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NIINIFILTERS 
New Minifilters provide almost the same char-
acteristics (with attenuation only slightly less) 
as the industry's standard interstage and line 
filters immediately below. 
BPM band pass units are 10K input, output to 
grid; 2:1 gain. Attenuation is approximately 
2 db -±3% from center frequency, then 35 
db per octave. 
HPM high pass units, loss of less than 6 db 
at cut-off frequency, attenuation of 30 db at 
67 cut-off frequency. 40 db at .6 cut-off 
frequency. Input and output 10K. 
LPM low pass units; loss of less than 6 db at 
cut off frequency; attenuation of 30 db at 
1.5 cut-off frequency, 40 db at 1.65 cut-off 
frequency. Input and output 10K. 

INTERSTAGE & LINE 
These six basic types cover most popular 
filter applications and frequencies. 
BMI band pass units are 10K input, output to 
gric; 2:1 gain. Attenuation is approximately 
2 db at 3% from center frequency, then 40 
db per octave. 
HMI high pass units are 10K in and out. At-
tenuation is less than 6 db at cut-off fre-
quency and 35 db at .67 cut-off frequency. 
LMI low pass units are 10K in and out. At-
tenuation is less than 6 db at cut-off fre-
quency and 35 db at 1.5 cut-off frequency. 
HMI high pass filters are same as HMI but 
50C/600 ohms in and out 
LML low pass filters are same as LIvIl bu: 
500/600 chms in and out. 
BML band pass units are same as BMI but 
500/600 ohms input, output to grid, 9:1 gain. 

TELENIETERING BAND PASS 
UTC standard telemetering filters provide ex-
treme miniaturization with maximum stability. 
a complete set of 18 filters taking 19 cubic 
inches. They are 100K in and out and have an 
insertion loss of less than 5 db, 4 pin header 
for small Winchester socket. 
TMN units are within 3 db at ± 7.5% of 
center frequency . . . down more than 18 db 
at -± 25% . . more than 40 db beyond 1.75 
and .58 center frequency. 
TMW are within 3 do at -± 15% of center 
frequency .. . down more than 20 db at ± 
50% . . . more than 40 db beyond 2.5 and 
.4 center frequency. 

TELEGRAPH TONE CHANNEL 

These band pass filters for multiplex trans-
mitring and receiving provide maximum sta-
bility in miniature sizes. Both receiving and 
transmitting types are 600 ohms in and out, 
and employ 7 terminal header for sub-minia-
ture 7 pin socket. 
TGT transmitting filters are within 3 db at ± 
42.5 cycles from. center frequency . . . dcwn 
more than 16 db at ± 170 cycles . . . down 
more than 7.5 db at adjacent channel cross-
over. 
TGR receiving filters are within 3 db at ± 
42.5 cycles from center frequency . . . down 
more than 30 db at -± 170 cycles . .. down 
more than 15 db at adjacent channel cross-
over. 

And Special Units to 
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STANDARD STOCK FREQUENCIES 
(number in figure is cycles) 

BPM-400 
BPM-750 
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(number in figure is cycles) 
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NMI-200, 400, 500, 800, 1000, 2000, 3000 
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10000. 12000 

rimme 

g g • ••• fa 

IMOCYCLES MOORES 
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TMN-I.7 
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TMN-3.9 

TRANSMITTING 
ICI-425 
TGT-595 
ICI-765 
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RECEIVING 
TGR-425 
TGR-595 
TGR-765 
TGR-935 
TGR-1105 
TGR-1275 
TGR-1445 
TGR-1615 

TGR-1785 
TGR-1955 
TGR-2125 
TGR-2295 
TGR-2465 
TGR-2635 
TGR-2805 
TGR-2975 

Writs For 
NEW Cechy, 

BPM ease 
(MIL AF) 

'A  X 34 X 1' 
Weight ...1 oz. 

FIPM and LPM 
ease (MIL AG) 
1 x 1 x PA" 

Weight.2% OZ. 

Base ... 1% X 113e 
Height, BMI, LMI, BML  
Height, HMI. HML, LML  21/2" 
Weight  6 oz. and 9 oz. 

TMN-2.3 thru 
TM W-70 

% 
Weight ... 1.2 oz. 

TMN-.4 thru 
TMN-1.7 
x1tc x 2" 

Weight....3.5 oz. 

MT CASE TGR CASE 
x x 21/2" 1% x 1% x41/," 

Weight....8 oz. I Weight ... 15 oz. 
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and we're set to 
handle even more 
of you in 1960 
looking for 

NEW IDEAS in 

RADIO-ELECTRONICS! 
Yes, :he IRE NATIONAL CONVENTION and RADIO ENGINEER-
ING SHOW is growing bigger every year, and drawing more people-

950 exhibitors representing 80% of the productive capacity of your 
industry- 60,052 registrants last year! Yet, it's one of the most well 

planned, well executed gatherings you'll ever see! 

There's room to move around, room to see all you want to see because 

the IRE takes over all 4 floors of the giant Coliseum in New York City 

to show what your huge, fast moving radio-electronics industry is coming 
up with. First and second floors for components; third for instruments and 

systems; and fourth for production items. Follow the engineers to the 
Coliseum for NEW IDEAS IN RADIO-ELECTRONICS, 1960! 

The IRE NATIONAL CONVENTION 
Waldorf-Astoria Hotel 

and The RADIO ENGINEERING SHOW 
A Coliseum, New York City 

MARCH 21, 22, 23, 24 

The Institute of Radio Engineers 

1 East 79th St., New York 21, N. Y. 
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ADVERTISEMENT SERI ES IV NO. 8 

Winthrop Sullivan and Alan Swanson, members of our Department of 
Medical and Biological Physics recently demonstrated a new device to 
physicians attending the Convention of the American Physiological So-
ciety. This device, an ingestible pressure transensor, will be of great value 
to the medical researcher. 

Ingestible 
Medical Pressure Transensor 

For years research workers have 
sought a painless method for obtain-
ing (lata concerning the activity of 
the patient's gastrointestinal tract. 
Until recently, the only methods 
available necessitated the patient's 
swallowing a combination of tubes 
;mil wires that led to an external in-
strument. The passage of this para-
phernalia into the gastrointestinal 
tract frequently caused the patient 
considerable discomfort. In many 
cases, the discomfort caused by the 
tubes and wires reflected itself in the 
recorded data. 
The obvious need for a method of 

measuring gastrointestinal activity 
led to development of the Pressure 
Transensor, a miniature ingestible 
pressure-sensitive telemetry capsule. 

Figure I. Progressive miniaturization 
of transensor 

Developed from earlier work done 
by RCA and by the Rockefeller I n-
stitute for Medical Research, the cap-
sule contains a pressure transducer 
that modulates the frequency of an 
internal transistor oscillator that is 
powered by a tiny mercury battery. 
The signal transmitted from the in-
gested capsule is received by an an-
tenna located outside the body and is 
demodulated by an FM receiver that 
produces a voltage proportional to 
the interna! pressure. 
A great advantage of the Pressure 

Transensor is that its small size 
enables it to pass easily through the 
gastrointestinal tract and to be re-
covered and used again. Earlier mod-
els have been used in an experimental 

*"Recording of Intraluminal Gastro-
intestinal Pressures By a Radioteletneter-
ing Capsule," by John T. Farrar, M.D., 
and James S. Bernstein, M.D. 

test program carried out ( lurin. the 
last two years by Dr. John l'arrar 
and his associates at the Veterans 
Administration Hospital in New 
York ; all results indicate that the 
Transensor causes no discom fort to 
the patient. 

Data obtained from Dr. Farrar's 
experiments are quite promising.* 
From records similar to those in 
the accompanying diagrams, it has 
been found that most pressures in 
the gastrointestinal tract range from 
O to 3 psi. Furthermore, the testing 
of subjects with certain intestinal dis-
eases has resulted in records that ap-
pear to be markedly different from 
those obtained from normal subjects 
as can be seen in Figure 2. The im-
portance of the data obtained by the 
Pressure Transensor will be known 
only after more extensive clinical in-
vestigation. Only then will the fre-
quencies and amplitudes of the pres-
sure waves recorded by the Trait-
sensor in the gastrointestinal tract 
come to be meaningful. 

40 - 

CM. " 

1120 

O 

The Pressure Transensor is only 
the first in a series of instruments 
using telemetry that our Department 
of Medical and Biological Physics 
plans to produce. To gain a complete 
picture of gastrointestinal activity, 
variables other than pressure must be 
recorded. At present, we arc expc.-i-
menting with a Transensor capable 
of measuring temperature, and we 
arc interested in designs to monitor 
acidit V liid to detect the Inesence it 

b1111111 in the gastrointestinal tract. 
The telemutering sensor may mit 

be limited entirely to the study of the 
gastrointestinal tract. The develop-
ment Of small, short-range telemeter-
ing sensors that can be either swal-
hnved or attached in to 
the subject's clothing or twrson could 
be used in the field of space medicine 
to monitor a number of physiological 
variables. These sensors would not 
require a complexity of wires and 
tubes leading to the subject, and the 
data obtained could provide a key to 
the behavior of human beings under 
stress. 

A complete bound set of our third series of 

articles is available on request. Write to 

Harold Hechtman at AIL for your set. 

o 4 5 6 

TIME IN MINUTES 
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Figure 2. Upper record, example of the normal intraluminal 'ressaie of the jejunum. Lower record 
intraluminal ttressure of the ileum in a patient trith Me n'alignant carcinoid syndrome. 

,edetele eledellanenAC>Zaleat, 

A DIVISION OF CUTLER-HAMMER, INC. 

OLD COUNTRY ROAD, MINEOLA, L. I., N. Y. 
Phone MYrtle 2-6100 
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SPRAGUE® RELIABILITY 
in these two dependable 
wirewound resistors 

MINIATURE 

VITREOUS- ENAMEL POWER RESISTORS 

Sprague's new improved construction gives even 
greater reliability and higher wattage ratings to fa-
mous Blue Jacket miniature axial lead resistors. 
A look at the small actual sizes illustrated, em-

phasizes how ideal they are for use in miniature 

2W 

NEW SMALLER SIZE 

KRIM 
INSULATED-SHELL POWER RESISTORS 

New Koolohm construction features include welded 
leads and winding terminations—Ceron ceramic-

21/2W 

electronic equipment with either conventional wir-
ing or printed wiring boards. 

Get complete data on these dependable minified 
resistors, write for Engineering Bulletin 7410. 

TAB-TYPE BLUE JACKETS: For industrial applica-
tions, a wide selection of wattage ratings from 5 to 
218 watts are available in Sprague's famous Tab-
Type Blue Jacket close-tolerance, power-type wire-
wound resistors. Ideal for use in radio transmitters, 
electronic and industrial equipment, etc. For com-
plete data, send for Engineering Bulletin 7400A. 

3W 

5W 

7W 

10W, 

11W 

14W 
,m1•MM 

KOOLOHM 

L.  IOW 

insulated resistance wire, wound on special ceramic 
core—multi-layer non-inductive windings or high 
resistance value conventional windings—sealed, in-
sulated, non-porous ceramic outer shells—aged-on-
load to stabilize resistance value. 

You can depend upon them to carry maximum 
rated load for any given physical size. 

Send for Engineering Bulletin 7300 for complete 
technical data. 

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

SPRAGUE® 
THE MARK OF RELIABILITY 

SPRAGUE COMPONENTS: RESISTORS • CAPACITORS • MAGNETIC COMPONENTS TRANSISTORS 

INTERFERENCE FILTERS * PULSE NETWORKS HIGH TEMPERATURE MAGNET WIRE PRINTED CIRCL ITS 
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ISAAC NE14 )\ 

jr is an enduring work of excellence and author_ 

.It be a an bue.orak o 
pafinstciinegn 

C2. symphony or a e or engineering, too. 
- novel. 

Ji ca  

potential classics in science and engineering 
being w ritten today. Time alone can tell which 

are will endure. Surely, they will be found 

°:etohnegrn the books which are today accepted as 
leading authorities in their fields. 

Bell Telephone Laboratories scientists and 
engineers have written many such authoritative 

books. They encompass the fields of information 

theory, semiconductor physics and chemistry, net-

work theory, statistical quality control, sound and 

acoustics, traveling wave tubes and dislocations 

in crystals. 
\lore than 40 of these technical works have 

been published since 1926. All have evolved from 

the Laboratories' continuing efforts to improve 

your Bell telephone service. They reflect the 

nature of the scientific thinking which helps 

keep this service the world's best. 

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 



Miniature 

PROKAR® 'D' Molded Capacitors 
--with improved moisture resistance and 

a new dual dielectric for 125 C operation 

without voltage derating 

Sprague's new and improved PROKAR 'D' Molded Tubular Capacitors 
meet the need for ever smaller molded capacitors capable of withstanding 
125 C operation in military, commercial, and industrial electronics. 
Key to the new design is an improved processing technique which greatly 

increases moisture resistance. The new dual dielectric used in Type 150P 
Capacitors combines the dielectric strength of the highest grade capacitor 
tissue with the effective moisture resistance of plastic film, giving these 
miniature units high insulation resistance plus extended life at 125 C. The 

impregnant used is still the same exclusive high temperature organic material 
which marked a milestone in molded capacitor development for the original 
Prokar series. 
The improved performance of PROKAR 'D' Capacitors is worth investi-

gating—greater resistance to humidity, high insulation resistance (mini-
mum of 10 megohm-microfarads at 125 C), moderate capacitance change 
with temperature, longer life, and improved reliability. 

For complete specifications on Type 
150P PROKAR 'D' Molded Tubular 
Capacitors, u,rite for Engineering Bul-
letin 2300 to Technical Literature 
Section, Sprague Electric Company, 
235 Marshall St., North Adams, Mass. 

SPRAGUE COMPONENTS: 

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

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

SPRAGUE R 
THE MARK OF RELIABILITY 
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ERA luMfM, mO 
gasta tolM.C/1. CMS 
MOtEl MAR PUIIIIILe 

Laboratory Miniature 
Transistorized Regulated 

High Voltage 
Power Supplies 

HYPAC 

These unique designs provide high voltage regulated 
DC outputs utilizing solid state devices and magnetic 
components. HYPAC models are compact, rugged 
units which eliminate the drawbacks of conventional, 
cumbersome circuits. Typical applications include 

memory or storage tubes, traveling wave tubes, kly-
stron powering, cathode ray indicators, accelerators, 
and all types of laboratory and industrial applications. 
HYPAC's are available in 4 models* with input of 
115 vac @ 60 cps, line regulation .5% for full 
rated line change, load regulation - .5% for 20% 
to 100% load, ripple 1% rms. 0 Reg. U.S. Pat. Off. 

* MODELS 

HARM / 5(L) Output Voltage 500-1000 vdc, Output Current 5 ma, $325. fob Factory 
HARM 5(1) Output Voltage 1500-3000 vdc, Output Current 5 ma, $350. fob Factory 
HAR5k11/3(1.) Output Voltage 2500— 5000 vdc, Output Current 3 ma, $385. fob Factory 
HAR1OKA/1.5(l) Output Voltage 5000-10,000 vdc, Output Current 1.5 ma, $440. fob Factory 

Write For Complete Technical Bulletin — Catalogue #501 

ERA PACIFIC, INC. 
1760 Stanford Street, Santa Monica, California • EXbrook 3-0511 

A Subsidiary of Electronic Research Assoc., Inc. 

(c) Meetings AR 5E  

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. 

_1 

February 3-5, 1960 

PGMII, Winter Meeting, Biltmore Ho-
tel, Los Angeles, Calif. 

Exhibits: Mr. Einer Ingehretson, Slim-
mers Gyroscope Co., Santa Monica, 
Calif. 

March 21-24, 1%0 

Radio Engineering Show and IRE 
National Convention, Waldorf-As-
toria Hotel and New York Coliseum, 
New York, N.Y. 

Exhibits: Mr. William C. Copp. Institute 
of Radio Engineers, 72 West 15th St., 
New York 36, N.Y. 

April 3-8, 1960 

Sixth Nuclear Congress, New York 
Coliseum, New York, N.Y. 

Exhibits: Mr. F. M. Howell. c/o EJC, 
29 W. 39th St., New York 18. N.Y. 

April 20-22, 1960 

SWIRECO, S hwestern IRE Re-
gional Conference & Electronics 
Show, Shamrock- Hilton Hotel, Hou— 
ton, Texas. 

Exhibits: Mr. A. D. Seixas, SWIRECO, 
P.O. Box 22331, Houston, Texas. 

May 2-4, 1960 

National Aeronautical Electronics 
Conference, Dayton Biltmore Hotel, 
Dayton, Ohio. 

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

lifty 2-6, 1960 

Western Joint Computer Conference, 
Fairmont Hotel, San Francisco, Calif. 

Exhibits: Mr. H. K. Farrar, Pacific Tel 
& lei. Co., 140 New Montgomery St., 
San Francisco 5, Calif. 

1/ay 23-25, 1960 

Seventh Regional Technical Confer-
ence & Trade Show, Olympic Hotel, 
Seattle, Wash. 

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

May 24-26, 1960 

Armed Forces Corn nnnnn ¡cations & 
Electronics Association Convention 
and Exhibit, Sheraton-Park Hotel, 
Washington, D.C. 

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

June 27-29, 1960 

National Convention on Militar,' 
Electronics, Sheraton-Park Hotel, 
Washington, D.C. 

Exhibits: Mr. L. David Whitelock, Bu-
Ships, Electronics Div., Dept. of Navy, 

,t-hington, 

011 page 10.4) 
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KAY KAY. KAY 

For High Accuracy- Broad Band Noise- Figure Measurement 

SPECIFICAT:ONS 

STANDARD NOISE HEAD: ( Head A furnished with 
Therma-Node), covers 2 to 1000 mc; output imped-
ance 50 ohm;., unbalanced. N type connectors. 

Max. VSWR, variable tuned, 1.1 from 10 to 1000 
mc. 

Max. VSWR, fixed tuned, 1.1 from 10 to 100 mc: 
1.2 from 6 to 300 mc; 1.4 from 4 to 400 mc: 
2 from 2 to 500 mc. 

INTERCHANGEABLE LOW FREQUENCY NOISE 
HEAD: ( Head B), covers I kc to 400 mc; output 
impedance 50 ohms, unbalanced. 

Max. VSWR 1.1 from 3 kc to 100 mc; 1.2 from 
2 kc to 250 mc; 1.4 from 1 kc to 400 mc. 

AMBIENT SOURCE PROBE for use with A and B 
Noise Heads: 

Frequency -ange-0 to 1000 mc. 
Output impedance-50 ohms, unbalanced. 
Max. VSWR-1.1 
Accuracy of indicated temperature-± 1%. 

SELECTABLE-IMPEDANCE NOISE HEAD: ( Head 
C) covers 0.25 to 400 mc, balanced or unbalanced 
output. Selectable output impedances of 50, 100 
and 200 ohms are provided. 

Max. VSWR-I.1 from 1 to 75 mc; 1.2 from 0.5 
to 100 me; 1.4 from 0.25 to 400 mc. 

Max. VSWR difference between ambient and hot 
source is 0.05 ( hot and ambient sources con-
tained ii same probe). 

Weight: 8 pounds in carrying case. 
Dimensions: 11.5 x 8 x 4.75 inches. 
Operates on 117 V, 60 cps, or 24 V dc 
Price: ;495.00, f.o.b. factory. 
Low Frequercy Noise Head ( El): $ 125.00. 
Selectable Impedance Head ( C): $ 125.00. 

WRITE FOR 

KAY CATALOG 1959-A 

ECM 

Uremia-Me 
Basic Noise Source 

CAT. NO. 770 

Available Noise 
Accurate to 0.1 db 

3 Noise Heads 
Cover I kc to 1000 mc 

Portable 
Can be Operated from 

117 V, 60 cycles or 24 V dc 

Thiough 1(•finement of a basic noise generation t eehnique-
thermal wit-, from a healed resistive element-I he new Kay 
Tht rum-Ney,h achieves high accurary over an extremely 
wide range of frequencies. Therino-Niedu .., re,,i,dive element, 
contained in the noise Imad. is heated to a normal 2200° E, 
generating adequate noise-power for aveurate noise figure 
measurements to 10 db. Nominal fixed available noise t,m-
perature ranging between 2000 and 2400° K may be read di-
rectly on the panel meter to 2e% accuracy. A single tuning 
element, contained in the noise head, provides a fixed range 
of 2 to 500 tor. and may be tuned to extend the range to 
1000 me. An optional, interchangeable head extends measure-
ment down to 1 kr. Ambient tormination is supplied. Both 
heads have output impedances of 50 ohms, unbalaneed. Both 
heads l'an lye used without connecting coaxial cables, thus 
eliminating eable emirs. 

A seleetable-impedance noise Itead. covering the range .25 to 
400 me, and furnishing output impedanees of 50, 100 : 111(1 200 
ohms. balanced and unbalanced, is available as an avressory. 

The inexpensive resistive element in the ThrYmn-Node• noise 
head has a life expectaney of 10,000 hours in either intermit-
tent or continuous service. Beeause the few active vompo-
nents in the Theritm-Noile are solid state devices. its inherent 
stability results in long term accuracy and freedom from 
maintenance. 

OTHER KAY NOISE GENERATORS 

Instrument 
& car. No 

frequency 
Range (me) 

Noise figure 
Range (Oh) 

Output Impedance 
(olmo) 

Price 
Coif factory 

(hit!, - •di 240.8 5-220 

Meer-Yale 175.0 50.500 

403-s 3-500 

.11(ari-,Vdti-Sr 250-8 10-3000 

Red-. 600-8 

5-400 

10.3000 
1120-26.500 

0.16 at 50 Cm, unbal. 50, 75. 150. 300,. ,,,, 0, 

0-23.Oat 300 c - - bal. -100. 150. 300, 600.. I-
0-19 0-19 balanced 300 $365.00 

0.19 unbalanced 50 $365.00 

.Vgile 1080-A 

,,. Winegar( 

,Ileg f-.1;.c s1e . 

3700-4200 

0.20 unbalanced 50 5790.00 

0-23.8 depending unbalanced as specified $ 1495.00 
on impedance  

0-20 unbal. nom. 50  $1965.00  
15.28 or 15.8 waveguide I 

_ 

015.8 waveguide $795.00 

1120-26,500 15.28 or I5S 
$175.00 to 

waveguide $595.00 

y Price varies with Mier  Mega-Node discharge tube used as accessory. 

• ideally suited for noise figure measurement in radar communication. 

KAY ELECTRIC CCOIVIIPIMMIll 
Dept. 1-12 Maple Avenue, Pine Brook, N.J. CApital 6-4000 

KAY KAY 
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LAPPII1SirAND-OFF INSULATORS 

FOR MODERATE 

OR HEAVY DUTY 

For years, Lapp has been a major supplier of stand-off 

insulators to radio, television and electronics indus-

tries. Wide knowledge of electrical porcelain applica-

tion, combined with excellent engineering and produc-

tion facilities, makes possible design and manufacture 

of units to almost any performance specification. The 

insulators shown on this page are representative of 

catalog items—usually available from stock—and cer-

tain examples of special stand-offs. The ceramic used 

is the same porcelain and steatite of which larger Lapp 

radio and transmission insulators are made. Hardware 

is brass or bronze; brush nickel plating is standard. 

Write for Bulletin 301 with complete description 

and specification data. Lapp Insulator Co., Inc., Radio 

Specialties Division, 221 Sumner St., Le Roy, N. Y. 

40* Meetings 
with Exhibits 

,,I,J11111111111111111 ., 1,, , 111H 111, 111111II 

(Continued from page 8.4) 

1 August 23-26, 1960 

WESCON, Western Electronic Show 
and Convention, Ambassador Hotel 
& Memorial Sports Arena. Los Angeles, 
Calif. 

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

• September 19-21, 1960 

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

Exhibits: John Leslie Whitlock Associates, 
6044 Ninth St., North. Arlington 5, Va. 

October 3-5. 1960 

Sixth National Comm aaaa ications Sym-
posium, Hotel Utica & Utica Memorial 
Auditorium. Utica. N.Y. 

Exhibits: Mr. W. R. Roberts, 102 Fort 
Stanwix Park N., Rome, N.Y. 

October 10-12. 1960 

National Electronics Conference, 
Hotel Sherman, Chicago, Ill. 

Exhibits: Mr. Arthur H. Sireich, National 
Electronics Conference, 184 E. Ran-
dolph St., Chicago. Ill. 

October 24-26, 1960 

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

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

November 14-16, 1960 

Mid-America Electronics Convention 
(MAECON), Municipal Auditorium, 
Kansas City, Mo. 

Exhibits: Mr. John V. Parks, Bendix 1% ia-
tion Corp., P.O. Box 1159, Kansas City 
41, Mo. 

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

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

December 1-2, 1960 

PGVC Annual Meeting, Sheraton lintel, 
Philadelphia, Pa. 

Exhibits: Mr. E. B. Dunn, Atlantic Re-
fining Co., 260 S. Broad St., Philadel-
phia 1, Pa. 

Note on Professional Group Meetings: 
Some of the Professional Groups con-
duct meetings at which there are ex-
hibits. Working committeemen on these 
groups are asked to send advance data to 
this column for publicity information. 
You may address these notices to the 
Advertising Department and of course 
listings are free to IRE Professional 
Groups. 
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Ingenious, ultra- convenient... 

NEW 196A OSCILLOSCOPE CAMERA 
combines every feature you've wanted 

FULL-SIZE, DISTORTION-FREE 
PICTURES. Full picture area 

may be scaled. 

SHARP, CLEAR PICTURES, 

JUST LIKE CRT ITSELF. New 
fi1.91ens has a flat field. 

ADJUST CAMERA ON SCOPE. 

Not necessary to remove camera 
to set f-stop and shutter. 

SIMPLE, ONE- HAND MOUNT-
ING. Easy clamp mounts camera 

on scope with "quick- lock" tab. 

MULTIPLE EXPOSURES ARE 
EASY. With one hand, move lens 

through 11 detented positions. 

EASY TAB PULLING. Polaroid , 

Land Camera back is securely 

fastened. 

INSURED AGAINST LIGHT 

LEAKS; uses professional cam-
era bellows. 

WEAR GLASSES? Keep 'em on 

while viewing image with both 
eyes. 

10 CM GRATICULE FILLS FULL FILM AREA! 

w _e .»m‘w_ wwwwwwwewwtwwvv, 

^/10141çee 
fle.AITAW:gigfo e ko 

Up to 11 equally spaced 
exposures available 

Two- 4 x 10 cm field 
exposwes. No overlapping 

New -hp- I96A Camera 
on - hp- 120A Oscilloscope 

The new e 196A Oscilloscope Camera is the 
most convenient means yet devised for re-

r.ording oscilloscope traces. Operation is ex-

tremely simple and swift; loss of film frcm 

light leakage is eliminated; mounting and 

unmounting takes just seconds; the entire 

unit is light weight, rugged, compact, yet a 

precision instrument in every respect. 

Check the specifications below, and ash your ( f representative for demonstration on your oscilloscope. 

Object / Image Ratio: 1 to 0.9. (Adjustable to 1:1 
ratio) 

Lens: Wollensak 3" ( 75 mm) 
f / 1.9 Oscillo-Raptar 

Shutter: Alphax 3. Time, Bulb, 
1/100, 1150, 1/25, 
1/10, 1/5, 
1/2, 1 second 

Print Size: 2-7/8" x 3-13/16" 

Film: Polaroid e Land types 42, 44, 
46, 46-L. 

Size: 131/2" long, 91/4" high, 
10" wide 
Weight 9 lbs. 

Accessories Available: Carrying case, Tektronix 
adapter 

Price: $425.00 

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

HEWLETT-PACKARD COMPANY 
10140 PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A. • CABLE " HEWPACK" • DAVENPORT 5-4451 

HEWLETT-PACKARD S.A., RUE DU VIEUX BILLARD NO. 1 • GENEVA, SWITZERLAND • CABLE "HEWPACKSA" • TEL. NO. (022) 26. 43. 36 

a REG. T M. POLAROID CORP., CAMBRIDGE, MASS. Field representatives in all principal areas 6035 

#IWORLD LEADER IN PRECISION TEST INSTRUMENTATION 
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Where can you use this versatile HI-SHOCK SWITCH? 

Military missiles, mines, shipboard an-
tennas, or industrial and commercial 
equipment wherever rigorous vibration, 
shock or constant acceleration is pres-
ent, this new Hi-Shock Switch offers 
distinct advantages. 

Engineered and custom•packaged. The Hi-
Shock Switch can be used for remote 
power switching (mounted directly on 
moving members) changeover from 
primary to auxiliary power source, 
AC or DC... rapid stepping of power 
distribution. 

Hermetically Sealed. Use in remotely con-
trolled, power operated units or as a 
sequence exciter for auxiliary prime 
movers. 
100% Rotary Action, Counter Balanced. 

The actuator, a rotary solenoid, is 

fe 

**we 

counter balanced in all axes. Standard 
coil voltages range from 6 to 48 volts, 
but other ranges can be furnished as 
required. High-speed stepping-30 per 
second—is one feature; higher speeds 
are available for specific designs. 

Positive Stopping, Positive Locking. The 
ratchet mechanism prevents over-
shooting of the switch contacts—which 
will not move except during actual 
stepping. This mechanism is simple, 
reliable, virtually fatigue-proof. 

Knife-Edge Contacts. On rotary switch 
contacts are strong and simple, provide 
positive connections to prevent chat-
tering under acceleration and other 
vibration-producting conditions. 

Environm•ntal Ratings. The Hi-Shock 
Switch withstands non-operating im-

pacts of 1000 g for one millispcond 
parallel to its rotating axis, and 100 g 
for one millisecond perpendicular to its 
rotating axis. The stepping switch op-
erates under vibration, in three mutu-
ally perpendicular axis, of 0.5" double 
amplitude 5-17.5 cps., and 10 g 17.5-
2000 cps. Constant operating accelera-
tion may be as high as 100 g, in axis 
parallel to rotation. Operating temper-
ature range may exceed —65°F. and 
+165°F., and could be extended under 
special conditions. 

Other models also developed with vary-
ing configurations and contact arrange-
ments with higher current rating. Write 
for complete details. Hi-Shock, Singer 
Military Products Division, Singer-
Bridgeport, 915 Pembroke Street, Bridge-
port 8, Conn. 11196 

SINGER-BRIDGEPORT 
A DIVISION OF THE SINGER MANUFACTURING COMPANY 

915 Pembroke Street Bridgeport 8, Conn. 

SINGER 
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AN ACHIEVEMENT 

DEFENSE ELECTRONICS 

NEW SONAR SIGNAL PROCESSOR 
DOES WORK OF 1,000 UNITS 

The first sonar signal processors to utilize time com-
pression are being produced by General Electric. These 

new processors were developed in cooperation with the 
United Stares Navy. Extracting only critical bits of trans-

mined and received signals in series, one unit can perform 

as inan).• correlating operations on a continuous signal— 
in the same time—as a parallel processor with thousands 

of runts. 

Excellent improvement in signal-to-noise ratio also 
makes these new processors effective against background 
levels which have formerly made certain signals un-
detectable by any other practical means. The new equip-
ment is also designed to handle signals from more than one 
transducer. 

Avance in sonar signal processing is typical of 
General I .ectric's many achievements in defense elec-
tronic.. 

Progress is Our Most Imitodant Produci 

GENERAL ELECTRIC 
DEFENSE ELECTRONICS DIVISION • HEAVY MILITARY ELECTRONICS DE...T. • SYRACUSE. N. Y 



IRE News and Radio Notes  

Calendar of Coming Events 
and Authors' Deadlines* 

1959 

Eastern Joint Comp. Conf., Hotel Stat-
ler, Boston, Mass., Dec. 1-3. 

4th Midwest Symp. on Circuit Theory, 

Brooks Mem. Union, Marquette 
Univ., Milwaukee, Wis., Dec. 1-2. 

PGVC Annual Meeting, St. Petersburg, 
Fla., Dec. 3-4. 

I eat it ute of Mathematical Statistics 
Mtg., Washington, D.C., Dec. 27-30. 

1960 

6th Natl. Symp. on Reliability and Qual-
ity Control, Statler-Hilton Hotel, 
Wash., D.C., Jan. 11-13. 

PGMIL Winter Mtg., Biltmore Hotel, 
Los Angeles, Calif., Feb. 3-5. 

1960 Solid State Circuits, Conf., Shera-

ton Hotel, Phila., Pa., Feb. 10-12. 

IRE National Cony., N. Y. Coliseum and 
Waldorf-Astoria Hotel, New York, 
N. Y., Mar. 21-24. 

First Natl. Symp. on Human Factors in 
Electronics, New York, N. Y., Mar. 
24-25. 

Scintillation Counter Symp., Washing-
ton, D.C., Mar. 

6th Nuclear Congress, N. Y. Coliseum, 
New York, N. Y., Apr. 4-8. 

Conf. on Automatic Tech., Sheraton-
Cleveland Hotel, Cleve., Ohio, Apr. 
18-19. 

SWIRECO (Southwestern Regional Con-

ference), Houston, Texas, Apr. 20-22. 

Natl. Aeronautical Electronics Conf., 
Dayton, Ohio, May 2-4. 

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

PGMTT Natl. Symp., San Diego, Calif., 
May 9-11. ( DL*: Jan. 15, D.B. 
Medved, CONVAIR, Div. of Gen. 
Dynamics Corp., Mail Zone 6-172, 
San Diego, Calif. 

Electronic Components Conf., Wash-
ington, D. C., May 10-12. 

7th Reg. Tech. Conf. & Trade Show, 
Olympic Hotel, Seattle. Wash., May 
23-25. 

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

* DL= Deadline for submitting ab-
stracts. 

(Continued on page 134) 

PGMTT SYNI PoS I UM 

CALLS FOR PAPERS 

The 1960 annual symposium of the 
PGMTT will be held May 9-11 at the Hotel 
del Coronado, Coronado, Calif. Papers in 
the field of microwave components, systems 
and physics, are being solicited for presenta-
tion at the meeting. One hundred word ab-
stracts in triplicate and 500 word summaries 
in triplicate should be submitted before 
January 15, 1960 to Dr. D. B. Medved, 
Chairman, Technical Program Committee, 
1960 PGMTT Symposium, CONVA I R, Div. 
of General Dynamics Corp., Mail Zone 6-172, 
San Diego 12, Calif. 

All papers are to be submitted in Eng-
lish. Authors should advise the Technical 
Program Committee if any paper will have 
been presented elsewhere or published prior 
to the symposium. 

D. B. SINCLAIR ATTENDS 
I IINGARIAN COLLOQUIUM 

Donald B. Sinclair attended a Colloqui-
um on Microwave Communication spon-
sored by the Hungarian Academy of Sci-
ences, held in Budapest, Hungary, No-
vember 10-13, 1959, as a representative 
of the I RE, of which he is past president, 
and is now a vice president and director. He 
is chief engineer, vice president and di-
rector of the General Radio Co., West Con-
cord, Mass. 

Last year he was a delegate to a similar 
meeting held in the l'SSR at which repre-
sentatives from six Western nations and six 
Iron Curtain countries were invited guests. 

Preliminary information on the Budapest 
meeting indicated that special consideration 

would be given to system analysis ( with 
emphasis on long-distance transmission), 
microwave electronics (including circuits 
and antennas) and general electronic cir-
cuitry. The papers are delivered in Hungar-
ian, English, Germait and Russian, and pro-
vision is made for simultaneous translation 
so that all representatives can follow each 
talk as delivered. 

I I. P. K.umus AWARDED 

PRIZE AT ARNIY SYMPOSIUM 
Henry P. Kalmus (A'39-SM'45-1.-56), 

Associate Director for Advanced Research 
at the Diamond Ordnance Fuze Labora-
tories, Washington, D. C., was awarded a 
certificate of commendation and a cash 
prize of S500.00 for his first place entry in 
in the field of electronics at the National 
Military Science Symposium. The meeting 
was conducted by the Department of the 
Army, at \Vest Point, N. Y. The award-
winning paper concerned Mr. Kalmus' in-
vention entitled "Cigarette Fuze." 

PGHFE W m, CONDUCT FIRST 
ANNUAL SYMPOSIUM 

The IRE Professional Group on Human 
Factors in Electronics will hold its first 
annual symposium in New York, N. Y., the 
evening of March 24 and all day March 25, 
1960. 

Those interested in presenting papers or 
in suggesting symposia should correspond 
as soon as possible with either R. R. Riesz. 
Chairman of the Papers Procurement Com-
mittee, c/o Bell Telephone Labs., Murray 
Hill, N. J.; or J. E. Karlin, Chairman of 
the Meetings Committee, at the sanie ad-
dres,. 

Chairman George E. Hagerty (left) presenting the Scott Helt Award of the PG on Broadcasting to Professor 
Alfred II. l.a Grotte of the University of Texas. The plaque was awarded at the Ninth Annual Broadcast Sym-
posium. 
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A. J. 13t .vroN AND NI. O. FELix 

RlicliivE NE(' ANNUAL AWARD 

A. J. Buxton and M. O. Felix (SM'55), 
both of Canadian Westinghouse Company, 
Ltd., received the National Electronics Con-
ference Award for their joint paper, "The 
Performance of FM Scatter Systems Us-
ing Frequency Compression." The NEC 
award, consisting of $500 and certificates, 
was presented to them on October 12, 1959, 
during the 15th Annual NEC. The paper 
was adjudged the best in terms of scholar-
ship. originality, significance and clarity 
among the 100 papers presented October 
13-15, 1958, at the 14th Annual NEC. 

Mr. Buxton and Mr. Felix are co-in-
ventors of a method to improve scatter 
communications systems by significantly re-
ducing undesirable noise. The scatter sys-
tem is used for long-range, beyond-the-
horizon transmission of voice, television. 
teletype, facsimile, telemetering and data 
signals over hops of 100 to 200 miles. They 
are currently working on scatter projects 
for the RCAF, U. S. Air Force, and Supreme 
leadquarters Allied Powers in Europe. 

J. J. LAMB RECEIVES 
.ARRL MERIT AWARD 

The Merit Award of the American Radio 
Relay League for 1959 went to James J. 
Lamb (A'28-SNI ' 48-F'54) for his significant 
contributions to the welfare of amateur 
radio. Ile was presented the award at the 
New England Division Convention of the 
League. at Hartford, Conn. 

The plaque is inscribed: " For his con-
tribution to amateur communication tech-
niques, especially in the development of 
methods for achieving high selectivity and 
noise reduction in radio reception." 

The work which the ARRL Merit Award 
commemorates was done during his tenure 
as technical editor of the League's monthly 

publication, QST, and exercised a profound 
influence on the course of development of 
radio receivers for communications applica-
tions. The Lamb crystal filter, an integral 
part of the receiving system developed by 
him, has been a standard feature of com-
munications receivers for more than 25 
years. 

Born in Michigan, N. D., Mr. Lamb re-
ceived the E.E. degree from Catholic Uni-
versity of America, \Vashington, D. C., in 
1922, operated a standard broadcast station 
in Grand Forks, N. D. in the early 1920's 
and joined the technical staff of the ARRL 
in 1928. He was technical editor from 1929 
until 1939 and in 1940 %vas a research en-
gineer with the League working on special 
projects. In 1941, he was chosen to organize 
and head the newly-formed Electronic Divi-
sion of Remington-Rand, Inc. (now Sperry-
Rand) to de % elop military airborne tele-
vision equipment. In recent years he has 
specialized in digital data developments, and 
in 1959 became an independent consulting 
engineer, concentrating on communications 
and industrial electronics. 

THREE iloNoRED IN ITALY 
FOR OUTSTANDING ACHIEVEMENT 
IN TELECOM NI UNICATIONS 

The Christopher Columbus Interna-
tional Award for outstanding achievement in 
telecommunications was presented in Genoa, 
Italy, on October 12, to Brig. General David 
Sarnoff, Chairman of the Board of RCA; 
Dr. E. \V. Engstrom, Senior Executive \'ice 
President of RCA; and Dr. V. K. Zworykin, 
Honorary Vice President of RCA. 

The presentation was made by President 
Giovanni Gronchi of Italy at the closing 
session of the Seventh International Con-
gress on Communications. General Sarnoff 
and Dr. Engstrom received the award, 
which consists of a purse and gold medal, in 
person. 

James J. Lamb (le) receiving the ARM, Merit Award for 1959 from G. L. Dosland, President of the League. 

Calendar of Coming Events 
and Authors' Deadlines* 

(Continued from page 14A) 

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

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

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

Industrial Elec. Symp., Sept. 21-22. 

