trees— 

S. L. Hakimi (p. 11) 

A matrix with entries O's and 1 ’s whose rows 

correspond to the trees of a graph G and whose 

columns correspond to the elements of G is 

introduced. Many interesting properties of such 

a matrix are derived. The concept of the rank 

(modulus 2) of the tree matrix is found to be 

very useful in determining the number of 

separable parts of the corresponding graph. A 

simple algebraic way is presented by which one 

can find, from a given set of trees (or tree 

matrix), the fundamental circuit (or cut-set) 

matrix with respect to a prespecified tree. It is 

also shown that one can easily find, from the 

tree matrix, the set of all paths between the 

vertices of an element of a graph. Some inter¬ 

esting conjectures arc stated concerning graphs 

with a given rank and nullity which have a 

minimum number of trees. 

The Seg : A New Class of Subgraphs— 

Myril B. Reed (p. 17) 

The linear graph, after a delay of about a 

hundred years rom its conception by Kirch¬ 

hoff, is today rapidly assuming a dominant 

position in the foundation of electric network 

theory. This paper is a présentât ron, by defi¬ 

nition and projx*rties deducible therefrom, of a 

new class of subgraphs (segs) which includes 

stars and cut sets as special cases. The matrix 

associated with the seg can be shown to be the 

general coefficient matrix of the Kirchhoff cur¬ 

rent equations. Hence, in addition to adding 

to the structure of linear graph theory, the 

results in this paper broaden the base of knowl¬ 

edge of currents in electric networks. This 

broadened base has already permitted the 

opening of a new phase of network theory and 

can certainly b<* expected to open others. 

On the Synthesis of Resistive TV-Port Net-

works G. Biorci and P. P. Civalleri (p. 22) 

A new approach to the problem of the syn¬ 

thesis of resistive «-port networks with ( n 4- 1 ) 

nodes is given. First it is shown that, given a 

conductance matrix G of order m, the signs of 
its elements define the complete tree of the n 

port uniquely (if it exists). The case of two ior 

more) ports in “series is exceptional: the order 

of such ports in the complete tree can be found 

by comparing the absolute values of a couple 

(or mon* couples) of elements of G. Once the 

complet«* tree has been determined, th«* synthe¬ 

sis Ix'comes very simple, sine«* the G matrix can 

be transformed into another matrix Go referred 

toa set of node-todatum independent voltages, 

whose conditions of realizability are well 

known. 

Paramount Matrices and Synthesis of Re¬ 

sistive N Ports I. Cederbaum (p. 28) 

A method of reducing the main diagonal 

elements of a paramount matrix and its inverse 

without destroying their paramount character 

is described. It is shown that in not more than 

2m steps the irreducible remainder of a given 
matrix can be found. Also, the conditions are 

formulated for a paramount matrix with non¬ 

positive off-diagonal elements to be the im¬ 

pedance matrix of an M-port network with the 

minimum number of independent circuits. 

On the Synthesis of R-Networks —D. P. 

Brown and Y. Tokad (p. 31) 

A study is made of a class of real symmetric 

matrices, and a new set of necessary and suffi¬ 

cient conditions is defined on th«* entries of 

these matrices such that they can be synthe-

sized, without using ideal transformers, as an 

R-network with a minimum number of termi¬ 

nals. The conditions are stated in terms of the 

terminal graph used in representing the termi¬ 

nal characteristics of multiterminal compo¬ 

nents. The new class of matrices then represents 

“terminal equations” corresponding to a path¬ 

tree terminal graph. 
It is also shown that one of the well-known 

classes of matrices, referred to as dominant 

matrices, represent the terminal equations for 

a Lagrangian-tree terminal graph. It is further 

indicated that any such class of real symmetric 

matrices is distinguishable* by a particular 

terminal graph. 

For the cases when a real symmetric matrix 

of order n cannot be synthesized by an R-net-

work with (m-4-1) terminal vertices, an “en-

larged” matrix is formed, and the necessary and 

sufficient conditions for realizability of these 

matrices are given. 

Analysis and Synthesis Techniques of 

Oriented Communication Nets -D. T. Tang 

and R. T. Chen (p. 39) 

An oriented communication net is a com¬ 

munication network in which channel capaci¬ 

ties between pairs of terminals are n«)t sym¬ 

metrical. Such a system can lx* represented by 

an oriented graph. The concept of a minimum¬ 

valued cut is used to determin«* th«* terminal¬ 

capacity matrix which gives th«* maximum 

possible communication between any ordered 

pair of terminals. 

Necessary conditions for a terminal ca¬ 

pacity matrix to be realizable as an oriented 

communication network are obtained. These 

conflit ions are shown to be sufficient when th«* 

order of the terminal capacity matrix is three 

or less. They are not suffici«*nt for higher-order 

cases in general. Synthesis techniques based 

on matrix partition and matrix addition are 

used to realize any three-by-three terminal 

capacity matrix with extensions to some higher-

order cases. 

Optimal Synthesis of a Communication Net 

— (). Wing and R. T. Chen (p. 44) 

This paper gives solutions to the problem 

of realizing a communication network at mini¬ 

mum cost. Th«* network is compose«! of a set of 

mxles connected by a set of branches. Every 

branch has associated with it a capacity. The 

required amount of flow between every pair 

of nodes is specified The unit costs of the 

branch capacities are given. The problem is to 

lind the network and the branch capacities 

such that the total cost is minimum. The set of 

branch capacities and the set of terminal de¬ 

mands are shown to satisfy a set of linear in-

equalities. Linear programming is used to ob¬ 

tain the optimal solution. In the case of identi¬ 

cal unit costs, several realizations are given 

which require fewer branches than previously 
reported. 

Flowgraphs for Nonlinear Systems— T. A. 

Bickart (p. 19) 

The development of a nonlinear flowgraph 

notation for the representation of a large class 

of nonlinear systems is the central topic of this 

paper. By the «lefinition of power operator 

branches, exponential operator branches, 

switching operator branches, and limiting 

operator branches, it becomes possibk* to rep¬ 

resent a variety of nonlinear systems. In par¬ 

ticular, it becomes possible to represent in a 

very simple manner a number of different types 

of hysteretic systems. A study of the rules for 

manipulation of nonlinear flowgraphs is mad«*, 

so as to bring out the procedures that might be 

used in reducing the complexity of such a sys¬ 

tem as that represented by th«* flowgraphs. 

Generalized flowgraph inversion procedures 

are developed as a consequence of the defined 

nonlinear branch transmittances. A variety of 

nonlinear systems are illustrated to indicate th«* 

broad applicability of the notation in repre¬ 

senting such systems. 

Darlington’s Synthesis and RMS Error 

Evaluation -A. Papoulis (p. 58) 

A theorem relating the integrated square of 

the impulse and step response of a two termi¬ 

nal-pair network to its input impedance is 

develope«!; this theorem is in a sense the time 

domain equivalent to the gain-bandwidth rela¬ 

tionship in steady state. As an application, a 

simple* method is presented for evaluating the 

integrated square, 
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of the difference between a signal r(l) and its 

steady-state value r*,; the method is based on 

Darlington’s procedure for determining a re¬ 

active network from its transfer function. 

Modulation in Nonlinear Filters with Para¬ 

metric Feedback D. A. Robinson (p. 60) 

A class of nonlinear second-order filters is 

considered which may lx* described and 

analysed by the theory of quasi-linear differ¬ 

ential equations. It is shown that the effect of 

nonlinearity in these equations is equivalent to 

that obtained by parametric feedback where 

the system parameters are functions of the out¬ 

put amplitude. This leads to an extension of 

the filter class by admitting phase parametric 

feedback. Filters of this class exhibit startling 

characteristics in comparison with the behavior 

of LLFPB circuits. The methods of Mandel¬ 

stam and Papalexi, and Andronow and Witt in 

complex notation underlie the derivations. 

After examining the solution under sinusoidal 

inputs, the more interesting problem of modu¬ 

lation response is considered. Under small sig¬ 

nal conditions a second-order linear differential 

equation with complex coefficients is derived to 

describe the modulation response. One example 

is offered of a filter with phase feedback that 

discriminates between amplitude and phase 

modulation by passing the former and rejecting 

the latter. 
Synthesis Using Tunnel Diodes and Masers 

— Louis Weinberg (p. 66) 

Methods are suggested for the realization of 

multistage amplifier networks containing nega¬ 

tive resistances. These methods are exact syn¬ 

thesis procedures which are based on reverse 

predislorlion, both uniform and nonuniform. 

They thus realize a specified function of fre¬ 

quency— its magnitude, its phase, and its con¬ 

stant multiplier. The methods apply to the 

realization of tunnel-diode amplifiers if the 

equivalent circuit of a tunnel diode is consid¬ 

ered to be a parallel connection of the junction 

transition capacitance and a negative resist¬ 

ance. They can lx* used to realize cascaded 

maser amplifiers if the equivalent circuit of a 

maser amplifier is taken to be a parallel con¬ 

nection of an inductance, a capacitance, and a 

negative resistance, or a series connection of 

these three elements. The methods used auto¬ 

matically provide for the stability of the multi¬ 

stage active networks. 

The straightforward technique of predis¬ 

torting the complete system function may for 

some applications require too many active ele¬ 

ments. Simple modifications of this technique 

are given which allow a control over the posi¬ 

tion in the network, the time constants, and 

the required number of the active elements. 
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Why in the World in Europe? —Bruce B. 

Barrow (p. 3) 

The International Symposium on Data 

Transmission H. C. A. Van Duuren, F. L. 

Stumpers, and B. B. Barrow (p. 4) 

Notes on the Transmission of Data at 750 

Bauds over Practical Circuits P. A. Chit¬ 

tenden (p. 7) 

This paper describes experience over some 

12 months of using a 750-baud phase-modu¬ 

lated data-transmission equipment over British 

Post Office trunk-line circuits, with a brief 

description of the equipment and test gear and 

of the lines used. 

It is concluded that line attenuation and 

general circuit noise are not limiting transmis-

Abstracts of IKE Transactions 

sion characteristics in the magnitudes to be 

expected. Delay distortion and impulsive noise 

can be troublesome, but the most serious dis¬ 

ability is short interruptions of the transmission 

path lasting from a few milliseconds to a tew 

seconds. 

Because of this, the view is expressed that 

the assessment of the suitability of circuits for 

data transmission by quoting average digit 

error rates is unrealistic, and a figure for the 

number of minute periods per day when error-

free operation can be expected is to be* pre¬ 

ferred; also, that with the duration of the in¬ 

terruptions encountered, automatic error cor¬ 

rection would be complicated, and have to be 

supported by a system of repetition of messages 

in error. In the interests of simplicity, this could 

be the preferred solution even for single errors, 

since they appear to <x?cur infrequently. 

The view is expressed also that users who 

cannot rely on a network provided by fixed 

plant in a civil area, e.g., a military user in the 

field, may well have a worse interruption prob¬ 

lem due to the inclusion of numerous cable 

couplers in relatively short line circuits, and 

could better be served by a system of telegraph 

channels, each working at a slow digit speed, 

in order to provide a long digit length to com¬ 

bat the interruptions. 

Error Rates and Error Distributions on 

Data Transmitted Over Switched Telephone 

Connections E. P. G. Wright (p. 12) 

This paper describes the results of tests 

which have been carried out in order to collect 

material with respect to errors caused by inter¬ 

ference during the transmission of data. The 

tests have been carried out on a variety of 

local and toll switched telephone connections at 

250. 500, and 1000 bauds. The signal has lx*en 

set at various levels between —6 dbmo and 

— 46 dbmo. Frequency modulation using only 

a portion of the available bandwidth has been 

employed so that a return path can be provided 

for signals in the reverse direction. Statistics 

are included in resjx'ct to data blocks of 50. 

100, 200, and 500 bits. The attenuation-fre¬ 

quency characteristics of a number of test 

connections are given as both mean and ex¬ 

treme measurements. 

Many of the tests descri bed were made 

before the issue of the Test Program drawn up 

by Working Party 43 of the CCITT in March. 

1960. but in most important respects all the 

tests are in agreement with the procedure 

recommended. 

Errors in Data Transmission Systems — 

R. ( 1. Enticknap (p IS) 
The aims and methods of a program of 

work being conducted at the Lincoln Labora¬ 

tory of the Massachusetts Institute of Tech¬ 

nology in data-transmission research are dis¬ 

cussed. The work, which has been concentrated 

primarily on telephone circuits of a type gen¬ 

erally available, is aimed at a better under¬ 

standing of these transmission media. Machines 

for the measurement of error and error distri¬ 

butions occurring in data-transmission channels 

and machines for recording impulsive-type 

noise on telephone circuits are described. Some 

results from both types of measurement are 

presented. One of the most significant results of 

this program has been the demonstration that 

errors occur on telephone circuits in bursts. 

Among the major sources of errors on telephone 

circuits is the burst of additive noise. With the 

machine described above, some success has 

been achieved in classifying several of the types 

of burst which occur and in deducing their 

probable causes. 

HF Radio Data Transmission -Bernard 

Goldberg (p. 21) 

An exposition of some of the past, present 

and future activity of the U. S. Army Signal 

Research and Development Laboratory in the 

field of HF radio data transmission is treated in 

broad terms. A limited base for use in compari-
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son with HF channel attributes is set up by 

relating the data-handling characteristics of 

switched long-distance telephone lines. 

Generalized criteria of performance for digi¬ 

tal data and TTY transmission is reviewed, 

together with a discussion of what we presently 

know about the behavior of the HF ionospheric 

channel wirh regard to data transmission. 

A broad and detailed coverage is given to 

the determination of the required channel 

characteristics and to the methodology associ¬ 

ated with obtaining this information. A de¬ 

scription of the USASRDL field test program 

and some of its results and implications are 

discussed. Curves of performance of multi¬ 

channel digitally-modulated FSK and PSK 

systems are presented. Data-collection and -re¬ 

duction techniques are described. 

The over-all program is reviewed in terms 

of applications of the medium’s statistics in a 

manner which points the way toward future 

activity in the field of transmission of digital 

data by HF ionospheric channels, in this regard 

both channel matching and coding receive their 

proper recognition and are discussed in terms 

of providing the promise of significant improve¬ 

ments in the HF radio transmission of digital 

data. 

Error Rates and Error Detection on Tele¬ 

graph Circuits -A. C. Croisdale (p. 28) 

This pajx?r reviews error rates obtained in 

tests on the full range of telegraph facilities pro¬ 

vided by an administration at signalling speeds 

not exceeding 200 bauds. The* telegraph facili¬ 

ties tested include: an inland private circuit, 

automatic switched circuits, international cir¬ 

cuits, intercontinental circuits in a submarine 

telephone cable, a speech plus telegraphy fa¬ 

cility on inland telephone circuits. 

For transmission of data with a character 

error rate of better than l/10 fi on cable circuits, 

an improvement in performance will be neces¬ 

sary, and as this is unlikely to be obtained 

economically by attention to the cable or tele¬ 

graph networks, the improvement will have to 

be achieved by error detection and retrans¬ 

mission. Where a short renter-to-renter circuit 

is involved, it may be satisfactory to use auto¬ 

matic error detection and manual retransmis¬ 

sion, but over other telegraph facilities auto 

matic retransmission may be necessary. 

Tests have also been made on both unpro¬ 

tected radio telegraph circuits and circuits em¬ 

ploying the Van Duuren automatic error cor¬ 

rection (ARQ) system. An appraisal is made of 

the over-all performance of this system, with 

suggestions for improvements necessary for the 

transmission of data. 

Where a duplex telegraph circuit is avail¬ 

able, a simple method of error detection is to 

feed the received signal back to the sender 

where it can lx* checked against the original. 

Discussion on Experimental Results (p. 37) 

Error Probability and Transmission Speed 

on Circuits Using Error Detection and Auto¬ 

matic Repetition of Signals IL C. A. Van 

Duuren (p. 38) 

The performance of a telegraph system 

using error detection and automatic repetition 

of signals is analyzed for several fading and 

noise conditions. 

At first the effect of the decision feedback is 

calculated the number of errors and the trans¬ 

mission speed as a function of the character 

error probabilities. The properties of the code 

give the character error probabilities expressed 

in element error rate. The error probabilities 

are calculated for several detectors and fading 

models as a function of the signal-to-noise 

ratio. Using these results the behavior of the 

whole system is computed and graphs are given 

of the transmission speed and the number of 

undetected errors as a function of the signal-

to-noise ratio. The analysis shows that with the 

system considered, the number of errors can 

be made as low as desired, for all circumstances, 
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including interruptions. This cannot be ob¬ 

tained with a system using error correction. 

Finally some simple equations are given for 

the most important points of the curves. 

Some Recent Developments in Digital 

Feedback Communication Systems -Leonard 

S. Schwartz (p. 51) 

This paj>er summarizes the results of inves¬ 

tigations into two methods for increasing the 

reliability of digital communication systems: 1) 

by improvements in the decision system of the 

receiver, and 2) by the introduction of a feed¬ 

back link for error correction between the re¬ 

ceiver and the transmitter. The improved de¬ 

cision system provides for the withholding of 

decision in doubtful cases which are marked by 

the received signals falling in an ambiguous 

region called the null zone. The use of a null¬ 

zone decision region in conjunction with feed¬ 

back is called decision feedback. The character¬ 

istics and performance of this system are dis¬ 

cussed. In addition, the results of combining 

integration and coding with decision feedback, 

called, respectively, cumulative and coded de¬ 

cision feedback, are presented. Finally, the be¬ 

havior of decision feedback under conditions of 

multipath reception is noted. The performance 

of decision feedback systems is compared with 

that of unidirectional systems. 

Discussion on “Some Recent Developments 

in Digital Feedback Communication Systems " 

(p. 57) 

Some Results on the Effectiveness of Error-

Control Procedures in Digital Data Transmis¬ 

sion W. R. Bennett and F. E. Froehlich 

(p. 58) 

In recent years considerable attention has 

been directed toward digital data communi¬ 

cation among machines utilizing the telephone 

network. Such communication raises many 

questions concerning the accuracy of transmis¬ 

sion atainable. This paper discusses the effec¬ 

tiveness of several error-control techniques. 

First, the transmission channel is described 

by three parameters which permit correlation 

among the errors. A number of error-correcting 

methods are evaluated by a computer simula¬ 

tion technique using the parameters of several 

hypothetical transmission channels which 

might be representative of telephone circuits. 

Emphasis has been placed on the recurrent 

burst-correcting codes. The performance of 

these “recurrent” corles, when subjected to 

actual errors collected from Data-Phone test 

calls, is compared to the performance of these 

codes using the assumed channel parameters. 

Graphs relating the average final error rate 

after correction to the transmission channel 

error statistics are shown. 

The difficulty of extracting channel parame¬ 

ters from real error data is discussed and a 

method is presented which might permit such 

calculations. 

It is concluded that some of the codes con¬ 

sidered are capable of reducing the error rates 

in digital communication considerably. How¬ 

ever, most error-control methods are highly 

sensitive to the particular error statistics found 

on the transmission channel. An analytical de¬ 

scription of the errors found on a transmission 

channel is needed for the proper evaluation of 

error-control methods. 

Discussion on "Some Results on the Effec¬ 

tiveness of Error Control Procedures in Digital 

Data Transmission ’ (p. 65) 

High-Speed Data Transmission Over a 

Group Link Telephone Channel J. Labeyrie 

(p. 66) 

The studies carried out by the Centre Na¬ 

tional d’Etudes îles Télécommunications had 

for its object the determination of the maximum 

modulation rate which is possible over a group 

link telephone channel of a modern carrier sys¬ 

tem. 

The data modulator-demodulator which 

has been realized for a modulation rate of about 
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3700 bauds makes use of vestigial sideband 

amplitude modulation. One particular point is 

the direct translation of the signals from the 

baseband into the 4-kc to 8-kc band at the 

transmitting end and inversely from the 4-kc 

to 8-kc band into the baseband at the receiving 

end. For this reason it is necessary to modify 

the first stages of the modulating chain and the 

last stages of the demodulating chain of the 
carrier system. 

Measurements of binary error rates have 
been made for a speed of 3700 bauds with addi¬ 

tion of white noise at different levels (from 

20,000 pw up to 180,000 pw, referred to zero 

transmission level). A typical result is an error 

rate of 10-6 for a noise power of 50,000 pw. 

Two applications are considered: providing 

special private lines for high-speed data trans¬ 

mission and designing time-division multi¬ 

channel telegraphy. 

Detection and Information Rate of Tele¬ 

graphic Signals -D. A. Bell (p. 70) 

“Detection” in the title of this paper is used 

in the sense of decision-making, rather than 

demodulation. The ideal communication rate 

tor a physical channel is provided by Shannon’s 

formula C<W log(l + P/N), and for a binary 

symmetric channel the theoretical amount of 

information per digit is I = 1 + /> log p + q log q, 

where p is probability of error per digit and 

p + q=l. Various error-correcting codes are 

compared with the second formula. It is shown 

that correlation-detection is equivalent to 

minimum-distance detection provided all code 

groups are of equal mean power, and that a 

binary-coded signal can always be adjusted to 

the constant -power state. Experimental results 

are reported on error reduction in a two-out-of-

five code by the use of correlation detection. 

It is noted that square-law detection would be 

inferior to linear detection in such a system. 

Discussion on “Detection and Information 

Rate of Telegraphic Signals” (p. 77) 

Synchronous Demodulation of Phase-

Reversing Binary Signals, and the Effect of 

Limiting Action -D. G. Tucker (p. 77) 

It is shown that a considerable improve¬ 

ment of SNR in the output is produced in a 

synchronous demodulator (when the SNR in 

the input is greater than unity) by interchang¬ 

ing the input terminals with the local oscillator 

terminals of the modulator circuit when this is 

of the switching type, or by using a balanced 

limiter followed by a linear multiplier. Owing 

to the nonlinear relationship introduced, how¬ 

ever, the consequent improvement in error rate 

in a binary system is much less than the im¬ 

proved SNR might suggest; it is likely to be 

fairly small and may be nil when the decision 

device is efficient, but may be fairly large if the 

decision regarding polarity has to be made at 

an amplitude which is a substantial fraction of 

the pulse amplitude. As the performance of the 

new arrangement, when different, is always 

better than that of the usual circuit, there 

seems to be a good case for using it when con¬ 

venient. Moreover, when it is used, there is 

little loss of performance with respect to error 

rate if the binary decision regarding polarity of 

output pulse is made, not at zeroamplitude, but 

at a finite amplitude which may be as great as 

half-amplitude. Conseq tient ly, it is feasible to 

make a single receiver which will operate almost 

indiscriminately on ON-OFF or phase-re¬ 

versing signals. 

A Comparison of Frequency-Shift Anti¬ 

Multipath Signaling Techniques for Digital 

Communications —W. B. Jones, Jr. (p. 83) 

An important result of multipath propaga¬ 

tion is the lengthening of the received signal 

due to a single transmitted pulse. The received 

pulse* duration may be increased by the differ¬ 

ence in propagation times between the longest 

and shortest of the active paths. This time dif¬ 

ference represents the minimum pulse repeti¬ 

tion period which can be used if errors due to 
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inter-symbol interference are to be avoided. 

This minimum pulse repetition period 

places a limit on the available data rate |>er 

channel. The total data rate can lx* increased 

by frequency-division multiplexing. Several 

recent papers have described a technique for 

synchronous frequency-division multiplexing 
tor use under the multipath conditions de¬ 

scribed above. This synchronous system is 

analyzed to show its bandwidth, data rate, 

and signal-to-noise properties, and these are 

compared with those of a conventional FSK 
system. 

A second refinement of conventional FSK 

is the use oi more than two possible frequencies 

tor each pulse. The bandwidth, data rate, and 

signal-to-noise properties of multilevel synchro¬ 

nous FSK are presented, and some circum¬ 

stances under which it may be used to advan¬ 
tage are described. 

Digital Data Transmission Systems of the 

Future R. J. Filipowsky and E. H. Scherer 

(p. 88) 

General predictions are made about the 

development of the state of the art by shortly 

reviewing the latest findings of theoretical in¬ 

vestigations as well as hardware developments. 

A few examples are given to illustrate recent 

attempts to reorganize, standardize and inte¬ 

grate present-day digital data processing and 

transmission systems for future use. 

Concepts of “data moving” and “dynamic 

matching” within a transmission network are 

introduced. It is believed that tele-data process¬ 

ing (TDP) systems, i.e., electronic data process¬ 
ing (EDP) systems with input/output devices 

at remote locations, will experience a growth 

that will warrant the specializat:on of a number 

of manufacturers and organizations on data 

moving only. Dynamic matching may be con¬ 

sidered as the basic principle of a new organi¬ 

zation of digital data-transmission networks. It 

will ultimately load every available communi¬ 

cation channel to its practical ¡x»ak capacity 

and will therefore optimize the efficiency of 

systems. This principle is discussed in detail at 

four different levels of a network. Demand 

matching of input devices, branch matching, 
link matching, and finally network matching 

will be a common feature of many systems in 
the 1970’s. 

For the user of TDP facilities, data movers 

will incorporate these principles in “general serv¬ 

ices networks, which will operate on a message 

switched basis and in completely digital form. 

“Private facilities” will also lx* provided on a 

circuit switched basis for special purposes. 
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Thermistors, Their Theory, Manufacture 

and Application R. W. A. Scarr and R. A. 

Setterington (p. 6) 

Thermistors are components of compara¬ 

tively recent development, although the phe¬ 

nomenon of conduction in metallic salts was 

recorded by Faraday over a century ago. 

The paper, in a broad survey of the subject, 

describes the theory of their ojx*ration, explains 

why they, in common with other semiconduc¬ 

tor devices, possess a negative temperature co¬ 

efficient of resistance, and develops the expres¬ 

sions which govern their parameters. 

Methods of manufacture of the various 

forms of thermistor are outlined in general 

terms, and numerous applications of the device 
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arc described and discussed. Guidance is given 

on the approach to circuit problems, and the 

possibilities of exploiting some of the device’s 

interesting and unusual properties are indi¬ 

cated. The point is made that the thermistor 

can now be used in many fields as an adequate 

alternative to components of more specialized 

application. 

A Distributed-Parameter Approach to the 

High-Frequency Network Representation of 

Wide-Band Transformers T. R. O’Meara 

(p. 23) 
An approach to the high-frequency repre¬ 

sentation is developed from the point of view 

of distributed-parameter networks. This view¬ 

point may be directly employed to compute in¬ 

sertion or transmission functions. Alternatively, 

it provides a method for determining the ele¬ 

ment values for lumped-parameter equivalent 

circuits. This method is most easily applied to 

transformers having two winding layers with 

turns ratios which are cither very nearly unity 

or which depart very greatly from unity, and 

the paper largely confines itself to these cases. 

1 fistributed-parameter insertion-voltage 

ratios for a number of common two-winding 

transformer connections are presented and 

compared with experimental results. 
The Long-Term Stability of Fixed Resistors 

H. F. Church (p. 31) 

The causes of long-term failure under prac¬ 

tical conditions of use or storage of different 

types of fixed resistors commonly used in elec¬ 

tronic equipment have been investigated. Some 

reported life tests have proceeded without in¬ 

terruption for almost four years. Carbon-

composition (grade 2) resistors under load fail 

by slow thermal degradation of the resistive 

material. Drift of value may also occur if un-

loaded resistors of this type are stored in a 

damp atmosphere. Vitreous-enamelled wire¬ 

wound resistors made with fine wire may fail 

during tropical exposure both unloaded and 

especially when lightly loaded with direct cur¬ 

rent. This is owing to electrochemical corrosion 

taking place at faults in the vitreous coating. 

High-stability cracked-carbon (grade 1) resis¬ 

tors may fail rapidly under light de load by 

elect rochemical action if moisture condensât ion 

occurs and the protective paint or varnish 

coating is inadequate. 

Tests for long-term resistor stability are 

critically discussed. 

Contributors (p. 41) 

Information Theory 

Vol. IT-7, No. 2, April, 1961 
Effect of Hard Limiting on the Probabilities 

of Incorrect Dismissal and False Alarm at the 

Output of an Envelope Detector P. Bello and 

W. Higgins (p. 60) 

This paper is concerned with the effect of 

hard limiting on the signal detectability of a 

system consisting of a limiter, narrow-band 

filter, and envelope detector in cascade. The 

input to the system is a pulsed IF signal im-

mersed in noise whose power spectrum is uni¬ 

form over a band of width IF cycles. 

Assuming that the noise bandwidth IF is 

much larger than the bandwidth of the narrow¬ 

band filter, the probability distribution of the 

output of the filter will approach Gaussian. A 

bivariate Edgeworth series approximation is 

necessary to handle the narrow-band filter out¬ 

put since the “in-phase" and “quadrature” 

components of the narrow-band-filter output 

are statistically dependent random variables. 

An expression is derived for the probability of 

incorrect dismissal that requires the numerical 

evaluation of single integrals only. From the 

same bivariate Edgeworth series, an expression 

is derived for the probability-density function 

of the output of the envelope detector for the 

zero-input-signal case. Subsequent integration 

leads to the probability of false alarm. 

On the Asymptotic Efficiency of Locally 

Optimum Detectors Jack ('apon (p. 67) 

A detector examines an unknown waveform 

to determine whether it is a mixture of signal 

and noise, or noise alone. The Neyman-Pearson 

detector is optimum in the sense that for given 

false alarm probability, signal-to-noise ratio, 

and number of observations, it minimizes the 

false dismissal probability. This detector is 

optimum for all values of the signal-to-noise 

ratio, and its implementation is usually quite 

complicated. 

In many situations it is desired to detect 

signals which are very weak compared to the 

noise. The locally optimum detector is defined 

as one which has optimum properties only for 

small signal-to-noise ratios. It is proposed as 

an alternative to the Neyman-Pearson detector, 

since in practice it is usually only necessary to 

have a near-optimum detector for weak signals, 

since strong signals will lx* detected with rea¬ 

sonable accuracy even if the detector is well 

below optimum. 

In order to evaluate the performance of the 

locally optimum detector, it is compared to the 

Neyman-Pearson detector. This comparison 

is based on the concept of asymptotic relative 

efficiency introduced by Pitman for comparing 

hypothesis testing procedures. On the basis of 

this comparison, it is shown that the locally 

optimum detector is asymptotically as efficient 

as the Neyman- Pearson detector. 

A number of applications to several detec¬ 

tion problems are considered. It is found that 

the implementation of the locally optimum 

detector is less, or at most as complicated as 

that of the Neyman-Pearson detector. 

Frequency Differences Between Two Par¬ 

tially Correlated Noise Channels Janis Gaejs 

(p. 72) 

Approximate probability distributions of 

the difference frequency between two noise 

channels which contain dissimilar Gaussian, 

rectangular or triple-tuned RLC band-pass 

filters arc calculated. For noise channels that 

differ only in time delay, a proportionality be¬ 

tween rate of change of instantaneous fre¬ 

quency and the difference frequency is as¬ 

sumed. For dissimilar filters, an approximately 

equivalent single filter-time delay process is de¬ 

fined. The single filter is determined from the 

moment averages of the two dissimiliar filters, 

while the equivalent time delay is computed by 

equating the magnitude of the correlation func¬ 

tion in the two processes. 

Complementary Series -Marcel J. E. 

Golay (p. 82) 

A set of complementary series is defined as 

a pair of equally long, finite sequences of two 

kinds of elements which have the property that 

the number of pairs of like elements with any 

one given separation in one series is equal to 

the number of pairs of unlike elements with the 

same given separation in the other series. 

(For instance the two series 100 10 10001 

and 1000000110 have, respectively, three pairs 

of like and three pairs of unlike adjacent ele¬ 

ments, four pairs of like and four pairs of un¬ 

like alternate elements, and so forth for all 

possible separations.) 

These series, which were originally con¬ 

ceived in connection with the optical problem 

of multislit spectrometry, also have possible 

applications in communication engineering, 

for when the two kinds of elements of these 

series are taken to be +1 and —1, it follows 

immediately from their definition that the sum 

of their two respective autocorrelation series is 

zero everywhere, except for the center term. 

Several propositions relative to these series, to 

their permissible number of elements, and to 

their synthesis are demonstrated. 

Signal Detection by Adaptive Filters 

E. M. Glaser (p. 87) 

Communication engineers are now giving 

increased attention to detection systems which 

are able to adjust their own structure so as to 

lx* optimum for the particular detection prob¬ 

lem of the moment. This paper describes a sys¬ 

tem which is capable of adapting and optimiz¬ 

ing its response to the class of pulse* signals 

whose individual pulses are less than T seconds 

in duration. 
The analysis and synthesis of the adaptive 

system is facilitated by the use of an orthogonal 

function decomposition of the received signal. 

The use of the orthogonal decomposition per¬ 

mits synthesis of optimum linear filters by 

various circuit techniques, several of which 

have been reported elsewhere. The structure of 

the system utilizing such a decomposition is 

described in detail. 
Since the ojæration of the adaptive filter is 

based upon signal detection and estimation in 

noise backgrounds, considerable attention is 

devoted to the relationship between optimum 

signal detection and estimation. The methods 

of statistical decision theory are used. 

A program to test the validity of the ap¬ 

proximations and assess the over-all system 

performance was carried out by simulation of 

the system on both analog and digital com¬ 

puters. The results of these experimental runs 

are described. 
The Coding of Pictorial Data Joseph S. 

Wholey (p. 99) 
We are concerned with the problem of de¬ 

signing an efficient general method of coding 

two-level pictorial data. Both exact and ap¬ 

proximate coiling techniques are illustrated. 

A pilot experiment is presented, in which a 

digital computer was used to realize two-di¬ 

mensional “predictive coding." Although the 

resulting compression was not great, there are 

reasons for believing that this procedure would 

be more successful with realistic pictorial data. 

Further experiments, which made use of 

approximation methods, are described. These 

methods arose from the application of pattern 

recognition theory to the present problem. 

Their use, either independently or prior to pre¬ 

dictive coding, yielded compression signifi¬ 

cantly greater than that attained by predictive 

coding alone. 
On Singular and Nonsingular Optimum 

(Bayes) Tests for the Detection of Normal 

Stochastic Signals in Normal Noise David 

Middleton (p. 105) 
The necessary and sufficient (n. and 5.) con¬ 

ditions for the nonsingularity, i.e., regularity, 

and for the singularity of optimum tests for the 

presence of one Gaussian process vs another on 

a finite sample are established, for both non¬ 

stat ionary and stationary processes, including 

those with nonrational spectra. In the station¬ 

ary cases, the condition may be expressed alter-

tively in terms of an integral of suitable spectral 

ratios when the random processes possess 

rational spectra and for certain classes of non¬ 

rat ional sjiectra as well. Equivalently, for 

rational spectra the w. and 5. condition for non¬ 

singularity is that the spectral ratio approach 

unity as frequency becomes infinite, while for 

singularity the n. and 5. condition requires 

that this ratio differ from unity in the limit. 

Some of the implications of these results in 

applications to signal detection are considered, 

and a method of solution of an associated class 

of integral equations, of the type 

w — /1 )du = G(l, r), 

0 - < l, t < T + 

where K is a rational kernel and G is suitably 

specified, is briefly outlined. Specific results in 

the case of RC and LRC noise kernels, with G 

correspondingly the difference of two (different) 
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RC or LRC covariance functions, are also 

given. 
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Dynamic Interaction Fields in a Two-Di¬ 

mensional Lattice— R. E. Collin and W. II. 

Eggimann (p. 110) 

In the theory of artificial dielectrics and 

aiærture coupling in rectangular waveguides, a 

knowledge of the dynamic interaction fields is 

required in order to evaluate the polarizing 

fields. This paper presents suitable methods for 

evaluating the dynamic interaction fields in a 

two-dimensional lattice. Both electric and mag¬ 

netic dipoles are considered. The results are 

presented in closed form apart from correction 

terms involving rapidly converging series. 

Cross-polarization interaction constants are 

also evaluated. 

TEM Impedance and Cross Coupling for 

Small Circular Conductors in a Double Ridged 

Waveguide J. E. Storer and T. \V. Thompson 

(p. 116) 

The even and odd mode TEM impedances 

and cross-coupling coefficient were found for 

two small circular center conductors in a 

double ridge waveguide structure. Expresssions 

were found by the use of a variational approxi¬ 

mation for the case where the centers of the 

circular conductors lie on the horizontal center 

line of the guide; the conductors were placed 

symmetrically about the vertical plane of 

symmetry of the guide, and the conductors 

were placed a reasonable distance from the 

guide and from the region between the ridges. 

Results calculated from these expressions agree 

reasonably well with experimental data. 
The experimental and theoretical results 

tend to indicate that proper placement of the 

two conductors in a double ridge guide could 

be used as a method of transmitting three dif¬ 

ferent messages inside a single closed wave¬ 

guide. 

Design of a Coaxial Hybrid Junction— L. 

Stark (p. 124) 

The design of a coaxial hybrid junction is 

discussed. The hybrid consists of a shunt junc¬ 

tion and a series junction. The shunt junction 

is a broad-band stub compensated tee, and the 

series junction is basically a balun of the type 

used to excite a slotted dipole. There is inherent 

isolation between the shunt and series termi¬ 

nals. The useful bandwidth of the hybrid is at 

least 10 per cent, while the bandwidth of the 

shunt junction alone exceeds this by a factor 

of four. 

Design data are presented for frequency 

bands centered at 425 Me and 220 Me. Many 

of these hybrids have been manufactured for 

application, and the performance repeats very 

well. Performance data are given for VSWR, 

isolation, and peak power capacity. 

Step-Twist-Junction Waveguide Filters— 

B. C. De Loach, Jr., (p. 130) 

The properties of step-twist-junction dis¬ 
continuities in rectangular waveguide are con¬ 

sidered. Methods are presented whereby these 

step-twist junctions may be used in filter de¬ 

sign and, in particular, in the design of variable 

bandwidth constant-resonant frequency filters. 
Resonators for Millimeter and Submilli¬ 

meter Wavelengths -William Culshaw (p. 135) 

Further considerations on the mm-wave 

Fabry- Perot interferometer are presented. 

Computed Q values for parallel metal plate 

resonators indicate that at spacings around 2.5 

cm, values ranging from 60,000 at 3 mm to 

300,000 at 0.1 mm wavelengths, are possible. 

The plates must, however, be quite flat. These 

results are important for many investigations, 

and in particular for mm and sub-mm wave 

maser research. For the aperture per wave¬ 

length ratios possible here, diffraction effects 

should be small. Consideration is given to using 

curved reflectors or focused radiation in appli¬ 

cations where the fields must be concentrated. 

For this purpose, re-entrant conical spherical 

resonators are treated in detail, as regards 

operation in the TEM mode at high orders of 

interference. Expressions for the () and shunt 

impedance are given, and high values are 

possible at mm and sub-mm wavelengths. 

Quasi-optical methods of coupling into and out 

of such a resonator are proposed, and the 

higher modes possible in such a resonator are 

considered. Results indicate that il could have 

application to the mm-wave-generation prob¬ 

lem, and that :t represents a good resonant 

cavity for solid-state research at mm and sub-

mm wavelengths, and for maser applications in 
particular. 

A Recording Microwave Spectrograph— 

D. Ilias and G. Boudouris (p. 144) 

The principle of operation and the funda¬ 

mentals of realization of a recording microwave 

spectrograph designed for use in the study of 

the absorption and the index of retraction of 

gases under medium pressures (1 mm Hg to 

1 atm) are presented. The apparatus results 

from a similar spectrograph with synchroscope, 

in which the responses of the cavity resonators 

are interpreted by means of a pulse method. 

The high performances of the apparatus render 

its use advantageous, not only as a spectro¬ 

graph, but also as an accurate recording re¬ 

fractometer, as well as a direct-reading () meter. 

A Cavity-Type Parametric Circuit as a 

Phase-Distortionless Limiter F. A. Olson and 

G. Wade (p. 153) 

This paper is a study of the properties of a 

diode parametric frequency converter (nega¬ 

tive-conductance type) when used to perform 

microwave limiting. Unlike the parametric 

amplifier, the output power of a converter 

cannot exceed a certain level, regardless of the 

amplitude of the input signal. Thus, the ability 

to limit is a fundamental property of regenera¬ 

tive parametric frequency converters. An ex¬ 

perimental limiter circuit, consisting of two 

stages of parametric frequency conversion, 

provided an output which was constant to 

within ±1 db over a range of input of 50 db, 

and had 10-db small-signal gain. The phase 

variation was less than seven degrees over the 

entire range of input power. 

A Stripline Frequency Translator -Elisa¬ 
beth M. Rutz (p. 158) 

A frequency translator is discussed which 

operates at C-band frequencies. The modula¬ 

tors in the frequency translator are crystal 

diodes, and modulation is obtained by periodic 

variation of the reflection characteristic of the 

crystal modulators. The conversion loss of the 

frequency translator is 6.5 db at 8-mw input 

power. The unwanted sidebands are at least 25 

db below the translated signal. 

An Approximate Solution to Some Ferrite 

Filled Waveguide Problems with Longitudinal 

Magnetization— Sheldon S. Sandler (p. 162) 

An approximate solution for the field struc¬ 

ture and propagating modes in parallel plane, 

circular, and coaxial ferrite-filled waveguide is 

presented. Bundles of plane waves are assumed 

to propagate in these structures which bounce 

back and forth along the guide. The solutions 

are classified into two types depending on the 

negative or positive equality of the incident and 

reflected waves. In the case of the circular guide 

the waves form a cone, and in the coaxial guide 

they form a frustum of a cone about the axis. 

The elemental plane waves are also assumed to 

satisfy Polder’s relation and the boundary con¬ 

ditions at the guide walls. Simple relations are 

obtained with this equivalence for the propaga¬ 

tion constant and the field. Comparison to 

rigorous theory is made in the case of the paral¬ 

lel plane and circular guide. Some experimental 

verification is presented for the completely-

filled coaxial waveguide. 

Synthesis of Low-Reflection Waveguide 

Joint Systems P. Foldes and X. Gothard 

(p. 169) 

Some characteristics of flat-flange type 

joints are analyzed. Experimental evidence is 

given proving that it is possible to reproduce, 

in practice, waveguide joints which have 

identical complex-reflection coefficients. Such 

joints can be combined to form large joint 

systems by means of a synthesis method, which 

keeps the over-all reflection coefficient to a 

minimum. Both theory and experimental data 

are presented. 

A Channel-Dropping Filter in the Millimeter 

Region Using Circular Electric Modes 

E. A. J. Marcatili (p. 176) 

A channel-dropping filter in the millimeter 

region that transfers TEoiO toTEioD  is described 

and analyzed. The important features are the 

useof TEonO mode in the resonant cavitiescom-

bined with a mode-selective coupling between 

circular symmetric and rectangular waveguides 

which make both heat loss and mode conver¬ 

sion low. Design formulas and exix*rimental 

results on a model filter centered at 56 kMc 

arc included. Finally, several possible mode 

transducers and filters based on the idea of 

mode-selective coupling are described. 

Coupled-Mode Description of Crossed-

Field Interaction—J. E. Rowe and R. V. Lee 

(p. 1X2) 

The coupled-mode theory is developed for 

two-dimensional Af-type flow, and a system of 

five coupled-mode equations is obtained. A 

fifth degree secular equation is found for the 

perturbed propagation constants of the system. 

Under weak space-charge field conditions, both 

the forward-wave and backward-wave inter¬ 

actions may be described in terms of only two 

coupled modes. The two-mode theory is ap¬ 

plied to the calculation of starting conditions 

for the M-BWO, and to the M-FWA. The con¬ 

ditions for beating-wave amplification are de¬ 

termined, and the variation of the mode ampli¬ 

tudes with distance* is given. 

Broad-Band Cavity-Type Parametric Am¬ 

plifier Design Kenneth M. Johnson (p. 187) 

This paper tells how maximum bandwidth 

can lx* obtained from a nondegenerate para¬ 

metric amplifier which utilizes a circulator. Ex¬ 

pressions are derived for the gain bandwidth 

product and maximum possible gain band¬ 

width product. It is then shown how the () of 

the cavities used for the signal and idler cir¬ 

cuits may be kept at a minimum without de¬ 

grading the noise performance of the amplifier. 

It is shown that best performance results when 

the TEM mode is used in coax, or, if wave¬ 

guide is used, when the operating frequency is 

far away from the waveguide cutoff frequency. 

The diode used should have as high a self-

resonant frequency as possible and the line ad¬ 

mittance should be approximately the diode 

susceptance. Using a diode with a self-resonant 

frequency at the idler frequency will lx* seen to 

give optimum performance. 

This paper also discusses double tuning the 

signal circuit to achieve broader bandwidths. 

In this case, the addition of the second tuned 

circuit will be seen to give much broader band¬ 

widths than one would expect from conven¬ 
tional filter theory. 

Two sample amplifiers are considered and 

their bandwidths calculated. The effect of 

double tuning one of the amplifiers is then 

considered. 
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Undesired Background Subtraction in a 

Logarithmic Count Rate Meter Circuit— 

Harold E. De Bolt (p. 1) 

Background compensation can be accom¬ 

plished by simple subtraction of a background 

signal in the linear count rate meter. However, 

in the logarithmic count rate meter circuit 

(Cooke-Yarborough type), compensation must 

be accomplished by subtraction from each 

section of the logarithmic circuit before sum¬ 

ming the outputs of the sections. The method 

is described and mathematically justified. 
A Mathematical Method of Analysis for 

Predicting the Performance of an Anti¬ 

Compton Gamma Ray Spectrometer J. S. 

Rosen. J. C. Whit on, and C. W. Hill (p. 4) 

A mathematical model has been developed 

for estimating the performance of an Anti-

Compton gamma ray spectrometer. This spec¬ 

trometer consists of a small cylindrical crystal 

surrounded by a larger, hollow cylindrical crys¬ 

tal, both composed of Nal(Tl). The results of 

a two-parameter study— incident gamma ray 

energy and relative crystal positions— are given. 
An Electrostatic-Magnetic Separator for 

Obtaining Isotopes of High Purity F. A. 

White, F. M. Rourke, J. C. Sheffield, and L. A. 

Dietz (p. 13) 
The design of a 30-inch-radius combined 

velocity and direction focusing mass analyzer 

is described. Application of this instrument as 

a high purity isotopic separator for research in 

nuclear physics, metallurgy, and semiconduc¬ 

tors is also discussed. Brief mention is made of 

the development of /»-« junctions for detecting 

singly-charged ions of low kinetic energy. 
Administrative Committee Meeting (p. 22) 

International Electrotechnical Commission. 

Report of Meeting of Technical Committee 

TC/45 (p. 23) 
Eighth Annual PNGS Meeting Interna¬ 

tional Symposium on Aerospace Nuclear Pro¬ 

pulsion (p. 24) 

Contributors (p. 25) 

Reliability and Quality Control 

Vol. RQC-10, No. 1, March, 1961 
Safety Margins Established by Combined 

Environmental Tests Increase Atlas Missile 

Component Reliability -C. C. Campbell (p. 1) 

A reliability test program known as a 

“Search for Critical Weaknesses’’ has been put 

into operation by the Convair-Astronautics 

Reliability Organization. The function of this 

program is to direct critical component weak¬ 

nesses so that corrective action can lx* taken 

before operational failure occurs. Components 

selected for testing are subjected to combined 

environmental severities at and beyond the 

design requirements. This is done in order to 

establish a margin of safety and to be able to 

reassess component reliability in the event that 

actual Hight environments differ from those 

expected. .After completing the first three 

phases of this program, 203 component types 

consisting of 9X0 individual specimens have 

been evaluated. A fourth phase in which 105 

component types are being tested is nearing 

completion, and a fifth phase has been initiated. 

This paper covers the testing procedures 

and the techniques used in determining the 

relative component reliability during the first 

three phases of the testing program. In addi¬ 

tion, an explanation of representative com¬ 

ponents’ weaknesses was revealed during the 

tests, and the corrective action taken has been 

included. 
The Electronic Component Reliability 

Center— An Evaluation of the First Year’s 

Operation -J. R. Funk (p. 7) 

Effect of Circuit Design on System Reli¬ 

ability— J. J. Suran (p. 12) 

It is shown that circuit drift failures may 

be eliminated by worst-case design procedures 

but that a considerable price is paid for this im¬ 

munity’ in the form of increased system com¬ 

plexity’, increased component stresses and in¬ 

creased power demand. Consideration of the 

entire problem leads to the conclusion that de¬ 

creasing the probability’ of circuit drift failures 

(by increasing the tolerance margin of the cir¬ 

cuit) tends to increase the probability of com¬ 

ponent catastrophic failures and that conse¬ 

quently an optimum component tolerance de¬ 

sign point exists for maximum system re¬ 

liability. The optimum tolerance margin 

de¡>ends upon the specific system and generally 

varies inversely with the number of compo¬ 

nents comprising the system. Thus, to maintain 

a specified system reliability in the face of in¬ 

creasing sy’stem complexity, it is necessary’ to 

assume a decreasing component parameter 

spread (tighter tolerances) and a decreasing 

component catastrophic failure rate. Both of 

these requirements may be relaxed if some form 

of redundancy is introduced to overcome the 

inevitable occurrence of catastrophic failures. 
Measuring Missile Reliability in Prelaunch 

Environments -David S. Stoller (p. 19) 

This pa¡>er examines some of the problems 

involved in measuring missile reliability during 

its prelaunch phase. This is an important prob¬ 

lem for three reasons: 1) a missile typically is 

exposed to many’ kinds of operating environ¬ 

ments over long periods of time before it is 

launched; 2) a missile’s reliability history’ in 

its prelaunch operating environments is an in¬ 

dex of its in-flight reliability; and 3) the major 

cost of a missile weapon system derives from 

the consequences of its prelaunch reliability 

behavior. 

Most of the emphasis to date in reliability 

measurement efforts has been focused on the 

in-flight environment, to the near-exclusion of 

the important prelaunch environment. At¬ 

tempts to infer prelaunch reliability’ on the 

basis of data collected for other purposes, such 

as supply transactions, have shown that this is 

not an adequate substitute for direct measure¬ 

ments. This document provides an approach to 

the problem specifically oriented to the collec¬ 

tion and analysis of reliability data. 

Reliability measurement requirements stem 

directly from the basic definition of reliability: 

the probability that an aggregate will success¬ 

fully* perform a specified task in a specified en¬ 

vironment over a sjiecified period of time. 

Several of the most important prelaunch oper¬ 

ating environments are: turn-on (-off), check¬ 

outs, countdowns, operating alert, standby’ 

alert, handling, transportation, periodic main¬ 

tenance and storage. 

Monitoring the reliability’ history’ of small 

aggregates, such as pumps, is most important 

during the research, development, and early 

operational phase of weapon-system growth 

when extensive redesign can be achieved, but 

it becomes less important and even a burden 

later on when design effort is concentrated on 

the next-generation weapon. When the system 

is in full operation it is much more important 

to monitor the large aggregates, such as ground 

guidance stations, so as to gain knowledge of 

operational effectiveness. However, since it is 

still important to have some knowledge of the 

reliability’ behavior of the small aggregates in 

the later phase, the reliability measurement 

policy given below merits consideration: 

1) define standard operating environments 

for large aggregates, 

2) relate the o|>erating environments of 

smaller aggregates to the standards of 

the large aggregates, 

3) monitor only’ the large aggregates, 

4) synthesize the reliability’ history’ of small 

aggregates from 3), 

5) relate standard and synthesized environ¬ 

ments to design environments by’ bench 

test. 

A reliability’ measurement system, then, 

needs flexibility in form so that environments 

and criteria can be changed readily. It should 

also interact with the operations, maintenance, 

and supply data system so as to avoid redun¬ 

dancy of data collection, since many of the data 

elements required for reliability measurements 

are also required for other operations and ma¬ 

teriel purposes. A missile status log, based on 

the principles of weapon-centered event record¬ 

ing, can lx* used to obtain reliability data in 

accordance with the considerations above. 

The log obtains data in the following five 

categories: 
1) time reference of event causing entry, 

2) impact of event on weapon-system ef¬ 

fectiveness, 

3) consequences of event on operations-

maintenance status, 

4) identification of aggregates, 

5) remarks for local use. 

Finally, some of the problems arising in the 

classification of malfunctions, configuration 

control, data discipline, and data volume are 

discussed briefly. 
The Effect of the NOL and Battelle Data 

Interchange Programs on Librascope Reli¬ 

ability Test Efforts— Leonard G. Rado (p. 26) 

Due to the emphasis placed on the inter¬ 

change of test data and also on the attempt to 

give the defense effort the best possible test in¬ 

formation, two particular programs have been 

promulgated: The NOL Component Reliability’ 

History’ Program (FBMWS) and the efforts of 

the Battelle Memorial Institute’s Electronic 
Component Research Center which have, been 

in existence for several years now. 

This paper describes the different asjx*cts 

of each program and the mechanics of each. 

The NOL Program is for the use of Fleet Bal¬ 

listic Missile Weapons System (FBMWS) con¬ 

tractors and the Battelle Program is funded by* 

contritions to the members. 

This paper also indicates how Librascope, 

as a participating member with a small evalua¬ 

tion group, gleans the most results from mem¬ 

bership in these two programs. 

A Measure of Reliability and Information 

Quality in Redundant Systems — S. A. Rosen¬ 

thal. II. Jaffe, and M. D. Katz (p. 29) 

In the development of complex military 

electronic equipment, it is necessary’ to consider 

the effects of many* interacting operational and 

design factors. For both the over-all weapon 

system, and for the electronic subsystems with 

which we are concerned, optimum trade-offs for 

such interdependent parameters as reliability, 

weight, accuracy’, maintainability, cost, mission 

time, and target vulnerability’ must be deter¬ 

mined. Considered individually, these parame¬ 

ters do not adequately describe the operational 

worth of equipment incorporating multiple re¬ 

dundancies and operating modes. Operational 

worth is the probability that a system will 

achieve success in performing its required 

functions, and is obviously a prime considera¬ 

tion in the planning and selection of systems 

for military application. 

The inadequacy in describing operational 

worth in terms of its individual parameters was 

encountered in the synthesis of an optimum 

redundant configuration for the B-58 bombing¬ 

navigation system. To resolve this difficulty, 

operational worth models describing the inter¬ 

action between parameters were developed and 

utilized by’ Sperry Gyroscope Company. These 

techniques enabled Sperry to design this 

bombing-navigation system to have a high 

operational worth and an inherent mission re¬ 

liability in excess of 95 per cent. In this paper, 

the model for “system worth,” the interaction 

between reliability and information quality is 

discussed. 
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534.2-14 1382 

Transient Sound Propagation in a Layered 

Liquid Medium -J. W ('. Sherwood. (J. 
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534.21 1383 

Propagation of Sonic and Ultrasonic Waves 

in Natural Waveguides —L. Brekhovskikh. 