Sixth Natl. Communications Symp., 
Hotel Utica and Utica Memoria! 
Aud., Utica, N. Y., Oct. 3-5. 

Natl. Elec. Conf., Chicago, III., Oct. 10-
12. 

East Coast Conf. on Aero & Nay. Elec., 
Baltimore, Md., Oct. 24-26. 

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

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

Mid-Amer. Elec. Cony., Kansas City, 
Mo., Nov. 14-16. 

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

13th Ann. Conf. on Elec. Tech. in Med. 
and Bio., Washington, D. C., Nov. 

PGVC Ann. Mtg., Sheraton Hotel, 
Philadelphia, Pa., Dec. 1-2. 

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

1961 

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

Electronic Computer Conf., West Coast, 
May 9-11. 

WESCON, San Francisco, Calif., Aug. 
22-25. 

Natl. Symp. on Space Elec. and Te-
lemetry, Sept. 

Industrial Elec. Symp., Sept. 20-21. 

National Elec. Conf., Chicago, Ill., Oct. 
9-11. 

1961 NEREM (Northeast Electronics 
Res. & Engrg. Mtg.), Nov. 14-16. 

1961 Electron Devices Mtg., Shoreham 
Hotel, Washington, D. C., Nov. 20-
21. 

Mid-America Elec. Cony. (MAECON), 
Kansas City, Mo., Nov. 14-16. 

Eastern Joint Computer Conf., Sheraton 
Park Hotel, Washington, D. C., Dec. 

* DL=Deadline tor submitting ab-
stracts. 

PROCEEDINGS OF THE IRE December, 1959 15A 



CURRENT IRE STANDARDS 

Please order by number from IRE Headquarters, 1 E. 79 St., N. Y. 21, N. Y. A 20 per cent 
discount will be allowed on order for 100 or more copies mailed to one address. 

Standard 

48 IRE 2., 11., 15.S1 Standards on Antennas, Modulation Systems, and Transmitters: 
Definitions of Terms, 1948  

53 IRE 2.SI Standards on Antennas and Waveguides: Definitions of Terms, 1953  
Adopted by ASA. (ASA C16.21-1954.) 

Reprinted from the December, 1953, PROCEEDINGS  
55 IRE 2.S1 Standards on Antennas and Waveguides: Definitions for Waveguide Com-

ponents, 1955. 
Reprinted from the September, 1955, PROCEEDINGS  

59 IRE 2.S1 Standards on Antennas and Waveguides: Waveguide and Component 
Measurements, 1959 

Reprinted from the April, 1959, PROCEEDINCS 
48 IRE 2.S2 Standards on Antennas: Methods of Testing, 1948. Adopted by ASA. (ASA 

C16.11-1949.)  
54 IRE 3.SI Standards on Audio Techniques: Definitions of Terms, 1954. 

Reprinted from the July, 1954, PROCEEDINGS  
56 IRE 3.S1 Standards on Audio Systems and Components: Methods of Measurement of 

Gain, Amplification, Loss, Attenuation and Amplitude-Frequency-Response, 1956. 
Adopted by ASA. (ASA C16.29-1957.) 

Reprinted loin the May, 1956, PROCEEDINGS  
58 IRE 3.S1 Standards on Audio Techniques: Definitions of Terms, 1958. 

Reprinted front the December, 1958, PROCEEDINGS  
53 IRE 3.S2 Standards on American Recommended Practice for Volume Measurements 

of Electrical Speech and Program Waves, 1953. Adopted by ASA. (ASA C16.5-1954 ) 
Reprinted from the May, 1954, PROCEEDINGS  

50 IRE 4.S1 Standards on Circuits: Definitions of Terms in Network Topology, 1950. 
Reprinted from the January, 1951, PROCEEDINGS  

53 IRE 4.S1 Standards on Circuits: Definitions of Terms in the Field of Linear Varying 
Parameter and Nonlinear Circuits, 1953. 

Reprinted from the March, 1954, PROCEEDINGS  
51 IRE 6.S1 Standards on Electroacoustics: Definitions of Terms, 1951. 

Reprinted from the May, 1951, PROCEEDINGS  
52 IRE 7.S1 Standards on Magnetrons: Definitions of Terms, 1952. 

Reprinted from the May, 1952, PROCEEDINGS  
54 IRE 7.SI Standards on Electron Devices: Definitions of Terms Related to Phototubes, 

1954. 
Reprinted from the August, 1954, PROCEEDINGS  

56 IRE 7.S1 Standards on Electron Devices: Definitions of Terms, Related to Microwave 
Tubes (Klystrons, Magnetrons, and Traveling Wave Tubes), 1956. 

Reprinted from the March, 1956, PROCEEDINGS  
57 IRE 7.S1 Standards on Electron Tubes: Physical Electronics Definitions, 1957  

Reprinted front the January, 1957, PROCEEDINGS  
50 IRE 7.S2 Standards on Electron Tubes: Methods of Testing, 1950. 

Part I Reprinted from August, 1950, PROCEEDINGS. 
l'art II Reprinted from September, 1950, PROCEEDINGS  

52 IRE 7.S2 Standards on Gas-Filled Radiation Counter Tubes: Methods of Testing, 
1952. Adopted by ASA. (ASA C60.11-1954.) 

Reprinted from the August, 1952, PROCEEDINGS  
54 IRE 7.S2 Standards on Electron Devices: Definitions of Semiconductor Terms, 1954. 

Reprinted from the October, 1954, PROCEEDINGS  
56 IRE 7.S2 Standards on Electron Devices: Definitions of Terms Related to Storage 

Tubes, 1956. 
Reprinted from Ow April, 1956, PROCEEDINGS  

57 IRE 7.S2 Standards on Electron Tubes: Definitions of Terms, 1957. 
Reprinted from the July, 1957, PROCEEDINGS  

52 IRE 7.S3 Standards on Gas-Filled Radiation Counter Tubes: Definitions of Terms, 
1952. 

Reprinted from the August, 1952, PROCEEDINGS  
56 IRE 7.S3 Standards on Electron Tubes: TR and ATR Tube Definitions, 1956. 

Reprinted from the August, 1956, PROCEEDINGS  
56 IRE 8.S1 Standards on Electronic Computers: Definitions of Terms, 1956. 

Reprinted from the September, 1956, PROCEEDINGS  
59 IRE 8.S1 Standards on Static Magnetic Storage: Definition of Terms, 1959. 

Reprinted from the March, 1959, PROCEEDINGS  

43 IRE 9.S1 Standards on Facsimile: Temporary Test Standards, 1943  
56 IRE 9.S1 Standards on Facsimile: Definitions of Terms, 1956. Adopted by ASA. (ASA 

C16.30-1957.) 
Reprinted from the June, 1956, PROCEEDINGS  

55 IRE 10.S1 Standards on Industrial Electronics: Definitions of Industrial Electronics 
Terms, 1955. 

Reprinted from the September, 1955, PROCEEDINGS  
53 IRE 11.S1 Standards on Modulation Systems: Definitions of Terms, 1953. 

Reprinted frotn the May, 1953, PROCEEDINGS  

58 IRE 11.S1 Standards on Information Theory: Definitions of Terms, 1958. 
Reprinted from the September, 1958, PROCEEDINGS  

54 IRE 12.S1 Standards on Radio Aids to Navigation: Definitions of Terms, 1954. Adopted 
by ASA. (ASA C16.26-1955.) 

Reprinted front the February, 1955, PROCEEDINGS  
59 IRE 12.S1 Standards on Navigation Aids: Direction Finder Measurement, 1959. 

Reprinted from the August, 1959, PaocEEDINGs  

(Continued on page INA) 

ARMY MARS ANNOUNCES 

$1.25 DECEMBER SCHEDULE 

The First U. S. Army Military Affiliate 
$0.75 Radio System (MARS) Single Side Band 

Technical Net has scheduled five speakers 
$0•50 for December. The net can be heard each 

Wednesday at 9 P.M. EST on 4030 kilocycles 
upper sideband. The schedule includes: 

December 2-"Technical Aspects of Sand-
$1.00 lite Communications," I_ 

Smilen, Res. Associate, Mic-
rowave Res. Inst., Brooklyn 
Polytechnical Institute. 

December 9-"The Trans-Atlantic Sub-
marine Telephone Cable," 

$0.60 H. West, Plant Design En-
gineer, Long Lines Dept., 

$0.50 American Telephone & Tele-
$0.20 graph Co. 

December 16-"Determination of Percent 
Success Expectable in High 

$0 . 60 Frequency Radio Transmis-
sion," G. Krause, Project 
Engineer, Analysis Engi-
neering Div., U. S. Army 
Signal Radio Propagation 
Agency, Fort Monmouth. 

December 23-"FM Forward Scatter Trop-
ospheric Communications 
Systems," J. Lesmez, Project 

$1.00 Engineer, Radio Engineering 
Labs. Inc. 

51.00 December 30-"Coaxial Cable," M. Ferber, 
Sales Engineer, Times \Vire 
& Cable Co. 

$0.75 

$0.75 

$0 . 25 

$0.75 

$0.75 

$0.50 

$0.80 

$0.60 

$0.50 

$0.50 

$0.25 

$1.00 

$0.25 

$0.25 

$0.50 

MIL-E-(201'41 ISSUES 
CALL FOR PAPERS 

The 4th National Convention on Mili-
tary Electronics-1960 (MIL-E-CON) will 

Cost be held at the Sheraton-Park Hotel, Wash-
ington, D. C., on June 27-29, 1960, under 
the sponsorship of the Professional Group 
on Military Electronics. Robert H. Cran-
shaw, Manager, Advanced Space Projects, 
General Electric Company, Utica, N. Y., is 
Convention President for M IL-E-CON. 

Papers presenting original work in mili-
tary electronics are invited for this meeting. 
Suggested topics include, but are not lim-
ited to the following: Current Problems of 
Space Technology, Space Electronics, Rang-
ing and Tracking, Electronic Propulsion, 
Data Handling Systems, Guidance and Con-
trol, Inertial Systems, Reconnaissance 
Systems, Communication Systems, Opera-
tional Analysis, and Reliability. 

The technical program will include both 
classified (limited to confidential) and un-
classified sessions, with the Air Research 
and Development Command sponsoring the 
classified sessions. An unclassified and bound 
Proceedings of the convention will be avail-
able at the meeting. 

Prospective authors are requested to fur-
nish the following information, not later than 
February 1, 1960; Three copies of a 250-word 
unclassified abstract of the proposed paper, 
plus the name and position of the author and 
the name and address of his company or or-
ganization. Each author must obtain the 
appropriate military and company clear-
ances for his abstract. 

Send abstracts to: Dr. Craig M. Cran-
-haw, Dept. of Army, Office of the Chief 
Signal Officer, R & D Div., SIGRD-2, 
Washington 25, D. C. 

$0.50 

$0.25 

$0.50 

$0.50 

$0.50 

$0.50 

$0.50 
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George at the Forge 
The day the mobile radar was delivered to Washington at Valley 

Forge, it was so cold a man's shadow froze to the ground. Never-
theless, the Father of his Country managed to work up a good head 
of steam when he saw the unit. 

"Idiots!" he stormed. "Why do they send me radar when we 
need food and shelter and clothing? What good is it? Does it have 
Bomac tubes?"* 

"No sir," his orderly shivered. "It doesn't seem to have any 
tubes at all. But it might make a nice warm fire." 

"I was thinking the same," Washington said. And, without 
another word, he went and got a little hatchet and chopped and chopped. 

The wind blew and the chips flew. Soon, the installation ivos reduced 
to kindling. 

"That's more like it," the General said when he was done. "Now, 
if someone hand me a match ..." 

But he never finished the sentence. The ice on which he was 
standing suddenly gave way, and he disappeared into the frigid water. 

"General, general are you all right?" the orderly asked as he 
fished him out. 

"I'm afraid so," Washington said. "But you'd better put a sign 
here to warn the others." 

So, that was why the famous sign was put up — the sign you 
can see today when you visit Valley Forge. You know the one. 

It reads "George Washington slipped here." 

NO. 17 Of a series . . . BOM AC -_OOKS AT RADAR THROUGH THE AGES 

*.Bomac makes the finest microwave tubes and components. 

aboratorses, one. 
ALEN% R 0 A • BEVERLY, MASSACHUSETTS 

,s. D S ,1 e it I A4 41. 1 /4 1.4 

Leaders in the design, development and manufacture of TR. ATR, Pre-TR tubes; shutters; 
reference cavities; crystal protectors; silicon diodes; magnetrons; klystrons; duplezers; 
pressurizing windows; noise source tubes; high frequency triode oscillators; surge protectors. 

BOMAC 1959 

Offices In major cilles—Chicago • Kansas City • Los Angeles • Dallas • Dayton • Washington • 
SeAre • San Francisco • Canada: R-O-R Associates Limited, 1470 Don Mills Road, Don Mills, 
Ontario • Expert Maurice I. Parisien, 741-745 Washington St., N. Y. C. 14, N. Y. 



The Executive Committee of tire Benelux Section at the Rotterdam meeting-Mr. C. B. Broersma, Membership; 
Dr. V. Belevitch. Vice- Chairman: Mr. B. B. Barrow, Secretary-Treasurer; Mr. H. Rinia, Chairman; N1r.1 M. L. 
Jan sen. Meetings and Papers; :ind Dr. 1-1. P. Williams, Publicity. 

CURRENT IRE STANDARDS 

Please order by number from IRE Headquarters, 1 E. 79 St., N. Y. 21, N. Y. A 20 per cent 
discount will be allowed on order for 100 or more copies mailed to one address. 

Standard Cost 

49 IRE 14.S1 Standards on Piezoelectric Crystals, 1949. Adopted by ASA. (ASA C83.3-
1951, R 1954.) 

Reprinted from the December, 1949, PROCEEDINGS  $0 . 80 
57 IRE 14.S1 Standards on Piezoelectric Crystals-The Piezoelectric Vibrator: Defini-

tions and Methods of Measurement, 1957. 
Repr'nted from the March, 1057, PROCEEDINGS  SO. 60 

58 IRE 14.S1 Standards on Piezoelectric Crystals: Determination of the Elastic, Piezo-
electric, and Dielectric Constants-The Electromechanical Coupling Factor, 1958  

Reprinted from he April, 1951t, PRocyForsais   $0.75 
55 IRE 15.81 Standards on Pulses: Methods of Measurements of Pulse Quantities, 1955  

Adopted by ASA. (ASA C16.28-1956.) 
Reprinted front the November, 1955, PROCEEDINGS  $0 . 60 

58 IRE 15. TRI IRE Technical Committee Report: Methods for Testing Radiotelegraph 
Transmitters (Below 50 MC). 

Reprinted from the January, 1959, PROCEEDINGS  $0 . 60 
49 IRE 16.S1 Standards or: Railroad and Vehicular Communications: Methods of Test-

ing, 1949. 
Reprinted from the December, 1949, PROCEEDINGS  $0.50 

47 IRE 17.S1 Standards on Radio Receivers: Methods of Testing Frequency-Modulation 
Broadcast Receivers, 1947. Adopted by ASA. (ASA C16.12-1949.)  $0.50 

48 IRE 17.51 Standards on Radio Receivers: Methods of Testing Amplitude-Modulation 
Broadcast Receivers, 1948  $1 . 00 

49 IRE 17.S1 Tests for Effects of Mistuning and for Downward Modulation. 
1949 Supplement to 47 IRE 17.S1. 
Reprinted from the December, 1949. PROCEEDINGS  $0.25 

51 IRE 17.S1 Standards on Radio Receivers: Open Field Method of Measurement of 
Spurious Radiation from Frequency Modulation and Television Broadcast Re-
ceivers, 1951. 

Reprinted from the July, 1951. PROCEEDINGS  $0 . 50 
52 IRE 17.S1 Standards on Receivers: Definitions of Terms, 1952. 

Reprinted froto tire December, 1952, PROCEEDINGS  $0.60 
54 IRE 17.S1 Standards on Receivers: Methods of Measurement of Interference Output 

of Television Receivers in the Range of 300 to 10,000 KC, 1954. Adopted by ASA. 
(ASA C16.25-1955.) 

Reprinted front tire September. 1954, PROCEEDINGS  $0 . 60 

55 IRE 17.S1 Standards on Radio Receivers: Method of Testing Receivers Employing 
Feriae Core Loop Antennas, 1955. 

Reprinted front the September, 1955, PROCEEDINGS  $0. 50 
53 IRE 19.S1 Standards on Sound Recording and Reproducing: Methods of Measure-

ment of Noise, 1953. 
Reprinted front die April, 1953, PROCEEDINGS  $0.50 

58 IRE 10.S1 Standards on Recording and Reproducing: Methods of Calibration of Me-
chanically-Recorded Lateral Frequency Records, 1958. 

Reprinted from the December, 1958, PROCEEDINGS  $0.60 
53 IRE 19.S2 Standards on Sound Recording and Reproducing: Methods for Determining 

Flutter Content, 1953. Adopted by ASA. (ASA Z57.1-1954.) 
Reprinted from the March, 1954, PROCEEDINGS  $0.75 

51 IRE 20.S1 Standards on Pulses: Definitions of Terms-Part I, 1951. 
Reprinted front the June, 1951. PROCEEDINGS  $0.50 

52 IRE 20.S1 Standards on Pulses: Definitions of Terms-Part II, 1952. 
Reprinted from the May, 1952, PROCEEDINGS  $0.50 

58 IRE 20.S1 Index to IR Standards on Definitions of Terms, 1942-1957. 
Reprinted from the February, 1958, PROCEEDINGS  $1.00 

51 IRE 20.S2 Standards on Transducers: Definitions of Terms, 1951. 
Reprinted front the August, 19.51, PROCEEDINGS    $0 . 50 

51 IRE 21.S1 Standards on Abbreviations of Radio-Electronic Terms, 1951. 
Reprinted from the April, 1951, PROCEEDINGS    $0.50 

54 IRE 21.S1 Standards on Graphical Symbols for Electrical Diagrams, 1954. 
Reprinted from the June, 1954, PROCEEDINGS  $1.25 

(Continued on page 20,4) 

BENELUX SECTION HOLDS 
INITIAL MEETING 

On October 3, 1959, the newly-formed 
Benelux Section of the IRE held its first 
meeting at the Rotterdam Offices of Radio-
Holland, N. V. Talks were given on the 
radio and navigational equipment of the 
new S. S. Rotterdam by C. B. Broersma, 
Managing Director of Radio-Holland, H. T. 
Hylkema, Chief Engineer of Radio-Holland, 
and A. Webster, Assistant Nautical Super-
intendent of the Holland-America Line. The 
meeting was opened by the Section Chair-
man, H. Rinia, Director of Research at 
Philips Laboratories in Eindhoven. 

Radio-Holland was host during the lunch 
which followed, at which Dr. L. V. Berkner. 
President of URSI and a Director of the 
IRE, presented the good wishes of the Board 
of Directors and emphasized the inter-
national character of the Institute and its 
interest in promoting contact ztmong radio 
engineers front all lands. Mr. Rinia reported 
that Dr. Balthasar N.an der Pol was pre-
vented from attending by his serious illness, 
and the group sent a telegram of greetings 
which was the last message of the IRE to one 
of its most respected and senior Fellows. 

In the afternoon the party went aboard 
the Rotterdam, new flagship of the Holland-
America Line, where they visited the radio 
station and the navigational equipment on 
the bridge. Many other parts of this fas-
cinating ship were also visited, so that the 
occasion was a memorable one for the 77 
members and guests who attended the 
meet i ng. 

NYU INSTITUTE OFFERS 
TEM PORARY MEMBERSHIPS 

The Institute of Mathematical Sciences 
at New York University, N. Y., is offering 
temporary memberships to mathematicians 
and other scientists holding the Ph.D. de-
gree who intend to study and do research 
in the fields in which the Institute is par-
ticularly active. These fields include Func-
tional Analysis, Function Theory, Differ-
ential Equations, Mathematical Physics, 
Fluid Dynamics and Magnetohydrodynatn-
ics, Electromagnetic Theory and Numerical 
Analysis and Digital Computing. 

The temporary membership program is 
designed primarily to alleviate the present 
critical shortage of scientists trained in 
mathematical physics, applied mathemat-
ics, and mathematical analysis. The program 
is being supported by the National Science 
Foundation and also by funds contributed 
by industrial firms to New York Univer-
sity. 

Temporary members may participate 
freely in the research projects, the advanced 
graduate courses, and the research seminars 
of the institute, and they will have the op-
portunity of using the computational facili-
ties. They will receive a grant commensurate 
with their status. 

Temporary memberships are awarded for 
one year, but may be renewed in special 
cases. Appropriate arrangements can be 
made for applicants who expect to be on 
leave of absence front their institutions. 

Requests for information and for appli-
cation blanks should be addressed to the 
Membership Committee, Institute of Math-
etnatical Sciences, 25 Waverly Place, New 
York 3, N. Y. 
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Accuracy 
Re//ability 

Persatility 

EMPIRE 

COAXIAL ATTENUATORS 

Rated up to 4 Watts 

AT-109: 12 POSITIONS, 4 WATS 
CONTINUOUS, 2 KW PEAK 

Empire attenuators have been designed and 

constructed for the reliable performance so essential to 

mode-n, comp'ex systems. Their rugged construction 

...conservative power ratings for CW and pulse 

operation...and exclusive deposited carbon precision 

resistors...enable them to satisfy your microwave 

attenuation requirements. 

Resistive coaxial netwcrks furnished for frequencies up to 

4000 MC, higher on special order. Low VSWR and 

high accuracy are inherent features. Attenuation values up 

to 60 DB are obta ned in individual pads, rated up to 

4 watts continuous and 2 KW peak (AT-75) or as six and 

twelve position step attenuators (AT- 108, AT- 109). 

With two or three attenuators connected in series, values 

up to 120DB can be obtained. 

In many cases our engineering files contain a ready solution 

to your unusual coaxial attenuation problems. 

For complete technical information, 

write for free catalog A-259. 

EMPIRE DEVICES 
PRODUCTS CORPORATION 

AMSTERDAM, NEW YORK. VICTOR 2-8400 

NOISE & FIELD INTENSITY METERS • CRYSTAL MIXERS • POWER DIYIDERS • DISTORTION ANALYZERS • IMPULSE GENERATORS • COAXIAL ATTEAUATORS 
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E. W. Pappenfus (eanding), toastmaster at the banquet of the Cedar Rapids Symposium on Antennas and 
Propagation. with (seated left (oriel) E. L. Martin. Symposium Chairman, tir. R. C. McCreary. Chairman of 
Its' Cedar Rapids Section, and Dr. Ernst Weber, President of the IRE. 

CURRENT IRE STANDARDS 

Please order by number from IRE Headquarters, 1 E. 79 St., N. Y. 21, N. Y. A 20 per cent 
discount will be allowed on order for ROO or more copies mailed to one address. 

Stan da rd Cost 

57 IRE 21.S1 Standards on Letter Symbols and Mathematical Signs, 1948. (Reprinted 
1957.) 

Ret.rintecl from the August 1957, PROCI. E DINGS  $0.60 
57 IRE 21.82 Standards on Reference Designations for Electrical and Electronic Equip-

ment, 1957. 
Reprmtecl from the November, 1957. PROCEEDINGS  $0. 70 

57 IRE 21.S3 Standards on Graphical Symbols for Semiconductor Devices, 1957. 
Reprmt-d from the December, 1957, PROC EEDINGS   $0.60 

48 IRE 22.S1 Standards on Television: Methods of Testing Television Receivers, 1948. 
Adopted by ASA. (ASA C16.1.3-1949.) .   $1.00 

55 IRE 22.S1 Standards on Television: Definitions of Color Terms, 1955. 
Reprinted from the June, 1955, PROCEEDINGS  $0 . 60 

50 IRE 23.S1 Standards on Television: Methods of Measurement of Television Signal 
Levels. Resolution, and Timing of Video Switching Systems, 1950. 

Reprinted : roin the Maw, 1950, PROCEED1',GS   $0.70 
54 IRE 23.51 Standards on Television: Methods of Measurement of Aspect Ratio and 

Geometric Distortion, 1954. Adopted by ASA. (ASA C16.23-1954.) 
Reprint.,1 troni the July, 1954, PROCEED:NC:S  $0.60 

55 IRE 23.S1 Standards on Television: Definitions of Television Signal Measurement 
Terms, 1955. 

Reprinted front the May. 1955, PROCEEDINGS  $1.00 
58 IRE 23.S1 Standards on Television: Measurement of Luminance Signal Levels, 1958. 

(ASA C16.31-1959.) 
Reprinted from the February, 1958, PROCEEDINGS  $0.60 

50 IRE 23.S2 Standards on Television: Methods of Measurement of Time of Rise, Pulse 
Width, and Pulse Timing of Video Pulses in Television, 1950. 
Reprinted from the Novetnber, 1950, PROCEEDINGS  $0 . 75 

50 IRE 23.S3 Standards on Television: Methods of Measurement of Electronically Regu-
lated Power Supplies, 1950. 

Reprinted from the January, 1951. PROCEEDINGS  $0 75 
45 IRE 24.S1 Standards on Radio Wave Propagation: Definitions of Terms Relating to 

Guided Waves, 1945  $0 20 
50 IRE 24.S1 Standards on Wave Propagation: Definitions of Terms, 1950. 

Rep-iated from the November, 1950, PROCEEDINGS  $0.60 
55 IRE 26.S1 Standards on Graphical and Letter Symbols for Feedback Control Systems, 

1955. 
Reprinted from the November. 1955, PROCEEDINGS  $0.25 

55 IRE 26.S2 Standards on Terminology for Feedback Control Systems, 1955. 
Reprinted from the January, 1956, PROCEEDINGS  $0.50 

56 IRE 27.S1 Standards on Methods of Measurement of the Conducted Interference Out-
put of Broadcast and Television Receivers in the Range of 300 KC to 25 MC, 1956. 
Adopted by ASA. (ASA C16.25a-1957.) 

Reprinted from the August, 1956, PROCEEDINGS  $0.50 
58 IRE 27.S1 Supplement to "IRE Standards on Receivers: Methods of Measurement of 

Interference Output of Television Receivers in the Range of 300 to 10,000 KC 
1954" (Standard 54 IRE 17.S1). (ASA C16.25b-1959.) 

Rem Peed from l he July, 1958, PROCEEDINGS  $0.50 
56 IRE 28.S1 Standards on Letter Symbols for Semiconductor Devices, 1956. 

Reprinted from I he July, 1956, PROCEEDINGS  $0.50 
58 IRE 28.S1 Standards on Solid-State Devices: Methods of Testing Point-Contact Tran-

sistors for Large, Signal Applications, 1958. 
Reprinted front the May, 1958. PROCEEDINGS  $0.70 

56 IRE 28.82 Standards on Solid-State Devices: Methods of Testing Transistors, 1956  
Reprinted fiont the November, 1956, PRflel. 1.1)1\(;ti   $0.80 

CEDAR RAPIDS PGAP 
HOI.DS SYM POSI UM 

The Symposium on Antennas and Prop-

agation held by the Cedar Rapids, Iowa, Sec-

tion, September 18 and 19, 1959, brought to 

more than 165 members of the section au-

thorities in their fields who delivered papers 

reviewing the current state of the art. The 
papers by Dr. A. D. Wheelon and Dr. J. D. 

Dyson were of particular interest since they 

presented material never before published. 

Dr. Wheelon, who reviewed scatter propaga-

tion theory, had just completed a two-week 

session at the National Bureau of Standards, 

Boulder, Colo., with proponents of the vari-

ous scattering theories. His paper reflected 

the results of this meeting. Dr. Dyson de-

scribed another class of frequency independ-

ent antennas having characteristics similar 

to the logarithmic-periodic antennas and 

derived from equiangular spiral shapes. 

MICROWAVE TUBES CONGRESS 
ISSUES CALL FOR PAPERS 

The International Congress on Micro-

wave Tubes, to be held in Munich, Ger-

many. June 7-11, 1960, has announced that 

the deadline for papers is December 30. 

1959. The subjects for discussion at the 
convention will be treated in the following 

groups: Diode and Grid Controlled Fields, 

Velocity-Nlodulation Tubes, Traveling-
Wave Tubes, 0- and M-Type Backward-

Wave Oscillators, Magnetrons and M-Type 

Amplifier Tubes, Cavities and Slow-Wave 
Structures, Space-Charge Waves, Noise, 

Electron Guns and Beam Focusing, Para-

metric Amplifiers-Masers, Gas- Discharge 

Tubes, Generation of Electromagnetic Ener-

gy by Radiation (Undulator, Cerenkov 

Effect, etc.), Measuring Techniques, and 

Technology. 
Papers may be read in Germait, English 

or French. The maximum time allocated to 

each paper is 20 minutes. Three copies of 

a short summary (less than 50 lines) should 

be enclosed with the form and sent to: 

Vortragsausschuss der Internationalen 
Tagung, " Mikrowellenrohren," z. Hd. Herrn 

Prof. Dr. W. Kleen, Munchen 8, Balan-

strasse 73, Germany. 

The program committee will inform the 

authors by about February 15, 1960, 

whether their papers have been accepted. 

The summaries of accepted papers will be 
printed and made available on or before the 

date of the Congress. 

AIR FORCE ANNOUNCES MARS 
DECEMBER SCHEDULE 

The December schedule of the Air Force 

MARS Eastern Technical Net, to be heard 

Sundays from 2 to 4 P.M., EST at 3295 kc, 

7540 kc, and 15,715 kc, is as follows: 

December 6 

December 13 

December 20 

December 27 

January 3 

"UHF Air-Sea Rescue Com-

munications," T. C. Nehrbas, 

Ch. Eng., and J. E. Richter, 

Proj. Eng., Telephonics, Inc. 

"Underwater Sound Detec-

tion, " G. D. Cummings and W. 

Love, Proj. Engs., Telephon-

ics, Inc. 

"Reinforced Plastics," W. H. 

Greenberg, Ch. Eng., River-

side Plastics Corp. 

Recess date. 

Recess date. 
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NF W 
CARRIER AND LOW LEVEL PREAMPS 

OFFER MORE RECORDING USEFULNESS 

W TH the availability of these two new plug-in preamplifiers 
and associated MOPA, Sanborn 6- and 8-channel -850- oscillo-
graphic recording systems can now record an even wider variety 
of inputs — wherever many channels are needed in minimum 
panel space, with no sacrifice in system accuracy or reliability. 
The 850-1100A is a carrier amplifier-demodulator unit designed 
to work with resistance bridge, variable reluctance and differen-
tial transformer transducers. Attenuator, smooth gain, position 
and balancing controls are on the 2" x 7" front panel: input and 
output connections are provided at both front and rear. The 
850-1500A is a chopper amplifier u ith floating input isolated 
from a floating output, capable of measuring low level 
DC-I00 cps signals such as those from thermocouples and 
strain gage bridges. Design provides low noise operation, greater 
freedom from ground loop interference and high common mode 
rejection ratio. Required carrier excitation (2400 cps standard, 
600, 1200 and 4800 cps optional) and chopper drive (440 cps) 
voltages are supplied by the 850-190C MOPA, a dual-oscillator 
unit which can handle up to eight of each preamplifier. 

per inch 
per dollar 
per channel 

SPECIFICATIONS 

050-1100A 85C-150CA 

Sensitivity 100 ov in gives I y at output 

Input impedance approx. 2500 ohms approx. 100,000 ohms 

Output , 2.5v across 3300 ohms ±2.5 vof`s across 2500 ohms 

Freq. response 
—3 els at 20% of 

carrier freq. 
0-100 cps, —3db 

Linearity ±0.5% cf full scale ±0.1% of full scale 

Common mode 
performance 

120 db for 60 cps' 160 db 
for DC with 5000 ohms un. 
balance in input 

Noise 2 ov p-p over 100 cps 
bandwidrh 

(data subject to change without notice) 

SANBORN COMPANY 
Ask your Sanborn Sales-Engineering representative for complete 

facts on all "850" system Jnits — or write the main office in Waltham. 1 75 Wyman St., Waltham Mcss. 

Indus ,rial Division 



ETA KAPPA Nu PRESENTS 
AWARDS TO YOUNG ENGINEERS 

Dr. Edgar A. Sack, Jr. (S'49-A'55-M'56) 
of Pittsburgh, Pa. has been named the Out-
standing Young Electrical Engineer of 1959 
in the annual nationwide talent search con-
ducted by Eta Kappa Nu, national electrical 
engineering honor society. Willard B. Groth, 
Chairman of the Award Organization Com-
mittee of the society, also announced today 
that Honorable Mention awards in the na-
tional competition had been made to 
William O. Fleckenstein (A'52-M'57) of 
Whippany, N. J., Kenneth H. Olsen (S'48-
A'53), of Bedford, Mass., and John W. 
Wentworth (S'48-A'50-M'55) of Haddon-
field, N. J. 

The 1959 competition is the twenty-
fourth in the series which began in 1936. 
Formal presentation of the awards will be 
made at a banquet to be held during the 
Winter General Meeting of the AIEE in New 
York, N. Y., in February. 

At 29 years of age, the 1959 Outstanding 
Young Electrical Engineer has a record of 
accomplishment in the field of solid state 
device research and development. Initially, 
Dr. Sack contributed to the understanding 
of dielectric amplifiers through his doctoral 
research in connection with ferroelectric ma-
terials and their use in resonant dielectric 
amplifiers. Most recently, he has been re-
sponsible for advances in electrolumines-
cence and the application of this principle to 
practical solid state display mechanisms. 
His efforts have made possible an electro-
luminescent alpha-numeric and digital indi-
cator as well as high resolution microcircuit 
structures for flat panel mural television dis-
plays valuable for Navy command informa-
tion centers. He supervised the design and 
installation of the first full installation of 
electroluminescent panels for room lighting 
in 1956. 

He received his education at the Car-
negie Institute of Technology, being awarded 
the B.S., M.S., and Ph.D. degrees in 1951, 
1952, and 1954, respectively. He joined the 
Research Laboratories of Westinghouse 
Electric Corporation in 1954 as a member of 
the television section of the Electronics and 
Nuclear Physics Department. At present he 
is Manager, Dielectric Devices Section, re-
sponsible for the direction of research on 
special dielectric devices such as electro-
luminescent displays. 

William O. Fleckenstein, one of the 
Honorable Mention citation recipients, is 34 
.-ears of age. A native of Scranton, Pa., he 
was graduated from Lehigh University as 
the highest ranking senior in electrical en-
gineering in 1949. He joined the Bell Tele-
phone Laboratories, Inc., immediately upon 
graduation and participated in their com-
munication I )evelopment Training Pro-
gram. Upon completion of the program he 
began a telephone career which has been 
marked by creative accomplishment. 

His principal contributions have been 
made in the areas of electronic switching 
systems, high speed magnetic core memory 
systems, and data transmission and record 
communication systems. He has taught ex-
tensively in the Laboratories' Communica-
tion Development Training Program. 

Kenneth H. Olsen, another Honorable 
Mention recipient, at 33, is a specialist in 
the development of solid state components 
and circuitry for digital computation equip-

ment in addition to being the founder and 
president of a corporation that has annual 
sales in excess of a million dollars within two 
years of its organization. 

Mr. Olsen, a native of Bridgeport, Conn., 
received the B.S. and M.S. degrees in elec-
trical engineering from the Massachusetts 
Institute of Technology in 1950 and 1952. 
As a graduate student, he invented a mag-
netic matrix switch for use with coincident 
current magnetic memories. Following grad-
uation, as a staff member of the Digital 
Computer Laboratory of M.I.T. he super-
vised the group responsible for the first digi-
tal computer to use the magnetic core ran-
dom-access memory. Later he was one of the 
first to build a high performance digital 
computer using transistors. In 1957 he 
founded and became president of Digital 
Equipment Corporation, a concern that has 
enjoyed remarkable financial success in the 
creation and marketing of transistorized 
building blocks for the computer industry. 

The field of electronics also contributed 
the third winner of an Honorable Mention 
citation in the 1950 competition. John W. 
Wentworth, 33, is Manager of Telex ision 
Terminal Engineering in RCA's Industrial 
Electronic Products Division. A native of 
Greenville, Maine, he was graduated front 
the University of Maine with a bachelor's 
degree in electrical engineering in 1949. He 
joined RCA shortly after graduation, and 
has been a major contributor to that or-
ganization's important advances in color 
television. 

He has taught and lectured extensively 
on the subject of color television. His book, 
Color Television Engineering, was published 
in 1955. 

The Eta Kappa Nu award is given to 
an electrical engineer who on May 1 of 
each year has not been graduated more than 
ten years from a regular course in electrical 
engineering front an American college or uni-
versity, and who is not more than 35 years 
of age. Selection is made on the basis of the 
candidate's record of achievement in his 
chosen work, in his service in behalf of his 
community, state or nation; in his cultural or 
aesthetic development; and for his pro-
fessional activities. 

PROFESSIONAL GROUP NEWS 

The following Chapters were approved 
by the IRE Executive Committee at its 
meeting held on October 7th: PG on Auto-
matic Control—New York Chapter; PG on 
Electron Devices—Syracuse Chapter; PG on 
Reliability and Quality Control—Joint 
Metropolitan New York, North New Jersey 
and Long Island Chapter. 

OBITUARIES 

Roscoe Kent, a Senior Member of the 
IRE, died recently at the age of 74. A 
pioneer in the field of radio, he was one of 
the early members of the IRE. 

Mr. Kent was born in St. Paul, Minn., on 
February 22, 1885. After attending school 
in St. Paul, he enlisted in the U. S. Navy 
in 1902. Front 1902 to 1906, while in the 
Navy, he studied the radio field, through 
correspondence courses, special courses, and 
handbooks. In 1906 he became Chief Engi-

T. E. GOLDUP 

neer of the Radio Telephone and Telegraph 
Co., where he worked with the design, 
fabrication, and installation of wireless tele-
phone and telegraph equipment, and motor 
generators and wood and steel towers and 
buildings. He sold and installed the first 
radio telephones to the U. S. Navy. In 1910 
he joined the Mathews Gravity Conveyor 
Co., Ellwood City, Pa., and in 1912 he be-
came a consulting engineer, developing and 
building small railroads and ships. During 
World War I he acted in undercover service 
for the U. S., and also was Superintendent 
of the George B. Curd Car and Locomotive 
Shops, Cincinnati, Ohio. For the next ten 
years he was Vice President of Florida Asso-
ciated Engineers, Orlando, Fla., where he 
helped to design, sell, and install road ma-
chinery and equipment. In 1929 he de-
veloped a police radio which was produced 
by the DeForest Radio Co., Passaic, N. J., 
and for the next few years he did consulting 
work again. In 1935 he became Assistant 
General Manager of Wired Radio, Newark. 
N. J., developing such equipment as high 
fidelity phonograph records and pick ups, 
water cooled radio tubes, and carrier current 
systems. He also had charge of introducing 
these items to trade and selling patent 
licenses. Later, he designed, equipped, and 
put into operation the plant of Tools, 
Inc., Newark, N. J. During World War II 
he was in charge of War Contracts Div., 
Gemex Co., Union, N. J., and after the 
war he became consultant and patent ad-
viser at Radio Inventions, Inc., New York, 
N. Y. For the past several years he had 
been the Florida Representative for Indus-
trial Instruments, Inc., Cedar Grove, N. J. 

Mr. Kent was a member of the Society 
of American Military Engineers and the 
American Society of Mechanical Engineers. 
He was a founder of Radio Pioneers. 

Thomas E. Goldup (SM'52-F'55), Di-
rector of Mullard Ltd., London, England, 
died recently at the age of 65. He was head 

of the research and 
development work at 
Milliard, and directed 
its technical policy. 

He was born on 
April 30, 1894, in 
London, Eng., and 
attended the Royal 
Naval College, Green-
wich, front 1910 to 
1914, where he ma-
jored in Applied 
Electrical Engineer-
ing and Applied 

Physics. From 1913 to 1914 he was on the 
staff of the college. 

In 1914 he was appointed to the research 
staff of Signal School, Portsmouth, and in 
1918 he became Senior Experimental Officer 
at the school. While there he designed and 
developed the early 2.5 kw silica tubes for 
the British Navy, In 1923 he joined Mullard 
Radio Valve Co. as assistant in the Valve 
Laboratory. Five years later he was ap-
pointed Head of the Technical Service De-
partment, and in 1938 he became Director 
of Mullard Equipment Ltd. In 1940 he be-
came Director of Mullard Radio Valve Co. 
Ltd., and in 1951 he was appointed Director 
of Mullard Ltd., encompassing both the 
Radio Valve and Equipment Companies. 
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WITH ARC's NEW TYPE T-25A 360 CHANNEL TRANSMITTER 

Tuossièrrrn T-150.128VICM IC / e 

Ise C - 57 COTA 
Qii,(inefflm 

As air traffic becomes heavier, pilots are busier 
with more frequent ground communications. To 
meet this growing need in traffic control, ARC 
designed the Type T-25A 360 Channel Trans-
mitter with the widest range of frequencies — 
more than adequate for today or years to come. 
Weighing only 7.7 pounds including shock mount-
ing, the T-25A provides complete coverage of 360 
channels at 50 kc spacing between 118.00-135.95 
megacycles. /t is a 6-10 watt unit ( nominal 8 
watts), providing ample range for planning ap-
proaches in congested air traffic areas. Power 

consumption of only 2.0 amperes during trans-
mission on the 28 volt model, plus the 2.0 amps 
input to the receiver dynamotor that supplies high 
voltage. This means little added power drain on 
the electrical system. 
This transmitter is recommended for use with 
ARC's line of tunable receivers, ( R-13B and 
R-19) for a primary communication system on 
small aircraft or as a "back-up" to ARC Type 
210 Transmitter-Receiver on larger aircraft. 

Certified to CAA ISO C-37 Category A and FCC Requirements 

Engineers: investigate Career Opportunities at ARC 

lircraft Radio corporation BOONTON, N. J. 
Droendablo Airborne Electronic Ecuipment Since 1928 

OMNI 1.0C RECEIVERS • MINIATURIZED AUTOMATIC DIRECTION FINGERS • COURSE DIRICTORS • IF RECEIVERS AND LOOP DIRECTION FINDERS 

UHF ANO VHF RECEIVERS AND TRANSMITTERS 15 TO 3E0 CHANNELS • INTERPHONE AMPLIFIERS • HIGH CIWERED CABIN AUDIO AMPLIFIERS 

10.CHAFINEL ISOLAT EN AMPLIFIERS • OMNIRANGE SIGNA: GENERATORS AND STANDARD COIRSE -CHECKERS • 3:0-2100 MC SIGNAL GENERATORS 
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Sixth National Symposium on Reliability and 
Quality Control in Electronics 

STATLER-HILTON HOTEL, WASHINGTON, D. C., JANUARY 11-13, 1960 

The Sixth National Symposium on Reli-
ability and Quality Control in Electronics, 
sponsored by the PGRQC, A I EE, ASQC and 
EIA, will be held January 11-13, 1960, at the 
Statler-Hilton Hotel, Washington, D. C. 

Registration fees for members of the 
IRE, AIEE or ASQC are S20.00 in advance, 
and 824.00 at the door. The fee for nonmem-
bers is $22.00 or $24.00. 

Monday Morning, January 11 

Session 1—Keynote address 

"Reliability—Responsibility," J. K. 
Sprague, Sprague Electric Co. 

Session 2A—Military Requirements 
and Specifications 

Chairman: J. Allen, Space Technology 
Labs., Inc. 

"Reliability in Contracts," J. L. Burn-
side, Lockheed Aircraft Corp. 

"Improved Component Specifications," 
R. E. Moe, General Electric Co. 

"New Quality Assurance Techniques in 
Specifications," H. G. Romig, Hoffman Elec-
tronics Corp. 

Session 2B— New Production Techniques 

Chairman: A. W. Rogers, U. S. Army 
Signal Res. and Der. Lab. 

"New Production Techniques on Filters 
and Capacitors," S. Sonobe, Nippon Elec. Co. 

"Audio-Visual Aids to Human Reliabil-
ity," D. A. Hill, Hughes Aircraft Co. 

"Decentralized Reliability Education," 
J. M. Inter/h. North American Aviation, Inc. 

Monday Afternoon 

Session 3A— New Mathematical Techniques 

Chairman: G. Levenbach, Bell Tel. Labs. 
"Random Balance Designs for Reliabil-

ity," G. H. Sandler, Sylva n ia Elec. Prods., Inc. 
"Sequential Qualification: A Reliability 

Countdown," D. R. Howes, Army Chemical 
Center. 

"Analog Computers for Statistical Pro-
cedures," M. H. Norton, Booz-Allen pplied 
Res., Inc. 

"Accelerated Testing as a Problem of 
Modeling," R. E. Thomas, Battelle Mem. Inst. 

Session 3B— Cost Considerations 

Chairman: Rear Admiral R. Mandelkorn 
(USN, Rel.) Phi/co Div., Lansdale Tube Co. 

"A Reliability Economic Decision 
Method," H. W. Price, Diamond Ordnance 
Fuze Lab. 

"The Cost of Reliability Versus Main-
tenance Cost," Lt. Col. II'. F. Stevens, Wright 
Air. Der. Center. 

"Rework Costs Related to Reliability 
Requirements," W. R. Kuzmin, Packard 
Bell Electronics. 

"An Information Theory Approach to 
Diagnosis," R. A. Johnson, Syracuse, Univ. 

Monday Evening 

Session 4— Round Table Discussion 

Chairman: J. .11. Bridges, Office of Elec-
tronics, ODDReÉE. 

Participating: Advisory Board Members. 

Tuesday Morning, January 12 

Session SA—Training Session 

Chairman: R. Fitzgibbons, Raytheon Co. 
"Mathematics of Reliability," J. 11. 

Weise'', Sandia Corp. 
"Circuit Design Concept for High Reli-

ability," F. E. Dreste, Motorola, Inc. 
"Prediction of Reliability," J. Conners, 

Hughes Aircraft Co. 
"Design Review," G. J. Armbruster, 

RCA. 

Session 513—Failure Modes 

Chairman: G. Neuschaefer, .\.cw York 
Naml Material Lab. 

"Resistor Reliability—Capability Anal-
ysis," B. R. Schwartz, RCA. 

"Failure Modes in Electronic Compo-
nents," M. L. Granberg, Sperry Rand Corp. 

"Modes of Failure of Component Parts," 
C. D. Jeffcoat, Westinghouse Electric Corp. 

"l'art Improvement in Missile Guidance 
Applications." J. Hepp, General Motors 
Corp. 

Session SC— Advanced Mathematical 
Theory 

Chairman: G. .11. Cox, Research Triangle 
Inst. 

"Negative Moments and the Evaluation 
of Reliability," II'. Mendenhall, Bucknell 

"Multi-factor Experiments in Life Test-
ing," .1/. Zelen, Not. Bur. of Stand. 

"A Summary of Some New Techniques 
on Failure Analysis," J. K. Kao, Cornell 
Un 

"Estimation of Reliability from Incom-
plete Data," G. R. Herd, Booz-Allen Applied 
Res., Inc. 

Tuesday Afternoon 

Session 6A—Training Session 

Chairman: R. Fitzgibbons, Raytheon Co. 
"Reliability Testing," J. H. Hershey, 

Bell Tel. Labs. 
"Failure Reporting," E. Gould, Hughes 

Aircraft Co. 
"'Manufacturing Aspects of Reliability," 

T. Wos, Westinghouse Electric Corp. 
"Field Reliability," J. C. Burns, ARINC 

Corp. 

Session 6B—Reliability Prediction 

Chairman: J. A. Connors, Hughes Air-
craft Co. 

"Correlation of Laboratory and Field 
Reliability, C. M. Bird, IBM Corp. 

"Reliability Prediction —A Proven 
Method," W. T. Tier, General Electric Co. 

"The Practicality of Predicting Reliabil-
ity Numbers," W. E. Boyes, Sandia Corp. 

"Prediction of MTBF Bounds in Early 
Design," B. Tiger, United Aircraft Corp. 

Session 6C—Information Exchange Panel 

Chairman: R. II. DeWitt, Office of Elec-
tronics,.ODDR&E. 

"The Tri-Service and NOL Program," 
M. Barbe, Space Technology Labs., Inc. 

"Battelle Memorial Institute Data 
Pool," C. R. Deeter, Battelle Hem. Inst. 

"ODD Ad Hoc Committee on Component 
Reliability," J. Glass, Hughes Aircraft Co. 

"Inland Testing HELPER Program," 
L. L. Schneider, Inland Testing Labs. 

"Information Exchange Mechanics," R. 
M. Jacobs, Sylvania Electronic Systems Div. 

"Product Standardization and Technical 
Data Exchange," E. F. Howrey, Attorney and 
partner with Law Firm of Howrey and Simon. 

Tuesday Evening 

Session 7—Banquet 

"Research and Development Aspects of 
Reliability," Vice Admiral J. T. Hayward, 
USN, Assistant Chief of Naval Operations. 

Wednesday Morning, January 13 

Session 8A—New Maintainability 
Techniques 

Chairman: Gen. F. L. A nkenbrandt 
(USA, Ret.), RCA. 

"Maintenance Planning During Equip-
ment Development, R. I. Moeller, IBM. 

"Maintainability Study on Shipboard 
Electronics," ./. Schechtel, Fed. Elec. Corp. 

"Practical Maintainability Numerics," 
M. P. Feyerherm, RCA. 

"RAI C Maintainability Program," .1/. 
P. Forte, Rome Air. Dey. Center. 

Session 8B—Life Tests 

Chairman: W. Sumerlin, Phi/co Corp. 
"Life Test Acceptance Plans," B. Ep-

stein, Stanford Univ. 
"High Temperature Burn-In for Silicon 

Diodes," D. Cowan, Continental Device Corp. 
"The Selection of Components for Test 

Purposes," W. G. Madow, Stanford Res. 
Inst. 

"Surface Barrier Transistor Life Char-
acteristics," J. Drennan, Battelle Men,. Inst. 

Wednesday Afternoon 

Session 9A— System Aspects 

Chairman: P. S. Darnell, Bell Tel. Labs. 
"Design Reliability Analysis—A Proven 

Technique," II. Internet, RCA. 
"Some Effects of Redundancy on System 

Reliability," H. S. Balaban, A RI NC Corp. 
"Reliability, The Engineer, and the 

Mathematician," G. IV. Holtzman and W. E. 
Marshall, Minneapolis-Honeywell Reg. Co. 

"Reliability Measurement Applicable to 
Vigilante," W. M. Roberts, U. S. Army Ord-
nance & Proof Services. 

Session 9B—Programs and Management 

Chairman: Co!. R. O. Mitterling, Hdes., 
Air lIaterial Command. 

"A Field Reliability Data Program," 
J. R. Holmes, IBM. 

"Designing in the Dark," J. M. Farrier. 
A RINC Corp. 

"Small Samples are Significant," S. J. 
Wilson, The Martin Co. 

"Supplier Reliability Assurance Pro-
gram," M. H. Saltz, Hughes Aircraft Co. 
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Spectrophotometers 
Baird-Atomic has also peen a pioneer in 
multiracial infrared instrumentation — 
first to market a double- beam recording 
spectrophotometer. B/A's development 
program continues to pace the field in 
infrared analysis. 

Airborne Search 
The B/A transistorized " ROYAL FLUSH" 
Airborne Scanning, Detecting and 
Spectral Systems evaluate infrared 
radiation from airborne targets — also 
used to study radiation transmission at 
extremely high altitudes ... 

Optical Trackers 
B/A ; racking telescopes, as shown 
above, are in regular use at several 
facet ons. These unique systems can 
use visible, near or far infrared signals. 

W th a background of many years of advanced scien-
tific and engineering effort in infrared, Baird-Atomic has 
developed and delivered a number of ground-based and 
airborne systems for special government requirements. 
B/A's backlog in this field has risen sharply, with major 
new commitments for the Missiles and Space Division of 
Lockheed Aircraft Corporation. Baird-Atomic's respon-
sibilities include the development and delivery of special-
ized systems for important new applications in space 
programs. Other programs for infrared system develop-
ment for the government show continued growth. 

The expansion of infrared projects at B/A and the 
continued growth of national and world markets have 
created new openings for scientists, designers and produc-
tion engineers. Unusual opportunities are yours, if you 
qualify. For details, write to: Personnel, Baird-Atomic, 
Department Y. 

Main Office: Baird -Atomic, Inc. 
33 University Road 
Cambridge 38, Massachusetts 

Other 13/A Products 
Emission Spectrographic EcJip -nent — 
The Atomic Line of Radioactivity Meas. 
uring Instruments — Electronic and 
Special Products — Infrared interfer-
ence Filters — Periscopic Sextants 



Waters 
has a 

watertight 
case! 

Waters APWI Sealed Potentiometer is 
so watertight and so heat resistant that 
it operates reliably even in boiling 
water! The AP1IV! is completely unaf-
fected by humidity and water vapor, the 

APW1/2 two common causes of potentiometer 
1/2- dia. failures in aircraft and missiles, where 

pressure and altitude changes allow 
equipment "to breathe". Naturally, the water-
tight construction of the APW; also seals out dust 
and other minute particles which might cause 
failure. Meets MIL- E-5272A immersion specifi-
cations by means of a double "0" ring shaft seal. 
The glass-to- metal terminal board is solder-
sealed to the case. Available with 125°C or 150°C 
construction, mechanical rotation stops, special 
winding angles, values to 100K and tighter 
linearity tolerances. Can be supplied with op-
tional split bushings and various shaft lengths. 
(Waters WPW! Sealed Potentiometer features 
the same construction as the APW, but with a 
servo face.) Write for Bulletin APW-359. 

MANUFACTURING, INC. 

WAYLAND, MASS. 

POTENTIOMETERS 

SLUG TUNED COIL FORMS 

RF COILS 

CHOKES 

POT HOOK® PANEL MOUNTS 

TORQUE WATCH® GAUGES 

C'TROL METER/CONTROLLER 

INSTRUMENTS 

Waters 
has an 
airtight 
case! 

Waters APHV, hermetically sealed [0]' precision potentiometer, in addition to 
maintaining the hermetic seal behind 
the panel, is itself tightly sealed against 
outside atmosphere and salt spray by 

APHY means of a double "0" ring shaft seal. 
2 

1/2 " dia. The entire potentiometer passes Liquid 
Immersion Tests per MIL- E-5272A, par. 

4.12.1, and, excluding the shaft, passes the 
Mass Spectrometer Test with leak rate less than 
1O— CC/sec. N.T.P. Pre-tinned, it can be easily 
soldered into the panel. Its terminal lugs are 
installed with a glass to metal seal, and are 
positioned for easy wiring. The brass case is 
plated in conformance with military require-
ments. Waters API-U, HT Potentiometer also has 
high temperature operating characteristics. It 
derates to zero watts at 150°C; 34 watts may be 
safely dissipated at 125°C. Available with me-
chanical rotation stops, special winding angles, 
resistance values to 100K ohms and tighter 
linearity tolerances. Write for Bulletin APH. 

POTENTIOMETERS 

SLUG TUNED COIL FORMS 

RF COILS 

CHOKES 

POT HOOK® PANEL MOUNTS 

TORQUE WATCH® GAUGES 

CIROL METER/CONTROLLER 

INSTRUMENTS 

MANUFACTURING, INC. 

wATLAN o, MASS. 
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For 
Performance 

and 
Precision... 

See Mallory for Controls 

Auto radio controls for instance. We 
make dozens of different designs espe-
cially for auto radios: single and dual 
concentric types . . . combination 
multi-position tone control switch and 
volume controls . . . extended bushing 
models for dashboard mounting . . . 
special low-end taper controls for tran-
sistor circuits. Line switches can be 
extra long life rotary design with 
"floating" contacts . . . push-pull 
switch that ends "hunting" for correct 
volume setting. 

These are all part of a broad line of long 
life, low noise Mallory controls for 
radio, television, instruments plus the 
whole range of entertainment, indus-
trial and military electronics. Write or 
call us for a consultation. 

Mallory Controls Company 

Frankfort, Indiana 

a division of 

MALLORY 
P.R. MALLORY IX CO Inc. 
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If you have a problem in 
electrical protection — let BUSS Fuse 

Engineers Help You Solve It. 
If you have an electrical protection 

problem, the BUSS fuse research labo-
ratory, and its staff of engineers are 
at your service. Our engineers will work 
with yours to help you find a solution 
— and so save you engineering time. 

It is quite possible a fuse already 
stocked by local wholesalers will be 
your answer, so that the right fuse is 
readily available if your equipment 
needs service. 

The complete BUSS and FUSE-
TRON fuse line includes: 

Single-element fuses for circuits 
where quick-blowing is needed, 
such as for instrument protection. 

Single-element fuses for normal 
circuit protection. 

Dual-element, slow-blowing fuses 
for circuits where harmless current 
surges occur. 

Indicating fuses where signal must 
be given when fuses open — or to 
activate an alarm. 

BUSS and FUSETRON fuses range 
in size from 1/500 amperes up — and 
there's a companion BUSS line of fuse 
clips, blocks and holders. 

Dependability Always 

Every BUSS or FUSETRON fuse is 
tested in a sensitive electronic device 

that automatically rejects any fuse not 
correctly calibrated, properly con-

structed and right in all physical 
dimensions. 

For a catalog on BUSS and FUSE-
TRON small dimension fuses and fuse-
holders, — write for bulletin SFB. If 
you need special fuses or fuseholders, 
submit description or sketch, showing 
type of fuse to be used, number of 
circuits, type of terminal, etc. 

BUSS fuses are made to protect - not to blow, needlessly. 
BUSS makes a complete line of fuses for home, farm, commercic I, 

electronic,, electrical, cutomotive and industrial use. 

BUSSMANN MFG. DIVISION, 
McGraw- Edison Co. 

University at Jefferson, St. Louis 7, Mo. 

TatISIIVOIIrnr ...FS 24 
(LEG TROCIL PleOFECr•ord 

1259 
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.with TI electronic surveil lance systems 

*Target acquisition and recognition: You can search 
a huge area in minute detail for widely separated, lethal 
forces and installations — many of which are highly mobile. 

*Target location: through navigational aids so accurate 
that conventional warheads may be used on concentrated 
targets with a high probability of success. 

*Data Handling: to interpret and relay the target data 
from TI-equipped drones and snooper aircraft to the field 
commander in useable form. 

*Weapon damage assessment: verifies weapon accuracy 
and evaluates the remaining threat. 

Plus: training aids and maintenance services 
to assure that both men and equipment are at 
top efficiency. 

This capability now exists at TI, with the latest 
and most sophisticated airborne reconnaissance 
systems being flown daily at TI's Avionics 
Test Center. 

For detailed discussion of TI Surveillance hard-
ware, currently in production for the USAF and 
US Army Signal Corps— cleared personnel 
"with need to know" are urged to call or write: 
SERVICE ENGINEERING DEPT. 

RESEARCH/DESIGN/DEVELOPMENT/MANUFACTURING of systems for: Air traffic control • Airborne 
early warning • Antimissile • Antisubmarine warfare • Attack control • Countermeasures • Missile systems 
Navigation • Reconnaissance • Space electronics; and on detector cells, engine instruments, infrared, intercom, 
microwave, optics, sonar, radar, telemetry, time standards, timers, transformers and other precision devices. 

TEXAS 
APPARATUS DIVISION 

INSTRUMENTS 
INCORPORATED 
S000 LENNON AVENUE 

DALLAS 9. TEXAS 



SAWTOOTH FOR 

OSCILLOSCOPE 

CURRENT 
«?: 

CATHODE CURRENT 

130 A/8 OSCILLOSCOPE 

DETECTOR 

FREQUENCY METERS 

ATTENUATOR 

PRECISION 

ATTENUATOR 

DIRECTIONAL -----

COUPLER 

DEVICE UNDER TEST 

speed, simplify 
measurements 
2.0 to 18.0 KMC 

Covers full band, or any part 

Use with ' scope or recorder 

All electronic; no mechanical sweep 

Direct reading, independently 

adjustable sweep range 

and rate controls 

Ivrft ,' 

s FREGIUC.,  1.1 

1 Figure 1. Arrangement for high speed microwave meas-

urement to provide rapid visual display with c, 130A; B 

oscilloscope. 

Dependable, quality 
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Hewlett-Packard Electronic Sweep Oscillators are new measur-

ing tools deliberately designed to give you simpler, faster microwave 
measurements. Four models are provided, covering frequencies 2.0 to 

18.0 KMC as follows: Model 683A, 2.0 to 4.0 KMC; Model 684B, 

4.0 to 8.1 KMC; Model 686A, 8.2 to 12.4 KMC and Model 687A, 

12.4 to 18.0 KMC. 

These instruments make possible microwave investigations and 
evaluations with a convenience previously associated only with lower 
frequency measurements. These oscillators provide a wide range of 

sweep speeds so that measurements of reflection, attenuation, gain 
etc., can be displayed on an oscilloscope or recorded in permanent 

form on X-Y or strip-chart recorders. 

Electronic Sweeping 
Specifically, the new oscillators provide either a CW or swept rf 

output throughout their individual bands. The instruments employ 

new backward wave oscillator tubes whose frequency is shifted by 
varying an applied potential. Thus, troublesome mechanical stops 

and tuning plungers are eliminated. Sweep range is continuously 
adjustable and independently variable; sweep rate is selected sepa-
rately, and either can be changed without interrupting operation. 

The full band width can be covered in time segments ranging from 

140 seconds ( very slow for mechanical recorder operation) to 0.014 
seconds ( high speed for clear, non-flickering oscilloscope presenta-

tion ). 

Linear Frequency Change 

The swept rf output from the 4 sweep oscill.i tin- is linear with 

time, and a linear sawtooth voltage is provided concurrent with each 
rf sweep to supply a linear time base for an oscilloscope or recorder. 

ln addition, for convenience in recording and other operations, rf 

sweeps can be triggered electrically externally and single sweeps 
can be triggered by a front panel push button. The rf output can also 
he internally AM'd from 400 to 1,200 cps and externally AM'd or 
FNI'd over a wide range of frequencies. 

Rapid Visual Presentation 
The variety of sweep rates and hand widths available from the 

new oscillators insures convenience and accuracy for reflection and 
transmission coefficient measurements and many other production 

line and laboratory tests. For maximum speed, an oscilloscope such 
as e 130A/B may be used as indicated in the diagram on opposite 
page. For maximum information and a permanent record, an X-Y 

or strip chart recorder may be used. 
Complete details of a rapid visual method using an oscilloscope 

or a maximum-data, permanent record method using a recorder may 
be obtained from your 4 field engineer. Detailed discussions of 
these methods are also contained in the e Journal, Vol. 8, No. 6, 
and Vol. 9, No. 1-2, available on request. 

TYPICAL SPECIFICATIONS 
Below are specifications for -hp- 686A Sweep Oscillator, 
8.2 to 12.4 KMC. Specifications for -hp- 683A, 6845, 
and 687A IP band) are similar except for frequency 
ronge and other minor variations. 

Types of Outputs: Swept Frequency, CW, FM, AM. 

Single Frequency Operation 

Frequency: Continuously adjustable 8.2 to 12.4 

KMC. 

Power Output: At least 10 milliwotts into 
matched waveguide load. Continuously adjust-
able to zero. 

Swept Frequency Operation 

Sweep: Recurrent; externally triggered; also 
manually triggered single sweep. Rf sweep 
linear with time. 

Power Output: At least 10 MW into matched 
woveguide load. Output variation less than 3 
db over any 250 MC range; less than 6 db over 
entire 8.2-12.4 KMC range. 

Sweep Range: Adjustable in 7 steps 4.4 MC to 
4.4 KMC. 

Sweep Rate-of-Change: Decade steps from 32 
MC/sec. to 320 KMC/sec. 

Sweep Time: Determined by sweep range and 
rote; from 0.014 to 140 seconds over full-band. 

Sweep Output: + 20 to -1-30-volt-peak saw-
tooth provided at a front- panel connector con-
current with each rf sweep. 

Modulation 

Internal Amplitude: Square wove modulation 
continuously adjustable from 400 to 1200 cps; 
peak rf output power equals cw level ±- 1 db. 

External Amplitude: Direct coupled to 300 KC; 
20 volt swing reduces rf output level from rated 
cw output to zero. 

External Pulse: + 10 volts or more, 5 millisec-
ond maximum duration. 

External FM: Approx. 350 y peak to modulate 
full frequency range. 

General 

Input Connectors, Impedances: 8NC; above 
100,000 ohms. 

Output Connector: Woveguide cover flange 
(686A, 687A); Type N, female (683A, 6848). 

Power Requirements: 115/230 volts ± 10%, 
50/60 cps; approximately 540 watts. 

Price: 683A (2.0 to 4.0 KMC) $3,000.00. 
6848 (4.0 to 8.1 KMC) $2,900.00. 
686A (8.20 to 12.40 KMC) $2,900.00. 
687A ( 12.40 to 18.00 KMC) 53,400.00. 

(Prices above are f.o.b. factory for cabinet 
models. Rack mount instruments $15.00 
less.) 

Data subject to change without notice. 

HEWLETT-PACKARD COMPANY 
44780 Page Mill Rd. • Polo Alto, California, U.S.A. 

Field Representatives in All Principal Areas 

Cable " HEWPACK" DAvenport 5-4451 

instruments that speed and simplify your work 
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EIMAC 

is an electron tube specialist 

EIMAC FINDS 

WAY TO END 

PREMATURE 

TUBE FAILURE 

No matter how carefully you operate 
vacuum tubes, power overloads can't 
always be avoided. In most tubes, the 
resultant overheating produces vacuum 
loss or internal arcing. Tubes often fail 
immediately or fall off in performance. 

To overcome this, Eimac developed a 
group of internal-anode radial-beam 
tetrodes with exceptional ability to with-
stand repeated power overloads and 
peak powers. Operated for millions of 
hours in every class of service, these 
rugged tetrodes have proved they last 
longer, perform better, than any com-
parable internal-anode tubes. 

Their amazing reliability is due partly 
to Eimac's exclusive Pyrovac plate. This 
outstanding internal-anode material re-
duces internal arcing, actually absorbs 
gases which might ruin tube vacuum. 

In these tetrodes, low inter-electrode 
capacitances and low lead inductances 
assure stable operation at high frequen-
cies. Their high power gain and low 
driving power requirements simplify 
driver requirement and associated cir-
cuits. 

For complete technical and applica-
tion data on these outstanding tetrodes, 
see the attached Eimac Report to Design 
Engineers. 

EITEL—McCULLOUGH, INC. 
San Carlos, California 

Eimac Application Engineers work closely with equipment des:gners and users 





ADVANCED FEATURES OF EIMAC 

INTERNAL-ANODE TETRODES MEAN 

LONGER LIFE, BETTER PERFORMANCE 

The proved reliability, long life, and outstand-

ing performance of Eimac's five internal-anode 

tetrodes is a direct result of Eimac's emphasis 

on Research and Engineering in the areas of 

tube design, material application, and manu-

facturing. 

All five of these rugged tetrodes feature Eimac's 

exclusive Pyrovac plate. Found only in Eimac 

vacuum tubes, this advanced anode material 

absorbs gases, reduces internal arcing. Non-

emitting grids and clean electrode design fur-

ther add to the long life and dependability of 

these tubes. All feature thoriated tungsten 

filaments. 

Unusually clean, hard vacuums are achieved on 

Eimac designed and developed rotary vacuum 

pumps. 

These general purpose negative grid tubes are 

just part of Eimac's line of over 100 tube 

types. For rugged applications, Eimac has pio-

neered the application of ceramics to electron 

tube construction. Today, more than forty 

Eimac negative grid tubes, amplifier klystrons, 

traveling wave tubes, and reflex klystrons fea-

ture ceramic-metal constrüction. 

Eimac has risen to its position as the world's 

largest manufacturer of transmitting tubes by 

being first with advanced tube design, ad-

vanced material application, and leadership in 

vacuum tube manufacturing techniques. 

These advanced features are also 

available in Eimac's line of Internal-

anode triodes, pentodes, and 

high vacuum rectifiers. 

5.25" 

I • 

SUMMARY 

EIMAC 4-1000A 1000 Watt Racilal-Beam Power Tetrocle 

This Eimac tetrode is capable of efficient operation well into the VHF range. 

In FM broadcast service on 110 megacycles, two 4-1000A's will deliver a useful 

output power of over 5000 watts. Operation under Class AB: modulator conditions 

with less than 10 watts of peak driving power, two of these tubes will deliver 

3,900 watts of output power. In Class AB. a pair of 4-1000A's will deliver 3,800 

watts of output power. Highest frequency for maximum ratings is 110 megacycles. 

TYPE SERVICE FUNCTION TYPICAL OPERATION 

Class C Telegraphy 
or FM below 110 Mc, 
Per Tube 

RF Power Amplifier 
and Oscillator 

DC Plate 
Voltage 

DC Plate 
Current 

Driving 
Power 

Plate Power 
Output 

6,000 700 ma 15 watts 3,400 watts 

Class C Telegraphy, 
or FM, 110 Mc, 
2 Tubes, Push- Pull 

RF Power Amplifier 

and Oscillator 

6,000 1.25 amps 400 watts 
5.200 watts 

Class C Telephony. 
below 110 Mc, Per 
Tube, Carrier 
Conditions 

Plate-Modulated RF Amplifier 5,000 600 ma 11 watts 2,440 watts 

Class AB Sinusoidal , 
Wave, 2 Tubes 

Audio-Frequency Power Amplifier 
and Modulator 

6,000 0.95 amps 0.0 watts 3,840 watts 

Class A8 Sinusoidal 2 
Wave, 2 Tubes 

Audio-Frequency Power Amplifier 
and Modulator 

6,000 0 95 amps 4.7 watts 3.900 watts 

Class AB Per Tube , 
RF Linear Power 
Amplifier SSB  
Single Tone 

 6,000 .44 amps 0.0 watts 1,750 watts 



EIMAC 4-400A 400 Watt Radial-Beam Power Tetrocle 

This compact power tetrode is cooled by radiation from the plate and by circu-

lation of forced- air through the base, around the envelope, and over the plate 

seal. Cooling is simplified by using an Eimac SK-400 Air System Socket and its 

accompanying glass chimney. This tube's thoriated tungsten filament operates at 

5.0 volts, with current of 14.5 amperes. Highest frequency for maximum ratings 

is 110 megacycles. 

TYPE SERVICE FUNCTION TYPICAL OPERATION 

Class C Telegraphy 
or FM below 75 Mc, 
Per Tube 

RF Power Amplifier 
and Oscillator 

DC Plate 
Voltage 

DC Plate 
Current 

Driving 
Power 

Plate Puwer 
Output 

4,000 350 ma 5.8 watts 1,100 watts 

Class C Telegraphy 
or FM, 110 Mc, 
2 Tubes 

RF Power Amplifier 
and Oscillator 

4,000 540 ma 20.0 watts 1,600 wa tts 

Class C Telephony, 
below 75 Mc, Continuous 
Carrier Conditions 

Plate-Modulated 
RF Amplifier 

3,000 275 ma 3.5 watts 630 watts 

Class C Telephony, 
below 30 Mc, Intermittent 
Carrier Conditions 

Plate-Modulated 
RF Amplifier 3,650 275 ma 4.0 watts 765 watts 

Class AB, Sinusoidal 
Wave, 2 Tubes 

Audio-Frequency 
Power Amplifier 
and Modulator 

4,000 585 ma 0.0 watts 1,540 watts 

Class AB, Sinuso idal 
Wave, 2 Tubes 

Audio-Frequency 
Power Amplifier 
and Modulator 

4,000 638 ma 3.5 watts 1,750 watts 

Class AB,, to 110 Mc, 
Per Tube 

RF Linear Power 
Amplifier SSB 
Single Tone 

 4,000 250 ma 0.0 watts 650 watts 

2 38" 

PERFORMANCE geERFORMANCE 

SUMMARY 

SEND TODAY FOR 
DATA SHEET GIVING 

COMPLETE SPECIFICATIONS, 
APPLICATION INFORMATION 

AND TECHNICAL DATA. SEND TODAY FOR 
DATA SHEET 

GIVING COMPLETE 
SPECIFICATIONS 
AND TECHNICAL 
INFORMATION. 

E I NI AC 

4-GSA 

GS 

Watt 

Radial-

Beam 

Power 

Tetrode 

This small, radiation-cooled transmitting tetrode features short, 
heavy leads and low interelectrode capacitances producing 
stable, efficient operation at high frequencies. Though the 4-65A 
can withstand high plate voltages, it delivers relatively high 
power output at a low plate voltage. Quick heating thoriated 
tungsten filament conserves power during standby periods in 
mobile applications. Frequency for maximum ratings: 150 Mc. 

TYPE SERVICE FUNCTION TYPICAL OPERATION 

Class C Telegraphy 
or FM, Per Tube 

RF Power Amplifier 
and Oscillator 

DC Plate 
Voltage 

DC Plate 
Current 

Driving 
Power 

Plate Power 
Output 

3,000 115 ma 1.7 watts 280 watts 

Class C Telephony, 
Per Tube, Carrier 
Conditions 

Plate-Modulated 
RF Amplifier 

2,500 110 ma 2.6 watts 230 watts 

Class AB, Sinusoidal 
Wave, 2 Tubes 

Audio-Frequency 
Power-AmpIifier 
and Modulator 

1,750 170 ma 0.0 watts 175 watts 

Class AB, Sinuso idal 
Wave, 2 Tubes 

Audio-Frequency 
Power-Amplifier 
and Modulator 

1,800 220 ma 1.3 wa tts 270 wa tts 

Class AB,, Per Tube 
RF Linear Power 
Amplifier SSB 
Single Tone 

3,000 65 ma 0.0 watts 130 watts 



2.81" 

EIMAC 

4-125A 

125 Watt 

Radial-

Beam 

Power 

Tetrocle 

The low grid-plate capacitance of this tetrode together 
with its low driving-power requirement allows consider-

able simplification of the associated circuit and driver 
stage. The 4-125A is cooled by radiation from the plate 
and by air circulation through the base and around the 
envelope. It has a quick-heating thoriated tungsten fila-
ment. Highest frequency for maximum ratings: 120 Mc. 

TYPE SERVICE FUNCTION TYPICAL OPERATION 

Class C Telegraphy 
or FM Per Tube 

RF Power Amplifier 
and Oscillator 

DC Plate 
Voltage 

DC Plate 
Current 

Driving 
Power 

Plate Power 
Output 

3,000 167 ma 2 5 watts 375 watts 

Class C Telephony, 
Per Tube, Carrier 
Conditions 

High-Level 
Modulated RF 
Amplifier 

2,500 152 ma 3.3 watts 300 watts 

Class AB, Sinusoidal 
Wave, 2 Tubes 

Audio-Frequency 
Power Amplifier 
and Modulator 

2,500 232 ma 0.0 watts 330 watts 

Class AB, Sinusoidal 
Wave, 2 tubes • 

Audio-Frequency 
Power Amplifier 
and Modulator 

2,500 260 ma 1.0 watts 400 watts 

Class AB,, Per Tube 
RF Linear Power 
Amplifier SSB 
Single Tone 

3,000 105 ma 0.0 watts 200 watts 

This compact, ruggedly constructed tetrode is cooled by 
radiation from the plate and by circulation of forced-air 
through the base and around the envelope. It features 
Eimac's exclusive Pyrovac plate, a thoriated tungsten 
filament, and non-emitting grid. Frequency for maximum 
ratings: 110 Mc. 

PERFORMANCE 

SUMMARY 

EIMAC 

4-250A 

250 Watt 

Radial-

Beam 

Power 

Tetrode 

TYPE SERVICE FUNCTION TYPICAL OPERATION 

Class C Telegraphy 
or FM, Per Tube 

RF Power Ampli-
fier and 
Oscillator 

DC Plate 
Voltage 

DC Plate 
Current 

Driving 
Power 

Plate Power 
Output 

4,000 312 ma 2.46 watts 1,000 watts 

Class C Telephony, 
Per Tube, Carrier 
Conditions 

Plate-Modulated 
RF Amplifier 3,000 225 ma 3.2 watts 510 watts 

Class AB, Sinusoidal 
Wave, 2 Tubes 

AF Power Amplifier 
and Modulator 

3,000 417 ma 0.0 watts 750 watts 

Class AB, Sinusoidal 
Wave, 2 Tubes 

AF Power Amplifier 
and Modulator 

3,000 473 ma 1.9 watts 1,040 watts 

Class AB,, Per Tube 
RF Linear Power 
Amplifier SSS 
Single Tone 

4,000 165 ma 0.0 watts 450 watts 

SEND TODAY FOR DATA SHEET GIVING COMPLETE SPECIFICATIONS, APPLICATION INFORMATION, AND TECHNICAL DATA. 



CLEANER, HARDER VACUUMS INCREASE TUBE LIFE 

During production Eimac-designed rotary vacuum pumps evacuate gas at high tem. 
peratures. This, plus clean electrode design and non-emitting grids, helps make Eimac 
internal-anode tetrodes the most reliable available. 

NEWEST TUBE TYPES, TUBE IMPROVEMENTS COME 

FROM EIMAC RESEARCH AND ENGINEERING 

First to develop internal-anode tetrodes, Eimac is also the recognized leader in 
ceramic-metal vacuum tubes. With emphasis on new tube types, Eimac constantly 
improves conventional tube types, too. 



WEINSCHEL 
ANTENNA PATTERN 
ANALYZER MODEL BA-7 

Measure 45 db ( r. f.) in one 
step using a maximum of 1 
microwatt r. f. power* 

*100% square wave modulated 
at 1000 cps -_-_ . 1 cps. Observation 

time approximately 45 seconds for 
45 db; only .2 seconds for 30 db. 

ri 

PI 

Bandwidth variable 
from 2 to 15 cps 

with constant gain 

.0... 
W 

MODEL BA-7 

The BA-7 is the heart of a video detector 

system designed primarily for r. f. crys-

tals. For greater versatility, a d. c. tics-

ing circuit is included to permit use of 

conventional barretters, requiring a d. c. 

bias between 0 and 10 ma. The unit 

can be used to measure very high power 

ratios such as occur in making antenna 

pattern measurements, to determine the 

rejection coefficients of r, f. filters, and 

to calibrate attenuators. It has a wide 

dynamic linear range, a low noise level, 

and a wide r. f. frequency range where 

video crystal mounts are available. 

For complete specifications, 
write for Bulletin No. 141. 

Weinschel Fixed Coaxial Attenuotors 
cover the frequency range of DC to 
12.4 KMC. Write for complete catalog, 

• specifying frequency 

range of interest. 

117eiiischel Engineering 
KENSINGTON, MARYLAND 
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GOVERNMENT .\ ND LEGISLATIVE 

Japanese production of electronic 
items in the first quarter of this year was 
at an annual rate of more than $736 mil-
lion, or $238 million above the 1958 level, 
the Business and Defense Services Ad-
ministration, Commerce Department, re-
ported. In a compilation of figures based 
on data from the American Embassy, 
Tokyo, the Electronics Division, BDSA, 
said that Japan's electronic output for 
January-March, 1959 was $184.4 million, 
and that if this rate of activity is main-
tained, the 1959 totals will double the 1957 
output of $362.2 million. The 1958 total 
was $498 million, ranking Japan as the 
fourth largest producer of electronic prod-
ucts, behind the United States, United 
Kingdom, and West Germany. U. S. elec-
tronics production is running at an annual 
rate of approximately $8.5 billion. The 
greatest increase in volume in Japanese 
production between 1957 and 1958 oc-
curred in consumer electronic products— 
from $170.9 million to $266.2 million. In 
this category the largest increase was in the 
production of television receivers, from 
886.8 million (0.6 million units) to 
8154.1 million ( 1.2 million units) followed 
by radio receivers, $67.0 million (3.6 mil-
lion units) to $87.1 million (4.9 million 
units). These values represent factory 
prices plus domestic excise taxes and 
royalties, if any. Excise taxes are 30 per 
cent on television receivers with picture 
tubes of over 14 inches and 20 per cent on 
those with picture tubes of 14 inches and 
less. Semiconductor output registered the 
greatest rate of increase-129 per cent— 
from $10.7 million in 1957 to $24.5 million 
in 1958; production during the first 
quarter 1959 amounted to $ 11.5 million. 
The principal item in this group is tran-
sistors, of which 5.7 million units valued at 
$8.9 million were produced ils 1957; 26.7 
million units at $21.4 million in 1958; and 
15.0 million units at $9.9 million in the 
first quarter of 1959. The value of Japa-
nese electronic products exported to the 
U. S. during the first half of this year ex-
ceeded the total for the entire calendar 
year 1958, The Electronics Division, 
Business and Defense Services Adminis-
tration, Commerce Department has an-
nounced. The I31)SA Division also re-
vealed in its compilation that these ex-
ports nearly tripled the total for calendar 
year 1957. Japanese exports of electronic 
products to this country during the Janu-
ary-June period this year were valued at 
$22.1 million, more than 50 per cent of the 
entire foreign market for Japanese elec-
tronic products. The value of these exports 
in calendar year 1958 totaled $21.775 mil-
lion, or 46 per cent, and $7.582 million in 
calendar year 1957, or 39 per cent of mar-
ket for Japanese electronics. The BDSA 
Electronics Division said that although 

consumer type radio receivers represent 
the largest part of this trade, other items 
such as recorders, electron tubes, tran-
sistors, and phonograph parts and acces-
sories are showing "significant gains." 