(Usepekhi. Fiz. Nauk, vol. 70, pp. 351 360; 

February, 1960.) A discussion is given of sound 

propagation to very great distances in the sea 

and in the atmosphere by a natural waveguide 

action. 

534.24—14:534.88 1384 

Fluctuations of Sound Reflected from the 

Sea Surface -C. S. ('lay. (J. Acoust. Soc. Am., 

vol. 32, pp. 1547 1551; December, 1960.) Data 

obtained from an experiment in which both 

source and receiver arc at a depth of about 

3000 feet (1385 below ) are compared with cal¬ 

culations based on the theory of Eckart (2541 
of 1953). 

534.24—14:534.88 1385 

Fluctuations in Surface-Reflected Pulsed 

C.W. Arrivals M. V. Brown and J. Ricard. 

(J. Acoust. Soc. Am., vol. 32, pp. 1551 1554; 

December, 1960.) A 168-cps signal was trans¬ 

mit ted at a depth of 2880 feet, and both direct 

and surface-reflected components of the signal 

received at a depth of 3000 feet were analyzed 

for fluctuations as a function of range and 

angle of incidence. A (cos tp)2^ relation was 

found between the relative standard deviation 

of the energy and the incident angle, as meas¬ 

ured from the normal. 

534.286.2 1386 

The Influence of Edges on the Sound Ab¬ 

sorption of Porous Materials W. Kuhl. 

(Akust. Beih.. no. 1, pp. 264 276; 1960.) 

Measurements of sound absorption were made 

on various arrangements of absorber plates in 

a reverberation chamber. The results are dis¬ 

cussed with reference to the work of other 

authors to assess the magnitude of the edge 

effect under different conditions. 

534.512.2:538.566:535.31 1387 

Flectromagnetic Reflection from Sound 

Waves H. J. Schmitt and T. T. Wu. (J. 

Acoust. Soc. Am., vol. 32, pp. 1660-1667; De¬ 

cember, 1960.) The reflection of EM waves 

normally incident on the wavefronts of a semi¬ 

infinite standing sound wave in a liquid is dis¬ 

cussed theoretically. 

534.6:534.322.3 1388 

Development of a Noise Generator for 

Producing Noise of Constant Spectral Band¬ 

width with any Desired Centre Frequency and 

Constant-Ampli ude Time Functions— H. 

Niese. (Nachriech., vol. 10, pp. 196 204; May, 

1960.) The noise generator described provides 

bands of EM noise of bandwidth 40, 100, 200 

and 400 cps with the center frequency adjust¬ 

able over the range 20 cps-17 kc. See also 8 of 

January. 

534.7 1389 

Electro-acoustics for Human Listeners 

C. Cherry. (J. Brit. IRE, vol. 21, pp. 5 15; 

January, 1961. Discussion.) A review of existing 

knowledge of electro-acoustics in relation to the 

listener is given. The present theories of stereo¬ 

phonic hearing are shown to be incomplete 

and a plea is made for further study. 

534.78 1390 

Speech Processing by the Selective Ampli¬ 

tude System L. R. Spogen, H. N. Shaver, 

D. E. Baker, and B. V. Blom. (J. Acoust. Soc. 

Am., vol. 32, pp. 1621 1625; December, I960.) 

A system is described in which sampling times 

are determined from the speech waveform; the 

average rate is considerably less than that re¬ 

quired for periodic sampling. 

534.79 1391 

A Method for the Calculation of Loudness 

E. Zwicker. (Akust. Beih., no. 1, pp. 304 308; 

1960.) A simplified graphical method is de¬ 

scribed for evaluating loudness levels from 

third-interval level diagrams. See 3349 of 
1960. 

534.79 1392 

The Difference between the Curves of 

Equal Loudness for a Plane Wave and a Diffuse 

Sound Field G. Jahn. (Hochfrequenz, und 

Elektroak., vol. 69, pp. 75 81; April, 1960.) 

Objective measurements were made to deter¬ 

mine the influence of the shape of the sound 

field on loudness sensation; these measure¬ 

ments are based on the results given in 740 of 

1960. A comparison is made with the loudness 

curves obtained by subjective tests (1844 of 

1960) and relatively good agreement is found. 

534.844. 1 + [62 1.3 17.2 :538.566.08 1393 

A New Reverberation Chamber for Sound 

and Electromagnetic Waves E. Meyer, G. 

Kurtze, H. Kuttruff, and K. Tamm. (Akust. 

Beih.. no. 1. pp. 253 264; 1960.) The acoustic 

reverberation time of the room described is 

33 sec at 100 cps and 13 sec at 1 kc; the sound 

insulation results in about 80-db attenuation. 

The chamber is internally lined with copper 

foil and the EM wave reverberation time is 

400 jusec at 10 Gc without scattering objects; 

this corresponds to a Q-factor of 1.7 X 10 fi . 

534.845 1394 

Design of Acoustic Resonator Panels— 

C. R. Nagaraja Rao. (J. Sei. Ind. Res., vol. 

19 A, pp. 506 509; October, 1960.) A design 
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procedure based on the Helmholtz formula has 

been verified experimentally for sound waves 

normally incident on the panel. 

534.845.1 1395 

Determination of Sound Absorption Coeffi¬ 

cients using a Pulse Technique C. L. Rogers 

and R. B. Watson. (J. Acousl. Soc. Am., vol. 

32, pp. 1555-1558; December, 1960.) A 

laboratory method is descri bed by means of 

which sound absorption coefficients can be de¬ 

termined as a function of angle of incidence 

using a loudspeaker at the focus of a parabo¬ 

loidal sound mirror. 

621.395.6:621.372.44 1396 

Exact Solution of a Time-Varying Capaci¬ 

tance Problem — Macdonald and Edmondson. 

(See 1432.) 

621.395.61 1397 

Absolute Determination of the Response of 

Microphones in a Diffuse Sound Field H. G. 

Diestel. (Akust. Beih., no. 1, pp. 277 280; 

1960.) An application of the reciprocity method 

in a diffuse sound field is given. The calibra¬ 

tion of a condenser microphone for the range 

500-16000 cps in a reverberation chamber is 

described. 

621.395.61 1398 

Determination of the Pressure Transmis¬ 

sion Factor of Microphones II. G. Diestel and 

II . Mrass. (Arch. lech. Messen, no. 291, pp. 

65-68; April, 1960.) A review of methods and 

apparatus used for the pressure calibration of 

microphones is given. About 40 references. 

621.395.623.8 1399 

‘Loudspeaker with Increased Degree of 

Presence’ —II. Harz. (Elektron. Rundschau, 

vol. 14, pp. 193 197; May, 1960.) A description 

is given of an array of loudspeakers for use in 

broadcast studios. Facilities are provided for 

the adjustment of the ratio of direct to diffuse 

sound in order to achieve a greater degree of 

realism. 

621.395.625.3 1400 
Investigation of the Fluctuations of Syn¬ 

chronism in a Magnetic Tape Recorder with 

the Aid of Electromechanical Analogues \\ . 

Wolf. (Hochfrequenz, und FJektroak., vol. 69, 

pp. 41 52; April, I960.) The equivalent circuit 

of a mechanical tape transport system is de¬ 

rived. The electrical analogs of the various 

mechanical parameters are evaluated and their 

application in improving the design of tape 

transport mechanisms is discussed. 

621.395.625.3:538.221 1401 

Particle Interaction in Magnetic Record 

Tapes — Woodward and Della Torre (See 

1590.) 

ANTENNAS AND TRANSMISSION LINES 

621.372.8:621.317.39:531.71 1402 

Measurement Method for Determining the 

Internal Dimensionsof Waveguides J. Bachel. 

(Frequenz, vol. 14, pp. 131 134; April, 1960.) 

The method described is suitable for long 

waveguide, of metal or internally metallized at 

least at the points of measurement ; dimen¬ 

sions can be measured to within ± 1 m sec. The 
underlying principle is that of a measurement 

of capacitance between one inner wall and a 

metal plate accurately positioned on and insu¬ 

lated from the opposite inner wall. The method 

is also applicable to circular waveguide. Test 

procedure and results are discussed. 

621.372.8.09 1403 

Transport of Angular Momentum in a 

Waveguide —G. Toraldo di Francia. (Alla 

Frequenza, vol. 29, pp. 148 153; April, I960.) 

In a waveguide where the field consists of two 

or more superposed degenerate modes, the 

angular momentum travels at the same ve¬ 

locity as the energy. In the case of two nonde¬ 

generate modes, the momentum has a velocity 

equal to the arithmetic mean ot the group 

velocities of both modes. 

621.372.81 1404 

The Theory of Waveguides and Cavities: 

Part 1— A General Approach to the Exact 

Theory of Waveguides and Cavities R. A. 

Waldron. (Electronic Tech., vol. 38, pp. 98-105; 

March, 1961.) 

621.372.822 1405 

The Rotation of Polarization with the Twist 

in a Rectangular Waveguide— K. Schnetzler. 

(Frequenz., vol. 14, pp. 123-126; April, 1960.) 

The plane of polarization is rotated only 

through about 5 the angle of twist of a rec¬ 

tangular waveguide. In a waveguide carrying 

two waves of differing polarization, the cou¬ 

pling from one to the other depends only on the 

relative twist between input and output cross 

sections; for Io twist this amounts to 37 db. 

621.372.823:621.372.832.6 1406 

A Circular-Electric Hybrid Junction and 

some Channel-Dropping Filters —E. A. Marca-

til i. (Bell. Sys. Tech. J., vol. 40, pp. 185-196; 

January, 1961.) A description of a telescopi¬ 

cally mounted Riblet short-slot coupler ad¬ 

justed for 3-db power division at 55 Gc with a 

bandwidth of 20 per cent, a balance of 0.5 db 

and isolation better than 23 db is given. Appli¬ 

cation to a circular waveguide communication 

system in conjunction with mode conversion 

filters (1417 below) is considered. 

621.372.823:621.372.852.1 1407 

Band-Splitting Filter— E. A. Marcatili and 

D. L. Disbee. (Bell Sys. Tech. J., vol. 40, pp. 

197 212; January, 1961.) A splitting transition 

between two adjacent sub-bands covering one 

octave at mm X is brought about within 160 Me 

by a const ant -resist anee filter containing an 

elbow and a hybrid junction operating with 

2-inch-diameter waveguide. 

621.372.823:621.372.852.5 1408 

Mode Exciters in Circular Waveguides -

K. Noda. (Rev. Elec. Commun. Lab., Japan, 

vol. 8, pp. 465-476; September/October, 1960.) 

Resonant-iris-type exciters have been de¬ 

veloped for several kinds of modes. They have 

the advantage of being small in size and weight, 

but have a restricted bandwidth. 

621.372.823:621.372.853.1 1409 

Circular Electric Wave Transmission 

through Hybrid-Mode Waveguide - K. Xoda. 

( Rev. Elec. Commun. Lab., Japan, vol. 8. pp. 

426 464; Septcmber/October, 1960.) ‘‘General 

formulae for mode generation from distributed 

sources are derived for hybrid-mode wave¬ 

guides. Using the formulae, the mode conver¬ 

sion by irregular parts of the dielectric layer in 

a dielectric-coated waveguide is calculated. 

Coupling between modes at geometrical im¬ 

perfections and in intentional bends are de¬ 

scribed as the relations between the normal 

hybrid modes. The coupling coefficients be¬ 

tween the TE01 and HY|W modes in the curved 

helix waveguide are obtained as functions of 

the arbitrary wall impedance. Several other 

transmission characteristics in the hybrid¬ 

mode waveguide arc also analysed.’’ 

621.372.823.2 1410 

The Transmission Characteristics of Hoi 

Waveguide with Statistically Distributed Ir¬ 

regularities H. Larsen. (Frequenz, vol. 14, 

pp. 135 142; April, 1960.) The influence of 

random distribution of axial curvature and 

cross-sectional deformation in circular wave¬ 

guide on propagation of desired and undesired 

modes is investigated using autocorrelation 

functions. Examples are given of the calcula¬ 

tion of dimensional tolerances using the 

Gaussian distribution as a basis for the auto¬ 

correlation function. 

621.372.829 1411 

Noncylindrical Helix Waveguide H. G. 

Unger. (Bell Sys. Tech. J., vol. 40, pp. 233 251; 

January, 1961.) Two cases are analyzed: a) 

random imperfections in the cross section de¬ 

fined in terms of correlation distance, and b) 

uniform imperfections. Random imperfections 

lead to mode conversion and the resulting loss 

is similar to that obtained without the helix, 

but uniform imperfections give considerably 

greater loss with the helix than without. 

621.372.829 1412 

Normal Modes and Mode Conversion in 

Helix Waveguide— H. G. Unger. (Bell Sys. 

Tech. J., vol. 40, pp. 255 280; January, 1961.) 

An analysis of unwanted modes and their 

coupling coefficients due to guide curvature 

and deformation leads to consideration of 

mode-absorbing filters consisting of lengths of 

circular helical guide, and the effects of random 

curvature and random ellipticity. 

621.372.831.4 1413 

The 3-dB Coupler—-W. Stösser. (Frequenz, 

vol. 14, pp. 117-121; April, 1960.) The opera-

tion of a short-slot hybrid junction is ex¬ 

plained and its characteristics are derived. A 

method of reducing the physical length of such 

couplers is outlined and design features of a 3-

db coupler are discussed. 

621.372.831.6 1414 

The Design of Two-Step Transforming 

Sections for Waveguide —W. Haken. (Fre¬ 

quenz, vol. 14, pp. 126-131; April, 1960.) A 

method is given for the design calculation of 

two-step sections coupling rectangular wave¬ 

guides of different height but equal width with 

minimum reflection in a given frequency 

band. A two-stage transformer for the range 

3. 8-4. 2 Gc was designed by this method and, 

by means of certain mechanical corrections, a 

section was obtained whose measured reflec¬ 

tion coefficient agrees closely with the theoreti¬ 

cal optimum. 

621.372.852.323 1415 

Experimental Investigations of Ferrite 

Resonance Isolators R. Steinhart. (Nachr-

tech. Z., vol. 13, pp. 183 191; April, I960.) 

Measurements of directional attenuation and 

phase shift have been made with reference to 

the theory given earlier (41 1 of February), and 

the influence of ferrite dimensions on isolator 

characteristics has been investigated system¬ 

atically. A method of self-compensation of 

temperature effects is described which is ade¬ 

quate up to 70°C. 

621.372.852.4 1416 

A Polarization Filter with Symmetric Ex¬ 

citation of Hi i Waves E. Schuegraf. (Fre¬ 

quenz, vol. 14, pp. 121 123; April, 1960.) In 

the polarizer described, the two Hu modes are 

symmetrically excited in a circular waveguide; 

this method extends the usable range of fre¬ 

quencies, and does not give rise to undesirable 

modes such as E01. 

621.372.852.5 1417 

Mode-Conversion Filters E. A. Marcatili. 

(Bell Sys. Tech. J.. vol io. pp. 149 184; 

January, 1961.) The theory and construction 

of low-loss filters that simultaneously drop 

channels and transfer from circular to rectan¬ 

gular waveguide modes is described. The ad¬ 

vantages over other methods for the mm X 

range are discussed. 

621.396.67 1418 

Wide-Band Omnidirectional Radiators of 
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Cylindrical Symmetry with High-Pass Match¬ 

ing 11. Meinke. {Nachriech. Z., vol. 13, pp. 

161 168; April, I960.) Measurements of input 

impedance and reflection coefficient were made 

in the frequency range 200 4000 Me on omni¬ 

direction radiators of differing shape. The input 

imiædance was calculated for lower frequencies 

and the lower cutoff frequency is determined. 

The optimum shape of a wide-hand radiator is 

a cone with smoothly rounded edges using a 

retied ion-free feed arrangement (see 2999 of 

1960). 

62 1.396.676 :62 1.3 17.332 :62 1.398 1419 

Measuring Antenna Impedance in the 

the Ionosphere O. C. Haycock and K. D. 

Baker. {Electronics, vol. 34, pp. 88 92; January 

13, 1961.) Both resistive and capacitive com-

ponents are measured continuously from the 

st am ling-wave pattern set up on an artificial 

transmission line terminated by the antenna. 

621.396.677:621.396.62 1420 

Designing Low-Noise Antennas R. Calde¬ 

cott anti W. II. Peake, {Electronics, vol. 34. 

pp. 60 63; January 20, 1961.) With the advent 

of very-low-noise receivers, the noise emphasis 

must be shifted to the receiving antenna. The 

effects of mismatch, attenuation, sidelobes and 

spill-over are considered. The optimum antenna 

is not necessarily the one with maximum gain. 

621.396.677.32 1421 

Endfire Antennas —G. Broussaud and E. 

Spitz. (Proc. IRE, vol. 49, pp. 515 516; 

February, 1961.) The antenna, consisting of a 

two-wire line surrounded by a helix, has a gain 

of 18 20 db between 2 and 5 Gc with secondary 

lobes below 30 db. See also 2236 of 1960 

(Wickersham). 

621.396.679.4 1422 

Feeders for Decimetre-Wave Aerials of 

High Power Rating II. Laub and S. Stöhr. 

{Frequenz, vol. 14, pp. 144-155; April. I960.) 

The transmission characteristics of long feed¬ 

ers consisting of flexible or rigid coaxial lines, 

waveguide or surface-wave transmission line 

are discussed. The results are given of theoreti¬ 

cal and experimental investigations of attenu¬ 

ation and reflection coefficient on long runs of 

rectangular waveguide constructed from nu¬ 

merous identical elements. Waveguide com¬ 

ponents for use in antenna feeders are de¬ 

scribed. Results are also included of measure¬ 

ments on feeders of the Goubau-1ine type. 36 

references. 

AUTOMATIC COMPUTERS 

681.142 1423 

A Multipurpose Computer Element —C. B. 

Taylor. {Electronic Engrg., vol. 33, pp. 96 99; 

February, 1961.) A ‘‘long-tailed pair” wave¬ 

form reshaper is described which, in conjunc¬ 

tion with a number of logical gates, can be used 

as a basic element in computer design. 

681.142:621.382.323 1424 

Microcircuit Binary Full Adder uses Uni¬ 

polar Transistors M. E. Szekely, J. T. Wall¬ 

mark, and S. M. Marcus. {Electronics, vol. 33, 

pp. 48-49; December 23. I960.) Unipolar 

transistors are used for both active and passive 

elements. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.049.7 1425 

Circuit Considerations relating to Micro¬ 

electronics— J. J. Suran. (Proc. IRE. vol. 49, 
pp. 420 426; February, 1961.) A discussion of 

the problems associated with microminiaturi¬ 

zation, especially power dissipation and its re¬ 

lation to circuit functions and packing density, 

is given. 

621.314.2:621.391.822 1426 

Barkhausen Noise in Transformer Cores 

K. G. Warren. {Electronic Tech., vol. 38, pp. 

89 94; March, 1961.) The following are dis¬ 

cussed: a) isolation and measurement of the 

noise, b) its relation to the slope of the hys¬ 

teresis loop and the cycling rate, c) an equiva¬ 

lent circuit which includes the noise source, and 

d) the frequency spectrum of the noise when 

sinusoidally polarized. 

621.318.57:621.382.23 1427 

Margin Considerations for an Esaki-

Diode : Resistor OR Gate II. K Gunimel and 

F. M. Smits. (Pell Sys. Tech. J . vol. 40, pp. 

213 232; January, 1961.) Worst-case margin 

considerations imply that applications are re¬ 

stricted to storage systems, flip-flops, shift 

registers and the like. 

621.319.43 1428 

A Helix-Type Variable Capacitor V. 

Yamamoto. (Proc. IRE, vol. 49, pp. 522 

523; February, 1961.) Maximum-to-minimum 

capacitance ratios of 10,000 or more arc ob¬ 

tainable. 

621.372.41 1429 

Two-Terminal-Network Functions through 

Prescribed Points. Additions to the Interpola¬ 

tion Problem of Pick and Nevanlinna II. 

Frank. (Nachrtech. 7.. vol. 13, pp. 2 11 243; 

May, 1960.) The synthesis of two-terminal 

networks consisting of resistive, inductive and 

capacitive elements and having a given imped¬ 

ance function is considered. 

62 1.372.4 12:62 1.372 .54 1430 

Quartz AT-Type Filter Crystals for the 

Frequency Range 0.7 to 60 Mc/s R. Bech¬ 

mann. (Proc. IRE, vol. 49, pp. 523 524; 

February, 1961.) Design data are given for sup¬ 

pressing the unwanted modes to at least 40 db 

below the main mode. See also 1899 of 1960. 

621.372.413 1431 

Design of Cavity Resonators with Maxi¬ 

mum Q-Factor W. Otto. {Nachrtech., vol. 10, 

pp. 205 209, 266 272, and 365 372; May, 

June, and August, 1960.) A summary of theory 

and design formulas for cylindrical cavity 

resonators with details of constructional fea¬ 

tures and coupling arrangements is given. 

621.372.44:621.395.6 1432 

Exact Solution of a Time-Varying Capaci¬ 

tance Problem J. R. Macdonald and I). E. 

Edmondson. (Proc. IRE, vol. 49, pp. 453 466; 
February, 1961.) A new method is developed 

giving a closed-form solution for the harmonics 

generated by a sinusoidally varying capaci¬ 

tance in series with a fixed resistor and battery. 

Practical applications are discussed with refer¬ 

ence to the condenser microphone, the vi¬ 

brating-reed electrometer and a special loud¬ 

speaker improvement . 

621.372.5 1433 

The Quadratic Invariances of a Gener¬ 

alized Network M. C. Pease. (Proc. IRE, 
vol. 49, pp. 488 497; February, 1961.) In sys¬ 

tems where the matrix operator has eigen¬ 

values which are unity or can be taken in re¬ 

ciprocal conjugate pairs, the number of in¬ 

variant quadratic forms is at least equal to the 

number of degrees of freedom. 

621.372.54 1434 

The Imaginary Part of the Characteristic 

Impedance in the Pass Band of Filter Circuits 

-W. Herzog. (Nachrtech. Z., vol. 13, pp. 179 

182; April, I960.) The use of filter circuits with 

complex characteristic impedance in the pass 

band extends the number of possible bridge¬ 

type filters. Filters with variable pass band can 

be realized. 

621.372.54 1435 

A Quick Method for the Design of Butter¬ 

worth Filters—J. S. Bell and P. G. Wright. 

(Electronic Engrg., vol. 33, pp. 106 108; 

February, 1961.) A design procedure and 

worked example are given. 

621.372.543.2 1436 

A Variable-Bandwidth Band-Pass Filter 

J. Holland. {Electronic F.ngrg., vol. 33, pp. 100 

105; February. 1961.) “A method is described 

whereby several band widths may be obtained 

in an LC filter employing one set of inductors 

only. The design of a typical filter with an 

actual plot of its attenuation characteristic is 

included.” 

621.372.543.2 ¡437 

A Continuously Variable Band-Pass Filter 

for the Audio-Frequency Range W. Ohme. 

(Frequenz, vol. 14, pp. 182 186; May, I960.) 

The design of a band-pass filter whose band¬ 

width and lower cutoff frequency are con¬ 

tinuously variable is described. The requisite 

crystal filters are derived from the band-pass 

elements given by image-parameter theory. 

The equipment and some of its response curves 

are illustrated. 

621.372.63 1438 

Synthesis of N-Port Active RC Networks 

I. W. Sandberg. (Bell Sys. Tech. J . vol. io. 
pp. 329 347; January, 1961.) It is proved that 

N is the sufficient and, in general, minimum 

numlx*r of controlled sources required to 

realize an arbitrary NXN matrix of real 

rational functions as a transformerless active 

RC 2V-port network. 

62 1.373.42 1.1: 539.2 :538.569.4 1439 

The Hamiltonian Formalism of Damping 

in a Tuned Circuit—K. W. II. Stevens. \Proc. 

Phys. Soc. (London), vol. 77, pp. 515 525; 

February, 1961.] An LC circuit coupled to a 

transmission line is studied as an example of 

introducing damping into the quantum-me¬ 

chanical treatment of a harmonic oscillator. 

The problem of coupling a spin system to the 

current in the inductance is also studied. 

621.373.43 1440 

The Stability of Relaxation Oscillations 

Synchronized by Pulses E. De ('astro. (Alla 

Frequenza, vol. 29, pp. 206 231; April, 1960.) 

A finite-difference equation is derived for the 

pulse synchronization of relaxation oscillators. 

Solutions arc obtained by a graphical method 

and possibilities of simplification are consid¬ 

ered. The procedure is also applied to the case 

of frequency division. Calculated parameters 

are verified by measurements on a multivi¬ 

brator circuit. 

621.373.431.1 1441 

Description of the Change-Over Process 

in Multivibrators -G. Kohn. (Arch, elekl. 

Übertragung, vol. 14, pp. 193 203; May, 1960.) 

The dynamic processes occurring in multi¬ 

vibrators are described using a graphical 

method. A bistable circuit is considered as 

example, and a system of curves representing 

all possible internal processes is derived on the 

basis of differential equations for the charac¬ 

teristic time functions of this circuit. The in¬ 

fluence of the duration and amplitude of the 

triggering pulse on transition time is deter¬ 

mined. 

621.374:681.188 1442 

Decoding Circuits with Semiconductor 

Elements -E. Oehme. (Hochfrequenz, und 

Elektroak., vol. 69, pp. 52 61; April, 1960.' 
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Various types of circuits for binary decoding 

systems are given and requirements regarding 

tile minimum number of semiconductor diodes 

and transistors to be used are evaluated and 

compared. 

621.374.4:621.396 1443 

The Problem of Frequency Synthesis— 

11. J. Finden. (J. Bril. IKE, vol. 21, pp. 95-

103; January, 1961.) A review of the basic 

techniques employed for addition, subtraction 

and division in frequency synthesizers is given. 

621.374.5:534.213-8:535.215 1444 

Continuously Variable Glass Delay Line— 

H. A. Brouneus and W. H. Jenkins. (Electron¬ 

ics, vol. 34, pp. 86 87; January 13, 1961.) 

Stress waves are optically monitored by using 

die biréfringent properties of glass under stress. 

621.375.232.4 1445 
Designing Grounded-Grid Amplifiers with 

Controlled Gain J. W. Rush. (Electronics, 

vol. 33. pp. 50 53; December 23, 1960.) A six-

stage low-noise IF amplifier with micromini¬ 

ature ceramic triodes is described. 

621.375.4.018.783 1446 

Review of Nonlinear Distortion in Transis¬ 

tor Stages, including Cross-Modulation H. 

Lotsch. (Arch, elekt. Übertragung, vol. 14. pp. 

204 216; May, I960.) The nonlinear transfer 

function is approximated by a Taylor series 

expansion, and from this equations are derived 

for various types of distortion in earthed-

emitter transistor circuits. Methods of com¬ 

pensating cross-modulation are considered. 

The results of cross-modulation measurements 

are found to be similar to those obtained by 

Akgün and Strutt (3034 of 1960). 

621.375.423 1447 
Selective RC Amplifier using Transistors — 

R. Hutchins. (Electronic Engrg., vol. 33, pp. 

84-87; February, 1961.) An investigation of the 

use of phase-shift networks in transistor cir¬ 

cuits is discussed. The dual of the Wien-

bridge arm is used to form an oscillator and a 

selective amplifier, which has constant gain 

while the selectivity and tuning are continu¬ 

ously variable. 

621.375.432 1448 

Equation for the Performance of a Non¬ 

linear Transistor Amplifier I. Gumowski, J. 

Lagasse, and V. Sevely. (Compt. rend. Acad.. 

Sei., Baris, vol. 250, pp. 1995 1997; March 14, 

1960.) A first-order differential equation is de¬ 

rived to describe the performance of a non¬ 

linear amplifier discussed earlier by Gumowski 

(4150 of 1960). 

621.375.9:538.569.4 1449 

Investigation of the Shift in Frequency and 

of the Amplitude of Oscillations of a Maser-

Type Self-Oscillator with Liquid Flow C. 

Fric. (Compt. rend. Acad. Sei.. Baris, vol. 250. 

pp. 2353 2355; March 28, 1960.) An experi¬ 

mental investigation of the effect of detuning 

a maser oscillator of the type described earlier 

(798 of 1960), and of the influence of the rate 

of flow on the resonance line width is given. 

The range of oscillation extends Iront 1.7 kc 

(0.4 G) to 29.6 Me (7 kG). 

621.375.9:538.569.4 1450 

Cross-Relaxation Phenomena in Solid-

State Masers S. A. Ahern, 1*. A. Gould, and 

J. C. Walling. (J. Electronics and Control, vol. 

9, pp. 477 480; December, 1960.) With the 

direction of the applied magnetic field close to 

the c-axis of a ruby maser, amplification for 

different crystal orientations was confined to 

two narrow-frequency bands within the 2.8 

3.2 Gc range used. Possible mechanisms con¬ 

cerned are spin-spin energy exchanges involv¬ 

ing a) four ions, and b) seven ions. 

621.375.9:621.372.44:537.311.33 1451 

Three - Terminal Variable - Capacitance 

Semiconductor Device— J. L. Giacoletto. 

(Proc. IRE, vol. 49, pp. 510 511; February, 
1961.) An analysis of the operation of the de¬ 

vice which is based on the change in junction 

transition capacitance, associated with the 

change in collector voltage gradient, in an 

avalanche-controlled semiconductor amplifier 

is given. 

62 1.375.9 :62 1.372.44 :62 1.382.23 1452 

A Varactor-Diode Parametric Standing-

Wave Amplifier -II. Brett, F. A. Brand, and 

W. G. Matthei. (Proc. IRE, vol. 49, pp. 509-
510; February, 1961.) Details are given of ex¬ 

perimental work on the type of amplifier dis¬ 

cussed by Landauer (ibid., vol. 48. pp. 1328-

1329; July. I960 ). 

621.376:621.382.23 1453 
Using Voltage-Variable Capacitors in Mod¬ 

ulator Design A. ('. Todd, R. P. Schuck, and 

H. M. Sachs. (Electronics, vol. 34, pp. 56 59; 

January 20, 1961.) Circuits and design equa¬ 

tions are given for phase and frequency modu¬ 

lators and for SSB amplitude modulators. 

621.376.23:621.316.8 1454 

Radio-rectification and Detection by Simple 

Bilateral Nonlinear Resistors -J. E. Bridges. 

(Proc. IRE, vol. 49, pp. 469 478; February, 

1961.) An analysis of ac/dc converting circuits 

using symmetrical nonlinear resistors, the 

operation of which may be largely independent 

of temperature, is given. Two applications are 

described: 1) for developing the hv focusing¬ 

potential bias for a picture tube, and 2) for 

improving the detection threshold of a photo¬ 

electric sensing device. 

GENERAL PHYSICS 

537.313:530.17 1455 

Gauss's Principle of Least Constraint ap¬ 

plied to Electrical Networks -A. von Weiss. 

(Arch, elekt. Übertragung, vol. 14, pp. 235-236; 

May. 1960.) Gauss's principle of mechanics, 

when adapted to electrical networks, leads to 

Kirchhoff's laws. 

537.525 1456 

Swept Langmuir Probe System for Intense 

Gas Discharges H. W. Jones and P. A. IL 

Saunders. (J. Sei. Instr., vol. 37, pp. 457-

459; December, 1960.) Apparatus, including a 

low-impedance voltage swee|> generator and a 

logarithmic amplifier, is described for measure¬ 

ment of electron temperatures up to 2X10°K 

and ion densities up to 5 X 10”/cm3. 

537.533:537.56 1457 

Exploration of Oscillating Beam-Plasma 

Fields with a Transverse Electron Beam A. 

Garscadden and K. G. Emeleus. (J. Electronics 

and Control, vol. 9, pp. 473 476; December, 

1960.) The results appear to be compatible with 

considerable randomization and possible break¬ 

up of the main beam by the oscillations. 

537.534:537.311.33 1458 

Electrodynamics of the Image Force— F. 

Ollendorff. (Arch. Eleklrotech., vol. 45, pp. 169-

187; April II, 1960.) The processes of ion 

emission and absorption at semiconductor sur¬ 

faces are analyzed. See 594 of February. 

537.56 1459 
Electron Density Fluctuations in a Plasma — 

E. E. Salpeter. (Bhys. Rev., vol. 120, pp. 1528-

1535; December 1, 1960.) The spatial Fourier 

transform of the electron distribution in a 

plasma is obtained, together with its time 

variation, using assumptions consistent with 

an ionospheric application. 

537.56 1460 

Space-Charge Instabilities in Synthesized 

Plasmas— A. L. Eichenbaum and K. G. 

Hernqvist. (J. Appl. Bhys., vol. 32, pp. 16 21; 

January, 1961.) Potential transitions, depend¬ 

ent on boundary space-charge conditions, are 

shown to be possible by a theoretical analysis 

of an idealized model. Such transitions arc ob¬ 

served experimentally. The voltage jumps are 

in good agreement with the theory. 

537.56 1461 
Method for the Determination of the Elec¬ 

tron Density of a Plasma by Group Velocity 

T. Consoli and D. Lepechinski. (Compt. rend. 

Acad. Sei., Baris, vol. 250, pp. 2694-2696; 

April 11, 1960.) 

537.56 1462 

Method of Measuring Simultaneously the 

Confining Magnetic Field and the Electron 

Density of a Plasma -T. Consoli and D. Lepe¬ 

chinski. (Compt. rend. Acad. Sei., Baris, vol. 

250, pp. 2813 2815; April 20, 1960.) An exten¬ 

sion of earlier work (1461 above) is given. 

537.56:538.561.029.64 1463 

Microwave Measurements of the Radia¬ 

tion Temperature of Plasmas— G. Bekefi and 

S. C. Brown. (J. Appl. Bhys., vol. 32, pp. 25 

30; January, 1961.) Measurements are de¬ 

scribed of radiation temperature of positive 

columns of glow discharges in helium, neon 

and hydrogen; the microwave noise radiation 

was detected at 3 Gs. The results are compared 

with calculations and with Langmuir probe 

measurements of the electron temperature. 

537.56: 538.566] + 621.391.812.63 1464 

Nonlinear Phenomena in a Plasma Lo¬ 

cated in an Alternating Electromagnetic Field 

— V. L. Ginzburg and A. V. Gurevich. (Uspekhi 

Biz. Nauk, vol. 70, pp. 201-246 and 393-428; 

February and March, 1960.) A detailed treat¬ 

ment is given of elementary and kinetic 

theories of a nonrelativistic nondegenerate 

plasma in a uniform electric field, with particu¬ 

lar reference to the distribution function of 

electron collisions, the effective electron tem-

perature ami total electric current density. 

Results are applied to determine the nonlinear 

effects occurring in the propagation of radio 

waves in the ionosphere, including self¬ 

interaction, cross-modulation and the interac¬ 

tion of unmodulated waves. 133 references. 

537.56:538.63 1465 
Oscillations and Diffusion in Weakly 

Ionized Plasmas — J. F. Bonnal, G. Briffod, 

and C. Manus. (Compt. rend. Acad. Sei., Baris, 

vol. 250. pp. 2859 2861; April 25, 1960.) The 

diffusion of weakly-ionized plasma particles is 

observed in a direction perpendicular to the 

magnetic field. 

538.11 1466 

Magnetic Moment and Magnetic Charge 

L Fischer. (Arch. Eleklrotech., vol. 45, pp. 157 

161; April 11, 1960.) The definition of mag¬ 

netic dipole moment and magnetic charge in 

relation to the theory of permanent magnets is 

discussed. 

538.1 14/. 115 1467 

Some Properties of Concentrated and Di¬ 

lute Heisenberg Magnets with General Spin 

R. J. Elliott. (J. Bhys. Chern. Solids, vol. 16, 

pp. 165-168; November. 1960.) The constant 

coupling approximation is used to obtain the 

thermodynamic properties of a Heisenberg 

ferromagnet above the transition temperature. 
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and the dependence of tlíese properties on 

magnetic concentration in an alloy is consid¬ 

ered. Antiferromagnets are also discussed. 

538.114/.115 1468 

The Behaviour of Magnetic Systems with 

Dilution J. B. Smart. (J. Phys. Chern. Solids, 

vol. 16, pp. 169 173; November, i960.) A 

generalization of the Bet he- Peirels-Weiss 

method to the case of alloys, and application 

to the dilution of classical Heisenberg ferro-

magnets with nearest-neighbor interaction only 

is given. 

538.222:538.569.4:538.614 1469 

Microwave Modulation of Light in Para¬ 

magnetic Crystals —N. Bloembergen, P. S. 

Pershan, and L. R. Wilcox. (Phys. Rev., vol. 

120, pp. 2014 2023; December 15, I960.) The 

considerations of Dehmelt and others about the 

modulation of light by RE signals in atomic 

vapors are extended to paramagnetic solids. 

Experimental design criteria are discussed and 

some possible applications reviewed. 

538.24 1470 

Anisotropic Magnetization— E. R. Callen 

and H. B. ('allen. (J. Phys. ( hem. Solids, vol. 

16, pp. 310-328; November, 1960.) A discussion 

of the magnitude and temperature dependence 

of anisotropic magnetization, with application 

to different classes of materials, is given. 

538.566 1471 

Electromagnetic Energy Density in Dis¬ 

persive Media— F. Borgnis. (Z. Phys., vol. 159, 

pp. 1-6; May 16, 1960.) General expressions for 

energy densities and losses are derived. 

538.566:535.31:534.512.2 1472 

Electromagnetic Reflection from Sound 

Waves— Schmitt and Wu. (See 1387.) 

538.566:535.42 1473 

Inhomogeneous Waves in the Diffraction 

Field near Loss-Free Dielectric Circular 

Cylinders V. Müller. (Z. angew. Phys., vol. 12, 

pp. 206 21 2; May, 1960.) Measurements were 

made at 3.2 cm X of the diffraction field near 

solid and hollow dielectric cylinders of equal 

external diameter placed in a parallel-plate 

transmission line. Results are compared with 

those obtained for a solid metal cylinder of 

equal diameter and with the field distribution 

given by a graphical method. An explanation 

is given of the origin and structure of the in¬ 

homogeneous waves which contribute to the 

measured diffraction field. 

538.566:535.42 1474 

Diffraction by an Irregular Screen of 

Limited Extent— B. II. Briggs. [Proc. Phys. 

Soc. (London), vol. 77, pp. 305-317; February 

1, 1961J Information that may be derived 

about the screen by measurements of the dif¬ 

fraction pattern at different distances is con¬ 

sidered. Close to the screen the pattern gives 

information about the small-scale structure; at 

greater distances, it is related to the over-all 

extent of the screen. Measurements of the 

angular diameter of stars, ionospheric irregu¬ 

larities ami meteor trails are discussed. 

538.566:535.42 1475 

Diffraction by Finite Irregular Objects 

R. P. Mercier. [Proc. Phys. Soc. (London), vol. 

77, pp. 318 327; February 1, 1961. ¡ The prob¬ 

lem considered in 1474 above is treated by a 

different method. Its application to lunar 

radio echoes is discussed. 

538.566:537.56 1476 
Nonresonance Absorption of Electromag¬ 

netic Waves in a Magnetoactive Plasma — 

B. N. Gershman. (Zh. Eksp. Teor. Fiz., vol. 37, 

pp. 695-704; September. 1959.) An analysis of 

the absorption of ordinary, extraordinary and 

plasma waves outside the gyromagnet ic reso¬ 

nance regions, taking account of collisions and 

the specific absorption mechanism, is given. 

538.566:537.56 1477 

Growth of Electromagnetic Waves in Inter¬ 

penetrating Infinite Moving Media — G. G. 

Getmantsev. (Zh. Eksp. Teor. Fiz., vol. 37, pp. 

843 846; September, 1959.) A phenomeno¬ 

logical treatment of the propagation of plane 

monochromatic waves in mutually interpene¬ 

trating media is given. Equations arc derived 

for the refractive index and are applied to the 

problem of stability. Build-up and damping 

factors are determined for the case of a plasma 

moving through a dispersionless dielectric. 

538.566.2:539.23 1478 

Influence of Frequency and Structure on 

the Complex Refractive Index of Metals and 

Thin Metallic Films M. Gourceaux. (Compte, 

rend. Acad. Sei., Paris, vol. 250, pp. 2176 

2178; March 21, I960.) The extension of earlier 

work (3651 of 1959) is discussed. 

538.569.2 1479 

Quantum Theory of Spatial Dispersion of 

Electric and Magnetic Susceptibilities —O. V. 

Konstantinov and V. I. Perel’. (Zh. Eksp. 

Teor. Fiz., vol. 37, pp. 786 792; September, 

1959.) Electromagnetic effects in a homogene¬ 

ous medium can be described in terms of a 

conductivity de¡ indent on frequency and wave 

vector, and a susceptability dependent only on 

the wave vector. A universal relation between 

conductivity and susceptibility is derived. 

538.569.4 1480 

The Influence of Coherent Magnetic-

Dipole Radiation Field on Magnetic Reso¬ 

nance -G. V. Skrotskil and A. A. Kokin. (Zh. 

Eksp. Teor. Fiz., vol. 37, pp. 802 804; Septem¬ 

ber, 1959.) Corrections to the relaxation time 

and resonance-frequency shift due to the effect 

of the radiation field are computed. 

538.569.4:535.33:621.375.9 1481 

Beam-Type Masers for Radio-Frequency 

Spectroscopy K. Shimoda, 11. Takuma, and 

T. Shimizu. (J. Phys. Soc. Japan, vol. 15, pp. 

2036 2041; November, 1960.) The behavior of 

the beam-tyiæ maser is considered theoreti¬ 

cally, with particular regard to sensitivity and 

line width. Experimental results for a formalde¬ 

hyde transition are given for comparison. 

538.569.4:538.22 1482 

General Spin-Wave Dispersion Relations 

R. F. Soohoo. (Phys. Rev., vol. 120, pp. 1978 

1982; December 15, I960.) The derivation 

takes into account the effects of conductivity, 

exchange and propagation. 

538.569.4 :538.22 1:62 1.3 18. 134 1483 

Calculation of the Widths of Ferrimagnetic 

Absorption Lines and of Relaxation Times in 

the Case of Spin Waves of Non-negligible 

Amplitude— P. E. Seiden. (Compl. rend. Acad. 

Sei., Paris, vol. 250, pp. 2530 2532; April 4, 

1960.) 

538.569.4:538.222 1484 

Pulsed-Field Measurements of Large 

Zero-Field Splittings: V‘* in ALO ;i S. Foner 

and W. Low. (Phys. Rev., vol. 120, pp. 1585 

1588; December 1, 1960.) 

538.569.4 :539.2 :62 1.373.42 1.1 1485 

The Hamiltonian Formalism of Damping in 

a Tuned Circuit -Stevens. (See 1439.) 

538.569.4 :62 1.375.9 :535.61-1/2 1486 

Proposed Fibre Cavities for Optical Masers 

—E. Snitzer. (J. Appl. Phys., vol. 32, pp. 36-

39; January, 1961.) The practical possibilities 

of employing fibers as dielectric waveguides at 

optical infrared wavelengths are discussed. 

539.2:537.112 1487 

Electron Effective Mass in Solids— a Gen¬ 

eralization of Bardeen’s Formula —M. II. 

Cohen and F. S. Ham. (J. Phys. ( hem. Solids, 

vol. 16, pp. 177 183; November, 1960.) “A 

formula is derived for the effective mass of an 

electron in a crystal which replaces the sum 

over excited states in the usual sum rule by an 

integral over the surface of the unit cell. The 

integrand of the surface integral involves the 

wave function(s) at the symmetry point or 

band extremum k» and a second solution of 

Schroedinger’s equation at the same energy 

but satisfying inhomogeneous boundary con¬ 

ditions on the cell surface.” 

GEOPHYSICAL AND EXTRATERRES¬ 

TRIAL PHENOMENA 

523.12 1488 

An All-Electric Universe— C. E. R. Bruce. 

[Elec. Rev. (London), vol. 167, pp. 1070 1075; 

December 23, I960.] An outline of theory 

ascribing the evolution of the universe to elec¬ 

trical discharge processes is discussed. An in¬ 

terpretation is given of observed cosmic phe¬ 

nomena. Correction, ibid., vol. 168, p. 20; 

January 6, 1961 . 

523.15 1489 

The Theory of Force-Free Magnetic Fields 

— E. Richter. (Z. Phys., vol. 159, pp. 194 211; 

June 15, 1960.) The general features of force-

free magnetic fields are established and several 

models are discussed in relation to special 

coordinate systems. See also 784 of 1959 

(Woltjer). 

523.164.3 1490 

A Curious Feature of the Radio Sky 

R. H. Brown, R. D. Davies, and C. Hazard. 

(Observatory, vol. 80, pp. 191 198; October, 

1960.) An examination is given of existing 

theories regarding the spur of intense radiation 

which appears to emerge from the galactic 

plane at about lu = 30° and to run upwards 

towards the north galactic pole. Radio ob¬ 

servations may be interpreted more reasonably 

in terms of an irregularity in the local spiral 

structure or a remnant of a supernova. 

523.164.3 1491 

Observations of Cosmic Radio Noise at 

18 Mc/s in Hawaii W. R. Steiger and J. W. 

Warwick. (J. Geophys. Res., vol. 66, pp. 57 66; 

January, 1961.) Cosmic radio noise measure¬ 

ments at Hawaii on a frequency of 18 Me are 

described. On numerous occasions considerable 

flux continued to arrive when the F-rcgion 

critical frequency exceeded 18 Me. This effect 

is possibly due to cosmic radio radiation being 

trapped and propagated under the ionosphere. 

Attenuation measurements suggest that an 

ionospheric window effect exists. 

523.164.3 1492 

Secular Variation of the Flux Density of the 

Radio Source Cassiopeia A -J. A. Högbom 

and J. R. Shakeshaft. (Nature, vol. 189, pp. 

561 562; February 18, 1961.) Comparative 

measurements at 81.5 Me on the RF sources 

in Cassiopeia A and Cygnus A indicate that the 

flux density of Cassiopeia A is decreasing at a 

rate of (1.06 + 0.14) per cent per annum. 

523.164.3:551.510.535 1493 

Statistical Analysis of Radio Star Scintilla¬ 

tion— S. Gruber. (J. Atmos. Terr. Phys., vol. 

20, pp. 59-71; February, 1961.) “Radio star 

scintillation data are analysed by statistical 

techniques to find the autocorrelation functions 

and power density spectra of the fluctuations 

in amplitude and phase. Interpretation is 
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given in terms of a drifting phase-changing 

screen as postulated by Booker, Ratcliffe & 

Shinn |428 of 1951]. It is shown how the drift 

velocity of the irregularities in ionospheric elec¬ 

tron density that lead to the scintillations, as 

well as the mean square amplitude and phase 

of the fluctuations, may be obtained from 

these records.” 

523.164.32 1494 
Preliminary Report on Positional Fluctua¬ 

tions of Solar Radio Sources on 200 Mc/s— 

P. Maltby. (Aslrophys. Norveg., vol. 6, pp. 75-

84; December, 1958.) An analysis indicates that 

the magnitude of the positional fluctuations is 

less when the solar RE source is closely con¬ 

nected with a magnetic field in the active 

region. No increase in the magnit tide of posi¬ 

tional fluctuations was found on 200 Me as the 

source moved towards the solar limb. 

523.164.32 1495 
On the Features of Storm Bursts in the 

200-Mc/s Range 0. Elgarpy and 0. Hauge. 

(Aslrophys. Norveg., vol. 6, pp. 85 92; Decem¬ 

ber, 1958.) The characteristics of “short pips” 

which occur during noise storms are discussed. 

For brief reports of this work, see 1140 and 

1141 of 1958 (Elgar0y). 

523.164.32:523.75 1496 

10.7-cm Solar Noise Burst of November 20, 

1960 —A. E. Covington and G. A. Harvey. 

(Phys. Rev. Lett., vol. 6, pp. 51 52; January 15, 

1961.) A burst of RE noise of high intensity is 

associated with a flare from a sunspot area 

which had just disappeared behind the sun’s 

west limb. 

523.165 1497 

Mirror and Azimuthal Drift Frequencies 

for Geomagnetically Trapped Particles D. A. 

Hamlin, R. Karplus, R. C. Vik, and K. M. 

Watson. (J. Geophys. Res., vol. 66, pp. 1-4; 

January, 1961.) “For charged particles trapped 

in the geomagnetic field, the frequencies of the 

mirror oscillations and the azimuthal drift 

w  are defined as appropriate averages over the 

helical motion around the field lines and the 

mirror motion between reflection points in the 

two magnetic hemispheres. These integrals for 

w„, and œ,/ are evaluated numerically. Results 

are tabulated, illustrated, and represented by 

approximate analytical expressions.” 

523.165:551.507.362 1498 
Investigation of Cosmic Rays and Terres¬ 

trial Corpuscular Radiation by means of 

Rocket and Satellite Flights S. N. Vernov 

and A. E. Chudakov. (Uspekhi Fiz. Nauk, 

vol. 70. pp. 585-619; April, I960.) A detailed 

report of observations showing that the earth 

is surrounded by two separate zones of high-

intensity radiation is given. The outer zone is 

composed of electrons and in the equatorial 

plane extends from 20,000 to 60,000 km from 

the center of the earth. It comprises two main 

energy groups of the order of 20 kev and 

10* ev. The inner zone extends from 600 km to 

about 6000 km above the earth and is com-

posed of protons with energies of 10” ev. See 

also 1594 anrl 3086 of 1960 (Vernov, et al.). 

523.75:523.165 1499 

The Cosmic-Ray Flare on November 12, 

1960 and Solar Activity during the Period 

November 10-15, 1960 (Nature, vol. 189, pp. 

438 440; February 11, 1961.) A short report 

of optical, radio-astronomical, cosmic-ray and 

earth-current observations made at Nera 

(Netherlands), Paramaribo (Surinam), and 

Hollandia (New Guinea), is given. 

550.38:551.594.5 1500 

Interplanetary Magnetic Field and the 

Auroral Zones -J. W. Dungey. (Phys. Rev. 

Lett., vol. 6, pp. 47-48; January 15, 1961.) The 

Sd current system is explained qualitatively 

using Hoyle’s suggestion that auroral particles 

are accelerated at the neutral points between 

the geomagnetic and interplanetary fields. 

550.385 1501 

Pulsation of the Earth’s Electromagnetic 

Field with Periods of 1 to 15 Seconds and their 

Connection with Phenomena in the High At-

mosphere-V. A. Troitskaya. (J. Geophys. 

Res., vol. 66, pp. 5-18; January, 1961.) Pulsa¬ 

tions are closely correlated with aurora and the 

various phases of magnetic storms. The time of 

onset of a storm’s sudden commencement which 

is determined from pulsation data appears to 

be the same, within a few seconds, over the 

whole world. See 133 of 1960 (Troitskaya and 

Mel’nikova). 

550.385.3 1502 

World-Wide Characteristics of Geomag¬ 

netic Micropulsations— J. A. Jacobs and K. 

Sinno. (Geophys. J. R. A str. Soc., vol. 3, pp. 

333 353; September, 1960.) The characteris¬ 

tics of Pt’s associated with negative or positive 

bays in the auroral zone are examined and a dis¬ 

tinction is drawn between short-period Pc's 

(15-30 sec) and those of longer periods (30 90 

sec). The long-period, continuous pulsations 

which appear simultaneously with Pc's in 

polar regions are also discussed. Equivalent 

overhead current systems are derived for par¬ 

ticular cases of each type. 

550.385.4 1503 

A Theory of Polar Geomagnetic Storms— 

J. H. Piddington. (Geophys. J. R. Asir. Soc., 

vol. 3, pp. 314 332; September, 1960.) This is 

the third of a series of papers which outline a 

hydromagnetic theory of storms (see 1209 and 

1993 of 1960). The three phases of the D, 

variations are accounted for by Hall currents 

set up around space-charge accumulations in 

the lower ionosphere. These accumulations 

result from the deformation of lines of force 

due to interaction with the solar wind near 06 

and 08 hours local time. 

551.507.362.2 :62 1.391 .8 12.63 1504 

The Application of Ray Tracing Methods 

to Radio Signals from Satellites— Capon. (See 

1624.) 

551.507.362.2:621.396 1505 

Project Oscar — D. L. Stoner, (QST, vol. 45, 

pp. 56 59 146; February, 1961.) General in¬ 

formation is given about a proposed “orbital 

satellite carrying amateur radio.” 

55 1.507.362.2 :62 1.398 :62 1.3.087.4 1506 

Telemetry Signals from Sputnik III— R. E. 

Henderson. (Electronic Tech., vol. 38, pp. 76-

79; March, 1961.) The equipment transcribes 

from magnetic tape to 35-mm film, displaying 

the coded pulse signals in a raster form which 

clearly shows pattern changes. The telemetry 

coding system is given and two transits are 

analyzed. 

551.510.5354-550.38 1507 

Scale Times and Scale Lengths of Vari¬ 

ables: with Geomagnetic and Ionospheric 

Illustrations —S. Chapman. \Proc. Phys. Soc. 

(London), vol. 77, pp. 424-432; February 1, 

1961.] The conception of the atmospheric 

scale height is generalized to apply to any 

scalar or vector function of time and/or posi¬ 

tion. Examples are given relating to magnetic 

fields and the ionosphere. 

551.510.535 1508 

Maximum of Temperature in the Middle 

Ionosphere —O. Burkard. (Nature, vol. 1X9, 

p. 474; February 11, 1961.) A method is out¬ 

lined for determining variations in scale height 

H and electron density with height from N(h) 

profiles and from calculations of the electron 

loss. Results obtained from observations at 

Puerto Rico show that // has a maximum value 

at a height of about 200 km, with considerable 

daily and yearly variations. See 3705 of 1959. 

551.510.535 1509 

A New Method for the Calculation of N(/i) 

Profiles from Ionospheric h'(f) Curves— H. 

Hojo. (Nature, vol. 189, pp. 562 563; February 

18, 1961.) The basic integra' for virtual height 

has been rearranged so that the integrand is a 

function of phase refractive index instead of 

group refractive index. This technique avoids 

an infinity in the integrand at the reflection 

condition. 

551.510.535 1510 

The Effective Recombination Coefficient 

of an Ionosphere Containing a Mixture of Ions 

— S. A. Bowhill. (J. Atmos. Terr. Phys., vol. 

20, pp. 19 30; February, 1961.) The effective 

recombination coefficient in the E layer can be 

estimated from the fall in electron density 

during the night, from the changes during solar 

eclipses, and from the time lag in the diurnal 

peak density. These coefficients can be ex¬ 

pressed as functions of the coefficients for each 

of several different ions present and are shown 
to be different from each other. It is suggested 

that (>j+ and NO+ are the ions responsible 

during the day, and that NO+ ions predominate 

at night. 

551.510.535 1511 

The Formation of the Sporadic-E Layer in 

the Temperate Zones -J. D. Whitehead. (J. 

Almos. Terr. Phys., vol. 20, pp. 49 58; Febru¬ 

ary, 1961.) A hypothesis is given for E, forma¬ 

tion based on the observation that E, occur¬ 

rence is correlated with the horizontal intensity 

Of the earth's field [see 3501 of 1960 (Heisler 

and Whitehead)]. If the horizontal wind varies 

vertically, the horizontal field will produce 

vertical motion of electrons and ions. An 

accumulation of electrons will occur at the 

height for which the vertical velocity passes 

through zero. The theory also accounts for the 

persistence of Et. 

551.510.535 1512 

Seasonal Variations of Mean Electron 

Density at Heights between 400 and 1200 km 

— L. Klinker, K. II. Schmelovsky, and R. 

Knuth. (Naturwiss., vol. 47, pp. 197-198; May, 

1960.) Electron-density profiles are given for 

summer, 1956, and winter, 1958/1959, which 

are based on observations of Faraday fading 

of 20-Mc signals from satellite 1958 Ô2. 

551.510.535:539.16 1513 

A Note on the Cause of Sudden Ionization 

Anomalies in Regions Remote from High-

Altitude Nuclear Bursts— C. M. Crain and P. 

Tamarkin. (J . Geophys. Res., vol. 66, pp. 35 39; 

January, 1961.) The sudden changes in VLF 

propagation characteristics associated with the 

nuclear explosions over Johnston Island are 

attributed to bomb-induced ionization in the 

ionospheric I) layer. It is suggested that this 

ionization is caused by ft particles resulting 

from the decay of fission neutrons. 

551.510.535:550.385.4 1514 

Geomagnetic Disturbance Effects in Equa¬ 

torial E*— B. N. Bhargava and R. V. Sub¬ 

rahmanyan. (J. Atmos. Terr. Phys., vol. 20, 

pp. 81 84; February, 1961.) A correlation be¬ 

tween the disappearance of equatorial E„ ob¬ 

served at Kodaikanal, India, and magnetic-

storm disturbances is reported. A lowered E, 

critical frequency occurs with a decrease in 

horizontal magnetic force. 
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551.510.535:550.385.4 1515 

The Total Electron Content of the Iono¬ 

sphere during the Magnetic Disturbance of 

November 12-13, 1960—G. N. Taylor. (Na¬ 

ture, vol. 189, pp. 740-741; March 4, 1961.) 

Measurements of the total electron content 

(n,) of the ionosphere have been made with the 

radio telescope at Jodrell Bank by observing 

the differential Faraday fading of lunar radio 

echoes. Results show that the reduction in 

maximum electron density (N„) was accom¬ 

panied by a proportional reduction in nt. 

551.510.535 :(551.594.5 + 550.385.37 1516 

Ionospheric Absorption at Times of Auroral 

and Magnetic Pulsations—W. H. Campbell 

and H. Leinbach. (J. Geophys. Res., vol. 66, 

pp. 25-34; January, 1961.) Variations in au¬ 

roral absorption during March and April, 1960, 

were closely related to magnetic-field micro-

pulsations and short-period intensity changes at 

3914A. The amplitudes of the magnetic micro¬ 

pulsations were diminished during periods of 

polar-cap-type absorption. 

551.510.535(98): 523. 164.3 1517 

A Note on Polar Blackouts— T. M. Dona¬ 

hue. (J. Atmos. Terr. Phys., vol. 20, pp. 76 79; 

February, 1961.) The twilight effects in polar¬ 

cap blackouts are explained in terms of the 

detachment of electrons from negative oxygen 

ions in the region of 50 km and higher by 

visible light which has been attenuated in the 
atmosphere. 

551.510.535 "I960" 1518 

Ionosphere Review ; 1960— T. W. Benning¬ 

ton. (Wireless World, vol. 67, pp. 135-136; 

March, 1961.) Declining sunspot activity 

forced signal frequencies down. 

551.510.536:551.594.6 1519 

An Estimate of Electron Densities in the 

Exosphere by means of Nose Whistlers— J. 11. 

Pope. (J. Geophys. Res., vol. 66, pp. 67-75; 

January, 1961.) By examining successive mem¬ 
bers of families of nose whistlers for March 19, 

1959, it was possible to choose between three 

models of electron density distribution for the 

exosphere. The distribution with the best fit 

was N = KR~3 exp (3.03/ Rl ; where N is elec¬ 

tron density, R is the distance from the earth’s 

center and K is a constant. This fact suggests 

that the density at 5 earth radii is of the order 
of 10 electrons per cm3. 

551.594.5 1520 

A Study of Auroral Coruscations W. H. 

Campbell and M. H. Rees. (J. Geophys. Res., 

vol. 66, pp. 41 55; January, 1961.) Corusca¬ 

tions represent 5 per cent of the total light in 

the 3914-A region and have a period of 6 10 

sec. They are closely related to micropulsations 

and ionospheric absorption of cosmic radio 

noise. The electron density profile associated 

with the aurora was found to have a maximum 

in the E region of 1.1 X 106 electrons per cm3. 

551.594.6 1521 

Spaced Observations of the Low-Fre¬ 

quency Radiation from the Earth’s Upper 

Atmosphere G. R. A. Ellis. (J. Geophys. 

Res., vol. 66, pp. 19 23; January. 1961.) “Ob¬ 

servations of 5 kc/s radio noise with a network 

of four stations extending across southern Aus¬ 

tralia are described. It is shown that there is 

often good correlation of the amplitude vari¬ 

ations over a distance of 3000 km and that the 

observed amplitude differences may be ex¬ 

plained by assuming that the radiation propa¬ 

gates in the earth-ionosphere waveguide from 

geographically large sources. Some discrete 
sources were observed.” 

551.594.6 1522 

Sferics from Intracloud Lightning Strokes 

L. R. Tepley. (J. Geophys. Res., vol. 66, pp. 

111-123; January, 1961.) The experimental 

observation that many ELF atmospherics are 

of negative polarity indicates that intracloud 

lightning strokes radiate significant energy at 

very low and extra low frequencies. See also 
1624 of 1960. 

551.594.6:539.16 1523 

The Magnetic Flash of the Nuclear Test of 

13th February 1960 at Reggane— J. Delloue. 

(Compt. rend. Acad. Sei., Paris, vol. 250, pp. 

2536- 2537; April 4, 1960.) An EM signal origi¬ 

nating in the explosion at Reggane has been 

recorded with a field strength of 0.1 vpm at a 
distance of 2500 km. 

LOCATION AND AIDS 

TO NAVIGATION 

621.396.933:621.391.64 1524 

Infrared Scanners for Airborne Reconnais¬ 

sance— C. M. Cade. (Bril. Commun. Electron¬ 

ics, vol. 8, pp. 94-102; February, 1961.) The 

advantages of infrared scanning systems are 

compared with those of radar scanners. The 

practical problems of system design are given 

detailed consideration. 

621.396.933.23 1525 

Radio Guidance Elements of the B.L.E.U. 

Automatic Landing System for Aircraft— J. S. 

Shayler. (J. Brit. IRE, vol. 21, pp. 17-33; 

January, 1961. Discussion.) A detailed descrip¬ 

tion is given of the magnetic leader cable and 

FM radio altimeter equipment used during the 

final stages of an automatic landing. 

621.396.96:629.13.052 1526 

Electrical Measurement of Altitude : Part 2 

— Physical Fundamentals— H. J. Zetzmann. 

(Arch. tech. Messen, no. 290, pp. 45-48; March, 

1960.) Part 1: 578 of February. 

621.396.963:621.3.087.4 1527 

Development and Possible Applications of 

Equipment for Bandwidth Compression of 

Radar Signals by means of Storage Capacitors 

— K. Jekelius. (Nachrtech. Z., vol. 13, pp. 225-

233; May, 1960.) The problem of storage¬ 

system design for radar relay links is consid¬ 

ered, and the requirements of such a relay sys¬ 

tem regarding resolving power and transmission 

bandwidth are assessed with reference to tabu¬ 

lated data of several radar systems. Equipment 

for radar-picture transmission over long dis¬ 

tances using channels of narrow bandwidth is 
described. 

621.396.963:681.142 1528 

Preparation of Radar Data for High-Speed 

Digital Computers R. R. Fidler, R. B. 

Angus, Jr., and P. F. Marino. (Sylvania Tech., 

vol. 12, pp. 97 105; July, 1959.) Common 

mathematical signal-in-noise problems are 

studied and a brief description is given of an 

implementation of the results for the case of a 

signal in continuos random noise. 

62 1.396.963.3 :621 .397.331 .24 1529 

An Experimental Scan Conversion System 

tor the Production of Bright Radar Displays—-

D. L. Plaistowe. (Marconi Rev., vol. 23, no. 

139, pp. 184-203; 4th Quarter, 1960.) An ex¬ 

perimental investigation is given describing the 

reproduction characteristics of a twin-gun tube 

in which a radar image is scanned by an elec¬ 

tron beam to produce a brightened image on a 

standard television picture tube. 

621.396.967.2 1530 

The Elbe-Weser Shore-Based Radar Sys¬ 

tem— C. le Compte, O. Hilke, J. M. G. Seppen, 

and W. J. Verhoeff. (Tijdschr. ned. Radioge-

noot., vol. 25, no. 2, pp. 59 103; 1960. In Eng¬ 

lish.) A description is given of the radar system 

and associated equipment 

621.396.969:551.578.7 1531 

Radar Scatter by Large Hail — D. Atlas, 

W. G. Harper, F. H. Ludlam, and W. C. 

Macklin. (Quart. J. R. Met. Soc., vol. 86, pp. 

468-482; October, 1960.) Radars with wave¬ 

lengths of 3.3 and 4.67 cm have been used to 

measure the back-scatter cross sections of indi¬ 

vidual artificial hailstones and their variations 

as melting occurs. Results confirm the cross 

sections computed theoretically. 

MATERIALS AND SUBSIDIARY 

TECHNIQUES 

535.215 1532 

Photoelectric Effect in Ag-As-S Alloys— 

H. Kutlu and M. Ögder. (Bull. Tech. Univ. 

Istanbul, vol. 13, no. 1, pp. 1-31; 1960.) A 

report of photoelectric measurements on dif¬ 

ferent alloys formed by mixing Ag>S and As-Sj 

compounds in varying proportions is made. 

Curves of photocurrent as a function of illumi¬ 

nation intensity and time are given and dis¬ 
cussed. 

535.215 1533 

Investigations on Ca-Sb Films -C. Kunze. 

[Ann. Phys. (Lpz.), vol. 6, pp. 89-106; May 21, 

I960.] Optical and electrical measurements 

were carried out on Cs-Sb films of different 

composition, and the results relating to ab¬ 

sorption, conductivity and spectral distribution 

of the photo-effect are discussed with reference 

to the results of other authors. 44 references. 

535.215:537.533.8 1534 

Secondary Electron Emission of Antimony-

Caesium and Bismuth-Caesium Films of Dif¬ 

ferent Composition— G. Appelt and O. Hachen¬ 

berg. [Ann. Phys. (Lpz.), vol. 6, pp. 67 81 ; 
May 21, I960.] 

535.215:537.533.8 1535 

Secondary Electron Emission of Antimony-

Rubidium Films—W. Kaneff. [Ann. Phys. 

(LpzA, vol. 6, pp. 82-88; May 21, 196O.| 

535.215:546.48’221’241 1536 

Photoconductivity of Cu-Activated Cad¬ 

mium Sulphide-Selenide— S. Asano. (J. Phys. 

Soc. Japan, vol. 15, p. 2103; November, 1960.) 

535.215:546.48’241 1537 

On the Electrical and Optical Properties of 

/»-Type Cadmium Telluride Crystals S. Ya 

mada. (J. Phys. Soc. Japan, vol. 15, pp. 1940 

1944; November, 1960.) From measurements 

of optical transmission and Hall coefficient of 

/»-type CdTe single crystals, the energy gap is 

found to be about 1.43 ev, the ionization 

energy of acceptors about 0.2 ev, and the 

Hall mobility of holesabout80cm2/v-secat room 
temperature. 

535.215:546.817’221 1538 

Electrical Structure of PbS Films — D. P. 

Snowden and A. M. Portis. (Phys. Rev., vol. 

120, pp. 1983-1995; December 15, 1960.) 

Electrical properties have been investigated 

experimentally asa function of frequency from 

zero to the microwave range. Data are com¬ 

pared with calculations based on a proposed 
model. 

535.37 1539 

Tin-Activated Calcium Orthosilicate Phos¬ 

phors— R. W. Mooney. (J. Electrochem. Soc., 

vol. 107, pp. 100-104; February, 1960.) 

535.376 1540 

Electroluminescence of Insulated Particles : 

Part 2— K. Maeda. (J. Phys. Soc. Japan, vol. 

15, pp. 2051-2053; November, 1960.) The 

theory given in Part 1 (1215 of 1959) is shown 

to be consistent with recent experimental 
data. 
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537.226:546.431*824-31 1541 
Study of Solid-Solution Single Crystals 

containing BaTiO T. Sa kudo. (J. Phys. Soc. 

Japan, vol. 15, pp. 2112 2113; November, 

1960.) Dielectric and optical properties of 

various Ba-Sr and Ba-Pb titanates have been 

measured. 

537.226:621.319.4 1542 

Silicon Nitride Thin-Film Dielectric -( . R. 

Barnes and C. R. Geesner. (J. Eleclrochem. 

Soc., vol. 107, pp. 98 100; February, 1960.) 

Thin films of SÍ3N4 have been deposited 

pyrolytically on hot Mo substrates to form 

capacitors capable of operating satisfactorily 

in the region of 600°C. 

537.226.2:546.824.31 1543 

Dielectric Constant and Dielectric Loss of 

TÍO2 (Rutile) at Low Frequencies R. A. 

Parker and J. II. Wasilik. (Phys. Rev., vol. 

120, pp. 1631-1637; December 1, 1960.) A rise 

in dielectric constant from 170 at 1 Me to 

30,000 at 10 cps is confirmed. This is explained 

in terms of an electron-deficient barrier layer 

of variable thickness. 

537.227 1544 

Ferrielectricity—C. F. Pidvari. (Phys. Rev., 

vol. 120, pp. 1670 1673; December 1, 1960.) 

A new group of materials with ferroelectric 

properties has been found. They are mixed 

crystals of antiferroelectric compounds, e.g., 

Na(VxNb| Z)O3 or (Naj zAgx)NbO3. The onset 

of the ferroelectric state is a function of the 

applied field. Switching transients of a form not 

previously reported are shown. 

537.227 1545 

Electrical Properties of Lead-Barium Nio-

bates and Associated Materials P. Baxter 

and N. J. Hellicar. (J . Ant. Ceram. Soc., vol. 43, 

pp. 578 583; November, I960. 

537.227 1546 

Ferroelectric Properties of BaLi.zAL >x-

F O T. G. Dunne and N. R. Stemple. 

(Phys. Rev., vol. 120, pp. 1949 1950; Decem¬ 

ber 15, 1960.) Experimental data on a new 

type of room-temperature ferroelectric is 

given. A preliminary study of switching proper¬ 

ties shows a switching time <5/xsec for 300-v 

pulses applied to a crystal 0.1 mm thick. 

537.227:546.431’824-31 :621.317.335.3 1547 

Measurement of Microwave Dielectric 

Constants of Ferroelectrics: Part 1—Dielec¬ 

tric Constants of BaTiO< Single Crystal at 

3.3 kMcs E. Nakamura and J. Furuichi. (J. 

Phys. Soc. Japan, vol. 15, pp. 1955 1960; 

November, 1960.) S-band measurements of the 

dielectric constant (including loss) of BaTiQi 

single crystals by a resonant-cavity perturba-

tion method are described [see 966 of 1946 

(Horner, el al.) J. Results are given for temper¬ 

atures from 20 to 170°C. 

537.311.33 1548 

Kinetic Theory of Impact Ionization in 

Semiconductors L. V. Keldysh. (Zh. Eksp. 

Teor. Fiz., vol. 37, pp. 713-727; September, 

1959.) The energy dejxmdence of the impact 

ionization probability near the threshold is 

significantly different for crystals with low and 

high dielectric constants. The solution of the 

kinetic equations is considered in the two 

cases. Expressions are derived for the equilib¬ 

rium number of carriers in a strong field, the 

impact ionization coefficient anti the critical 

field strength. Increasing the electric field 

leads to a decrease in the recombination ve¬ 

locity and, as a result, the equilibrium number 

of carriers begins to increase long before the 

appearance of impact ionization. 

537.311.33 1549 

Determination of Numbers of Injected 

Holes and Electrons in Semiconductors— F. 

van der Maesen. (Philips Res. Repls., vol. 15, 

pp. 107 119; April, I960.) Measurements of tlie 

photoelectric Hall effect and photoconduction 

may give information on the deviations of the 

equilibrium numbers of holes and electrons. 

The ratio of these deviations is used in com¬ 

puting the diffusion-recombination length. 

The ratio of Hall mobility to drift mobility for 

electrons and holes is evaluated for Ge and Si. 

537.311.33 1550 

The p-n Junction in a Temperature Gradi-

ient W. Klose. |.4hn. Phys. (Lpz.), vol. 6, 

pp. 25 30; May 21, 196O.| The problem of the 

nonisothermal junction is treated theoretically 

and the energy transport across the junction is 

calculated. The possibilities of experimental 

verification are considered. 

537.311.33 1551 

A Theory of the Effects of Carrier-Carrier 

Scattering on Mobility in Semiconductors— 

T. P. McLean and E. G. S. Paige. (J. Phys. 

Chem. Solids, vol. 16, pp. 220 236; November, 

1960.) The theory given is valid at low tem¬ 

peratures where carrier-carrier scattering is 

most important. Electron-hole scattering can 

produce the largest effects, altering both the 

mobility and its temperature dependence. In 

some cases the opposite dritt velocities of elec¬ 

trons and holes can produce a drag effect 

which is sufficient to give minority carriers a 

negative mobility. 

537.311.33 1552 

Atomic Radius, Electronegativities and Ac¬ 

tivation Energies in Mineral Semiconductor 

Compounds J. P. Suchet. (J. Phys. Chem. 

Solids, vol. 16, pp. 265 278; November, I960. 

In French.) Empirical relations are deduced 

between atomic and structural data anil the 

homopolar and heteropolar contributions to the 

energy gap, and are used to calculate the latter 

quantities for about a hundred semiconducting 

binary compounds. See also 2782 of I960. 

537.311.33 1553 

Uniformity of Electrical Current Flow in 

Cylindrical Semiconductor Specimens with 

Cylindrical Metallic End Caps -R. Simon, 

J. II . Cahn, and J. C. Bell. (J. A ppi. Phys., 

vol. 32, pp. 46 47; January, 1961.) “The dis¬ 

tribution of current is computed in a cylindrical 

semiconductor specimen provided with cylin¬ 

drical metallic end caps of the same diameter as 

that of the specimen and electrical lead wire 

of much smaller diameter. Nonuniformity of 

the longitudinal current density of 1% or less 

can be obtained in specimens with electrical 

resistivities at least 200 times greater than that 

of the end caps if the lengths of the specimens 

are at least equal to their diameters and if the 

length of each end cap is at least 0.3 diam.” 

537.311.33 1554 

Theory of Tunnelling E. O. Kane. (J. 

A ppi. Phys., vol. 32, pp. 83-91 ; January, 1961.) 

“The theory of ‘direct’ and ‘phonon-assisted’ 

tunnelling is reviewed. Theoretical I-V char¬ 

acteristics are calculated using the constan 

field model. Generalizations to nonconstant 

field and more complicated band structure 

models are discussed briefly.” 

537.311.33 1555 

Tunnelling from a Many-Particle Point of 

View— J. Bardeen. (Phys. Rev. Lett., vol. 6, 

pp. 57 59; January 15, 1961.) In the expression 

for the transition probability AW 1/W M^pf, for 

the case of tunneling between two metals sepa¬ 

rated by a thin oxide layer, the matrix element 

M  can be treated as a constant; it is independ¬ 

ent of small changes in energy and is also un¬ 

changed when the metals pass from the normal 

to the superconducting state. 

537.311.33 1556 

Therma Expansion and Related Bonding 

Problems of some III-V Compound Semi¬ 

conductors— L. Bernstein and R. J. Beals. 

(J. A ppi. Phys., vol. 32, pp. 122 123; January, 

1961.) 

537.311.33:535.215 1557 

Photomagnetoelectric Effect and Photo¬ 

Conductivity in Semiconductors -V. Andre-

sciani. (Alla Frequenza, vol. 29, pp. 154 205; 

April, 1960.) A general theoretical treatment of 

the photomagnetoelectric effect is given; for¬ 

mulas are derived for the photomagneto¬ 

electric and photoconductivity voltages and 

currents under conditions of practical interest. 

Measurements of these voltages and currents 

anil of carrier lifetime were made as a function 

of the magnetic field on specimens of Ge and 

Si, and the effects of surface recombination and 

light spectrum and intensity are assessed. 

537.311.33:546.28 1558 

Electron Mobilities and Tunnelling Cur¬ 

rents in Silicon R. A. Logan, J. F. Gilbert, 

and F. A. Trumbore. (J. A ppi. Phys., vol. 32, 

pj). 131 132; January, 1961.) Hall effect tech¬ 

niques were used to measure carrier density as 

a function of resistivity in Si samples doped 

with As, P and Sb in the concentration range 

used in Esaki diodes. The Hall mobility de¬ 

creases in the order /*(Sb)>At(P) >/x(As). These 

differences are not predicted by present theories 

and hence, possible explanations are discussed. 

537.311.33:546.28 1559 

Hole and Electron Mobilities in Doped 

Silicon from Radiochemical and Conductivity 

Measurements K. B. Wolfstirn. (J. Phys. 

Chem. Solids, vol. 16, j)j). 279 284; November, 

1960.) Calculations are given of conductivity 

mobility at 300°K for holes and electrons in 

Ga-, As- and Sb-doped Si, from electrical and 

radiochemical measurements, using the effec¬ 

tive mass approximation. 

537.311.33:546.28 1560 

Scattering of Conduction Electrons by 

Lattice Vibrations in Silicon D. Long. (Phys. 

Rev., vol. 120, pp. 2()2l 2032; Decembei 15, 

1960.) A theoretical model is applied to exj>eri-

mental data to determine how accurately the 

magnitude and temperature dependence of the 

various electrical transport effects in nearly 

pure «-type Si can be described by present 

theoretical ideas about lattice scattering in this 

material. 

537.311.33:546.28:537.533 1561 

Experimental Evidence for the Existence of 

Two Distinct Field-Emission Characteristics 

from Silicon Emitters R. L. Perry. (J. A ppi. 

Phys., vol. 32, pp. 128 130; January, 1961.) 

For the Type 1 relation, the log Z/(104/V) re¬ 

lation shows a j)oint of inflexion for de and the 

relation is quite different for pulses. The rela¬ 

tions for de and pulses are almost linear for 

Type 2 data. The methods of production of the 

two tyjjes are discussed briefly. 

537.31 1.33: [546.28 + 546.289]: 538.614 1562 

Microwave Faraday Effect in Silicon and 

Germanium—J. K. Furdyna and S. Broersma. 

(Phys. Rev., vol. 120, pp. 1995-2003; December 

15, 1960.) The Faraday rotation and ellipticity 

in a system of quasi-free carriers is discussed 

and applied to microwave measurements on 

semiconductors. Theoretical expressions are 

analyzed for various ranges of parameters and 

compared with experimental data. 

537.311.33:546.281’26 1563 

Grown p-n Junctions in Silicon Carbide— 

C. A. A. J. Greebe and W. F. Knippenberg. 

(Philips Res. Repts., vol. 15, pp. 120 123; 

April, 1960.) The preparation and properties 
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arc described and the forward characteristics 

arc explained in terms of a p-i-n structure. Re¬ 

combination radiation was found to contain 

violet light. 

537.311.33:546.289 1564 

Noise Measurements on Germanium Single 

Crystals in the Range of Impact Ionization 

between S° and 10°K G. Lantz and M. Pil-

kuhn. (Naturwiss., vol. 47, p. 198; May, I960.) 

Circuit noise and resistance as a function of 

field strength were measured on p- and w-type 

Ge. The characteristics obtained for /»-type 

materials are discussed. See also 2790 of 1958 

(Einke and Lautz). 

537.311.33:546.289 1565 

Theory of Optical Radiation from Break¬ 

down Avalanches in Germanium P. A. Wolff. 

(J. Phys. Chem. Solids, vol. 16, pp. 184 190; 

November, 1960.) A theory is given of the op¬ 

tical spectrum from avalanches in terms of 

known properties of the band structure and 

breakdown process. Good agreement is ob¬ 

tained with experimental data. 

537.311.33:546.289 1566 

Photon Emission from Avalanche Break¬ 

down in Germanium p-n Junctions -A. G. 

Chynoweth and II. K. Gummcl. (J. Phys. 

Chem. Solids, vol. 16, pp. 191 197; November, 

1960.) Results are given of an experimental 

study of the visible and near infrared emission 

spectrum from avalanching junctions. The 

emission mechanisms in different parts of the 

spectrum are discussed. 

537.311.33:546.289 1567 

The Drift Mobility of Electrons and Holes 

in Germanium at Low Temperatures -E. G. S. 

Paige. (J. Phys. Chem. Solids, vol. 16, pp. 207 -

219; November, 1960.) Measurements of drift 

mobility down to 20° K in samples of Ge con¬ 

taining impurity concentrations from 7 X 10 12 to 

4X10 16 per cm3 are reported. Below 100°K, 

the observed minority carrier mobility is less 

than that expected from phonon and impurity 

scattering, probably due to electron-hole 

scattering. 

537.311.33:546.289 1568 

Recombination of Electrons and Donors in 

n-Type Germanium -G. Ascarelli and S. C. 

Brown. (Phys. Rev., vol. 120. pp. 1615 1626; 

December 1, 1960.) The rate of recombination 

of excess electrons, produced by breakdown at 

liquid He temperatures, is measured in As-

doped Ge, as a function of temperature, a is 

found to vary as T~*. Recombination light is 

detected. The recombination cross sections 

found vary from 10“12 to 10“’> cm.2

537.311.33:546.289 1569 

Germanium Saturated with Gallium Anti¬ 

monide— J. O. McCaldin and D. B. Wittry. 

(J. A ppi. Phys., vol. 32, pp. 65 69; January, 

1961.) The solubility of Sb is greatly enhanced 

by the presence of Ga. but the converse is not 

true. 

537.311.33:546.289 1570 

Solubility of Oxygen in Germanium W. 

Kaiser and C. I). Thurmond. (J. A ppi. Phys., 

vol. 32. pp. 115 118; January. 1961.) The solu¬ 

bility as a function of temperature was deter¬ 

mined and the precipitation of second phase 

GeO* observed. The maximum solubility in 

2X IO 1” atoms per cm3 and crystals containing 

1017 atoms per cm6 have been prepared. 

537.311.33:546.289:538.632 1571 

Anisotropic Hall Coefficients in n-Type 

Germanium -H. Miyazawa and II. Maeda. 

(J. Phys. Soc. Japan, vol. 15, pp. 1924 1939; 

November, 1960.) Values of are deduced 

from Hall-effect measurements at 77°K, 90°K, 

195°K and 298°K on oriented single crystals of 

w-type Ge. The results are discussed with 

reference to theoretical scattering formulas. 

537.311.33:546.623’18 1572 

A1P: Preparation, Electrical and Optical 

Properties II. G. Grimmeiss, W. Kischio, and 

A. Rabenau. (J. Phys. Chem. Solids, vol. 16, 

pp. 302 -309; November, 1960. In German.) 

537.311.33:546.681’19 1573 

Band Structure and Electron Transport of 

GaAs II. Ehrenreich. (Phys. Rev., vol. 120, 

pp. 1951-1963; December 15, 1960.) Existing 

experimental data are reviewed and analyzed. 

537.311.33:546.681’19 1574 

Distribution Coefficient of Zinc in Gallium 

Arsenide— A. Shibata. (J. Phys. Soc. Japan, 

vol. 15, p. 2107; November. 1960.) 

537.311.33:546.682’86 1575 

Quadratic Deviations from Ohm’s Law in 

n-Type InSb- R. J. Sladek. (Phys. Rev., vol. 

120, pp. 1589 1599; December 1, 1960.) Meas¬ 

urements of resistivity of samples with various 

carrier concentrations are described. Electron 

mobility /x—Mofl+^F2), where F = electric field, 

and values of ß give information on electron 

scattering processes. 

537.311.33:546.823-31 1576 

Some Properties of Titanium Sesquioxides 

containing Vanadium Ions— T. Kawakubo, 

T. Yanagi, and S. Nomura. (J. Phys., Soc. 

Japan, vol. 15, p. 2102; November, 1960.) 

537.312.62:538.632 1577 

R.F. Hall Effect in a Superconductor 

G. Dresselhaus and M. S. Dresselhaus. (Phys. 

Rev., vol. 120, pp. 1971 1977; December 15, 

1960.) The RE Hall field is calculated for the 

case of an applied de magnetic field and RE 

electric field, both parallel to the metal surface. 

537.312.62:539.23 1578 

Effect of Residual Gases on Superconduct¬ 

ing Characteristics of Tin Films -H. L. Cas¬ 

well. (J. Appl. Phys., vol. 32, pp. 105-114; 

January, 1961.) 

537.323:546.571’241 1579 

Thermoelectric Properties of Ag.Te -P. E. 

Taylor and C. Wood. (J. Appl. Phys., vol. 32, 

PP- 1 -3; January, 1961.) Measurements of 

Seebeck coefficient, electrical conductivity and 

thermal conductivity, made at room tempera¬ 

tures, indicate that AgoTe is inferior to Bi/Te* 

for cooling applications in the temperature 

range considered. 

538.221 1580 

Magnetization Processes in Ferromagnetics 

— L. V. Kirenskii, M. K. Savchenko, and I. E. 

Degtyarev. (Zh. Eksp. Teor. Fiz., vol. 37, i>p. 

616 619; September, 1959.) Powder-pattern 

and Kerr-effect observations on Si-Ee crystals 

containing 3 per cent Si, indicate that a process 

of domain structure rearrangement plays an 

important part in magnetization. 

538.221:538.541 1581 

Eddy-Current and Spin-Relaxation Losses 

in Thin Metal Tapes at Frequencies up to 

about 1 Mc/s R. Boll. (Z. angew. Phys., vol. 

12, pp. 212 223; May, 1960.) Loss measure¬ 

ments were carried out on Ni-Ee and permalloy 

tapes of thickness 2.3-30/1. Results obtained are 

discussed with reference to those given by other 

authors for these materials and for ferrites, and 

are related to the findings of classical eddy-

current theory. Anomalies are partly due to 

spin relaxation effects. A method is given for 

separating the eddy-current and spin-relaxation 

contributions to the total losses. 58 references. 

538.221 :538.652 1582 

Magnetostriction and Crystal Anisotropy of 

Nickel-Chromium and Nickel-Vanadium Al¬ 

loys— T. Wakiyama and S. Chikazumi. (J. 

Phys. Soc. Japan, vol. 15, pp. 1975-1981; 

November, 1960.) 

538.221:621.318.134 1583 

Nonresonance Absorption of Oscillating 

Magnetic Field Energy by a Ferromagnetic Di¬ 

electric -M. I. Kaganov and V. M. Tsukernik. 

(Zh. Eksp. Teor. Fiz., vol. 37, pp. 823-832; 

September, 1959.) The imaginary part of the 

longitudinal magnetic susceptibility is calcu¬ 

lated using spin-wave theory. 

538.221:621.318.134 1584 

Magnetic After-Effect due to Electron Dif¬ 

fusion in Mg-Mn Ferrites S. Krupicka. (Na-

lurwiss., vol. 47, pp. 153 154; April, 1960.) Re¬ 

sults of investigations on ferrites of the series 

MgzMni.i5_a-Eci.s;,O4 are briefly reported. 

538.221:621.318.134 1585 

Resistance Changes of Ferrites in a Mag¬ 

netic Field 11. Schröder. (Naturwiss., vol. 47. 
pp. 175 176; April. 1960.) The magneto¬ 

resistance effect was measured on w-type poly¬ 

crystalline NiO. Fe-ÍL; curves of magnetization 

and magnetostriction as a f une it ion of field 

strength are also given. 

538.221:621.318.134 1586 

Apparent Permeability and Intrinsic Per¬ 

meability at Centimetre Wavelengths R. 

Vautier and A. J. Berteaud. (Compte, rend. 

Acad. Sei., Paris, vol. 250, i>i>. 2527 2529; 

April 4, 1960.) Critical comment is given on the 

results of Spencer, el al. (see 203 of 1957). 

Measurements made on two polycrystalline 

yttrium garnet specimens show that the in¬ 

trinsic permeability, as usually calculated, is 

not solely dependent on the characteristics of 

the material. 

538.221:621.318.134 1587 

On the Ferrimagnetic Resonance of Euro¬ 

pium Iron Garnet W P. Wolf. (J. Phys. Soc. 

Japan, vol. 15, p. 2104; November, I960.) A 

semi-quantitative theory to account for the 

observed g-value of Eu-Fe garnet and its varia¬ 

tion with temperature is given. 

538.221:621.318.134 1588 

Spin-Wave Spectrum of Yttrium Iron Gar¬ 

net— R. L. Douglass. (Phys. Rev., vol. 120, 

pp. 1612-1614; December 1, 1960.) 

538.221:621.318.134 1589 

A Further Explanation of the Shape of the 

Hysteresis Loop of “Square Loop” Ferrites 

J. E. Knowles. [Proc. Phys. Soc. (London). 

vol. 77, pp. 225 229; February 1, 1961.) Theo¬ 

retical hysteresis loops are calculated, given the 

stress distribution of the materials. See 273 of 

January. 

538.22 1:621 .395.625.3 1590 

Particle Interaction in Magnetic Recording 

Tapes J. G. Woodward and E. Della Torre. 

(J. Appl. Phys., vol. 32, pp. 126 127; January, 

1961.) Some improvements have been made to 

the methods described in 1723 of 1960, but the 

general conclusions are unchanged. 

538.222 1591 

Polarization Effects in Electrical “Conduc¬ 

tivity” of Artificial Sapphire at High Tempera¬ 

tures- J. Cohen. (J. Phys. Chem. Solids, vol. 

16, pp. 285 290; November, 1960.) 

538.222:537.311.31 1592 

Theory of Resistance Minimum in Dilute 

Paramagnetic Alloys K. Tani. (J. Phys. Soc. 

Japan, vol. 15, pp. 1960 1962; November, 
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1960.) An investigation is made of the possi¬ 
bility that the resistance minimum arises from 
the short-range order of the spins of the solute 
atoms. See also 257 of 1960 (Brailsford and 
Overhauser). 

538.222:538.569.4 1593 
Electron Paramagnetic Resonance of Man¬ 

ganese in TiOj—H. G. Andresen. (Phys. Rev., 
vol. 120, pp. 1606-1611; December 1, 1960.) 

538.222:538.569.4 1594 
Spin-Lattice Relaxation Times in Sapphire 

and Chromium-Doped Rutile at 34.6 Gc/s — 
J. 11. Pace, D. F. Sampson, and J. S. Thorp. 
[Proc. Phys. Soc. (London), vol. 77, pp. 257-
260; February 1, 1961.) Measurements were 
made in the range 1.4-56°K, and relaxation 
times up to 5 msec were found at the lowest 
temperatures. Both materials are promising for 
use in masers at mm X. 

539.23:537.533.7 1595 
The Energy Distribution of Moderately 

Fast Electrons during Penetration through 
Thin Films—G. Syrbe. (Z. Phys., vol. 159, pp. 
237-242; June 15, 1960.) A partial differential 
equation for the energy distribution is derived 
and the relation between electron energy and 
penetration range is calculated. Results of 
measurements on Al and AI1O3 films [see e.g., 
206 of 1957 (Young)] are compared with those 
calculated. 

MATHEMATICS 

517.431:513.813 1596 
The Range of Validity of the Equation curl 

curl V=grad div V-AV—F. Müller. {Hoch¬ 
frequenz. und Elektroak., vol. 69, pp. 62-67; 
April, 1960.) Proof is given of the general ap¬ 
plicability of the equation on the basis of 
Riemann geometry. 

517.433:621.391 1597 
Development Trends of Modern Opera¬ 

tional Calculus—F. H. Lange. (Hochfrequenz, 
und Elektroak., vol. 69, pp. 67-75; April, 1960.) 
The application in information theory of four 
analytical methods based on integrals of the 
Laplace, Carson-Laplace, Duhamel and folding 
type is considered. The methods are compared 
and their relative value is assessed. 

517.751.2 1598 
Prolate Spheroidal Wave Functions, Fourier 

Analysis and Uncertainty: Part 1—D. Slepian 
and IL O. Pollak. {Bell Sys. Tech. J., vol. 40, 
pp. 43-63; January, 1961.) “A complete set of 
bandlimited functions is described which pos¬ 
sesses the curious property of being orthogonal 
over a given finite interval as well as over 
( — 00 , *). Properties of the functions are de¬ 
rived and several applications to the represen¬ 
tation of signals are made.” 

517.751.2 1599 
Prolate Spheroidal Wave Functions, Fourier 

Analysis and Uncertainty: Part 2— H. J. 
Landau and IL O. Pollak. {Bell Sys. Tech. J., 
vol. 40, pp. 65-84; January, 1961.) Application 
of the theory developed is 1598 above to time¬ 
limited and band-limited signals is made. In 
particular, if a finite-energy signal is given, the 
possible proportions of its energy in a finite 
time interval and a finite frequency band are 
found, as well as the signals which do the best 
job of simultaneous time and frequency con¬ 
centration. 

MEASUREMENTS AND TEST GEAR 

621.3.018.41(083.74) 1600 
Changes in WWV WWVH Standard Broad¬ 

casts -{Tech. News Bull. NBS, vol. 45, pp. 
11-13; January, 1961.) Details are given of a 
36-bit, 100-pps time code which has been per¬ 

manently incorporated in the transmissions 
from stations WWV and WWVH. See 3978 of 
1960. 

621.3.018.41(083.74) :621.396 1601 
A Very-Low-Frequency (V.L.F.) Synchro¬ 

nizing System -C. H. Looney, Jr. (Proc. IRE, 
vol. 49, pp. 448-452; February, 1961.) A re¬ 
ceiving system is described by which standard¬ 
frequency VLF transmissions are used to con¬ 
trol the phase of the local standard. Frequency 
synchronization to 1 part in 10 10, or better, is 
possible, and when this is achieved a timing 
accuracy within 10/xsec is obtained. 

621.317.2 :538.566.08] + 534.844. 1 1602 
A New Reverberation Chamber for Sound 

and Electromagnetic Waves—Meyer, Kurtze, 
Km 11 uft. and Tamm. (See 1393. ) 

621.317.2:621.317.321 1603 
Microvolt Calibration Console—{Instrum. 

Practice, vol. 15, pp. 197-198; February, 1961.) 
The console described has been developed by 
NBS at Boulder, Colorado. It covers the range 
1 10 '/XV at ten frequencies between 30 kc and 
400 Me. Accuracy is within 2-5 per cent ac¬ 
cording to frequency. See also 1302 of 1959. 

621.317.311:621.383 1604 
The Measurement of Short-Circuit Cur¬ 

rents particularly with Photocells—W. Gründ¬ 
ler. {Arch. tech. Nessen, no. 290, pp. 57-60; 
March, 1960.) Potentiometer circuits particu¬ 
larly for use in light measurements are de¬ 
scribed. 

621.317.332.1.029.4 1605 
Measurement of Impedance at Audio Fre¬ 

quency -N. P. Scholes and J. E. Macfarlane. 
{Electronic Tech., vol. 38, pp. 106-107; March, 
1961.) A simple apparatus is described for 
measuring modulus and phase angle using 
standard components only. 

621.317.361 1606 
Determination of Frequency Fluctuations 

with an Uncertainty of 10-9 to 10-’3 by the 
Digital Measurement of the Period of One 
Beat -R. Mitterer. {Frequenz, vol. 14, pp. 
157 162; May, 1960.) Methods for measuring 
short-term frequency fluctuations of crystal 
oscillators are compared. A method of using an 
accurate digital timing device for measuring the 
slow beat between two frequencies is described 
and an example is given of the comparison of 
the frequencies of two 1-Mc oscillators, to an 
accuracy within 1 in 10" for a measurement 
duration of 1 sec. 

621.317.382:538.632 1607 
Automatic Electronic Converters for Meas¬ 

urements of R.M.S. Values and Active Power 
using Hall Generators G. Rehm. {Arch. tech. 
Messen, no. 290, pp. 61-64; March, 1960.) 
Examples are given of circuits, for application 
in telemetry and process control systems, in 
which Hall generators are used to relate an al¬ 
ternating current to a direct current of equal 
effective value, or to convert ac active power to 
obtain proportional direct current. 

621.317.44 1608 
Field Measurements by the Method of 

Harmonics : Filter- and Difference-Type Probes 
—J. Greiner. (N achrlech., vol. 10, pp. 156-162; 
April, 1960.) An experimental investigation and 
comparison of the characteristics of two of the 
categories of magnetometer tabulated in 1271 
of April are given. 

621.317.6:621.382.23 1609 
Measurement of Varactor Quality —N. 

Houlding. (Microwave J., vol. 3, pp. 40 45; 
January, I960.) A varactor is rated in terms of 
its reactance per resistance ratio at high micro¬ 

wave frequencies. Methods of measurement and 
experimental techniques arc discussed, in par¬ 
ticular slotted-line and reflectometer arrange¬ 
ments for 10 Gc. Suitable forms of the test 
holder are shown. 

621.317.7:621.397.132 1610 
Fundamentals of Electronic Measurement 

Techniques for Colour Television—Neidhardt. 
(Sec 1650.) 

621.317.74:621.372.852.2 1611 
Elimination of Mismatch Error by Means of 

a Phase-Shifter—M. E. Gertsenshteln and 
L. N. Bryanskil. (Izmer. Tekh., no. 1, pp. 48-
51; January, 1960.) A description is given of a 
method for reducing errors in waveguide 
measurements of standing-wave ratio without 
the necessity of matching the generator and the 
receiving device at each frequency. The method 
can be applied to systems which cannot be 
matched. See also Radiolekh. Elektron., vol. 3, 
pp. 710 721 ; May, 1958.) 

621.317.755.001.4 1612 
Measurement of the Nonlinearity of De¬ 

flection Factor of Oscillograph Tubes—K. P. 
Beisse. (Elektronik, vol. 9, pp. 129 131; May, 
1960.) Photocell equipment for the direct 
measurement of deviations from linearity of 
CRT spot deflection is described. 

621.317.784 :538.639:537.311.33 1613 
Multiphase Wattmeters based on the Mag¬ 

netoresistance Effect of Semiconductors -
M. J. O. Strutt and S. F. Sun. (Bull. Schweiz, 
elektrolech. Ver., vol. 50, pp. 452-458; May 9, 
1959.) Single-phase and three-phase wattmeter 
and varmeter circuits using disk-shaped mag¬ 
neto-resistance elements are given. The com¬ 
pensation of temperature effects is investigated 
for InSb and InAs elements. The Gauss-effect 
wattmeters are suitable for operation at fre¬ 
quencies up to 10 Me; it may be possible to 
raise this limit to about 300 Me. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

621.385.833 1614 
The Effect of a Periodic Illumination of an 

Object on the Electron-Optical Image—E. 
Gütter and H. Mahl. (Optik, Stuttgart, vol. 17, 
PI». 233 243; May, 1960.) The blurring of the 
image in electron microscopes resulting from ac 
heating of the cathode was found to be due to 
thermal fluctuations in the specimen grid. The 
frequency dependence of this blurring effect 
was investigated experimentally and a theo¬ 
retical treatment of the effect is given. 

621.398 1615 
A New Principle for Contactless Signalling 

—W. Engel, F. Kuhrt, and H. J. Lippmann. 
(Elektrotech. Z., .4, vol. 81, pp. 323-327; April 
25, 1960.) Signaling devices incorporating Hall 
generators and transistor amplifiers are de¬ 
scribed; they find application in process control 
and automation system. 

621.398 1616 
455-Mc/s Telemetry Ground Equipment— 

F. F. Thomas. (J. Bril. IRE, vol. 21, pp. 69-
77; January, 1961.) The principles common to 
current types of receiving and recording equip¬ 
ment are discussed and a description is given 
of a test set suitable for calibrating telemetry 
senders. 

621.398 1617 
Analogue Telemetry Equipment and Sys¬ 

tems: Part 2—S. Poole, A. Potton, and C. O. 
Titley. (Electronic Engrg., vol. 33, pp. 77-83; 
February, 1961.) Telemetry systems used for 
research into “flutter” and similar phenomena 
associated with flight at transonic and super¬ 
sonic speeds are described. Part 1: 1284 of 
April (Young). 
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621.398:621.306.034 1618 
Engineering Aspects of Missile Telemetry 

Equipment—the Airborne Sender for 24-Chan-
nel Telemetry—W. M. Rae. (J. Brit. IRE. 
vol. 21, pp. 57-67; January, 1961.) A brief de¬ 
scription is given of a 24-channel AM/FM sys¬ 
tem; design and production problems are dis¬ 
cussed in detail. 

PROPAGATION OF WAVES 

621.301.812.6:537.56 1610 
Reflection and Transmission of Electro¬ 

magnetic Waves at Electron Density Gradients 
—F. A. Albini and R. G. Jahn. (J. A ppi. Phys., 
vol. 32, pp. 75-82; January, 1961.) Solutions 
are obtained for the propagation of plane EM 
waves parallel to a gradient of free electron 
density. Reflection and transmission coeffi¬ 
cients are derived for transition zones between 
a dielectric and a uniformly ionized gas and 
they are found to depend strongly on the width 
of the zone and less strongly on the detailed 
profile of the transition. 

621.391.812.623 1620 
A Note on Diffraction Round a Sphere or 

Cylinder—-G. Millington. {Marconi Rev., vol. 
23, pp. 170-182; 4th Quarter, 1960.) A simple 
treatment is given of diffraction of radio waves 
round a sphere or cylinder, based on the known 
solution for propagation over a smooth earth. 

62 1.391.812.63 4- (537. 56: 538.566 1621 
Nonlinear Phenomena in a Plasma Located 

in an Alternating Electromagnetic Field — 
Ginzburg and Gurevich. (See 1464.) 

621.391.812.63 1622 
The Scattering of Radio Waves by an Ex¬ 

tended Randomly Refracting Medium—S. A. 
Bowhill. (J. Almos. Terr. Phys., vol. 20, pp. 
9-18; February, 1961.) The form of the emer¬ 
gent angular power spectrum is derived for the 
case of an EM wave incident upon a continuous 
medium containing three-dimensional inhomo¬ 
geneities of refractive index. The medium can¬ 
not lx* analyzed as a series of thin phase screens 
with independent phase profiles, owing to dif¬ 
fractive changes in the wave in passing from 
one inhomogeneity to the next. 

621.391.812.63 1623 
Analytical Considerations of Ionospheric 

Windows for Low-Frequency Radio Waves 
J. Heading. (J. Almos. Terr. Phys., vol. 20, pp. 
31 39; February, 1961.) Reflection coefficients 
for ionospheres with free space below and above 
are examined for zeros. The vertical propaga¬ 
tion case is considered for isotropic ionospheres 
and for anisotropic ionospheres with vertical 
magnetic field. An Epstein distribution of elec¬ 
trons is shown to give windows for one particu¬ 
lar polarized wave. A numerical example is 
given. 

621.391.812.63:551.507.362.2 1624 
The Application of Ray Tracing Methods 

to Radio Signals from Satellites—I. N. Capon. 
(Proc. Phys. Soc. (London), vol. 77, pp. 337 
345; February 1, 1961.) The effect which an 
ionosphere of given form will have on radio 
waves from an earth satellite is calculated with 
very high accuracy. Some results are given 
which apply to the Doppler shift, Faraday 
effect, and refraction of the received signal. 

RECEPTION 

621.376.23:621.391.822 1625 
The Amplitude Distribution and False 

Alarm Rate of Noise after Post-Detection 
Filtering—S. Thaler and S. A. Meltzer. (Proc. 
IRE, vol. 49, pp. 479-485, February, 1961.) A 
digital computer is used to simulate the passage 
of white Gaussian noise through a narrow-band 
filter, and the amplitude distribution is exam¬ 

ined for several different detectors followed by 
a post detection filter. 

621.391.812.63.029.62 1626 
Reception of B.B.C. Television Sound 

Transmissions on 41.5 Mc/s at Halley Bay, 
Antarctica I.. \\ Barclay. (J Brit. IRE, 
vol. 21, pp. 89-92; January, 1961.) Signals 
were observed on 130 days between April and 
October, 1958, a large number of interceptions 
being due to normal F-layer propagation. Dis¬ 
turbance of the layer is correlated with absence 
of signals. 

621.391.823:621.396.669 1627 
Radio-Interference Suppression of the Ig¬ 

nition Systems of Motor Vehicles—W. Walter. 
(Tech. Mill. PTT. vol. 38, pp. 153-164; May 1, 
1960. In German and French.) Sources of in¬ 
terference and means of suppression are briefly 
noted and the methods of interference-suppres¬ 
sion adopted in Swiss Post Office vehicles are 
described, with details of measuring equipment 
and test results. 

621.396.621.53:621.391.822 1628 
The Effect of Mixing Two Noisy Signals 

N. A. Huttly. {Marconi Rev., vol. 23, pp. 153 
169; 4th Quarter, 1960.) An expression for the 
SNR in the beat note from two noisy signals 
being mixed is obtained by a general analytical 
method. This is applied to practical examples 
with suitable assumptions. 

621.396.621.54:621.382.3 1629 
Parasitic Oscillations in I.F. Stages and 

Frequency Changers of A.M. Receivers— 
II. II. van Abbe, P. Bikker, A. Cense, A. N. van 
Dijkum and J. Rongen. (Electronic Applic., 
vol. 20, pp. 41-55; June, 1960.) The cause of 
oscillations in transistor circuits is briefly dis¬ 
cussed and experiments to investigate the in¬ 
fluence of circuit parameters on instability are 
described. Conditions which can render the 
stages completely stable without appreciable 
loss of gain are indicated. 

621.396.666:621.376.23 1630 
Modifications to Directivity due to the 

Limiting of Signals B. Picinbono. (Compte 
rend. Acad. Set., Paris, vol. 250, pp. 2179 2181 ; 
March 21, I960.) Changes in directivity of a 
receiving system using a correlation technique 
are studied in relation to limiting of the signal. 
General formulas are established and applied 
to a particular example. 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.391:621.38 1631 
The Role of Electronics in Information 

Processing P. Neidhardt. (Nachriech., vol. 10, 
pp. 191 195; May, 1960.) The relation of basic 
logic switching circuits to the concepts of in¬ 
formation theory is discussed. 

621.396.2:621.396.712.3:621.397 1632 
Wireless Studio Control Equipment A. 

Rettig, J. Balodis, and II. Vorrath. (Rund¬ 
funklech. Mill., vol. 4. pp. 102 112; June, I960.) 
Equipment is described which provides a one¬ 
way speech channel between control cubicles 
and program and technical staff in television 
studios. Details are given of a) an AM system 
operating at about 40 Me and b) an FM system 
using frequencies in the range 20 70 kc. 

621.396.43:551.507.362.2 1633 
Active Satellites —L. Pollack. (Wireless 

World, vol. 67, pp. 52 56; February, 1961.) A 
description is given of a radio communication 
system using earth satellites as relays with 
particular reference to the Courier project. 

621.396.43:629.19 1634 
Orbital Scatter —(Electronic Ind., vol. 19. 

p. 84; October, 1960.) A brief report of a pro¬ 
posed world-wide communication system using 
the reflecting properties of a continuous belt of 
metallic fibers formed at a height of several 
thousands of miles above the earth’s surface is 
discussed. 

621.396.65:621.396.43 1635 
Beyond-Horizon Radio Link —K. Hoffmann 

(Eleklrotech. Z.. B, vol. 12, pp. 320 324; June 
27, 1960.) The installation described uses stand¬ 
ard radio-link equipment modified for operation 
over a distance of about 2(K) km at 2 Gc to link 
West Berlin to the telephone system of the 
German Federal Republic. Transmitter power 
and receiver sensitivity have been raised, the 
antenna diameters increased from 3 to 10 m and 
a system of space-diversity reception has been 
adopted. 

621.396.7.004.6:519.24 1636 
A Statistical Method for Predicting the 

Lifetime of Communication Installations -H. 
Störmer. (Arch, elekl. Übetragung, vol. 14, pp. 
217 224; May, 1960.) Predictions of the ex¬ 
pected useful life of an installation can be made 
if the average life of its components, though 
not accurately known, has been determined by 
sampling. 

621.396.712 1637 
Planning the New Mótala Long-Wave 

Broadcasting Station- -E. Magnusson and F. 
Stranden. (E.B.U. Rev., no. 61 A, pp. 107-113; 
June, I960.) The new 2X3OO-kw transmitter, 
due to come into operation during 1961, has 
been designed to overcome the fading and inter¬ 
ference problems affecting the existing station. 
A special circular array of antennas will be used 
on a new and larger site. For German version, 
see Rundfunklech. Mitt., vol. 4. pp. 94 101 ; 
June, 1960.) 

621.396.712.029.62 1638 
Selecting Frequencies for V.H.F. Sound 

Broadcasting Stations S. Lacharnay. (E.B.U. 
Rev., no. 61 A. pp. 114 116; June, 1960.) The 
problem of frequency selection is considered 
for the case of three transmitters radiating dif¬ 
ferent programs and feeding a common antenna 
through a multiplexer. A diagram is given show¬ 
ing unsuitable frequency spacings for the band 
87.5 100 Me. 