ENGINEERING 

The Army has released papers pre-
sented at an international symposium on 
image intensifiers held in October last 
year at Ft. Belvoir, Va., the Commerce 
Department's Office of Technical Services 
announced. The volume contains 24 tech-
nical documents read by representatives of 
industry and government. In the area of 
image converter tube intensifier research, 
papers deal with a two-stage electron-
image converter, magnetically focused 
image converter tubes, a light image in-
tensifier, the transmission secondary emis-
sion image intensifier, and image convert-
ers with protecting foils. Among papers 
on image orthicon devices are those ois a 
night television system, a light scan cansera 
tube, ais image orthicon with a new target, 
single-layer image intensifying screens 
with high resolution, and daytime detec-
tion of celestial bodies using the intensifier 
image orthicon. The publication, " Image 
Intensifier Symposium," is number PB 
151813, and can be ordered from OTS, 
Commerce Department, Washington 25, 
D. C., at $5 each. 

INDUSTRIAL :MARKETING DATA 

EIA figures released recently show an 
increase in radio-TV production during 
August, 1959, over the July level. On all 
counts the figures show a cumulative in-
crease during the first eight months of this 
year compared with the like 1958 period. 
Tv production in August totaled 547,445 
compared with 350,360 sets made in July 
and 507,526 TVs made in August, 1958. 
This figure includes 32,847 sets capable of 
receiving UHF signals as against the 21,022 
such sets made in July and 38,166 UHF re-
ceivers made in August last year. Cumula-
tive l'IlF output during the first eight 
months of this year totaled 234,312 com-
pared with 271,097 last year. Year-to-date 
Tv output totaled 3,680,520 compared 
with 2,950,455 during the like January-
August period last year. The number of 
radios produced in August totaled 1,009,-
423, including 279,424 automobile re-
ceivers, compared with 829,035 radios 
made in July including 254,725 auto sets, 
and 981,394 radios made in August, 1958, 
which included 242,915 automobile re-
ceivers. The number of FM radios made in 

* The data on which these Ni, r es are based were 
selected by permission from Weekly Reports, issues 
of September 28, October 5 and published by the 
Electronic Industries Associat ion u hose helpfulness 
is gratefully acknowledged. 

(Continued on page 46,4) 
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FREQUENCY STANDARDS 

I, 
*3%" high 

400 - 1000 cy. 

PRECISION FORK UNIT 

TYPE 50 

Size 1" dia. x 3U" H.* Wght., 4 oz. 

Frequencies: 240 to 1000 cycles 

Accuracies:— 
Type 50 (±.02% at —65° to 85°C) 
Type R50 (±.002% at 15° to 35°C) 

Double triode and 5 pigtail parts required 
Input, Tube heater voltage and B voltage 
Output, approx. 5V into 200,000 ohms 

*3 14." high 
400 to 500 cy. 

optional 

PRECISION FORK UNIT 

TYPE 2003 

Size 1%" dia. x 4%" H.* Wght. 8 oz. 

Frequencies: 200 to 4000 cycles 

Accuracies:— 
Type 2003 (±.02% at —65° to 85°C) 
Type R2003 (±.002% at 15° to 35°C) 
Type W2003 (±.005%. at —65° to 85°C) 

Double triode and-5 pigtail parts required 

Input and output same as Type 50, above 

FREQUENCY STANDARD/n.11/ 

TYPE 2007-6 
TRANSISTORIZED, Silicon Ty—pée% 

Size 11/2 " dia. x 3%" H. Wght. 7 ozs. 
Frequencies: 400 — 500 or 1000 cycles 
Accuracies: 

2007-6 (± .02% at —50° to +85°C) 
R2007-6 (±.002% at + 15° to +35°C) 
W2007-6 (±.005% at —65° to + 125°C) 
Input: 10 to 30 Volts, D. C., at 6 ma. 
Output: Multitap, 75 to 100,000 ohms 

FREQUENCY STANDARD 

TYPE • 2001-2 

Size .el" x.4%" x 6" H., Wght. 26 oz. 

Frequencies: 200 to 3000 cycles 

Accuracy: ±.001% at 20° to 30°C 

Output: 5V. at 250,000 ohms 

Input: Heater voltage, 6.3 - 12 - 28 

B voltage, 100 to 300 V., at 5 to 10 ma. 

ACCESSORY UNITS 

for TYPE 2001-2 

L —For low frequencies 
multi-vibrator type, 40-200 cy. 

D—For low frequencies 
counter type, 40-200 cy. 

H—For high freqs, up to 20 KC. 

M—Power Amplifier, 2W output. 

P —Power supply. 

FREQUENCY STANDARD 

TYPE SOL 

Size 33/4" x 4%" x 5%" High 
Weight, 2 lbs. 

Frequencies: 50, 60, 75 or 100 cycles 
Accuracies:— 
Type 50L (±.02% at —65° to 85°C) 
Type R5OL (±.002% at 15° to 35°C) 

Output, 3V into 200,000 ohms 
Input, 150 to 300V, B (6V at .6 amps.) 

FREQUENCY STANDARD 

TYPE 2005 

Size, 8" x 8" x 714" High 
Weight, 14 lbs. 

Frequencies: 50 to 400 cycles 
(Specify) 

Accuracy: ±.001% from 20° to 30°C 

Output, 10 Watts at 115 Volts 

input, 115V ( 50 to 400 cycles) 

FREQUENCY 
STANDARD 

TYPE 2121A 

Size 
834" x 19" panel 
Weight, 25 lbs. 

Output: 115V 
60 cycles, 10 Watt 
Accuracy: 
±.001% from 20° to 30°C 
Input, 115V ( 50 to 400 cycles) 

FREQUENCY 
STANDARD 

TYPE 21110 
Size, with corer 
10" x 17"x 9" H. 
Panel model 

10" x 19" x ei" H. 
Weight, 25 lbs. 

Frequencies: 50 to 1000 cycles 
Accuracy: (±.002% at 15° to 35°C) 
Output: 115V, 75W. Input: 115V, 50 to 75 cycles. 

This organization makes frequency standards".,. 

within a range of 30 to 30,000 cycles. They are 

used extensively by aviation, industry, govern-

ment departments, armed forces—where maxi-

..\mum accuracy and durability are required.t 

WHEN REQUESTING INFORMATION 

PLEASE SPECIFY TYPE NUMBER 

American Time Products, lac, 
Telephone: PLaza 7-1430 

•• 
Timing Systems 

580 Fifth Ave., New York 36, N. Y. 
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TRIPLE THE CAPACITY 
AT NO INCREASE IN SIZE 

NEW FROM 
actual size 

MAX-   

From JFD, pioneer in precision electronic compo-
"nents.comes the most importa it new miniature trim-
mer development in years! 
Now you can have triple the range previously at-

tainable in a miniature trimmer capacitor — at no 
sacrifice in volume — with new MAX-C Sealcaps. 

Imagine the possibilities in your circuitry! 
This new series incorporates revolutionary new 

advances in trimmer production which combines the 
advantages of a thin die:ectric gap with the struc-
tural strength and ruggedness of a heavy wall glass 
tube. The result is a broad capacitance tuning range 

JF 

MINIATUR 

Model 

MC601 
MC603 
MC604 
MC606 
MC609 

iso available 

E PANEL MOUNT 

Min Max. ( pf ) 

1.0 
1.0 
1.0 
1.0 
1.0 

JF 
MINIATURE 

TRIMMER 

SEA,I_CAP" 

at a 300 per cent saving in volume over other pres-
ently available piston trimmer caps. 

Also, MAX-C Sealeaps feature a new sealed in-
terior construction that locks out all atmospheric 
effects, locks in stable performance under critical 
extremes of altitude, vibration, shock, temperature 
and other rigorous environmental conditions. 
These new trimmer, along with the complete JFD 

line of miniature and subminiature trimmers, and 
LC tuners offer yon new dimensions in design. For 
complete data, write today for bulletin a221. 

MAX- C SEALCAR SERIES 
DISTANC: VkilMUM 

BEYOND PANEL DIAMETIR 
14.0 'Tie " 5/16" 
28.0 lib, - 5/16" 
42.0 Vi, " 5/16" 
60.0 1 5/16" 
90.0 13(4 " 5/16" 

ir printed circuit lug and lead.and 4 wire lead type. 

Pioneers in electronics since 1929 

ELECTRONICS CORPORATION 
1462 62nd Street, Brooklyn, New York 

JFD I nnnnn caloric!, 15 Moore Street, New York, New York 

JFD Canada Ltd., 51 McCormack Street, Toronto, Ont., Canada 

ETRADEMARK 

44A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE December, 1959 



PUTTING MAGNETICS TO WORK 

Smaller filters ease the squeeze! 
Filter designers! First 160-mu moly-permalloy 

powder cores pack high performance into smaller space 

Filter and inductor designers specify our 160-mu moly-
permalloy powder cores for low frequency applications. 

Where space is precious, such as in carrier equipment 

and telemetering filters, the high permeability of these 
160-mu cores eases the squeeze. 

In many cases, 160-mu cores offer designers the choice of 
a smaller core. In others, because inductance is 28 per. 

higher than that of 125-mu cores, at least 10 percent 

fewer turns are needed to yield a given inductance. 

If Q is the major factor, 160-mu cores permit the use of 
heavier wire with a resultant decrease in d-c resistance. 

Like all of our moly-permalloy powder cores. the I60's 
come with a guaranteed inductance. We can ship eight 

sizes from stock, with a choice of three finishes—stand. 
ard enamel, guaranteed 1,000-volt breakdown finish, or 
high temperature finish. Further information awaits 
your inquiry. Magnetics Inc.. Dept. P-78„ Butler, Pa. 

171ROPETICS inc. 
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• Precision Resistors—wire wound, 
metal film and deposited carbon 

• Trimmer Potentiometers 

• Resistor Networks 

• Hysteresis Motors 

• Collet-Fitting Knobs 

write for Full Line Brochure 

5x1.0 1YDay 
With Laboratory Standard JKFS-1100T 

FREQUENCY 
STANDARDS 

Fully Transistorized, with Double 

Proportional Control Oven 

Today's most advanced design, with 
each unit aged in and calibrated direct-
ly with WWV at Washington, D. C. 
Input: 24 to 32V DC. Output: 1V 
into 50 ohms at 1 MC and 100 KC. 
Dimensions: 6.0"H x 413/16W x 1 21/2"D. 
Power Supply Unit: operates from 
11 5V AC, with 1 2- 20-hour self-con-
tained stand-by batteries. Fully auto-
matic switch- over. Dimensions: 6. 
0"H x 33/16"W x 1 21/2 "D. Write for 
literature on .1KFS 11ocrr 
THE JAMES KNIGHTS COMPANY, Sandwich, Illinois 

from DALOHM 
better things 

in 
smaller packages 

DALE PRODUCTS, INC. 
1302 20th Ave. 

Columbus, Nebraska 

Makes possible the design 

of lighter and more com-

pact equipment. Each insert 

holds 35 contacts. Frames 

available for 5 or 8 inserts. 

/e-v -11 -1 Industrial 
Engineering Notes 

(Continued fro»: pagc 42A) 

August totaled 42,886 compared with 
24,553 made in July and 21,335 made in 
August, 1958. Cumulative FM radio out-
put during the first eight months of this 
year totaled 290,862 compared with 
134,653 during the like 1958 period. 
Cumulative over-all radio output during 
the first eight months of this year 
amounted to 8,946,044 including 3,434„i45 
a u t ()mobile receivers, compared with 
6,193,529 radios made during the like 1958 
period, which included 1,893,813 auto re-
ceivers. 

il.ITARY ELECTRONICS 

Both military and commercial com-
munications satellites "are now certainties 
of the Space Age," the Army's Deputy 
Chief Signal Officer told the Radio-Tele-
vision Exectuives Society in New York in 
October. Gen, Earle F. Cook, principal 
speaker, said the present space communi-
cations programs of the nilitary depart-
ments ultimately will give us "reliable 
global communications" so "desperately 
needed." Gen. Cook outlined the following 
"ambitious" program which he said would 
take from 5 to 10 years to complete suc-
('essfully; (all a part of Project NOTUS 
which constitutes a family of several kinds 
of communications satellites): 1) The first 
phase of the No-rus Project, he said, is 
Task COURIER—to provide vitally 
needed expansion of trunking capacities 
for global communications by means of 
delayed-repeater satellites. In this concept, 
an Army-developed communications satel-
lite will initially be placed in a circular 
orbit at a relatively low altitude of about 
650 miles minimum. 2) Another task of 
Project NOTUS, Gen. Cook said, is to pro-
vide a real-time or instantaneous satellite 
repeater for two-way communications in 
the polar regions. This is called Task 
STEER, and is being developed by the Air 
Force. 3) A more advanced type of 6-gour 
polar satellite is also under development by 
the Army, known as Task TACKLE. It 
will provide ground- to-air and ship-to-
shore two-way communications and will 
be launched in a polar orbit by an Air 
Force modified ATLAS missile. 4) Task 
DECREE is a real-time communications 
relay station aboard a satellite in a 24-
hour equatorial orbit. The satellite oper-
ates at about 23,300 statute miles above 
the earth's surface and at such speed that 
the rotation of the earth will keep the 
space vehicle in a fixed position with re-
spect to the earth. When completed, Gen. 
Cook said, these developments will place 
us "on the threshold of a vast new era of 
communications." 
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...for all High Temperature Commercial and Military Applications 

Philco's full range of silicon high speed switching 
transtkors, in both PNP and NPN types, provides 
the designer with a wide choice to meet the 
requirements of all high temperature applications. 
They are engineered and specified to permit simple, 
straightforward design of practical circuits up to 5 
mc pulse rates, using saturated configurations and 
up to 30 mc pulse rates with non-saturating tech-
niques. Packaged in TO-1, TO-5 and TO-9 cages. 

PNP 
2N496 

2N1119 

2N14.29 
NPN 2N1199 

Philc° amplifying transistors are available in nine 
types, covering the complete high frequency range. 
The designer will find both PNP and NPN types 
that permit the design of communications systems 
at frequencies up to 60 mc. They have low collector 
capacitance and are available with restricted beta 
ranges to simplify design problems. All offer excel-
lent performance at junction temperatures up to 
+140°C. Packaged in TO-1, TO-5 and TO-9 cases. 

PN D22NN419,51. N p 22NN 11226678 1,111U? 

1 2N1428 2N1269 2N1272 

All types environmentally tested in accordance with MIL-T-19500A . . . and have been thoroughly field-proven in countless 
critical military and industrial applications. For complete data and application information, write Dept. IR-1259 

All Types Immediately Available 
in Production Quantities ... and 
1-99 from your local Philco In-
dustrial Semiconductor Distributor PH I LCO 

LANSDALE DIVISION • LANSDALE, PENNSYLVANIA 

... High Speed Switches ...High Frequency Amplifiers 

o 
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Transistorized Power Supply 
Trygon Electronics, Inc., Pleasant Ave., 

Roosevelt, L.I., N. Y., announces the 
availability of the "300" Silver Trygon 
Series of transistorized power supplies. 
This series furnishes 110 volts de to 325 
volts dc variable output at 200 ma, 400 
ma, 800 ma and 1500 ma with 0.1% load 
and 0.1% line regulation, thus supplying 
transistorized power heretofore serviced by 
vacuum tube or hybrid equipment. The 
solid state design results in smaller and 
lighter supplies, dissipating less heat and 
providing high reliability. 

The 200 ma, 400 Ina and 800 ma, units 
occupy 34" of panel height and require 
convection cooling. The 1500 ma supply 
has a 54" panel height and employs forced 
air cooling. 

Remote programming is provided on 
all units, thus making them suited for 
automatic check out system applications. 

Remote error signal sensing capabilities 
are provided with all units in order to 
maintain the voltage regulation at the 
load. 

Units are available from stock with 
prices ranging from $395 to $685. 

Frequency Standard 

Model NC- 1200, a new transistorized 
frequency standard, has been announced 
by National Company, Inc., Malden, Mass. 

Model NC- 1200 uses a transistorized 
crystal oscillator identical with the one 
used in the most advanced models of the 
Atomichrom a precise frequency standard. 
It provides outputs of 0.1, 1.0 and 5.0 mc, 
all stable to one part in 10° parts per day. 
All three outputs may be used simul-
taneously and each is capable of develop-
ing an output voltage of 200 milivolts 
across a 50 ohm load. 

The NC- 1200 is designed for standard 
relay rack installation. All controls and 
output connections are located on the 

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

front panel. The frequency is adjustable 
by means of a ten turn dial which permits 
calibration to one part in 10'°. 

The oscillator is designed to meet MIL-
E 16,400 shock and vibration specifica-
tions. The components (oscillator, divider 
and power supply) can be repackaged to 
meet military requirements if desired. 

Other specifications are as follows: size 
—6 by 7 by 11" box mounted on a 19 by 
7" panel. Operating circuits occupy ap-
proximately 570 cubic inches exclusive of 
front panel. Operating weight, 15 pounds 
and operates from 115 volt, 60 cps ac line. 
Special power requirements can be pro-
vided for including battery and 400 cps 
ac operation. 

Center Screwlock Connector 
The Electronic Sales Div., De Jur-

Amsco Corp., 45-01 Northern Blvd., Long 
Island City 1, N. Y., has just announced a 
new Series 1900 miniature rectangular 
power connectors with center screwlock 
and closed entry contacts. 

These pin and socket connectors are 
designed for heavy duty applications. 
They have high dielectric and mechanical 
strength, and feature stainless steel chan-
nels which are riveted to the long sides of 
plug and receptacle. 
A double lead thread action center 

screwlock assures positive locking action 
of mating units. Terminals for solderless 
wire wrap, solderless taper pin or solder 
cup are available. The closed entry con-
tacts supplied, provide increased reliabil-
ity and maintain a low millivolt drop un-
der constant and uniform insertion pres-
sure. In addition to the 152-contact type 
illustrated, this series can also be supplied 
with 104, 78, or 34 contacts. Body material 
is molded from glass filled diallyl Phthalate 
(MIL-M-19833, Type GDI-30). 

For a free technical brochure with com-
plete specifications and outline drawings 
on Continental Connector's new Series 
1900, write to the firm. 

Stone Named Chief Of 
Production At P &B 

C. Robert Stone has been named chief 
production engineer at Potter and Brum-
field Division of American :\ lachine 
& Foundry Co., 
Princeton, I nd., ac-
cording to an an-
nouncement today 
by H. L. Hunt-
singer, P&B execu-
tive vice-president. 

The appoint-
ment, part of a pro-
gram to strengthen 
and better inte-
grate P&B's en-
gineering service, 
gives Stone respon-
sibility for all facets of production engi-
neering including tooling, methods, proc-
essing, equipment development, and 
quality assurance. Four new production 
engineers will be added to his staff. They 
will function as project engineers and will 
be assisted on a staff basis by the tooling 
and processing groups. 

Stone was graduated from Indiana 
Technical College, Fort Wayne, in 1950 
with a Bachelor of Science Degree in Elec-
trical Engineering. He started his career 
with P&B as a production foreman that 
same year. 

Capacitor Bulletin 
Wet-Slug Tantalytic" Capacitors-

13ulletin GEA-7008, prepared by General 
Electric Co., Schenectady 5, N. Y., 4 pages, 
provides detailed information about wet-
type, sintered porous-anode tantalum ca-
pacitors used where extremely high capac-
itance values are required in the smallest 
possible space. 

The publication explains performance 
characteristics and advantages of the units 
and includes 4 tables, 5 graphs, outline 
drawings and complete ratings and dimen-
sions. 

Volt-Ammeter Bulletin 
Hook-On Volt Ammeter—Bulletin 

GEA-6292C, (four pages)—gives descrip-
tion, specifications and construction de-
tails of General Electric's pocket-size, 
hook-on volt ammeters for testing ac volt-
ages. Lists applications, current ranges, ac-
curacy percentage and operating instruc-
tions. For a copy contact General Electric 
Co., Schenectady 5, N. Y. 

(Continued on page 96A) 
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Creative Microwave Technology Iv 

Published by MICROWAVE AND POWER TUBE DIVISION, RAYTHEON COMPANY, WALTHAM 54, MASS., Vol. 1, No. 5 

NEW RAYTHEON MICROWAVE TUBE DEVELOPMENTS . 

Miniature pulsed magnetrons  
for missile beacon appli-
cations are ruggedly con-
structed with integral mag-
nets. The RK-7461 is tun-
able from 9,300 to 9,500 mc 
and has minimum peak power 
output of 60 watts. It is 
1%" in diameter and 2%" long, 
and weighs only 6 ounces. 

RK -7461 QK -735 

mr"" 

- 

The QK-735 is tunable from 
5,400 to 5,900 mc with mini-
mum peak power output of 
400 watts. lie in diameter 
and 3%" long, it weighs 8 
ounces. 

Designed for electronic 

countermeasures and FM/CW 
operations, the QK-625 BWO 
provides a minimum CW pow-
er output of 180 watts and a 
nominal CW power output of 
250 to 350 watts over the 
2,500 to 3,000 mc band. The 
tube is voltage tunable over 
the entire range with tuning 
sensitivity of approximate-
ly 0.4 mc/volt. Liquid-
cooled, the QK-625 BWO is 
equipped with an integral 

permanent magnet, and can be 
mounted in any position. 

* * 

Small-signal gain of ER to 
35 db in microwave relay 
links is achieved by means 
of a new compact traveling 
wave tube amplifier -- the 
QK-542. This permanent-mag-
net focused CW tube has nom-
inal saturated power output 
of 5watts over5,900to 7,400 
mc. An integral UG 344/U 
waveguide-type flange is 
supplied as standard. With 
an optional coaxial output 
coupler the QK-542 covers 
4,000 to 8,000 mc. 

A Leader in Creative Microwave Technology 

Ideal for linear accelera-
tors and high-power radar  
systems. The QK-783 and 
QK-622 Amplitrons operate 
over the 2,700-2,900 mc and 
2,900-3,100 mc bands, re-
spectively, at a peak power 
of 3 megawatts and a typical 
efficiency of 75%. Because 
no heater is required, these 
tubes are capable of excep-
tionally long life. RF gain 
is 8 db under rated condi-
tions, and as highas 12 db at 
lower peak power outputs. 
Phase pushing figure is less 
than 0.5 degrees for a 1% 
variation of anode current. 

* * * 

Compiled as a Raytheon serv-
ice to the field, new Con-
solidated Data Booklet 
contains comprehensive in-
formation about principal 
unclassified magnetrons, 
klystrons, backward wave 
oscillators and special 
purpose tubes manufactured 
by Raytheon. Characteris-
tics presented include max-
imum ratings, typical oper-
ating values, band or 
frequency ranges and other 
essential data for micro-
wave engineers and purchas-
ing departments. 



air-marine motors 
cool the " hot spots" 

of electronics 

I_ 

CENTRIFUGAL BLOWER 

1000 hrs. Continuous Operation 

at 85C-115V-400 CPS-1 or 31) 

Model E2341 (shown above) is 
another in the complete Air-Marine 
line of blowers, fans and motors 
designed and built to industrial and 
military specifications. 

AIR. MA RINE MOTOR 
E 2341 

1/250 40022 IOCSø 

-ge 
. „wee 

25 e• 

to 40 40 10 ,40 

0111•..0.0 C, 01 

Minimum delivery of 50 CFM 

against 2" wg 

For information about our complete 
line see Page 394—IRE Directory. 

air. marine 

motors, inc. 
369 BAYVIEW AVENUE 
AMITYVILLE, L. I., N. Y. 

2221 BARRY AVENUE 
LOS ANGELES, CALIF. 

it 
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John J. Guarrera (S'42-A'.44-NU55-
S1\ 1'56), engineering management special-
ist, has been appointed Director of Mar-
keting and Prod-
uct Development 
for Burton Instru-
ments, a division of 
Burton Manufac-
turing Co. of Santa 
Monica, Calif., ac-
cording to an an-
nouncement by 
William Arthur 
Mendelsohn, Presi-
dent. Mr. Guarrera 
was formerly as-
sociated with Reeves 
Instrument Corp. and Canoga Corp. 

He will supervise marketing of Burton's 
line of aircraft instruments and calibration 
and associated maintenance equipment, 
and also guide the development of new 
Burton instruments, test equipment, and 
transducers for the electronic and missile 
industries. 

Mr. Guarrera has been a chairman of 
the San Fernando Valley Subsection and 
has served on several IRE Committees. 

J. J. GrARRERA 

Applied Technology, Inc , Palo Alto, 
Calif., has announced the election of Dr. 
Oswald G. Villard, Jr. (S'38-A'41-SM'51-
F'57), senior professor of Stanford Uni-
versity's Radio Propagation Laboratory, 
to the board of directors. 

He has been on the Stanford electrical 
engineering faculty since 1939, except for 
four years, 1942 to 1946, on the engineering 
stall. of Harvard University's Radio Re-
search Laboratory. Ile obtained the A.B. 
degree from Yale University, and subse-
quently the degree of Engineer and Ph. D. 
from Stanford. He has become well-known 
for his work in radio studies of the upper 
atmosphere since 1941-1942, when he di-
rected ionosphere research at Stanford for 
the National Defense Research Commit-
tee. 

Dr. Villard is a member of the Ameri-
can Institute of Electrical Engneers and 
the International Scientific Union. 

Dr. Arthur A. Oliner (M'47-SM'52), 
research professor of electrical engineering 
at the Polytechnic Institute of Brooklyn, 
left for Japan on October 17, 1959, as an 
invited guest of three Japanese scientific 
societies. The visit is spohscred by the 
U. S. Air Force. 

During his month-long visit, which 
ended November 20, he lectured on the 
most recent developments in microwave 
electronics before the Japanese Institute 
of Electrical Engineers, the Institute of 
Electrical Communication Engineers of 
Japan, and the Tokyo Section of the In-
stitute of Radio Engineers. 

In addition to lecturing, he visited 
Japanese electronics laboratories to study 

the state of electronics developments in 
that country. 

He lectured at universities and scien-
tific installations in Tokyo, Sendai, Sap-
poro, Osaka and Kyoto. After leaving 
Japan he spent approximately a week in 
Taiwan (Formosa) to study the state of the 
electronics art in that country. 

Dr. Oliner received his Ph.1). from 
Cornell University in 1946. Between 1941 
and 1945 he was a graduate teaching as-
sistant and a research assistant at Cornell. 
Since that time he has been a professor of 
electrical engineering at the Polytechnic 
and a research section head in Polytech-
nic's Microwave Research Institute. 

Frederick R. Lack (A'20-F'37) former 
EIA Vice President and Director and Vice 
President of Western Electric Co. until his 
retirement in 1958, has been elected Direc-
tor of the EIA Engineering Department, 
according to an announcement by Presi-
dent D. R. Hull. Mr. Lack will fill the po-
sition occupied for 25 years by Dr. W. R. 
G. Baker who will continue his advisory 
role to the Association as Director 
Emeritus of the EIA Engineering Depart-
ment. 

The election of Mr. Lack by the Board 
of Directors was effected by mail ballot. 
By virtue of his office, he becomes an ex-
officio member of the Board. 

He was one of the leaders in establish-
lug the Military Products Division in 
EIA and was awarded the 1959 EIA 
Medal of Honor last May at the Associa-
tion's annual convention in Chicago for his 
many contributions to the advancement of 
the electronic industry. 

Following service as a Lieutenant in the 
U. S. Army Signal Corps in France during 
World War I, he received the B.S. degree 
(magna cum laude) from Harvard Uni-
versity in 1925. He was given an honorary 
degree of Doctor of Science by Albright 
College in 1908. 

During World \Var Il he served in 
Washington as Director of the Army-
Navy Electronics Production Agency. In 
1947 he was awarded the Presidential 
Certificate of Merit " for outstanding 
fidelity and meritorious conduct in aid of 
the war effort against the common enemies 
of the United States and its Allies ill 
World War II." In 1922 the Order of the 
Rising Sun was bestowed on him by the 
Japanese Government. 

From 1925 to 1938 he was on the staff 
of Bell Telephone Laboratories. He later 
was in charge of vacuum tube develop-
ment and also directed the design and 

,ntinsed on rage 52A) 
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Announcing a major breakthrough in computer programming. 

!If you've learned algebra, you can learn LGP-30 programming 

in just one day with 

1. 
Electronic Digital Computer 

The simplest, most economical compiling routine 
yet developed, ACT 1 now joins with the powerful 
Royal Precision LGP-30 to give you an unbeatable 
combination — low-cost, versatile general purpose 
electronic computation and programming. 

With only a basic knowledge of mathematics, 
you can teach yourself ACT 1 in a single day. You 
can then submit any problem to the computer in 
simple algebraic form. 

ACT 1 translates from a language you know into 
the machine language of the LGP-30. ACT 1 need 
not remain in the LGP-30 at compute time—giving 
you the entire computer memory (4096 words) for 

Algebraic Compiler and Translator 

11111111111111111111111111111111111111 

useful calculation. Both compiling and computing 
times are very rapid. Because the machine language 
program is punched on tape, it can be automatically 
brought into the computer whenever required. 

Capable of compiling a fixed and/or floating 
point program for the LGP-30, ACT 1 vastly re-
duces programming time, gives you final solutions 
faster than ever! It is by all odds the simplest com-
piler to learn and to use. 

We will be happy to send you the ACT 1 compil-
ing routine free of charge. Write today to Royal 
McBee Corporation, Data Processing Division, Port 
Chester, New York. 

Royal Precision Corporation 

le Royal Precision is jointly owned by the Royal McBee and General Precision Equipment Corpo-
rations. LGP-30 sales and service are available coast-to-coast, in Canada and abroad through 
Royal McBee Data Processing offices. For complete information on the LGP-30 write 
ROYAL McBEE CORPORATION, data processing division, Port Chester, New York 
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Constant laboratory analysis 
checks quality of KOVAR alloy 

for glass-to-metal seals 
Precise control of alloy composition, 
maintained by advanced laboratory 
equipment for metal analysis, insures con-
sistently perfect results when KOVAR® is 
used for glass-to-metal seals. 
KOVAR is an iron-nickel-cobalt alloy 

developed by Westinghouse to match the 
thermal expansion curves of several hard 
glasses and ceramics. It forms an oxide 
bond with hard glass and is readily brazed 
to metallized ceramics to form a perma-
nent vacuum and pressure-tight seal that 
will withstand severe conditions of tem-
perature, vibration and handling. KOVAR 
can be easily welded, brazed, soldered, or 
plated with other metals. 

Fabrication of KOVAR alloy is a spe-
cialty of Carborundum's Latrobe Plant. 
Equipment is available for handling 
almost any requirement. In addition, tech-
nical service is offered for the solution of 
special problems of processing and appli-
cation. Contact the Carborundum Com-
pany, Reractories Division, Dept. PI-
129, Latrobe Plant, Latrobe, Pa. 

LARGEST STOCK OF KOVAR 
METAL AND SHAPES 

for immediate shipment 

SI 

The Carborundum Company maintains 
stocks of a large variety of formed parts 
—cups, eyelets and many other shapes— 
as well as KOVAR sheet, strip, rod, wire 
and tubing. Write or phone— chances 
are we have exactly the item you need. 

CARBORUNDUM 
Registered Trade Mark 

IRE People 
"IT101117111ZIMICU14,...liWILJi. 

(Continued from page 50A) 

building of the first commercial ship-to-
shore radio telephone, installed on the 
liner SS Leviathan. More recently, Mr. 
Lack undertook the administration of the 
development and manufacture of the 
Western Electric Co.'s well-known NIKE 
family of missiles, many of which have 
been guarding the nation's cities for over 
five years. Among his last work on the 
NIKE before his retirement was with the 
Army on the development of the NI NE-
ZEUS anti-missile missile. 

Mr. Lack has been President of the 
American Standards Association and a 
director of the Armed Forces Communica-
tions and Electronics Association. He is 
a member of the American Institute of 
Electrical Engineers, the American As-
sociation for the Advancement of Science, 
the American Physical Society, and the 
Harvard Engineering Society. 

H. Myri Stearns (S'39-A'40-SN1'48-
F'59), president of Varian Associates, has 
been elected a Fellow of the American 
Association for the Advancement of Sci-
ence. 

One of the founders, in 1948, of Varian 
Associates, he has been a key figure in the 
development of the electronics industry on 
the west coast. He has served as director of 
the San Francisco section and chairman of 
the Palo Alto subsection of the IRE. He 
is active in affairs of the Western Elec-
tronics Manufacturers Association, having 
served the group as president in 1955. As 
1959 chairman of the board of directors for 
WESCON, he presided at the association's 
recent convention in San Francisco. Mr. 
Stearns also is a past vice-chairman for the 
west of the American Institute of Electri-
cal Engineers. 

George G. Young (SM'56) has been 
appointed Manager of the Production En-
gineering Subsection of General Electric 
Co. 

He received the B.S. degree in electri-
cal engineering from North Carolina State 
College in 1942, and immediately following 
graduation he joined General Electric's 
engineering test program at Schenectady, 
N. Y. In 1942 he transferred to Bridge-
port, Conn., where he was associated with 
the then combined General Electric radio 
and television department. He came to 
Syracuse as a production engineer on FM 
radio receivers when the department was 
moved to Electronics Park. In 1952 he was 
named supervisor of production engineer-
ing for television receivers. 

Mr. Young is a member of Eta Kappa 
Nu. 

M. E. Femmer (A'48-SM'53), formerly 
Associate Director of Research for IBM 
it the Lamb Estate Research Laboratory, 

(Continued on page 56A) 
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Signals from(' Space 

A boy can now hear sounds that you were able to hear only in your dreams. Today a 

boy can actually hear signals from space! A tiny beacon ( left) has been developed 

by Melpar to ride far above the earth, sending back tales of achievement from missiles 

and satellites. I MAGI N EERI NG at Melpar will turn many of your dreams into realities. 

Because Melpar is constantly expanding its capacity for original conception, design, 

and production of advanced defense and space exploration projects. 

NIELPAR IT INC 
A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 

For details on provocative job openings in Advanced Scientific Engineering Areas, write to: Professionat Employment 

Supervisor, 3610 Arlington Blvd., Falls Church, Virginia. in historic Fairfax County, 10 miles from Washington. O. C. 



for switches 

TRIGGER 

COMPLEMENTARY FLIP FLOP CIRCUIT 

COMPLEMENTARY FLIP FLOP CAKIJIT 

higher efficiency 

symmetrical wave shape 

lower output impedance 

shorter rise and fall times 

WAVE FORM PATTERN OF COMPLEMENTARY FLIP FLOP CIRCUIT 

0.2 ,Sec 

DESIGNED FOR COMPUTERS • MADE FOR COMPUTERS 

RESPONSE TIME OF COMPLEMENTARY FLIP FLOP AS A 

FUNCTION OF TEMPERATURE 

FALL TIME 

RISE TIME 

10 20 30 40 

TEMPERATURE C 

—7-
0 260 
max. 

TO - 5 

max. 

11 11 11 
SUBMIN 

0.160" 
max. 

[11[111 0.130 '--,• 
Dia. 

Medium Current Switches 

GERMANIUM PNP ALLOY — TO-S CASE 

Tee VcE 

Volts 

to }, 

Avg. 
Mc 

HFEI 

le = IMA 
VCE = env 

NFU 
Mm. 

In =-  IRMA 
VCE = 0.25V 

RISC* 
Tune 

Mao. 

2N404 -24 12 — — — 
2N425 -20 4 20-40 10 1.0 
2N426 -18 6 30-60 10 0.55 
2N427 -15 11 40-80 15 0.44 
2N428 -12 17 60 20 0.33 

0.2T 2N1017 -10 22 80 20 

*Ig = 50MA; Au en 5MA; Ri20013 lot = 5MA 

GERMANIUM NPN ALLOY — TO- 5 CASE 

V11 

Von, 

In 

Avg. 
Mc 

HIE 
Mu,. 

lc = SOMA 
VCE = 1.0V 

Fine,. 
Time 
Avg. 
psec 

2N438 25 6 20 0.7 
2N439 
2N440 

20 11 30 0.5 
15 17 40 0.3 

"1m = les = IMA; k 10MA; RL = 

Contact the nearest Raytheon office for data on 

SILICON as well as GERMANIUM Switching Transistors 
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... the switch is to 

AYTHEON 
TRANSISTORS 

HP 212A 

PULSE 

GENERATOR 

EMITTER FOLLOWER CIRCUIT 

0.4 

0.1 

RESPCNSE TIME VE TEMPERATURE FOR EMITTER .OLLOWER 

1111111. 
4111111111111t 

FALL TienE 

STORAGE 

..... 

........... RISE TIME; 

6'3 - 50 - 40 30 - 20 10 — , 10 • 

TEMPERATURE -C 

„PIMP 

e 

TESTED FOR COMPUTERS • DEPENDABLE IN COMPUTERS 

High Current Switches 

GERMANIUM PNP ALLOY — TO- 5 CASE 

Subminiature Switches 

GERMANIUM PNP ALLOY — SUBMIN CASE 

Type 

CK27 
CK28 

VtE 

Volts Avg. 

Volts MC 

-20 
-18 
-15 
-12 

HF El HFL 
Min. 

= im" Ii= IOMA 
VcE = 0-25V VCE = C.35V 

4 20-40 
6 

11 
17 

30-60 
40-80 
60 

10 
10 
15 
20 

R •e 

Tune 

Max 

1.0 
0.55 
0.44 
0.33 

RAYTHEON COMPANY 
SILICON AND GERMANIUM DIODES AMID TRANSISTORS • SILICON RECTIFIERS • CIRCUIT- PASS 

Mew York, Plato 9-3900 • Boston, HIlIcres, 4.6700 • Chicago, NAtionol 5-4000 • Los Angell's., NOrmandy 5-4221 • Orlando, GArden 3-1553 

Syracuse, HOword 3-9141 • Sattirn•r•, Setithfield 1-0450. Cleveland, Winton 1-7716 • Kansas City, PLaza 3.5330 • San Francisco, Fireside 1-7 711 

Canada: Weteroc, Ont., 51-lerwood 5 68'1 • G ment It eicrti•ns: Waisington, D. C., MEtropoliton 8-5205 

RAY1114 
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SOLID-BLOCK TERMINAL BOARDS 

SOLID BACKS save cost of insulat-

ing strip, resist moisture and 
breakage. 

"MOLDED-IN" CONDUCTORS as-
sure greater capacity, can't 
work loose; eliminate sepa-
rate saddle plates. 

THICK, 

HIGH BARRIERS 
afford greater insulation, reduce 
breakage, increase creepage by 
12%. Gen-Pro boards have greater 
amperage capacity, are mechan-
ically and electrically interchange-
able with other boards. Also 
available with molding compound 
PER MIL- 14E. Competitively priced. 
Immediate delivery. 

GENERAL PRODUCTS 
Over 25 Years of Quality 

UNION SPRINGS, NEW YORK 

Series 440 
Illustrated 

WRITE TODAY for bulletin 
illustrating types in stock 

with specifications and list 
of lugs available. 

ORPORATION 
Molding 

TWX No. 169 

TRANSISTORIZED 

PRINTER RELAY 
Type 237 

Model 1 

. replaces electro-mechanical signal relays 
• eliminates associated local DC power supplies 
. eliminates electro-mechanical maintenance problems 
• Isolates the reactance of printer selector magnet 
. presents resistive termination to the signal loop 

7 eerzsm 
147 WEST 22nd ST.. NEW YORK 11, NEW YORK 

ige  
Y 

In Canodo Northern Rodro Mfg Co., Ltd., 1950 Bank St, Billings Bridge, Ottawa, Ontario. 

Pace-Setters in Quality Communication Equipment 

)2D/0 (COMMET, inc. 

Write on your letterhead for free I terature to Dept. P- I2. 