SUBSIDIARY APPARATUS 

62 1.3.087.4 :62 1.395.625.3 :537.533 1639 
Experiments on Magnetic Tape Read-Out 

with an Electron Beam M. M. Freundlich, 
S. J. Begun. D. I. Breitzer, J. B. Geh man, and 
J. K. Lewis. (Proc. IRE, vol. 49, pp. 498 509; 
February, 1961.) The feasibility of the method 
is demonstrated experimentally. Theoretically, 
video signal with a bandwidth of 3 Me could be 
reproduced with a signal/electron-shot-noise 
ratio of 30 db from a recorded area density of 
0.85 cycles per mil2. 

62 1.3.087.4 :621.398 :551.507.362.2 1640 
Telemetry Signals from Sputnik III 

Henderson. (See 1506.) 

621.311.62:621.316.72 1641 
Precision Variable-Frequency Power Sup¬ 

ply -E. A. Gilbert. (Electronics, vol. 34, pp. 
99 100; January 13, 1961.) A ballast tube in a 
thermal regulating bridge controls the ampli¬ 
tude of the output and an adjustable filter con¬ 
trols the frequency from 50 cps to 2 kc. 

621.311.69 1642 
Unconventional Methods of Generating 

Electrical Power — B. A. Eagle. (Trans. S. Afr. 
Inst. Elec. Engrs., vol. 51, pt. 11. pp. 233 253; 
November, 1960. Discussion, pp. 253 256.) A 
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review of methods for the direct generation of 
electricity from other forms of energy, includ¬ 
ing methods based on electrochemical and 
photoelectric conversion, solid-state devices, 
and high-velocity ionized gas is given. A com¬ 
parative table of the principal devices is in¬ 
cluded. 32 references. 

621.311.69:621.383.5 1643 
Considerations on the Solar Cell—D. A. 

Kleinman. (Bell Sys. Tech. J., vol. 40, pp. 
85 115; January, 1961.) The absorption curve 
of the material and solar spectrum effects are 
contained in a single function readily obtained 
by numerical integration. 

621.316.721.078.3:538.569.4 1644 
Stabilization of a Magnetic Field by 

a Nuclear-Magnetic-Resonance Maser II. 
Hahn. (Compte rend. Acad. Sei., Taris, vol. 250, 
pp. 2335 2337, March 28, 1960.) The system 
briefly described will give an absolute long¬ 
term stability within ±1 part in 106. 

621.316.722:621.382.3:621.316.93 1645 
Overload Protection for Transistor Voltage 

Regulators --A. G. Lloyd. (Electronics, vol. 33, 
pp. 56 59; December 23, 1960.) Various circuit 
modifications are described for protection 
against overload. 

TELEVISION AND PHOTOTELEGRAPHY 

62-1.397:621.391.826.2 1646 
Two Methods for Determining the Signal 

and Noise Field Strengths of Television Re¬ 
ception in Regions with Multipath Reception 
H. Bödeker. (Nachriech. Z., vol. 13, pp. 213-
218; May, 1960.) The problem of field plotting 
in the presence of reflections is considered and a 
formula is derived for calculating the angle of 
incidence of the reflected ray and the ratio of 
its field strength to that of the direct ray. A 
method is given for the subjective assessment 
of picture quality in the field to evaluate signal 
strength and SNR. 

621.397.12 1647 
S.C.F.M.—an Improved System for Slow-

Scan Image Transmission—C. Macdonald. 
(QST, vol. 45, pp. 28-32 and 32 35; January 
and February, 1961.) Test results show that a 
system using subcarrier frequency modulation 
is superior to the original system using ampli¬ 
tude modulation (see 3266 of I960.) Details of 
modulator and demodulator circuits for the 
new system are given. 

621.397.132 1648 
Signal/Noise Ratios in the N.T.S.C. Colour 

Television System N. Mayer. (Rundfunk-
tech. Mitt., vol. 4, pp. 130-139; June, 1960.) 
The sensitivity of the NTSC system to inter¬ 
ference by sinusoidal signals at various frequen¬ 
cies is determined on the basis of subjective 
tests. 

621.397.132 1649 
A New Survey of the B.B.C. Experimental 

Colour Transmissions -I. R. Atkins, A. R. 
Stanley, and S. N. Watson. (B.B.C. Engrg. 
Div. Mono., no. 32, 31 pp.; October. 1960.) 

621.397.132:621.317.7 1650 
Fundamentals of Electronic Measurement 

Techniques for Colour Television —P. Neid¬ 
hardt. (Elektron. Rundschau, vol. 14, pp. 187-
192; May, 1960.) Specialized electronic test 
equipment is described including color-bar 
and pattern generators, vector-scopes, and 
apparatus for phase measurement and for the 
statistical analysis of picture content. 

621.397.132:621.372.55 1651 
The Correction of Nonlinear Distortion in 

Colour Television Transmission Systems —E. 
Baumann. (Bull. Schweiz. elektrotech. Ver.. vol. 

50, pp. 458-466; May 9, 1959.) A mathematical 
treatment, on the basis of Volterra's line func¬ 
tions, of distortion in nonlinear transmission 
networks as a function of input signal is given. 
The theoretical design of correction circuits is 
considered including that of an equalizer effec¬ 
tive at one given frequency. See also 1652 
below. 

621.397.132:621.372.55 1652 
Equipment for the Correction of Phase Dif¬ 

ference—T. Celio. (Bull. Schweiz, elektrotech. 
Ver., vol. 50, pp. 466 468; May 9, 1959.) An 
equalizer circuit is described for use in NTSC 
color television systems conforming to CCIR 
standards. The system is based on a step¬ 
function approximation of the signal non¬ 
linearity; phase difference is less than 5° within 
a 500-kc band around the color subcarrier fre¬ 
quency, with amplitude correction to within 
3 per cent. 

621.397.2 1653 
A High-Resolution Television System— 

L. L. Pourciau, M. Altman, and C. A. Wash¬ 
burn. (J. Soc. Mot. Pict. Telev. Engrs., vol. 69, 
pp. 105-108; February, 1960.) The camera-
tube used is a 1-inch vidicon. Its over-all reso¬ 
lution is improved by increasing the focus field 
from the usual 40 G, and by a redesigned de¬ 
flection system. A resolution better than 1000 
lines horizontal and 700 lines vertical is ob¬ 
tained. Frame rate is 30 cps, field rate 60 cps 
with a 2:1 interlace. Lines per frame can be 
varied from 675 to 1035, and the system band¬ 
width is 20 Me. 

621.397.2:621.391.812.624 1654 
Troposcatter Communications for Inter¬ 

continental TV Transmission —E. Dyke. (J 
Soc. Mol. Piel. Telev. Engrs., vol. 69, pp. 81-88; 
February, 1960.) Technical advances in the 
operation of tropospheric scatter systems for 
television are reviewed. Performance data re¬ 
lating to different methods of improving SNR 
and examples of calculations for system design 
are given. 51 references. 

621.397.2:621.395.625.3 1655 
The Choice of the Carrier Frequency and 

Band-width of the F.M. Channel and the Cir¬ 
cuit Arrangement of Magnetic Recording 
Equipment for Television Picture Signals W. 
Dillenburger. (Rundfunklech. Mitt., vol. 4, pp. 
113 129; June, 1960.) Better exploitation of 
tape and recording head properties may be 
achieved by transposing the carrier frequency 
of the FM band to a higher frequency, e.g., 50 
Me before demodulation. Experimental record¬ 
ing modulator and demodulator circuits are 
described and the results obtained are discussed 

621.397.232.6 1656 
Contribution on the basis of System 

Theory, to the Problem of the Optimum Form 
of the Nyquist Slope in Television— K. Ber-
nath. (Tech. Mitt. PTT, vol. 38, pp. 113 117; 
April 1, 1960. In German and French.) Theo¬ 
retical attenuation and group velocity charac¬ 
teristics are determined by Bode’s method for 
idealized receiver IF filters used on six different 
television standards including the CCIR stand¬ 
ard with three different Nyquist slopes. The 
distortion effects in vestigial-sideband systems 
are briefly considered. 

621.397.331.22 1657 
An Improved Image Orthicon—E. D 

Hendry and W. E. Turk. (J. Soc. Mol. Pict. 
Telev. Engrs., vol. 69, pp. 88-91; February, 
1960.) Limitations of the 3-inch image orthicon 
are mentioned. 4}-inch tubes have been pro¬ 
duced with improvements in SNR, center and 
corner resolutions, and edge effects. 

621.397.331.22:621.397.61 1658 
The Design of a 4j-Inch Image Orthicon 

Camera Channel G. E. Partington. (J. Soc. 
Mot. Pict. Telev. Engrs., vol. 69, pp. 92 98; 
February, 1960.) The improved characteristics 
of the 41-inch tube and the higher order of 
optical, mechanical and circuit engineering re¬ 
quired for the camera channel are discussed. 

621.397.6.001.4 1659 
Present and Future Test-Line Signals of 

the French Television Service—A. Pouyferrié 
and G. Frachet. (E..B.U. Rev., no. 61 A, pp. 
102 106; June, 1960.) The characteristic fea¬ 
tures of the vertical-interval test signals used 
on the French television network are described. 
For German version, see Rundfunklech. Mitt., 
vol. 4, pp. 153-157; August, I960.) See also 
1411 of 1960 (Fröling). 

621.397.61 1660 
Tetrode Television Transmitters for Bank 

IV/V —U. Finkbein, J. Hoile, and S. Tobies. 
(Elektrotech. Z., A, vol. 81, pp. 332 338; April 
25, 1960.) The requirements for transmitters 
operating in the frequency range 470-790 Me 
are summarized. The construction and opera¬ 
tion of a television transmitter which incor¬ 
porates new types of UHF triode are described. 
The rating of the basic transmitter unit is 2 kw 
fror vision and 0.4 kw for sound; higher powers 
are obtained by combination with appropriate 
amplifier units. 

621.397.61:621.397.132 1661 
Brief Presentation of the Additional Re¬ 

quirements for Monochrome Television Trans¬ 
mitters used for the Transmission of Colour 
Images -G. Coldewey. (Nachriech. Z., vol. 13, 
pp. 175 178; April, 1960.) Details are given of 
proposed signal waveform specifications for the 
transmission, by monochrome transmitters, of 
NTSC-system color television modified to 
CCIR standards (see 4212 of 1959 (Davidse)). 

621.397.621:621.385.832 1662 
Review of Modern Settling Techniques for 

Television Screens with One or More Com¬ 
ponents —U. Fischer. (Nachrtech., vol. 10, pp. 
166-171; April, 1960.) Several sedimentation 
methods used in the production of television 
picture tubes are described and the problem of 
adhesion of luminescent materials is discussed. 

TRANSMISSION 

621.396.61(083.7) 1663 
I.R.E. Standards on Radio Transmitters: 

Definitions of Terms, 1961 (Proc. IRE, vol. 
49, pp. 486-487; February, 1961.) Standard, 
61 IRE 15. SI. 

621.396.712 1664 
Bisamberg High-Power Transmitting In¬ 

stallation -(Electrotech. u. Maschinenbau., vol. 
77, pp. 185-248; May 1, 1960.) A number ot 
papers are given dealing with various asjiects 
of planning, construction and operation of the 
high-power broadcast transmitters near Vi¬ 
enna, and include the following titles: 

a) The Expansion of the Austrian Trans¬ 
mitter Network W. Füchal, pp. 187 190. 

b) The Tasks of a Medium-Wave Broad¬ 
cast Transmitting Installation in the Vicinity of 
the Austrian Federal Capital -G. Caspar, pp. 
190 195. 

c) The Medium-Wave Transmitting In¬ 
stallation Bisamberg in relation to the Planning 
of Transmitter Networks—J. Burgstaller, pp. 
195 200. 

d) The Transmitters of the Medium-Wave 
High-Power Broadcast Installation Bisamberg 
and their Power Supply—H. Kikinger, pp. 200 
211. 

c) The Electrical Equipment of the Bisam-
berg Aerial Installation —R. Kayser, pp. 211 
219. 

f) The Power Balance of the Bisamberg 
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High-Power Transmitting Installation—H. 
Kikinger, pp. 219 221. 

g) The Common-Frequency Control Sys¬ 
tem of the Bisamberg High-Power Transmit¬ 
ting Installation—G. Klement, pp. 221 224. 

h) The Transmitter Test and Monitoring 
Rack of the Bisamberg High-Power Trans¬ 
mitting Installation L. Jelinek, pp. 225 230. 

i) The Equipment for Automatic Transmit¬ 
ter Operation in the Bisamberg Installation— 
B. Eiermann, pp. 230 233. 

j) The Building of the Bisamberg High-
Power Transmitting Installation E. Mühl¬ 
berg, pp. 234 236. 

k) The Aerial Masts of the New Bisamberg 
Medium-Wave Transmitting Installation—E. 
Melan, pp. 236 244. 

1) The Air-Heating, Ventilation and Air-
Conditioning Plant of the Bisamberg High-
Power Transmitter —E. Heyna, pp. 245 248. 

TUBES AND THERMIONICS 

621.382.23 1665 
Germanium Tunnel Diodes for the High-

Frequency Region — G. Kesel, A. Ottmann, 
and H. N. Toussaint. {Nachriech. Z., vol. 13, 
pp. 191 195; April, 1960.) The oiærating 
principle and construction are described; per¬ 
formance characteristics of a prototype are 
given. 

621.382.23 1666 
Evidence for States (Bands) in the Forbid¬ 

den Gap of Degenerate GaAs and In P: Second¬ 
ary Tunnel Currents and Negative Resistances 
— H. Holonyak, Jr. (J. A ppi. Phys., vol. 32, 
pp. 130 131; January, 1961.) The l/V charac¬ 
teristics are shown for two tyi>es of tunnel 
diode. The peculiarities of the characteristics 
are discussed and some tentative conclusions 
given. 

621.382.23:621.317.6 1667 
Measurement of Varactor Quality —Hould-

ing. (See 1609.) 

621.382.3.012 1668 
Transistor Frequency Response J. R. 

James and I). J. Bradley. {Electronic Tech., vol. 
38, pp. 80 82; March, 1961.) A graphical pres¬ 
entation of fr as a function of the de working 
point is described and the importance of fr as 
a figure of merit is discussed. 

621.382.3.012.8 1669 
An Application of Matrix Methods to the 

Determination of the Equivalent Circuits of 
Earthed-Base and Earthed-Emitter Tran¬ 
sistors at Low and High Frequencies —R. 
Mezencev. {Compte, rend. Acad. Sei., Paris, 
vol. 250, pp. 2338 2340; March 28, 1960.) 
Impedance matrices arc developed and applied 
to T-type equivalent circuits, taking into ac¬ 
count capacitance effects at high frequencies. 

621.382.323 1670 
The Alcatron—A. V. J. Martin. {Electronic 

Ind., vol. 19, pp. 98 100; October. 1960.) A 
description of an experimental four-terminal 
field-effect device having a transconductance of 
6 ma/v and output power of 6 w is given. Im¬ 
proved performance is considered possible if a 
semiconductor material such as GaAs is used. 

621.382.333 1671 
Transient Behaviour and Fundamental 

Transistor Parameters -C. Ie Can {Electronic 
Applie., vol. 20, pp. 56 83; June, 1960.) A 
detailed analysis of the transient behavior of 
alloy junction transistors, both when switch¬ 
ing on and switching off, is given. 

621.382.333 1672 
Symmetrical Transistors —G. H. Parks. 

{J. Brit. IRE, vol. 21, pp. 79 88; January’, 
1961.) Significant differences in performance 

compared with unsym metrical alloy junction 
transistors are revealed by theoretical exami¬ 
nation. Brief descriptions are given of circuits 
in which the symmetrical type offers improve¬ 
ments. 

621.382.333 1673 
Alloy-Diffused Transistors E. Wolfen¬ 

dale. {Electronic Engrg., vol. 33, pp. 88 93; 
February, 1961.) It is shown why conventional 
alloy junction transistors cannot be further ex¬ 
ploited at VHF, and alloy-diffused transistors 
and their advantages arc described. The per¬ 
formances of the two types are compared and 
the future of the new type is assessed. 

621.382.333:621.317.3 1674 
Measuring Power Transistor Parameters 

by Pulse Techniques—I). II. Breslow. {Elec¬ 
tronics, vol. 34, pp. 120-122; January 6, 1961.) 
The advantages of pulse methods of measure¬ 
ment are discussed and circuit details of test 
equipment are given. 

621.382.333 :621.375.4.018.783 1675 
Investigations of Distortion in Low-Fre¬ 

quency Junction Transistors II . Hönicke. 
{Nachriech., vol. 10, pp. 163 166, 209 216, and 
273 277; April June, 1960.) Second- and third-
order distortion coefficients are calculated for 
small-signal conditions at low frequencies in 
the three basic circuit configurations. The de¬ 
pendence of distortion on oiærating conditions 
is considered in detail. 

621.382.333:621.396.822 1676 
Variation of L.F. Noise Figure of a Junction 

Transistor —S. Deb and A. N. Daw. {J. Brit. 
IRE, vol. 21. pp. 49-56; January’, 1961.) 
Noise measurements have been made over a 
300-cps bandwidth centered on 1 kc at tem¬ 
peratures in the range —20 to +45°C and col¬ 
lector currents between 0.3 and 1.6 ma. The 
major part of the noise can be attributed to 
surface recombination. 

621.383.5:538.63 1677 
Variation of Photovoltaic Response with 

Magnetic Field for a Germanium p-n Junction 
—W. Dunstan. [Proc. Phys. Soc. {London), vol. 
77, pp. 459 466; February 1, 1961.] Measure¬ 
ments are made of the variation with magnetic 
field of the open-circuit voltage from a Ge p-n 
junction photocell. The effect depends on field 
orientation and is proportional to illumination. 
The results are partially explained. 

621.385.032.212.3 1678 
Rise-Time Measurements in MgO Cold-

Cathode Diodes —A. Sussman. (Proc. IRE, 
vol. 49, pp. 517-518; February, 1961.) Cur¬ 
rent rise times on application of a step voltage 
have been measured as a function of the initial 
current and magnitude of the step itself 

621.385.032.266 1679 
A Hollow-Beam Focusing System P.M. 

Lally. (Proc. IRE, vol. 49, pp. 514 515; 
February, 1961.) The system is based on solid-
beam Brillouin focusing, the central core of a 
solid beam of electrons being replaced by’ a 
central cylindrical conductor. 

621.385.1.029.6.003.62 1680 
Graphical Symbols for Microwave Valves 

G. W. Epprecht. {Bull. Schweiz, elektrotech. 
Ver., vol. 51, pp. 457 461 ; May’ 7, I960.) An 
attempt is made to rationalize the system of 
microwave-tube symbols by creating a number 
of elementary symbols which are then com¬ 
bined to represent any particular electron-
beam device. 69 symbols ami symbol combina¬ 
tions are given. 

621.385.2 1681 
Theory of the Space-Charge-Limited Diode 

— 11. Pötzl and K. Richter. {Arch, elekt. 
Übertragung, vol. 14, pp. 225 234; May, 1960.) 
A simplified theory of one-dimensional elec¬ 
tron How is derived, and, assuming the kinetic 
temperature of the electrons to be constant, 
the equations of the space-charge-limited 
diode are solved for the stationary and non¬ 
stat ionary case. The boundary’ conditions are 
determined, and the diode admittance is cal¬ 
culated and compared with experimental data. 

621.385.3.029.64 1682 
Small-Signal Performance and Noise Prop¬ 

erties of Microwave Triodes M. T. Vlaardin-
gerbroek. {Philips Res. Repts., vol. 15, pp. 
124 221; April, I960.) A report is given of 
theoretical and experimental studies of a triode 
at 4 Gc. An equivalent circuit is deduced to 
account for internal feedback, noise behavior 
and electrons in the active space. Methods of 
measuring the four-pole coefficients and charac¬ 
teristic noise quantities are described. The re¬ 
sults of measurements using these methods are 
compared with theory. 63 references. 

621.385.6:537.533 1683 
An Experiment of Ion Relaxation Oscilla¬ 

tion in Electron Beams—Y. Koike and Y. 
Kumagai. (Proc. IRE, vol. 49, pp. 525 526; 
February, 1961.) Results obtained using a 
Hernquvist-type ion-trapping electron gun 
producing a strip beam are described. 

621.385.63 1684 
A Unified Theory of Electron-Beam Inter¬ 

action with Slow-Wave Structures, with Appli¬ 
cation to Cut-Off Conditions—R. M. Bevensee. 
{J. Electronics and Control, vol. 9, pp. 401 437; 
December, 1960.) Small-signal transmission-
line equations are obtained for a longitudinally-
confined beam, including relativistic effects, 
under the action of cavity’ solenoidal electric 
field and space-charge irrotational field. 

621.385.63 1685 
Interaction of Premodulated Electron 

Streams with Propagating Circuits -J. E. 
Rowe and J. G. Meeker. {J. Electronics and 
Control, vol. 9, pp. 439 466; December, I960.) 
Linear and nonlinear analyses are presented 
for prebunched beams interacting with a 
travelling RF wave in both growing-wave and 
beating-wave devices. 

621.385.63.032.269.1 1686 
Space-Charge Effects in Ultra-Low Noise 

Electron Guns—J. Berghammer. {RCA Rev., 
vol. 21, pp. 369 376; September, 1960.) The 
de characteristics of a typical electron gun used 
in low-noise traveling-wave tubes are investi¬ 
gated. Variations in positive beam-forming 
potentials cause sudden jumps in the cathode 
current. This space-charge effect, rather than 
temperature limitation, is the main cause of 
current saturation. 

621.385.63.032.269.1 1687 
Design Considerations for Grid-Controlled 

Electron Guns for Pulsed Travelling-Wave 
Tubes II. J. Wolkstein. {RCA Rev. vol. 21. 
pp. 389-413; September, 1960.) Methods are 
suggested for determining the parameters for 
an additional grid-type aperture, current trans¬ 
mission, and cutoff amplification factor. A dis¬ 
cussion of the methods of grid positioning and 
associated design is given for the convergent-
flow gun. 

621.385.632 1688 
Correlation between the Theory and Per¬ 

formance of a C-Band Travelling-Wave Tube 
—T. S. Chen. {J. Electronics and Control, vol. 
9, pp. 321-348; November, I960.) Perform¬ 
ance was predicted on the basis of small-signal 
normal-mode theory’ and was found to be in 
good agreement with measured characteristics 
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Curves are given of the CW output power over 
the range 3X00 6400 Me and for 0.007, 0.07 and 
0.1 duty cycles. Details are given of the gun 
and helix design and the measured voltage 
SWR over the range. 

621.385.632 1689 
Slow-Wave Structures for Electrostatically 

Focused High-Power Traveling-Wave Tubes 
E. F. Belohoubek. (RCA Rev., vol. 21, pp. 
377 -388; September, 1960.) Two structures are 
described; one is of the crossed-bar type in 
which the focusing electrodes are individually 
supported by chokes, and the other is a struc¬ 
ture of the folded-line type with inserted 
focusing electrodes. 

621.385.632 1690 
Multiple-Transit Amplification by Travel¬ 

ling-Wave Tube — D. A. James. (Electronic 

Abstracts and References 1131 

Tech., vol. 38, pp. 108-109; March, 1961.) A 
signal with 1-Mc bandwidth was passed twice 
through a traveling-wave tube, Type CV 2188, 
firstly at 4024 Me, secondly’ at 4096 Mc. Tlie 
over-all gain achieved was 10 db, but 23 db 
should lx? possible. 

621.385.632:621.372.2 1691 
An Interaction Circuit for Travelling-Wave 

Tubes—P. J. Crepeau and 1. Itzkan. (Proc. 
IRE, vol. 49, p. 525; February, 1961.) Charac¬ 
teristics of a pair of coplanar meander lines are 
given. 

621.385.64 1692 
Energy Build-up in Magnetrons I). Koba¬ 

yashi. (Rev. Elect. Commun. Lab., Japan, 
vol. 8, pp. 266-269; May/June 1960.) A previ¬ 
ous theoretical analysis (719 of 1960) has been 
extended to energy’ build-up and is used to 

explain some characteristics of ppm noise. 

621.385.832.032.269.1 1693 
Emission Decay below Narrow Grid Aper¬ 

tures -A. Sander. (Le Vide, vol. 15, pp. 373 
380; September/October, 1960. In French and 
English.) A sharp increase in current-density 
occurs at the cathode center as the grid aper¬ 
ture is reduced in size. This increase causes 
failure of the protective space charge and sub¬ 
sequent chemical poisoning of the cathode 
surface. 

621.387.132.223:621.396.96 1694 
Gas Clipper Tubes for Radar Service 

W. W. Watrous and J. McArtney. (Electronics, 
vol. 33, pp. 80-83; December 16, 1960.) 
Hydrogen-filled thyratrons prevent the build¬ 
ing up of dangerous voltages in the pulse-form¬ 
ing circuits. 
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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 Quarterly Complete journal National Science American Institute of Physics 
(Akusticheskii Zhurnal) Foundation—AIP 335 E. 45 St., New York 17, N. Y. 

Monthly Complete journal National Science Instrument Society of America 
Foundation—MIT 313 Sixth Ave., Pittsburgh 22, Pa. 

Automation and Remote Control ..... ... — .. 
(Avtomatika i Telemekhanika) Monthly Abstracts only Office of Technical Services 

U. S. Dept of Commerce 
Washington 25, D. C. 

Journal of Abstracts, Monthly Abstracts of Russian and non- Office of Technical Services 
Electrical Engineering Russian literature U. S. Dept, of Commerce 

(Reserativnyy Zhurnal: Electronika) Washington 25, D. C. 

Journal of Experimental and Monthly Complete journal National Science American Institute of Physics 
Theoretical Physics Foundation—AIP 335 E. 45 St., New York 17, N. Y. 

(Zhurnal Eksperimentalnoi 
Teoreticheskoi Fiziki) 

Journal of Technical Physics Monthly Complete journal National Science American Institute of Physics 
(Zhurnal Tekhnicheskoi Fiziki) Foundation—AIP 335 E. 45 St., New York 17, N. Y. 

Proceedings of the USSR Academy of Bimonthly Complete journal Consultants Bureau, Inc. 
Sciences: Applied Physics Section 227 W. 17 St., New York 22, N. Y. 

(Doklady Akademii Nauk SSSR: Otdel 
Prikladnoi Fiziki) 

Monthly Complete journal National Science Royer & Roger, Inc. 
Foundation—AÏEE 41 È. 28 St., New York 16, N. Y. 

Radio Engineering (Radiotvkhnika) 
Monthly Abstracts only Office of Technical Services 

U. S. Dept, of Commerce 
Washington 25, D. C. 

Monthly Complete journal National Science Royer & Roger, Inc. 
Foundation—Al EE 41 E. 28 St., New York 16, N. Y. 

Radio Engineering and Electronics . _ — ... -
(Radiotvkhnika i Elektronika) Monthly Abstracts only Office of Technical Services 

U. S. Dept, of Commerce 
Washington 25, D. C. 

Solid-State Physics Monthly Complete journal National Science American Institute of Physics 
(Fizika Tverdogo Tela) Foundation—AIP 335 E. 45 St., New York 17, N. Y. 

Monthly Complete journal National Science Royer & Roger, Inc. 
Foundation—AIEE 41 E. 28 St., New York 16, N. Y. 

Telecommunications (Elektrosviaz ) - - ■ .... 
Monthly Abstracts only Office of Technical Services 

U. S. Dept, of Commerce 
Washington 25, D. C. 

Automation Express 10/year A digest : abstracts, summaries. International Physical Index, Inc. 
annotations of various journals 1909 Park Ave., New York 35, N. Y. 

Electronics Express 10/year A digest : abstracts, summaries, International Physical Index, Inc. 
annotations of various journals 1909 Park Ave., New York, 35, N. Y. 

Physics Express 10/year A digest : abstracts, summaries. International Physical Index, Inc. 
annotations of various journals 1909 Park Ave., New York 35, N. Y. 

Express Contents of Monthly Advance tables of contents of Consultants Bureau, Inc. 
Soviet Journals Currently being translated journals 227 W. 17 St., New York 22, N. Y. 
Translated into English 

Technical Translations Twice a ('entrai directory in the U. S. of OTS and Special Superintendent of Documents 
month translations available from all Libraries Assoc. U. S. Gov’t Printing Office 

major sources in the U. S. Washington 25, D. C. 



n no PAR' 

EOD 

DA 20 

"WETW FT 

"FADE-OUT R 
Tron 

GUIDE UNES 

TITLE BLOCKS LAtOJI 

AND jsrqME^s 

REPP REQD 

J LAW LAYO 

CUST CUST 

□ Send me Clearprint samples, with prices, for the following uses: 

I31IIMIIM« •Tain 

HERE'S YOUR PRINT HERE'S YOUR DRAWING 

Guide lines are on back of drawing 
surface enabling you to erase and 
erase without disturbing them! 

FRAC¬ 

TION 

Available in rolls and sheets up to 42” 
in width by any length with grids ruled 
4x4, 5x5, 6x6, 3x8 and 10 x 10 lines 
to the inch. 

Rendered to scale with 
the accurate blue lines 
to guide you. 

Grid lines disappear 
completely, giving sharp, 
easy -to-read copies. 

Fl Have your representative call at my office to discuss special 
applications for my particular needs. 

Name_ ——-

CLEARPRINT PAPER CO. 
1482 - 67th Street, Emeryville, Calif. 

Vertical and horizontal guide 
lines are always the same on 

each and every sheet. 

Firm_ 

Addres 

City_ 

Horizontal lines are identically 
placed on every sheet, allowing 
you to design your Title Block 
as above for uniform lettering 
on every sheet. Horizontal lines 
on entire sheet save hours of 
LETTERING AND DRAFTING 
TIME. 
Vertical lines are identically 
placed on every sheet and pro¬ 
vide uniform guides for vertical 
layout. 

IN HALF WITH 

CLEA 

Zone_ State. 

- 1
IRE 258 

’FADE-OUT' PAPER 

TECHNICAL PAPER 

FORMS • CHARTS « GRAPHS 

’PRE-PRINT' PAPER 

THERE IS NO SUBSTITUTE 

Cl ea-print is Watermarked for Your Protection 

13 

FRAC¬ 
TION 

DD 

PROCEEDINGS OF THE IRE June, 1961 83A 



THINLINE s

RIBBON LEADS 
FOR HIGHER SELF- — Gf 
RESONANT FREQUENCY and Q 0 

STANDOFFS 
EXTREMELY LOW SERIES INDUCTANCE^ 

JOCK VALUES below 

N2400 
N1400 
N750 

N450 
N330 
N220 

N15O 
NO8O 
NPO 

SPECIALS 
RIBBON, WIRE, TAB LEADS 

POSITIONED AS REQUIRED. 

designed for your 
SMALL SPACE 

MUCON 
CORPORATION MITCHELL 2-1476 
9 ST. FRANCIS ST., NEWARK S, N. J. 

Any value, SQUARE 
or RECTANGULAR, made from any 
one of thefollowing CERAMIC bodies 
As small as .1 00" square maximum 
•SUPER-K for MAX. CAPACITANCE 
■HIGH-K for BETTER TEMP. CURVE 
'STABLE-K . . . FLAT within 10% 
'LOW-VAR . . . FLAT WITHIN 8% 

'9 ADDITIONAL CERAMICS for 
TEMPERATURE COMPENSATION 
or LOWER CAPACITANCE VALUES 

NARROW-CAPS, 
NARROW DESIGN TO FIT 1/10" ill 
MODULAR SPACING Intermediate I 
values quickly obtainable. 

MUCON 
SUBminiature 

CERAMIC CAPACITORS 

PartNo.pP^"'6 Tolerance 
Working 
Volts D.C. 

NC-5 5 15% 50 
NC-7.5 7.5 15% 50 
NC-10 10 15% 50 
NC-15 15 15% 50 
NC-22 22 15% 50 
NC-33 33 15% 50 
NC-47 47 15% 50 
NC-68 68 15% 50 
NC-82 82 15% 50 
NC-100 100 20% 50 
NC-250 250 20% 50 
NC-500 500 20% 50 
NC-750 750 20% 50 
NC-1000 1000 20% 50 
NC-1500 1500 25% 25 
NC-2000 2000 25% 25 
NC-3000 3000 30% 25 
NC-4000 4000 30% 25 
NC-01 10000 30% 10 

W- Professional 
Group Meetings 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII.IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIH 

Antennas and Propagation 

Los Angeles—March 9 

“Study and Design of Unfurlable 
Antennas,” P. D. Kennedy, Lockheed, 
Sunnyvale, Calif. 

San Francisco—March 8 
“Collision Cross Sections and Collision 

Frequency,” Dr. C. Cook, Stanford Re¬ 
search Institute, Menlo Park, Calif. 

San Francisco—February 15 
“Communication Potentialities of Ex¬ 

ospheric Scatter,” Dr. V. R. Eshleman, 
Stanford University, Palo Alto, Calif. 

San Francisco—February 8 
“Plasma, A Propagating Medium and 

Source of Radiation,” Dr. O. Buneman, 
Stanford University, Palo Alto, Calif. 

Washington, D. C.—March 23 
“Television Transmitting Antennas 

with Special Emphasis on a Novel Travel¬ 
ing Wave Structure,” Dr. R. W. Masters, 
Melpar, Inc., Falls Church, Va. 

Antennas and Propagation 
Microwave Theory and 
Techniques 

Boston—March 9 
“Dept, of Defense Ionospheric Re¬ 

search Facilities, ARCEBO, Puerto Rico,” 
P. Blacksmith, Jr., and R. S. Allen, 
ARCRC, Lincoln, Mass. 

“A Line Source Feed for a 1000-foot 
Spherical Reflector,” Dr. A. F. Kay, 
TRG, Somerville, Mass. 

Columbus—March 22 
“Anisotropic Properties of Artificial 

Dielectric Media,” Dr. R. E. Collin, Case 
Institute of Technology, Cleveland, Ohio. 

Columbus—January 10 

“Plasma Dynamics,” G. I. Cohn, III. 
Inst. Tech., Chicago. 

Orange Belt—March 22 

“Applications of the Solid State to 
Microwaves,” Dr. L. Hogan, Motorola, 
Inc., Phoenix. 

“Applications of the Solid State to 
Microwaves," J. Cacheris, Motorola, Inc., 
Phoenix. 

Orange Belt—February 28 
“Recent Advances in Antenna Ar¬ 

rays,” Dr. N. Yaru, Hughes Aircraft, 
Fullerton. 

“Computing Mutual Impedance of Ele¬ 

ments in an Array,” L. Kurtz, Rantec 
Corp. 

“Symposium with Dr. N. Yaru, Dr. 
R. Elliott, Dr. Bickmore and L. Kurtz as 
panel members. 

Philadelphia—March 15 
“Design of Multi-Channel Rotary 

Joints,” D. Bowman, ITE Circuit Breaker, 
Philadelphia. 

“High Power Testing of Rotary 
Joints,” C. Mann, ITE Circuit Breaker, 
Philadelphia. 

San Diego—March 14 
Tour of Navy Electronics Lab., An¬ 

tenna Measurement Facilities, under the 
guidance of B. Small. 

Syracuse—December 15 
“New Developments in Microwave 

Field Measuring Techniques,” E. Damon, 
Ohio State Antenna Lab., Ohio State Uni¬ 
versity. 

Audio 

Milwaukee—April 11 
“The WHAT, WHY and HOW of 

Stereo Sound,” G. Carrington, Allied 
Radio Corp., Chicago, Ill. 

Milwaukee—March 14 
“An Improvement in Simulated 3-

Channel Stereo,” P. W. Tappan, Warwick 
Mfg. Corp., Chicago. 

Philadelphia—March 22 
“FM Receivers—a High Fidelity Com¬ 

ponent,” G. Meyer, Fisher Radio Corp., 
Long Island City. 

San Francisco—March 15 
“Two-Way Professional Quality 

Speaker System Using 6-8 Cubic Foot 
Enclosures” J. B. Craig and G. L. Aug-
spurger, Jim B. Lansing Corp., Los 
Angeles. 

Automatic Control 

Baltimore—February 8 
“Advancements in Space Vehicle Guid¬ 

ance and Control System Mechanization 
Techniques,” A. G. Buckingham, Westing¬ 
house Electric Corp., Baltimore. 

Baltimore—January 12 
“An Engineering Presentation of the 

Second Method of Lyapunov, with Appli¬ 
cations,” E. J. Lefferts, The Martin Co., 
Baltimore. 

(Continued on page 86A) 
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WEATHER EYE IN SPACE 

RCA- NASA Development of TIROS Advances Progress in Worldwide Weather Forecasting 
From its vantage point in space, TIROS is sending 

down to earth new, more definite pictures and data of 
the world’s everchanging weather patterns to aid man 
in his ageless eTorts to control the elements. 

Incorporating revolutionary and advanced elec¬ 
tronic equipment, TIROS was designed, developed 
and built by RCA’s Astro-Electronics Division for 
National Aeronautics and Space Administration. 
Within its small circumference are miniature TV cam¬ 
eras, tape recorders, TV transmitters, command re¬ 
ceivers, timing mechanisms, beacons and telemetry 
equipment. In addition, it carries new scanning and 

non-scanning Infra-red Sensing Devices, developed 
by NASA, to measure and record the heat radiation 
of the earth and its cloud cover, and a revolutionary 
new Magnetic Orientation Device to capitalize on 
the effects of the earth’s magnetic field and maintain 
favorable orientation of the satellite for long periods. 

RCA developments in miniaturization, reliability, computing 
and overall electronic activities are contributing to many of the 
nation's leading space and missile projects. For information 
describing new RCA scientific developments, write Dept. 434, 
Defense Electronic Products, Radio Corporation of America, 
Camden, N. J. 

The Most Trusted Name 
in Electronics 
RADIO CORPORATION OF AMERICA 



TIME FOR YOU 
Now instrumentation engineers and test range 
management can build up their own preci¬ 
sion timing systems with the convenience and 
economy of standardized, compatible, all 
solid state, off-shelf components. All standard 
time code formats available. Frequency sta¬ 
bility, 3 parts in 108/day. Every EECO 
product is realistically priced for tight budg¬ 
ets. Prices include system design consulta¬ 
tion by the leading developers of timing and 
synchronization instrumentation. 

TO DESIGN 
YOUR OWN 

TIMING 
SYSTEM 

WITH EECO’S 
DO-IT-YOURSELF 
COMPONENTS 

TIME CODE GENERATORS 

Model 
Number Serial Code Format 

Time 
Indication 

Code 
Frame 
Length 
(SEC) 

Code Scan 
Rates 
(PPS) 

Code 
Carrier 

Frequency 
(CPS) 

Auxiliary 
Pulse Rates 

(PPS) 

Price 
(f.o.b. 
Santa 
Ana) 

EECO 801 24-Bit. 24-hour, BCD hours, 
minutes, 
seconds 

1 25, 50, 100 1000 100K. 10K. IK. 
100, 50, 25, 
10.1 

$7500 

EECO 802 
(Eglin AFB 
»nd 
Patrick 
AFB) 

17-Bit, 24-hour, Binary hours, 
minutes, 
seconds 

1 20, 100 1000 

100K, 10K. IK, 
100, 20, 10, 
1 

$7000 13-Bit, 24-hour, Binary hours, 
minutes, 

V« minutes 

15 1 1000 

EECO 802M2 
(Atlantic 
Missile 
Range) 

17-Bit, 24-hour, Binary hours, 
minutes, 
seconds 

1 20,100 1000 100K, I OK. IK, 
100, 20, 10, 
1 

$7000 

20 1 

EECO 803 20-Bit, 24-hour, BCD hours, 
minutes, 
seconds 

1 25 250 None $7500 

EECO 804 20-Bit, 24-hour, BCD hours, 
minutes, 
seconds 

1 25 100 
(mixed 
with 
1000) 

1 
1 ppi 0s 
Ippm 

$7925 

EECO 810 36-Bit, 365-day, BCD 
(4 extra bits available 
for identification data) 

days, hours, 
minutes, 
seconds 

1 100 1000 None $10,100 

EECO 810M1 
(IRIG 
Member 
C Format 
Modified) 

23-Bit, 365-day. BCD 
(4 extra bits available 
for identification data) 

days, hours, 
minutes, 
seconds 

60 2 1000 10K. IK, 100 
10, 1, Ippm, 
Ipphr 

$10,100 

Model 
Number 

Price (f.o.b. 
Santa Ana) 

EECO 860 

EECO 861 

EECO 863 

EECO 27096 

Neon Distribution Amplifier. Accepts up to 3 pulse-width modulated signals 
from a time code generator to provide signals to drive camera neon lamps 
in remote sites. 

Relay Driver. Accepts up to seven separate pulse trains or pulse-width 
modulated codes from a time code generator. Seven separate mercury-
wetted relay contact closures to control external equipment. 

Line Driver for transmitting 12 channels of carrier modulated timing signals 
over long distances. 

Scanner Unit. Accepts outputs from the EECO 802M1. Produces two 17-bit 
modified time-of-day codes in the format of the Atlantic Missile Range and 
one pulse rate output. 

$2500 

$1200 

$1975 

$5775 

Compatible automatic magnetic tape search equipment is 
available for operation with each EECO time code generator. 

SEND FOR TIMING EQUIPMENT FILE 401, TAPE SEARCH FILE 201. 

Electronic Engineering Company of California 
1601 East Chestnut Avenue • Santa Ana, California • Kimberly 7-5501 • TWX: Santa Ana Cal 5263 

MISSILE & AIRCRAFT RANGE INSTRUMENTATION • DIGITAL DATA PROCESSING SYSTEMS • 

EE 1-29 TIMING SYSTEMS • COMPUTER LANGUAGE TRANSLATORS • SPECIAL ELECTRONIC EQUIPMENT 

Professional 

Group Meetings 

(Continued from paye 84A) 

Dallas-Fort Worth—March 14 
“Ferrites As Circuit Elements for 

Electrically Controlled Microwave De¬ 
vices,” Dr. Von Au lock, Bell Telephone 
Labs., Whippany, N.J. 

Los Angeles—March 14 
“X-15 Guidance and Control,” N. 

Cooper, North American Aviation, El 
Segundo, Calif. 

Bio-Medical Electronics 

Cleveland March 1 
“Electrostatic Effects in Protein In¬ 

teractions,” H. Bensusan, Ph.D., Benja¬ 
min Rose Hospital, Western Reserve 
University, Cleveland. 

“Electrical Manifestations of Muscu¬ 
lar Activity,” Dr. N. Speralakis, Western 
Reserve Medical School, Cleveland. 

Houston— March 23 
“Project Mercury and Telemetry of 

Physiological Data,” Dr. 'I'. F. McGuire 
and L. A. Geddes, Baylor Medical College, 
Houston, Tex. 

(Continued on page 88.1) 

onanor 

Representatives in principal cities 

Binary-To-Oecimal 
Decoders Available. 

WRITE TODAY FOR 
COMPLETE SPECIFICATIONS 

DIGITAL 
^DOUT 

featuring 
ONE-PLANE PRESENTATION 

Industrial Electronic Engineers, inc. 

® 5528 Vineland Avenue 
North Hollywood, California 
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741-745 WASHINGTON STREET, NEW YORK 14, N. Y. 

Cable Address: TRONCOMIAB New York 

The new system, Model XT-2-A-SSB, combines the General Electric 
XT-2-A high frequency AM/broadcast/CW communications transmitter 
with the Kahn Research EER/SSB Adapter which provides independ¬ 
ent SSB operation. 

Proved in service throughout the free world, the newly-developed 
Kahn Envelope EUmination and Restoration (EER) technique is prob¬ 
ably the largest application of high power SSB in use today. And the 
GE XT-2-A presently affords reliable, high frequency broadcast and 
CW transmission .. . world-wide. 

Technically superior, the RCL, Inc. System is priced with many 
single or dual purpose designs. 

Write today for full information. 

HIGH FREQUENCY 

TRANSMITTER SYSTEM 

PROVIDES 

■■ 

SSB 100KW 

RADIOTRONIX COMMUNICATIONS LABORATORIES, Inc. 

Algonquin 5-8900-1 

Specialists in export of scientific and laboratory apparatus, communications equipment-both military 
and commercial- a broad group of microwave products including TR, ATR and PreTR tubes, magnetrons, 
klystrons, wave tubes, sil con diodes and transistors. 

CW 40KW 

FSK 40KW 

RCL, Inc.'s “Quadra-service” High Frequency Trans¬ 
mitter System delivers 100 KW Peak Envelope Power 
(PEP) for Single Sideband (SSB) voice and 40 KW for 
multi-channel Frequency Shift Keying (FSK) as well as 
complete, high power Amplitude Modulation (AM) 
breadcast and Continuous Wave (CW) transmission 
... integrated into one versatile, economical unit. 

25KW AM 
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sizes and shapes to meet your individual specifications. Manufacturing is to tight 
dimensional tolerances; ceramics are of uniform density, free from internal and 

surface defects. All are quality-controlled to meet unparalleled performance 
standards, with extraordinary care taken in each step of the manufacturing process. 

14/5860 delivers all the 
advantages of premium 
alumina ceramics 

Skilled 
specialists 
in premium 
ceramics for 
electronics! 

with the plus quality you need for vacuum tube enve¬ 
lopes and internal spacers, rf windows, heat sinks, high-

voltage insulators, semiconductor components and a wide 
array of precision electronic applications. 

Wesgo’s specialization in ceramics for electronics gives you 
unique reliability in components you can depend on. 

Three dense, vacuum-tight Wesgo alumina bodies, with 
up to 99.5% AI2O3, are strong, hard and abrasion resistant. 
They offer exceptional chemical inertness, high thermal 

conductivity and superior electrical properties, 
even at extremely high temperatures. 

All Wesgo high alumina ceramics feature very low loss factor, 
high dielectric strength and high resistivity. All are available in 

Also available from Wesgo, a complete Une of low vapor pressure, high 
purity, precious metai brazing alloys. Write today for information. 

WESTERN GOLD & PLATINUM COMPANY 
Dept. P-6, 625 Harbor Blvd. • Belmont, California • LYtell 3-3121 

The DIALCO DATA MATRIX® 
Manufacturing Service aids you 3 ways: 

( 1 ) Supplies ultra-miniature Lamp Holders with 
read-out Lamp Cartridges... (2) Fabricates panels 
to order ... (3) Assembles Lamp Holders on panels. 
For computers, data processing equipment, etc. 

Lamp Holders accommodate DIALCO’s — x T 
own Lamp Cartridges. Shown V2 size: rjr-tr In 
Data Matrix No. DM-7538-40 with 40 J] 
Lamp Holders and Cartridges... Shown T-jg 
actual size: Incandescent Cartridge 
No. 39-6-1471 with short cylindrical ? 
lens; Neon Cartridge No. 38-1531 with u 

long cylindrical lens. Many other features. | _ U 

Complete details in Brochure L-160B. U 

Ready to Install 
in a minimum of space! 

INDICATORS 
in a compact “package” 

I©©©©! 

i «i_ 
i <©©.©©’ 
I c©©©.© 
d .©©©I 
y i©i I 

À Professional a 

Group Meetings — 

(Continued from Page SóAJ 

Houston—February 14 
“Problems of Manned Space Flight,” 

Col. J. P. Stapp, USAF, Aerospace Medical 
Center, Brooks AFB, Tex. 

Los Angeles—February 16 

“Solid State Devices and Microelec¬ 
tronic Circuits Applied to Biological In¬ 
struments,” 1. Weiman ami ILL. Richter, 
Jr., Electro-Optical Systems, Pasadena, 
Calif. 

Portland—March 23 
“The Artificial Kidney,” Dr. P. Selling 

Portland February 23 
“Experimental Biological Results Us¬ 

ing High Energy X-Rays,” Dr. J. Bowling, 
Linfield Research Institute, McMinnville, 
Ore. 

“Generation of High Energy X-Rays 
with the Linfield Field-Emission Electron 
Gun,” J. Griffith, Electro-Glass Labs., 
Beaverton, Orc. 

Portland—January 26 

“Applications of Gamma Ray Analysis 
and Radiation Instrumentation,” V. R. 
Roberts, Tracerlab, Inc., and J. Rogers, 
Tektronix, Inc. 

(Continued on page 90A) 
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Type IMS 

multi¬ 
pliers: xl, x10,---x106. 

1000 

range 

50, 100, 200, 500, and 
volts d.c. 
The complete measuring 

HUNDRED MILLION 
MEGOHMMETER 

FOR LAB WORK 
Measurement on capacitors, re¬ 
sistors, and insulating materials. 
High accuracy and stability. 
Large meter: 6" scale. 
Provisions for measurement on 
three-terminal resistors: built-in 
leakage current guard. 
Measuring Range: 

I Megohm to 100 Million Meg¬ 
ohms. 

can be used on all test voltages. 
Accuracy : 

2 to 5% depending on the range. 

FOR PRODUCTION 

1000 to 2000 components 
tested per hour by means of new 
electrically operated Component 
Jig type KPHIMI. 
The clamping mechanism is 
actuated by the function selector 
of the Megohmmeter. Adjustable 
spacing between terminal posts. 
Automatic charging of capacitors 
permits fast operation, even on 
large units. 
Provisions for fast go-no-go 
measurements. 
Capacitors automatically dis¬ 
charged before release. 

Scale calibrated from 1 Megohm 
to 100 Megohms, range 

Radiometer offers a line ot 50 different instruments: 

Af OSCILLATORS. R-L-C BRIDGES, SIGNAL GENERATORS. VACUUM-TUBE VOLTMETERS, 

WAVE ANALYSERS. AND ELECTROCHEMICAL INSTRUMENTS. 

Write for complete information. 

RADIOMETER 
72 Emdrupve), Copenhagen NV, Denmark 

Representatives: 
up United States: Welwyn Int. Inc. Canada: Bach-Simpson Ltd. 

3355 Edgecliff Terrace London, 
Cleveland 11, Ohio Ontario 

fe : : : f:   -, S | : g ; • : : s : ^i :il J 
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Bio-Medical. Electronics 
Nuclear Science 

Los Angeles—March 16 
“Isotope Dating Techniques,” G. J. 

Fergusson, UCLA. 

Broadcasting 
Omaha-Lincoln—March 30-1 

“Solid State Short Course for Radio 
and Television Engineers,” Guest Speak-

: ers: J. Gardner, Tektronix, Mission, Kans.; 
T. Pierce, Crossley, St. Paul, Minn.; 
D. K. Haahr, Collins Radio Co., Cedar 
Rapids, Iowa. 

University of Nebraska staff speakers: 
N. M. Bashara, R. G. Combs, C. M. 
Hyde, R. M. Ibata, J. Kohl, D. J. Nelson, 

] E. A. Pearlstein, and W. C. Robison. 

Philadelphia—March 9 
“New Developments in Video Re¬ 

cording,” R. Sirinsky, Ampex Corp. 

Circuit Theory 
Los Angeles February 21 

“A General Method for Determining 
the Stability of Non-Linear Networks— 

(Continued on page 92 A) 

YOUR COMPONENT 

W ire drawn to your specifi¬ 
cations (down to .00025") in 
base and precious metals and al¬ 
loys ... supplied bare, enameled, 
ceramic insulated for use at 
1000° F., or electroplated ... to 
close tolerances. 

Our research and development 
staff is available to solve YOUR 
wire problems. 

Write for data on your specific needs. 

SECON METALS CORP.^con 
7 Intervale St., White Plains, N.Y.WM 
_ WHite Plains 9-4757 M 
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TRANSISTOR/DIODE MULTIPLES FROM FAIRCHILD 
Multiple PLANAR transistor and/or diode dice are packaged in a single TO-5-or TO-18-sized header 
with common or isolated electrical connections for a variety of circuit functions. PLANAR Multiples 
offer these advantages: ideal thermal matching, significant space reductions (up to 80%), fewer exter¬ 
nal soldered connections, reduced component- and circuit-assembly costs, superior device reliability. 

PLANAR makes it possible 
Fairchild’s PLANAR process provides the uniformity, parameter stability and high yield to make “mul¬ 
tiples” economically and operationally practical. 

The Products 

PLANAR Multiples can be produced in many device configurations. Some of the production units now 
available include: 

COMPLEMENTARY AMPLIFIER 
FSP- 15 

2N1613 and 2N1 132 

TAB MOUNT TYPE II FSP 42 
Gold clad moly tab 
varnish coated 

AMPLIFIER MODULE FSP-17 
High voltage low drift 

amplifier 

Special Products Handbook available on request. 

MATCHED PERFORMANCE/REDUCED 
space/improved reliability 

FSP-60 Triple Darlington 
High Gain Low Noise Amplifier 
T0-5 size header 
3 ■ 2N1613 Planar Transistors 
hpg typical - 100,000 

545 WHISMAN ROAD, MOUNTAIN VIEW, CALIF.-YORKSHIRE 8-8161-TWX. MN VW CAL 853 

A wholly owned subsidiary of Fairchild Camera and Instrument Corporation SEMICONDUCTOR CORPORATION 
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NO. 2 142 

No. 2 142 Y 

BETTER CONNECTIONS 

JONES BARRIER 

Leakage path is increased — direct shorts from frayed 

terminal wires prevented by bakelite barriers placed 

between terminals. Binder screws and terminals brass, 

nickel-plated. Insulation, black molded bakelite. Finest 

construction. Add much to equipment's effect. 

Jones Aleans Proven Quality 

Illustrated: Screw Terminals— Screw and Solder Terminals— Screw Terminal above Panel 

with Solder Terminal below. Every type of connection. 

Six series meet every requirement: No. 140, 5-40 screws; No. 141, 6-32 screws No. 

142, 8-32 screws; No. 150, 20-32 screws: No. 151, 12-32 screws; No. 152, '/4-28 screws. 

Catalog No. 22 lists complete line of Barrier Strips, and other Jones Electrical Con¬ 

necting Devices. Send for your copy. 

Professional a 
el—- - 1 

Group Meetings ~ 
I . .Ui H.» 

(Continued from l'âge 90A) 

The Second Method of Lyapunov,” Dr. 
L. K. Timothy, Autonetics. 

“Analysis of Varactor Diode Circuits,” 
B. L Leon, Hughes Res. Labs., Malibu, 
Calif. 

San Francisco—March 1 
“The Gain Bandwidth Concept in Cir¬ 

cuits and in Human Endeavors,’’ K. R. 
Spangenberg, Consultant, Palo Alto, Calif. 

COMMUNICATIONS SYSTEMS 

Los Angeles- -February 28 
“I ’sing Computers to Solve Problems 

on System I tilization and System De-
' sign," Dr. R. Kalaba, Rand Corp., Santa 
■ Monica. 

Oklahoma City -March 28 
Tour of KOCO television facilities. 

Various engineers acted as guides and 
lecturers. 

Oklahoma City January 10 
“Weather Facilities,” Capt. R. McKis-

sack, I’SAF, Tinker Al B, Oklahoma City. 

Rome-l’tica- February 21 
“Engineers," J. Bridges, U. S. Dept, of 

Defense, Washington, 1). C. 

10,000 WATTS 
SINGLE 

SIDEBAND 

H I - PO WER 

TRANSMITTER 

The TMC Model GPT-10K, 
Radio Transmitter, is a 
conservatively rated, gen¬ 
eral purpose unit capable 
of providing 10 kw PEP 
output throughout the 
range of 4 to 28 mega¬ 
cycles. Containing all com¬ 
ponents within a single 
attractive enclosure, the 
GPT-10K includes exciter, 
spectrum analyzer, F.S. 

MAMARONECK, NEW YORK 

AN/FRT-39 

THE TECHNICAL MATERIEL CORP 

Exciter, and complete “on 
the air" testing circuitry. 

SEND FOR BULLETIN 207B 

San Francisco—February 23 
“A Synchronous Satellite Relax lor 

I Communications,” D. Williams, Hughes 
i Aircraft Corp., Los Angeles. 

Toronto—April 3 
“Command and Dispatch Consoles for 

i Mobile and Point to Point Systems,” 
G. W . Steck, Westrex Corp., New York, 

; N Y

Communications Systems 
Vehicular Communications 

Omaha-Lincoln—April 6 
‘Bell Boy’ Personal Signaling,'* 

A. A. Little, Northwest Bell Telephone 
Co., Omaha. 

Component Parts 

Los Angeles—March 13 
“Development ami Applications of 

Solid State Transducers,'* H. K. Manning, 
Eairchild Controls Corp., Los Angeles. 

“State of the Art Summary of Solar 
Cells as Power Convertors for Use in 
Space,’’ K. A. Ray, Hollman Electronics 
Corp., Ei Monte, Calif. 

Electron Devices 

Los Angeles—March 14 
“Recent Advances and Applications of 

I Continued on page 94A) 
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H E L I P O L E 

The Andrew Type 902 Helipole* is the first basi¬ 
cally new 30-50 me fixed station antenna to appear 
on the 2-way radio scene in the past 12 years. Type 
902 employs a new design concept that combines 
improved performance with mechanical conven¬ 
ience. It is the result of an extensive Andrew 
development program. 

Lightweight and strong —with a maximum total 
weight of 13 pounds, Type 902 is designed to with¬ 
stand 30 psf load with bi inch of radial ice. The 
focal point of this mechanical strength is found in 
an aluminum casting to which ground rods and 
radiator are bolted with stainless steel hardware. 
Direct mounting is provided for members from 
1% to 2% inches in diameter. VSWR of this unity 
gain antenna is less than 1.5. 

Economically priced Andrew Type 902 is the 
best performing, corrosion resistant high wind 
load antenna on the market 
Write or call your Andrew sales engineer for 

complete information or request Bulletin 8467. 

HELIPOLE CONSTRUCTION 

The foreshortened radiator employs a bifilar heli¬ 
cal element which is encased in Fiberglass for 
strength, durability and corrosion resistance. One 
helix is grounded, providing a static drain path. 
The other is fed. Ground rods employ single helix 
conductors which also are embedded in Fiberglass. 
Size reduction is shown by comparing the 57 inch 
radiator of Type 902 with 101 inches of a conven¬ 
tional antenna at 30 me. Ground rods are also 
shortened by a proportionate amount. 

Advanced design 
COMMUNICATION ANTENNAS 

•TRADEMARK 

P O BOX 807 • CHICAGO 42, ILLINOIS 

Boston • New York • Washington • Los Angeles • Toronto 



Sensitive Relays at Sensible Prices 

Professional a 

Group Meetings 

(Continued from (offe 92A) 

High Power TWT,” J. I. Mendel, Hughes 
Aircraft Co., Culver City, Calif. 

San Francisco—March 1 
“Ion Propulsion,” Dr. G. Brewer, 

Hughes Aireraft Co., Malibu, Calif. 

Syracuse—March 7 
“Trends in Semiconductor Devices,” 

R. X. Hall, General Electric Co., Schenec¬ 
tady. 

Electronic Computers 
San Francisco—March 28 

“Teaching Machines,” Dr. R. S. 
Hirsch, IBM, San Jose, Calif. 

San Francisco—February 28 
“Recent Trends in Reliability I heory, ” 

Dr. L. C. Hunter, General Telephone and 
Electronics Lab., Inc. 

Price Electric Series 1000 Relays Now Feature ... 
Sensitive Operation • Solder or Printed Circuit Terminals 
Open or Hermetically Sealed Styles • Low Cost 

These versatile sensitive relays are designed for applications where 
available coil power is limited. They retain all the basic features, 
such as: small size, light weight and low cost, that make the Series 
1000 General-Purpose Relays pace setters in their field. 

Typical Applications 
Remote TV tuning, control circuits for commercial appliances 'including 
plate-circuit applications), auto headlight dimming, etc. 

General Characteristics 
Standard Operating Current: 

1 to 7 milliamps DC at 20 milliwatt sensitivity 
Maximum Coil Resistance: 16,000 ohms 

Sensitivity: . „ ... 
20 milliwatts at standard contact rating; 75 milliwatts at maximum 
contact rating. Maximum coil power dissipation 1.5 watts. 

Contact Combination: SPDT 

Contact Ratings: 
Standard 1 amp; optional ratings, with specjaJ construction to 
3 amps. Ratings apply to resistive loads to 26.5 VDC or Ila VAL. 

Mechanical Life Expectancy: 
30,000,000 operations minimum. 

Dielectric Strength: 500 VRMS minimum. 

For Additional Information, contact: 

PRICE ELECTRIC 
CORPORATION 

300 Church Street • Frederick, Maryland 
MOnument. 3-5141 • TWX: Fred 565-U 

Engi neering AI anagem ent 
Los Angeles—March 29 

“Current and Potential Extensions oí 
PERT/PEP Techniques,” Dr. D. Green, 
Operations Research, Inc., Santa Monica. 

(Continued on page 96 A) 

B B I € IL 

TALK! 

over commercial telephone circuits 
equipped with Rixon’s fully tran¬ 
sistorized, low error rate, highly re¬ 
liable Sebit-24 Transmitter-Receiver, 

Binary information is processed at 600/1200/ 
2400 bits/second in a nominal 3-KC voiceband 
such as a long distance toll circuit. High speed 
data passage of: ¿000 W/M teleprinters; ma¬ 
chines and computers; slow scan T\ ; fac¬ 
simile; time division multiplexers; and se¬ 
quential telemetering equipment. 

SEE IT AT THE AFCEA SHOW 
BOOTH IS, PARK SHERATON 

WASHINGTON, D.C. 

electronics, irre. 
2414 Reedie Drive 

Silver Spring, Maryland 
LOckwood 5-4578 

Soon in our new building at 
2121 Industrial Parkway 

Montgomery Industrial Park 
Silver Spring, Md. MAyfair 2-2121 
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1 kw Hughes 

S-Band 

I environmental tests. 

CREATING A NEW WORLD WITH ELECTRONICS 

Weight: 

Now available in production 
quantities, these new and improved 
tubes offer you I kw of pulsed 
output power, with low power 
input, minimum heat generation 
and high reliability. 

All these Hughes S-band tubes are 
lightweight, compact and ruggedly 
built to withstand the most severe 
environmental conditions—and 
provide long life. Each has been 
fully tested in the field. 

Three of these tubes provide full 
octave frequency ranges of 2.0 
to 4.0 kmc and you have a choice 
of either >/2 or 1% duty, in either 
ungridded or gridded versions, 
and with gains up to 37 db. 
All are permanent magnet 
periodically focused. 

traveling wave 
tubes in .0 

For information wire or write: 
11105 Anza Ave. 

Los Angeles 45, Calif. 

11 Ungridded, 1 kw minimum peak 
OU ■ II power output. 1 duty, 37 db 

small signal gain 1 mw input. 
Weight: 12/^ lbs. Length: 17-31 32". Meets 
usual customer requirements of MIL-E-5400, 
Class I environmental tests. 

QI QU ided. 1 kw mini* 
J Xó II num peak power output 

over the center portion 
of the band, %% duty, 36 db small 
signal gain <11 mw input. Weight: 
17}^ lbs. Length: 16-5/8*. Meets 
usual customer requirements of 
MIL-E-1 environmental tests. 

Q 1 1 U Gridded, 1 kw minimum peu 
JU fl power output. 1% duty. 36 db 

small signal gain ® 50 mw input. 
Weight: 13 lbs. Length: 17-7/16". Meets usual 
customer requirements of MIL-E-5400, Class 
I environmental tests. 

m m m m 
duty. 
50 mw 

3 Meets /8' 

peak 
36 db 
)put. 
isual 

MIL-E-5400, Class 

} Il Gridde i 
, (J power output. 

small signal ga 
:: 11 lbs. Length: 15-
ler requirements of 
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KODAK IRTRAN 
OPTICAL ELEMENTS 
... for efficient transmission of 
infrared and microwaves 
despite heat and shock 

Kodak has developed a new class of 
"optical" materials for missiles, radio¬ 
meters, space vehicles, laboratory instru¬ 
ments. and other infrared and microwave 
applications. They keep much of their high 
transmittance when hot, 600°C and beyond. 
Thermal shock, humidity, abrasion, 
weathering, organic solvents, O.ÕN HNO>, 
In H,SO„ 0.5n KOH. 0.5n NH.OH do not 
injure them. The curves look like this: 

WAVELENGTH 

Irtran l material seems to provide the best 
present answer to the "dual-mode” prob¬ 
lem. Infrared and microwave guidance can 
look through the same window. At 9.4 
kmc its dielectric constant is around 5 and 
its loss tangent 10"*. One untuned sample 
.012" thick we tested in the X-band intro¬ 
duced an attenuation of less than 0.3db, 
with a maximum standing wave ratio of 
1.5. In the infrared at Ip. its refractive 
index is only 1.38. No need for anti-ref lec¬ 
tion coatings, you see. 

lrtran-2 material, in contrast, has the 
relatively high infrared refractive index 
of 2.2. 

Both of these materials we form and 
polish into lenses, domes, prisms, and 
flats. We also use them as substrates for 
infrared band pass filters. Currently our 
limiting diameter is 6*/z"; the thickness 
limit for Irtran l materials is 3" and for 
lrtran-2, 1". 

Of course, our connection with infrared 
technology doesn't end with Irtran optics. 
We also make Kodak Ektron Detectors and 
build complete infrared systems. Details 
on all these subjects from— 

EASTMAN KODAK 
COMPANY 
Apparatus and Optical Division J 

Rochester 4, 
N.Y. 

UI 80 

E 60 

L « 
tP20 

0 
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and Speech 
Military Electronics 

Boston—March 14 
“ The Writing and Evaluation of 

Technical Proposals,’’ A. P. Hill, Mitre; 
R. Kendall, I lek, et ul. 

INFORMATION THEORY 

Boston March 7 
"Coding in Practical Communications 

Systems,” Prol. P. Elias, Ml T, Cam¬ 
bridge. 

INSTRIM EXTATIOX 

Los Angeles March 8 
“Sur\ ev of Storage and Display Equip¬ 

ment,” H. Grief, ST L. 
“The Inconorama Data Display Sys¬ 

tem” Mr. Miller. Fenske, Frederick and 
M iller. 

Trip through lelemetry Data Reduc¬ 
tion and Ground Station Facility ol SIL. 

San Francisco February 28 
"Large Scale Data Handling Con¬ 

cepts,” R. L. Sink, Consolidated Electro¬ 
dynamics Corp., Pasadena. 

I XSTR IM EXTATIOX 

Space Electronics and 
Telemetry 

Washington, D. C.—March 21 
“TIROS II System and Performance,’’ 

Dr. R. A. Stampfl, Goddard Space I light 
Center (NASA), Greenbelt, Md. 

Microwave Theory and 
TECHNIQUES 

Boston - February 28 
“The Limitations ol Microwave Du¬ 

plexers,” Dr. L. Gould, Microwave Asso¬ 
ciates, Burlington, Mass. 

Los Angeles February 9 
“Parametric Amplifiers,” W. II. Loui-

sell, Bell Telephone Labs., Murray Hill. 
N. J. 

Orlando—March 1 

“Some Aspects of Mi< wave Compo¬ 
nents Design to Achieve Economical 
Systems Application,” L. II. Fisher, PRD 
Electronics Co. 

Orlando January 9 
Business meeting Election of Officers. 

Washington, I). C.—March 14 
"Microwave Components lor the 1.5-3 

Millimeter Wave Region, ” L. L. Bertan, 
FXR Inc., Woodside, X. V. 

(Continued on page 98A) 

111 CEDAR LANE • ENGLEWOOD, NEW JERSEY 

1/A% ACCURACY WANTED? 

This new Universal Bridge adds to the wide variety from which 
an engineer must choose. But Model 1313 has both A A 
Accuracy and Direct Readout; combines high discrimination 
with exceptional ease of use. Detector AGC, variable frequency 
operation and functional styling are all plus features. 

U . ImH to 110H, 7 decades 
C- . l/^F to HOmF, 7 decades 
R: . 010 to HOMO, 8 Decades 
Accuracy: . . . V4% 
Discrimination: 5000 div'ns/ Decade 
Frequency: IKc, lOKc. 100 cps to 20Kc 

with ext. osc. _ ... rx:_-A —— rwauouv. . . . wuwi "v 
factors 

MAKE NO MISTAKE 
MEASURE WITH : 

Main Plant: St. Albans, England 
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NOW TIN OXIDE RESISTOR 
RELIABILITY FOR JUST 6* 
Now you have a happy combination you can play two ways. Use our C resistors in place of 
composition types to boost product performance at virtually the same cost or to maintain 
the high performance of precision type resistors while cutting costs markedly, saving space. 
These C resistors are available in Yz and 1 watt sizes. 
Both are available in ±5% tolerance. They have the 
inherent stability of a tin oxide conductor fired onto 
a glass substrate. We add a special solventproof 
insulation. Current noise level is less than 0. 1 micro¬ 
volt per volt of applied signal. 
The C is the ideal resistor for any of your applica¬ 

tions which involve radio or television components, 
instruments, computers, or other communications 
equipment. 

If you're interested in higher wattages, you can 
get the same basic construction in our low-cost LPI 
series, which ranges from 3 to 10 watts. 

Typical values of Corning C resistors: 

Load Moisture Temperature Nominal 
Type Resistance Wattage Life Resistance Coefficient Dimensions 

C-20 51 to 150K ¥2 .5% 0.3% 150ppm/°C. ,375"x.l38" 
( 55°C. to 
+ 150°C.) 

C-32 51 to 470K 1 .5% 0.3% 150ppm/°C. 562"x.2OO" 
( 55°C. to 
+ 150°C.) 

You can get off-the-shelf delivery from your local 
Corning distributor. 

For complete specs on both C and LPI types, write 
to Corning Glass Works, 542 High St., Bradford. Pa. 

fl CORNING ELECTRONIC COMPONENTS CORNING GLASS WORKS, BRADFORD, PA. 
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ATR 

A.C. HOUSEHOID ELECTRICITY 

$33.00 PRICE 
Additional Models Available 

© Ó 

MAY ALSO BE USED 

$49.95 DEALER NET PRICE 

DEALER NET PRICE $66.95 

LIVING 

Airplane Style Overhead 
Mounting under Cab Roof 

SEE YOUR ELECTRONIC PARTS DISTRIBUTOR 
WRITE FACTORY FOR FREE LITERATURE... 

MODEL 610C-ELIF ... 6 volts at 10 amps, or 12 volts 
at 6 amps. Shipping weight 22 lbs. 

There s a trim plate 
kit for YOUR CAR! 

PRODUCTS 
FOR 

MODEL 620C-ELIT ... 6 volts at 20 amps. Or 12 volts at 
10 amps. Shipping weight 33 lbs. 

Operates Standard A.C. 
• Record Players 
• Dictating Machines 
• Small Radios 
• Electric Shavers 
• Heating Pads. etc. 
In your own car or boat! 

noiseless, interference-free 
operation and extreme long 
life and reliability. 

AS A BATTERY CHARGER 

American cars! Unit 
is completely self-contained— extremely compact! Pow¬ 
erful 8-tube performance provides remarkable freedom 

Í f NO PRINTED 
CIRCUITRY 

AMERICAN TfIf VISION t RADIO Co. 
‘P‘"4Í*cCA 1931 

SAINT PAUL 1, MINNESOTA—U. $. A. 

»1PLUG-IN TYPE 
17 PORTABLE 

By every test ATR Auto¬ 
Radio Vibrators are best! 
. . . and feature Ceramic 
Stack Spacers, Instant Start¬ 
ing, Large Oversized Tungsten 
Contacts, Perforated Reed, 
plus Highest Precision Con¬ 
struction and Workmanship anc 
Quiet Operation! 
There is an ATR VIBRATOR for 

Ask your distributor for ATR's Low Priced type 1400, 
6 volt 4-prong Vibrator; and 1843, 12 volt 3-prong; or 
1840, 12 volt 4-prong Vibrator. THE WORLD'S FINEST! 

AUTO-RADIO 

VIBRATORS 

Volume, and Sensitivity! 
Compact, yet powerful. Fits 
all trucks, station wagons, 
most cars and boats. Just drill a % inch hole in roof and 
suspend the one-piece unit (aerial, chassis and speaker) 
in minutes. Watertight mounting assembly holds anten¬ 
na upright. Yoke-type bracket lets you tilt radio to 
any angle. 

Extra-sensitive radio has 6 tubes (2 double-purpose), 
over-size Alnico 5 PM speaker for full, rich tone. Big, 
easy-to-read illuminated dial. Fingertip tuning control. 
Volume and tone controls. 33-in. stainless steel antenna. 
Neutral gray-tan enameled metal cabinet, 7 x 6*6 x 4 in. 
high over-all. Shipping weight 10*6 lbs. 
Model TR- 1279— 12 A for 12V Dealer Net Price $41.96 
Model TR-1279— 64 for 6V Dealer Net Price $41.96 

INVERTERS 
MODELS 
6-RMF (6 volts) 60 to 80 
watts. Shipping weight 12 
lbs. DEALER NET 
PRICE $33.00 
12T-RME (12 volts) 90 to 
125 watts. Shipping weight 
12lbs. DEALER NET 

Customized Karadio comes complete with speaker and 
ready to install. Can be mounted in-dash or under-dash 
— wherever space permits’ No polarity problem. Neutral 
Gray-Tan, baked enamel finish. Overall size, 7’ deep, 
4 ’ high, and 6'6" wide. Shipping weight, radio set, 7 lbs. 
Model K-1279 — 12 for 12V Dealer Net Price . $33.57 
Model K-1279- 6 for 6V Dealer Net Price. $33.57 

CUSTOMIZED 

KARADIO 
Vibrator-Operated 
with Tone Control 

ATR KARADIO is 
ideal for small import 

A” Battery 
ELIMINATOR 
For Demonstrating and 

Testing Auto Radios— 
TRANSISTOR or VIBRATOR 

OPERATED! 
Designed for testing D.C. 
Electrical Apparatus on Reg¬ 
ular A.C. Lines— Equipped 
with Full-Wave Dry Disc-

Professional g 

Group Meetings — 

(Continued from page 96A) 

Military Electronics 

Boston—March 1 4 
“The Writing and Evaluation of 

Technical Proposals,” A. P. Hill and 
Panel, Mitre Corp., Bedford, Mass. 

Boston- February 23 
“The Nature of Command and Con¬ 

trol,’’ Maj. Gen. K. P. Berquist, USAF, 
Bedford, Mass. 

Long Island—March 14 
“Advanced Radar Concepts,’’ K. E. 

Forsberg, Sperry Gyroscope Co., Great 
Neck, N. Y. 

Northwest Florida—January 10 
“Infrared Theory and Techniques in 

the Space Age,’’ C. Phillippi, Infrared 
Section, APGC. 

Omaha-Lincoln—March 17 
Tour of Atlas Missile Site: Launch 

Control, GE R.idio Guidance, Launcher 
Missile. 

Rochester February 28 
“Satellite Communication Systems,’’ 

S. Benson, General D\ namics/Electronics. 

San Francisco—February 23 
“A Synchronous Satellite Relay for 

Communication,’’ I). Williams, Hughes 
Aircraft Co., Culver City. 

Syracuse—February 23 
“High Power Microwave Research,'’ 

R. Beitz, Cornell Aeronautical Lab., Buf¬ 
falo, N. Y. 

“Activities of National PGM IL,” Dr. 
E. G. Witting, Dept, of Army, Washing¬ 
ton, D. C. 

Nuclear Science 

Los Angeles March 18 
“Isotopes Dating Techniques,'’ G. J. 

Fergusson, L'CLA. 

Product Engineering 
and Production 

Boston—January 10 
“Sonic Energy Engineering," T. J. 

Bulat and C. Schultz, Bendix Corp. 

San Francisco—February 28 
“Hidden Gold through Work Simpli¬ 

fication," T. E. Scatchard, Beckman/ 
Berkeley Div., Richmond, Calif. 

San Francisco—January 24 
“Product Engineering and Fabrication 

of Masers," R. Roberts, Micro Engineering 
Lab., Palo Alto. 

(Continued on fane 112A) 

is kept on the alert with the help of an Eastern 
pressurizer dehydrator system. This compact unit 
feeds a flow of controlled, dry air to the wave 
guide of the powerful acquisition radar — at pres¬ 
sures higher than the atmosphere, so that the 
ambient can't sift in through leaks. As a result, 
moisture can’t condense on high-voltage ele¬ 
ments; dangerous arc-overs are eliminated. The 
dehydrating pressurization pack is completely 
self-contained, circulates air through alternate, 
self regenerating capsu'es of silica gel which need 

never be replaced. For additional in-
formation, write for Bulletin 370. 

EASTERN INDUSTRIES, INC. 
100 Skiff Street, Hamden 14, Conn. 
West Coast Office: 4203 Spencer St., Torrance, Calif. 
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The antenna completely packed and ready for transit The antenna assembled but not erected. The antenna partially erected. 

30-foot MOBILE ANTENNA offers the solution to tactical 
communication problems • . . This is the new Model 111 — a 30' 
mobile scatter antenna by Antenna Systems, Inc. designed for tactical 
applications in scatter links. 

In transit, this lightweight, self-contained unit, complete with 30' mesh 
reflector, torque tube support, and all associated hardware nests snugly 
and securely on a steel flat bed trailer. On location, the antenna can be 
rapidly assembled. A winch or a hydraulic lifting device, mounted on the 
trailer, provides for quick erection into operating position. 

ASI is fully capable of modifying this mobile and versatile package to 
meet individual requirements ... to support smaller or larger antennas or 
pedestals for el-az tracking. For full information, write: 

HINGHAM, MASSACHUSETTS 

FOR ANSWERS TO PROBLEMS IN THE DESIGN, FABRICATION AND INSTALLATION OF ANTENNA SYSTEMS, ASK ASI! 
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IONOSPHERIC 
PROPAGATION 
AND HF 

— COMMUNICATIONS ~ 
If you have the background, the imagination and the desire to contribute to important 
programs in these fields, you are invited to join a carefuBy selected team of outstanding 
scientists and engineers now contributing significantly to current knowledge through 
advanced research. 

Our present needs are for: 

SENIOR IONOSPHERIC PHYSICISTS 
Ph.D. preferred, with several years’ experience in the study of Ionospheric phenomena. Should 
be familiar with present knowledge of upper atmosphere physics and possess an understanding 
of current programs using rockets and satellites for studies in F-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 bachea 
by a substantial experimental program. 

SENIOR DEVELOPMENT PHYSICISTS 
Advanced decree in Physics or E.E. preferred. Must be familiar with latest techniques in the 
design of advanced HF receivers and transmitters and possess working knowledge of modern 
HF networks employing ferrites and metallic tape cores. Strong theoretical background in 
modern linear circuit theory desired. Will carry out laboratory development and implementation 
of new HF communications systems. 

SENIOR ELECTRONIC ENGINEERS 
Advanced degree in E.E. preferred. Must be familiar with conventiona: pulse circuit designs 
and applications. Technical background should include substantial experience in data process 
and data recovery system? using both analog and digital technique«. Knowledge of principles 
and application of modern information theory including correlation techn ques helpful. Will be 
responsible for the design of sub-systems. 

JUNIOR ELECTRONIC ENGINEERS 
To assist Senior Engineers and Scientists in the development of HF communications and data 
process equipment. Should have formal electronics schooling and 2 years’ experience n circuit 
design checkout or analysis of HF communications, Radar Pulse, Analog/Digital or Data Recovery 
equipment. Construction of prototypes of new and interesting equipment and design of ind -
vidual components of communications and data processing systems will comprise the major 
efforts of selected applicants. 

FIELD STATION ENGINEERS 
B.S.E.E. or equivalent, consisting of combined civilian or military technical school, with work 
experience. Presently employed as a field engineer or project engineer with a valid 1st or 2nd 
Class FCC license and a good command of some of the following: Radar, preferably high power; 
HF long-distance communications systems; Tropospheric or Ionospheric scatter systems Must 
be willing to accept assignments in areas where dependents are not permitted for periods of 
up to one year. Differential paid for overseas assignments. 

These programs are being conducted at our ELEC1RO-
PHYSICS LABORATORIES in the suburban Washington, D. C. 
area, ideally located from the viewpoint of advanced study 
which may be conducted at one of several nearby universi¬ 
ties; for readily available housing in pleasant residential 
neighborhoods; and for the general amenities of living 
offered by this important Metropolitan center. 

ACF ELECTRONICS DIVISION 

ACr INDUSTRIES 
HYATTSVILLE, MARYLAND 

For o prompt reply to your 
inquiry, please forward 
resume in confidence to: 

W. T. WHELAN 
Director of Research & Development 

Positions 
) Wanted 

o S 

illl 

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 J RE 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 -nimber indi¬ 
cated, c/o IRE, 1 East 79th St., New 
York 21, N.Y. 

BIOPHYSICIST—ENGINEER 

Ph.D.. MSEE., wishes faculty appointment 
teaching ami research. Publications and author 
of two books. Can develop biomedical instrumen¬ 
tation program. Equivalait industrial positions 

considered. Box 3020 W. 

TEACHING 

Naval officer, aged 38, B.S. in Engineering 
Electronics plus 35 graduate hours. Retiring in 
July 1961. 5 years teaching experience, l»oth grad¬ 
uate and undergraduate. Desires leaching position 
at university in West or Southwest, textbook 
author. Resume uj>on request. Box 3021 W. 

R & D MANAGER 

Desires assignment in industry or university. 
20 years experience in industry, government ami 
universities in R & D teaching, and management 
encompassing broad fields of physics, electronics, 
earth sciences, education and administration. Box 

3022 W. 

PUBLIC RELATIONS EXECUTIVE 

Desires op|»ortunity to help put medium or 
large company and its management on map with 
small to medium budget; strong with financial 
community, press, educators; electronics, wire 
service background. Now with a “top ten com 

pany. Box 3025 W. 

TECHNICAL WRITER 

Electronics Technician Chief would like to 
ghost or write under a dual byline with electron 
ics engineers. If you have ideas which you feel 
fit the |>opular market but do not have the time 
to «levelop and write a practical do-it-yourself 
article we could probably work to our mutual 
advantage. Would also like technical writing as¬ 

signments. Box 3026 W. 

INTERNATIONAL OPERATIONS 

Eormer Lieutenant-Colonel Marine Corps with 
strong civilian background for executive or liaison 
responsibilities heavy experience South America 
and Europe. Technically trained to assist manu¬ 
facturing, sales or field engineering management 

overseas. Box 3027 W. 

REPRESENTATIVE / ENGINEERING 

Engineer with electronic and executive experi¬ 
ence; age 32 ; married with no family desires asso¬ 
ciation with firm requiring representation western 
Canada or anywhere abroad. Position in engi¬ 
neering offering a challenge. Exjierience in sys-

( Continued on paye 102A) 
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Yes, there is something new under the sun. Science is proving 
this every day. With new discoveries. New explorations. 
New concepts. 
Nowhere is this more evident than in the field of technology. 

For example: On the drawing boards of Lockheed Scientists 
and Engineers, new designs are constantly being born — 
designs in Spacecraft ano Aircraft that will reinforce and 
enlarge our growing knowledge of Outer Space. 
These new designs are rapidly developing. And their num¬ 

ber is rapidly increasing. The pace is fast. Yet it needs to 
become faster. To keep pace, Lockheed needs more Scientists, 
more Engineers. Result? The future for Lockheed was never 
more promising—the opportunities never greater. 
Lockheed feels that trained men will do well to examine 

thoughtfully the Company’s current openings. Notable among 

these are: Aerodynamics engineers; thermodynamics engi¬ 
neers; dynamics engineers; electronic research engineers; 
servosystem engineers; electronic systems engineers; physi¬ 
cists (theoretical, infrared, plasma, high energy, solid state, 
optics); hydrodynamicists; ocean systems scientists; physio-
psychological research specialists; electrical-electronic design 
engineers: stress engineers; and instrumentation engineers. 

Scientists and Engineers: To learn more about the oppor¬ 
tunities at Lockheed, write Mr. E. W. Des Lauriers, Manager 
Professional Placement Staff, Dept. 1806, 2402 No. Hollywood 
Way, Burbank, California. All qualified applicants will receive 
consideration for employment withour regard to race, creed, 
color, or national origin. U.S. citizenship or existing Department 
of Defense industrial security clearance required. 

CALIFORNIA DIVISION 
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ENGINEERS AND PHYSICISTS 

Kollsmans 
Expanding Leadership 
in Aerospace Systems 

Opportunities are available now for graduate EE’s, ME’s and Physicists in: 

<QU*1

SPECIAL PURPOSE 
DIGITAL SYSTEMS 

BIONICS & MEDICAL 
ELECTRONICS 

SEMICONDUCTOR 
MATERIALS RESEARCH 

LIGHT GENERATION 
MODULATION & DETECTION 

SOLID STATE PHYSICS 

LOGICAL DESIGN 

SYSTEMS ANALYSIS 
& SYNTHESIS 

ADVANCED MECHANISMS 

ADVANCED OPTICAL 
ELECTRONIC SYSTEMS 

PULSE TECHNIQUE 

ELECTRONIC DISPLAYS 

ADVANCED CONTROL SYSTEMS 

MICROMINIATURIZATION 

Current programs in our expanding Research. Development and Engineering groups 
provide new and stimulating opportunities in the fields of flight control 

and space navigation instrumentation and systems. 

Creates New Opportunities in 
Research, Development, Product Engineering 

To arrange a confidential interview, 
forward a brief resume to Mr. John Whitton. 

Kollsman Instrument Corporation 
A Subsidiary of Standard Kollsman Industries Inc. 80 08 45th Ave., ELMHURST 73, QUEENS, NEW YORK 

Be You ? 

Personnel Service 
management consultants 

seven saint paul street 
baltimore 2, maryland 

MUIberry 5-4340 

DEPARTMENT HEADS 
1. Intelligence & Surveillance 

2. Tactical Warfare Systems 

3. Detection Systems 

4. Continental Defense 

5. Countermeasures 

6. Communications 

7. Marketing 

8. Human Factors 

9. Patents 

10. Electronic Drafting 

Also needed: many senior and 
junior engineers in above fields 

ALL EXPENSES PAID 

$15-25,000! 
Could This 

LX\ Positions 
Wanted 

By Armed Forces \ eterans 

'Continued from page 102 A) 

erable management and supervisory experience. 
Interested in a challenging position which uti¬ 
lizes both engineering anil pilot experience. Box 

3947 W. 

SUPERVISORY OR MANAGERIAL 

Supervisory or managerial type position is de¬ 
sired; BS. in mathematics and physics MA. in 
administration and mathematics; 3 years indus¬ 
trial experience as supervisor of data reduction 
section; 6 years teaching experience, 4 at the 
college level and 2 in high school; 4 years ex¬ 
perience as Executive Officer USNR; age 34; 
married with a family. Box 3948 W. 

SERVO ENGINEER 

BSEE. 1959, E.I.T. 1959; 7 months missile 
experience; 1% years R&D design and checkout 
of fire control equipment. Additional graduate 
work in engineering and business. 7 months Naval 
Electronic School; 2 years as Naval Electronics 
Technician. Desires |«sition in design or sales 
engineering with opportunity for advancement and 
further study. Age 27; married, 1 child. Willing 

to relocate. Box 3949 W. 

COMPUTER ENGINEER 

BEE., R.P.T. 1956. MSEE., M.I.T. 1958, MS. 
Physics. N.U. 1961. 5 years experience in com¬ 
puter systems and component development. Look¬ 
ing for challenging position in computer develop¬ 
ment, applications and/or sales. Desires New 
York City area. Willing to travel. Box 3951 W . 

The following positions of interest to 
IRK members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No. 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

Proceedings of the IRE 

I East 79th St.. New York 21. N.Y. 

COMMUNICATIONS ENGINEER 

College graduate with several years’ experience 
and good technical background, including radio 
system application or installation. Consulting-engi¬ 
neering firm in New York City. Box 2044. 

ASSOCIATE PROFESSOR OF E. E. 

Ph.D. required and special competence in elec¬ 
tromagnetic theory desirable. Should have some 
teaching and research experience. Position avail¬ 
able Sept., 1961. Write Head of E.E. Dept.. State 

University of Iowa, Iowa City, Towa. 

ELECTRONICS ENGINEER 

Inductive Devices. Well established anil grow¬ 
ing company located in Culver City, Calif., has 
an excellent opi>ortunity for a capable engineer to 
organize and manage the design and manufacture 
of low pass, high pass ami band pass filters and 
electro magnetic delay lines. Salary will be com¬ 
mensurate with training, experience and ability to 
manage. Liberal company benefits. Box 2047. 

(Continued on page 108A) 
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America’s FIRST man into space 
will rely on a Honeywell designed 
and developed Attitude Stabilization 
and Control System for controlling 
his space capsule. This system auto¬ 
matically damps out initial launch 
rates, orients and maintains the 
capsule in proper orbital plane, and 
provides for the correct descent 
trajectory and re-entry angle. This 
device is just one of the many con¬ 
tributions being made by Honey¬ 
well scientists and engineers to 
our nation’s space programs. 

Honeywell 

WEAPONS SYSTEMS 
ENGINEERS 
Increasing needs for new capabilities in total 
weapons systems research has created these 
high-level professional openings in the Aero 
Division of the Honeywell Military Prod¬ 
ucts Group. 

Project Engineer — Minimum 12 years’ ex¬ 
perience in all aspects of small missile and space 
weapon systems. Requires thorough understand¬ 
ing of all analytical disciplines, including pro¬ 
pulsion, structure, aerodynamics, dynamics, 
thermodynamics and electronics as well as proj¬ 
ect management experience including major 
subcontract management. Missile and space 
proposal experience required. 

Project Development Engineer—Capable 
of defining total test program for a missile sys¬ 
tem. Including component testing, sub-system, 
system, and remote site testing. Know facilities 
and tests required, monitor all in-house and sub¬ 
contractor testing. Know military qualification 
testing. Solid engineering experience necessary. 
10-13 years' design and analysis experience. 

Structures Analysis Specialist and 
Designer— Minimum 10 years in missile and 
space-craft structures analysis work. Self¬ 
starting and capable of analyzing load paths and 
stresses in all materials used in space-craft 
and missiles, defining a structural test program 
and guiding structural designers. 

Aerodynamicist Specialist — Minimum 10 
years in missile and space-craft aerodynamics. 
Analytical and design experience sub-sonic and 
hyper-sonic aerodynamics; trajectory formula¬ 
tion; computer applications and analysis; aero¬ 
dynamic configuration design; magnetic fluid 
dynamics; flight performance analysis; stability 
and control; wind tunnel design and testing. 

Thermodynamics Specialists — Staff 
Engineer and Engineer—Minimum 10 years 
in thermodynamics field (missile and space¬ 
craft). Analytical and design knowledge of 
thermal control techniques; emissivity meas¬ 
urements; heat balance; conduction; radiation, 
convection; heat balance in electronic packages; 
heat transfer through sub-sonic and hyper-sonic 
structure; sputtering and meteorite effects; 
aero-thermo chemistry. 

Send your résumé stating your areas of in¬ 
terest, or request for further information to: 
Mr. Clyde W. Hansen, Technical Director, 
Aeronautical Division, 2644 Ridgway Road, 
Minneapolis 40, Minnesota. All qualified 
applicants considered regardless of race, 
creed, color, or national origin. 

To explore professional opportunities in other 
Honeywell operations, coast to coast, send your 
application in confidence to: Mr. H. H. Eckstrom, 
Honeywell, Minneapolis 8, Minnesota. 
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EXPANDING THE 



Herodotus, the historian, 
records (490 B.C.) the use 
of burnished shields for 
military signaling. This 
was the forerunner of 
the heliograph, invented 
by Sir Henry C. Mance, 
which came into wide use 
centuries later. 

OF SPACE TECHNOLOGY IN 

COMMUNICATIONS 
Lockheed’s interest in developing the science of communications extends from the 
depths of the oceans to deep space. Its Missiles and Space Division research programs 
deal with the development and application of statistical communication and decision 
theory in such areas as countermeasures; telemetry multiplexing and modulation; 
scatter communications; multiple vehicle tracking; millimeter wave generation and 
utilization; sonic signal detection and processing; avoidance of multipath degradation; 
and interference avoidance. 

Associated research and development efforts are directed toward propagation 
studies and advanced antenna design; low noise amplifiers; vehicle borne signal trans¬ 
mission and reception, data storage and processing; solid state materials and devices. 

The scope of such activities extends from advanced studies of naval communica¬ 
tion problems on and under the oceans; the many applications to satellite vehicles; 
on to the specialized communication problems of deep space explorations. Latter 
needs are exemplified by high frequencies, low weight and power, high stability, low 
effective bandwidth, extreme reliability and basic simplicity requirements. 
Engineers and Scientists: Investigating the entire spectrum of communications is 
typical of Lockheed Missiles and Space Division’s broad diversification. The Division 
possesses complete capability in more than 40 areas of science and technology — from 
concept to operation. Its programs provide a fascinating challenge to creative engi¬ 
neers and scientists. They include: celestial mechanics; communications; computer 
research and development; electromagnetic wave propagation and radiation; elec¬ 
tronics; the flight sciences; human engineering; magnetohydrodynamics; man in space; 
materials and processes; applied mathematics; oceanography; operations research and 
analysis; ionic, nuclear and plasma propulsion and exotic fuels; sonics; space medicine; 
space navigation; and space physics. 

If you are experienced in work related to any of the above .areas, you are invited 
to inquire into the interesting programs being conducted and planned at Lockheed. 
Write: Research and Development Staff, Dept. M-18B, 962 W. El Camino Real, 
Sunnyvale, California. U. S. citizenship or existing Department of Defense industrial 
security clearance required. All qualified applicants will receive consideration for em¬ 
ployment without regard to race, creed, color or national origin. 

Lockheed MISSILES and space division 
Systems Manager for the Navy POLARIS FBM and the Air Force AGEN A 
Satellite in the DISCOVERER and MIDAS Programs 

SUNNYVALE. PALO ALTO. VAN NUYS. SANTA CRUZ. SANTA MARIA. CALIFORNIA 

CAPE CANAVERAL. FLORIDA • HAWAII 



ENGINEERS 

SOME POSITIONS FOR RESIDENT NON-CITIZENS AND CANADIANS 

design and development 

INDICATE YOUR AREAS OF INTEREST 
□ Transmitters Antennas □ Reliability 

Receivers □ □ Microwave Servos 

□ □ Displays 
□ Satellite Tracking □ Structures 
□ □ 

ervice 

□ 
□ 
□ 

□ 
□ 
□ 

Precision 

Mechanisms 

Engineering 
Reports 

Radar Techniques 

Logic Design 

IF Devices 

Weapon Systems 
Analysis 

A National Electronic Placement Service Established in 1937. You 
are assured of prompt and completely confidential service by for¬ 
warding three resumes to HARRY L. BRISK (Member IRE) 

We can offer you a large selection of diversified 

positions with America’s foremost electronic or¬ 

ganizations WITH NO COST TO YOU. 

Analog and Digital 
Devices 

NATION-WIDE PLACEMENT SERVICE 

SALARIES $9,000 to $20,000 

NOW— CHOOSE YOUR ASSIGNMENT 

AND LOCATION THROUGH OUR 

WHAT WE DO FOR YOU-
Take all the work from you—no need for yon to write to 
five or six companies, fill out applications for each one. 
only to find there is no job that interests you. We do all 
that for you. find the job that you want—in the location 
you want—we work with over 250 companies—all over 
the country. 

ALL WE ASK YOU TO DO-
Send us 3 complete resumes, telling us your present and 
desired salary; the kind of work you want and where you 
would like to live. That is all you have to do! 

THEN YOU— 
Wait to hear from us or our clients. There is no need to 
write directly to any companies, as we do all that for you 
and at absolutely NO COST TO YOU! 

Department A 

12 South 12th St., Philadelphia 7, Penna. WAInut 2-4460 

Engineering managers, systems, projects, and 
engineers: 

(Continued from frage 104A ) 

ELECTRICAL ENGINEERING TEACHING 
POSITIONS 

Ph.D. degree required. Teaching experience 
desirable but not necessary. Excellent opportunity 
for young man interested in teaching electronics, 
network theory, control systems and computers 

at undergraduate and graduate level. Ap]x>intment 
effective Sept. 1961. Write. Chairman, E. E. Dept., 
University of Houston. Houston 4, Texas. 

ASSISTANT & ASSOCIATE PROFESSOR 

Applications are invited for Assistant and As¬ 
sociate Professor of E. E. Candidates should be 
well qualified academically, preferably to the doc¬ 
torate level, and should have some research, tie-
sign or teaching experience in control systems. 
Duties include teaching at undergraduate and 
graduate levels, organization and direction of labo¬ 
ratory classes, conducting research and super¬ 
vising research students. Salary scales are open 
and competitive with those of industrial and re¬ 
search establishments. Additional stipends are 
offered to professors who remain on the campus 
for 11 months of the year and carry out research 
during this |»eriod. Write to Chairman. Dept, of 
E. E.. McMaster l’niversity, Hamilton, Ontario. 

DESIGN ENGINEER 

Design Engineer for low noise and wide band 
UHF and VHF amplifiers. Outstanding opi>or-
tunity. Chief Engineer |»otential. Small, vigorous 
firm, located in beautiful central Pennsylvania. 
Educational op]X)rtunities across the street at Penn 
State. Stock option. Send resume to Community 
Engineering Corp.. P.O. Box 824, State College. 
Pa. 

TEACHING POSITIONS 

The E. E. Dept, of the City College of New 
York has several positions available on the teach¬ 
ing staff beginning Sept. 1961. Rank and salary 
commensurate with qualifications and experience. 
Opportunity for graduate study. Applicants must 
be present residents of the U.S. Address inquiri 
to Prof. H. Taub, Dept, of E. E., The City College, 
Convent Ave. at 139th St.. New York 31, N.Y. 

SENIOR ELECTRONIC ENGINEERS 

Electronic Engineers are needed for develop¬ 
ment of new types of power supplies and other 
electronic instruments. Experience is desired in 
the fields of power supplies, AC line regulators, 
electronic instruments and magnetic amplifier and 
transistorized circuits. Salary is open and is com¬ 
mensurate with applicant's background and abil¬ 
ity. Company benefits. Apply Perkin Electronics 
Corp., 345 Kansas St.. El Segundo, Calif. 

ENGINEERS 

Openings for Electrical Engineering Dept. 
Chairman and for Assistant or Associate Profes¬ 
sor. Must have Doctorate. Opportunity for re¬ 
search in Bio-medical Electronics. Excellent salary 
and environment. Send resume to Chairman, Dept, 
of E. E., University of Vermont, Burlington, Ver¬ 
mont. 

SCIENTIST—TRANSLATORS 
RUSSIAN TO ENGLISH 

Supplement your income while you keep abreast 
of latest Soviet research in your field. Guaranteed 
steady flow of translation in your specialty. Must 
have graduate study and experience in Physics 
(atomic, plasma, solid state) Crystallography, In¬ 
strumentation. Automation. Native command of 
English necessary. Chinese- English scientist-trans¬ 
lators also wanted. Apply Consultants Bureau. 227 
West 17th St., New York 11. N.Y. 

(Continued on frage 110A) 
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New Positions at 

SYI VAN IA 
RESEARCH & DEVELOPMENT LABORATORIES 

on the The Reconnaisance Systems Laboratory 

and Electronics Defense Laboratories 

San Francisco are expanding their R&D 

facilities and advancing the 

Peninsula state of the art— as well as Ameri¬ 

ca’s defense capabilities— at Sylvania 

Mountain View Operations. Here, in the heart of the San Francisco 

Peninsula, numerous new electronics research and development pro¬ 

grams are under way. Challenging positions for electronic engineers 

exist at all levels. Positions include: 

Origination of Advanced Systems and Equipment Concepts 

Design of Unique Electronic Circuits 

Development of Experimental Electronic Equipment 

in the following areas: 
ADVANCED TECHNIQUES 

SYSTEMS ANALYSIS 

OPERATIONS RESEARCH 

PROPAGATION STUDIES 

SIGNAL ANALYSIS 

RECEIVER SYSTEMS 

TRANSMITTERS 

D. F. SYSTEMS 

MECHANICAL DESIGN 
B. S. or M. S. degree and U. S. citizenship required; Ph. D. required for some positions 
For further information, please contact Mr. R. R. Keeffe at Box 188, Mountain View, Calif 

All qualified applicantswill receive consideration for employment without regard to race 
creed, color or national origin. 
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Computer Control PCM Telemetry 

Join our dynamic stall of 800 employees bv writing: 

275 Massachusetts Avenue 
Cambridge, Massachusetts 

Automatic Checkout & Monitoring 
Analog to Digital Conversion 
Electro-medical Instrumentation 

EXCELLENT SALARIES . . 

PROJECT 
ENGINEERS 

AND 

SECTION HEADS 
To assume major responsibilities in 

. . STOCK OPTIONS 
Applicants must have design experience in transistor circuit 
lor data systems, computers, linkages, telemetry or meditai 

SCIENTISTS 
ENGINEERS 

CALIFORNIA 
offers you and your family 

• A world center of the electronic industry for CAREER ADVANCE¬ 
MENT 

• The High Sierra and the Pacific Ocean for RECREATION 
• Some of the nation’s finest public schools for your CHILDREN 
• World Famous Universities for ADVANCED STUDY 
• MAJOR CULTURAL CENTERS 

while living in such places as 
Exciting San Francisco 
Fabulous Southern California 
Cultural Palo Alto 

companies pay interview, relocation and agency expenses 

submit resume in confidence to: 

PROFESSIONAL & TECHNICAL 
RECRUITING ASSOCIATES 

(a division of the 
Permanent Employment Agency) 

825 San Antonio Rd. 
Palo Alto, Calif. 

(Continued from page 110A) 

This is 3 staff and faculty appointment with full 
participation in our graduate school program. 
Write for information, academic catalog, and ap 
plication form to: The Director of Personnel, 
The Institute of Paper Chemistry, Appleion. Wis 
cousin. 

ELECTRONICS INSTRUCTOR 
Junior College: to teach general electronics 

theory and math., pulse circuits, measurements, 
transistors. State experience in the fields of TV*, 
radar, computers, magnetic amplifiers, micro¬ 
waves. Send resume and references to College 
Supervisor, Certified Selection. Personnel Div.. 
Los Angeles City Board of Education, 450 North 
Grand Ave.. Los Angeles 12. Calif. 

PART TIME EMPLOYMENT 

Part time job for semi-retired salesman experi¬ 
enced in electrical-electronic-mechanical field. 
Newly established company. Commission basis. 
Write Box 2051. 

ENGINEER—MATHEMATICIAN 

We should like to add a Statistical Mathemati¬ 
cian to our staff, who would be concerned with 
problems in the information processing area— 
more specifically, projects utilizing statistical de¬ 
cision theoiy, perception recognition and factor 
analysis. An example of some current research in 
this area is Pattern Recognition Studies: decision 
criteria, tests, statistical analysis, and rating fac¬ 
tors applicable to pattern recognition problems are 
being investigated. Mathematical models including 
the use of the analysis of stochastic processes will 
be used to develop criteria and system parameters 
within the various areas of recognition research, 
information retrieval and artificial intelligence. 
Semi inquiries to Dr. L. S. Sheingold, Director, 
Applied Research Lab., Sylvania Electronic Sys¬ 
tems. 100 First Ave., Waltham 54, Mass. 

Ä Professional â 

Group Meetings 
Mr'' 

(Continued from page 98 A) 

Radio Frequency Interference 

Philadelphia April 11 
“RCI and Radiation Hazard Reduc¬ 

tion on BMEWS,” E. M. Brown, RCA 
Victor Div., Moorestown, X. J. 

San Francisco—March 14 
“Interference in Power Systems,’’ E. 

I Rowe, Northern California Electrical 
1 Bureau, San Francisco; R. Lake, Pacific 
j Gas and Electric, San Francisco. 

Reliability and Quality 
i Control 

Columbus—February 1 

“Circuit Synthesis Techniques," L. 
Stember, Jr., Battelle Memorial Institute. 

(Continued on page 11 JA) 
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NEW CONCEPTS THROUGH CREATIVE FREEDOM AND PROFESSIONAL APPLICATION 

Advanced concepts here at Martin offer intellectually invigorating con¬ 

ditions which require the talents of men who can work in a free environment 

and project current technologies into vast new areas of THOUGHT. Men of 
high scientific and engineering calibre who are seeking the means to in¬ 

creased professional stature may well find that new activities at The Orlan¬ 

do Division of Martin offer a rare and unique opportunity. Communicate 

immediately with C. H. Lang, Director of Professional Staffing, The Martin 

Company, Orlando 72, Florida. 
AT Zl >7 Tã 
<=> F=t L_ O 
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Join Sanders Associates in Nashua, New Hampshire 

MICROWAVE MANAGER 

SUNDERS R5SDCIRTES, INE. 

Such progressive philosophy has led to this young 
company’s growth from 11 engineers to 1800 
employees in only 10 years, with a current 
contract backlog of over S50 million. 

— so say Engineers who have joined Sanders Associates 
in the past few months. 

Opportunities 
are available 

now for: 

If you are interested in working 
on the threshold of the state-of-the-art, 

untethered by conventional techniques, 
send a resume now to R. W. McCarthy. 

All qualified applicants will receive 
consideration for employment without 

regard to race, creed, color or 
national origin. 

Requires extensive microwave systems 
design background and ability to direct 

engineering activities in microwave systems 
for radar and missile applications — standard 

components and stripline techniques including 
antenna systems and stripline modules. Must be 

capable of both technical and administrative supervision. 

NASHUA. NEW HAMPSHIRE 
(In the New Hampshire hill country about an hour from downtown Boston) 

Still further expansion is planned for 
pioneering programs in many advanced 
areas including phased array radar, 
pulse doppler radar systems, 
space radar and 
communications 
systems. 

TRANSISTOR CIRCUITRY CONSULTANT 
To provide technical guidance at the Corporate level on a wide 

variety of transistor circuit design problems. Requires ability 
to design detailed circuits rapidly. 

RECEIVER DESIGN ENGINEERS 
3 to 8 years experience. For design and development of 

receivers for military applications. Experience should include 
design of low noise front ends, IF strips, AGC circuitry and 
application of image rejection techniques. All transistorized. 

BS in EE or Physics. 

TRANSMITTER DESIGN ENGINEERS 
For design and development of transmitters, VHF-UHF and 

microwave frequency range, tubes, pulse modulators, power in 
excess of 1 kilowatt for military and airborne applications. 

“The company is interested in NEW ways of doing things”. . .“work is carried 
on above the average level”. . .“circuit design here goes 
all the way from DC through microwave”— 

A stimulating challenge to 

COMPETENT 
ENGINEERS 
AAI’s continued growth offers ex¬ 
ceptional opportunities to qualified 
engineers who want the freedom 
of creative thinking and have the 
ability to work as a team. Right 
now we’re looking for this kind 
of talent to add to our staff: 

ELECTRONIC ENGINEERS 
...with experience in digital systems 

design, digital analysis and design, 
pulse circuitry, simulation and 
telemetry. 

...to work on computers, test equip¬ 
ment and instrumentation. 

ELECTROMECHANICAL ENGINEERS 
...with experience in servos, relays, 

switches and analog computers. 
...to work on trainers and simula¬ 

tors. 
If your experience is in any of 

these areas and you are interested 
in moving ahead with us, send your 
resume to Mr. D. J. Wishart. 

AIRCRAFT ARMAMENTS, INC. 

Cockeysville. Maryland 

(Suburban Baltimore) 

All qualified applicants will receive considera-
lion for employment without regard to race, 
creed, color or national origin. 

/¿bi Professional 

Group Meetings 3

(Continued from paye 112A) 

Columbus—January 18 
“Field failure Reporting Systems," 

R. A. Yereance, Battelle Memorial Insti¬ 
tute. 

Columbus—December 15 
“Acoustical Testing and Measure¬ 

ment," Mr. Moskal. 

Columbus—I )ecember 9 
“Radiation Environment,“ A. Plumer, 

Battelle Memorial Institute. 

Columbus—November 16 
“ Theory of Mechanical Testing,” R. J. 

McCrory, Battelle Memorial Institute. 

Los Angeles- March 20 
“ The Role of the Reliability Engineer¬ 

ing Department," P. A. Adamson. Hughes 
Aircraft, Fullerton, Calif.; W. K. Warner, 
North American Aviation, Missile Div.; 
and R. A. Orr. Aerojet General Corp.. 
Azusa, Calif. 

Los Angeles—December 5 
“Reliability Aspects of Secondary Power 

Supplies for Space V ehicles Using Photo¬ 
voltaic Energy Converters," Dr. M. Wolf, 
Hoffman Electronics. 

“Microminiature Semiconductor De¬ 

vices for Space Applications," E. E. 
Maiden, Pacific Semiconductors, Inc. 

“Reliability in Solid State Circuits.” 
J. R. Nall, Eairchild Semiconductors. 