IRE People 

(C•niti fined t rum /wile ,2A) 

located in Cod-
landt, N. Y., has 
beets appointed 
i‘ la nager, Engineer-
ing Plans, on the 
staff of the Vice 
President—Research 
and Engineering in 
the Corporation of-
fices at 590 Madi-
son Avenue, New 
York, N. Y. 

In his new posi-
tion, he will exer-
cise staff supervision over engineering and 
product development activities through-
out the corporation. 

He joined IBM in August, 1946, as a 
laboratory engineer working on the design 
of a matrix multiplier and on RF gas tube 
research for a matrix multiplier. He was 
later appointed a technical engineer and in 
July, 1949, became a project engineer 
working on magnetic tape systems de-
velopment. In this assignment he helped 
develop electronic circuits for reading, 
writing and control of the first 113M 
prototype tape drive and associated sys-
tems. Later he worked on the outline and 
design of high speed 1/0 circuits and sys-
tems for the NORC computer including 
coordination of the design of very high 
speed magnetic tape drives. In April, 1951, 
he was placed in charge of the overall I/O 
design for the IBM 701 computer. From 
that time until September, 1952, he was 
assigned projects of increasing responsi-
bility including training a group of gradu-
ate engineers for temporary field service 
with the first 701 computer systems, and 
final engineering changes on the 701 model. 
In May, 1953, he was assigned to report to 
R. L. Palmer as staff assistant on all 
Poughkeepsie engineering programs. In 
September, 1954, he was appointed de-
velopment engineer and served as assist-
ant manager and subsequently manager of 
all EDPM engineering. In this capacity 
he was responsible for all EDPM engineer-
ing development programs. He was ap-
pointed Associate Director of Research in 
March, 1956, and in Septenber, 1956, was 
assigned to report to Dr. E. R. Piore, Di-
rector of Research. 

Mr. Femmer holds the B.S. degree in 
electrical engineering from the University 
of Missouri. He entered the Army in 1943 
and upon discharge to inactive duty in 
July 1946 was a first lieutenant. He is a 
member of the Association for Computing 
Machinery and Eta Kappa Nu, and a life 
member of Tau Beta Pi. 

M. E. FEMMER 

Carl D. Bethel, Jr. (M'46-SM'52) has 
been elected vice president of Mackay 
Radio and Telegraph Company, it was 
announced by B. B. Tower, president of 
American Cable & Radio Corp. AC&R, an 
ITT associate, is Mackay Radio's parent 
company. 
A graduate of Pennsylvania State 

(Continued on page 62A) 
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from SYLVANIA 

New designs to meet new demands everywhere in electronics 

LOW HEATER POWER CATHODE-RAY TUBES.. 

Low Heater Power CRT's use 1.5 y sup-
ply compared to 6.3 y for ordinary tubes 

New 1.5 volt, 140 ma heater for 
CRT's under development at 

Sylvania will add new portability 
to oscilloscopes, radar and TV 

Another revolutionary advance in cath-
ode-ray tube design is now in final stages 
of experimental development at Sylvania's 
Industrial & Military Cathode-Ray Tube 
Department—Low heater power CRT's. 
The new 1.5 volt, 140 ma heater design 
requires less than 1/16 the power of 
ordinary CRT's—or less than 1/4 watt 
compared to 4 watts. This not only means 
highly significant reductions in power 
supply requirements with the 210 mw 
heater but significant reductions in cool-

CLOVERLEAF 
CATHODE ASSEMBLY DESIGN.0. 

'*Cloverleaf" ceramic cathode 

assembly design, now available 

ir all newSylvania picture tubes, 
assures faster warm-up time 

throughout tube life 

Already proved in hundreds of 
thousands of picture tubes is the 
Sylvania Cloverleaf cathode 
assembly. Its unique ceramic 
Cloverleaf configuration greatly 
reduces heat conduction losses 
and nearly doubles TV warm-up 

speed by reducing cathode-ce-
ramic disc contact area. This not 
only increases assembly rugged-
ness but contributes to the over-
all efficiency of the tube. 

Sylvania Cloverleaf is now 
available in all new TV picture 
tubes ranging from 110° 300 ma 
types to 72° 600 ma types as well 
as some industrial and military 
cathode-ray tubes. Contact your 
Sylvania representative for the 
full story on Sylvania Cloverleaf. 

INDUSTRIAL at MILITARY 

CATHODE-RAY TUBES... 

Today, Sylvania's Industrial and 
Military Cathode-Ray Tube de-
partment is producing over 150 
tube types to meet the specialized 
needs of the growing industrial 
and military market. Here are the 
latest additions to this expanding 
line: 
Type 4MP_series—This four-

inch square face CRT is designed 
for use in oscilloscopes and other 
display devices where space con-
siderations are important. It fea-

tures electrostatic focus and de-
flection as well as post deflection 
acceleration. Its deflection plate 
leads are sealed through the neck 
. . . a design which assures low 
capacity and inductance. 
Type 5BCP—series—This five-

inch round oscilloscope tube is 
designed with a 7/8 - inch neck 
diameter that can more effectively 
utilize low deflection power. It 
features magnetic focus and de-
flection. 

• 

ing requirements. As a result, new design 
approaches will be opened for portable 
oscilloscopes, portable radar, portable 
transistorized TV, missiles and any other 
application where minimum power sup-
ply weight and size are important con-
siderations. 

Your Sylvania equipment sales repre-
sentative will be glad to discuss specific 
applications and sample availability with 
you. 

830 

820 

810 

800 

790 

), 780 

e 770 

>60 

O 

¿«, 750 

>40 

730 

720 

710 

700 

270 310 330 360 Secs 30 

CATHODE BRIGHTNESS TEMPERATURE VS TIME 

60 90 120 150 180 210 240 

TIME 

Note MeroOptcal Pyrometer Readings at 30 Sec 
Interwals with filament voltage set et 
63 Volts (0c) 

Faster picture tube warm-up time of the Sylvania 
Cloverleaf Cathode assembly shows up in this comparison 
of it with a conventional cathode assembly 
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THIS IS AUTO-MOUNT... 

HEART OF SYLVANIA AUTOMATION 

Now in operation in Sylvania tube plants throughout the 
U.S. is this intricate maze of engineering ingenuity called 
Auto-Mount. Designed and developed by Sylvania 
engineers, it automatically assembles delicate tube ele-
ments with a precision and efficiency unattainable by 
human hands. It represents one of the greatest single 
contributions to uniformity in mass-produced electron 
tubes ever developed. 

Auto-Mount first prepunches each mica spacer with 
specially designed dies that achieve greater precision and 
exactness than heretofore possible. At the same time, it 
automatically checks mica thickness and rejects those 
not meeting its tight tolerances. This new degree of mica 
control not only means greater spacing precision of tube 
elements but tighter fit in the mica spacer. The result is 
less micro, reduced noise, better heat dissipation and 
greater overall tube efficiency. 

Next, Auto-Mount delicately feeds famous 
Sylvania cathodes to each moving jig assembly 
and precisely inserts them into proper position. 
Then, as the assembly moves through each station, 
grids, plates, and finally the top mica are automat-
ically inserted and assembled. It performs tab 
bending operations with exact uniformity, result-
ing in a tighter mount and reduced micro. Each 
mount undergoes multiple visual and microscopic 
inspections to assure quality. Any mount that does 
not meet Auto-Mount's stringent standards is 
automatically rejected. 

Not only does Auto-Mount contribute to better 
tube performance by eliminating human errors, 
damage and inaccuracies, but because it requires 
elements of closer dimension tolerances than hand 
mounting, the mount it produces is inherently 
more uniform and rugged. This means less micro, 
better cutoff, less heater-cathode leakage and more 
uniform characteristics from tube to tube. 

The end result is a new degree of performance 
perfection from Sylvania receiving tubes un-
matched by any other mass-produced electron 
tube. Contact your Sylvania representative today 
for complete information on Sylvania Auto-
Mount recei% ing tubes. 

le SYLVAN IA* 
GENERAL TELEPHONE & ELECTRCNICS 



TYPE GB-7550 

PULSE RATING CHART 
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TYPE GB-7327 

PULSE RATING CHART 
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Pulse Rating Charts, exclusive with new Sylvania Pulse Types, show the high current capabilities of the new tubes 

PULSE TUBES • • 
Sylvania develops industry's first sub-
miniature Pulse Tubes specifically de-
signed for pulse amplifier and BTO 
circu ts 

Now the design engineer can select sub-
miniature tube types specifically designed 
for pulse applications. Sylvania is develop-
ing a line of pulse types rated to deliver 
high pulse current with reliability, com-
pactness and accuracy. No longer is it 
necessary to use tubes designed for other 
purposes that are not rated to consistently 
meet pulse requirements. With the new 
Sylvania types, higher pulse current is 
assured and each is supplied with a pulse 
rating chart. This not only makes the de-
sign problem much simpler but means 
better end equipment performance. 

Two new pulse types GB-7327 and GB-
7550 are already in full production at 
Sylvania with more on the way: 

TYPE GB-7327—This new 
subminiature (T-3 bulb) 
medium mu double triode 
is specifically designed and 
processed for pulse applica-
tions. It features low vibrational noise 
and excellent performance under rugged 
environmental conditions. It is a direct 
replacement for types 6111 and 6021 and 
with some modification can replace any 
double triode. The tube, as its GB prefix 
indicates, is specifically designed to meet 
commercial and industrial application re-
quirements. In addition, it is the first tube 
made by Sylvania that employs both the 
AQL and new Sylvania ADL quality 
systems. This means extra assurance that 
every Sylvania pulse tube will meet cus-
tomer specifications effectively. 

TYPE GB-7550—This is Sylvania's new-
est pulse type, a subminiature (T-3 bulb) 
double triode with a higher cathode pulse 
current. It can easily replace types 6111 
and 6021. With varying degrees of modi-

fication, it can be used in place of any 
double triode. It features a larger cathode 
for additional current capabilities and new 
grid radiators for more effective dissipa-
tion. It too is a Syivania GB type made to 
meet the specific requirements of industrial 
and commercial applications. It also in-
corporates both the AQL and new Sylvania 
ADL quality standards. 
Both new Sylvania pulse types, GB-7327 

and GB-7550, may be used in pulse ampli-

fier or BTO circuits. This opens applica-

Characteristics 

tions in areas such as: 
Aerial Navigation Equipment 
(Pulse radar and missiles) 
Sylvania is continuing to de-
velop additional pulse tube 
types to meet increasing in-
dustry demand for accurate, 
dependable high-current 
pulses. Check with your 
Sylvania representative or contact the 
factory directly for latest information on 
Sylvania GB Pulse Tubes. 

50 

500 

New Sylvania Pulse Types GB-7327 and GB-7550 

DIRECT INTERELECTRODE CAPACITANCES 
(Unshielded) 
Grid to Plate 
Input: g to (h +k) 
Output: p to (h +k) 

Section No. 1 
Section No. 2 

Grid to Grid 
Plate to Plate 
RATINGS (Absolute Maximum Values) 
Heater Voltage 3 
DC Plate Voltage 
Instantaneous Forward Plate Voltage 
Plate Dissipation (Each Plate) 
Grid Dissipation (Each Plate) 

CHARACTERISTICS RANGES (Each Section) 
Pulse Cathode Current: 
Ef=6.3 V; Eb=300 Vdc; Ec= — 25 Vdc; 
egk= +50 vat tp=10 usec; prr=1000 pps; 
tr=0.8 usec Max.; tf=1.0 wet Max. 

GB-7327 GB-7550 

1.5 uuf 
1.9 uuf 

0.28 uuf 
0.32 uuf 
0.011 uuf Max. 
0.50 uuf Max. 

6.3± 5% V 
300 Vdc 
400 V 
0.95 W 
0.2 W 

4.0 uuf 
4.0 uuf 

0.24 uuf 
0.28 uuf 
0.16 uuf Max. 
1.2 uuf Max. 

6.3±5% V 
300 Vdc 
400 V 
2.0 W 

3.6 W (Both Plates) 
0.4 W (Each Grid) 

700 mA Min. 1400 ma Min. 
Ef=6.3 V; Eb=300 Vdc; 
Ec= — 30 Vdc; Instantaneous 
Voltage Between Grid and 
Cathode (Smoothed Peak)= 
+40 v ot tp=10 usec; 
prr=0.8 usec Max.; 
tf=1.0 usec Max. 
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Postage 
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by 
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No 

Postage Stamp 
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If Mailed in the 

United States 

BUSINESS REPLY CARD 
Fir.a. Class Pe -mit No. 2833 Sec. 34.9 P.L&R., Buffalo 9, N.Y. 

SYLVANIA ELECTRIC PRODUCTS INC. 

1100 Main St. 

BuFalo 9, N. Y. 



STRAP-FRAME CONSTRUCTION ... 

Sylvania introduces the strap-frame grid 
design in a new tetrode type 6ER5, de-
signed as a VHF amplifier for TV tuners 

Complementing the Framelok Grid design for 
power applications is the Sylvania strap-frame 
grid development for high frequency tuner 
type applications. First Sylvania tube incor-
porating strap-frame grid construction in a 
T-3 envelope is type 6ER5. It is a semi-remote 
cutoff tetrode designed as a VHF amplifier for 
TV tuners. It features high transconductance, 
high input impedance, low intermodulation 
distortion and dual cathode pins. Grid No. 2 
functions as a shield to reduce grid to plate 
capacitance. 

The strap frame, as its name implies, gives 
new extra support to grid side rods. Not only 

VIDEO... 

does this make a more rugged, accurately 
aligned grid possible, but since the grid laterals 
themselves do not support the rods, finer grid 
wire with greater TPI (turns per inch) can be 
used. The end result is higher gm, better dis-
sipation and overall more efficient perform-
ance. 

RATINGS (Design Center Values) 

Supply Voltage 
Plate Voltage 

Grid No. 2 Voltage 
Plate Dissipation 
Grid No. 2 Dissipation 
Cathode Current 
Negative Grid Voltage 
Grid Circuit Resistance 

Cathode Bias 

SYLVANIA -¡;:)b  
GENERAL TELEPHONE & ELECTRONICS 

SYLVANIA ELECTRIC PRODUCTS INC. 
1740 Broadway, New York 19, N. Y. 

In Canada: Sylvania Electric (Canada) Ltd. 
P. 0. Box 1190, Station "0," Montreal 9 

550 Volts 
250 Volts Max. 
100 Volts 
2.2 Watts Max. 
0.5 Watts 
20 Ma Max. 
50 Volts Max. 

1.0 Megohm Max. 

• ••11 M'UMM IM IM MIIMIMIMI BM ..... 

Please send additional information on the items checked below: 

New Sylvania Pulse Tubes: 
Industrial & Military Cathode Ray Tubes E Type 7327 
El Type 4MP—series E Type 7550 
El Type 5BCP—series New Strap-frame Grid Tube 

n Type 6ER5 
New entertainment receiving tubes 

El Type 6GN8 El Type 10EG7 E Type 8GN8 D Type 12BZ6 
EJ Type 10DR7 El Special tube designs for particular applications 

Name  

Address  

Company  
Code 4059 

Sylvania's new Strap-Frame high fre-
quency tuner type, 6ER5. Strap-
Frame grid construction permits use 
of finer grid wire for more TPI 

Five new types from Sylvania for 
TV service 

TYPES 6GN8 AND 8GN8—Both of these 
new types incorporate a high mu triode and 
a sharp cutoff pentode in one T 61/2  envelope. 
The triode section is designed for voltage 
amplifier or sync separator service. The pent-
ode section, designed for video amplifier 
service, features a controlled knee charac-
teristic. 

TYPE 10DR7— Double triode in a T 61/2  
envelope with a high mu section for vertical 
deflection oscillator use, and a low mu sec-
tion for use as a vertical deflection amplifier. 

TYPE 10EG7 —T9 double triode for series 
string TV with a medium mu section de-
signed for vertical deflection oscillator use 
and a low mu section for vertical deflection 
amplifier use. 

TYPE 12BZ6 —T 51/2  semi- remote cutoff 
pentode for use as an automatic gain con-
trolled amplifier. 

I l  Use this handy 

business reply card 

to request additional 

information on these 

important new 

Sylvanla developments 



A new brochtno on Phikes CAPABILITIES it yours for the 
eking. Jaw write on your buiitzets letterhead for your copy. 

... and your guarantee of peak 
performance, reliability and economy 
in a vast variety of complex ELECTRONIC 
EQUIPMENTS and SYSTEMS 
PHILCO offers unequaled experience and capabilities in the creation, 
engineering and production of an unlimited range of sophisticated elec-
tronic and electromechanical devices and systems. In satellites, missiles, 
communications, infrared and weapons systems, Philco is a major con-
tractor on many vital projects for defense. In communications, data 
processing, closed circuit television and countless other complex elec-
tronic products for industry and business, the name Phiko is symbolic 
of quality. Whatever your requirements in advanced electronics, Philco 
has the people, the resources and the capabilities to meet them. PHILCO 
... the first name in electronics . . . the last word in quality. Government 
and Industrial Division, 4700 Inuahickon Ave., Phila. 44, Pa. 

PHILCO, 
Czeteeafr (2.* 4e Kee. 
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the state of the art is understated... 

• 

There is a "quicksilver" in all research 

and development. This elusiveness is greater in 
the design of microwave ferrite components 

than in any other electronic field. 
The engineer must be able to say: " It works, but not 

consistently enough" or " It works, but not well 
enough." It then becomes 
a matter of knowledge, 
patience, originality, 

• time and testing until the device meets the 
necessities of its 

• application 
• and 

meets 
them consistently. 

This immaculate attention to detail is why 

Rantec microwave ferrite 

components have their reputation 

as the most dependable 

and predictable in the field. 

PHASE SHIFTERS SINGLE SIDE- BAND MODULATORS 

HIGH-SPEED FERRITE SWITCHES AMPLITUDE MODULATORS 

LOAD ISOLATORS ISO-DUPLEXERS CIRCULATORS 

....I» corporation 

calabasas, california 

IRE People 

(Cvntimted from page 

University, N'lr. Bethel joined Mackay 
Radio in 1945 after serving itS a 1'. S. army 
officer in Europe and North Africa during 
World \Var II. Ile was transferred to 
Manila in May, 1958, upon his appoint-
ment as district manager, and will continue 
to reside in the Philippines. 

Neal J. Dean S'46-A'47-NE50 SNE53 ) 
has been admitted to the partnership of 
Booz, Allen & lamilton. nationwide man-
agement consult-
ants. 

Ile was previ-
ously technical di-
rector of the lirm's 
Electronic Da ta 
'rocessing Ikpart-
ment. Ile has spe-
cialized and will 
continue to work in 
consulting on data 
processing systems 
for banks, utilities 
.ind industrial firms 
throughout the country. He has presented 
more than 30 papers before various man-
agement groups and professional societies, 
and has authored several articles on elec-
tronic data processing. 

Before joining Booz, Allen & Hamilton 
in 1958, he was head of the Data Proces-
sing Consulting Services for Ramo-Woold-
ridge Corp. Prior to that he was head of 
the business machines applications depart-
ment of the Laboratory for Electronics, 
Inc., and was director of circuit research 
and development of the Sonotone Corp. 
He was director of the Electrical Measure-
ments Laboratory of Columbia University 
and has lectured on engineering and elec-
tronics subjects at six universities. 

Mr. Dean received the B.E.E. degree 
front Manhattan College in 1944 and the 
M.S. degree in electrical engineering front 
Columbia University in 1946. 

N. J. DEAN 

Aladdin Electronics, division of Alad-
din Industries, Inc., has announced the 
.ippointment of Paul E. Dicker (S'47-
.V50-M'56-Sl\l'59) to the position of 
Chief Engineer. 

He has been associated with Aladdin 
for approximately four years serving as a 
ctinsultant on special technical assign-
ments. During this period he has also held 
the position of associate professor of elec-
trical engineering a t Vanderbilt University. 

Mr. Dicker received the B.S.E.E. from 
Swarthmore College in 1945. He was 
:ovarded the Master's Degree in Electrical 
Engineering by Ohio State University. In 
.iddition to holding other teaching posi-
tions at Ohio State and Princeton, he has 
.Itnie research work and design engineering 
in many fields of special interest to Alad-
din. 
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stabilization 
of 

FAIRCHILD 
SILICON 

TRANSISTORS 
is a regular step 

WHY? 
TO ACHIEVE MAXIMUM RELIABILITY! Every completed Fairchild Transistor is stored at 300° C for at least 

60 hours before final inspection. Most types would not survive. For Fairchild's Diffused Silicon Mesa Transistors, this 

step stabilizes parameters an equivalent of thousands of hours at 175 C. Many of our customers are verifying 

the resulting reliability in test programs of their own. 

DA 

545 WHISMAN ROAD 

 leilleCilliD 
SEMICONDUCTOR CORPORATION 

DEPT. E- I2 

• MOUNTAIN VIEW, CALIFORNIA YORKSHIRE 8-8161 

New York Area: WElls 1-4500, ext. 287— Chicago Area: BRowning 9-568)— Philadelphia Area: TUrner 6-6623— Los Angeles Area: °Leander 5-6058 
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NEW IDEAS IN 
PACKAGED POWER 

for lab, production test. 

test maintenance, or as a 

component or subsystem 

in your own products 

Series 1000. 

Easy-to-use compact Beta Series 1000 high voltage 
supplies come in 13 different models, providing volt-
ages up to 60kv dc and currents as high as 500 ma. 
Adjustable output voltage (0 to max. rating with 
coarse and fine controls); extremely low ripple; easy, 
rapid polarity reversal and full metering are a few 
outstanding features. 

Single-unit, 
rack-mounting 
supplies to 60 KV 
Available ranges and 

current capacities: 

Output Current 
(DC KV) (Max. MA) 

0-1 500 
0-3 200 
0-5 10 or 100 

0-10 2, 10, or 50 

0-15 5, or 10 

0-30 2. 5, or 10 

@ 50 KV 

1 @ 60 KV 

Inputs: 117 vac, 60 cps, single phase 

0-60 

HV DC TO 250KV WITH MAXIMUM 

CONVENIENCE, SAFETY 

Series 2000— control section ( left). 
Series 2000— high-voltage section ( right). 

Simple to operate, conservatively rated to insure 
long, optimum performance with maximum safety, 
Beta Series 2000 supplies come in thirteen different 
models, with maximum voltages ranging from 1 to 
250kv dc. Output voltage continuously adjustable 
from 0 to maximum. Two-unit design allows optional 
remote operation of high voltage circuits. For maxi-
mum voltages less than 30 kv, the high-voltage unit 
is air-insulated; for higher voltages, oil-insulated 
(shipped dry). Every precaution is taken to insure 
personnel and equipment safety. 

Two section 
supplies to 250KV 
Available ratings: 

Output Current 

(KV DC) ( Max. MA 
continuous) 

3000 
1000 

500 
200 
150 

30 
100 
10, 50 

5 

25 
5 

10 

0-1 

0-3 
0-6 

0-10 
0-20 
0-30 ' 
0.30 
0-50 

0-120 
0-120 

0-150 

0-250 

Inputs: 117 vac, 60 cps, 

single phase 

Sorensen markets the widest line of controlled power equipment available today, 
including: Regulated a-c and cl-c supplies, unregulated power supplies, frequency 
changers, inverters, and converters, SAMES electrostatic generators for regulated 
voltages up to 600 kv dc, voltage reference sources, high-voltage d-c overpotential 

testers and high- potential test equipment. 
An exceptionally w;de selection of standard models is available and experienced 

Sorensen engineers are always glad to discuss your special needs. 9 13 

SORENSEN 8, COMPANY, INC. 

Richards Avenue, South Norwalk, Connecticut 

Oiteet44,1*%----
WIDEST LINE OF CONTROLLED- POWER 

EQUIPMENT FOR RESEARCH AND INDUSTRY 

IN EUROPE, contau Sorensen-Ardag. Zurich. Switzerland. IN WESTERN CANADA, ARVA, 

IN EASTERN CANADA. Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City. 

IRE People 

(Contenned trout rage 62.-11 

Milton Magid (S'48-A'49- M '55-
SM'57) has joined the FXR engineering 
staff as Head of Microwave Product Engi-
neering. Prior to 
joining FXR, he 
had been associated 
with the Hughes 
Aircraft Co., Cul-
ver City, Calif. 
since 1949. Since 
November, 1953, he 
had been Super-
visor of the " Micro-
wave Section of the 
Primary Standards 
Laboratory." 

Mr. Magid re-
ceived the B.S. degree (with honors) from 
the University of California at Berkeley 
and the M.S. degree from the University 
of California at Los Angeles. He has .been 
elected to Eta Kappa Nu, Tau Beta Pi 
and Sigma Xi honor societies and is an 
Associate Member of the Scientific Re-
search Society of America ( R.E.S.A.). 

Arthur A. Hauser, Jr. ( M'48) has been 
appointed to the new position of director 
of technical planning at Sperry Gyroscope 
Co., Great Neck, 
N. Y. 

He has had 17 
years' experience in 
the management of 
advanced research 
efforts. Since join-
ing Sperry in 1942, 
he has directed nu-
merous research 
groups in develop-
ment of advanced 
computer tech-
niques, air, surface, 
and under-sea weapon systems, industrial 
controls, and automated business systems. 
In 1957 he became responsible for coordi-
nation of the research and development 
activities of Sperry's many widely diversi-
fied divisions. 

He holds five patents on fire control, 
guidance, and computer devices and is the 
author of numerous scientific papers on 
these subjects. 

Mr. Hauser earned the B.S. degree in 
mathematics at Massachusetts Institute 
of Technology and the M.S. degree in 
mathematics at New York University. His 
professional memberships include the 
American Physical Society, Sigma Xi, 
Atomic Industrial Forum, and the Indus-
trial Research Institute. 

MILTON NI AGID 

A. A. 11.‘isER, JR. 

ee 

(Continued on page 66A) 

Make Your Plans Now! 

1960 IRE SHOW 

March 21-24, 960 

New York Coliseum 
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One of a serie3 

The revealing face of an iron crystal 

A single crystal is an ideal system for studying the solid state. 

Physicists at the General Motors Research Laboratories have turned to 

whisker- like growths of nearly perfect single iron crystals 

to investigate three intriguing phenomena: magnetic domains, dislocation 

defects, anc:—more recently— high temperature oxidation. 

In this latest study, the two crystallographically different surfaces 

found on iron whiskers are being used to examine the anisotropy 

or axial-dependent nature of the oxidation process. 

In early stages of oxidation, the oxide patterns that form on clean surfaces 

have been found to be strongly dependent upon the orientation 

of the underlying crystal. In later stages of oxidation, tiny oxide 

"cilia" actually grow on the surface of the iron whisker. 

But these new whiskery forms of oxidation are no longer related to 

the crystal's surface arrangement. The next step in this program 

involves correlating the oxidation behavior with lattice structure defects 

such as vacancies and dislocations. 

This type of solid state research is revealing 

the atomic processes underlying strength, magnetic characteristics, 

and corrosion resistance of metals. At GM Research, 

we believe the solution to practical problems is increasingly dependent 

on fundamental information such as this. And each solution 

enables us to continue to provide More and better things for more people." 

GENERAL MOTORS RESEARCH LABORATORIES 

Earl, at cr) 

(50 

Oxide Whiskers 

(12.000x) 

Reduction of Oxide Products 

(2500x) 



Versatile in Readout and Display 

MULTICHANNEL 
DATA RECORDE 

up to 1000 discrete marks (or channels) on 19 inch wide 
dry electrosensitive paper 

lartirrrrn VOLTAGt , 

FREnr'' 
d„YelE&r"-awfflgiaï-'mie 

O 

FREQUENC1 

VOLTAGES 

DATA PROCESS PROCESS OUTPUT TRANSLATED INTO VISIBLE, PRECISE, 

• Records analog, digital and alpha numeric data 
Write or phone for further informai on 

TIMES FACSIMILE CORPORATION 

RECORDS 

E 

Outstanding Design in UHF, VHF, 

2-Way and Microwave Antennas 

Both mechanically and electrically, 
Mark Antennas for all communi-
cations applications are engineered 
and manufactured for peak 
efficiency, maximum 
mechanical stability, simple 
installation and long 
trouble- free life. 

PARABOLAS and 
Point to Point 
For 450, 900, 2000 and 
6000 MC. Up to 15' 
diameter. Rugged 
HELLIARC welded 
aluminum construction 
permits lighter, lower 
cost towers. 

2 WAY 
COMMUNICATIONS 
Mark High Gain patented 
Fiberglas Construction 
omnidirectional base 
station antennas provide 
gains up to 10 db. 
RAILWAY and 
VEHICULAR 
New low profile R R antenna a 
brand new Mark development! 

SPECIAL DESIGN 
Mark offers a complete engineering 
and research service in antenna 
design and manufacture ... now 
supplemented with greatly 
increased plant facilities. 

MARE 
5439 Fargo Avenue 

......., _,., , /lit e 
locarted in our new, We are now 

larger plant 

new catalog! 
for our 

PRODUCTS /-rs 
ORchard 5-1500, Skokie, Illinois 

  IRE People //cfc.\ /R,E\ 
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John L. Heins (A'32—VA'39) former 
Chief Electronics Engineer for the Re-
public Aviation Corp., Missile Systems 
Div., was named as 
head of engineering 
for the GB Elec-
tronics Div. of the 
General Bronze 
Corp. 

He is an elec-
tronic systems spe-
cialist who has held 
engineering posi-
tions with I.T.T.L., 
Sperry, Burroughs 
and other organiza-
tions in the indus-
try. 

At GB Electronics Corp., he wi:1 take 
over the antenna systems organization 
and be responsible for an expansiol pro-
gram involving the application of pro-
prietary corporation developments, such 
as the recently announced SX.E. array 
now being applied for major contracts of 
the National Aeronautics and Space Ad-
ministration, General Electric Co. and 
others involved in advanced type tracking 
and telemetry systems. 

J. L. HEINS 

Dr. Albert S. Hoagland (S'50—A`54— 
SNI'57) has been appointed manager of 
Engineering Sciences Research at the 
San Jose, Calif., re-
search laboratory 
of the International 
Business Machines 
Corp. 

He joined IBM 
in June, 1956 as a 
project engineer 
working on the 
magnetic program 
for the RAMAC at 
the San Jose labo-
ratory. A short 
time later his work 
was expanded to include magnetics work 
on the Stretch computer. 

In January, 1958 he was appointed de-
velopment engineer and continued re-
sponsibility as project leader for the mag-
netics program. In January of this year he 
was appointed senior research engineer 
and given responsibility for large-scale 
memory research. 

Dr. Hoagland received the B.S., M.S., 
and Ph.D. degrees in electrical engineering 
at the University of California in Berkeley. 
He is a member of the AIEE, Phi Beta 
Kappa, Sigma Xi, Eta Kappa Nu, and 
Tau Beta Pi. 

• 

A. S. HOAGLAND 

John J. McDonald (A'50), director of 
engineering for Consolidated Systems 
Corp., wholly owned subsidiary of Con-
solidated Electrodynamics Corp., has been 
elected a vice president of the Instrument 
Society of America. 

(Continued on rage 68A) 
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Here is the 
fascinating field of 

NO-111PICII 
FIECTMICS 

The purpose of this special November issue of Proceedings, as outlined 

in the guest editorial by J. W. Moore, National Institute of Health, is "to 

provide its readers with some interesting, informative and perhaps pro-

vocative examples of various weddings of electronic art and concepts to 

some of the life sciences. This collection of articles is not intended to 

delineate Bio-Medical Electronics, but rather to illustrate the breadth of 

the field of interest of the Professional Group on Medical Electronics, 

which, by constitutional definition, is the study of biological and medical 

systems." Thus begins one of Proceedings' most fascinating issues— one 

that presents the scope of the broad new avenues of experimentation in 

biological measurements opened up by the speed, versatility and precision 
of modern electronics. This special issue is not only the current record of 
the progress in Bio-Medical Electronics, it is fascinating reading for radio-

electronics engineers in general. 

26 ARTICLES BY LEADERS 
IN THE BIO-MEDICAL ELECTRONIC FIELD 

Below is just a partial listing of the articles this special issue covers. For 
example, the development of a broadband electrometer is described in 

the article by Gesteland, Howland, Lettvin and Pitts on " Microelectrodes 
and Their Use." This issue gives considerable emphasis to basic biologi-
cal research. And, because the recruitment and training of personnel to 

work in the bio-medical instrumentation area is probably the most pressing 

problem to be faced by the PGME, there are supplementary articles in 
this area. This special November issue of Proceedings of the IRE on Bio-
Medical Electronics is only one of the many services offered members of 
the IRE. If you are a non-member and wish a copy of this vital link in the 

record of radio-electronics, return the coupon below, today, to reserve it 

for yourself or your company. 

PARTIAL CONTENTS OF THIS 
NOVEMBER BIO-MEDICAL ELECTRONICS ISSUE: 

"An Analog Computer to Stimulate Systems of Coupled Bimolecular 
Reactions," by E. F. MacNichol, John Hopkins University 

"Electron Transfer in Biological Systems," by B. Chance, University 
of Perrsylvania 

"Alternating Current Spectroscopy of Biological Substances," by H. P. 
Schwan, (Jr iversity of Pennsylvania 

"Comments on Microelectrodes," by R. C. Gesteland, B. Howland & 
J. Lettvin, Massachusetts Institute of Technology 

"Some Functions of Nerve Cells in Terms of an Equivalent Network," 
by W. H. Freygang. National Institutes of Health 

"Electronic Control of Some Active Bioelectric Membranes," by J. W. 
Moore, National Institutes of Health 

"Measurement of Mechanical Properties of Muscle under Servo 
Control," by M. Lubin, Harvard University 

"Scanoing Microscopy in Mediciee and Biology," by L. E. Flory, RCA 
Laboratories 

"Instrumentation for Automatically Pre-Screening Cytological Smears," 
by R. C. Rostrom, H. S. Sawyer & W. E. Toiles, Airborne Instruments 
Laboratory 

"A Magnetic Flowmeter for Recording Cardiac Output," by H. W. Shirer, 
R. B. Shackelford & K. E. Jochim, Un.versity of Kansas 

"The Use of an Analog Computer for Analysis of Control Mechanisms 
in the Circulation," by H. R. Warner, Latterday Saints Hospital 

D Enclosed is $3.00 

D Enclosed is company purchase order 
for the November, 1959, issue on 
Bio Medical Electronics. 

All IRE members will receive this November 
issue as usual. Extra copies to members, 
$1.25 each (only one to a member). 

tià 
cr 
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THE INSTITUTE OF RADIO ENGINEERS 
1 East 79th Street 

New York 21, New York 

Name 

"Some Engineering Aspects of Modern Cardiac Research," by D. Baker, 
R. M. Ellis, D. L. Franklin & R. F. Rushmer, University of Washington 

"Stability, Oscillations, and Noise in the Human Pupil Servomech-
anisms," by L. Stark, Yale University 

"What the Frog's Eye Tells the Frog's Brain," by J. Y. Lettvin, H. R. 
Maturana, W. S. McCullough & W. H. Pitts, Massachusetts Institute 
of Technology 

"Repetitive Analog Computer for Analysis of Sums of Distribution 
Functions," by F. W. Noble, J. E. Hayes, Jr. & M. Eden, National 
Heart Institute 

"Medical Ultrasonics," by J. F. Herrick, Mayo Clinic; H. P. Schwan & 
J. M. Reid, University of Pennsylvania 

"The Use of Electronic Computers to Aid Medical Diagnosis," by R. S. 
Ledley & L. B. Lusted, National Academy of Sciences 

"New Instrumentation Concepts for Manned Flight," by L. J. Fogel, 
Convair 

"The Origin of the Professional Group on Medical Electronics," by 
L. H. Montgomery, Vanderbilt Medical School 

"Instrumentation in Bio-Medical Research," by P. E. Klopsteg, National 
Academy of Sciences 

"On the Role of the Engineer in Bin-Medical Instrumentation," by 
J. P. Hervey, Rockefeller Institute 

"Medical Electronics Center—Interdisciplinary Coordination," by V. 
K. Zworykin, Rockefeller Institute 

Proceedings of the IRE 
1 East 79th Street, New York 21, New York 

Company 

Address 

City & State 
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His equipment is the best 
and he knows why! 

Hickory Brand 
Community TV Antenna 

System Cables provide 
• MINIMUM PICKUP OF 
EXTERNAL INTERFERENCE 

• MAXIMUM ATTENUATION 
OF RADIATED SIGNALS 

Use Hickory Brand Community TV Antenna 
System Cables, specially designed to meet the 
requirements of community TV systems with 
maximum effectiveness. 

An overall vinyl jacket minimizes cross cable 

interference and reduces radiation ... electrical 
and physical characteristics are unexcelled. 

All Hickory Brand Electronic Wires and Cables 
are quality-engineered and precision-manufac-
tured to meet the most exacting requirements. 

Write .f or eom ph- le information on the full line of 

HICKORY BRAIMD 
Electronic Wires and Cables 

Manufactured by 
SUPERIOR CABLE CORPORATION, Hickory, North Carolina 

IRE People 

(Continued from page 66A) 

He will direct ISA activities in Cali-
fornia, Hawaii, Arizona, Nevada, and part 
of Utah during his two-year term of office. 

He has served the Society as a national 
director, director of the Transportation 
Industry Division, chairman of the In-
strumentation for Transportation Com-
mittee, and chairman of the Research and 
Development Committee. 

He is also .1 ineniber of the American 
Institute of Electrical Engineers, Society 
for Experimental Stress Analysis, Ameri-
can Standards Association, and American 
Rocket Society. Ile was president of 
SESA's Chicago section in 1952, and at 
present is a member of the ASA's Commit-
tee to Establish Vibration Standards. 

Mr. McDonald received the B.S. de-
gree in physics from the University of 
Chicago and the B.S. degree in electrical 
engineering from the Armour Institute of 
Technology. 

Edwin R. Gam son ( A ' 51 - M'56 ). gen-
eral manager of the Component- I ision 
of Telemeter Magnetics. Inc., . Hes, 
Calif., has been 
elected a vice presi-
dent of the com-
pany. He was ap-
pointed to his pres-
ent post as general 
manager in June of 
this year, when the 
components Di-
vision was organ-
ized. He joined 
TM' in 1956 as di-
rector of manufac-
turing, a position 
he held until his recent advancement. 

1\ Ir. Ganison was graduated from Stan-
ford University in engineering sciences. He 
has been actively engaged in the develop-
ment and manufacture of electronic com-
ponents since 1948, with North American 
Aviation, Stanford Research Institute, 
and Telemeter Magnetics. 

Fred R. Wellner (A'51-M'52-SM'56) 
has been named manager of the Electrical 
Design Engineering Subsection of General 
Electric Co. He has been employed at 
General Electric for the past 9 years. 

Born in Munich, Germany, he gradu-
ated from the German Naval College in 
1940 with a degree in naval engineering. 
He was awarded the degree of Diplom-
Engineer in electrical engineering by the 
Technical University of Munich in 1949 
and he received the M.S. degree in electri-
cal engineering from Syracuse University. 

From 1949 to 1951 he was Chief Engi-
neer for the Audiyox Co., Boston, Mass. 
He joined General Electric's television re-
ceiver department at Syracuse in 1951 in 
the capacity of advanced development 
engineer. Five years later he was appointed 
supervisor of electrical design, the position 
he held at the time of his promotion to 
manager. 

I I. GAXIsoN 

(Continued on pane 70A) 
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CANNON RF COAXIAL PLUGS MEET ANY CHALLENGE...ANYWHERE 

CANNON 
*PLUGS 

H 4 
Cannon's comprete line of RF coaxial plugs meet the exacting demands 

of today's technology with room to spare! Wherever coax al cable is used; 

land, sea, air, or outer space, Cannon's RF plugs— standard, miniature, 

and light-weight aliuminum — provide the exact type and size for any 

application ... whether industrial or military • Aircraft • Missiles • Ground 

Support Equipment • Ships • Submarines • Write for literature to: 

CANNON ELEC 3208 Humboldt Street, Los Ange ,es 31, California • Please refer to Department 377 

Largest Facility In the World for Plug Research—Development—Manufacture 
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DEEP THOUGHTS FROM DEEP DOMES I NO. .3 OF a SERIES 

Scrubbs on Motherhood 

Sir Joshua Wormwood-Scrubbs, FRMS, (1883-1949), de-
veloper of the celebrated automated fly trap, summed up 
a triumph over nature when he said: "The normal mother 
fly has 320 children four times a year, and yet seems able 
to go out considerably between times." Good show, say 
we at HOOVER ELECTRONICS! 
We enjoy saluting triumphs, even when ( immodestly!) 

they're of our own making. For example, we've com-
manded that there be whistle-blowing, bell-ringing, and 
ratchet-twirling for our new Millivolt Transistorized 
Oscillator, which has scored a resounding victory (and in 
the bottom of the ninth inning, too) over DC amplification 
in telemetering. The MTO, as we affectionately call it, 
makes it possible to feed the outputs of low-level trans-
ducers such as thermo-couples, strain gauges and acceler-
ometers directly into the HOOVER Subcarrier Oscillator 
without DC amplification. A neat trick! 