“Sources of Unreliability in Space 
Vehicles," C. King. Space Technology 
Labs. 

“A Reliable Design for an Orbiting 
Space Craft," I. Doshay, Aerojet Gen. 
Corp. 

“The Space Environment and its 
Effect on Materials and Components" 
S. N. Lehr and V. |. Tronolone, Space 
Technology Labs. 

“Design bv Worst Case Analysis, ” 
W. D. Ashcraft and W. Hochwald, Àuto-
netics Inertial Navigation Division of 
North American Aviation. 

“Production Reliability Programs for 
Space Vehicles,” L. R. Brown, Hughes 
Aircraft Co. 

Philadelphia—March 28 
“ARINC Monograph £9, Concepts As¬ 

sociated with System Effectiveness," 
Dr. E. L. Welker,' AR INC, Washington, 
D. C. 

“Prediction of the Distribution of 
Down Time for the Tandem Connection 
of Multichannel Units,” W. B. Rohn, Bell 
Telephone Labs., Whippany, N. J. 

Space Electronics and 
Telemetry 

San Francisco—February 23 
“A Synchronous Satellite Relay for 

(Continued on t'Hue 1Í6A) 

1 14A WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE IRE June, 1961 



MOVE TO THE 
FOREFRONT 

The nation's senior technical organizations 
rely on Abbott's for scientific and engineer¬ 
ing talent. This means you will associate 
with scientists and engineers who set the 
pace in research and development— if you 
let Abbott's Employment Specialists act as 
your personal representatives. 

Abbott's placement service is available at 
no charge to you. All expenses and service 
charges are paid by our clients. 

SALARY RANGES: $1 0,000-525,000 
PROGRAM MANAGERS’ anti-submarine 

warfare, digital computer devices 
PROJECT MANAGERS: infra-red, inertial 
guidance systems 

ENGINEERING SPECIALISTS: R. F. systems 
SCIENTIFIC COMPUTING PROGRAM¬ 
MERS 

PHYSICISTS: advanced space research 
ELECTRICAL ENGINEERS: all levels, radar, 
communications, semi-conductors, com¬ 
puters, infra-red 

For over 37 years, the nation's major corpo¬ 
rations have relied on Abbott's for key en¬ 
gineering, scientific and administrative per¬ 
sonnel. All negotiations conducted in strict 
confidence. 

MR. LOUIS A. KAY 

o BIBOTT’S 

EMPLOYMENT SPECIALISTS 
150 Tremont Street. Boston II. Massachusetts 

HAncock 6-8100 

p 
H 
O 

PHOENIX 
N 
I 
X 

“Opportunity & Ideal Living" 

GOODYEAR AIRCRAFT 
CORPORATION 
Arizona Division 

THEORETICAL PHYSICIST 
Background in Electromagnetic 
Theory and Plasma Physics, Ph.D. 
Preferred. 

EXPERIMENTAL PHYSICIST 
Background in Physical Optics, 
Classical Mechanics, Microwaves, 
and Information Theory or Quan¬ 
tum Mechanics and Statistical Me¬ 
chanics, Ph.D. Preferred. 

ELECTRONIC CIRCUITRY 
Badar Circuitry, Data Processing, 
Analog Computer Circuitry, Con¬ 
trol Systems. 

ELECTRONIC PACKAGING 
Request Application or 
Send Résumé to: 

B. A. Watts 
Engineering Personnel 
Goodyear Aircraft Corp. 
Litchfield Park, Arizona 

Similar Positions at Goodyear Air¬ 
craft Corporation, Akron, Ohio 
All quail lied applicants will receive considera¬ 
tion for employment without regard to race« 
creed, color, or national origin. 

A New Multi-Million Dollar 
Research Facility Constructed 

by General Electric s 
Advanced Electronics Center 

at Cornell University 
The location of GE’s Advanced Electronics ('enter at ( Cornell ('niter-
sitv 's Research Park was not a happy arc ident, but a pre planned 
arrangement to permit the I niversi tv and the Company to cooperate 
together to their mutual advantage, lies .tie close. Manx ( orncll 
faculty members act as consultants to (»E—(»E engineers take courses 
—some have taught —at the I’niversitv (GE’s tuition refund program 
is a generous one). I he cultural advantages of a great I niversily— 
the lectures, the concerts, the libraries and galleries arc immediately 
available to (»E scientists. 

NEW RESEARCH FACILITY 
The Center is composed of 15 fully equipped laboratories m a re¬ 
cently completed million-dollar, air-conditioned building close to 
the Iniversity campus. Engineers enjov the privacy of 2- and 5 man 
offices. I he atmosphere of academic objectivity is appropriate to the 
work of the ('.enter. 

WIDE RANGE OF PROGRAMS 
Activities at the Center embrace the postulation and development of 
advanced weapon systems ami other light military equipment neces¬ 
sary to support the tactical and strategic missions of the I'nited States 
Department of Defense. 

Engineers and Scientists with high technical qualifications, and 
capable of original approach to problem-solving are invited to l<M>k 
into opportunities now open at the Center in the following ateas: 

Electronic Warfare • Electronic Countermeasures • Navigation Techniques 
• Microwave Propagation • Air Launched Missiles and Missile Guidance • 
Sonar • Airborne Radar of All Kinds • Bionics • Offensive and Defensive 
Fire Control • Magnetics • Dara Processing and Display • Aeriol Recon¬ 
naissance • Advanced Weapon Fuzing Techniques • Communications • 
Information Theory • Solid State Physics • Infrared and Ultraviolet Detec¬ 
tion and Surveillance 

Please write iu lull confidence to Mr. George Travers, Div. 53-ME at 
the Advanced Electronics Center at Cornell I niversity, l ight Military 
Electronics Department A Department of the Dciensc Electronics 
Division), (.encrai Electric Company, Ithaca, New York. 
All qualified applicants will receive consideration for employment 
without regard to race, creed, color or national origin. 

GENERAL^ ELECTRIC 
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THE 

MAN 

EXCEP¬ 
TIONAL 

He must be capable of making signibcant 

technical contributions to the work of 

the people he leads. 

A position of leadership in the 

sophisticated world of Applied Science 

requires a man of extraordinary 

attributes. 

Locating such an Exceptional Man 

is our function. 

requires that his career ambition be 

identified with management’s goals, a 

that he be capable of assisting in the 

formulation of policy. 

CfiartèFA. BÜlSWiffUJCr ASSOCIATES 
INCORPORATED ^Z 

EXECUTIVE SEARCH SPECIALISTS 

44 FRANKLIN BUILDING • BALTIMORE 2, MD. • PLAZA 2-5013 

For One Qualified 

wtmgimk 
$25,000 Starting Salary 

with the opportunity for additional remuneration (stock options, etc.) 

If you have a doctorale in science, electronic engineering or physics you 
may qualify for this important opening: 

CHIEF ENGINEER - MILITARY ELECTRONICS 
Requires inspired technical leadership for a large group of pro¬ 
fessionals engaged in military electronics research and development. 
Areas include: 

Communication Systems Reconnaissance Systems 
Radar Systems Antenna Systems 

Computer Systems 

You must have engineering-administrative abilities and have 
had papers published in recognized technical publications. 
Other indications of professional achievement including pa¬ 
tents, etc. will be considered. This firm is acknowledged for 
its many outstanding advancements in the fast-moving elec¬ 
tronics field. The man selected for this position will be pre¬ 
sented with an unusual opportunity for professional achieve¬ 
ment. 

Please write ¡or full details and send complete resume to 

Box 2053, Institute of Radio Engineers 
1 East 79th St., New York 21, N.Y. 

All qualified applicants will be considered regardless of race, color, creed or national origin. 

I 

i 

e Professional 

Group Meetings 

(Continued from page 114A) 

Communications,” D. Williams, Hughes 
Aircraft Co.. Culver City. 

San Francisco—January 17 
“Radar Techniques for Satellite Track¬ 

ing,” E. K. Stodola, Reeves Instrument 
Corp., Garden City, L. I. 

\ EHICIL AR Com Ml Xl< ATIOXs 

Los Angeles March 16 
“Mechanical Filters for FM Mobile 

Applications,” R. A. Johnson, Collins 
Radio Co., Western Div., Burbank, Calif. 

Membership 

The following transfers and admissions 
were approved and are now effective: 

Transfer to Senior Member 
Breese, M. E., Huntington, L. I., N. Y. 
Brown, E. M., Collingswood, N. J. 
Brown, J. L., Jr., University Park, Pa. 
Coe, G. J., St. Louis, Mo. 
DeClaris, N., Ithaca, N. Y. 
Dryden, V. W., Palo Alto, Calif. 
Dungan, M. R., Whippany, N. J 
Eidson. H. G., Jr., Winston-Salem, N. C. 
Forsman, M. E., Gainesville, Fla. 
Hager, C. K., Garland, Tex. 
Iwanovsky, A., Arlington, Va. 
Laeser, I*. B., Milwaukee, Wis. 
Lang. W. W., Poughkeepsie, N. Y. 
McCollom, K. A., Idaho Falk. Idaho 
McCotter, J. D., Jr., Lansdale, Pa. 
Melos, C. M., Saratoga, Calif. 
Richmond, G. E., Snyder, N. Y. 
Robinson, R. B., Bellevue, Wash. 
Rudin, M. B., Tustin, Calif. 
Shevel, W. L., Jr., Yorktown Heights, N. Y. 
Stone, L. M., Torrance. Calif. 
Talley, T. J., New York, N. Y. 
Van Den Meersche, A. .1., Ghent, Belgium 
Voorhoeve, E. W.. Ambler, Pa. 
Walis, A. B., Baltimore. Md. 
Wilk, J., Hamilton, Ont., Canada 
Willenbrock, F. K., Cambridge, Mass. 
Woestman, J. W., Havertown, Pa. 
Wolfe, R. E., State College, Pa. 

Admission to Senior Member 

A’cs, E.. Budapest, Hungary 
Allen, G. Y. R., Ishington, Ont., Canada 
Anderson, P. M., Ames, Iowa 
Balber, I)., Little Falls, N. J. 
Bogle, R. E.. Sierra Vista, Ariz. 
Chemerys, M„ Roslyn, Pa. 
Chipman, L. D., Winston-Salem, N. C. 
Cohen, A. E., Wanamassa, N. J. 
Commons, H. E.. Lancaster, Calif. 
Cornog, R., Santa Monica, Calif. 
Craig, J. H., Cleveland, Ohio 
Cuccia, C. L., Los Angeles, Calif. 
Dallos, A., Budapest, Hungary 
Frederick, G. E., Chevy Chase, Md. 
Gallo, M. A., Zurich, Switzerland 
Gergely, G. J., Budapest, Hungary 
Groshans, H. H., Godfrey, III. 
Hall. T. C., Culver City, Calif. 

(Continued on page USA) 
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Join the Minutemen of Space Technology Leadership 

minuTeman 
In 1957, the Air Force Ballistic Missile Division, now the 
Ballistic Systems Division, awarded Space Technology 
Laboratories, Inc. a contract to study the feasibility of 
a solid propellant, multi stage Intercontinental Ballistic 
Missile. When that study demonstrated that such a 
missile system was technically feasible, STL was 
awarded a contract to provide systems engineering and 
technical direction for the program to bring the system 
into being. 

Design criteria for the system and its subsystems 
were prepared by STL as a member of the industry 
team which, under the leadership of the former Air 
Force Ballistic Missile Division, set about the task of 
creating the Minuteman system. Guided by the principle 
of concurrency and spurred on by the same apprecia¬ 
tion of urgency which marked the development of those 
other Air Force weapon systems in which STL performed 
systems engineering and technical direction — Atlas, 
Thor and Titan — this industry team met the rigorous 
time schedule established for the program. The first 
captive test of the missile was made on 15 September 

1959, the exact date scheduled eighteen months earlier. 
The dramatically successful first flight test at Cape 
Canaveral on 1 February 1961 occurred within weeks 
of the programmed date. 

The Minutemen of STL are proud of their role in the 
development of the Minuteman system, and of their 
association in that program with: Boeing Airplane Co. 
(assembly and test); Autonetics Division of North 
American Aviation (guidance and control); Thiokol 
Chemical Corp., Aerojet General, and Hercules Powder 
Co. (propulsion); and Avco Corp, (re-entry vehicle). 

Minuteman has passed its first research and develop¬ 
ment flight test. Ahead lies the work of completing the 
ground system and missile development, and of bring¬ 
ing the system to operational readiness. These tasks 
require qualified engineers and scientists to augment 
STL’s Minuteman team in both Southern Californ a and 
Cape Canaveral. Those capable of contributing to this 
important program in Space Technology Leadership are 
invited to write Dr. R. C. Potter, Manager of Professional 
Placement and Development, at either location. 

SPACE TECHNOLOGY LABORATORIES, INC. p o box 95005, LOS ANGELES 45. CALIFORNIA 

a subsidiary of Thompson Ramo Wooldridge Inc. 

Los Angeles • Santa Maria • Cape Canaveral • Washington, D. C. 

P.O. BOX 42771 PATRICK AFB. FLORIDA 

Boston • Dayton • Huntsville • Edwards AFB • Canoga Park • Hawaii 

All qualified applicants considered regardless of race, creed, color, or national origin. 
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15 SECONDS 

ON THE SURFACE OF THE SUN 

Cornell Aeronautical Laboratory has devised a new facility, the Wave 
Superheater*, which simulates, for approximately full-scale models, the ! 
extreme conditions of hypersonic flight. Temperatures of roughly 9000 R, 
suitable for research on many hypersonic problems, can be generated if | 
the test gas is air, and approximately 17,000°R if the test air is argon. 
Test times of 15 seconds at speeds up to Mach 15 can be obtained in this 
continuously operating shock tube device. The large, 40-square-foot test 
section permits simultaneous testing over a much greater range of test 
conditions than can be accommodated in any existing facility. Such com- ; 
posite testing gives the engineer a means of checking aerophysical and 
aerostructural interactions. 
For this and other advanced research programs we need capable engineers. 
Attractive compensation, freedom to select the type of research suited to 
your interests and background, and a climate conducive to rapid profes¬ 
sional advancement are among the many advantages available to you here. 
Mail the coupon for details. 

e ‘Now being developed under ARPA sponsorship 

CORNELL AERONAUTICAL LABORATORY, INC. 

J. OF CORNELL UNIVERSITY 

- 1 
J. P. RENTSCHLER I 
CORNELL AERONAUTICAL LABORATORY, INC. 

Buffalo 21, New York 

Please send me your brochure. “A Community of Science.” 

1 
Name _ _ I 

Street 

City Zone State _ _ 

□ Please include employment information. 

L__._ J 

I Membership 

(Continuei! from page 116A) 

Halligan C. W.. Bedford. Mass. 
Hegedus, G. J., San Pedro, Calif. 
Holloran, T. P„ Gardena. Calif. 
Johnson, C. E.. Jr.. Minneapolis. Minn. 
Jolly, S. A., Owensboro, Ky. 
Jones, A. H., Anaheim, Calif. 
Katz, L., Baltimore, Md. 
Klopfenstein, A.. La Habra, Calif. 
Miyagi, M.. Yokohama, Japan 
Oatley, C. W., Cambridge. England 
O’Neill, R.. Berkeley, Mo. 
Peairs, M. IL. Pacific Palisades. Calif. 
Pitrone, J. A.. Mayfield Heights, Ohio 
Reeves, R. J. D., Bracknell. Berkshire, England 
Sarwate, M. B.. Geneva. Switzerland 
Selby, P., Dallas. Tex. 
Shores, M. W., Pomona, Calif. 
Sietz, A. J., Pennsauken, N. J. 
Spalinger, E. L., Calabasas, Calif. 
Stark, L„ Cambridge, Mass. 
Sulla, V. F., Battle Creek. Mich. 
Vhlig, E. R.. Becket, Mass. 
Weeks, N. E., Winchester. Mass. 
Whiteman, R. A., Chicago, 111. 
Wieland, J. A., Amityville. L. L. N. 
Yoh, J. W.. New York, N. Y. 
Young, C. E.. Buftalo, N. Y. 

Transfer to Member 
Baird, J. W.. Elizabethtown. N. C. 
Bennett. R. A., Victoria, B. C., Canada 
Churchill, D. W., Springfield. Vt. 
Clark. G. J., III. Massapequa, L. L. N. Y. 
Cook, G. V., Redwood City. Calif. 
DeVinney, T. S., Wantagh. L. L. N. Ù . 
Dolhar, J. L., Northlake City, 111. 
Doll. R. E.. Papillion, Neb. 
Fain. D. L., Boulder, Colo. 
Keating. L. M., Houston. Tex. 
Kiel. J. H., Huntington Station. L. T.. N. Y. 
Kozicki. L. J.. Omaha, Neb. 
Lum, G. C., Sunnyvale, Calif. 
McKee, R. M.. Scottsdale. Ariz. 
Oster, E. W., Jr.. Lutherville. Md. 
Palmer. W. L., Scottsdale. Ariz. 
Perini, J., Syracuse. N. Y. 
Rubin. S., Dedham. Mass. 
Scharg, G. A.. Westwood, N. T. 
Sterner, W. J.. Kansas City, Mo. 
Strack, H.. Rochester. N. Y. 
Thomae. M. A., Buenos Aires. Argentina 
Vandoch, S. C.. Cincinnati. Ohio 
Welling. R. L., Pomona. Calif. 
Wheeler. R. D., Omaha. Neb. 
Wood, E. L.. Marin wood. San Rafael, Calif. 
Zadro. A. P., Elmhurst, L. I.. N. Y. 
Zutkoff. A. L, Timonium, Md. 

Admission to Member 

Acker. W. M., Dallas. Tex. 
Ackerley. L. D.. Floral Park. L. T., N. Y. 
Akamatsu. K.. I .os Angeles. Calif. 
Allen, R. R., Waltham. Mass. 
Allison. D. K.. North Hollywood, Calif. 
Anderl. J. H.. Eatontown, N. J. 
Anderman, A., Canoga Park, Calif. 
Anderson, E. R., Hayward. Calif. 
Andrus. P. G., Columbus, Ohio 
Arden. H. G.. Gillespie, 111. 
Arnold. B. J., Winston-Salem. N. C. 
Ashley, F. W., Oklahoma City, Okla. 
Ball, J. L., Teaneck, N. J. 
Barrett, J. R., Utica. N. Y. 
Barton, D. K., Seattle, Wash. 
Bates, D., Montreal, P. Q., Canada 
Baynham, G. E., Ottawa, Ont., Canada 
Beckwith, J. F., Melbourne, Fla. 
Beers, R. H., Holmes, Pa. 
Benedon, A., Queens Village, L. T.. N. S . 



Berman, A. L.. New Brunswick. N. J. 
Bernstein, R.. Washington. D. C. 
Bert ho!«!. J. R., Clear, Alaska 
Bini, W. I*., New York. N. Y. 
Bischoff, R. E.. Utica, N. Y. 
Bjork, L. W.. Tewsbury, Mass. 
Blodgvt. B. M.. Jr.. Monroe, Conn. 
Bondar. M. M.. l-os Angeles, Calif. 
Bo^vlaers. R. L. Marlboro. Mass. 
Boxeuhoru, B., Long IMaud City. N. Y. 
Brambrut. S. A.. Great Neck, L. !.. N. \ . 
Brar. C. S.. Pullman, Wash. 
Bratt. P. P.. Cincinnati. Ohio 
Brann. P. I’*.. Southampton. Pa. 
Breeden, T. D., Moorvstown, N. J. 
Breisch. W. M., Jr.. Philadelphia, Pa. 
Brejcha, E. IL. Philadelphia, Pa. 
Brennan, J. P.. Jr.. Haddon Heights. N. J. 
Bress. E.. Pittsfield. Mass. 
Breyer. J. P., South Norwalk, (onn. 
Briggs, A. S.. Rome, N. Y. 
Brill. G. D.. Honolulu. Hawaii 
Brock. W. L. Winsion-Sah :n. N. C. 
Brodr. A. ('.. Arlington. Va. 
Brown, B. ('.. Madison. Ala. 
Brown, IL !.. Havertown. Pa. 
Brown. R. G., Ames. Iowa 
Brun. J. IL. Brooklyn. N. Y. 
Bru/d. E.. Philadelphia. Pa. 
Buddenhagen, C. G.. kails Church. \ a. 
Burhenne. I. I... Closter. N. L 
Cacciamani. E. R.. Jr.. Washington. D. C. 
C allahan. J. F.. New 11 \ de Park. L. L. N. V. 
Cameron, E. A.. Prince Albert. Saskatchewan, 

Canada 
Canned, P.. Red Bank. N. I. 
Carr. K. J.. Elkhart. Ind. 
Carroll. F. E.. Lynnfield. Mass. 
('arson. J. A.. Santa Clara. Calif. 
Carter. J. M.. Seattle. Wa-h. 
Case. A. P., Palos Verdes EMates ( .Jif. 
Chalom R.. Copiague. L. L. N. Y. 
( han. K.. New York. N. \ . 
Chapman. W. P.. Jr.. Mnrri-town. N. J. 
Chaudhry. K. G., Alymer EaM. Our.. ’ añada 
Chen. PC.. New York. N. Y. 
Chesley, G. 1).. Teaneck. N. J. 
Chiosso. J. I... Paterson. N. I. 
( lark. J. <).. Baltimore. Md. 
Cohen. M. S . Brooklyn, N. Y. 
Cole. J. A., Hicksville, L. L. N. Y. 
Collett. A. I .. Mattapan. Mass. 
Collins, L. F.. Burtonsville, Md. 
Condon. S. E.. II addon field. N. J. 
('«»per. T. M.. San Angelo, lex. 
Costigan. W. J.. Burlington, Vt. 
Council. W. A.. Plainfield, Ind. 
Courtright. E. I... Buckner, Mo. 
( ragon. II. <1.. Dallas, lex. 
( raig. I. D.. Hamden. Conn. 
Crews. C. W.. Silver Spring, Md. 
Cnmlrr. R. S.. Jr.. Newark. Del. 
Daglian, J. S.. North Wale*. Pa. 
Dale. A. P.. Salisbury. Southern Rhodesia. Africa 
Darmofal. W. A.. Somerdale. N. I. 
da Silva. I E.. West New York. N. I. 
Davidson. S., Woodland Hills. ( .dit. 
Day. C. F.. Jr.. Falls Church. Va. 
Day. J. C.. Lexington. Ky. 
Deas. W., Belleville. Ont., ( añada 
Deese. C. K.. Holloman AFB, N. M. 
Defon/o. G. I., Brooklyn, N. V. 
Del Gnercio. V. G.. Caldwell, N. J. 
Deo, N.. Pasadena, Calif. 
Detwiler. W. S.. Jr.. Leesburg. \ a. 
Deutsch, W. E., Los Angeles. Calif. 
Devoe. D. B.. Stoneham, Mass. 
Dierman. J. P., Waltham. Mass. 
Ditini, \ . F.. Hackensack. N. J. 
Diodato, G.. Rome. Italy 
Dolinko. M.. New York, N. Y. 
Dombrosky. E. P.. Dayton, Ohio 
Donato. G. R.. Cambri«lge, Ma*s. 
Doornebos. ||. A.. Watertown. Ma-s. 
Doshay. L.. Seattle. Wash. 
Dougla*. F. G.. Lauzon Levi*. Que.. ( ;.i .«da 

You can bring new meaning to your career in engi¬ 
neering by investigating opportunities in state-of-the-art 
developments at ACF. Experienced eng neers at all 
levels are cordially invited to inquire about challenging 
positions in the following fields: 

COMMUNICATIONS 
MICROWAVE COMPONENTS & SYSTEMS 

ANALOG & DIGITAL TECHNIQUES 
SOLID STATE CIRCUITRY 
OPTICS & INFRARED 
FIELD ENGINEERING 

These openings involve assignments at our laboratories located 
in suburban Washington, D.C. and the New York metropolitan 
area at Paramus, New Jersey. Pleasant residential neighbor¬ 
hoods provide readily available housing. Advanced study under 
tuition refund may be conducted at nearby universities. All 
qualified applicants will receive consideration for employment 
without regard to race, creed, color or national origin. 

Send resume fo.- Mr. Robert J. Reid 
Professional Employment Supervisor 
at our Riverdale facility, Dept. 443 

ACF ELECTRONICS DIVISIOINT 
AOr INDUSTRIES 

RIVERDALE, MARYLAND • HYATTSVILLE, MARYLAND • PARAMUS, NEW JERSEY 
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ELECTROMAGNETIC 
COMPATIBILITY 

ANALYSIS 

ARMOUR 
RESEARCH 
FOUNDATION 
OF ILLINOIS INSTITUTE OF TECHNOLOGY 
TECHNOLOGY CENTER, CHICAGO 16, ILL. 

Here is your opportunity 
for professional growth in a 
challenging and extremely 
interesting field, as a mem¬ 
ber of an outstanding and 
stimulating scientific team. 
Armour Research Founda¬ 
tion, specialist in electronic 
interference evaluation, is 
now expanding its facilities 
and staff requirements in 
the area of Electromag¬ 
netic Compatibility Anal¬ 
ysis. We are looking for 
qualified electronic engi¬ 
neers at all levels (B.S. 
through Ph.D.) for research 
and applied studies con¬ 
cerned with system anal¬ 
ysis and performance 
prediction. Immediate 
openings are available at 
either our Chicago or 
Washington, D. C. area 
facilities for individuals 
with experience in one or 
more of the following 
fields . , . 

RADAR 

MICROWAVES 

ANTENNAS 

COMMUNICATION 

PROPAGATION 

CIRCUIT ANALYSIS 

MEASUREMENT AND ANALYSIS 

TACTICAL EVALUATION 

Staff members w 1 receive 
attractive salaries, up to 
four weeks vacation, gen¬ 
erous insurance and retire¬ 
ment benefits, and tuition 
free graduate study. All 
qualified applicants will re¬ 
ceive consideration for em¬ 
ployment without regard 
to race, creed, color or na¬ 
tional origin. Please reply 
in confidence to Mr. R. B. 
Martin. 

Membership 

(Continued from page 119A) 

Doyle, L. B., East Orange. N. J. 
Dubrowsky, L.. Baltimore. Md. 
Eckard, R. D.. Livermore, Calif. 
Eckberg, I,. D., St. Paul, Minn. 
Edwards, W. J., Chevy Chase, Md. 
Ellington, R. E., Concord. N. H. 
Ellis, M. C.. Birmingham. Ala. 
Ellis. R. R.. Kansas City. Mo. 
Else, .1., Ottawa. Ont., Canada 
Emert, G. G.. Washington. D. C. 
Enterline, J. R., New York, N. Y. 
Epstein, H. S.. Great Neck, L. I., N. Y. 
Evangelista. .1. J.. (¡arden (¡rove. Calif. 
Ealler. I). M., Wayland, Mass. 
Earthing. W. H.. Riverdale, Md. 
Fekete. R.. Watertown, Mass. 
Feller. R. G.. Passaic, N. J. 
Fields. J. R., Greensboro, N. C. 
Fischbein, E.. New York, N. Y. 
Fleischer. R. .1., Los Angeles, Calif. 
Folse. R. C., Marlton. N. J. 
Ford. W. W., Jr.. Dalton. Mass. 
Fox, E. I).. Haddonfield. N. J. 
Frank, K., Aberdeen. Md. 
Franklin, S. G., Milford, N. J. 
Frazier, W. R., Jr., Summit. N. J. 
Gabusi, J. J.. Brentwood, L. I.. N. Y. 
Gagnon, G. A.. Concord, N. H. 
Gaiser, W. L.. Holloman AFB. N. M. 
Gamzon, R. R.. Rehovoth, Israel 
Garrity, I. F.. Jr.. Baltimore. Md. 
Gary. W. L., Jackson Heights. L. L. N. Y. 
Gates. H. K., Oak Harbor, Wash. 
Gersten, E. J.. North Syracuse, N. Y. 
Giacoponello. J. A., Springfield, Pa. 

Gianelle, W. H., Camden. N. J. 
Glasgal, R.. Long Island City, N. Y. 
Glaz, G., Levittown, Pa. 
Glunt, J. D.. Los Angeles, Calif. 
Godfrey, W. R., Beverly, Mass. 
(¡old, J. L., Riverton. N. J. 
Goldberg, A. A., Massapequa, L. L. N. Y. 
Goldsmith, A. L., Haddonfield, N. J. 
Goodlet, J. I... Jr.. Jackson Heights, L. L. N. V. 
Goodman, P. C.. Royal Oak. Mich. 
Goodnight. F. E.. Kannapolis, N. C. 
Gordon, D., Moorestown, N. J. 
Graham, K. J.. Alexandria, Va. 
Granl»org. B. S. M.. Schenectady, N. Y. 
(¡rant, R. J.. Redwood City. Calif. 
Green, L. W., Eau (¡allie. Fla. 
Green, P. A., South Ozone Park, L. !.. N. \ . 
Green. W. 1. L., Montclair, Calif, 
(¡riffin. A. G., Jr., Eau Gallic. Fla. 
Grigg. R. D.. Haddonfield. N. J. 
Guilbaud, G. I.., Orsay, S. X O., France 
Guillette, R. A.. Methuen. Mass. 
Guldstrand, R. H., Pasadena, Calif. 
Gunthard. H. H., Zurich, Switzerland 
Guy. E. H.. Philadelphia, Pa. 
Halim. M. A.. Sheffield. England 
Hall, A. H.. Boston, Mass. 
Handy. B. F.. Jr.. Los Angeles, Calif. 
Harris. G. A., Malvern, Pa. 
Harrold. J. S.. Seattle, Wash. 
Haseiwood, J. L., Columbus, Ohio 
Haspel. M. S.. New York, N. Y. 
Hayes, J. F., Brighton, Mass. 
Haylock. G. V.. Sidcup, Kent, England 
Hays, C. S., Philadelphia, Pa. 
Haywood. A. I... Dayton. Ohio 
Hedlund, C. U., Brooklyn, N. Y. 
Heitmann, R. F., Teaneck, N. J. 
Henry. W. E.. Jr.. Charlotte. N. C. 
Henschen. L. G.. lndiana|M»lis, hid. 
Hess. H. M., Holmdel, N. J. 

(Continued on page 122A) 

SYSTEMS 
ENGINEERS 

ELECTRONICS 
ENGINEERS 

FUNDAMENTAL AND APPLIED RESEARCH 
Acoustics Noise Reduction 
Electronics Network Theory 

Information Theory 

DESIGN OF ELECTRONIC INSTRUMENTATION 

APPLICATION AND DESIGN 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, Pennsylvania 
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there's a young man on nearly every Collins team 
At Collins, young men do not come up with all the 
new ideas, but they do create their fair share. A look 
at the technical progress being created at Collins is 
proof enough that Collins senior engineers encourage 
new men with new ideas. 

At Collins, many great ideas come out of creative 
engineering teams like the one pictured above. The 
young man in the center, a relative newcomer at 
Collins, contributes materially to several new projects. 

Other team members take pride in his accomplishments. 
They enjoy “showing him the ropes”, but they consider 
his opinions, too. He belongs to their team. 

A new Collins man is new for a very short time indeed. 
Collins steady growth creates a continuous need for 
EE’s, ME’s, mathematicians, technical writers and 
men with business training. Recent grads and ex¬ 
perienced alumni may find Collins the ideal opportu¬ 
nity to build a satisfying and profitable career. 
Learn more about a Collins career by writing for an 
illustrated brochure. To arrange a personal interview, 
send your qualifications to L. R. Nuss, Manager 
Professional Employment, Collins Radio Company, 
Cedar Rapids, Iowa, or E. H. Watkins, Manager, 
Employment, Collins Radio Company, 1220 North 
Alma Road, Richardson, Texas. 

COLLINS 

COLLINS RADIO COMPANY • CEDAR RAPIDS. IOWA • DALLAS TEXAS • NEWPORT BEACH, CALIF. 
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i Membership 
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Hiester. H. B., Point Pleasant, N. J. 
Hite, H. F„ Jr., Los Angeles, Calif. 
Hof. A. R„ Little Rock, Ark. 
Hoffman, J. E., Hurley, N. V. 
Holmes. W. H., Northbridge, N.S.W., Australia 
Holseberg, H. R., North Charleston, S.C. 
Hrbek, C. J., Jackson Heights, L. I., N. Y. 
Hudak. N. J., Liver|>ool, N. Y. 
Huggard, R. F., Jericho, L. L, N. Y. 
Hughes, F. W„ Roseville, Calif. 
Huttar. 1). E., Mount Holly, N. J. 
lannotti, J. D., Omaha, Neb. 
James, B. D., Palo Alto, Calif. 

Janssen, A. H., Dayton, Ohio 
Joglekar, P. J., Bangalore. India 
Johnson, R. A., Sunland, Calif. 
Jones, E. H., Jr., St. Louis, Mo. 
Jones, G. S., II, New York, N. Y. 
Jones, R. L„ Lawnside, N. J. 
Jung, W. K., New York. N. Y. 
Kalinchuk, W., IndianajKilis, Ind. 
Kami«, T. W., Glendale, Calif. 
Kaplan, B., Hollis, L. I., N. Y. 
Karpeies, M. A., West Orange, N. J. 
Kass, S., Framingham, Mass. 
Kelliher, F. J., Concord, N. H. 
Kemper, I). A., Burbank, Calif. 
Kendall, D. F., Dallas, Tex. 
Kessler, E. I’.. Play a I hl Rey 
Khvostchinsky, V., San Mateo, Calif. 
Kim, D., Chicago, Ill. 
Kinman, D. M., Ridgecrest, Calif. 
Klein. R. S., Malver, Pa. 
Knöchel, J. J., Baltimore, Md. 

SENIOR SCIENTISTS AND ENGINEERS 

; 

These positions require men with Ph.D. degrees 
or equivalent experience. 

Interested applicants are invited to send detailed 
resumes, including salary history and require¬ 
ments, to Mr. Donald Palmer. Palo Alto interviews 
for qualified applicants will be arranged from 
anywhere in the United States. All inquiries 
strictly confidential and acknowledged promptly. 

Our expanding research and development efforts 
and our broadening interests have created inter¬ 
esting and challenging positions for individuals 
who have proven records of accomplishment in 
the following fields: 

SURFACE PHYSICS AND CHEMISTRY 
ELECTROCHEMISTRY 

ELECTRON MICROSCOPY 
MAGNETIC THIN FILMS 
DEVICE DEVELOPMENT 
EVAPORATED CIRCUITRY 

SEMICONDUCTOR MATERIALS 
DIFFUSION PROCESSES 

ELECTRO-OPTICS 
ADVANCED CIRCUIT DEVELOPMENT 

Knoll, A., Seattle, Wash. 
Kogelnik, H., Murray Hill, N. J. 
Korff, M., Haddonfield, N. J. 
Korn fuehrer, G. R., Dallas, Tex. 
Kostiw, N., Plainview, L. I., N.Y. 
Kressel, H., Highland Park, N. J. 
Kumar, A., Bangalore, India 
Kunz, M., Fairfield, Conn. 
Kuyjærs, J. A.. San ('arlos, Calif. 
Laird, R. J., Plainview, L. L, N. Y. 
Lanes, A., Flushing, L. I., N. Y. 
Lapsins, U., Nenia, Ohio 
Laubacher. J. E.. LaCrescenta, Calif. 
Laurens, A., Saint-Mande, (Seine), France 
Lauver. H. O., Lompoc, Calif. 
Lawlor, E. D., Levittown, Pa. 
Leben, M., Brooklyn, N. Y. 
Leichliter, C. V., LaGrange, Ill. 
Lentini, J. J., Brooklyn, N. Y. 
Letow. A. M., East Meadow, L. I.. N. Y. 
Lim, Y. S., Whippany, N. J. 
Limberis, W. R., Greenbett, Md. 
Linge, J. M., Long Island City, N. Y. 
Liskow, C. L., Ypsilanti. Mich. 
Liubinskas, J., Jr., Chicago, III. 
Lovell, J. E., Yorktown Heights, N. Y. 
Lovejoy, C. A., Eau Gallic, Fla. 
Lowe, G. C., Bergenfield, N. J. 
Lowrey, G. R., Jr., Fairfax, Va. 
Lutton, B. W., State College, Pa. 
Lynch. F. E.. San Antonio. Tex. 
Magleby, K. B., San Jose, Calif. 
Magnuson, C. R., Chicago, Ill. 
Marshall, H. B., Jr., San Diego, Calif. 
Marshall, T„ Jr., Rutledge, Pa. 
Martin, R. J., Washington, D. C. 
Mason, N. E., Ottawa, Ont., Canada 
Matthews, H.. Whippany. N. J. 
Mayne, T. F., Pacifica, Calif. 
McClain, D. B., Baltimore. Md. 
McClelland. R. L., Van Nuys, Calif. 
McCurnin. T. W., Tucson, Ariz. 

I McFadden. M. H., Belfast. North Ireland 
McGrath, E., Richmond Hill, L. L, N. Y. 
Mc Kaba, E.. Sunnyvale, Calif. 
McKern. B. L., Haddon Heights, N. J. 
McQueen, V., Seattle. Wash. 
Melfi, V. A., New Hartford, N. Y. 
Melroy. D. O., Springfield, N. J. 
Meyer, G., San Francisco. Calif. 
Miller, E. T., Haddonfield, N. J. 
Miller, G. F., Quincy, Mass. 
Mitchell, H. T., Nashville, Tenn. 
Mitchell, W. F., Syracuse, N. Y. 
Moll, K. W., Berne, Switzerland 
Moore, F. E., Newark, Del. 
Moreno, J. A.. Claremont, Calif. 
Morgan, R. D., Florissant, Mo. 
Mortenson, A. R., San Francisco. Calif. 
Moulden, W. W„ Palo Alto. Calif. 
Mowatt, P. A., Rockville, Md. 
Moy, H. L., Canoga Park. Calif. 
Murphy, R. H., Akron, Ohio 
Murray, R. J., Long Beach, Calif. 
Newton, C. L., St. Louis, Mo. 
Nielsen. R. E., Minneapolis, Minn. 
Norris, G. A., Columbus, Ohio 
O’Gonnan, A. L., Montreal. Que.. Canada 
Olsta, E., Bloomfield, N. J. 
Orr, R. D., Corona, Calif. 
Ort. H., Rolling Hills Estates, Calif. 
Osadchy, V. S., Hazleton, Pa. 
Owen. IL W., Silver Spring, Md. 
Page, J., Clay, N. Y. 
Parent, M. L., Jr., Bridgeport, Conn. 
Pautier, R. A., St. Louis, Mo. 
Perotto, P. G., Torino, Italy 
Perrotti. E. J., Baltimore, Mil. 
Petty, H. C., Haddonfield, N. J. 
Phillips, L. G„ Mobile. Ala. 
Plimpton, R. J., Oxon Hill, Md. 
Poe, W. R„ Adelphi, Md. 
Polinsky, M. A., Newark, N. J. 
Poole, L. B., Barner, N. C. 
Possamai, L., Fairview, N. J. 
Preston, W. L., McLean, Va. 
Purdy, R. E., Indianapolis, Ind. 

(Continued on page 124A) 
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GENERAL DYNAMICS ELECTRONICS 

General Dynamics / Electronics, the 

electronics arm of General Dynamics 

Corporation, comprises the Stromberg-

Carlson Division in its entirety, phis the 

separable electronics operations of other 

General Dynamics Divisions. It is engaged 

in the research, development and produc¬ 

tion of electronic products and systems in 

the military, industrial and commercial 

fields. In addition, the research operation 

of General Dynamics / Electronics is 

actively engaged in both pure and 

applied research in many advanced 

electronic techniques. 

POSITIONS ARE AVAILABLE NOW IN THE FOLLOWING: 

RADIO COMMUNICATIONS 
Systems Engineering 
& Equipment Design 

U.H.F., V.H.F., SINGLE SIDEBAND 

ANTI-SUBMARINE WARFARE 

Applied Research, 
Development & Design 

ELECTRONICS, HYDROACOUSTICS, 
ELECTROACOUSTICS 

With the establishment of a stronger electronics identity for 
General Dynamics Corporation, growth is expected in all areas. 
And greater flexibility will allow General Dynamics/Electronics 
to move rapidly into new and profitable fields. 

■ If you are interested in furthering your career in any 

of the areas listed, forward a resume to M. J. Downey. 

Glllill ID 
GENERAL DYNAMICS ¡ ELECTRONICS 

A DIVISION OF GENERAL DYNAMICS CORPORATION 

1476 N. GOODMAN ST. • ROCHESTER 3, NET YORK 
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"Dependable deep-space data transmission is 

as vital to space progress as economic 

and reliable boosters. RAY W. SANDERS 

Systems with increased reliability and sophistication are needed to collect, 
digest, and transmit data if this nation is to continue to make progress in explor¬ 
ing and utilizing the deep-space environment. Spacecraft weight and power 
source limitations combine to severely limit the quantity of expensively-acquired 
information we can get back to earth. We have to counter these limitations by 
properly compressing all sensor output information available, extracting only 
its meat for transmission. 

A trade-off between cost per vehicle and quantity of vehicles must be con¬ 
sidered. Do we put all our eggs in one expensive and sophisticated vehicle¬ 
computer basket, or should we send out several less costly, less complex missions 
to do the job of collecting deep-space data. Optimization suggests the intriguing 
possibility of a single, self-healing spacecraft into which we could afford to trust 
an expensive data processor capable of drastically distilling the information flood 
for orderly, compressed transmission over a period of months rather than days. 

Ray \V Sanders, whose contributions to modern communications and infor¬ 
mation theory date back to the beginnings of the U.S. missile program, is Director 
of SEC's Satellite and Space Laboratories and co-inventor of the SEC Digilock 
deep-space telemetering system 

SPACE ELECTRONICS / CORPORATION 
930 Air Way • Glendale 1, California • CHapman 5-7651 

Men interested in solving space-related electronic problems are urged to contact 
Pierre Brown. For a profile of SEC’s areas of interest, write for our brochure. 

(Continued from paye 122A) 

Querin, A. G., Yonkers, N. Y. 
Randolph, J., Asheville, N. C. 
Rath, S., Dt. Sambalpur, Orissa, India 
Rekasius, Z. V., Lafayette, Ind. 
Ritchie, M. L.. Dayton, Ohio 
Rizzi, W. L, Bedford, Mass. 
Roark, M. A., Forest Hills. L. L, N. Y. 
Roberts, B. B., Milwaukee, Wis. 
Robinson, C. W., Jr.. Uwchland, Pa. 
Romer, T., Plainview, L. I., N. Y. 
Rosasen, R. IL. Brooklyn, N. Y. 
Rosen, B. P., Williamstown, Mass. 
Roush, W. B., Poughkeepsie, N. Y. 
Rowell, J. IL, Joliet. Ill. 
Rozelle, IL G., New Orleans, La. 
Rubin, A., Philadelphia. Pa. 
Russell, R. K., Orlando, Fla. 
Safar, J. G., Milwaukee, Wis. 
Sall, L, Norwood, Mass. 
Santora, C. G., Pleasantville. N. J. 
Sargeant, F. W., Beaconsfield. P. Q., Canada 
Schaeper, H. R. A., Powell, Ohio 
Schellenberg, A. J., Winston-Salem, N. C. 
Schwartz, M., Little Neck, L. L. N. Y. 
Scott, I). C.. Bryn Mawr, Pa. 
Scott. J.. Silver Spring, Md. 
Scott, W. L., Whitier, Calif. 
Selover, F. F., River Edge, N. J. 
Shelkey, D. L., Jr., Dahlgren, Va. 
Sherman. IL R.. Stamford, Conn. 
Shuman, B. H., Philadelphia, Pa. 
Silverman, G., East Orange, N. J. 
Silverstein, S.. East Brunswick. N. J. 
Skinner, W. L., Pacoima, Calif. 
Smith. G. R., Philadelphia, Pa. 
Smith, H. J.. Hartford, Conn. 
Smith. H. R., Sierra Vista, Ariz. 
Smith, N. D., Torrance. Calif. 
Smith, R. R., Syracuse, N. Y. 
Sonde, B. S., Bangalore, India 
Spaid, W. L., Yellow Springs, Ohio 
Speltz. S. E.. Los Angeles, Calif. 
Stalcup, R. E., Champaign, Ill. 
Stanland. J. E.. Pleasantville, N. Y. 
Steel. R. S., Jr., Arnold, Md. 
Stephens, R. W„ Dallas, Tex. 
Sterman, B., Saddle Brook, N. J. 
Stern, A., Katamon. Jerusalem, Israel 
Stewart, J. IL, South Orange, N. J. 
Stewart, M. E., Mercury, Nev. 
Stine, E. V., Lanham, Md. 
Stumman, H. E., Los Angeles, Calif. 
Sullivan, D. J.. Poughkeepsie, N. Y. 
Sussman, I). B., Chicopee Falls, Mass. 
Svihula, G. F., Haddonfield, N. J. 
Swartz, J. A., Jr.. Pennsylvania Furnace, Pa. 
Sweet, R. M., South Huntington, L. L, N. Y. 
Swisshelm, J. T., Kokomo, Ind. 
Tai, J., Dayton, Ohio 
Taylor, J. L., Richardson, Tex. 
Taylor. W. C., Menlo Park, Calif. 
Tencza, J. W., Wallingofrd, Conn. 
Tepjier, 'I'.. Baltimore, Md. 
Testo, C. J., Winston-Salem, N. C. 
Thomas, L. A., Salisbury, Md. 
Tiso, J. M., Northridge, C alif. 
Tjon Pian Gi, W. E., Poughkeepsie, N. Y. 
Trojanowski, M. S., Ottawa, Ont., Canada 
Trowill, J. L., Jr., Pittsfield, Mass. 
Turpin, J. A., Dallas, Tex. 
Uj imoto, K. V., Ottawa, Ont., Canada 
van Benthem, B., Chelmsford, Mass. 
Van Reymersdal, J. G. A., Fairless Hills, Pa. 
Vinson, H. J., North Little Rock, Ark. 
Vitka, J. A., Jr., Waltham, Mass. 
Waxman, M. M., Owego, N. Y. 
Way, T. L., Cambria Heights. L. I., N. Y. 
Weaver, J. P., Lancaster, Pa. 
Webster, D. R., Baltimore, Md. 
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Weeks. H. L., New York. N. Y. 
We.Mermann, K. IL, Seaford. L. I., N. Y. 
Whalen, A. A., Baltimore, Md. 
Whalen, J. J., Baltimore, Md. 
White, D. F., Dorking, Surrey, England 
Whitmore, P. G., St. Paul, Minn. 
Wickett. B. IL, Riverside, Calif. 
Williams. D. R., Collingswood. N. J. 
Williams. J. R., Nashua, N. H. 
Wilson, J. P. A., Hyattsville, Md. 
Wilson, R. A., Southfield, Detroit, Midi. 
Wilson, W. A., Orlando, Fia. 
Wittig. K1L. Los Angeles. Calif. 
Wittry. D. B., Los Angeles, Calif. 
W<xxl. H. G.. Asbury Park, N. .1. 
Wurr. J. C., Sunnyvale, Calif. 
Yazomhek, F. W., Chicago, 111. 
Young. W. .L, North Andover. Mass. 
Zachos. T. IL. Astoria, L. L, N. Y. 
Zavistovich, R. R.. Washington, D. C. 
Zimmermann. K. A.. Trenton, N. .1. 
Zuckswert, Philadelphia. Pa. 

Admisson to Associate 

Acosta, J. .L. Tewksbury. Mass. 
Andersen. E.. Copenhagen N.. Denmark 
Andrew. E. J., Wooster, Ohio 
Apitz. .1. M., Exeter, N. IL 
Aposiolakis, A.. Montreal. Que., Canada 
Armstrong. J. N.. Los Angeles, Calif. 
Aube. G. R., New Haven. Conn. 
Avila. .1. R.. San Antonio. Tex. 
Bandler. M. L., Rockville. Md. 
Banium, W'. F., Los Angeles, Calif. 
Barker. R. R.. King of Prussia, ¡’a. 
Barry, IL M. S.. Agra. W. P.. India 
Bauler, E. K.. Shreve|M>rt, La. 
Baumgarth. J. G., H. Mountain View, Calif. 
Beckett, F. J.. Brisbane. Australia 
Bennett. R. A., Victoria, B. C.. Canada 
Birenbach, A.. Brooklyn, N. . 
Blanden, IL E.. Oaklawn. 111. 
Blau, A. B., Los Angeles, Calif. 
Bourgeois. J. M. F.. Bruxelles. Belgium 
Bowler. R. W., Washington. D. C. 
Breslau, S .W.. Valley Stream, L. L, N. Y. 
Brivio, D. P.. Milan, Italy 
Buboltz. C. P., Fullerton, Calif. 
Burger, H. D., Los Angeles. Calif. 
Cady. L. D.. New York. N. V 
Candiani, G., Genova, Italy 
Carpenter, D. L., Pico Rivera, Calif. 
Chiasson. A. T., Port Arthur, Tex. 
Chuartzman. P., Buenos Aires, Argentina 
Cline. W. M., Miami, Fla. 
Corliss. F. B., Natick, Mass. 
Cotter. P.. Norwood, Mass. 
Cross, A. W.. North Largo. Fla. 
Cummings, D. L. Chicago. 111. 
Curran. T. \ ., Granada Hills. Calif. 
Dalgleish. I). A., Philadelphia. Pa. 
Danzo. P. A.. Jr., l’nion City, N. J. 
Daponte. K. J.. Boston, Mass. 
Davidson, L. M., Forest Hills. L. L. N. \. 
Davis. C. G.. Washington, D. C. 
Davis, I. J.. Cleveland, Ohio 
DvCIercque. K. I... St. Petersburg, Fla. 
Devlin. J. N.. Lakeview. N. Y. 
Divieti. L. I)., Milan, Italy 
Dodge. J. L., New York, N. Y . 
Driscoll, J. J.. Burlington. Mass. 
Dughi. L. !.. Westfield, N. J. 
Dunlap, L. A., Ontario. Calif. 
Earle. J. I.., San Francisco, Calif. 
Ensley, S. B., Groton. Conn. 
Esposito, R. V., East Orange, N. J. 
Et telson, B. L., Van Nuys, Calif. 
Falcini, S., Pisa, Italy 
Farmar, P. 1)., Escondido, Calif. 
Fifer, T. J., Cleveland, Ohio 
Fillingham. R. A., Denver, Colo. 
Fitzpatrick. J. G., Dayton. Ohio 
Foreman. J. D., Las Vegas, Nev. 
Fowler, F. B., White Plains. N. V. 
Gallagher. J. L.. Old Bridge, N. J. 

(Continued un pane I26A) 

CLEAR TRACKS FOR 
ELECTRONIC 

SYSTEMS ENGINEERS 

Engineers find the management track at Alpha Corporation 
cleared for swift execution of electronic systems projects. 

The engineer who supervises team development of a pro¬ 
posed program is in direct contact with the customer. After 
the contract is signed, management, engineering and 
administrative talents are coordinated within the project 
division, and the Project Director has complete authority 
and responsibility for the project’s execution. 

Do your capabilities fit you for creative team relationships? 
Do you have the background needed to select system param¬ 
eters; integrate a complex of equipments; direct a team of 
subsystem suppliers? All qualified applicants will receive 
consideration for employment without regard to race, creed, 
color or national origin. Write to: 

C. P. Nelson 

SYSTEMS DESIGNERS. ENGINEERS. CONSTRUCTORS. WCRLD-WIOE • RICHARDSON. TEXAS • TELEPHONE DALLAS AOams 5-2331 
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Increased technical responsibilities 
in the field of range measurements 
have required the creation of new 
positions at the Lincoln Laboratory. 
We invite inquiries from senior 
members of the scientific community 
interested in participating with us 
in solving problems of the greatest 
urgency in the defense of the nation. 

RADIO PHYSICS 

and ASTRONOMY 

RE-ENTRY PHYSICS 

PENETRATION AIDS 

DEVELOPMENT 

TARGET IDENTIFICATION 

RESEARCH 

SYSTEMS: Space Surveillance 
Strategic Communications 
Integrated Data Networks 

NEW RADAR TECHNIQUES 

Membership 

(Continued from page 125A) 

Geduld, G. E., Toronto, Ont., Canada 
Geisel, T., Chicago, 111. 
Gerontzos, J. 1*., Chicago, III. 
Gianguzzi, L. C., New York. N V. 
Glasgo, M. L., Omaha, Neb. 
Goldammer, F. R., Ossining, N Y. 
Gombos, J. E., Upper, Montclair, N. J. 
Gossett, S. D., New York, N. Y. 
Gottesfeld, M. L., Laurelton, L. I.. N. Y. 
Greco, S. V., Lexington Park, Md. 
Green, L. R., Glendale, Calif. 
Greenwood, I). B., Vancouver, B. C., Canada 
Hale, J. N., Montebello, Calif. 
Hall, J. M., Washington, D. C. 
Halsted, J. E., Baraboo, Wis. 
Hancock, I). W., Rome, N. Y. 
Hansen, R. I’., Barksdale AFB, La. 
Harker, D. R.. Arlington, Va. 
Harrison, W.. Winston-Salem, N. C. 
Hart, F. D., Newark, N. J. 
Hayter, W. D., San Jose, Calif. 
Heistermann, F., Ridgefield, Conn. 
Hemmie, D. L., Burlington, Iowa 
Hendrickson, H. L., Brooklyn, N. Y. 
Hermanos, R. L., New York, N. Y. 
Herron, E. IL, Jr.. New York, N. Y. 
Hess, R. L., Norfolk, Va. 
Hockersmith, W. E., Jackson Heights, L. L, N. Y. 
Hoffman. A. G., Fremont, Neb 
Hoffman, K. L., Fremont, Neb. 
Hollis, E. L., Van Nuys, Calif. 
Horan, L. W., Minneapolis, Minn. 
Hunt. W. C., Anchorage, Alaska 
Hunter, G. B.. Vancouver, B. C., Canada 
Hurtubise. W. E., Fargo, N. D. 

SYSTEM ANALYSIS 

COMMUNICATIONS: Techniques 
Psychology 
Theory 

INFORMATION PROCESSING 

SOLID STATE Physics, Chemistry, 
and Metallurgy 

A more complete description of the 
Laboratory’s work ivill be sent to 
you upon request. 

All qualified applicants will receive consideration 
for employment without regard to race, creed, color 
or national origin. 