Another giant stride forward, this Millivolt 
Transistorized Oscillator eliminates a separate 
DC amplifier, which means fewer packages, 
lower power consumption, and the end of one 
possible source of error—one of telemetry's 
seven plagues. Ask us for details of this bell. 
ringing little triumph. 

HOOVER 
ELECTRONICS COMPANY 
SUBSIDIARY OF THE HOOVER COMPANY 

110 WEST TIMONIUM ROAD • TIMONIUM, MARYLAND 

Field Liaison Engineers 
Los Angeles, California 

IRE People 

(Continued from page 68,1) 

Robert E. Talmo (S'49-A'50-1\1'55) has 
joined the senior technical staff of Electro-
Optical Systems, Inc., as head of the 
newly formed Transducer Lalioratory of 
the company's Solid State Division. 

In this position he will be responsible 
for development of solid state transducer 
devices and application of these to a wide 
range of instrumentation necessary for 
space exploration and advanced military 
weaponry. 

l'rior to joining EOS, he was Assistant 
Chief Engineer for Wiancko Engineering 
Company of Pasadena, Calif., where he 
had been since 1950. Before joining 
Wiancko, he was employed by Van Dusen 
Aircraft Company of Minneapolis, Minn., 
and prior to that was with Victoreen In-
strument Company, Cleveland, Ohio. 

Mr. Talmo is a member of the Instru-
ment Society of America. 

Paul Pittman (S'51-M'57) has been ap-
pointed manager of the solid state elec-
tronics application section of the materials 
engineering depart-
ment, Westinghouse 
Electric Corpora-
tion, East Pitts-
burgh, Pa. In his 
new position he will 
be in charge of the 
evaluation and ap-
plication of semi-
conductor materials 
and devices. 
A graduate of 

Carnegie Institute 
of Technology, he has received the 
Bachelor of Science and Master of Science 
degrees in electrical engineering. 

Mr. Pittman is a member of the Ameri-
can Institute of Electrical Engineers. 

P. F. PITTMAN 

George W. Sioles (M'52) has been 
named Section Head for audio research in 
the Acoustics and Magnetics Department 
of CBS Labora-
tories, Stamford, 
Conn. Before join-
ing CBS Labora-
tories this year, he 
had been Engineer-
ing Manager for 
University Loud-
speakers, Inc., with 
whom he had been 
associated since 
1953. He conducted 
his own consulting 
and development 
service for specialized audio systems, and 
during the period 1950-1953, was Project 
Engineer for navigation and other training 
devices with the United States Naval 
Training Device Center. 

Mr. Sioles received the B.S. degree from 
Columbia University following his service 

G. \V. STOLES 

(Continued on page 72A) 
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Distributed constant delay 
lines • Lumped- constant 
delay lines • Variable de-
lay networks • Continu-
ously variable delay lines 
• Pushbutton decade delay 
lines • Shift registers • 

Mr EXTRA 
Pulse transformers • Me-
dium and low-power trans-
formers • Filters of all 
types • Pulse-forming net-
works • Miniature plug-
in encapsulated circuit 
assemblies 

ESC DEVELOPS 
DELAY LINE WITH 

170 to 1 DELAY TIME/ 
RISE TIME RATIO 
Model 61-34 Perfected 

For Specialized 

Communications Application 

PALISADES PARK, N. J.—An entirely new 

Lumped-Constant Delay Line, with a proven 
170 to 1 delay time/rise time ratio, has been 
announced by the ESC Corporation, Palisades 
Park, N. J. The new delay line, known as 
Model 61-34, was specifically designed for a 
specialized communications application call-
ing for the exceptionally high delay time/rise 
time ratio. 

ESC, the world's leading manufacturer of 
custom built and stock delay lines, is already 
widely recognized in the electronics industry 
for its exceptional engineering advances. In 

October, 1958, ESC broke through an existing 
design barrier and produced a delay line with 
a 145 to 1 delay time/rise time ratio. It had 
been thought, prior to the announcement of 
the Model 61-34, that ESC had reached the 
ultimate in this type of delay line. 

SPECIFICATIONS OF NEW DELAY LINE 
MODEL 61-34 

Delay time, rise time ratio: 170 1 
Delay: 200 usec. 
Rise time: 1.16 usec. 
Attenuation: less than 2 db 
Frequency response: 3 db = 325 KC 
50 taps with an accuracy of ±0.2 usec. at 
each tap. 

Complete technical data on the new unit 
can be obtained by writing to 

ESC Corporation, 534 Bergen Boule-
vard, Palisades Park, New Jersey. 

PRCCEEDINGS OF THE IRE December, 1959 71A 



CHECK THE LOW COST of these 
new printed circuit test jacks 

For .052 application holes 
on .400 centers 

Samples on request 
Ucinite's new test jack is designed for permanent, 

soldered assembly to printed circuit boards. Gold-over-

silver-plated beryllium copper contacts provide low-
resistance contact for repeated insertions of standard 
.080" diameter test probes. Nylon bodies are available 

in eleven standard code colors. Uniquely simplified 
construction affords economical usage in all quanti-
ties. Immediate shipments from stock. 

The UCINITE COMPANY 
Division of UNITED-CARR Fastener Corporation 

Nevvtonville 60, Massachusetts 

CAPITOL 
RADIO 

INSTITUTE 
Advanced Home Study and Residence Courses 

in Electronics, Automation and 
Industrial Electronics Engineering Technology 

pOESCH 

Requeal your free Mad,/ or 
ReNidP,1 Srh,,,o1 leg 1•;121. 

Pioneer in Electronics Engineering I lstruction 

Since 1927 

Ai 'I'D Accredited 
Tech iiind I i ule 

ri ;rind(' 

3224 16th St., N. W. Washington 10, D. C. 
dpprored for Veteran Train,iny 

OESCH 
* improved 
* faster 
* completely 

atI latitude 
11W2 BOBBIN winder 

rugged, versatile, high speed winder for 
bobbins, solenoids, resistors, relays and 
other random-wound coils. 

Boesch Manufacturing Co., Inc. Danbury, Conn. 

IRE People 

(Continued from page 70.4) 

RePE 

during World War II as B-29 bombardier-
navigator. He is a member of the Acousti 
cal Society of America and the Audio Engi-
neering Society. He has published and pre-
sented papers on various aspects of loud-
speaker design including the use of analog 
circuits. Patents are currently pending on 
collaborative work with colleagues on 
stereophonic projection loudspeakers. 

Alfred L. DiMattia (A'45) recently 
joined CBS Laboratories as Group Leader 
for research and development in electro-
acoustic and electro-
mechanical trans-
ducers. He has spe-
cialized in this field 
since 1942, when he 
entered the U. S. 
Government's war-
time laboratory at 
Harvard University 
devoted to research 
in acoustics, psy-
cho-acoustics, and 
communications. He 
subsequently held 
the position of Chief Engineer with the 
William J. Murdock Company, and he has 
-urved as acoustical consultant in the in-
dustrial and medical field. During the 
period 1947-1959, he was Design and De-
velopment Engineer in acoustics and elec-
tronics with the Dictaphone Corporation. 

Mr. DiMattia is a member of the 
Acoustical Society of America, and the 
American Institute of Physics. His pub-
lished papers in government publications 
and technical journals have dealt with 
primary calibration of microphones and 
acoustical measurements of other devices. 

A. L. DIMATTIA 

Dr. Hans K. Ziegler (SM'56), an au-
thority of satellite instrumentation and 
communications, has been named chief 
scientist at the U.S. 
Army Signal Re-
search and De-
velopment Labora-
tory. 

He had served 
as director of the 
Astro-Electronics 
Division since it 
was set up in Janu-
ary, 1959, to con-
solidate work on all 
national space proj-
ects assigned to the 
U. S. Army Signal Corps. Prior to this he 
had served as scientific consultant to the 
chief of the Power Sources Division and as 
assistant research director of the labora-
tory. 

H. K. ZIEGLER 

Lynch Carrier Systems, Inc., San 
Francisco, Calif., have announced the ap-
pointment of Henry G. Kuhn (SM'54) to 

(Continued on page 76A) 
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Microwave Component News 

from SYLVANIA 

NOW IN PRODUCTION: 

Widest Range of Backward-Wave Oscillators 

With Frequencies to 75 kmc 

Sylvania now offers the widest range of 
production backward-wave oscillators, fea-
turing 3 rugged types at K-band and above 

Greatly simplified power supply design 
is made possible through use of the PM-
1757 and PM-6902 since their design per-
mits grounding of either cathode or helix. 
These two BWO's have the following ad-
vantages: 

Grounded cathode 
Rugged metal-ceramic construction 
Permanent magnet focusing 
Suitable for airborne applications 
Rated for CW or pulse applications 

For other requirements, Sylvania has clas-
sified tubes available at frequencies other 
than those shown. 

PPOCEEDINGS OF THE IRE December, 1959 

Actual length 101/2" 

PM- 1779 PM- 1757 PM- 6902 ilMi- 623 6496 7196 6699 

Frequency 
range, kmc 

63-75 27-41 18-27 4-8 2-4 2-4 1-2 

Power 
output, mw 

3 5 10 15-135 20-700 100 20-700 

SYLVAN AGENERAL\sysT IN) 

Subsidiary of 

GENERAL TELEPHONE êt ELECTRONICS 

Sylvania Electric Products Inc., 
Special Tube Operations 

500 Evelyn Ave., Mountain View, Calif. 
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ELECTRONIC KITS 

,• • t '.• .• : OR.1 ProNssicnal 
5" DC Osci lo,cope is ac exempt.- ot 
the top qua ity test insm.ments avail-
able tun' Heath at X the lrica you 
would exoct to pay. This teatue. 
packed lot sells compNte tor only 
$179.95 

Heathkits give you twice as much equipment 
for every dollar invested. 

The Hisalt,l,l I V.74 is the 
world t h •• 1 ring VT VM. 
Precry4n r:sisters are u .ed in 
the vollag,e dia der circuit tor high 
accuracy and an etched circuit 
board ;imp dies assembly and 
cuts chnstrIcuon lime in half 
Price of this outstanding kit ir 
only 

The H. ell ko Model PS-4 Variablc. 
Voltan,• K, su ated Power Supply 
Kit I.., armthcr outstandohn ex-
ample ot He2in Company engi• 

mcecuity Truly prole, 
sionar in pErlsrmance as well 
appeannce -ot it costs only $54.9:,. 

FREE CATALOG 

Mail the coupon today 
for the latest catalog 
describing over 100 

easy-to-build, high quality 
electronic kits. 

Stretch your test equipment budget 
by using HEATHKIT instruments 
in your laboratory or on your Pro-
duction line. Get high quality equip-
ment without paying the usual 
premium price by letting engineers 
or technicians assemble HeathkIts 
between rush periods. Compre-
hensive step-by-step instructions 
insure minimum construction time. 
You'll get more equipment for the 
same investment and be able to II 
any requirement by choosing from 
more than 100 different electronic 
kits by Heath. These are the most 
popular " do-it-yourseif" kits in the 
worlc, so why not investigate their 
possibilities in your business. Send 
today for the free Heathkit catalog! 

ALL PRICES F O.B. BENTON HARBOR. MICH. PRICES AHD SIPECSM-
CATIONS -\ Pt SUBJECT To C/IANGE WITHOUT NOTICE. 

HEATH COMPANY 
)‘!a subsidiary of Daystiorn, Inc. 

Benton Harbor 4, Michigan 

Please send the latest Free Heathkit Catalog. 

NAME 

ADDRESS 

CITY ZONE STATE 

A 

IRE People 

(C,,ntrizzied frpni ¡'age' 72.4) 

the position of 
Chief Engineer. 

He has had more 
than 20 years ex-
perience in com-
munications with 
particular empha-
sis upon carrier 
telephone and tele-
graph circuitry and 
equipment. His 
most recent em-
ployment was with 
Lenkurt Electric 
Co., San Carlos, Calif., as Executive Staff 
Engineer specializing in carrier telephone, 
remote control and communication switch-
ing systems. 

He was formerly a Laboratory I lead 
for the Philips Company ir Germany and 
completed live years with this same com-
pany at their Canadian branch. Other 
employment includes seven years with 
Siemens & Halske in Germany as a design 
and development engineer. 

Mr. Kuhn graduated from Tech:iical 
College, Mittweida, Germany, with the 
Electrical Engineering degree and subse-
quently did graduate work at Technical 
University, Dresden, Germany. He holds 
seven U. S. Patents and European patents 
in communications and electronics. 

II. G. Kt-ux 

At its eighth annual meeting ill Boston 
on September 22, 1959, the Standards 
Engineers Society conferred its Fellow 
grade of membership on Harold P. West-
man ( J'24-X25-N1'30-SW-43), manager 
of technical publications, International 
'Telephone auld Telegraph Corporation, for 
his work on standardization over the past 
thirty years. 

After a dozen years of close association 
with the standards program of the IRE as 
its national secretar he served on the 
staff of the American Standards Associa-
tion during the ton, to develop a series of 
American War Standards on radio and 
electronic components for the armed serv-
ices. He has since served on numerous 
ASA committees concerned with such edi-
torial subjects as abbreviations, illustra-
tions for publication. graphical and letter 
symbols, and definitions of engineering 
terms. 

Mr. Westman is editor of the engineer-
ing quarterly, Electrical Communication, 
and of the present edition of Reference 
Data for Radio Engineers, both of which 
are published by ITT. 

Joseph W. Stehn (M'55) has been ap-
pointed Director of Military Sales of the 
W. L. Maxson Corporation. In his new 
post, he will be responsible for directing 
all sales activities of Maxson's Defense 
Products Group, which specializes in the 

(Continued front page 80A) 
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A COMPLETELY 
NEW CONCEPT in variable transformer design ! * 

fil ....«17---( 

11 filti -. itt.#8 
'''1.1' ,...,..,.... 1*,ii.0!+e /4e-

Itt series OWERSTT® 
variable transformers 

1.1 IE 

SUPERIOR ELECTRIC 

COMPANY 

13yrtostol, Corark.ecticut,117.13.1L. 

.ftr 

HIGH CURRENT CAPACITY 
— The use of a helical wound coil design instead of the conventional toroidal 
wound coils permits current capacities much higher than previously available 
in variable transformers. 

EXTREMELY FINE ADJUSTMENT 
— Patented re-entry rings permit continuously-adjustable control of 1600 
increments over the range of zero to maximum output voltage. Resolution is 
better than 1/10 of 1% of the input voltage. 

HIGHEST EFFICIENCY 
— Low resistance brushes are always in contact with only one turn of the 
helical wound coil resulting in very low voltage drop. 

PLUS: 

ZERO WAVEFORM DISTORTION, EXCELLENT REGULATION, SMOOTH CONTROL, 
CONSERVATIVE RATINGS, LINEAR OUTPUT VOLTAGE, LOW COST PER KVA. 

*The Superior Electric Company's U.S. Patent No. 2,864,992. el95u, THE SUPERIOR ELECTRIC COMPANY 



NEVER BEFORE • such high efficiency • such fine adjustment 
• such high current capacity 

series POWEIRSTAT variable transformers 

TYPES 

Two 240 volt, 3-phase 
types are offered. Type 
2HC200-3Y is cooled by 
normal convection. Type 
2HCB200-3Y is similar in 
construction but incorpo-
rates fans for forced air 
cooling of the coils. Output 
rating of the forced air 
cooled type is nearly double 
that of the convection 
cooled type. Types for 480 
volt, 3-phase duty are 
available also. 

povirmesTiwrs of the 
H-C Series can be remotely 
operated from a control 
unit mounted either on the 
POWERSTAT frame or at 
any other convenient loca-
tion. Raise-lower signals 
from the control unit oper-
ate the adjustable speed 
motor driving the contact 
brush assembly. Full range 
travel speed is fully adjust-
able between 15 seconds 
and 10 minutes. Travel is 
smooth with fast starting 
and stopping at any volt-
age setting. Integrally 
mounted travel limit 
switches provide stops and 
unit protection. 

for heavy duty applications 
requiring cool, 
efficient operation 

TYPE 2HCB200-3Y (FORCED AIR COOLED) 

INPUT: 240 VOLTS 60 CYCLES 3 PHASE 

OUTPUT: 0-270 VOLTS 360 AMPERES 168 KVA 

TYPE 2HC200-3Y (CONVECTION COOLED) 

INPUT: 240 VOLTS 60 CYCLES 3 PHASE 

OUTPUT: 0-270 VOLTS 200 AMPERES 93.5 KVA 

THE SUPERIOR ELECTRIC COMPANY, Bristol, Connecticut 

E Please send H-C Series 
POWERSTAT Bulletin. 

e 003CaParf aa UCH 
MD Of MAIM. Pa 

ri Please have your 
representative call. 

OUTLINE DIMENSIONS 

TOP VIEW 

SIDE VIEW FRONT VIEW 

name 

company 

. . . FOR YOUR FILES 
Request H-C Series Bulletin giving full 

technical information, ratings and specifications. 

• 
WALSIM 

address 

clty zone state 

•rmn T.J13'Elzt IC•R ELECTRIC COMPIL buy 

13rimtol, Conerx.cticlut, 

SE- L85911 
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THERE'S MORE TO A D-B 

BROADBAND 

WAVEMETER 

THAN JUST 

THE DIAL! 

MICROMETER READING 

Fail-Safe Design— 

loss of gas pressure makes unit 

immediately inoperative. 

Twelve models cover from 2.6 KMC 

to 140 KMC. Write for complete 

data in Bulletin D- B 715. 

100 

• 

Here is the D-B calibration 

chart showing the high 

resolution and accuracy you 

get with any D-B wavemeter. 

The X-Band curve, for example, 

is over 22 feet long! 

DE MORNAY-BONARDI 
780 SOUTH ARROYO PARKWAY • PASADENA, CALIF. 
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18,000,000 ohm WATER 

BARNSTEAD 
WATER 

PURIFICATION 

EQUIPMENT 

this Bari,li ail equip', ill in-.. ri-nsisis 
sand and cad  lilt. r. de-
inineralizer, 2 Ilarnstead It hiatiliorii, still-, Un-
lined tank. mixed-lied \IF 
  rot, filter. tin- lined heal,. 111...`il Ii, 18000000 

hater in prolocti .... . Irte front 
orgimies, bacteria. and s1.1911.er:rietellie pw.rtielea 
down to 0.45 inieron. 

ds • 

TRANSISTOR WASHER 
111,11-- ' .11111 It., 

91- In 110i, It,, to,. haler. Fillers i1lIt liar 
I,.. .1 i rot,. Contionwnis tepuliti••atiiii 

.., hater. sole-irotial >as • 
tt.. ft t. I..1 111111,-1 n, 110. 

COOLING WATER RE-PURIFYING SYSTEM 
add, 111.11..1,1.1...1 eidi,nii111112 

4lairoao, C.11111112 M., Si Iligh 
41 go. I., Roller,' 119. 

arnstead 
SIIII AND STERIII7ER CO. 

21 Lanesville Terrace, Boston 31, mass. 

IRE People 

(Continued front page 76.4) 

research, development and production of 
advanced airborne, missile and ordnance 
components and systems. 

Since joining Maxson in 1953, he has 
served successively as Contracts Adminis-
trator, Applications Engineer, Manager of 
Ordnance Products, Manager of Elec-
tronic Products, and most recently as As-
sistant Sales Manager. 

Following World War II, in which he 
served as a Captain in the U. S. Army, he 
attended Manhattan College front which 
he was graduated in 1949 with the B.S. de-
gree in electrical engineering. 

Mr. Stehn is a member of the Anteri-
can Ordnance Associal 

Dr. Arthur G. Anderson (A,54) has 
been appointed inailer of the Physical 
Science research at the San Jose, Calif., 
research laboratory 
of the International 
Business Machines 
Corporation. 

Ile joined I I3M 
in May 1951 as a 
technical engineer 
working on analyti-
cal mechanics, 
acoustics and in-
strumentation on 
mechanics problems 
at the Poughkeep-
sie, N. Y., research 
laboratory. 

He was subsequently appointed to the 
positions of associate engineer, staff engi-
neer, and research engineer, and has 
worked in high speed computer research, 
spin echo storage, research in solid state 
physics, nuclear magnetic resonance in 
solids, and has served as acting manager 
of the physics and chemistry research 
group at the San Jose laboratory. 

Dr. Anderson received the B.S. degree 
in physics at the University of San Fran-
cisco, the M.S. in mathematics at North-
western University, and the Ph.D, in 
physics at New York University. Ile is a 
member of the American Physical Society 
and the Scientific Research Society of 
America. 
A native of Glenview, Illinois, Dr. 

Anderson is married and has two sons and 
a daughter. The family make their honte 
! in Morgan Hill, California. 

A. G. ANDEksoN 

William Perzley (A'54) is the new di-
rector of engineering at Consolidated 
Avionics Corp., Westbury, N. Y. The 
firm, a manufacturer of electronic data re-
duction systems, instrumentation, auto-
. matic test and control systems and tran-
sistorized power supplies, is a subsidiary 
of Consolidated Diesel Electric Corp. 

Prior to joining Consolidated Avionics, 
he was chief electronics engineer for Kaiser 
Metal Products Corp. and an engineering 
supervisor for American Bosch Arma. His 
work has included the development of 
I such items as large scale general purpose 

digital machines, numerical control sys-
tems for machine tool control, lightweight 
airborne computers and associated test 
equipment. 
A graduate of Newark College of Engi-

neering, Mr. Perzley holds a master s 
degree in electrical engineering front 
Stevens Institute of Technology. He has 
also done graduate work at the University 
of Pennsylvania and M.I.T. He holds sev-
eral basic patents in the digital instrumen-
tation field. 

An advanced nuclear system company, 
the Atomium Corporation, has been an-
nounced by Hugh F. Stoddart (M'55), 
president of the new Waltham, Mass. 
plant. The firm designs and manufactures 
special nuclear systems of high engineering 
and physics content. The three primary 
areas of activity are controlled back-
ground low-level radiation detection facili-
ties, automatic nuclear systems, and spe-
cial medical nuclear instrumentation. 

Mr. Stoddart was formerly vice presi-
dent in charge of atomic instruments at 
Baird-Atomic, Inc. James B. Williams 
(S'53—M'56) is vice president of the cor-
poration; he was formerly chief physicist 
and later marketing manager for Baird-
Atomic. 

Leonard W. Cronkhite, chairman and 
treasurer of Atomium Corporation was re-
cently a director and vice president of 
Baird-Atomic. 

Radiation, Inc., Melbourne, Fla., has 
announced the appointment of Louis P. 
Clark ( S \ I '56) as Manager of the Florida 
Division. Ile is also 
a \ ' ice President of 
the company. 
A founder and 

former executive 
vice president of 
Tele-Dynamics Inc., 
Philadelphia, Pa., 
he brings'to his new 
post over 25 years 
of executive ex-
perience in the ad-
vanced electronics 
industry. This long 
and outstanding service has earned Mr. 
Clark a national reputation for leadership 
in the fields of telemetry, communications, 
and instrumentation. He is National Vice 
Chairman of the PGTRC, a member of 
the American Rocket Society, the Armed 
Forces Communications and Electronics 
Association and the American Ordnance 
Society. 

L. I. CLARK 

J. A. Tucker ( NI'56), Assistant to the 
Department Head, Electrical Engineering 
I/epartment, has been elected to 
the National Board of Directors of the Eta 
Kappa Nu Association, Electrical Engi-
neering Honorary Society. lie served as 
President of the Boston Alumni Chapter 
of this Association during 1953-54 and has 
been on its Advisory Board since. 

Mr. Tucker is currently Assistant to 
Dr. Jerome B. Wiesner, Acting Head of the 
Department of Electrical Engineering at 
M.I.T. 

<1. 
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AMPEX PRECISION NOW ' LOCKED IN' 
Lose the precise alignment of tape guiding and driving 

components in an instrumentation recorder and you lose 
the fine edge of designed- in performance. As alignment is 
lost, flutter and skew set in. 

In the new Ampex FR- 100B analog recorder, the pos-
sibility of misalignment— even under conditions of shock 
and vibration incidental to shipment or installation — is 
now eliminated by a framework of three precision castings 
with machined 'V' mating surfaces that lock all critical 
parts into a single rigid unit. The result: an instrumenta-
tion recorder with built-in performance and reliability that 
stays built in. 

Other advanced features: 1. A unique electrical hold-
back system keeps tape tension constant within narrow 

lirrits, reducing flutter and eliminating mechanical feed-
back of speed variations. 2. Modular plug-in amplifiers 
and power supplies give quick versatility for direct, FM 
carrier, PDM, and NRZ digital recording. 3. Front- panel, 
four- speed switching over a six- speed range from 17/8 to 
60 ips allows flexibility in selecting upper frequency limit 
for maximum tape economy. 

These and other features of the new Ampex FR-100B 
add up to unmatched performance and reliability. The full 
stcry is available in the new Ampex FR- 100 brochure. 

AMPEX INSTRUMENTATION, 
934 Ciarter Street, Redwood City, Calif. 

AMPEX 
CORPORRTI,RN 



(actual size, I micro-
second delay tine) 

P-506-CE— Plug with Cap 

For 5,000 Volts, 25 Amperes per Contact Alterable by 

Circuit Characteristics 

S-506-D8 
Socket with deep Bracket 

Socket contacts or phosphor bronze, knife-switch type, cadmium plated. Plug contacts hard brass, 
cadmium plated. Made in 2, 4, 6, 8, 10, and 12 contacts. Plugs and sockets polarized. Long leakage 
path from terminal, and terminal to ground. Caps and brackets, steel parkerized ( rust-proofed). 
Plug and socket blocks interchangeable in caps and brackets. Terminal connections most ac-
cessible. Cap insulated with canvas bakelite. 

Write for Jones BULLETIN 22 for full details on line 

HOWARD B. JONES DIVISION 
CINCH MANUFACTURING COMPANY 

CHICAGO 24, ILLINOIS 
DIVISION OF UNITED-CARR FASTENER CORP. 

NEW 
MINIATURIZED 
DELAY LINES 

ARE 
ELECTRICALLY 

VARIABLE 
Now you can achieve continuous deld\ atiations electrically. Particu-

larly suited to defense applications, these General Electric Delay Lines 
provide total delays up to 12 microseconds (depending on frequency) 
and a variability range up to 50%. With special delay lines for carrier 

or pulse type applications at frequencies to 30 megacycles, the electrical 
variation of delay provides a new method for solution of problems in: 

• transmission time control 

• pulse control and shaping 

• high frequency phase control 

• pulse position modulation 

• phase or frequency modulation 

Highly adaptable to transistorized circuitry ... able to withstand ex-

treme humidity, shock, vibration . . . tailored to customers' needs in 
radar, computers and communications. 

For complete specifications write to: Defense Indurtrtes Proerame Section 227-30D 

GENERAL ELECTRI C 
DEFENSE ELECTRONICS DIVISION 

HEAVY MILITARY ELECTRONICS DEPT., SYRACUSE, NEW YORK 

Section 

Meetings 

ARRoN 

"The Bell System and Continental Defense,' 
Dale Moon, Ohio Bell Telephone Co. 9 In 59. 

ALAMOGORDO-HOLLOMAN 

and Stereo," Dr. M. Jones, Geo. 
Science: Demonstration of Hi-Fi and Stereo by 

Maj. Ursel Nolte, USAF. 9;21,59. 

ATLANTA 

Guided tour of Lockheed Aircraft Corp. 
9/25/59. 

BALTIMORE 

'The Air Defense of North America," Col. 
C. E. Towne, North American Air Defense Com-
mand. 9,14 59. 

BENELUX 

"General Principles Affecting Shipboard Radio 

Communications," C. B. Broersma, Radio-Holland 
N.V.; "The Radio Station Aboard the S. S. Rotter-

dam,' H. T. Hylkema, Radio-Holland N. V.; 
"Electronic Navigational Aids on the S. S. Rotter-

dam." A. Wepster, Holland-American Lines. Visit 
to the S. S. Rotterdam. 10/3/59. 

BINGHAMTON 

"Flight Simulators," William Wood, Link Avia-
tion, Inc.; 'Fringe Count Micrometer," J. Whit-
more, Link Aviation, Inc. Plant tour of Link Avia-

tion. 10/14/59. 

CENTRAL FLORIDA 

"IRE of Yesterday," Arthur Van Dyke. Past 
President IRE. 4 25 59. 

"Radar Reflectivity Measurements," M. Cox, 
Radiation, Inc. 6 18....59. 

"Project Mercury—Man in Outer Space," 
G. Lowe, NASA. 9, 17 59. 

CENTRAL PENNSYLVANIA 

"Stacked-Mount Vacuum Tubes with a Choice 
of Glass or Ceramic Envelopes." C. F. Douglass, 

Sylvania Electric, Inc. 9 1.5 59. 

CINCINNATI 

"Manned Versus Unmanned Space Observa-
tion," Col. J. P. Stapp, USAF. "The Emotional 

Dynamics of Sports," P. ' Limon, Cincinnati Post 
and Times Star. "Sports and your Child,' R. 

Schwartz, Boxing and Sports Analyst. 9/15 59. 

CLEVELAND 

"Design of Control Systems for Space Vehicles," 

P. E. Lannan, Designers for Industry. 9/10/59. 
"Antarctica," kv. H. F. Birkenhauer. S. .1.. 

John Carral University, 10/8/59. 

DALLAS 

"Do Tubes Leak?" Dr. II, D. Doolittle. 

Nlachlett Laboratories, 9 15/59. 

DENVER 

"The Spate Age and IRE," Dr. Ernst Weber, 
President IRE. 9 22 59. 

DETROIT 

"Global Communications by Means of Satel-
lites.' Dr. J. B. Wiesner, MIT. 9/18/59. 

ELMIRA-CORNING 

"Technological and Sociological Factors In-

fluencing the Military Utility of Spae? Vehicles," 
Israel Katz, General Electric Co. 9/28/59. 

(Continued on pane 84A) 
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356 

CBS 
HPN SWITCHING T' NSISTORS 
GIVE YOU 

MISSILE RELIABILITY 

Here Are 

Some 

of the 

Reasons Why 

Contamination is eliminated. Baking, surface treatment, electrical 
testing and package welding are all conducted in dry-boxes at a 
dewpoint temperature below — 90°F. 

Flat, even junctions avoid "hotspots." Precise control 
of time and temperature (±0.03%) of alloying process 
eliminates localized heating, gives long reliable life. 
Characteristics are more uniform. 

Ruggedness exceeds MIL specification. Severe 
requirements for shock (1000 g, 1 ms), vibration ( 10 g, 
100-3000 cps) and acceleration (20,000 g) are met by: 
electronic welding of formed lead wires, horizontal base 
tab, and welded JEDEC TO-9 case. 

More reliable products through Advanced Engineering 

CBS semiconductors 

CBS ELECTRONICS, Semiconductor Operations 
A Division of Columbia Broadcasting System, Inc. 

CBS NPN switching transistors have proved 

themselves in flight in many of our important 

"birds." They have been found to have the advan-

tages of fast switching, high voltage, low cutoff 

current, and low saturation resistance. All 28 of 

these CBS transistors exceed the MIL-T-19500A 

specification. 
This same proven reliability under the most 

adverse environmental conditions is yours for 

military or industrial core drivers, logic circuits or 

general switching functions. Write for complete 

data sheet E-353. Order from your local Manu-

facturers Warehousing Distributor. 

Choose From.. 
2N306 2N357. 

2N3I2 2N358 

2N356 2N377 

2N356A 2N385 

2N388 

2N438 

2N438A 

29439 

2N439A 

29440 

29440A 

29444 

29445 

29446 

29447 

29556 

29558 

29634 

29635 

29636 

291000 

2N1012 

291090 

2N1091 

Sales Offices: Lowell, Mass., SOO Chelmsford St. Glenview 4-0446 • Newark, N. J., 32 Green St.. 
MArket 3-5832 • Melrose Park, III., 1990 N. Mannheim Rd., EStebrook 9-2100 
Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081 
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When 

quality 

considerations 

outweigh 

cost... 

WESGO 
ULTRA HIGH PURITY 

LOW VAPOR PRESSURE 

BRAZING ALLOYS 

WESGO knows full well the need for quality in 
even so relatively a minor item as brazing alloys 
in vacuum tube construction and will, therefore, 

not compromise with this factor for the sake 
of cost. This high quality is maintained in the 
conventional alloys as well as a series of new 

brazing alloys developed by WESGO specifically 

for vacuum systems use. Brochure with full 
descriptions of standard WESGO Low Vapor 

Pressure Brazing Alloys is available upon request. 

WESTERN GOLD AND PLATINUM CO. 
525 Harbor Boulevard • Belmont, California • Phone LYtell 3-3121 

Section 

Meetings 

(Continued tron page 82.-1) 

Et. PASO 

"Sul bsollic Amplifiers and Microphones." Prof. 
T. Barnes. Texas %Vestern College. 9 24, 59. 

FLORIDA %VEST COAST 

"Radio Aids fo Positioning and Navigation," 
Col. E. L. White, Retired. 9/16/59. 

FORT H l'ACHUCA 

and Stereo Sound." A. Woolery, Cactus 
Radio Network. 9 28 59. 

HAWAII 

"Automatic Switching Center as Developed by 
Western Union," K. M. Leber, Western Union 
Telegraph Co. 8 I 2 /59. 

"Problems in Reception of Signals from Space 
Satellite Vehicles," E. Farger. Jr., University of 
Hawaii. 9/9,59. 

HUNTSVILLE 

"Evolution of Radio Astronomy," J. M. Don. 
flint. Brown Engineering Company; "Equipment 

and Hardware," E. %Veils, ABMA; "The Radio 
Sky," R. D. Ferdie, Chrysler Missile Division. 
7i30159. 

"Iligh Reliability Statistically Demonstrated 
(Capacitors)," B. L. Wheeler, Vitramon, Inc. 
10/8/59. 

KANSAS CITY 

"Transistor Manufacturing Techniques," R. 

Berger, Western Electric Co., Inc. 9;8;59. 

"Project Mercury," R. J. Pierce, Collins Radio 
Co. 10,I3 59. 

LITTLE ROCK 

"The Electronic Production of Choral Tone," 

W. C. Wayne, Jr., Baldwin Piano Co. 10/12/59 

LONDON 

Tour of Dominion Electrohome. Inc., with ex-
planations by Frank Gordon. 9 22/59. 

"Education for the Electronic Age," Dr. Ernst 
Weber, President IRE. 10/9/59. 

LONG ISLAND 

"Stero Transmission by FM Broadcasting," 

M. G. Crosby, Crosby-Teletronics Corp. Movie: 
"The Significant Years." 9/8/59. 

Los ANGELES 

"The U. S. Army Electronic Proving Ground, 
Fort Iluachuca, Arizona," Col. E. T. Bullock, 

USA; "Automatic Data Processing," Capt. J. Craw-
ford. USA. 9/1/59. 

"Frontiers at Infinity— World's Largest Radio 
Telescope," Prof. A. B. C. Lovell, University of 
Manchester, England. 10/1,59. 

LUBBOCK 

Film "Sage," Comments by L. Pease, South-

western Bell Telephone Co. 9 /22/59. 

M IAMI 

"University Nleterology Radar Station," P. R. 

Ray and II. W. Kiser, 9 24 59. 

M ONTREAL 

"Electron Beam Parametric Amplifiers." Dr. 
F. J. F. Osborne, Canadian Marconi Co. 9/23/59. 

NORTH CAROLINA 

"Semi-conductor Switching Equipment for 

Broad Band Video." J. W. Wentworth, RCA. 
9 / 18 / 59. 

(CantInned on page 86.4) 

84A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE December, 1959 



interfering 

electromagnetic 

energy 
within the frequency range of 

30 cps to 10.7 kmc 
...can be investigated, analyzed, monitored and measured 

to the highest practical degree of accuracy with Stoddart 

Radio Interference 8.z, Field Intensity Measuring Systems. 

Stoddart RFI Measuring Equipment is approved for use by all departments of the Depart-
ment of Defense. Military and commercial equipments are identical... were designed and 
manufactured to Military Equipment Specifications to meet the requirements of Military 
Measurement Specifications. Equipments are portable, dripproof, dustproof, and ruggedized 
for all-weather field use.., precise and dependable for sensitive- selective laboratory 
measurements. 

Applications include interference measurement and location, frequency conservation and 
allocation studies, spectrum signatures, antenna propagation studies, field intensity sur-
veys, RF energy surveillance and monitoring, and verification of the electronic compatibility 
of modern weapons systems, i.e., missile firing and guidance, computer, telemetering and 
communications; the measurement of all rotating electrical devices, transmitting and 
receiving equipment, or any system or equipment capable of producing unwanted radiated 
or conducted electrical disturbances. 

Stoddart instruments are available as individual self-contained units covering specific fre-
quency ranges, or in rack-mounted console systems for laboratory, mobile, airborne and 
marine use. 

NM-40A ( AN/URM-41) 
30 cps to 15 kc 

NM-10A (AN/URM-68) 
14 kc to 250 kc 

NM-2013 (AN/PRM-1A) 
150 kc to 25 mc 

NM-30A (AN/URM-47) 
20 mc to 400 mc 

NM-50A 
(AN/URM-17) 
375 mc to 1000 mc 

NM-60A 
(AN/URM-42) 
1 Kmc to 10.7 Kmc 

our sales engineering department 
will give you individual consideration and information in the 

areas of interference problems or measurement with which 
you are particularly concerned ... provide engineering bulletins, 

military specification information, descriptions of new 
measurement techniques and applications ... class or 

individual instruction in the operation, calibration, and 
maintenance of Stoddart instruments. For prompt service 

please call " Sales Engineering", H011ywood 4-9292. 

Lease-purchase and lease- rental agreements available 

Immediate delivery 

Send for complete literature 

STOD DART 
AIRCRAFT RADIO CO., INC. 
6644 Santa Monica Blvd., Hollywood 38, Calif., HO 4-9292 

serving 33 countries in radio interference control 
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BINDING POSTS AND PLUGS 
Miniature binding posts, plates and plugs are 

available in addition to the regular line of 
standard size units. The plates, plugs, and in-

sulated binding posts are available in black 
or red. The plugs and plates are also available 
in low loss mica filled phenolic. 

Section 

iioéE\ Meetings 

(Continued from page 84A) 

NORTHERN NEW JERSEY 

Panel discussion on "Educational Television," 

E. deA. Partridge, Montclair State College; 
"Chelsea Closed Circuit Television Project," 
L. Creshkoff and Leon Polk, WPIZ. 9/11 /59. 

NORTHWEST FLORIDA 

"An Instantaneous Multiple Plotter," Capt. 

F. J. Sites, APGC, Eglin AFB. 8/11/59. 
"Electronic Systems for Satellite Navigation, 

R. Werner, Cubic Corp. 9/15/59. 

OKLAHOMA CITY 
"IRE and the Space Age." Dr. Ernst Weber, 

President IRE. 9/24/59. 

PHOENIX 

"Present State of the Art of the Parametric 
Amplifier," Dr. H. Seidel. Bell Telephone Labora-
tories. 9/25/59. 

QUEBEC 

Guided tour of Davie Shipbuilding, Ltd. 
9/19/59. 

ROME-UTICA 

"Management and the Engineer," Ralph I. 
Cole, Melpar, Inc. 9/29/59. 

JAMES MILLEN MFG. CO., INC. 
MAIDEN 

MASSACHUSETTS 

ST. LOUIS 

"Communications Systems for Project Mercury 
Space Capsule." W. Benner, McDonnell Aircraft 
Corp. 9/22/59. 

SALT LAKE CITY 

"A Highly Selective I-F Amplifier," Garth 
Hess, Brigham Young University; "An Improved 
Telemetry Receiver for High Altitude Rockets," 

Ian Graham. University of Utah; "Velocity Re-
sponse Displacement of Stable Linear Systems." 
Harold Vitale, University of Utah. 5/19/59. 

"High Accuracy Data Acquismion," T. W. 
Gardner, Thiokol Chemical Corp. 6/9/59. 

"IRE and the Space Age," Dr. Ernst Weber, 
President IRE. 9/21 /59. 

SAE/ DIEGO 

"Principles and Applications of Inertial Guid-
ance," D. C. Hiser, North American Aviation. 
9/1/59. 

SCHENECTADY 

Guided tour and explanation of communication 

facilities of New York Thruway Authority. 9/22/59. 

SHREVEPORT 

"The Grinding, Polishing, Calibration and 
Finishing of Quartz Crystals," R. Freeland. Inter-
national Crystal Corp. 10/6/59. 

TOLEDO 

"Comparison Between Electronic Industry in 

the U.S.A. and Germany." Helmut Seike, Kaiser 
Electronics. 9/10/59. 

"Autolite Transistorized Ignition System." 
James Gage, Autolite Co. 10/8/59. 

TORGNTO 

"Stereo Bsoadcasting," T. Jamroz. Northern 

Electric Co., and C. Eastwood. Station CFRB. 
9/21/59. 

TULSA 

"Space Age and the IRE," Dr. Ernst Weber. 
President IRE. 9/25/59. 

TWIN CITIES 

"Tunnel Diodes: Principles and Same Applica-
tions," Dr. A. G. Tweet, General Electric Research 

Lab. Discussion led by S. Sentilz. 9/16/59. 
"Latest Developments in Jet Aircraft Elec-

tronics—Doppler Navigation," C. I. Rice. Bendix 
Aviation, 10/8/59. 

VIRGINIA 

Business Meeting. 6/11,59. 

"Atmospheric Phenomena at High Altitudes," 
Dr. H. M. Parker. 9/25/59. 

WASHINGTON 

Panel Discussion: *Are You Properly Edu-
cated?" Moderated by Dr. A. H. WaYnick. Penn 
State University with panel consisting of: Prof. 
G. F. Corcoran, University 0: Maryland; Prof. J .C. 
Michalowicz, Catholic University of America; 

Prof. E. Frank, George Washington University. 
9/14/59. 

WESTERN MASSACHUSETTS 

"Inertial Guidance," Dr. Yachter, American 
Bosch Arma. 9/30/59. 

Field trip to the Direct Distance Dialing Sta-
tion of New England Telephone Co. at Northamp-

ton. Mass., with explanations by William Stewart 
of the company. 10/10/59. 

WILLIAMSPORT 

Business meeting and plant tour of Sylvania 
Electric Products Co. with comments by W. Bresee 
of the company. 9/23/59. 

(Continued on page 88A) 
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WESTINGHOUSE SILICON POWER TRANSISTORS 

2N1015 
2N1016 

_...■11111111111■_ 
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TRUE VOLTAGE RATINGS 
Guaranteed by 100% power testing 

erhis Power-voltage Test consists of testing the transistor 
in common emitter configuration under all bias conditions 
in the area defined by the TRUE voltage rating of the 
transistor (Vcc); the constant power dissipation curve 
for the transistor (150 watts); and its rated current (2 
amps for 2N1015 and 5 amps for 2N1016). 

The voltage at which alpha equals one, and other voltage 
ratings commonly given for transistors such as VCESt 
VCER, VCEx and VCBO, are above the voltage rating given 
to these transistors. 

Each Westinghouse silicon power transistor has been com-
pletely tested throughout its rated voltage-power-current 
region before shipping. Thousands of transistors perform-
ing under ail types of operating conditions have proved the 
validity of this method of TRUE voltage rating. 

TRUE voltage ratings from 30 to 200 volts give you com-
plete freedom in designing your equipment—you can op-

erate Westinghouse silicon power transistors at the manu-
facturer's ratings without risking transistor failure. This 
TRUE voltage rating of Westinghouse silicon power tran-
sistors coupled with their still unequaled low saturation 
resistance and low thermal drop makes them an ideal first 
choice for military, industrial and commercial applications. 

Type we 11 ( min) Rs ( mar) Ic A ( Mal) oTpjer eatalin., tIohceonno:londe:) 

2N1015 30 

2N1015A 60 10 .75 dims .7°C/W 

21.11015B 100 qr. I,.=2 amp @.1c=2 amp 7.5 150°C 
2N1015C 15Ir 16=390 ma 

21410150 201) 

2111016 30 
2N1016A 
2N10:68 

60 
100 

10 
erlc=5 amp 

.50 ohms 
I 

«f Ic=5 amp 1.5 150°C 
.7°C,'W 

2111016C 150 le=750 ma 

11110160 200 

'TRUE voltage rating (The transistors can be operated continuously at the VCE I.sled for 
each rat ng.) 

TpsWestinghouse YOU CAN BE SURE— IF I 

Westinghouse Electric Corporation, Semiconductor Department, Youngwood, Pa. 
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-measures both in- phase and quadrature 
voltage ratios - wjaLbighL accurapy 

This instrument cancels quadrature effects, giving a sharp, true 
null. 

In eliminating quadrature voltage, this Gertsch bridge achieves 

an in-phase ratio accuracy as good as 0.001 `; . Quadrature voltage 

ratios are read as rectangular coordinates, tangent of phase-shift 

angle, or magnitude of phase-shift angle in degrees directly. 

Write for complete data in Bulletin CRB. 

• SELF-CONTAINED 
PHASE-SENSITIVE DETECTOR 

• SIX-PLACE RESOLUTION 
• TWO FREQUENCY RANGES 

—30 TO 1000 CPS 
—50 TO 3000 CPS 

--eartsd 
GERTSCH PRODUCTS, Inc. 

3211 South La Cienega Boulevard.Los Angeles 16,California 
UPton 0-2761 — VErmont 9-2201 

(MICAFIL) COIL WINDERS 
THE MOST COMPLETE LINE OF COIL WINDERS BUILT 

LAYER WINDERS 
For random or precision 
layer winding, MICAFIL'S 
OFA and OCA series are 
built Ava liable accessories 
allow a set up for EVERY 
WINDING JOB, including 
winding at 18,000 rpm. 

STATOR WINDERS 
For 4-6-8 pole three ph. 
stators with coils of 
equal pitch and with one 
or two coils per slot, or 
two pole stators having 
reduced winding pitch. 
Many other stator winding 
jobs ore solved with the ST 1. 

4411Mbas. 
ARMATURE WINDERS 

To handle every armature 
winding job MICAFIL of-
fers the AWO series 
Automatic, Semi- Auto-
matic and HIGH SPEED 
production winders (3000 
rpm) are -keynoted. 

TORROIDAL WINDERS 
For standard accuracy 
Torroidal winding it's the 
RWO thru RW-III. For 
PRECISION POTENTIOM-
ETER COILS the RWP will 
give the HIGHEST ACCU-
RACY COILS POSSIBLE. 

CARL HIRSCHMANN COMPANY, INC. 
30 PARK AVENUE MANHASSET, N. Y. 

Branches: 6015 N. Cicero Ave., Chicago 46, III. 
• 5124 Pacific Blvd., Los Angeles 58, Calif. • Carl 
Hirschinonn Co. of Canada Ltd., 5112 Dundos st. 

West, Toronto, Canada. 

hmann 
Swiss precision with American service 

Section 

Meetings 

I I) ,',,, 

SUBSECTIONS 

BUENAVENTURA 

"Transistorized Crystal Oscillator Circuits,' 

Dr. T. S. Amlie. NOTS, China Lake. 9,9/59. 

GAINESVILLE 

"The Satellite Communications Age," G. S. 

Shaw, Radiation Inc. 9,23 59. 

KITCHENER-WATERLOO 

"Video Tape Recording," W. McGregor and 

P. Turchan, CFZCO-TV. 9 21 59. 

MERRIMACK VALLEY 

"Use of Educational Aids in Electronics," Dr. 

II. E. Stockman, NIerrimack College. 10 19 59. 

MONN101 rii 

"Interim( ional Compai ison oi .ttomic Clocks,' 

Dr. G. NI. R. \Vinkler. S.\ Research and 1)evelop-

ment Lab.. Fort NIoninouth. 9 Its 59. 

PANAMA CITY 

"Guidance Systems for Ballistic Missiles," 

D. R. Ilagner, Bell Laboratories, Inc. 10 13 59. 

SANTA ANA 

"Rockets and Celestial Navigation," Dr. 

R. M. L. Baker, Jr., Aero,nutronir Division of 

Ford Motor Co. 9;23,59. 

SANTA BARBARA 

"Modern Circuit Methods in Circuit Applica-
t Dr. W. K. Litwin, Rand Corp. 9 15 59. 

NORTHERN VERNIONT 

"Ingredient X' and Electronic Ovens," R. B. 
Stem, General Electric Co., 9..29 59. 

NVESTCHESI ER 

"Automatic Programming and the Design of 
General Purpose Computers," Dr. .1. :gaudily, 

Mauchly Associates. Q. 16 59. 

WESTERN NORTH CAROLINA 

"Semi-Conductor Switching Equipment I ir 

Broad. Batid Video Signals," J. W. Wentn,wth, 

RCA. 9:18 59. 

Professional 

G roup M eetirigs 

\NII NN Ss 5ND PROPAGATION 

Orange Belt—September 16 

"Electromagnetic Scattering by a Short 
Right Circular Cylinder at Wavelengths 
Long Compared with Cylinder Dimen-
sions," T. T. Taylor, I'. of California at 
Riverside. 

AUDIO 
Boston—September 17 

"Speech Amplification," D. L. Klepper, 
Bolt, Beranek & Newman. 
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NOW 
FROM 

TI.. 
ACTUAL SIZE 

3.5 

3.0 

2.5 

2.0 

1.5 

1.0 

0.5 

—50 0 + 50 100 4- 150 1- 200 

STUD TEMPERATURE — C 

DIFFUSED 
SILICON 
CONTROLLED 
RECTIFIERS 

Str.-05 

 o 
A. ( SUPLY 

PITA11 
AfiLl1 
CONTRA!. 

HIM( 
LOAD 

AMP 

TI 
3 INIBIo 
Sft, 

TYPICAL CONTROLLED RECTIFIER BRIDGE REGLATED POWER SUPFLY 

Switch 1-Ampere at 
Stud Temperature 

Now, the high current-high temperature capabilities and 
new small size of the TI 130-Series permits practical use of 
controlled rectifiers in such applications as relays and 
switches in regulated power supplies, light dimmers, servo-
motor controls, reversing drives and surge voltage suppres-
sion devices. 

The TI diffused silicon P-N-P-N controlled rectifier has a 
third lead which controls current flow. A low 5-ma current 
fires the device which requires only 0.6 microsecond turn-on 
time. You get guaranteed PIV and breakover voltage ranges 
from 50 to 400 volts and an average rectified forward current 
of 3 amperes at 75°C and 1 ampere at 125°C stud tempera-
ture. Maximum operating temperature is 150°C! 

125°C 

You are assured of uniform reliability through completely 
diffused silicon construction which provides higher power 
dissipation and high sensitivity. 

Contact your local TI representative for immediate delivery 
of TI P-N-P-N controlled rectifiers in production quantities! 

lede for data folder containing 
complete parameters on Types T1 130, 
131, 132, 133, 134 Diffused Silicon 
P-N-P-N Controlled Rectifiers. 

1 — 
••••••nuriradirmai  

......... 1; 

F'-.74 :4.: =e ,-.,•-• 

_ C1 11 II 
,  

Available In Hours from your local authorized TI distributor 

germanium and silicon transistors 

silicon diodes and rectifiers 

ranYlcap solid tantalum capacitors 

precision carbon film resistors 

semis-tor silicor resistors 

I TEXAS INSTRUMENTS 
INCORPORATED 
SEMICONDUCTOR-CCMPONENTS DIVISION 

13500 N CENTRAL EXPRESSWAY 

POST OFFICE BCX 312 • DALLAS. TEXAS 



Instant CONTACT IDENTIFICATION 

tee#A-te- SEAL 
HERMETIC RECEPTACLES 

Faster wiring, less chance of errors, reduced inspection time— 

these production advantages are possible only with AMPHENOL'S 

superior Identoseals. Each contact is clearly and sharply defined 
—fired-on white ceramic letters contrasting strongly with the 
dark brown glass—both on the face and the rear of the insert. 

Instant contact identification is one of many advantages of 

AMPHENOL Identoseals. Rugged compression sealing provides a 
tight bond between shell, glass and contacts that is extremely 
strong and highly resistant to thermal shock. Identoseals are 

capable of continuous operation at 850° F. Insulation resistance 
is over 100,000 megohms. 

Identoseals are available in MS-type receptacles that mate 
with MIL-C-5015 plugs, in miniature sizes and in numerous 
special configurations. An engineering staff experienced in her-
metic sealing can immediately meet your requirements. 

"MS" Round Flange "MS" Square Flange "MS" Flangeless "MS" Hes. Flange 

trAPHENoL CONNECTOR DIVISION 
Amphenol- Borg Electronics Corporation 
1830 S. 54TH AVENUE • CHICAGO 50. ILLINOIS 

Rel3L  Professional 

Group Meetings 

(Continued from rage XA ) 

AUTOMATIC CONTROL 

Los Angeles—September 8 

"Has an Emphasis on Adaptive Con-
trol Techniques Accomplished Anything 
Worthwhile," R. R. Rath, I.'. S. Air Force. 

BROADCASTING 

Philadelphia—October 8 

"Operation of Ampex Video Tape Re-
corders," I. L. Ross, WFIL-TV. 

COMMUNICATIONS SYSTEMS 

Oklahoma City—September 8 

Main intent of the meeting was to 
demonstrate tweration of the A.NE ampex 
video tape recorder. The group was also 
conducted through all facilities of the 
W K V-WK V-TV operation, including t heir 
experimental operation with regard to di-
rectional operation of television stations. 

Philadelphia—September 29 

Field Trip Inspection of City Com-
munication Facilities, F. Sherif. City of 
Philadelphia. 

ELECTRON I)EVI(ES 

Washington, I). C.—September 21 

"Tunnel Diodes—How They work and 
I low to Apply Them," Dr. I. A. Lesk, 
GE Co. 

ELECTRONIC COMPUTERS 

Boston—September 23 

Report on the International Confer-
ence on Information Processing, J. Raffel, 
Lincoln Lab., A. G. Oettinger, Harvard 
Univ., H. Sherman, Lincoln Lab., and 
D. Brown, NI Corp. 

San Francisco—September 22 

"Trip to Russia and Russian Com-
puters," NI. Astrahan, IBM Corp. 

Washington, D. C.—October 7 

"Data Display," il. Macaulay, Data 
I)isplay Inc. 

ENGINEERING MANAGEMENT 

Rome-lItica—September 29 

"Management and the Engineer," 
R. I. Cole, Nlelpar, Inc. 

Washington, D. C.—September 21 

"Command Management," J. C. Lac-
kas, Industrial College of the Armed 
Forces. 

(continued mt rage 924) 



Component Specification: ARNOLD 

TOROIDAL CORES SILECTRON CO BOBBIN CORES 
Stainless Steel and Centmle 

The ARNOLD LINE-UP includes ANY TAPE CORES you need 
APPZ/CAT/ONS 

We'll welcome your inquiries on your Tape 
Wound Core requirements for Pulse and 
Power Transformers, 3-Phase Transformers, 
Magnetic Amplifiers, Current Transformers, 
Wide-Band Transformers, Non-Linear Retard 
Coils, Reactors, Coincident Current Matrix 
Systems, Static Magnetic Memory Elements, 
Harmonic Generators, etc. 

alebtete«We DATA 

For data on the various types of Arnold Tape 
Cores, write for these Bulletins: 

SC-107A — Silectron Cores, Types C, E 
and 0 

TC-101A — Toroidal Cores, of Supermalloy, 
Deltamax and 4-79 Mo-Per-
malloy 

TC-108A — Bobbin Cores 

Tel 13A — Supermendur Tape Cores 

ADDRESS DEPT. P-912 

Arnold produces Silectron C, E and 0 cores, aluminum and plastic cased 

toroidal cores of high-permeability materials, and bobbin-wound cores to 
meet whatever your designs may require in tape thickness, material, core 

size or weight. 
As a fully integrated producer, Arnold controls every manufacturing step 

from the raw material to the finished core . . . and modern testing equip-
ment permits 100% inspection of cores before shipment. 
Wide selections of cores are carried in stock as standard items for quick 

delivery; both for engineering prototypes to reduce the need for special 
designs, and for production-quantity shipments to meet your immedi-
ate requirements. 

• Let us help you solve your tape core problems. Check Arnold, too, for your 
needs in Mo-Permalloy or iron powder cores, and for cast or sintered per-
manent magnets made from Alnico or other materials. Just write or call 
The Arnold Engineering Company, Main Offices, Marengo, Illinois. 

RNOLD 
SPECIALISTS in MAGNETIC MATERIALS 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 
Find them FAST in the YELLOW PAGES 

7521 C 
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The most complete line o 

Fast Frequency Sweeping 

Voltage Tunable 

• Wide frequency range 

• Frequency adjusted by varying helix voltage 

• Designed for tuning in a general voltage range 

of 300 to 3000 V. 

Frequency (t(MC) 

1-2 

HO-5 HO-9 

2-4 
HO-18 
HO-1 

3.75-7 4-8 7-11 8.2-12.4 12-18 

HO-3 H0-13 HO- 17 HO- 14 HO-19 
HO-20 HO-21 HO-2 HO-4 

Power specified is minimum over frequency range . 

generally power much higher 

UGGINS LABORATORIES, I NC. 
‘) 

•Z' manufacture 
'development 

enameerma 
design o 

research 999 East Argues Avenue • Sunnyvale, California 

REgent 6-9330 

Professional 

Group Meetings 

(Continued from page 90.-1) 

INSTRUMENTATION 

Los Angeles—June 3 

"Biological Instrumentation," H. M. 
Hanish, Litton Ind. 

Los Angeles—September 1 

"Transducers for Instrument:it ion," 
J. Hernandez, Statham Instr. 

INSTRUMENTATION 
AUTOMATIC CONTROL 

Long Island— September 15 

"Automatic Control in the Human 
Body," P. Suckling, State Univ. of N. Y. 
(L. I. College of Medicine). 

M EDICAL ELECTRONICS 

Los Angeles—September 17 

"Electrosurgery; Its History, Clinical 
Considerations and Engineering Aspects," 
S. Bollas, Birtcher Corp. 

"Electrosurgery; Its History, Clinical 
Considerations and Engineering Aspects," 
(covered engineering aspects) H. Finch, 
Birtcher Corp. 

lc 80wAVE Tit EDRY .\ AND 
TECHNIQUES 

Boston—September 16 

"Parametric Amplifiers: UHF Tw 
Amplifier Using Diodes," W. \V. Mumford 
and R. S. Engelbrecht, Bell Telephone 
Labs. 

Los Angeles—October 8 

"The Amplitron and Its Applications," 
E. Shelton, Raytheon Microwave and 
Power Tube Div. 

Washington—September 15 

"A Compact Frequency Translator for 
Use with the Ammonia MASER," \V. K. 
Saunders, D.O.F.L., Army Ordnance 
Corps. 

Washington—October 13 

"Comparison of Deviations from 
Square Law for R. F. Crystal Diodes and 
Barretters, G. U. Sorger, Weinschel Engr. 
Co. 

MILITARY ELECTRONICS 

Central Florida—June 16 

"1969 Astronautic Systems," M. Al-
perin, Office of Scientific Res. USAF. 

NUCLEAR SCI ENCE 

Oak Ridge—September 17 

"Status Report of Project Sherwood," 
E. S. Bettis, Oak Ridge National Lab. 

(Continued on rage 94.4) 
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e micro-alloy transistors from SPRAGUE* 

HIGH-SPEED, HIGH- GAIN MICRO-ALLOY TRANSISTORS 
for modern digital computer circuitry 

TYPE 2N393 

ACTUAL 
SIZE 

2N393 

Micro-Alloy Transistors combine high gain with excellent high 

frequency response to meet the demands of high-speed computer switching 

applications in the megacycle range. Low saturation resistance, low hole storage, 
and exceptionally good life characteristics make these transistors top performers 

in computer circuits as well as in general high-frequency applications. 

D-C a is remarkably linear up to 50 milliamperes collector current. The design 
of the 2N393 is particularly well adapted to direct-coupled logic circuitry. The 

polarities of the emitter and collector voltages are similar to those of PNP 
junction-type transistors. 

Made by electrochemical manufacturing tech-

niques, Sprague Micro-Alloy Transistors are uni-

formly reliable and very reasonably priced. 

Write for complete engineering data sheets to 

Sprague Electric Company, 235 Marshall Street, 

North Adams, Massachusetts. 

Min. Typ. 

hFE 20 95 

fmax 40 60 

SPRAGUE COMPONENTS: 

* Sprague Type 2N393 micro-alloy transistors are fully li-

censed under Philc° patents. All Sprague and Philco transistors 

having the same type numbers are manufactured to the same 

specifications and are fully interchangeable. You have two 

sources of supply when you use micro-alloy transistors! 

TRANSISTORS • RESISTORS • MAGNETIC COMPONENTS 

CAPACITORS • INTERFERENCE FILTERS • PULSE NETWORKS 

HIGH TEMPERATURE MAGNET WIRE • CERAMIC-BASE PRINTED 

NETWORKS • PACKAGED COMPONENT ASSEMBLIES 

SPRAGUE 
THE MARK OF RELIABILITY e 
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NEW FROM NA/WA  

High Power 

Model 
10001 

$4700. 

MICROWAVE 
MODULATOR 
accepts over 40 magnetrons! 

Here's the first of a series of new products from Narda's 

recently-established High Power Electronics Division ! A high 

power Microwave Modulator that permits installation inside the 

unit of any of more than 40 magnetrons! Complete, compact 
and self-contained, it accepts magnetrons covering 3,200 mc 
to 35,000 mc, with peak outputs from 6 KW to 120 KW. Model 

10001 features a completely interlocked circuit, with all high 
voltage leads and connections internal, for maximum safety; 
solid state high voltage bridge rectifiers for longer life and 
reduced heat output (prolonging life of other components, 

too); and built-in meters and viewing connectors for all princi-
pal parameters. 

Other features are shown below. For complete specs and a list 
of at least 40 magnetrons suitable for use with the 10001, write 
Narda's High Power Electronics Division (HPED) at Dept. PIRE-7. 

SPECIFICATIONS 
High voltage supply: Continuously variable from 0 to 4 KV at 
100 ma; Pulse power: 18 KV at 20 amps max.; Magnetron 
filament supply: Cont. variable from 0 to 13 volts at 3 A; Rep. 
rate generator range: Cont. variable from 180 to 3000 pps; 

Pulse width: 1 microsecond at 70% points, rise time 0.15 
microseconds, max. slope 5% (other pulse widths available); 
Size: 38" h, 22" w, 18" d. Weight: 150 lbs. 

Complete 1959 catalog available on request. 

micro wav e  
e44r,!l'75 the narda corporation 
HIGH POWER ELECTRONICS DIVISION 

118-160 I-IERRICKS ROAD, MINEOLA, L. I., N. Y. • PIONEER 6-4650 

Professional 

Group Meetings' 

(Cm:tinned tram page 92.4) 

PRODUCTION TECHNIQUES 

Los Angeles—September 24 

"Packaging Ferrite Cores for Military 
Applications," D. Slotnick, R. Igram and 
H. Chrystie, Telemeter Magnetics, Inc. 

San Francisco—September 22 

"Production Planning in Rapidly 
Growing Electronic Factories," I) W. 
McGinnitty, Ampex Corp., 2) G. M. 
Eustachy, Beckman/Berkeley, 3) 0. Lan-
deck, Electro Engrg. Works. 

RADIO FREQUENCY 
INTERFERENCE 

Washington, D. C.—June 10 

"Shortcomings of Interference Specifi-
cations." C. F. W. Anderson. Martin Co. 

SPACE ELECTRONICS AND 
TELEMETRY 

Central Florida—January 29 

"New Telemetry Techniques," L. 
Rauch, U. of Michigan. 

Central Florida—May 21 

"IRIG Standards for PCM Teleme-
try," E. E. 011ikkala, RCA Missile Proj. 

"Renaming of Professional Group on 
Telemetry and Remote Control to Space 
Electronics and Telemetry," C. H. Hoep-
pner, Radiation, Inc. 

Central Florida—June 23 

"2200 Megacycle Telemetry," P. Rich-
ardson, WA DC. 

Detroit—September 18 

"Global Communications by Means of 
Satellites," J. B. Wiesner, M.I.T. 

VEHICULAR COMMUNICATIONS 

Baltimore—September 22 

"New Transistorized Progress Line 
(General Electric)," R. T. Myers, GE Co. 

Philadelphia—September 29 

Field Trip Inspection of City Com-
munication Facilities, F. Sherif, City of 
Philadelphia. 

Washington—September 29 

"Tape-Recorded Address on Status of 
Geneva Radio Conference," W. H. Wat-
kins, FCC. 

"Elaboration on Geneva Radio Con-
ference," J. M. Nit tner, McKenna and 
Wilkinson. 
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SIX VSWR AMPLIFIER FEATURES 

...available only from 

1. Battery-operated 

(rechargeable nickel-cadmium). 

2. Completely transistorized 

for low current drain. 

3. Independent of line voltage 

variations. 

4. Complete bolometer protection 

during switching. 

5. Most compact unit available. 

6. Completely portable. 

Model 44113—$225 

Now you can get a completely portable battery-

operated VSWR Amplifier offering complete protec-

tion against bolometer burnout at the same tirie! 

Narda's Model 441B is supplied with nickel-cadmium 

batteries, providing complete freedom from line 

voltage deviations. Batteries recharge automatically 

when unit is plugged in; provision is built-in to show 

state of battery charge. A special protective circuit 

FEATURES: 

• SENSITIVITY: 

• FREQUENCY: 

• BANDWIDTH: 

• RANGE: 

• ACCURACY: 

NARDA 

microway 
corporatio 

permits switching and connect- disconnect with no 

danger of bolometer burnout. Provision is made for 

both crystals and high and low current bolometers. 

Full sensitivity is provided over both normal and 

expanded scales; eliminates switching attenuation 

range. Other features are shown on this page; for 

complete information and a free copy of our latest 

catalog, write to us at: Department PIRE-10. 

0.1 microvolts at 200 ohms for full scale. 

1,000 cps ± 1% (plug-in frequency networks available for 315-4,000 cps and broad-band applications) 

25-30 cps 

72 db (60 db in 10 db steps, 11 db continuous) 

-± 0.1 db per step • ± 0.2 db maximum cumulative • meter linearity: 1% of full scale 

44441111e) the nard_a microwave corporation 
118-160 HERRICKS ROAD, MINEOLA, L. I., N. Y. • PIONEER 6-4650 
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measures 
from 

TRUE RIVIS 
frequency range 5 to 500,000 cps 

FEATURES 

Built-in calibrator . . . easy-to-read 5 inch 
log meter . . . immunity to severe 
overload... useful auxiliary functions 

SPECIFICATIONS 

VOLTAGE RANGE: 100 microvolts to 320 volts 

DECIBEL RANGE: — 80 dbv to +50 dbv 
FREQUENCY RANGE: 5 to 500,000 cycles per 

second 
ACCURACY: 3% from 15 cps to 150KC; 

elsewhere. Figures apply to all meter readings 
MAXIMUM CREST FACTORS: 5 at full scale; 

15 at bottom scale 
CALIBRATOR STABILITY: 0.5% for line 

variation 105-125 volts 
INPUT IMPEDANCE: 10 MI2 and 25 /id, below 
10 millivolts; 10 Mit and 8µµf above 10 millivolts 

POWER SUPPLY: 105-125 volts; 50-420 cps, 
75 watt. Provision for 210-250 volt operation 

100 MICROVOLTS to 320 VOLTS 
regardless 

of 
waveform 

DIMENSIONS: (Portable Model) 143/43" wide, 
10%8" high, 123/8" deep--

Relay Rack Model is available 
WEIGHT: 21 lbs., approximately 

Write for catalog for complete Information 

BALLANTINE 
VOLTMETER Model 320 
Manufacturers of precision Electronic Voltmeters, 
Voltage Calibrators, Capacitance Meters, DC-AC 
Inverters, Decade Amplifiers, and Accessories. 

BALLANTINE LABORATORIES, INC. 

NEWS 
New Products 

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

(Continued from page 48.4) 

Zener Diodes 

U. s. Semiconductor Products, a Di-
vision of Topp Industries, Inc., 3540 West 
Osborn Rd., Phoenix, Ariz., announces the 
industry's first 35-watt zener diode, ac-
cording to J. C. Worth, Jr., vice president-
sales. The new line comprises single dif-
fused silicon junction zeners with voltages 
ranging from 8.2 to 100 volts and recti-
fiers with PR's from 50 to 600 volts. 

The rectifiers feature high forward con-
ductance, with forward current up to 40 
amperes at 1 volt, and 1 ma saturation 
current at rated Ply. 

According to Worth, these diodes are 
built with matched coefficients of expan-
sion which prohibit separation of internal 
lead wire and silicon wafer, even under 
extreme thermal shock. They are not 
position-sensitive and are resistant to vi-
bration. These hermetically sealed diodes 
have plated copper heat sink and to pro-
vide thermal conduction. 

Technical details may be obtained by 
writing to the firm. 

Microwave Frequency 
C-R Tube Display 

The development of a newly designed, 
compact "Wamoscope,” a cathode ray tube 
capable of presenting microwave fre-
quency information directly on its screen, 
was announced today by Sylvania Electric 
Products Inc., 730 Third Ave., Neu- York 
17, N. Y., subsidiary of General Telephone 
& Electronics Corp. 

The insert shows the signal coupler 
which incorporated within the neck of the 
tube envelope. The new tube, which was 

(Continued on page 98A) 
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CHESSMAN. . . 1960 
New orders of power through Amplitron transmitter application. New 
frequency areas. Ferrite mechanisms. Sophistication in receiving and 
data processing techniques. This is advance technology at Raytheon 
Heavy Electronics. 
Developments in such areas are already incorporated in these Heavy 
Electronic long range radars, ordnance and communications systems: 

AN/FPS-28 800-ton warning system for SAGE network. 

96-voice channel pulse- code- modulation equipment. 

Two-gun MEMRAD Bright Display. 

AN/SPG-51 radar for Tartar Missile fire control system. 

Each development evolved from imagination . . . technical command. . 
experience — the qualities we always seek. 

Select positions may be investigated by writing: Mr. Donald H. Sweet, 
Executive & Engineering Placement, Raytheon, 624X Worcester Road, 
Framingham, Mass. (suburban Boston). 

HEAVY ELECTRONIC 

RAYTHEoN 
GOVERNMENT EQUIPMENT DIVIS101 

I 
A I 0 rr 4, 

14 

EXCELLENCE 

IN ELECTRONICS 

HEAVY AIRBORNE SYSTEMS SUBMARINE 

ELECTRONIC ELECTRONIC MANAGEMENT SIGNAL 

SANTA 

BARBARA 



r-î Give your products 

MORE RELIABILITY and 
BETTER PERFORMANCE with 

Ale Ruggedized, I\ 

MIL STANDARD 
POWER & FILAMENT TRANSFORMERS 

Primary 105/115/125 V 50-60--

Cot. No. Appl. MIL Std. MIL Type 
MGP 1 Plate d Fil. 90026 TF4RX03HA001 
MOP 2 Plate IL Fil. 90027 TF4RX03.111002 
MGP 3 Plate d Fil. 90028 TF4RX031(8006 
MGP 4 Plate d Fil. 90029 TF4RX03LB003 
MGP 5 Plate L Fil. 90030 TF4RX03MB004 
MGP 6 Plate 90031 TF4RX02KB001 
MGP 7 Plate 90032 TF4RX02LB002 
MGP 8 Plate 90036 TF4RX02NB003 
, 
MGF 1 Filament 90016 TF4RX01EB002 
MGF 2 Filament 90017 TF4RX01GB003 
MGF 3 Filament 90018 TF4RX01FB004 
MGF 4 Filament 90019 TF4RX01HBOO5 
MGF S Filament 90020 TF 4R X01 FB006 
MGF 6 Filament 90021 TF4RX01GB007 
MGF 7 Filament 90022 TF4RX01.18008 
MGF 8 Filament 90023 TF4RX01KB009 
MGF 9 Filament 90024 TF4RX01.18012 

,./.AGF 10 
MI 

Filament 90025 TF4RX01K8013 

4111 
1111! Ruggedized, 

MIL STANDARD 
AUDIO TRANSFORMERS 

Cet. No. Import. lere.--oltrnt Appl. MIL Std. MIL Type 
MISA I Pri, 10,000 C.T. 

Sec. 90.000 
Split a C.T. 

Interstage 912000 TP4RXISA1001 

MISA 2 Pri 600 Sptit 
Sec. 4. II. 16 

Mulching 90001 TF411816A1002 

MGA 3 Pri. 600 Split 
Sec. 135,000 C.T. 

Input 90002 TFOIXIOA»01 

MISA 4 Pri 600 Sprt 
Sec 600 Sp.it 

Motching 90003 TF410(16A1001 

MISA S Pri 7.600 Top 
Eit 4.800 
Sec. 600 Split 

Output 90004 1141813A»01 

MISA 6 Fri. 7.600 Top 
5 4.800 
Sec 4, 4, 16 

Output 90005 TF4111813AX107 

MISA 7 Pri. 15.000 C.T. 
Sec 600 Split 

Output 90006 TF411813.4.1003 

MGA 8 Pro 74.000 C.T. 
Sec 600 Split 

Clopee 90007 TF411813A1004 

MCI, 9 Pro 60.000 C.T. 
Se< 600 Spl.t 

Output 90008 TF4RX13AJ005 

0 

MIL Transformers are available from stock. 

Write for further information on these units or 
special designs. 

Send for NEW 48 page transformer catalog. 
Also ask for complete laboratory test instru-
ment catalog. 

FREED TRANSFORMER CO., INC. 
1720 We;rfie Id Street 

Brooklyn ( Ridgewood) 27, New York 

(ill: NEWS New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your IRE affiliation. 

(Cwitinued fr,ni paw 06 ..1) 

developed for use in advanced electronic 
-tems applications, does not require a 
solenoid, a bulky focusing structure requir-
ing an external source of electric current. 
The "Wamoscope" is only slightly longer 
than conventional television tubes. 

The improved "Wamoscope" operates 
over a frequency range of 2 to 10 kmc, and 
will be particularly important in high-
resolution radar applications. The new 
tube has a signal coupler incorporated 
within the tube en elope and "spot size" 
has been improved to 160 lines per inch at 
the center of its 10-inch screen. Sylvania 
developed the original "Wantoscope" ii 

1956 in conjunction with the 1. S. Naval 
Research Labora t ( a- v. 

Mercury-Wetted 
Contact Relays 

A full- line of Clare mercury-wetted 
contact relays is pictured and described in 
a new catalog just issued by C. P. Clare & 
Co., 3101 Pratt Blvd., Chicago 45, Ill.. 
manufacturer of relays and allied elec-
tronic devices. 

Relay types are for both single-and 
multi-element operation, biased with per-
manent magnets, or adjustable to provide 
single-side-stable, hi-stable, or chopper 
characteristics. 

These relays provide long operating 
life . . over 8 billion operations and are 
still going on a 4- year test. Basic element 
is a magnetic switch, sealed in a glass cap-
sule which is filled with pressurized hydro-
gen. With every make and break, the 
mercury- film contact surface is renewed 
by capillary action, like a lamp wick. As a 
result, contacts never wear out, never 
chatter or bounce, and require no main-
tenance whatsoever. 

For a copy of Catalog 201 contact the 
firm. 

New Ling-Altec 
Plant 

$600,000 exp. i i itt of the Ling-Altec 
Electronics plant in ..\ nitheiln, California 
has been announced by Company Presi-
dent Cameron G. Pierce. 

Pierce said that the enlarged facility, 
which will include one new manufacturing 
building, will provide approximately 

(Gaganfed 'ii page igo,-0 

Call these authorized 

DISTRIBUTORS 

for an immediate demonstration or 
delivery of Simpson Laboratory 
Test Equipment. 

CALIFORNIA 
R. V. WEATHERFORD COMPANY 
6921 San Fernando Road 
GLENDALE 1, Victoria 9.2471 

NEWARK ELECTRIC COMPANY 
4747 W. Century Blvd. 
INGLEWOOD, ORegon 8-0441 

ELECTRONIC SUPPLY CORPORATION 
2085 East Foothill Blvd. 
PASADENA. SYcamore 5-5901 

COLORADO 
WARD TERRY & COMPANY 
70 Rio Grande Blvd. 
DENVER, AMherst 6-3181 

GEORGIA 
ELECTRO TECH EQUIPMENT COMPANY 
690 Murphy Avenue S.W. 
ATLANTA 10. PLaza 3-4128 

ILLINOIS 
ALLIED RADIO CORPORATION 
100 N. Western Avenue 
CHICAGO 80, HAymarket 1-6800 

NEWARK ELECTRIC COMPANY 
223 W. Madison Street 
CHICAGO 6, STate 2-2944 

MICHIGAN 
RADIO SPECIALTIES COMPANY 
456 Charlotte Avenue 
DETROIT 1, TEmple 3-9800 

MINNESOTA 
NORTHWEST RADIO & 
ELECTRONICS SUPPLY CO. 
52 South Twelfth Street 
MINNEAPOLIS 3. FEderal 9-6348 

GOPHER ELECTRONICS COMPANY 
370 Minnesota Street 
SAINT PAUL 1, CApitol 4-9666 

MISSOURI 
SCHERRER INSTRUMENTS 
5449 Delmar Blvd. 
ST. LOUIS, FOrest 7-9799 

NEW YORK 
STACK INDUSTRIAL ELECTRONICS, INC. 
25 Susquehanna Street 
BINGHAMTON, Phone: 3-6326 

ELECTRONICS CENTER INCORPORATED 
211 West 19th Street 
NEW YORK 11, ALgonquin 5-4600 
HARRISON RADIO CORPORATION 
225 Greenwich Street 
NEW YORK 7, BArclay 7-7777 

NORTH CAROLINA 
SOUTHEASTERN RADIO SUPPLY CO., INC. 
414 Hillsboro Street 
RALEIGH, TEmple 3-1936 

DALTON•HEGE RADIO SUPPLY CO., INC. 
938 Burke Street 
WINSTON SALEM, Phone: 5-8711 

OHIO 
PIONEER ELECTRONICS SUPPLY CO. 
2115 Prospect Avenue 
CLEVELAND 15, SUperior 1-9410 

PENNSYLVANIA 
CONSOLIDATED RADIO COMPANY 
612 Arch Street 
PHILADELPHIA 6, WAInut 5-7871 

SOUTH CAROLINA 
CAROLINA RADIO SUPPLY CO., INC. 
221 W. Washington Street 
GREENVILLE. CEdar 2-6740 

TEXAS 
ENGINEERING SUPPLY COMPANY 
6000 Denton Drive 
DALLAS 35, FLeetwood 7-6121 

MIDLAND SPECIALTY COMPANY 
500 W. Paisano Drive 
EL PASO. KEystone 3-9555 

BUSACKER ELECTRONIC EQUIP. CO., INC. 
1216 West Clay 
HOUSTON 19, JAckson 9-4626 

HARRISON EQUIPMENT COMPANY. INC. 
1422 San Jacinto Street 
HOUSTON 1, CApitol 4-9131 

MIDLAND SPECIALTY COMPANY 
2101 Andrews Highway 
ODESSA, Phone: 7-7212 
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DON'T INVEST IN TEST EQUIPMENT 'TIL YOU COMPARE FEATURES WITH THE 

VW), 
I 

NEW ° LABORATORY\LINE 

PULSE GENERATOR ... model 2620 

No Other Unit Offers Such Accuracy, Versatility, 
and Set- Up Speed Within This Price Range 

Twin meters read pulse repetition frequency and pulse 
duration simultaneously. Rise time is 0.02 microseconds; 
decay time, 0.03 microseconds. Pulse duration, contin-
uously variable from 0.1 to 1000 microseconds. Jitter, 
less than 0.005 microseconds. Pulse repetition rate, con-
tinAously variable from 10 to 100.000 pps in $625 
four ranges. Price   

WRITE FOR COMPLETE SPECIFICATIONS 

LABORATORY STANDARD 

VOLT-OHM-MILLIAMMETER...model 2600 

A Self-Powered Calibrator for Electrical Instrument 
Maintenance and High Accuracy Testing 

Two terminal connections cover all 49 ranges for 
unusually fast operation. DC accuracy is ±-- 0.5% 
F.S.; AC, ± 0.75% F.S. (at 77°F, 25°C). Separate 
meters (self shielded movements) for $1620 

DC and AC readings. Price   

WRITE FOR COMPLETE SPECIFICATIONS 

4) 
• • • 

d e e 

deft 4t e 
— • • 

WIDE- BAND OSCILLOSCOPE ... model 2610 

For the 1001 Jobs Where You Don't Need 
an Expensive Specialized Scope 

Here's a high-gain scope that makes your test equipment ap-
propriation go farther. Vertical sensitivity, 6 mv RMS. Verti-
cal calibration accuracy, ± 3%. Response (linear position): 
DC to 5.0 inc/sec, :1: 0.5 db; DC to 8.0 mc/sec, -± 1.5 db. 
Response (transient position): DC to 3.5 mc/sec,-3 db, and 
—6 db at 5.0 mc/sec. Triggered and recurrent sweeps. Precal-
Lbrated sweep positions of 5, 50, 500, 5000 microsec-
onds. l'rice   $575 
WRITE FOR COMPLETE SPECIFICATIONS 
—arm-

• lie • of) 

AVAILABLE FROM MANY INDUSTRIAL ELECTRONIC DISTRIBUTORS, COAST-TO- COAST 

Write to Factory for Details 

MANUFACTURERS OF 

ELECTRONIC TEST 

EQUIPMENT FOR OVER 

50 YEARS 

ELECTRIC COMPANY 

5204 West Kinzie St., Chicago 44, Illinois • Telephone: EStebrook 9-1121 

In Canada: Bach-Simpson Ltd., London, Ontario 
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BENDIX SR RACK 1 
AND PANEL CONNECTOR 

with outstanding resistance 

to vibration 

The Bendix type SR rack and panel electrical connector 
provides exceptional resistance to vibration. The low 
engagement force gives it a decided advantage over 
existing connectors of this type. 
Adding to the efficiency of this rack and panel con-

nector is the performance-proven Bendix "clip-type" 
closed entry socket. Insert patterns are available to 
mate with existing equipment in the field. 