Research and Development 

LINCOLN LABORATORY 
Massachusetts Institute of Technology 

BOX 16 
LEXINGTON 73, MASSACHUSETTS 

General Instrument 
Semiconductor Division 
The continued expansion of the Semi 
conductor Division of General Instrument 
Corporation presents unique career op¬ 
portunities for qualified people. Join the 
fastest-growing components manufacturer 
in electronics. ■ Key positions in solid-
state technology are available at... 

Woonsocket, R. I. 
Newark, N. J. 
Hicksville, L. I. 

for the following specialties: 
■ Top-Level Process Engineers 
■ Top-Level Applications Engineers 
■ Top-Level Quality Engineers 
■ Top-Level Industrial Engineers 
■ Device Development Engineers 
Experienced in Diffusion Techniques 

■ Mechanical Engineers for Semi¬ 
conductor Manufacturing Automation 

■ Senior Semiconductor Research 
Scientists 

■ Process Technicians 
■ Research Technicians 

For more information, send resume to 
Mr. K. C. Moritz, Vice President, General 
Instrument Semiconductor Division, 65 
Gouverneur Street, Newark 4. New Jersey. 

GENERAL INSTRUMENT CORPORATION 

Hurley, D. F., Lynnfield Centre, Mass. 
Ilich, 1). F., Flushing, L. L, N. Y. 
Itchkow, K. M., Levittown, L. I., N. Y. 
Jako, G. J., Boston, Mass. 
Jalaluddin, Troy, N. Y. 
Jenkins. P. R.. Goleta, Calif. 
Johnson, J. A., Baltimore, Md. 
Johnson, W. IL, Washington, D. C. 
Johnston, R. C., Pomona, Calif. 
Jones, T. T., Poughkeepsie, N. Y. 
Katz, N. I., Jackson, Heights, L. I., N. Y. 
Kaytar, J. J., Edison, N. J. 
Key. B. G., Greencastle, Pa. 
Khoury, G. J., Jr., Westford, Mass. 
Kienzle. G. C., Lindenhurst, L. I., N. Y. 
King, F. W., Nanaimo, B. C., Canada 
Korabell, L, Buffalo, N. Y. 
Kosty, W. G., Winnipeg, Man., Canada 
Krieger, A. E., Wright-Patterson AFB, Ohio 
Krishman, V., Egmore, Madras, India 
Krishnaswamy, V., Pilani, Rajastan, India 
Kroupa, R. G., Middle Village, L. L, N. Y. 
Krug, W. H., Janesville, Wis. 
Laederich, G., Paris, France 
Laut, S., Baltimore, Md. 
Laychak, S. F.. Norwalk, Conn. 
Lazarus, L. S., Rosedale, L. I., N. Y. 
Lemon, E. A., Los Angeles, Calif. 
Lenkey, O. A., Hillside, N. J. 
Li, H-Y., Boston, Mass. 
Lindgren, E. A., Culver City, Calif. 
Luce, J. E., Tampa, Fla. 
Lykins, W. S., Haddonfield, N. J. 
Macdonald, K. G., Downsview, Ont., Canada 
Mace, A. E.. Cheyney, Pa. 
Magnatta, V. B., Palisade, N J. 
Mann. J., New York, N. Y. 
Marraccini, A. J., Staten Island, N. V. 
Martin. A., Philadelphia, Pa. 
McAvoy. W. R.. Studio City, Calif. 
McBurney. F. J.. Brooklyn, N. Y. 
McGuire, J. C., Waldwick, N. J. 
McRitchie, K.. Dayton, Ohio 
Mendez. M. R.. Las Salinas, Chile 
.Mielen, R. V., Victoria, B. C., Canada 
Miesch. R. A., Grabill, Ind. 
Miller. C. E., Culver City, Calif. 
Mittnacht, A. J., San Jose, Calif. 
Mock, G. W., Inglewood, Calif. 
Moher, T. F., Poughkeepsie, N. Y. 
Moore, R., Tekamah, Neb. 
.Morgan, J. E.. Arlington Heights. Ill. 
Morris, J. E., Whippany. N. J. 
Moyer, L. N.. Los Angeles, Calif. 
Natale, S. V.. New York, N. Y. 
Nielson, R. W., New York, N. Y. 
Nordbo, O. J., Seattle. Wash. 
Norman, P., Jr.. Trotwood, Ohio 
Nys, A. D., Concord, N. IL 
Oberste, J. A., Little Rock. Ark. 
Pendergraph, G. S., Arlington, Va. 
Penny, J. R., Jr., Miami. Fia. 
Philbrick, E. L., Jr., Wellfleet, Mass. 
Piatoff, E. B.. Brooklyn, N. Y. 
Pradervand, M.. Princeton. N. J. 
Prodan, R., Buenos Aires, Argentina 
Pyenson, J. L, Toms River, N. J. 
Remeikis, A. A., Toronto, Ont., Canada 
Riddle, R. L., Kanna|»olis, N. C. 
Ringelheim, L B.. New York, N. Y. 
Roberts, W. S., Philadelphia, Pa. 
Rodgers, J. C., Emporium, Pa. 
Roll, J. L., McLean, Va. 
Ross. R. R., Albuquerque, N. M. 
Rubin, M. S., Framingham Center, Mass. 
Sadler, J. A., Rexdale, Ont., Canada 
Salsberg, A. P., Jackson Heights. L. L, N. Y. 
Saltzman, H. S., Bayside, L. L, N. Y. 
Seifert, N. A., Brookline, Mass. 
Serchuk, A., Jackson Heights, L. L, N. Y. 
Shively, G. C., Alamogordo, N. M. 
Simonsen, P. W., Valley Stream, L. L, N. Y. 
Skala, D. J., Washington. D. C. 
Skinkle, G. W., Lanham Park. Md. 
Slye, R. E., Jr., Washington, D. C. 
Smiley, B. E., Burlington, Mass. 

(Continued on page 151 A) 
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.... where attention and motivation are 

centered on the peaceful atom; its complexities 

and its future. The problems are exciting and 

challenging and their solution is deeply 

rewarding. 

Your experience, talents and interests may be 

such that you should be one of the scientists and 

engineers at Argonne sharing and contributing in 

its research and development programs. 

Among the present staff needs of the Laboratory 

are those for ELECTRONICS engineers, 

COMPUTER engineers, CRYOGENICS engineers 

and MECHANICAL engineers. Of special interest 

are individuals with advanced degrees, broad 

experience and versatility; and interest in 

conceptual design as well as the application of 

fundamental knowledge and techniques to 

“Custom” problems. 

Please write to: 

Dr. Louis A. Turner, Deputy Director 

9700 South Cass Avenue— J9 

Argonne, Illinois 

^flrgonne 
NATIONAL. L-AB OF» ATO F»X 

K— Operated by the University of Chicago under a 
contract with the United States Atomic Energy Commission 
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ELECTRONIC ENGINEERS • PHYSICISTS 

REPUBLIC DEDICATES $14 MILLION 
PAUL MOORE RESEARCH & DEVELOPMENT CENTER 

New Staff Appointments 
at Senior & Intermediate Levels in 

ELECTRONICS 
LABORATORY 

where problems are explored in the 
areas of interspace communications, 
advanced instrumentation, aerospace 
power supply systems, evaluation & 
integration of diverse, highly complex 
electronic systems. 
Electromagnetic Research. PhD MS. 15 
years in electrophysics studies. 

Antenna Research, Microwave. MS & 
BS, 7-10 years experience. Use Anechoic 
Chamber and outdoor ranges. 

System Integration, Evaluation. 
(V/STOL systems) MS, 10-15 years 
experience. 

Laboratory Instrumentation. Very ad¬ 
vanced. MS or BS, 10 years experience. 

Circuits & Subsystems. Problems of 
adaptation, miniaturization, compatibil¬ 
ity. BS, various levels of experience. 

Wind Tunnel Instrumentation. Design. 
Set-Up, Calibration. BS/MS and 2 or 
more years experience. 

GUIDANCE & CONTROL 
SYSTEMS LABORATORY 

where the basic concern is solving 
navigational, guidance & detection 
problems with special emphasis on 
physical optics, solid state & low tem¬ 
perature physics, thin-film techniques 
applied to computer elements. 

Space Guidance System Development. 
MS Electronics, 10 years experience. 

Space Computers. Hardware develop¬ 
ment. MS in Electronics and at least 10 
years experience. 

Space Environmental Control Systems. 
MS, BS with 6 to 12 years experience. 

Automatic Controls. Hardware design. 
MS Electronics, 5 years experience. 

Thin Film Devices. PhD Solid State, 5 
years experience. 

Optical & 1R Systems, Devices. PhD 
Physical Optics, 5 years experience. 

Optical & 1R Tracking Devices. MS 
Solid State, 10 years experience. 

For detailed information about assignments in the above and other areas please write 
in confidence to: Mr. George R. Hickman, Technical Employment Manager, Dept. I4F 

AVIATION CORPORATION 
FARMINGDALE LONG ISLAND NEW YORK 

(All qualified applicants will receive consideration 
for employment without regard to race, creed, color, or national origin.) 

A Section 
Meetings 

Alamogordo- Holloman 

“Antennas in Conducting Media" or "(om-
munication Between Submerged Submarines,” 
R. K. Moore, Univ, of N. Mex.; Election of Officers. 
3 21 61. 

Atlanta 

Tour of E. A. A. Airway Control Center. 
I 3/31 61. 

Bay of Quinte 

“Origin and Structure of the Universe,” G. A. 
Harrower, Queen's Univ. 3/15/61. 

Beaumont-Port Arthur 

“Recent Developments in Electronic Com¬ 
puters," ,1. G. Kamena, Remington Rand Univac; 
“Communication Satellite," Phillip Yearly, Lamar 
College. 4 4 61. 

Benelux 

“Human Reaction Times & Their Electronic 
' Measurement," J. F. Schouten, Inst, for Percep-
I tion Res., Netherlands. 4/6/61. 

Central Florida 

“Systems Applications of Electron Beam Para¬ 
metric Amplifiers," Robert Adler, Zenith Corp. 
3/16/61. 

Central Pennsylvania 

“Infrared Physics & Modern Technology,” 
i William Birtley, HRB-Singer, Inc. 3/21 61. 

Chicago 

“How to Get Along with Your Boss or Be 
One!’, G. S. Speer, Illinois Inst, of Tech. 11/11 60. 

“Proiærties & Uses of Infrared Radiation,” 
,|. A. Sanderson. U. S. Naval Res. Lab. 12/9/60. 

“World-Wide Communications Using Satellite 
Repeaters,” R. D. Campbell, AT&T. 1/13/61. 

Cincinnati 

“Radio Communication Via Satellites,” J. L. 
Glaser, Bell Tele. Lab.; “Community Renewal 
Program for Cincinnati,” C. II. Stamm, City of 
Cincinnati. 3/23/61. 

Cleveland 

“Guided Plasma Waves," O. K. Mawardi, Case 
Inst, of Tech. 3/9/61. 

Columbus 

“Common Stocks & Uncommon Profits,” Roger 
! White, Paine, Webber, Jackson & Curtis. 4/12/61. 

Dallas 

“Relationship Between Devices, Models and 
Networks,” J. G. Linvill, Stanford Univ. 3/28/61. 

Detroit 

Panel Discussion on Engineering Writing and 
Speech: T. M. Farrell, Michigan State Univ., S. S. 
Attwood, Univ, of Mich., C. .1. Freund, Univ, of 
Detroit, J. S. Johnson, Wayne State Univ., W. P. 
Smith, Mich. State Univ. 1/20 61. 

“Infrared & Optical Masers," D. F. Nelson, 
Bell Tele. Labs. 3/17/61. 

El Paso 

“Communication Peculiarities ot White Sands 
Missile Range,” Pat Walton, General Electric Co. 
3/23/61. 

Emporium 

“Communications Engineering for Ballistic 
Missile Early Warning System,” Western Elec. 

• 3/21/61. 
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FoRl I h ACHI CA 

Film: “Gateways to The Mind" Bell Tele. 
Labs.. Jim Virden. I . S. Anny Electronics Prov¬ 
ing Ground. 3 27 61 . 

Gaixesvii.ii: 

‘•Recent Concepts in Microwave Crossed Field 
TuIm>." J. A. Saloom, S.F.D. Labs, of Varian 
Assocs. 4 12 61. 

11 AMI 1. 1 ON (Ontario ) 

“Applications of Ultrasonic Energy," C. J. 
McReynolds, Westinghouse Co.. Ltd. 2/6/61. 

“Communications in .Antarctica," M. Cos¬ 
grove, Cl ICI I TV. 3 20/61. 

“Japan," R. M. Robinson. Canadian GE Co.. 
Ltd.; Election of Officers. 4 10 61. 

Ilovsrox 

“Wh\ Transistors in VIIF Radio?", by Mike 
Bennett. for GE Co., J. II. Wofford Radio Com¬ 
munications Services; “Fundamentals of Correla¬ 
tion Functions," W. I*. Schneider, Schlumberger 
Well Surveying Corp.: “Iterative Differential An 
alyzer Function & Control." M. C. Gilliland. Beck¬ 
man Instruments; “Transistor Sfiecifications & 
Parameters." Don Able, Texas Instruments. 
3 '14 61. 

“A Process Dynamics Recording Trailer A-
Used by Monsanto ('hemical Co.," W. R. Isaacs. 
Southwestern Industrial Electronics Co. 3/21/61. 

Indianapolis 

“Scan Conversion for Bright Tube Display." 
W. E. Miller & Lawrence li. Hazeltine Tech. Devel. 
Ctr. 3/16/61. 

Ithaca 

“Superconductivity” E. C. Satterth waite, 
Westinghouse Elec. Corp.. Joint meeting with 
AI EE. 3/3/61. 

Kansas City 

Student Award Presentation; Bell Tele, movie 
“Sound Reproduction.” 4/11/61. 

Kitchener-Waterloo 

“Digital Computer,” Douglas Lawson, Univ, 
of Waterloo; “Analogue Computer,” George Flem¬ 
ing, Univ, of Waterloo. 3/20/61. 

Las Vegas 

“Instrumentation Systems of the Tonopah 
Missile Range,” J. C. Eckhart, Sandia Corp.; Tour 
of Tonopah Missile Range. 3/10/61. 

Little Rock 

“Stereo Geometry," P. W. Klipsch, Klipsch 
Assocs. 3/17/61. 

London (Ontario) 

Student Awards. 2/27/61. 
“DR ITE Topside Sounder Satellite," R. K. 

Brown, Defence Res. Telecommunications Estab 
lishment. 4 10/61 . 

Long Island 

Six Lectures on Microwave Measurements: 
“Impedance," Tore Anderson, FXR, Inc. 

2/2/61. 
“Frequency & Q,” Raymond Svenson. 

Bomac Labs. 2/9/61. 
“Power,” L. II. Fisher, Poly. Res. & Devel. 

2/16/61. 
“Loss, Gain & Phase,” Patricia Loth 

Wheeler Labs., Inc. 2/23/61. 
“Noise Figure,” Matthew Lebenbaum. 

Airborne Instruments Lab. 3/2/61. 
“Radiation & Propagation,” Christian 

Berger, CDB Enterprises. 3/9/61. 
Fellow Award Presentation. 3/19/61. 

“Discoverer Satellite Program," R. Flothow 
Lockheed Aircraft Co. 4/11/61. 

(Continued on f'affc 135A) 

sparks advanced 

electronic R&D 

Creativity can assume infinite form 
and direction. The ideal formula for 
creativity has yet to be determined. 
However, at Amherst Laboratories, 

progressive leadership in advanced electronic 
R & D can be attributed to the dynamic stimulus of 

at Amherst 

Laboratories 

the Fifth Freedom ... Freedom of the mind, 
an essential ingredient in keeping the world free. 
To some, it is ’’freedom of thought”. ..’’freedom 

of investigation”., .whatever the tide ... it is successful 
at Amherst Laboratories. Results are evidenced 

in the conclusion of numerous projects and the ever 
increasing backlog of prime assignments in advanced 

Ground, Air and Space Communications. 

PROFESSIONAL STAFF AND MANAGEMENT 
OPPORTUNITIES are unlimited for Physicists, Mathematicians and 

Electronic Engineers with advanced degrees and creative desire. 
All qualified applicants will receive consideration for employment without 

regard to race. creed, color or national origin. You are invited to direct 
inquiries in confidence to Mr. H. L. Ackerman, Professional Employment, 

AMHERST LABORATORIES • H81 wehrle drive • Williamsville, new york 

GEWt SAL 

( lovernment Systems Management 

for GENERAL TELEPHONE & ELECTRONICS 

n . ** 
Shrinking the Universe... through Communications 



WE GET THE WHOLE 
PICTURE . . . 

Why don't you"T211 IC With 

Westinghouse about 

ELECTRONIC SENSORY SYSTEMS 
The land, the sea. and outerspace are being guarded— 
this very second—by electronic sensory systems that lo¬ 
cate every unusual presence, identify it, analyze it and 
report on it in split seconds. 

These systems, requiring basic research, advanced tech¬ 
nical development and design, are among the many 
challenging and exciting projects offering outstanding 
opportunities for career development at Westinghouse-
Baltimore. 

Current opportunities include: 

Electronic Countermeasures 
Electronic Counter-countermeasures 
Microwave Techniques 
Radio Frequency Control 
Pulse Circuitry 
Semiconductor Circuitry 
Research Design & Development 
Liaison & Field Engineering 

All qualified applicants will continue to receive consideration 
for employment without regard to race, creed, color, or 
national origin. 

Send resume to: Mr. J. F. Caldwell, Dept. 407 

/íTJxWestinghouse 
W BALTIMORE 

% J P. O. Box 746 Baltimore 3, Maryland 

V y AIR ARM • ELECTRONICS • ORDNANCE 

NEWS A 
New Products,/^ 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your IRE affiliation. 

Transparent Encapsulant 

Cast in a flat block for processing, 
cured encapsulant is flexible. 

A new silicone encapsulat¬ 
ing material that permits visual 
inspection of circuits and com¬ 
ponents within potted, em¬ 
bedded or encapsulated assem¬ 
blies was introduced at the 
IRE Convention in New York 
in March. Developed by Dow 
Corning Corp., Midland, Mich., 
the new encapsulant will Ite 
designated as Sylgard 182 
Resin. 

Applied as an almost color¬ 
less liquid—after blending with 
its curing agent—Sylgard 182 
cures in place even in totally 
confined enclosures, to form a 
transparent mass having good 
dielectric properties, good 
moisture resistance and the 
physical attributes of flexibil¬ 
ity and toughness. 

Curing time for Sylgard 
182 Resin can be varied by 
changing the curing tempera¬ 
ture. At 150°C, it cures in 15 
minutes; at 65°C, four hours; 
at 25°C, three days. Neither 
the resin nor its curing agent 
is toxic to the skin. No toxic 
fumes are given off during mix¬ 
ing or curing. 

Components and circuits 
encapsulated in Sylgard 182 
Resin are clearly visible, sim¬ 
plifying replacement or repair 
procedures. The cured resin 
can be cut away with a sharp 
knife so that defective com¬ 
ponents can be repaired or re¬ 
placed. New resin poured over 
the repaired area will adhere 
to the original material, restor¬ 
ing the encapsulant to the 
original condition. 

While this new material 

This resin can be cut away from 
around defective part with a sharp 
knife. 

Defective part in removed and it» 
replacement soldered into the cir¬ 
cuit without damaging encapsulant. 

exhibits some rubber-like prop¬ 
erties, it is not a silicone rubber, but a flexible silicone resin. This 
difference in basic chemical structure residts in a toughness not 
found in present silicone rubbers. 

Additional information on this new transparent silicone en¬ 
capsulant is available from the firm. 

(Continued on l'âge 132A) 
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ÏECHNICA10UIZ ON MC 
CIRCUITS AHO DIE ITA 
COMPÜlíRSww^ 
In May, 1960 General Electric’s Light Military 
Electronics Department announced a new concept 
in professional job selection ... in the form of a series 
of self-appraising technical tests covering the sub¬ 
jects of Radar, Microwaves, Electronic Packaging, 
Communications, and Administrative Engineering 
(a self-scoring psychological questionnaire). 

To date, more than 7,000 scientists and engineers 
have written for and received one or more of these tests. 

Now, LMED is pleased to announce the comple¬ 
tion and immediate availability of a special new 
test devoted exclusively to the computer field. Devel¬ 
oped with the same care and pre-testing as Light 

Current Areas of Activity at The 

Light Military Electronics Department 

Space Communications and Telemetry • Missile and Satellite 
Computers • Space Vehicle Guidance • Undersea Warfare 
Systems • Thermoplastic Data Storage • Space Detecton and 
Surveillance • Command Guidance and Instrumentation • 
Infrared Missile Applications. 

LIGHT MILITARY ELECTRONICS DEPARTMENT 

GENERAL ELECTRIC 
FRENCH ROAD, UTICA , NEW YORK 

All qualified applicants will receive consideration for employ¬ 

ment without regard to "ace. creed, color or national origin. 

Military’s other quizzes, the Computers test is also 
designed to be taken and scored for your self-ap¬ 
praisal only. The results need never be divulged to 
anyone — including LMED. 

So, whether you’re thinking about a change, or 
simply interested in finding out how you stack up 
against other engineers in your field, any of these 
tests should give you a sound, objective means for 
appraising your abilities— in about an hour, at home. 

Mail this coupon for your tests, 
answer sheets & evaluation guides 

Mr R. Bach 

Light Military Electronics Department 

General Electric Company, French Road, Utica, New York 

Please send me tests (limited to S subjects per individual) 
answer and self-evaluation sheets covering the areas cheeked: 

□ LOGIC CIRCUITS & DIGITAL COMPUTERS 

□ RADAR □ MICROWAVE 

□ ELECTRONIC PACKAGING (ME) 

□ COMMUNICATIONS □ ADMINISTRATIVE ENGINEERING 

□ “Have already received other LMED quizzes, but would like to 
get the tcst(s) I have cheeked above.** 

Name_ 

Home Address_ 

C i t y_ Zone_ State_ 

Home Phone_ 

Degree(s)_ Year(s) Received_ 
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Airborne Missile 
Monitoring Stations 

Two airborne missile monitoring stations—airplanes that 
“hear’’ and “talk’’ like a missile in flight—are operating over the 
400-mile U. S. Air Force Eglin Gulf Missile Test Range off the 
Gulf of Mexico coast of eastern Florida. 

T hey are T-29s, the Air Force navigator-trainer version of the 
Convair 240 twin-engine transport, which have undergone com¬ 
plete modification at Convair (San Diego) D:v., General Dynamics 
Corp., San Diego, Calif. T he modification converted the planes 
into airborne stations for frequency monitoring and interference 
control (FMIC). 

T hese are the first complete 
airborne monitoring stations ever 
devised. The stations enable the 
missile ground control stations to 
evaluate the conditions under 
which a test missile is receiving 
command signals. Control of a 
missile’s flight is difficult from 
ground stations situated below 
the missile’s horizon and inter¬ 
ference from other ground sta¬ 
tions while the missile is flying 
cannot be detected at the launch 
site. 

Three missions for the FMIC 
airplanes are outlined here: 

I. They check out—by flying 
the missile range—ground elec¬ 
tronic systems used to support missile tests. T his includes radar, 

telemetering instrumentation and radio communication. 
2. They monitor during countdown the frequencies being used 

for a missile test. If the channels are not free of interference, a 
countdown may be stopped, thus avoiding a launching under 
unreliable conditions which might mean loss of the missile. 

3. During the missile firing the airplane loiters at a specific 
altitude and to one side of the course. In this position the FMIC 
aircraft is able to hear and record ground station commands 
given the missile; hear and record signals from the missile includ¬ 
ing telemetered information; and hear any interfering signals re¬ 
ceived by the missile which originated from other stations and 
were not intended for the missile. 

T he FMIC airplane can talk like a missile by transmitting 
directly to ground stations. If the missile hears something not in¬ 
tended for it and malfunctions as a result, this fact can be dis¬ 
covered and reported by the airplane. 

It was noted that an FMIC airplane would be useful not only 
at the 400-mile Eglin range i sed primarily for medium and small 
missiles, b it it is proposed that the aircraft be used for down range 
checking at all missile test a id launching ranges. It may also be 
used for checking the functional and electronic environment of 
DEW’ Line installationsand other defense system ground installa¬ 
tions equipped with such components as SAGE and T exas l owers. 

At Eglin the two FMIC airplanes are flown by the Air Prov¬ 
ing Ground Center, r\ir Research and Development Command. 

Push-Button 
Communications Device 

Development of a push-button communications device that 
enables a jet pilot to “talk” to his base with greater speed, more 
accuracy and assurance that his message will cut through heavier 
atmospheric disturbance was disclosed today by Hughes Aircraft 
Company. 

Called “Digikey” by its inventors, the device permits a pilot 
or crewman to “talk” through heavy electrical interference at a 
rate of 150 words per minute (twice normal speed) by punching 
keys on a small semi-automatic keyboard. I he device is said to be 
so simple that anyone can be trained to operate it in a matter of 
minutes. 

Digikey was recently installed 
in a Strategic Air Command 
aircraft and subjected to a week-
long airborne evaluation by SAC 
officers and technicians. 

Digikey converts a message 
into digital form and transmits 
through a communications sys¬ 
tem to a ground station where 
the digits are reconverted into 
words and displayed in printed 
form on a receiver unit. Large 
volumes of information can be 
sent in a short time with reduc¬ 
tion in chances of human error or 
ambiguity. The system operates 
as follows: 

A belt, or roll chart, on which 
message words are printed covers the keyboard with words di' 

(Continued on l'âge 135.1) 
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20,392 RF OPERATING HOURS AGO... 
THIS KLYSTRON WENT “ON THE AIR” 

IN A RADAR SYSTEM. TODAY IT IS 

STILL PROVIDING TOP PERFORMANCE! 

That’s the record of a Litton L-3035 Klystron 
installed in an Air Force FPS-20 radar transmitter. 
Many more of these klystrons are still giving 
full performance after more than 10,000 hours of 
continuous operation at a peak power output of 
2.2 megawatts. 

There are good reasons for the longer life and more 
stable operation of Litton pulsed amplifier klystrons. 
For example, instead of removing contaminants by 
high-voltage operation during exhaust, we bake out 
the contaminants at extremely high temperatures 
before and after assembly and during exhaust. This 
insures the absence of contaminating molecules 
within the tubes. 

If you’re looking for long operating life, superior 
performance characteristics, and design and crafts¬ 
manship excellence in klystrons and other microwave 
tubes, see Litton Industries. 

IFrfte to: Litton Industries, Electron Tube Division. 
San Carlos, California. Or better still, phone: 
LT tell 1-8111. 

Transmitters for the Air Force Search Radar AN/ 
FPS-20, built by Bendix Radio Division of the Bendix 
Corporation for the Rome Air Development Center, Air 
Research and Development Command. 

LITTON 
Electron 

MICROWAVE TUBES 

INDUSTRIES 

Tube Division 
AND DISPLAY DEVICES 
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Ai least one of vonr interests 
■s now served bv one of I Illi’s 

Professional Groups 
Each group publishes its own specialized papers in its Transactions, 
some annually, and some bi-monthly. The larger groups have organ¬ 
ized local Chapters, and thev also sponsor technical sessions at IRE 
Consentions. 

Aerospace and Navigational Electronics (G 11) 
Antennas and Propagation (G 3) 
Audio (G 1) 
Automatic Control (G 23) 
Bio-Medical Electronics (G 18) 
Broadcast & Television Receivers (G 8) 
Broadcasting (G 2) 
Circuit Theory (G 4) 
Communication Systems (G 19) 
Component Parts (G 21) 
Education (G 25) 
Electron Devices (G 15) 
Electronic Computers (G 16) 
Engineering Management (G 14) 
Engineering Writing and Speech (G 26) 
Human Factors in Electronics (G 28) 
Industrial Electronics (G 13) 
Information Theory (G 12) 
Instrumentation (G 9) 
Microwave Theory and Techniques (G 17) 
Military Electronics (G 24) 
Nuclear Science (G 5) 
Product Engineering and Production (G 22) 
Radio Frequency Interference (G 27) 
Reliability and Quality Control (G 7) 
Space Electronics and Telemetry (G 10) 
Ultrasonics Engineering (G 20) 
Vehicular Communications (G 6) 

Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 
Fee 

$4 
$2 
$3 
$3 
$4 
$2 
33 
$2 
$3 
$3 
$3 
$4 
$3 
$2 
$2 
$3 
$4 
$2 
$3 
$2 
$3 
32 
$2 
$3 
$3 
$2 
$2 

IRE Professional Groups are only open to those who are 
already members of the IRE. Copies of Professional Group 
Transactions are available to non-members at three times the 
cost-price to group members. 

ILkIio Engineers 
New York 21, N.Y. 

USE THIS COUPON 
Miss Emily Sirjane PG-6-61 
IRE—1 East 79th St., New York 21, N.Y. 
Please enroll me for these IRE Professional Groups 
. $. 
. $. 
Name . 
Address . . 
Place . 

Please enclose remittance with this order 

Pro fe'Swio it it I 4k rou/! 

mt Kma«lva.st unit 

Tvlrr in inn Hrvoimrs 

The field of broadcast receivers is 
one which is closely associated with 
the general public, perhaps more so 
than any other branch of the radio 
engineering field. Tn fact, to the lay¬ 
man the term “radio” is synonymous 
with “broadcast receiver.” 

As a result, the receiver engineer 
has been concerned with an addi¬ 
tional factor not generally common 
to other fields, namely, that of re¬ 
sponding to—or endeavoring to cre¬ 
ate—public demand for a product. 
This factor has played a prominent 
role in such developments as FM. 
car radios, portable receivers, and 
black-and-white television sets. Tt is 
now conspicuously evident in con¬ 
nection with current efforts to pro¬ 
duce and market color television re¬ 
ceivers and stereo equipment. 

The TRE Professional Group on 
P>roadcast and Television Receivers 
is playing a major role in making 
available vitally needed technical in¬ 
formation, not only on color tele¬ 
vision and stereo, but on all aspects 
of the receiver field. Through this 
exchange of information, the radio 
and television industry is gaining im¬ 
portant data which will be helpful in 
solving the engineering problems it 
faces and in successfully meeting the 
“public demand” factor mentioned 
above. 

The Group has been particularly 
active in sponsoring technical ses¬ 
sions at most of the national meet¬ 
ings held throughout the country 
during the year: the Radio Fall 
Meeting, the Spring Television Con¬ 
ference in Chicago, the TRE Inter¬ 
national Convention, and Wescon to 
mention but a few. 

The Group also publishes its own 
technical publication, called Trans¬ 
actions, which is distributed to some 
1900 members as a part of their $4 
assessment fee. The Transactions 
has become a chief source of infor¬ 
mation on the latest technical devel¬ 
opments in the field of broadcast and 
television receivers. 

falàt tlhbcÄ 
Chairman, Professional Groups Committee 
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These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from f'aye 132 A) 

redly oxer the keys. The operator is, in 
effect, given a “multiple choice,” and se¬ 
lects a word from the first group displayed 
and punches that ke\ , registering the word 
in the system’s memory. Ihe belt advances 
toa new set oí words and another message 
i> selected. At the same time other infor¬ 
mation from the aircraft’s instruments is 
being recorded in the memory. On com¬ 
pleting the message the operator presses a 
“transmit” button and the message is auto¬ 
matically broadcast as maux times as de¬ 
sired. 

A weather report used as an example: 
The operator would punch a xxeather 

report key. Digikey would automatically 
transmit the aircraft’s tall letters and 
identification from the system’s memory, 
the plane’s position, heading and altitude 
as furnished by the ship’s instruments. 

Ihe keyboard would adxance to dis¬ 
play a selection of words to describe the 
nature of the xxeather such as moderate 
w inds, poor x isibilitx , electrical storm and 
the like. Ihe next display xvould describe 
precipitation, then cloud formation, the 
latter illustrated by pictograms, symbols 
illustrating the formations. 

One of I he applications of Digikey is its 
use with the Hughes-built long-range com¬ 
munication system, “I lacón,” now opera¬ 
tional xxith the 1. S. Air I'orce’s B-58 
Hustler supersonic bomber. 

Digikey and a digital conxerter allow 
I lacón to talk digits as xxell as voice. I he 
difficulty of communicating through heavy 
electrical interference is overcome by 
breaking up a message into a series of 
coded electrical pulses which are trans¬ 
mitted oxer several frequencies. Onix a 
few pulses need to get through for the re¬ 
ceiver to recognize the character trans¬ 
mitted. 

Information from a large number of air¬ 
craft can be fed directly into automatic 
command and control systems for data 
processing because there is no need to 
translate the digits into computer lan¬ 
guage. 

Section 
Meetings 

(Continued from l'âne 129 A) 

Los Angeles 
“The PERT System-Management by Com 

puter,” J. G. Sliney, Hughes Aircraft Co.: Presenta¬ 
tion of Fellow Awards; Presentation of Student 
Awards. 3/7/61. 

Lcbbock 

Joint Meeting with Student Branch & AIEE. 
3/13/61. 

Miami 

“Man in Space," G. M. Knauf, USAF, MC. 
2/27/6!. 

“The Space Program at Motorola." J. F. 
Byrne, Motorola. 3 ¿8 61. 

Mobile 

“World Wide Activities for Defense,” J. R 
Booth. Philco Corp. 

New Orleans 

“Latest Developments in Microwave Trans¬ 
mission. Transistors & Solar Batteries," Tom 
Mardis, Western Elec. Co. 3 16 61. 

North Carolina 

“Magnetic Proj>erties as Determined by Neu¬ 
tron Diffraction," T. J. Turner. Wake Forest Col¬ 
lege. 3/17/61. 

“Transistor Physics, Manufacturing & Cir¬ 
cuitry," W. F. Dimick, Kellogg Div. of IT&T. 
4 14/61. 

Northwest Florida 

“Communication System for Eglin Gulf Test 
Range,” J. .1. Schauble, Range Devel. Div., APGC. 
1/31/61. 

“Standardization of Semiconductor Devices,” 
Harold Champion, Martin Co. 2 28 61. 

“Orbital Behavior of Artificial Satellites." 
P. M. Fitzpatrick, Ballistic Branch, Eglin AFB. 
3/30/61. 

Oklahoma City 

“Electronic Weapons Systems—Key to De¬ 
fense," Harold Schutz, Westinghouse Elec. Co., 
Joint meeting with AIEE. 1/16/61. 

“Wave Motion," George Gibson, American 
Tele. Co., 2/13/61. 

“ Bioelect ronic Telemet ry System," M. C. 
Oviatt, FAA Civil Aeromedical Inst. 3/13/61. 

Omaha-Li ncoln 

“Contributions of Military Professional Soci¬ 
eties to Our National Security,” J. F. Byrne, 
Motorola, Inc. 3/17/61. 

Orlando 

“Satellite Communication System,” G. S. 
Shaw, Radiation. Inc. 2/22/61. 

“Electron Beam Parametric Amplifier.” Robert 
Adler, Zenith Radio Corp. 3/15/61. 

Ottawa 

Student’s Night Presentation of papers. 
2/9/61. 

“Electron Beam Parametric Amplifiers," F. 
Osborne & A. B. Cutting, Canadian Marconi Co. 
3/2/61. 

“Frequency Control Systems,” M. B. Bloch. 
Bulova Watch Co. 4/6/61 . 

Philadelphia 

“Project OZMA, A Search for Intelligent Life 
in Outer Space," F. D. Drake, National Radio 
Astronomy Observatory. 3/8/61. 

PRECISE, 
RELIABLE 
POWER 

SUPPLIES 
IN A WIDE 
CHOICE OF 
OUTPUT 
RANGES 

Optional 0.1% or 0.01% regulation: 

Three rack sizes: 8%” H, 5W H, and 
SV?" H. Impervious to operational 
damage: circuit protection is an in¬ 
herent function of input transformer 
and regulator characteristics. 

31/2" PANEL HEIGHT 

0.1% DC OUTPUT 0.01% 
REGULATION RANGE REGULATION 
MODELS VOLTS AMPS MODELS 

SM 14-7M 0-14 0-^ SM 14-7MX 
SM 36-5M 0-36 0-5 SM 36-15MX 

SM 75-2M 0-75 0-2 SM 75-2MX 

SM 160-1M 0-160 0-1 SM 160-1MX 

SM 325 0. 5M 0-325 0-0.5 SM 325-0.5MX 

51/4" PANEL HEIGHT 

SM 14-15M 

SM 36-10M 

SM 75 5M 

SM 160-2M 

SM 325-1M 

0-14 0-15 

0-36 0-10 

0-75 0-5 

0-160 0-2 

0-325 0-1 

SM 14-15MX 

SM 36-10MX 

SM 75-5MX 

SM 160 2MX 

SM 325-1 MX 

Portland 

“Silicon Photovoltaic Power Sources in Space 
Vehicles," Gerald L. Pearson, Stanford Univ. 
1/19/61. 

Report to Local High School Students on En¬ 
gineering as a Profession, Glen M. DeKraker. 
Sangamo Elec. Co. 2 22 '61. 

“A Career of Opportunity," Panel Discussion: 
D. C. Strain, Cullen Macpherson, Francis McCann. 
Tektronix, Inc. 2/25 61. 

“Ferromagnetism & Ferromagnetic Domains,' 
J. K. Galt, Bell Tele. Labs. 3/16'61. 

Princeton 

“An Implantable Cardiac Pacemaker," Wilson 
Greatbach, Wilson Greatbach, Inc. 2/9'61. 

QCEBEC 

“Hydro-Quebec Communication Systems,” 
J. P. Geuvremont, Quebec Power Co. 3 13 '61. 

Regina (Canada) 

“The Communication Aspects of the Power 
Sub-Station Control," Harold Kaldor. Saskatche¬ 
wan Power Corp. 11 22 60. 

(Continued < n l'âne 136A) 

83/4" PANEL HEIGHT 

SM 14 30M 

SM 36 15M 

SM 75-8M 

SM 160-4M 

SM 325-2M 

0-14 0-30 

0-36 0-15 
0-75 0-8 
0-160 0-4 

0-325 0-2 

SM 14-30MX 

SM 36-5MX 

SM 75-8MX 

SM 160-4MX 

SM 325-2MX 

FOR COMPLETE SPECIFICATIONS 
ON MORE THAN 175 STANDARD 
MODEL POWER SUPPLIES, SEND 
FOR KEPCO CATALOG B-611. 

131-42 SANFORD AVENUE 

FLUSHING 52, N. Y. 
IN 1-7000 • TWX #NY4-5196 
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INCREASE 
RELIABILITY 
with 
Harman-Kardon encapsulated 
digital logic modules... 
proven components. ..proven 
circuits... proven packaging 

These fully encapsulated modules 
offer increased reliabi lity- afford a 
high density, fully protected pack¬ 
age with better heat dissipation. 
And, you will find the cost competi¬ 
tive with open card construction. 

The modularized Series 200 logic cir¬ 
cuits are available now-from stock 
— in a variety of logic configurations 
for operation up to 250 Kc. Higher 
speed units, too, are on the way! 

The application engineering staff of 
the Data Systems Division stands 
ready to serve you in the implemen¬ 
tation of your system block diagrams. 

Data Systems Division 

INCORPORATED 

Plainview, N.Y. 

Section 
Meetings 

(Continued from page 135A) 

Rochester 

“Generation of Electric Power in Outer Space.’ 
H. W. Paige. GE Co. 3/9/61. 

Salt Lake City 

“Instrument System at Marquardt," Don 
Ord, Marquardt Jet Lab.; Film: “Ram Jet En¬ 
gines’ & “Capabilities of Marquardt Test Facil¬ 
ities.’ 2/9/61. 

“Synchronized Sampling of Repetitive Wave 
Forms,’ R. C. Woodbury, Brigham Young Univ. 
3/9/61. 

“Microwave Power Tubes’ (Illustrated I^ec-
ture), C. W. Carnahan, Varian Assocs. 3/30 61. 

“130th Aircraft Control & Warning Squadron 
Group Activities," William Evans, Utah Air Na¬ 
tional Guard; Tour oí Utah Air National Guard 
Base. 4/13/61. 

San Diego 

“Doppler Navigation," C. N. Bates. Ryan Elec 
tronics. 4 5 61. 

Schenectady 

“Chemical Plants & Processes; a Challenge lor 
Control Engineering," Walerian Kipinak, MIT. 

I 2 14 61. 
“Space Telemetry,” Conrad Hoeppner, Radia-

! tion, Inc. 3 14 61 . 

Si I REV El ’<>R I 

Student Award Presentation: Joint meeting 
with Louisiana Tech AIFF. Shreveport A1EE and 

, Monroe AI EE. 3 14 61. 
“Instrumentation is Medicine," L. A. Geddes, 

I Baylor Schoo! of Medicine. 4 4 61. 

Syraci se 

“Early Days of Radio and the Events Leading 
! up to the Formation of the Syracuse Section," 

C. A. Priest, Onondaga Pottery Co.; Election of 
Officers. 3/16/61. 

“Ultrasonic Navigation & Detection Systems 
of Bats & Moths." Kenneth Roeder, Tufts Univ. 
3 20 61. 

Tucson 

“Performance of Tiros I,” A. Schnapt, RCA. 
I 3/17/61. 

Twin ('hies 

“Multi-Computer Systems," George Chapin. 
Remington Rand Uni vac. 2 22 61. 

Vancouver 

“Surveillance Radar,” W. K. Newton, Van¬ 
couver Airport. 3 20/61. 

Virginia 

“Satellites as Navigational Aids," J. L. Loeb, 
U. S. Navy. 2/24/61. 

“Digital Communications, Future Techniques 
for Strategic Air Command," G. A. Kious, E. J. 
Brauner, II. C. Drehr, GE Co. 3 10 61. 

“Digital Tropospheric Scatter." J. R. Poppe, 
GE Co. 3/17/61. 

Washing ion 

“Peaceful Co-existence of Engi leers & Writ¬ 
ers,” A. G. Norris, Vitro Engrg. Co. 3 17 61. 

Western Massachusetts 

“Use of Electronics in Crime Detection,” R. 
Millen. FBI. 4 5 61. 

sf US ECT IONS 

Buenaventura 

“The Molecular Electronics Approach to 
Micro miniaturization,” W. B. Hngle, Westing 
house Elec. Corp. 3 8 61. 

Eastern North Carolina 

“The Nike Zeus Story,” F. E. Nimmcke, Bell 
Tele. Labs. 3/10/61. 

Fairfield County 

“Micro Module Construction and Use,” V. J. 
De Fillipo, RCA; Election of Officers. 10/20 60. 

“Microwave Modulation of Light," Nicolaas 
Bloembergen, Harvard Univ. 11/17 60. 

Field trip to Indian Point Atomic Reactor. 
12 10 60. 

“Dystac Computer by Fast Repetitive Opera 
tion of Analog Computers,” Irwin West. Computer 
Systems. Inc. 2/28/61. 

Lancaster 

“The Challenge of The Deep," B. F. McMa 
lion. RCA. 2 '28/61. 

“Scientific Aids to Crime Detection," R. L 
Millen, FBI. 3 28/61. 

Lehigh Valley 

“Recent Advances in the Development ot Mini¬ 
ature Electron Tubes," J. E. Beggs, GE Res. Labs. 
2/15/61. 

“Electronics in the Steel Mill." A. C. ( hamber 
lin, Bethlehem Steel Co. 3/22/61. 

Memphis 

Tour of AT&T Plant. 3/27 61. 

Mid Hudson 

“Electronic Switching Systems" A Discus 
sion of Installation at Morris, III., B. J. \okelson. 
Bell Tele. Lab. 3 16 61. 

“Scientific Techniques of Criminal Investiga 
tion," I. W. Conrad, FBI; Election ot Officers 
4 18 61. 

Orange Belt 

“Around the World in ‘X) Minutes—Project 
Mercury," E. R. Hinz, Convair Astronautic Div.. 
General Dynamics Corp. 3 21 61. 

Palm Beach 

“Air Traffic Control," General Queseda, USAF, 
(ret.) 2/23/61. 

Plant Tour of Franklin Systems, M. ( ohen 
Franklin Systems. 3/21/61. 

Panama City 

“The Technical Education Program at Gull 
Coast Jr. College," Richard Morley, Gulf Coast Jr. 
College. 3/30/61. 

“A Miniaturized Radio Transmitter for Loca 
tion Purposes," C. D. Canfield, Seattle Devel. Lab. 
4/13/61. 

San Fernando Valley 

“Exploration of the Moon," Richard Davies 
Jet Propulsion Lab. 3/15/61. 

Santa Ana 

“Oceanography—Hole in the Noosphere. 
David Heebner, Hughes Aircraft Co. 2/21/61. 

“Bionics—Promise or Menace?”, Frank Rosen 
blatt, Cornell Aeronautical Lab. 3/7 61. 

Santa Barbara 

“Tunnel Diode Applications,” Victor Van-
Duzer, Hewlett-Packard. 2/24 ,'61. 

“National Security & Arms Control," Richard 
Raymond, GE Tempo. 3/8,61. 

Westchester 

Field Trip—Indian Point. 3/18/61. 

Western North Carolina 

Color Films- “Seconds for Survival’ and 
“Project Echo"; Election of Officers. 12/9,60. 

“Radio Aids to Navigation,” W. B. Daniels, 
Federal Aviation Authority. Douglas Airport. 
3/24 61. 

136A WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE IRE June, 1961 



LAMBDA 
Convection Cooled 

Transistorized Regulated Power Supplies 

SPECIAL FEATURES 

LA SERIES 
0- 34 VDC 
0- 34 VDC 
0- 34 VDC 

5 AMP 
10 AMP 
20 AMP 

20- 105 VDC 2 AMP 
20-105 VDC 4 AMP 
20-105 VDC 8 AMP 

0.8 AMP 
1.5 AMP 
3 AMP 

75-330 VDC 
75-330 VDC 
75-330 VDC 

• Convection Cooled—No internal blowers 
• Ambient 50 C 
• No Voltage Spikes or overshoot on “turn 
on, turn off,” or power failure 
• Short Circuit Proof 
• Guaranteed 5 years 

• Remote programming over Vernier band 
• Hermetically-sealed transformer designed 
to MIL-T-27A 
• Easy Service Access 
• Constant Current Operation—Consult Fac¬ 
tory 

CONDENSED DATA 

DC OUTPUT (Regulated for line and load) 

Mode! 

LA 50-03A 
LA100-03A 
LA200-03A 
LA 20-05A 
LA 40-05A 
LA 80-05A 
LA 8-08A 
LA 15-08 A 
LA 30-08A 

Voltage Range 11 ' Vernier Band ,2 ' Current Range 

0- 34 VDC 
0- 34 VDC 
0- 34 VDC 

20-105 VDC 
20-105 VDC 
20-105 VDC 
75-330 VDC 
75-330 VDC 
75-330 VDC 

4 V 0-5 
4 V 0-10 
4 V 0-20 
10 V 0- 2 
10 V 0-4 
10 V 0-8 

Price I4* 

AMP S 395 
AMP 510 
AMP 795 
AMP 350 
AMP 495 
AMP 780 

30 V 0- 0.8 AMP 395 
30 V 0- 1.5 AMP 560 
30 V 0-3 AMP 860 

(1) The DC output voltage for each model is completely covered by four selector 
switches plus vernier range. 

(2) Center of vernier band may be set at any of 16 points throughout voltage range. 

(3) Current rating applies over entire voltage range. 

(4) Prices are for unmetered models. For metered models add the suffix “M" and 
add $30.00 to the price. 

Regulation (line) . Less than 0.05 per cent or 8 millivolts 
(whichever is greater). For input varia¬ 
tions from 100-130 VAC. 

Regulation (load) Less than 0.10 per cent or 15 millivolts 
(whichever is greater). For load varia¬ 
tions from 0 to full load. 

Ripple and Noise . Less than 1 millivolt rms with either 
terminal grounded. 

Less than 0.025%/°C. 
Temperature 
Coefficient . . 

AC INPUT 100-130 VAC, 60 * 0.3 cycled) 

(5) This frequency band amply covers standard commercial power line tolerance» 
in the United States and Canada. For operation over wider frequency band, con» 
suit factory. 

Size 
LA 5O-O3A, LA20-05A, LA 8-08A 
LA100-03A, LA40-05A. LA15-08A 
LA200-03A, LA80-05A, LA30-08A 

3^" H X 19" W X 14H* D 
7" H X 19" W X 14K" D 
10^" Il X 19" W X 16M" D 

Send for new Lambda Catalog 61 
UAiia 

CORP. 

516 BROAD HOLLOW ROAD. HUNTINGTON. L. I.. NEW YORK 616 MYRTLE 4-4200 
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IRE People^ 

(Continued fn-ni l'âne 79 A) 

George F. Houlroyd A M’55), for¬ 
merly plant in. i nager, has been elected 
\ ice President Manufacturing for Foto-
Video Electronics, 
Inc., Cedar Grove, 
\. J., according to 
a recent announce¬ 
ment. 

From 1949, un¬ 
til he joined the 
stall of I- oto-Video 
in 1959. he served 
as plant manager 
for Boonton Radio 
Corporation, where 
he advanced tech¬ 
niques for the man-

G. F. Houlroyd 

ufacture of electronic instruments. During 
this period he also instituted safety proce¬ 
dures that won recognition for the com¬ 
pany through awards by the Liberty Mu¬ 
tual Insurance Company and the New Jer¬ 
sey Department of Labor and Industry. 

Since joining Foto-Video Electronics, 
he has instituted and directed many pro¬ 
duction improvements. Notable among 
these have been the application of produc¬ 
tion equipment and techniques that have 
great ly increased production capacity and 
worker efficiency. 

He began his career in the production of 
electronic equipment when he joined the 

staff of Hardwick-Hindle, Inc., as a fore¬ 
man of resistor manufacturing in 1927. 
Eight years later he became plant superin¬ 
tendent and foreman for Foote- Pierson and 
Company, Inc., w here he specialized in the 
production of precision gaging for elec¬ 
tronic products and instruments. 

Mr. Houlroyd isa director oí the Boon¬ 
ton, N. J., Safety Council and Boonton 
Evening Adult Education. 

Stephen J. Jairas (M’52 SM’60), who 
had been guiding the expansion of the 
Avionics and Industrial Products Division 
of Lockheed Elec¬ 
tronics Company 
for nearly a year 
as Acting General 
Manager, has been 
named General Man-
ager of that Divi¬ 
sion and Vice Presi¬ 
dent of Lockheed 
Electronics Com¬ 
pany. 

I'he Avionics and 
I ndustrial Products 
Division is respon* 

S. J. Jairas 

sible for the development and production 
of quality electronic components for in¬ 
dustry and the military. 

Mr. Jairas, who joined the Lockheed 
organization in 1956, has held several engi¬ 
neering and administrative positions with 
Lockheed’s Missiles and Space Division 
and the former Lockheed Electronics and 
Avionics Division, from which LEC’s 

with the Vierling Z-800/1 DIRECTREADING IMPEDANCE METER 

YOU HAVE Z-C-L" 
IN THE PALM f 
OF YOUR HANDi 
Permits the direct 
measurement of the absolute 
values of any apparent 
resistance in the range from 
0.3 ohms to 1 megohm 
(readable to 3 meg). The 
measuring frequency is 
800 cps (w=2^f=5000). 
In this manner it is easy to 
transpose these 
impedance values 
into capacitance 
and inductance 
values. 

2 IMPEDANCE 

G CAPACITANCE 

I" INDUCTANCE 

GOTHAM AUDIO CO R P O R AT I O N 

2 W, 46 St., New York 36. N.Y. (212) CO 5-4111 • 1710 N. La Brea. Hollywood 28. Cal. (213) HO 5-4111 
Gotham Audio Div IN CANADA A T R Armstrong Ltd . 700 Western Rd Toronto. Ontario 

FOR COMPLETE INFORMATION WRITE TO: 

Avionics and Industrial Products Division 
was organized. 

Before coming to Lockheed, he was as¬ 
sociated with Midwestern instruments in 
Tulsa, Okla., where he served as Vice Presi¬ 
dent and Chief Engineer, lie was gradu¬ 
ated from the Carnegie Institute of Tech¬ 
nology, Pittsburgh, Pa., with the B.S. de¬ 
gree in electrical engineering and received 
the M.S. degree in electrical engineering 
from the Massachusetts Institute of Tech¬ 
nology, Cambridge. In 1958, he was ap¬ 
pointed a Sloane Fellow at the Stanford 
University Graduate School of Business. 

Calif., sales office. 
His sales territory 
includes southern 
California, Arizona, 
and southern Ne¬ 
vada. 

J. If. Johnson 

He was previ¬ 
ously Chief Project 
Engineer with Ling 
Electronics, a de¬ 
sign engineer with 
Hughes Aircraft Company and the Gen¬ 
eral Electric Company. He received the 
B.S. degree in electrical engineering from 
Mississippi State College, in State College. 

James H. Johnson (M'58) has joined 
Eitel-McCullough, Inc., as a senior sales 
engineer, according to a recent announce¬ 
ment. He has been 
assigned to the com¬ 
pany's Los Angeles, 

Allen H. Kaltman (A'60) has been ap¬ 
pointed a Senior Member of the Product 
and Market Planning Staff, Auerbach 
Electronics Corporation, Philadelphia, Pa., 
and New York, N. Y. He will conduct his 
activity from the New York offices of the 
corporation where he is engaged in studies 
of competitive developments in data proc¬ 
essing utilization in several industry and 
market segments. He is also working on 
diversification programs for major manu¬ 
facturers in the electronics field and is de¬ 
veloping marketing requirements for high¬ 
speed digital building blocks, input-output 
equipment, and other electronic data proc¬ 
essing equipments. 

He has had many years of experience in 
product and market planning. He was for-

I merly Vice President of Charles Roberts 
Associates, Inc., an industrial marketing 

i consulting firm, and Research Director of 
the New York World Telegram and Sun. 

I He has conducted extensive studies involv-
I ing the needs for supervisory control sys¬ 

tems, identifying market opportunities for 
their utilization. He has performed market 

I evaluations of a wide variety of electrical 
I and electronic devices and components, 
and has evaluated product lines of sophisti¬ 
cated electronic equipment. 

Mr. Kaltman received the Bachelor of 
i Science degree in Economics and Statistics 
from Rutgers University, New Brunswick, 
N. J. He is a member of the American Sta¬ 
tistical Association and the American Mar¬ 
keting Association. 

(Continued on l'âge 140A) 

138A WHEN WRITING TO ADVERTISERS PLEASE MENTION— PROCEEDINGS OF THE IRE June, 1961 



FABRICATING 
MICROMODULES 

TO MOBILE ROOMS 
Magnetic Shields Custom Fabricated to Any Size or Shape 

The industry’s widest range of production facilities ... in 3 factories: 

PRESS FORMING AND DRAWING • HYDROFORMING 

•SPINNING • HAND FABRICATION OF PROTOTYPES 

Already Tooled for Samples or Production 

• Simple designs to elaborate 
complexes. 

• Single or multiple laminae 
constructions. 

ALSO AVAILABLE 

• Micromodule size to a com¬ 
pletely prefabricated mobile 
shielded room weighing 5 
tons which can be trans¬ 
ported anywhere — an 
achievement unique with 
Magnetic Shield Division. *j* 

• Processed stock for fabrication in your own plant. 
• Co-operative design facilities. 

Use this SINGLE CONVENIENT SOURCE for all magnetic 
shielding requirements. Saves you countless design hours . . . helps 
speed your project . . . lowers your costs. 
We recommend NETIC and CO-NETIC magnetic shielding mate¬ 

rials because they are non-shock sensitive, non-retentive, do not 
require periodic annealing and provide completely effective shield¬ 
ing for optimum results. 
NETIC and CO-NETIC are widely specified for satellite, missile, 

protecting recording tapes, data processing and for innumerable 
other military, scientific and laboratory applications as well as for 
commercial applications. 

PHONE YOUR NEAREST SALES OFFICE TODAY: 

BALTIMORE, MARYLAND 
HCpk ns 7-3766 

UNICN CITY, NEW JERSEY 
UNion 4-9577 

MERIDEN, CONNECTICUT 
BEverly 7-9232 

MIAMI. FLORIDA 
Highland 4-1118 

WEST MOUNT, MONTREAL, 
QUEBEC 

WEIIington 7-1167 

DALLAS, TEXAS 
FLeetwood 1-1615 

LOS ANGELES. CALIFORNIA 
WEbster 1-1041 

PALO ALTO, CALIFORNIA 
DAvenport 1-5064 

SAN D EGO, CALIFORNIA 
ACademy 4-1717 

SEATTLE, WASHINGTON 
EAst 3-8545 

PHOENIX. ARIZONA 
AMhurst 4-4934 

HOUSTON. TEXAS 
HOmestead 5-7780 

* 

MAGNETIC SHIELD DIVISION 
Perfection Mica Company 

1322 N. ELSTON AVENUE, CHICAGO 22, ILLINOIS 

ORIGINATORS OF PERMANENTLY EFFECTIVE NETIC CO-NETIC MAGNETIC SHIELDING 

combination of 
hand fabrication, 
spinning and sizing. 

Data storage tube 
shield, hydroform 
or spinning, plus 
hand fabrication. 

Large fabricated 
special structure 
(shaker table 
shield), approx. 
60" dia. and 
57" high. 

Tape preserver 
can be spun, 
hydroformed or 
punch press 
fabricated. 

Composite photo 
demonstrating that 
magnetic shielding 
qualities of NETIC 
alloy material are not 
affected by vibration, 
shock, (including 
dropping), etc. 

Micro miniature 
shield and cover, 
punch press 
operation. 

Backward wave 
tube shield 
assembly design, 
involving hand 
fabrication and 
hydroform or 
spinning. 

Special purpose 
shield, hand 
fabrication 
(levitated gyro). 

Complex 
configuration 
multi-lamina 
shield, 
hydroformed. 

Sequence of 
shield cans, 
punch press or 
spinning. 
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in telemetry systems management 
The ascendant position of Vitro Electronics in telemetry systems manage¬ 
ment and products stems from the facilities, experience, and talent it 
takes to produce on time. Vitro telemetry capability is demonstrated 
daily down the AMR and PMR ranges. Management versatility is reflected 
in our ground, mobile, shipboard, airborne, and space operations around 
the globe. ■ This specialty of Vitro’s trusted electronic competence is 
founded on long and familiar experience in the functions of telemetry 
conception, design, engineering, procurement, production, testing, and 
installation. Where the utmost in exacting telemetry systems performance 
is demanded — Vitro is at work. 
Outstanding opportunities for telemetry systems, RF and advanced development engineers. 

tfifro EiEcr/towcs A DIVISION OF VITRO CORPORATION OF AMERICA 
PRODUCERS OF NEMS-CLARKE EQUIPMENT 

919 JESUP-BLAIR DRIVE, SILVER SPRING. MARYLAND / 2301 PONTIUS AVENUE, LOS ANGELES 64. CALIFORNIA 

See VITRO exhibits at AFCEA Show, Booths 71, 72, Sheraton Park Hotel, Washington, D. C. 
.. . and at MIL-E-CON Show, Booth 125, Shoreham Hotel, Washington, D. C. 

A IRE People^ 

(Continued from page 138 A) 

Frederick R. Lack (A’20 I '37 ) has been 
named to the newly created post of Senior 
Vice President in charge of research of the 
Sprague Electric 
Company, it was 
announced by R. C. 
Sprague, (hairman 
of the board and 
chief executive of¬ 
ficer. 

He has been a 
Sprague director 
since 1959, soon 
after his retirement 
as Vice President 
and Director of the Lack 
Western Electric 
Company, manufacturingarm of the Amer¬ 
ican Telephone and Telegraph Compan v. 
He had been associated with the Bell S\>-
tem since 1911. 

In June, 1959, he received the Medal of 
Honor of the Electronic Industries Associa¬ 
tion for his many contributions to progress 
in the electronics industry. He has also 
served as president of the American Stand¬ 
ards Association and was director of the 
Army-Na\ y Electronics Pnxluction Agency 
fora period during World War II. 

Mr. Lack has served two terms as a 
Director of the IRE. I Ie is also a member 
of the American Institute of Electrical En¬ 
gineers, the American Association for the 
Advancement of Science, the American 
Physical Society, and the Harvard Engi¬ 
neering Society. 

I'he appointment 
tagne (M’47-SM’56) 
ager of the Waltham 
vania Electronic' 
Systems, a division 
of Sylvania Electric 
Produc ts, Inc., has 
been announced. 

Prior to joining 
Sylvania, he was 
manager of market¬ 
ing of the Missile* 
Electronic and Con¬ 
trol Division, Ra¬ 
dio Corporation of 
America, Burling¬ 
ton, Mass. Earlier, 

of Ralph S. LaMon-
as Marketing Man-
Laboratories of Syl-

R. S. L a Mom \(.m: 

he served in the same capacity for RCA ’s 
Airborne Systems Department, Moores¬ 
town, N.J. 

The Waltham Laboratories includes 
four major laboratories—the advanced de¬ 
velopment laboratory, systems engineering 
laboratory, microwave & antenna labora¬ 
tory and equipment engineering labora tory. 
Programs within the laboratories are in the 
areas of detection, tracking and defensiv e 
missile systems, electronic warfare systems, 
support systems, and related military elec¬ 
tronics equipments, componentsand st tidy 
programs. 

From 1942 to 1956, Mr. LaMontagne 
served with the U. S. Air Force. During 
this period, he was chief of Aircraft Con-

( Continued on page 1J2A) 
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HONEYWELL 
PERFORMANCE 

PROCEEDINGS OE THE IRE June, 1961 

The shot has been made. Instruments and astronaut performed perfectly. We at Honeywell 
^V^B Precision Meters are proud of the part we were able to play in America's first manned space 
^K^B flight. Components for Project Mercury’s all-important manual and automatic re entry equip-

ment were designed and produced by the creative engineers on our staff. Facts gathered on 
_— — J J  the Mercury shot will help perfect mechanisms for later, more ambitious explorations of our 

universe. Perhaps the proven ability of Honeywell engineers can help you do a 
ff job better. Just get in touch with our representative in your area, he’s listed in the 
"" classified pages of your telephone directory. Or contact us: PRECISION METER 

^B ̂ B ^B DIVISION, Minneapolis-Honeywell Regulator Co., -g-g 
K K K  Manchester, N. H., U. S. A. In Canada, Honeywell IlOIieVWeil 
K K B  Controls Ltd., Toronto 17, Ont. Honeywell Inter-

M national Sales and service offices in ail principal cities 
^B ^B of the world. 



SENSITIVE RESEARCH 

CONSOLES 
Model LTC-1 

A Model LT-PS-1 isa highly stable 
(.01%), variable frequency (20 
cps. -20 kc.), low distortitfn 
(.1%), AC source designed for 
use with LTC-1 console. 

Price $3,450.00 

The OJily AC and DC calibra¬ 
tion console to offer these ad¬ 
vantages! 
• Accuracy: ±.05% of reading 
• Frequency Response: DC to 

25 kc. 
• Current Range: 1 ma. to 

11.11 amps 
• Voltage Range: .5 V. to lili V. 
• Readout directly in “% 

Error.” 
• Thermocouple Overload Pro¬ 

tection 
• Self-contained for one man 

operation. 
Price $5,560.00 

NSTRUMENTS 

Model RFVC 

RADIO FREQUENCY CALIBRA¬ 
TOR for the certification of 
VTVM’s from DC to 10 me. 
Accuracy ±.3% of full scale; 
±.2% maximum frequency in¬ 
fluence. Ranges .01/.1/1/3 V. 
Responds to true RMS. Com¬ 
pletely "Self Checking" against 
an internal reference source 
Diamond Pivoted, of course! 

Price $840.00 

SENSITIVE 
RESEARCH 
INSTRUMENT CORPORATION 
NEW ROCHELLE. N.Y. 

IRE

(Continued front (age 140/1) 

trol and Warning Branch, Washington, 
D. C., and earlier deputy chief of staff, 
Communications and Electronics of the 
Alaskan Air Command, Anchorage, Alaska. 

I Ie is a graduate of the University of 
Maryland, College Park, with the bache¬ 
lor's degree in military science. He has also 
attended Massachusetts Institute of Tech¬ 
nology, Cambridge, and Boston Univer¬ 
sity, Boston, Mass. He is a member of the 
board of governors of the Lexington-Con¬ 
cord (Mass.) chapter of the Armed Forces 
Communications and Electronics Associa¬ 
tion, Air Force Association, and Associa¬ 
tion of the United States Army. 

Rese Engineering, Inc., of Philadelphia. 
Pa., electronic manufacturers supplying di¬ 
gital and magnetics systems and equip¬ 
ments to the EDP 
market, has recent ly 
announced the open¬ 
ing of their new 
West Coast facility. 
Located in Gardena, 
Calif., it encom¬ 
passes laboratories 
and offices, and will 
serve to anchor en¬ 
gineering and cus¬ 
tomer service ac¬ 
tivities in West 
Coast markets. 

Appointed as Manager of the West 
Coast operations is Don N. Lee (A’53), 
who will also direct product line develop¬ 
ment for the firm’s new line of fast pulse 
generators. Recognized as an expert in the 
data processing and circuit design areas, he 
brings a solid engineering and management 
background to his new post. 

Formerly Senior Staff Engineer with 
Computer Products Division of Ampex 
Corporation of Los Angeles, Calif., he par¬ 
ticipated in the development of the first 
high speed transistorized large capacity 
memory. His earlier experience includes 
activities with Telemetering Corporation 
of America, Sepulveda, Calif., as Senior 
Circuit Design Engineer; with XCR de¬ 
signing memory circuits for airborne com¬ 
puters; with Bendix Aviation’s Computer 
Division designing one of the first mem¬ 
ories using transistorized drivers; and, 
initially, with RCA participating in design 
of the B1ZMAC computer. 

A graduate of the University of South¬ 
ern California, holding the B.S. degree in 
electrical engineering, Mr. Lee served with 
the U. S. Air Force as a radio and radar 
instructor. He is the originator of five 
patent applications relating to memory 
and telemetry developments. 

The appointment of James R. Pepper 
(M’59) as production engineer for Micro¬ 
wave Electronics Corporation, Palo Alto, 
Calif., has been announced. 

Hecame to Microwave Electronics from 

General Electric Company at Milwaukee, 
\\ is., where he was a project engineer in 
the X-Ray Department. Previously he was 
a production engineer with Sylvania Elec¬ 
tric Products Microwave Tube Laboratory 
at Mountain View, Calif. 

A specialist in the design and produc¬ 
tion of electronic tubes, he is a graduate of 
the University of Minnesota, Minneapolis. 
He has taken advanced studies in micro¬ 
wave radiation and transmission at UCLA 
and in engineering heat transfer at the 
University of Wisconsin, Madison. 

Mr. Pepper has had military service 
with the Army Signal Corps and has held 
a reserve officer commission. 

T. L. Taggart. Senior Vice President of 
Ampex Corporation, has announced the 
appointment of Meyer Leifer (A’46-
M’48-SM’50-F’55) 
as Chief Engineer 
of the Ampex In¬ 
strumentation Prod¬ 
ucts Company, Red¬ 
wood, Calif., manu¬ 
facturers of mag¬ 
netic tape recorders 
for business, space 
technology, defense, 
and scientific re¬ 
search. 

I Ie joins Ampex 
after a fourteen 
year association with Sylvania, where his 
latest position was General Manager of 
Microwave Device Operations. Credited 
with a number of engineering innovations, 
Mr. Leifer is Chairman of the San Fran¬ 
cisco Section of the IRE, and a member of 
Sigma Xi, the Research Society of Amer¬ 
ica, Pi Mu Epsilon, and Pi Sigma Pi. 

M. Leifer 

Max A. Lowy (S’51-A’51-M’56-SM’57) 
nationally-recognized authority on telem¬ 
etry systems, has been named Manager of 
Systems Integra¬ 
tion for Guitón In¬ 
dustries, Inc. 

He has broad ex¬ 
perience with major 
missile programs in 
the areas of instru¬ 
mentation and te¬ 
lemetry and he will 
be responsible for 
coordinating and in¬ 
tegrating the work 
of Gulton’s eleven 
domestic divisions 
in the engineering of complete systems tor 
the Corporation. I Ie will report to the Vice 
President of the company. 

The new group under his direction will 
produce integrated engineered systems on 
the basis of the company’s technical posi¬ 
tion in the areas of materials research, 
component and transducer design, power 
supply and conversion systems, instru¬ 
mentation, data reduction, analysis and 
programming and telemetry systems. 

He has been associated with Data Con¬ 
trol Systems in Danbury, Conn., Space 
Technology Laboratories in Los Angeles, 
Calif., and the Jet Propulsion Laboratory 

M. A. Lowy 

(Continued on page 146A) 
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VARIAN RUBIDIUM FREQUENCY STANDARD 
• Long-term stability —2 parts in 10 10

• Short-term stability —3 parts in IO 11

• High reliability for operational use 

Time . . . accurate to the tenth order of magnitude ... is now available from a newly practical and reliable 
source — paving the way for new advances in navigation, tracking, and communications systems. Also, the 
instrument is a suitable, precise calibration standard for makers of frequency systems and devices. 
Working on the principles of optical pumping and transmission monitoring, the rubidium standard is 

recommended for continuous year-after-year operation. The heart of the system consists of two ultra-reliable elements: a long-life 
rubidium lamp and an all-glass rubidium vapor absorption cell. Design emphasis is on dependability throughout. 
Each absorption cell is manufactured to a customer-selected time scale, i.e. Ephemeris Time (A.l) or the current standard fre¬ 
quency broadcast offset of 150 parts in 10"' relative to A. 1. Cells at more than one frequency can be supplied with each instrument. 
Fine tuning affords time scale flexibility and extremely precise time synchronization for navigation or communications systems. 
Mobile use is highly feasible. The instrument requires only 110 watts of power and is designed for standby battery operation. It 
weighs 130 pounds and occupies a volume of only four cubic feet. 

Complete nformation is available: write INSTRUMENT DIVISION 



these 
5 lbs. 

carry weight 
where electronics 

purchasing 
decisions 
are made 

The Institute of Radio I ngineers 

ive Lifting 
and Hrod 

A Compraba 
Manufactura, 

Referred to regularly 
«sQSP'C^ 

JOB APPLICATION most frequently 
fOSO/Q*. 

JOB APPLICATION 

"’° WAT'**° 

considered most helpful 

by 74,000 engineers, buyers, and manufacturers. 

Closes July 15th. 

You can't afford to stay out! Adv. Dept., 72 West 45th Street, New York 36. MU 2-6606 

To be in, write or call: 
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fast, direct-reading, easy-to-use 

PANORAMIC LP-1a 
SONIC SPECTRUM ANALYZER 

20 cps-22.5 kc. 
"Coast-down" analysis of Gyro Motor by Model LP-la Spectrum 
Analyzer. Area A shows decreasing fundamental frequency, 
resonant rise and cecay, and vibration components over 60 
successive scans in one minute. 

HIGHLIGHT FEATURES: 
• 1-sec. “quick-look” at entire spectrum (40 cps— 20 Kc) 

The Model LP-la quick-look" helps locate and evaluate discrete 
or random signals faster and easier by scanning the entire spectrum 
logarithmically from 40 cps to 20 Kc. Once every second it auto¬ 
matically separates, measures and plots the frequency and voltage 
of waveform components on the calibrated X and Y axes, respec¬ 
tively, of a long persistence 5" CRT. 

For very detailed analysis, linear segments 40 to 5000 cps wide, 
centeroble between 0 and 20 kc, may be magnified on the screen. 

Amplitude ratios of up to 40 db con be simultaneously measured. 

High sampling rate and panoramic displays assure 

1 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. 

A Continuous analysis of rapid changes in spectral content or 
design parameters. 

Proved in hundreds of research, design and production installations, 
the LP-la is a valuable tool for Noise and Vibration analysis. 
Harmonic and IM measurements. • General waveform studies. • 
Power Spectral Density analysis. • Response Curve Tracing. 

SUMMARY OF SPECIFICATIONS: 
Frequency Range: 20 cps— 22.5 Kc. 

(1) Preset linear frequency scans: any segment width of 200, 
1000, 5000 cps centeroble from 0-20 Kc: Variable from 40 
cps to 5000 cps with Auxiliary Function Unit C. 

(2) 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 db) 

Sensitivity: 500 |Xv to 500 v for full scale ¡near deflection 

Voltage Accuracy: Lin Sweep (40 cps— 22.5 Kc): ±5% or ±0.5 db. 
Log Sweep (40 cps— 20 Kc): ±10% on lin ampl. scale, 
±1.5 db on log cmpl. scale. 

Scan Rote: 1/sec., internally generated; adjustable with accessory 
equipments 

Resolution: For log scan, automatically optimized. For lin scan, 
preset 30, 75 and 170 cps at 200, 1000 and 5000 cps sweep¬ 
width, respectively. Variable from 10 cps to 1 Kc with Auxiliary 
Function Unit C. 

Formei ly Panoramic Radio Products. Inc. 

Panoramic 
ELECTRONICS, INC. 

• Magnified analysis on reduced sweep widths 

• Direct reading frequency— selective voltmeter 

• Exceptionally stable circuitry; better than 5 cps/hr. 

• Economical • Simple Operation 

Ask for Vols. I, 2 aid 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 

PANORAMIC ELECTRONICS, INC. 
522 South Fulton Avenue, Mount Vernon, N.Y. • Phone: OWens 9-4600 

TWX: MT V-N.Y.-5229 • Cobles: Ponoromic, Mount Vernon, N.Y. Stole 
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VLF PHASE 

COMPARATOR 
provides 1,000% better 
measurement accuracies 

This transistorized, self-contained 
Phase Comparator is the first low cost, 
complete system for precisely measur¬ 
ing the frequency difference between 
local equipment and local VLF stand¬ 
ard broadcast stations such as GBR, 
16 kc; NBA, 18 kc; WWVL, 20 kc. 

Accuracies better than one part in 
10’ with relative short measurements 
are possible —longer periods give con¬ 
siderably higher accuracies. Measure¬ 
ments may be permanently displayed 
on a strip-chart recorder. 

Takes only 3^" of panel space. 
Consumes just 10 watts of power. 
Operates from AC or DC. Provides for 
aural monitoring. Completely modular, 
ready accessibility, and designed to 
meet environmental requirements of 
MIL E16 400B. 

SPECIFICATIONS 
OSCILLATOR INPUT 

RF INPUT 

OUTPUTS 

POWER 
REQUIREMENTS 

SIZE 

100 kc, nominal, 0.5 to 5 
volts rms 

16 kc, 18 kc, or 20 kc 

Local oscillator phase 
change for strip-chart 
recording 

100 kc, 10 kc, and 1 kc 
derived from local oscillator 

1 kc audio for time 
measurements 

Operates from AC or DC. 
Provision for floating 
24-volt battery to maintain 
uninterrupted operation 
in event of primary 
power failure. 

X 19" rack panel. 
18" deep. Weight, net 
28 lbs., shipping 35 lbs. 

PRICE $1490.00 

send for complete literature 

SPECIFIC t

PRODUCTS 
21051 COSTANSO 
WOODLAND HILLS, CALIF. 
P. O. BOX 425 

pe°p|e4x 
; J i IW - WHWU tohu 

(Continued from page 142A) 

at the California Institute of Technology, 
Pasadena. He also has considerable experi¬ 
ence in industrial systems work. 

Mr. Lowy is a member of the executive 
committee of the National Telemetering 
Conference and chairman of its FM/FM 
Standards Subcommittee; a member of the 
Institute of Aeronautical Sciences’ ad¬ 
visory group on instrumentation; a mem¬ 
ber and past chairman of the American 
Rocket Society’s Communications Com¬ 
mittee, and presently a member of its 
Publications Committee. He holds the 
B.E.E. degree from Brooklyn Polytechnic 
Institute, Brooklyn, N. Y. 

Dr. Leonard S. Sheingold (S’47—A’51-
M’55-SM’55), Director of the Applied Re¬ 
search Laboratory of Sylvania Electric 
Products Inc., has 
been named Chief 
Scientist of the 
United States Air 
Force by General 
T. D. White, Air 
Force Chief of Staff. 

As Chief Scien¬ 
tist, he will have re¬ 
sponsibility for pro¬ 
viding technical ad¬ 
vice on Air Force 
plans, programs and 
requirements. The 
appointment of a Chief Scientist is made 
for a one-year period. 

He has served in his current position as 
Director of Sylvania’s Applied Research 
Laboratory since its establishment in 1956. 
The laboratory is the central research facil¬ 
ity for Sylvania Electronic Systems, a ma¬ 
jor division of the company with over-all 
responsibility for systems management of 
GT&E’s major government projects. 

He has held numerous active and ad-

L. S. Sheingold 

visory appointments to governmental sci¬ 
entific groups since affiliation with Sylvania 
in 1952. He has participated in studies in¬ 
volving air defense, penetration tactics, 
battlefield surveillance, and command and 
control systems. 

In September, 1958, he was appointed a 
member of the LI. S. Air Force Scientific 
Advisory Board by General White. He was 
re-appointed to that position in January, 
1960, for a period of three years. He is also 
a member of the Advisory Group on Elec¬ 
tronic Warfare in the Office of the Director 
of Defense Research and Engineering. 

Under his direction, the Applied Re¬ 
search Laboratory, located in Waltham, 
has been engaged in a variety of basic and 
applied research programs relating to elec¬ 
tronic systems. These programs are in the 
areas of communications, information proc¬ 
essing, radio physics, mathematics, engi¬ 
neering, operations research, and advanced 
system concepts. 

At the request of former Defense Secre¬ 
tary C. E. Wilson, Dr. Sheingold served as 
a member of the Defense Department’s 

Weapons Systems Evaluation Group dur¬ 
ing 1956, and until recently was a con¬ 
sultant to that group. In March, 1957, he 
served as chairman of the Ground Environ¬ 
ment Committee during a joint U. S.-
Canada meeting on penetration tactics at a 
Weapons Systems Evaluation Group sym¬ 
posium in Washington, D. C. 

During the summer of 1958, he was a 
consultant to the University of Michigan, 
Ann Arbor, and assisted in the preparation 
of a long-term combat surveillance re¬ 
search program. He has been a consultant 
in air defense to the Operations Research 
Office of the Johns Hopkins University, 
Baltimore, Md. 

He holds the Master of Arts and Doctor 
of Philosophy degrees in applied physics 
from Harvard University, Cambridge, 
Mass. Prior to joining Sylvania, he was an 
instructor at Syracuse University, Syra¬ 
cuse, N. Y., where he received the Bachelor 
of Science and Master of Science degrees in 
electrical engineering. 

A native of Boston, he is a member of 
Sigma Xi and Sigma Pi Sigma honorary 
societies, the American Physical Society, 
and the Anti-Submarine Warfare Com¬ 
mittee of the National Security Industrial 
Association. He has authored numerous 
papers in the areas of electromagnetic 
theory and microwave techniques. 

Dr. Sheingold served with the United 
States Army during World War II. 

William F. Utlaut (SM’55), a specialist 
in the use of radar techniques to study the 
ionosphere and upper atmosphere, has been 
appointed Chief of 
the National Bu¬ 
reau of Standards’ 
Section on High 
Frequency and Very T 
High Frequency Re- f j s»» 
search according to 
an announcement 
by Dr. F. W. Brown, 
Director of the N BS 
Boulder Labora- A ’ 
tories. This section 
is a part of the Ra- w - F - Utlaut 
dio Systems Divi¬ 
sion within the NBS Central Radio Propa¬ 
gation Laboratory. 

Since joining NBS in 1952 Mr. Utlaut’s 
studies have been concerned with increas¬ 
ing the understanding of the ionosphere 
and its effect upon radio waves. His efforts 
have ranged from the design of special elec¬ 
tronic equipment for radio research to 
theoretical studies of ionospheric propaga¬ 
tion. 

The wide scope of these studies is in¬ 
dicated by the programs currently being 
conducted under his direction. These in¬ 
clude research on radio systems for long 
distance communication circuits and for 
the detection of missiles and nuclear deto¬ 
nations, research on the scattering of VHF 
signals by one of the lower layers (D re¬ 
gion) of the ionosphere, and a study of 
whether or not lines of force in the earth's 
magnetic field could be used to bounce 
signals between the northern and southern 
hemispheres of the globe. 

The third program, being conducted in 
cooperation with R. M. Gallet of NBS, ac-

(Continued on page 148 A) 
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An NEC semiconductor device for every circuit application 

The range of semiconductor pro¬ 
ducts at NEC is perhaps the 
widest of any manufacturer. 
Entertainment or industrial, 
standard broadcast frequencies 
to microwave — NEC has a semi¬ 
conductor device with the ratings 
and characteristics for your ap¬ 
plication. There’s a wide selec¬ 
tion of current ratings, operating 
temperatures, and mountings. 

These are produced in NEC’s 

new semiconductor plant where 
crystal surfaces are cleaned by 
100 tons of hyper pure water 
daily. Every seal is tested in 
krypton isotopes, providing a 
failure rate suitable for the most 
critical applications. 
A single source for semiconduc¬ 
tors can mean a saving in time 
and costs. Just let NEC know 
your requirements and full tech¬ 
nical data will be sent. 

Types of NEC semiconductor devices 
• PNP super-grown Germanium transistors 
• Germanium photo transistors • PNP alloy 
junction Germanium transistors • Silicon 
Mesa transistors «Germanium Mesa tran¬ 
sistors • Germanium gold-bonded diodes 
• Silicon rectifiers • Silicon controllea rect -
fiers • Silicon capacitors • Zener diodes 
• Germanium point-contact mini-diodes 
• Silver-bonded diodes «Microwave mixer 
diodes • Silicon junction mini-diodes 

KeilQDIIITy The first NEC transistorized 
carrier telephone system was an NT & T 
installation in 1958 between Toyama and 
Takaoka, a distance of 15 miles. It consists 
of two terminal stations and a repeater 
station with 240 channels using 1,600 
transistors. 
During last 14,000 hours of operation 
transistor failure has caused only twochan-
nel faults. This corresponds to a failure 
rate of 0.009% per 1,000 hours. 

Communications Systems/ Electronic Components Nippon Electric Co.. Ltd. Tokyo, Japan 
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550 
FIFTH AVE. 
NEW YORK 
JUDSON 
6-4691 

AN/TPS-1D RADAR 
500kw. 1220-1359mcs. 1H0 nautical mile search 
range P.P.I. and A Scopes. MTI. thyratron 
mod. 5.126 magnetron. Like new. Complete sys¬ 
tem inci. spare parts and gas generator. 

AN/TPS-10D HEIGHT FINDER 
250kw, Xband. Range: «0. 120 miles. Height 
coverage -5000 to +60,000 ft. with 360 degree 
azimuth coverage. Complete set in stock. 

MIT MODEL 9 PULSER 
1 MEGAWATT-HARD TUBE 

Output pulse power 25KV at 40 amp. Max. duty 
ratio: .002. Uses 6C21 pulse tube. Pulse duration .25 
to 2 microsec. Input 115 volts 60 cycle AC. Includes 
power supply in separate cabinet and driver. Fully 
guaranteed as new condition. Full Desc. MIT. Rad. 
Lab. series “Pulse Generators.*’ 

MIT MODEL 3 PULSER 
Output: 144kw (12kv at 12 amp). Duty ratio: .Ooi 
max. Pulse duration: .5 1 and 2 micro sec. Input: 
115v 400 to 200o cps and 24vdc. $325 ea. Full desc. 
Vol. 5 MIT Rad. Lab. series pg. 140. 

WE MICROWAVE LINK TD-2 
FREQ. MULTIPLIER CHAIN 

SCR 584—MP 61B 
Full azimuth and elevation sweeps. 360 degrees 
in azimuth. 2I0 degrees in elevation. Accurate 
to I mil. or better over system. Complete for full 
tracking response. Angle acceleration rate: AZ, 
9 degrees per second squared EL. 4 degrees per 
second squared. Angle slewing rate: AZ 20 de¬ 
grees per sec. EL. IO degrees per sec. Can mount 
up to a 20 ft. dish. Angle tracking rate: IO de¬ 
grees per sec. Includes pedestal drives, selsyns, 
potentiometers, drive motors, control amplidynes. 
Excellent condition. Quantity in stock for imme¬ 
diate shipment. Ideal for missile & satellite track¬ 
ing, antenna pattern ranges. 
Complete description in McGraw-Hill Radiation 
Laboratory Series, Volume I, page 284 and page 
209, and Volume 26, page 233. 

SCR 584 RADARS 
AUTOMATIC TRACKING RADAR 

Our 584s in like new condition, ready to go. and in 
stock for immediate delivery. Ideal for research and 
development, airway control, GCA. missile tracking, 
balloon tracking, weather forecasting, antiaircraft 
defense, tactical air support. Write us. Fully Desc. 
MIT Rad. Lab. Series. Vol. 1. pps. 207-210. 228, 
284-286. 

ANTENNA PEDESTAL 
Basic crystal oscillator multiplying thru 2C37 cavi¬ 
ties and 4161t cavities with crystal stability output 
3700-4200 MUS. New. 

RADIO RESEARCH 
INSTRUMENT CO. 

• 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 SAVE UP TO 'A! 

HEATH COMPANY 

Benton Harbor 4, Michigan 

Please send the FREE Heathkit Catalog 

NAME 

ADDRESS 

CITY_ ZONE STATE 

FIELD PROVEN! 
MODEL 

3240 
ROBOTEC 
overload and 

short protection 
and 

wt 
HEATRAN 

electronic 
dissipation 

control 

$3495° 
FOB FACTORY 

Other Models 
Available. Write 

for Catalog 

SEM IC0 N DU CTO RI ZE D 

POWER SUPPLY 
1-32 VOLTS 
0-4.0 AMP 

High efficiency, 
stabilized solid state 
DC power supply with 
.05% regulation, 
1 millivolt ripple, 
.01 ohm source im¬ 
pedance, 50 microvolt 
response time, 55-440 
cycle input. 

IMMEDIATE DELIVERY 

K̂Power Desies inc, 
V 1700 SHAMES DRIVE, WESTBURY, NEW YORK 

EOgewood 3-6200 (ID Area Code 516) 

IRE People^ 
i * • 
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tually reaches far above the ionosphere 
into the region known as the exosphere. 
The first experiment in this program used 
radar techniques to bounce a signal from 
Washington, D. C., to a point near the 
southern tip of South America and the 
path taken by the signal curved above the 
earth some six thousand miles into space. 

In addition to directing the activities of 
this section, Mr. Utlaut is the NBS scien¬ 
tific officer for a research program on me¬ 
teor astronomy being conducted by Har¬ 
vard University. He is a consultant to the 
Army Signal Corp and in this position 
recommends methods of selecting the best 
locations to use for military communica¬ 
tion links overseas. He is also a consultant 
to the Department of Defense Advanced 
Research Projects Agency in their program 
of electromagnetic wave studies for nuclear 
detection and a consultant to the Defense 
Atomic Support Agency. 

He is Chairman of the local chapter of 
the fRE Professional Group on Antennas 
and Propagation and is a senior member of 
the Research Society of America. He is the 
co-author of a recent scientific paper on the 
exospheric studies described above and, al¬ 
so, is author of a paper which appears in 
the current issue of the NBS Journal of 
Radio Propagation, on the “Effect of An¬ 
tenna Radiation Angles Upon HF Radio 
Signals Propagated Ox er Long Distances. ” 
He received both the B.S. and M.S. de¬ 
grees in electrical engineering from the 
University of Colorado, Boulder, in 1944 
and 1950, respectively, and is currently 
teaching a course in Electromagnetic 
Waves for the Extension Division of Colo¬ 
rado University. He also left XBS for one 
year to head a research project for the Uni¬ 
versity of Colorado on the separation of 
radioactive isotopes by electronic methods. 

William B. Lune (M 46-SM 48), former 
senior project engineer and program direc¬ 
tor of General Precision Laboratories, Inc., 
has joined Burnell 

j & Co., Inc., of Pel¬ 
ham, N. Y., an in¬ 
dependent manu¬ 
facturer of electronic 
filters and delay 
lines, as chief engi¬ 
neer. 

He will be in 
charge of the com¬ 
pany’s design and 
engineering admin¬ 
istration, and he 
will also coordinate 

W. B. Lurii 

engineering and research of the company's 
subsidiaries and its Guillemin Research 
Laboratory. 

At GPL’s Pleasantville, N. Y., facility, 
he was in charge of all phases of the engi¬ 
neering, product design and administration 
of a S4 million-a-year government pro¬ 
gram. Earlier, working on Doppler radar 
navigational equipment for self-contained 
airborne navigators, he supervised circuit 

(Continued on page 150A) 
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NOW... 

a miniature tube 
that gives you 

new Amperex 
Double Frame Grid 
wide band pentode 
Type 7788 . designed for 
use as a broadband amplifier in radio 
and TV relay systems, coaxial telephone 
lines, radar equipment and oscilloscopes 

OUTSTANDING FEATURES: 

• 50,000 micromhos at 35 Ma 
• 4'0 me figure of merit 
• Equivalent noise resistance: 60 ohms, triode 
connected; 1OO chms pentode connected 

• Both control and screen grids of frame grid 
construction (an Amperex first!) for reduced 
microphonics; minimum spread in 
characteristics; and lower screen grid 
current which contributes to short and 
long term stability 

• The 7788 is an Ampe-ex Premium Quality 
(PQ) tube designed for 10,000 hours life 

• It is available in production quantities 

about frame grid tubes for 
your particular application 

Amperex Electronic Corporation 
230 Duffy Avenue, Hicksville, L. I., New York 
In Canada: Philips Electronics Industries Ltd., Tube, Semiconductor 
& Component Depts., 116 Vanderhoof Avenue, Toronto 17, Ontario 



PROFESSIONAL CONSULTING SERVICES 

Advertising rates 

Professional Consulting Service Cards. 

I insertion $ 30.00 
12 insertions $240.00 

50% discount to IRE members on 3 or more 
consecutive insertions. 

In IRE DIRECTORY $30.00 flat rate. 
I inch only, no cuts or display type. 

New rate effective January 1962 
I insertion $35.00 

12 insertions $300.00 
50% discount to IRE members on 
3 or more consecutive insertions. 

In IRE DIRECTORY $35.00 flat rate 

Advertising restricted to professional engineer¬ 
ing and consulting services by individuals only. 
No product may be offered for sale, and firm 
names may not be mentioned in cards. 

Research Consultation Evaluation 

DAVID ELLIS, Ph.D. 
The Logical Sciences 

Systems & Operations Planning & Organization 

' 187 Roxbury Place 
Thousand Oaks, Calif. HUdson 5-5622 

M. D. ERCOLINO 
Antenna Laboratories and Engineering 

Staff 
Consultation and Development 

Antennas, Systems, Baluns, Rotators 
Rotatable Antenna Masts 

Asbury Park, NJ. PRospect 5-7252 

EARL GREENBERG & associates 
TRANSISTOR CIRCUITS and CONTROLS 

Digital and Analog Devices 

Design - Development - Prototype Construction 

11-16 154th Street, Whitestone, New York 
Hickory 5-2459 

LEON HILLMAN 
Engineering Staff and Laboratory 

• Instrumentation • Control Systems 
• Electronic Research and Development 

255 County Rd., Tenafly, N.J. LOwell 7-3232 

Engineering • Consulting • Proposal Assistance 

S. HIMMELSTEIN 
and staff 

Magnetic Recording Systems 
Computer Peripheral Equipments 

Tiansports, Drums, Discs, Photoreaders, Circuitry 

3300 West Peterson, Chicago 45 • IRving 8-9850 

LEONARD R. KAHN 
Consultant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Stereophonic Systems 

Television Systems 

81 South Bergen Place, Freeport, L.I., N.Y. 
FReeport 9-8800 

JOHN LESSER & staff 
Engineering— Design— Development 

For Edge Light Panels Qualified to MIL-P-7788A 
and Instruments Illuminated to MIL-L-25467A 

JOHN LESSER & staff 
238 Huguenot St., New Rochelle, N.Y. 

NE 6-4664 

LEONARD J. LYONS 
Consulting Mechanical Engineer 

COOLING—HEATING-FLUID FLOW 
Analysis and Testing 

Heat Transfer & Thermodynamic Problems 
3710 Crestway Dr. AXminster 1-5446 

Los Angeles 43. California 

LEN MAYBERRY 
ELECTRONICS CONSULTING ENGINEER 

Laboratories and Staff 

Transistorized Modular Equipment 
Product Design • Test Equipment Design 

III South Oak Street ORegon 8-4847 
Inglewood, California 

Telecommunications Consulting Engineers 
"Worldwide Experience" 

V. J. Nexon S K. Wolf M. Westheimer 
WIRE. CARRIER. RADIO. MICROWAVE 

TROPO SCATTER 
Feasibility Studies Terrain Surveys. System De¬ 
sign, Job Supervision. Government Proposals. 
Market Research. Product Planning. 
1475 Broadway. New York 36. N.Y., BRyant 9-8517 

E. M. OSTLUND & associates 
Electronic Engineers 

Radio—M icrowave—Carrer— 
Communication—Control— 
Systems and Equipment 

Consulting—Research—Development 
ANDOVER. NEW JERSEY 

Tel: PArkway 9-6635 P.E.N.J. 

NATHAN GRIER PARKE 
and staff 

Consulting Applied Mathematicians 
Research • Analysis • Computation 

Bedford Road • Carlisle. Massachusetts 
Telephone EMerson 9-3818 

PAUL ROSENBERG 
& associates 
Established 1945 

Consultation. Research & Development 
in Applied Physics 

100 Stevens Ave.. Mt Vernon. New York 
MOunt Vernon 7-8040 Cable: PHYSICIST 

MYRON M. ROSENTHAL 
& staff 

Microwave & Electronic Systems 

19 Brookline Dr., North Massapequa, N.Y. 

PErshing 5-2501 

Analysis—Research—Design 
Electronics and Automation 

GARDNER H. SLOAN 
R & D Consultant 

Electrical Engineer, Physicist 

One Story Street Harvard Square 
Cambridge 38, Mass. E’iot 4-0766 

O’ IRE People^ 
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design and analy sis in the low and medium 
frequency areas. 

A 1939 graduate in mathematic- of 
Yale University, Xew Haven, Conn., he 
also holds the master’s degree from Colum¬ 
bia University, Xew York, X. Y. During 
Work! War II, he was a physicist with the 
Xa\ y, first in the Bureau of Ships and 
then in the Xaval Ordnance Laboratory. 
Later he was a physicist at the Picatinny 
Arsenal, Dover. X. |. Before joining GPL 
in 1951, he was a design engineer with 
Machlett Laboratories, Inc., in Springdale, 
Conn. 

Heisa member of the American Physi¬ 
cal Society, has written numerous papers 
and articles in the electronics field, and 
holds several patents. 

I'he promotion of Bogdan R. Stack 
(A ’50 M’53 SM’59) to Associate Labora¬ 
tory Directoral IT I hederá I Laboratories, 
Palo Alto, Calif., has been announced. He 
will head the Communication Laboratory 
at the West Coast location. 

Formerly Executive Engineer, he joined 
the Laboratories in 1957 from the Strom¬ 
berg-Carlson Company , Rochester, X. Y„ 
where he was responsible for development 
of commercial subscriber telephone equip¬ 
ment. At Palo Aho he held responsibility 
for the administration and supervision of 
communication projects including circuit 
design for various communication ex¬ 
changes. 

He has also held engineering positions 
w ith Lenkurt Electric Company and Radio 
Engineering Products, Canada, and was 
associated with design and development 
work involving telegraph, cable and radio 
equipment. 

Mr. Stack is a member of the American 
Institute of Electrical Engineers and the 
Institute of Electrical Engineers, London. 
He received the Bachelor and Master de¬ 
grees in electrical engineering from the 
University of Bristol, England, and M< -
Gill University, Canada, respectively . Dur¬ 
ing World War H he served in the Polish 
Army under British command. 

Eitel-McCullough, Inc., announces the 
election of Richard T. Orth (A’31 M’38 
SM’43) as a Director of the company . He 
is Vice President, 
Operations, of the 
San Carlos electron¬ 
ics firm. 

He was gradu¬ 
ated from Purdue 
University, Lafay¬ 
ette, Ind., in 1930 
with the Bachelor 
of Science degree in 
electrical engineer¬ 
ing. His past em¬ 
ployment includes 
a number of vears 

R. T. Orth 

w ith the Radio Corporation of America. 
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Synder, O. P., Jr., Chicago, III. 
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Steger, W. W., Los Alamos, N. M. 
Stein, F. E., Jr., Levittown, Pa. 
Stieren, J., San Antonio, Tex. 
Stelter, S. M., Buffalo, N. Y. 
Stofenmacher, A., Buenos Aires, Argentina 
Szymonik, J. F., Mobile, Ala. 
Taylor, L. L., Jr., Santa Maria, Calif. 
Thonus, F. J., Paterson, N. J. 
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Trovato, S., Milan, Italy 
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. . . ensures r-f compatibility of new and existing electronic equipment over the frequency 
range 375 to 1000 me. 

The speed in measuring r-f interference, determining missile range safety, or perform¬ 
ing antenna propagation studies with the NM-52A is increased by the 91597-2 Broadband 
Antenna. This antenna allows rapid scanning over the frequency range with no antenna 
tuning adjustments required. 

Military specifications approval, as well as many exclusive Stoddart features enable the 
NM-52A to be used in any application where a highly sensitive frequency-selective micro¬ 
voltmeter or receiver is required. 

APPROVED by Specifications MIL-I-6181D, MIL-I-26600 (U.S.A.F.) and MIL-I-16910B (SHIPS). 
The NM-52A is available for immediate delivery from stock. 

Send for complete information on Stoddart equipment covering the frequency range of 
30 cps to 1000 me. 

STO DDART 
AIRCRAFT RADIO CO.. INC. 

6644 Santa Monica Blvd., Hollywood 38, Calif.; Hollywood 4-9292 
serving 33 countries in Radio Interference control 
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. . moderate 

ENTRANCE 

INSULATORS 

Lapp 

A design which uses air as major insulation, with leakage path 
lengthened by forming porcelain into a bowl, eliminates losses 
which occur in ordinary types of bushings at radio frequency. 
Lapp moderate duty insulators, suitable for a variety of low 

or medium voltage applications, are the standard type bowds for 
carrying leads through shields, equipment cases, walls, etc., and 
practically any indoor use where duty is not too severe. 

Outdoor units are designed with corrugated surfaces which 
provide extra leakage distance for use in contaminated atmos¬ 
phere. Corrosion-resistant hardware. 
A wide variety of types of these insulators is now available 

as catalog items ... or where 
requirements necessitate, on special 
design— for which Lapp engineering 
and production facilities are 
excellently qualified. Write for 
complete descriptive data and 
specifications. Lapp Insulator 
Co., Inc., Radio Specialties 
Division, 230 Sumner 
Street, Le Roy, N. Y. 

and heavy duty types 

. . . low voltage and apparatus types 

Accredited Personnel Service . I08A 
Airborne Instruments Laboratory, Div. of Cutler-
Hammer, Inc. .  4A 

Aircraft Armaments, Inc. . . II4A 
Alfred Electronics ..  45A 
Allen-Bradley Company  33A-34A 
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Amphenol Connector Div., Amphenol-Borg Elec¬ 
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Ballantine Laboratories, Inc. 74A 
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Binswanger Associates, Charles A. . II6A 
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Dept. 131 A 
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PRECISION 3-TERMINAL 
(INSENSITIVE TO GROUNDED CAPACITANCE) 

CAPACITANCE BRIDGES 
MODEL 75A MODEL 74C 

100 KC Test Frequency 

Price $990 

Boonton ELECTRONICS Corp 
\/ MORRIS PLAINS, N. J. • Phone JEFFERSON 9-4210 

«won 

• 1 Me Test Frequency 
MIL SPEC. TESTING 

• 0.0002 to 1000 w f 
Generally 0.25% 

• 1000 ohms to 100 megohms 
Shunt Resistance 

• 0.01 to 1000 ̂ mhos 
Conductance 

CAPACITANCE BRIDGE 
MOOCL 74 Ct« 

MODEL 74C-S8 (Shown) 

• With -5 to 4-lOOV DC Bias 
for Diode Testing 

Price $995 

MODEL 75A-S8 

• With -5 to 4-100 VDC Bias 
for Diode Testing 

Price $1050 

• 0.0002-1 1,000 
Generally 0.25% 

• 1000 ohms to 1000 megohms 
Shunt Resistance 

• 0.001 to 1000 /¿mhos 
Conductance 

Price $935 
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STANDARD SIGNAL GENERATOR 

MODEL 
65-B 
RANGE 
75 KC 

to 
30 MC 

Individually 
OUTPUT: Continuously variable, .1 microvolt to 2.2 volts. 
OUTPUT IMPEDANCE: 5 ohms to .2 volt, rising to 15 ohms at 

2.2 volts. 

MODULATION: From zero to 100%. 400 cycles, 1000 cycles 
and provision for external modulation. Buit-in, low dis* 

tortion modulating amplifier. 

POWER SUPPLY: 117 volts, 50-60 cycles, AC. 

DIMENSIONS: 11" high, 20" long, 10%" deep, overall. 

WEIGHT: Approximately 50 lbs. 

MANUFACTURERS OF 

Standard Signal Generators 

Pulse Generators 

FM Signal Generators 

Square Wave Generators 

Vacuum Tube Voltmeters 

UHF Radio Noise & Field 
Strength Meters 

Capacity Bridges 

Megohm Meters 

PRICE OF THE MODEL 65B IS $875.00. PRICES 
F O B. BOONTON, NEW JERSEY. 

Phase Sequence Indicators 

Television and FM Test 
Equipment 

EXTENDED FREQUENCY range 
with these STANDARD SIGNAL GENERATORS 

FEATURES 

• Direct-Reading scales 
and dials; individually-
calibrated. 

• Convenient microvolt 
and DBM output scales. 

• Accurate indication of 
output voltages at all 
levels. 

• Low residual FM due to 
hum and noise. 

• Provision for external 
pulse modulation. 

<_ J 

SPECIFICATIONS 

FREQUENCY RANGE: (Model 80) 2 to 400 Me in 6 bands. 
(Model 80-R) 5 to 475 Me in 6 bands. 

FREQUENCY ACCURACY: ± 0.5% 

FREQUENCY DRIFT: Less than .1 % after warm-up. 

OUTPUT VOLTAGE: Continuously variable from 0.1 to 100,000 
microvolts (— 7 to —127 DBM). 

OUTPUT ACCURACY: ±10% at 0.1 volt from 5 to 200 Me. 
±15% at 0. 1 voll from 200 to 475 Me. 

MODULATION: AM is continuously variable from 0 to 30%. 
Internal modulation, 400 and 1000 cycles. 
External modulation, 50 to 10,000 cycles. 

RESIDUAL FM: Less than 500 cps at 450 Me for Model 80-R, 
and correspondingly lower for both models at lower 
frequencies. 

POWER SUPPLY: 117v, 50-60 cycles, 70 watts. 

MODEL 80 
2 Me to 400 Me 

$590.00 

MODEL 80-R 
5 Me to 475 Me 

$625.00 
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PHILCO IS DELIVERING THE 

MOST RELIABLE 
TRANSISTORS 

IN THE INDUSTRY! 

with 
con-

necessary to achieve it. To you concerned 
reliability this means that we are highly 
cerned with it too ! 

installed will run the logged hours of life tests to 
2p¿ billion by 1963! Provides a history of tran¬ 
sistor operation under maximum stress conditions. 
This is important in determining the effectiveness 
of present production techniques and in develop¬ 
ing new ones. To you concerned with reliability 
this means that you not only receive the optimum 
in reliability now, but are assured of it in the future. 

transistors per hour. To you concerned with re¬ 
liability this is extra insurance that you receive 
unmatched quality and reliability. 

i 

PROJECT VIRTUE” 
MOST ADVANCED 

QUALITY ASSURANCE PROGRAM! 

A widely acclaimed 5 million dollar transistor 
reliability assurance program. Surveys quality 
and reliability from initial design to final release 
of the finished product. A key factor in this proj¬ 
ect is the most advanced test equipment found 
anywhere . . . eliminates all test variables induced 
by operator techniques or errors. To you con¬ 
cerned with reliability this means the constant 
checking and eliminating of the factors that re¬ 
sult in unreliable transistors. 

EXPERIENCE 
MORE THAN 500 MILLION 

LOGGED HOURS OF LIFE TESTS! 

Currently, more than two million test hours 

"FAST LINE” 
WORLD'S ONLY FULLY-AUTOMATED 

PRODUCTION LINE! 

A revolutionary equipment development patented 
by Philco. Provides unequalled control over all 
production phases. Results in an inherent relia¬ 
bility possible only through automated produc¬ 
tion. To you concerned with reliability this means 
a constant output of reliable transistors. 

BLAST TESTER” 
THE EXTRA INSURANCE OF 100% TESTING 

OF ALL PRODUCED UNITS! 

Tests and sorts at the incredible speed of 

RESPONSIBILITY 
EVERY 4TH EMPLOYEE’S SOLE CONCERN 

IS RELIABILITY! 

Right! 25% of our working force is employed full 
time at improving our product. But it doesn’t 
stop there. All personnel including operators, 
engineers, supervisors and managers attend com¬ 
prehensive training programs designed to educate 
them with the need for reliability and the steps 

Comprehensive 
reliability 
information is 
available to all 
reliability and 
quality assurance 
engineers. Please 
send request on 
company letterhead 
to Dept. IRE661. 

WHEN YOU REQUIRE RELIABILITY specify transistors having the 

industry’s strongest record of performance and reliability ...specify 

PH ILCQ 
[__^J (~jfa>no(iò far QuaGt^ tAe TVorGi Over 

LANSDALE DIVISION • LANSDALE, PENNSYLVANIA 



SINE WAVES 

A Wide Range of Outputs From Two Compact Signal Sources 

Type 1210-C Unit R-C Oscillator, $180 
with plug-in Type 1203-B Unit Power Supply, S50 

. Wide Frequency Range: 20 cps to 500 kc in 5 ranges, either sine 
or square waves. Calibration accuracy: ±3% 

. Three Outputs: 

Sine Wave, low-impedance output 
(for loads of 500 ohms and higher). Maximum open-circuit out¬ 
put is 7v. Output constant within ±1 db to 200 kc; distortion 
less than 1.5% over entire range; hum down 60 db. 

Sine Wave, high-impedance output 
(for loads of 10 Ki> and higher). Maximum open-circuit output 
is 45v. Output constant within ±1 db from 200c to 150 kc; 
distortion less than 5% from 200c to 200 kc; hum down 50 db. 

Square Waves 
0 to 30v peak to peak; rise time about '/apsec; overshoot 
approximately 1%, hum down 60 db. 

*Can be converted to a sweep 
oscillator with addition of G-R 
Synchronous Dial Drive. Type 
908-P1 Drive sweeps oscillator at 
a rate of one frequency decade 
in 70 sec. Price, $32. 

Write For Complete Information 

Type 1217-A Unit Pulser, S250 
requires Unit Power Supply, $50 

. Repetition Rate: 30 cps, 60 cps; 100 cps to 100 kc in 
XI, X2, and X5 steps; with external drive (1210-C 
Oscillator or equivalent), continuous from 15 cps 
to 100 kc. (minimum external drive is lOv to 10 kc, 
25v to 100 kc) 

. Pulse Duration: 0.2 Msec to 60,000 ¿¡sec. 

. Pulse Shape: Rise time 0.05 /asee; decay time 0.15 
psec. Pulse top is flat to within 5% of maximum 
value. 

. Amplitude: Adjustable from 0 to 20v open circuit 
for both positive and negative pulses, 50v nega¬ 
tive pulse obtainable when positive terminal is 
grounded. 

- Jitter: No observable jitter when one full period is 
displayed on scope. 

. Output Impedance: 200 ohms for positive pulses; 
1500 ohms for negative pulses. 

Unit Pulser and Power Supply can be easily rack mounted 

with the Type 480-P4U3 Adaptor Panel ($12.00) 

Same Adaptor-Panel Size accepts Unit R-C Oscillator, and Pcwer Supply 

GENERAL RADIO COMPANY 
WEST CONCORD, MASSACHUSETTS 

NEW YORK, worth 4-2722 
District Office in Ridgefield, N. J. 

WHiHey 3-3140 

CHICAGO 
Oak Park 

Village 8-9400 

PHILADELPHIA 
Abington 

HAncock 4-7419 

WASHINGTON, D C 
Silver Spring 

JUniper 5-1088 

SAN FRANCISCO 
Los Altos 

WHitecliff 8-8233 

LOS ANGELES 
Los Angeles 

HOIlywood 9-6201 

IN CANADA 
Toronto 

CHerry 6-2171 