Available in general duty, pressurized or potted 
types, each with temperature range of —67°F to +257°F. 

Here, indeed, is another outstanding Bendix product 
that should be your first choice in rack and panel 
connectors. 

SCINTILLA DIVISION 
SIDNEY. NEW YORK 

FEATURES: 

.;esilient Insert • Solid Shell Cpristruction • 
Engagement Fo-ces • Closed Ertry Sockets • Posit've 
Contact Alignment Contacts—necvily gold platee 
Cadmium Plate—clear irridite finish • Easily Pres-
surized to latest MIL Specificatiois. 

-awe 
AVIATION CORPORATION 

Export Sales and Service: Bendix International Div., 205 E. 42nd St., New York 17, N. Y. 
Canadian Affiliates: Aviation Electric Ltd., 200 Laurentien Blvd., Montreal 9, Quebec. 

Factory Branch Offices, Burbank, Calif.; Orlando, Florida; Chicago, Illinois; Teaneck, New Jersey; Dallas, Texas; Seattle, Washington; Washington, D. C. 

DESIGN-IN Production 

Mania Man »Ban aaaall MI» Wan 
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Ma 
u. 
an 
Ma 

s. 
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• ▪ Single Diffused 

MEDIUM 

Specify 

Ink 
IIIK 

PlYs from 50 to 700 volts, extremely Ana 

Mink high forward conductance, minimum AMU 
Mr& MIMI. saturation current. 1N1907 fan 

11113.113fflek through 1N1924 series ABM» 
a Valaalaallb- .ilaal Man« 
a aaan Banal. ... .. Mann laaallia 
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Silicon Junction 

POWER 

RECTIFIER DIODES 

U. S. SEMICONDUCTOR PRODUCTS 
A DIVISION OF TOPP INDUSTRIES, INC 
3540 WEST OSBORN ROAD. PHOENIX, ARIZONA WM 

UMW Haan Haan Ilaaaa NUM Ma» 
UMW Ma» MUM Vaaala Mann 

, NEWS/ 
New Products 14 E 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your IRE affil ation. 

(CPsitinged ingn page 98A) 

65,000 additional square feet of plant area 
on the company's 13-acre site near Harbor 
Boulevard and the Santa Ana Freeway at 
1515 South Manchester. 

The company will move its Culver City 
plant, which manufactures high power vi-
bration test equipment and sonar com-
ponents, to the Orange County site, which 
is the main plant of the Altec companies 
subsidiary of Ling-Altec Electronics Corp. 

Approximately 450 persons will be 
employed in the facility. 

Transformer Brochure 

A new 4-page brochure, "Encapsulated 
Transformer," describes performance char-
acteristics and applications of patented 
1-11Z/Epseal and Electroseal transformer 
constructions. Three basic design improve-
ments, which achieve higher reliability, 
reduced size and weight, and improved 
cooling, are illustrated along with photo. 

Use your 

IRE DIRECTORY! 

It's valuable! 

graphs of typical transformer configura-
tions. Units are designed to custog) require-
ments from microwatt ratings t I 250 1:%:. 
for both commercial and 'si i I- T-27A 
(Grade 2 or 5) applications. 

For free copy write to Rex Brooks, 
Sales N I a lager, Electro Engineering Works, 
401 Preda St., San Leandro, Calif. 

Aune Named SM of 

Burndy Omation Div. 

Alan E. Anne has been rained sides 
manager of the Omaton division of Burndy 
Corp., Norwalk, Conn., it was announced 
by S. D. Bergman, 
director of sales. 

Anne's back-
ground iii sales, 
service and produc-
tion includes 11 
years with the 
Cities Service Oil 
Co. and the United 
I\ lot ors fh‘ ision of 
General Motors as 
an automotive en-
gineer specializing 
in electrical sys-
tems. He then served the Un.ted States 
Rubber Company as production super-
visor in the munitions and the wire and 
cable divisions and as manager of auto-
motive and aircraft sales. 

Since joining Burndy in 1949, he has 
been manager of automotive sales and of 
ordnance sales, and OE.NI sales manager. 

(C‘gginited nu page 10-1.4) 
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CONSI D ER.. 
Lockheed for electronic ceramics 

The research, development and manufacture of miniature 
electronic ceramic components is centered in the new Elec-
tronic Ceramics Laboratory at Lockheed Electronics and 
Avionics Division ( LEAD). 
This facility is fully able to provide electronic ceramics to 

meet your particular specifications: MEMORY CORES, a whole 
family of square loop cores to suit computer and shift register 
applications: MULTI-APERTURE DEVICES ( MAD) , Cavitron equip-
ment for the volume production of any geometry of MAD: 
RECORDING HEADS, of very dense materials with high flux 

LO 

Products shown are 
twice actual size 

density ground to a micro-finish; CARNETS, poly-crystalline 
yttrium- iron garnets with minimum line width and loss 
tangent; ALUMINA SUBSTRATES, of high mechanical strength, high 
electrical resistivity and low dielectric loss; CUP CORES, in any 
size to specified inductance and minimum temperature coef-
ficient; HIGH "Q". MATERIALS, for use as inductors, tuning slugs, 
transformers—frequency ranges from 1 to 50 megacycles. 
What are your requirements? Write ... Marketing Branch, 

1i201 E. Randolph Street, Los Angeles 22, California. Telephone 
OVerbrook 5-7070. 

Look to Lockheed for LEADership in Electronics 

Requirements exist for stc ff and supervisory engineers 



MAJOR5táfld 

• Series 402 Wide Range Receiving Systems are 
available in consoles, consolettes, and racks. Shown 
are a complete antenna pattern recording and re-
ceiving system and the new consolette receiver. 

A crowded spectrum plus high power radar and com-
munication systems critically compound the problems of 
the antenna design engineer. 

More than ever, the complete pattern including all the 
major and minor lobes of every radiating element must 
be graphed for sound engineering evaluation. 

S-A Receiver Gets the Whole Signal 
Scientific-Atlanta Series 402 Wide Range Receiving 
Systems are specifically designed for antenna pattern 
measurements. Unique in design, these receivers combine 
maximum sensitivity and linearity from 30 mc to above 
100 kmc. They are also useful as multipurpose laboratory 
instruments for microwave testing, monitoring, and meas-
uring applications. 

Only from S-A,1 db Linearity 
over Full 60 db Dynamic Range 

A recent development, S- A's P-4 modification adds 20 db 
to the normal 40 db dynamic range. The modification 
takes advantage of the gain vs AGC voltage character-
istics of the Series 402. Existing receivers can be modified 
at the factory. 

New Modification Z Broadens Use 
Modification Z adds a precision IF attenuator and VTVM 
to the Series 402. Now RF and microwave signal level, 
gain, and isolation measurements can be made with fewer 

components and instruments. For instance, an X band 
80 db attenuator can be calibrated to within ±- 0.5 db 
with a 1 mw signal source, a flap attenuator, a mixer, 
and an S-A Series 402Z Receiver. Antenna gain can be 
measured by direct comparison with a standard gain 
antenna. Signal levels can be compared against a refer-
ence standard. 

MINORS 

... A Message to the 
Antenna Designer 

Other Features 

One coaxial cable from antenna to receiver eliminates 
costly lossy waveguides and rotary joints. Antenna can 
be located up to 75 feet away with negligible loss in 
sensitivity r One receiving system covers 30 mc to above 
100 kmc without plug- ins Reception of cw signals from 
simple sources eliminates need for precise modulation 

High sensitivity means low source power and long 
ranges High selectivity reduces interference and cross 
talk between adjacent test ranges Positive AFC action 
over full dynamic range provides pattern recording in 
deep nulls. 

PRICES 

Series 402, 2 to above 100 kmc 

Series 402A, 2 to above 100 kmc with AGC . . 

Series 40213, 30 mc to above 100 kmc   

Series 402C, 30 mc to above 100 kmc with AGC 

Modification P-4   

Modification Z   

  $7500 

8000 

8500 

9000 

500 

1000 

NEW DATA FOLDER READY 

For complete information ask for our new data folder 
From your nearby S-A engineering representative or write 
directly to Box 4312. 

SCIENTIFIC-
ATLANTA, INC. 

2162 PIEDMONT ROAD, N. E. 

ATLANTA 9, GEORGIA 

PHONE: TRinity 5-7291 3 
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THE 
'DO LINE 

THAT TELLS 
AGGRESSORS, 

'DON' r 

Because the tropo scatter radio equipment of Radio 

Engineering Laboratories, Inc., has proved its worth in 

installations around the world, it is also specified for 

the U.S. Air Force's DEW-East—the vital DEW Line 

extension from the present terminal on Baffin Island 1,200 

miles east to Iceland. Once again, Western Electric Co., 

Inc., has chosen REL apparatus for this "can do" 

communications system to bridge the gap of ice and 

open water, and overcome the plagues of atmospheric 

and electromagnetic disturbances. 

It's the unequalled reliability of REL equipment which 

has made it the choice for eight of the nine major 

networks in operation or on order. In fact, more kilowatt 

miles of REL tropo apparatus are in use or on order 

than those of all other companies combined. 

The hazards of snow, ice and weather that make 

construction of DEW-East stations so formidable for the 

men who build them, call for equipment with the same 

sturdiness, the background of experience, the same 

quality of " can do". That's REL. And that's why you'll 

want REL's help in solving your specialized radio problems. 

Radio Engineering Laboratories Inc 
A subsidiary of Dynamics Corporation of America 

Dept.! • 29-01 Borden Ave • Long Island City 1,NY 

Creative careers at RE L await a few exceptional engineers. Address résumés to James W. Kelly, Personnel Director 
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THERE'S A 

NORTH ATLANTIC INSTRUMENT 
TO MEET YOUR REQUIREMENTS, 

TOO... 

Now— from North Atlantic — you get the complete 

answer to AC ratio instrumentation problems— in the 

laboratory, on the production line, in the field. 

Specialists in ratiometry, North Atlantic offers the only 
complete line of precision instruments to handle any 

ratio measurement task. All are designed to meet the 

most demanding requirements of missile age 

electronics— provide high accuracy, flexibility. 

component compatability and service- proven 

perforformance. Some are shown above. 

If your project demands total solution to ratio measure-
ment problems, write for Date File No. ioD. It provides 

complete specifications and application data and shows 
how North Atlantic's unparalleled experience in ratio-
metry can help you. 

1. RATIO BOXES: 

Both laboratory stand-
ards and general duty 
models. Ratio accu-
racies to 0.0001%. 
Operation from 25 

cps to 10 kc. 

2. COMPLEX 
VOLTAGE 

RATIOMETERS 

Integrated, single- unit 
system for applica-
tions where phase 

relations are critical. 
Accuracy to 0.0001%, 
unaffected by quadra-
ture. Three frequency 
operation. Direct read-
ing of phase shift in 

milliradians or degrees. 

3. PHASE ANGLE 
VOLTMETERS' 

Versatile readout sys-
tem for all ratiometry 
applications, providing 

direct reading of 
phase, null, quadra• 
tore, in- phase and 

total voltage. Broad-
band, single-, or 
multiple-frequency 

operation, 

•••••••••• 

4. RATIO 
TEST SETS 

Ratio reference and 
readout in one con-
venient package for 
production line and 
similar applications. 
Can be supplied with 
any desired combina-
tion of ratio box and 
phase angle voltmeter. 

NORTH ATLANTIC INDUSTRIES. INC. 
603 MAIN STREET, WESTBURY, N.Y. • EDGEWOOD 4-1122 

NEWS 
New Products 014yE 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your IRE affiliation. 

(Continued fr,oi page 100.4) 

Peak Responding Voltmeter 

A new peak responding Voltmeter, 
Model 305A, is announced by Ballantine 
Laboratories, Boonton, N. J. The new in-
strument measures peak or peak-to-peak 
values of any repetitive waveforms—dis-
torted or undistorted sine-waves, or pulses, 
Its operating mode can be selected to re-
spond to a peak- to-peak and positive or 
negative peak of the waveform. 

The de component of the waveform is 
not measured by the instrument. 

The frequency range when measuring 
sinewaves extends from 5 cps to 500 kc., 
but distorted waveforms with harmonics 
extending up to 2 me, however, can also be 
measured. Pulses with duration from 0.5 
µsec to 5 µsec and with a repetition rate 
from 5 to 500,000 pps can also be meas-
ured. 

The accuracy is 2 to 5% depending on 
the waveform measured. The precision of 
the reading is better than 0.5% at any part 
of the scale. 

The Model 305A can be used as a wide-
band amplifier with a gain of 86 db and a 
source impedance of approximately 3 
ohms in series with 0.22 µf. The maximum 
output voltage from amplifier is 150 volts 
pp. The amplifier output is intended to be 
used for waveform monitoring only into 
loads above 30,000 ohms and below 10 pp f. 

The instrument has a magnetically reg-
ulated power transformer in addition to 
an electronically regulated power supply. 

Microwave Waveguide 
Ferrite Isolators 

Latest issue of "new From PRD," 
describes PRD 1203-1209 Ferrite Isolators 
which are specially designed to offer maxi-
mum isolation and minimum insertion loss 
over a frequency range of 3.95 to 26.5 kmc. 

The two page bulletin gives typical per-
formance curves which show VSWR, isola-
tion and insertion loss plotted over the 
isolators' entire frequency range. 

These ferrite isolators are conserva-
tively rated at 5 watts, but can dissipate 

(Continued on page 108.4) 
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NOW...every volume tester of semiconductor 

devices can profit with lirj=1 
(Ti's Sequential Mechanism for Automatic Recording and Testing) 

This new automatic testing-recording system offers 

you greater speed, more consistent accuracy, and lower 
unit testing costs than are obtainable by any hand testing 

means. Whether your requirements are Engineering 
Studies, Quality Assurance, Quality Control or Reliability 

Testing of semiconductor devices, SMART will add 

greatly to the efficiency of your operation. 

The standard SMART machine enables you to meas-

ure up to 16 different d-c parameters of a transistor or 

other semiconductor device and record these data within 
12 seconds. A minimum time of . 5-second is required to 

test each parameter and an additional . 2-second records 

the intelligence on an IBM 526 Summary Punch or other 

digital recording device. Using all 16 parameters, of 

course. 300 transistors may be tested per hour: however, 

1030 

CB0 C.&0 
1 cEp„ 

aua 

By 
('Bo 

fewer parameters would be desired on most testing runs 

and upwards of 500 semiconductors/hour could be han-
dled easily. 

Sixteen programming modules permit you to skip, hold, 

or delay individual tests as well as control the level of 

biasing supplies. You may record actual parameter values 

or set the machine for rejection limits only. Overall sys-

tem accuracy is 1% of full scale readout. 

The highly versatile SMART, with auxiliary consoles, 

may also be used for small signal h parameters; pulse, 

high frequency and power testing; and with environmental 
equipment in many types of factorial analyses. Also, the 

system may utilize scanning units for production runs, 
thus adding another high speed automatic feature. 

Request Bulletin A-70I for additional information. To 

solve your specialized testing problems on electronic com-
ponents such as transistors, diodes, capacitors, resistors, 
and inductors. call TI's experienced application engineers. 

BV CEO 

TEXAS INSTRUMENTS 
INCORPORATED 

GEOSCIENCES 8, INSTRUMENTATION DIVISION 

3609 BUFFALO SPEEDWAY • HOUSTON 6. TEXAS 

CABLE. TEXINS 

V h 
et 



GENERAL ELECTRIC SEMICONDUCTOR NEWS 

New silicon triodes dissipate 

10 

Greatly magnified photo of silicon 
transisto, show ng Fixed Bed Construc-
tion. All parts are firmly fastened, with 
no suspended parts except wire lead. 
Transistor reacts as a solid block in re-
sisting shock and vibration. Power dis-
sipation is inherently higher. 
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Power dissipation of the 2N332A-through-2N336A silicon transistors ( see chart below) 
ranges from 500 mw at 25°C to 83 mw at 150°C without heat sink. Note also ( see chart 
below, left) the extremely low Ur, throughout 1000 hours of testing. Nearly 90% of 
units fall within 100 mp.a. Beta spread ( chart above) is stable out to 1000 hours. 
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RATING CURVES FOR 
G E SILICON TRANSISTORS 
WITH FIXED-BED CONSTRUCTION 
TYPES 2N332A-2N336A 
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— 2N336 

25•C 50°C 75°C loo*c 25°C I50°C 175°C mac 
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500 mw without heat sink at 25°C 
FIXED BED MOUNTED TRANSISTORS 2N332A-through-2N336A ALSO FEATURE: 

4 VOLT VEg. .. GUARANTEED 45 VOLT 

AT 25°C AND 30 VOLTS . .. PHYSICAL 

The 2N332A-through4N336A line of silicon 
NPN triodes is a new series of amplifier and 
switching transistors capable of much higher per-
formance than ever before achieved. 

Collector dissipation without heat sink is 300 
mw at .?‘•;°C ... 83 inwiat 150°C. Since reliability 
is related to junction temperature. even those de-
signs which do not require maximum-rated power 
may be enhanced greatly by this device series be-
cause of the wide safety-factor potential provided. 
FOUR OTHER ADVANTAGES—Collector-to-
emitter voltage is guaranteed at 45 volts. Col-
lector leakage current is a maximum of 500 mi.ta 
at 30 volts and 25°C. Collect or-to-emitter leakage 
current is 60 pa at 150°C. Minimum cutoff fre-
quency is ?..5 inc. typical fe, is 10 to 15 me. 
FIXED BED MOUNTING—Fixed Bed Mounting 
is an exclusive G-E construction technique which 
contributes to t he extreme stability obtained by 

V,E. . . .005 µa MAX. 'coo 

AND ELECTRICAL STABILITY 

this series of transistors. Storage and operating 
tests have resulted in a performance rate of better 
than 99.2% after 1000 hours. 

Besides the demonstrated electrical characteris-
tics, General Electric's silicon transistors can ab-
sorb physical punishment far beyond normal 
specifications. All parts are solidly fixed together 
and react as a solid block in resisting shock and 
vibration. 'l'est units have been fired from a shot-
gun, struck with a golf club and rattled freely in 
an auto hubcap for 700 miles—and worked after-
ward. 

IMMEDIATELY AVAILABLE All types are 
available now from warehouse stock. ( all your 
General Electric Semiconductor Sales Representa-
tive for complete details on the "hot" transistor 
line that operates the coolest. General Electric 
Company. Semiconductor Products Dept., Elec-
tronics Park. Syracuse. N. V. 

TYPE 2N333-THROUGH-2N335 SILICON TRANSISTORS MEET MIL-T- 19500/37A SPEC. 

Designing to the new MIL-T-19500/37A Spec? General Electric types:?N333, 2N334 and .2N335 eau he 
supplied from warehouse stock to meet this specification. 

SPECIFICATIONS 

6bsolute Maximum Ratings ( 25°C) 

Voltages 
Collector to Base 
Collector to Emitter 
Emitter to Base 

Current 
Collector 

Power 
Collector Dissipation RMS 

Temperature 
Storage 
Operatin 3 Junction 

Vce 
VCE 
VEEI 

lo 

Pc 
Pc 

Ts73 

45 volts 
45 volts 
4 volts 

25 ma 

500 mw @ 25°C ( Free Air) 
83 mw @ 150°C ( Free Air) 

- 65 to 200°C 
65 to 175°C 

Electrical Characteristics (Typical at 25°C) 
D C Characteristics 
Forward Current Transfer Ratio (low current) 

(IC= 1 ma, VcE=5 V) 
Saturation Voltage 

(11=1 ma, Ic=5 ma) 
Cutoff Characteristics 
Collector Current 

(Vcs= 30 V; Is= 0; TA =25°C) 
Collector Emitter Current 

(Vcs= 30 V; 11=0; TA = 150°C) 
Low Frequency Characteristics 

(Vcs= 5 V; Is= — 1 ma; 8=1000 cps) 
Forward C.orent Transfer Ratio 
Input Impedance 
Output Admittance 
Output Admittance 
High Frequency Characteristics 

(Common Base) (Val= 5 V; 1E= — 1 ma) 
Output Capacity (f = 1 mc) 
Cutoff Frequency 
Power Gain (common emitter) 

(Vcs= 20 V; Is= — 2 ma; f 5 mc) 

2N332A 2N333A 2N334A 2N335A 2N336A 

hFE 16 27 36 45 75 

VCE (Sat) .5 .45 .42 .4 .4 volts 

Icao 1 1 1 1 1 mi.ta 

lIcE0 60 60 60 60 60 pa 

16 30 38 52 95 
hie 750 1300 1700 2000 3700 ohms 
hoe 3 5 5.0 6.0 7.0 8.0 µ-nhos 
hob .25 .2 .18 .15 .13 pmhos 

Cob 7 7 7 7 7 1111f 
10 11 12 13 15 oc 

G. 11 11 12 12 12 

GENERAL ELECTRIC 
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--fee-e C .® 
ROAXIAL TUNERS 

TUNE TO 

I/SWR 1.000 200-4000 MCS 

MAKES YOUR LOAD A REFLECTIONLESS TERMINATION 

DESIGNED FOR USE whenever extremely accurate RF power 
terminations are required. This laboratory type Coaxial Tuner 
will tune out discontinuities of 2 to 1 in coaxial transmission 
line systems or adjust residual VSWR to 1.000 of loads, 
antennas, etc. May also be used to introduce a mismatch into 
an otherwise matched system. 

M. C. JONES COAXIAL TUNER is designed for extreme ease of 
operation, with no difficult laboratory techniques involved. 
Reduces tuning time to a matter of seconds. Graduations on 
carriage and probe permit resetting whenever reusing the same 
termination. 

Impedance 

Frequency Range 

RF Connectors 

Power Rating 

Range of Correction 

SPECIFICATIONS 
50.0 ohms 

Model 151N 
Model 152N 

El A 7b. 50.0 ohm Flange plus adapters to N female connector 
100 watts 

YSWR as high as 2 may be reduced to a value of 1.000 

200-1000 Mcs. 
500-4000 Mcs. 

FOR MORE INFORMATION ON TUNERS, DIRECTIONAL COUPLERS, R. F. LOADS, Etc., 
PLEASE WRITE TO: 

M. C. JONES ELECTRONICS CO., INC. 
185 N. MAIN STREET, BRISTOL, CONN. 

SUBSIDIARY OF 

AVIATION CORPORATION 

NEWSA \ 
New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further techmcal 
information. Please mention your IRE affillatIon. 

(Continued fro», page 1(I4.4) 

five tintes as much power with only tempo-
rary electrical characteristic degradation. 

Copies are available front Polytechnic 
Research & Development Co., Inc., 202 
Tillary St., Brooklyn 1, N. Y. 

Pulse Pattern Generator 
Designed for versatility in electronic 

equipment testing both for military and 
industrial applications, by Data Products 
Co., Inc., 7320 %Vestmore Rd., Rockville, 
Md., the transistorized Pulse Pattern 
Generator provides a simulated and flexible 
time division pulse pattern. 

The test set provides a single depend-
able unit for testing both slow and high-
speed electronic systems such as: guidance 
systems, computers, communications sys-
tems, data transmission systems, and 
telementary systems. 

This generator performs well on elec-
tronic equipment employing a tinte di-
vision multiplex principle, because of the 
following operational characteristics: 

Generates a pulse pattern any length 
from 1 to 100 pulses. 

Pulse rate continuously variable front 
10 to 100,000 pps using internal oscillator. 

Can be driven by external oscillator at 
a pulse rate as low as desired and up to 
100,000 pulse per second. 

State of each pulse in a pulse sequence 
can be controlled independently front the 
front panel. Each pulse assumes a mark or 
space condition depending on the position 
of the switch representing that pulse. Test 
set has 100 switches which represent 100 
possible pulse positions. 

Output level for the mark (one) condi-
tion is continuously variable from zero to 
+10 volts. Output for the space (zero) 
condition is continuously variable front 
zero to 10 volts. 

Eight microsecond cycle pulse output 
(occurring at beginning of each pulse se-
quence) is provided. 

Two microsecond clock pulse output 
(occurring every pulse time) is provided. 

Provides up to ±30% pulse width 
bias. 

Operates front a nominal 117 volts, 50-
400-cps, power system. 

One microsecond rise and fall time. 
Tone keyer optionally available. 
Complete technical information can be 

obtained by writing to the firm. 

(Continued on page 11-IA 
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WHYis WESTREX PLEXITEL 
the most advanced single sideband radio 

communications system. Single sideband radio transmission 
systems have been in use since the early 1930's. At Westrex we were among the pioneers with these systems 
and, in fact, Westrex has engineered and installed in foreign countries the majority of the commercial 
overseas point-to-point single sideband radio telephone circuits in use today. 

The advantages of SSB are obvious. With one side-
band suppressed, power thus saved is available for 
the remaining sideband, and tube load is much re-
duced. SSB transmission conserves space in the 
frequency spectrum, requires only a fraction of the 
power of double sideband, 
and provides a gain of 
approximately 9 db in 
signal-to-noise ratio. 

Systems design through the 
years has evolved into very 
compact units. Today the 
Westrex Plexitel transmit-
ter and receiver are each 
contained in a cabinet 84 
inches high, 22 1/4  inches 
wide, and 17 inches deep. 
A lot of capability is 
packed into that space. 

The transmitter provides a 
peak power output of 500 
watts on any of ten pre-
determined crystal-con-
trolled frequencies in the 
range of 3-30 megacycles. 
It is available in a number 
of combinations which 
permit the transmission of 
1, 2, 3, or 4 separate tele-
phone channels or each of 
these 3 kc voice channels 
may be selected to transmit 
up to 16 channels of radio printer intelligence, giving 
a total of 64 teleprinter channels. Facilities for chan-
nel grouping are an optional feature and may be 
added as future requirements dictate. Various linear 
amplifier combinations up to 10 kw may be used with 
the 8A transmitter. 

The channel arrangement of the Westrex receiver in 
the Plexitel System is identical with that of the 

transmitter. Each 6 kc sideband may be used as a 
whole or subdivided into multi-message channels by 
appropriate optional equipment. As many as ten 
crystal-controlled frequencies may be pre-set for 
rapid selection by one manually operated knob. 

Remote control equipment 
is available which will 
activate or deactivate the 
receiver and select any one 
of the ten channels. 

Both transmitter and re-
ceiver are designed to 
operate at altitudes up to 
10,000 feet and under 
severe climatic conditions. 
Frequency stability of the 
Plexitel System is in the 
order of ±3 parts in ten 
million per day. No other 
SSB system is so conven-
iently adaptable to simple 
point-to-point, aviation 
ground, or marine appli-
cations; or to the more 
complex point-to-point 
radio system applications. 

The 8A transmitter or 52A 
receiver may be used with 
any SSB system having 
similar characteristics and 
may also be operated on 
AM or DSB. 

The many high quality refinements of construction 
are listed in our Plexitel brochure. We will send you 
your copy by return mail. Westrex Corporation, 
II I Eighth Avenue, New York 11, N.Y. 

Westrex Corporation 
A DIVISION OF LITTON INDUSTRIES [13 
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DIFFUSED-
JUNCTION 111 
UNIFORMIT 
assures reliability, ong life o 

LEAD 

OHMIC 

CONTAC 

"P" REGION .. 

JUNCTION 

"N" REGION • 

RCA ILIC RECTIFIERS 

This photomicrograph shows the ex-

ceptional junction flatness across the 

ertire pellet that is typical of silicoh 

rectifiers produced by the RCA diffu-

sion process. This junction flatness i; 

achieved by slow- rate diffusion, which 

mits precise control of diffusiop 

depth and junction gradient. Results 

uniform current density throughoir 

e silicon, with consequent freedom 

from " hot spots"; improved electrical 

characteristics in both forward ana 

reverse directions; and exceptiona. 

un.formity from unit to unit. 

7 Types for INDUSTRIAL and MILITARY Power Supplies 

Maximum Ratings, Absolute-Maximum Values: For supply 
frequency of 60 cycles and with resistive or inductive load 

Advanced manufacturing techniques 
and extensive quality-control proce-
dures are your assurance of reliability 
and long life when you specify RCA 
Silicon Rectifiers. Every RCA Silicon 
Rectifier you receive has been subjected 
to a 24-hour seal test under pressures 
in excess of 5 atmospheres, and has 
been stabilized by repeated thermal 
cycling over the full operating-tempera-
ture range before final electrical test-
ing. Every RCA Silicon Rectifier you 
receive has also been subjected to the 
following extra tests to insure depend-
able performance under extreme condi-
tions: reverse ( leakage) current at 
25°C; forward characteristics at 25°C; 
high-temperature dynamic reverse 
(leakage) current test at full load cur-

rent and maximum rated voltage. In 
addition, samples from every produc-
tion lot of RCA Silicon Rectifiers are 
subjected to life tests under maximum 
rated conditions of temperature, cur-
rent, and voltage to provide further as-
surance of RCA's high standards of 
quality. 

ROA 
Type 

Peak 
Inverse 
Volts 

0C 
Forward Ma 
at Ambient 
Temperature 

of 50°C 

CHARAC 1 ERISTICS 

at ambient 
Temperature of 25°C 

at Ambient 
Temperature of 150°C 

Maximum Reverse 
Current (0C) at 
maximum peak 
inverse voltage 

(IC) 

Maximum Reverse Current 
(averaged over one complete 

cycle) at maximum 
peak inverse voltage 

('a) 

1N536 50 750 

1N531 100 750 

1N538 200 750 

1N539 300 750 

1N540 400 750 

101095 500 750 

1N547 600 750 

5 

5 

5 

5 

400 

400 

300 

300 

300 

300 

350 

6 Types for MAGNETIC-AMPLIFIER Applications 

requiring exceptionally low leakage current 

14440-8 
1N441-B 
1N442-B 
1N443-B 
1N444-8 
1 N445-8 

100 

200 

300 

400 

500 

600 

750 

750 

750 

750 

650 

650 

0.3 

0.75 

1.0 

1.5 

1.75 

2.0 

100 

100 

200 

200 

200 

200 

Contact tlw RCA Field Office nearest you for information on types for 
yout specific applications. For technical data see the new RCA HI3-10 
SEMICONDUCTOR PRODUCTS HANDBOOK, et' write RCA Com-
mercial Engineering, Section L-35-NN, Somerville, N.J 

EAST: 
744 Broad Street 
Newark 2, New Jersey 
HUmboldt 5-3900 

EAST CENTRAL: 
714 New Center Bldg. 
Detroi• 2, Mich. 
TRinity 5-5600 

CENTRAL: Suite 1154. Merchandise Mart Plaza, Chicago 54, Illirsais. WHitehall 4-2900 

ALSO AVAILABLE AT YOUR LOCAL RCA SEMICONDUCTOR DISTRIBUTOR 

WEST, 
6355 E. Washington Blvd. 
Los Angeles 22, Calif. 
RAymond 3-8361 

NORTHEAST: 
64 "A" Street 
Needham Heights 94, Mess. 
Hilicrest 4-7200 

GOVERNMENT: 
224 N. Wilkinson Street 
Dayton 2, Ohio 
BAldwin 6-2366 

1625 " K" Street, N. W. 
Washington 6, D. C. 
District 7-1260 

RADIO CORPORATION OF AMERICA 
SEMICONDUCTOR AND MATERIALS DIVISION • SOMERVILLE, N. J. 



2055 

December, 1959 
Vol. 47 No. 12 

oceectings of the IRE 

Poles and Zeros 

ilI 411 diii 
/11 ao 

'.*J411 #9441%1 
, 

dui Adak , 

The International Scene. In 
connection with the IRE Ca-
nadian Region Convention and 
Exposition in Toronto in Octo-

ber, the Board of Directors met for the first time outside the 
bounds of the United States, again demonstrating that the 
IRE is international in scope. To further carry out this theme. 
the Board occupied an extra day in discussion of the IRE 
position on international science and electronic questions. 

The duties of the Senior Past President, in connection 
with Sections outside North America, were reiterated, and a 
resolution offering the services of the IRE in radio and elec-
tronic professional matters wherever located, was passed. At 
the same time it was emphasized by the Board that the IRE 
had no intent to displace any activities undertaken on a 
national basis. 

The Board also established the policy of inviting to its 
meetings the Vice- President who resides outside North Amer-
ica. It is hoped, thereby, to increase the knowledge of IRE 
abroad, as well as to aid the Board in its handling of inter-
national questions. Such visits have occurred in the past, our 
most recent visitors being Dr. Yasujiro Niwa of Japan, 
M. J. H. Ponte of France, Dr. Franz Tank of Switzerland, and 
Herre Rinia of the Netherlands. 

In the past, IRE has cooperated with or appointed repre-
sentatives on many international scientific bodies. Director 
Berkner, who has served as director of the U.S. program for 
the and in other international activities, gave the 
Board a briefing on the operating objectives and relationships 
between the numerous international scientific bodies such as 
ICSU ( International Council of Scientific Unions). URSI 
(International Scientific Radio Union), CCIR ( International 
Radio Consultative Committee), ITU ( International Tele-
communications Union), IEC ( International Electrotechnical 
Commission). and IAU ( International Astronautical Union). 
Because of similar or complementary interests, the IRE has 
particularly close contact with URS1 and I EC. Director 
Berkner's discussion will ultimately appear in the PROCEED-
INGS. since it was felt that a knowledge of the international 
scientific scene would be of interest to all members. 

It was also pointed out that India and Japan had in recent 
years taken steps to change to the metric system of weights 
and measures, and that the U.S.A.. Canada. and Great 
Britain might soon remain the only domains still measured by 
King Canute's pedal extremity. In view of studies by the 
National Bureau of Standards, an ad hoc committee will be 
established to study the technical implications and practical 
problems which would arise in electronics through the possible 
adoption of the metric system of weights and measures in the 
United States. 

The Canadian Region Convention Committee set a high 
mark for friendliness and hospitality. The Region is certainly 

favored in having available one of the finest hotels in the 
British empire as headquarters, and ample and pleasant ex-
position space. It was a great pleasure to visit an exposition 
which had aisles between the exhibits, instead of the usual 
cowpaths in the Casbah. 

Teaching Teachers. Last month we mentioned that teaching 
staffs in engineering colleges were short. We are now advised 
that the shortage is in the neighborhood of 13 per cent, al-
though much greater if less than desired competence is allowed 
for. Certainly many are being found to stand in front of 
classes who do not yet measure up to what the engineering 
profession would like, or has a right to expect. 

The teaching fraternity is taking positive steps to attract 
and develop new teachers. The American Society for En-
gineering Education of Urbana, Ill., has for several years had 
an active Committee for the Development of Engineering 
Faculties, logically referred to as C.D.E.F. 

An engineering teacher becomes such only after exposure 
to the academic atmosphere of learning in residence on a 
campus, and acquisition of several degrees beyong the bach-
elor's level. Because of this C.D.E.F. is beginning by showing 
qualified seniors the advantages of graduate work in residence, 
as preparation for teaching, or if that fails to appeal, for a 
fuller professional life. The in residence emphasis is important. 
because only in this way does the student gain unhampered 
time for graduate study, plus the opportunity to experiment 
with teaching as a life work. 

The C.D.E.F. group has prepared a helpful booklet 
"Teaching Tomorrow's Engineers." The possibilities opened 
to a young teacher by this booklet make one wish he were 
starting over again, complete with all modern advantages. 

The National Science Foundation has also aided the teach-
ing cause through grants allowing young teachers to complete 
their degree programs free of financial worry, or as a "capital-
ist," as one young faculty man put it. 

More and More. Most Professional Groups have been publish-
ing their Transactions on a quarterly basis over the past 
eight years. As an historical note, we here record that, be-
cause of increasing quantities of material, the Transactions 
of the Professional Group on Antennas and Propagation, and 
of the Professional Group on Microwave Theory and Tech-
niques will in 1960 shift to a bimonthly basis. 

This is an important milestone in the growth of the Pro-
fessional Groups. Conceived eleven years ago, and only in 
their eighth year of publication, they are now publishing at an 
annual rate of more than 6000 pages. Additional indication 
of the value of the Groups in disseminating technical informa-
tion is their enthusiasm in sponsoring symposia to serve their 
members across the country. 

Will we have monthlies by 1965?—J.D.R. 
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Gordon K. Teal (SM'53—F'56), assistant vice-president 
and director of research of Texas Instruments Inc., was 
born in Dallas, Texas, on January 10,1907. After receiving 
the B.A. degree from Baylor University in 1927, he went to 
Brown University as a Marston Scholar and during the 
two succeeding years was a University Fellow and a Met-
calf Fellow. Brown awarded him the M.S. degree in 1928 
and a Doctorate in 1931. From 1933 to 1935 he was re-
search associate at Columbia University where he carried 
on a research program concerned with heavy hydrogen. 

He joined Bell Telephone Laboratories in 1930 and 
over a period of 22 years with BTL conducted research and 
development in numerous areas. These included studies in 
electricity, secondary emission, photoconductance, elec-
tron multipliers, silicon carbide varistors, germanium and 
silicon rectifiers, microwave attenuators, borocarbon re-
sistors, germanium and silicon single-crystals, and transis-
tors. He has over 46 patents granted or pending as a result 
of his research in these fields. 

He joined Texas Instruments in 1953 as head of the 
Materials and Components Research Department, with 
primary responsibility for semiconductor research. Since 
1955 he has been in charge of Ti's Central Research 

Gordon K. Teal 
Director, 1959 

Laboratories, where research is carried on in the broad 
areas of chemistry, physics, electronic devices, as well as 
systems and earth sciences. 

His IRE activities have included service on the Edi-
torial Review Committee from 1955-1959, and on the 
Editorial Board from 1958-1959. He has served as Chair-
man of the Sections Publications Committee since 1957, 
his present term extending to 1960. He was secretary of the 
Dallas-Fort Worth Section in 1953-1954 and vice-chair-
man in 1955-1956, becoming chairman of the Dallas Sec-
tion in 1956-1957. He is Chairman of the Technical Pro-
gram Committee for the 1960 IRE Convention. 

Dr. Teal holds membership in the American Chemical 
Society, the American Physical Society, the Electrochemical 
Society, and Sigma Xi. He is an honorary member of Sigma 
Pi Sigma and is a fellow of the American Association for the 
Advancement of Science. He is the 1959-1960 Executive 
Vice- President for the Texas Academy of Sciences. He is 
a member of the American Management Association, 
serves on the Working Group on Electronic Materials of 
the Advisory Group on Electronic Parts, and is the repre-
sentative for Texas Instruments on the Industrial Re-
search Institute. 
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Scanning the Issue 
Poisson, Shannon, and the Radio Amateur (Costas. p. 

2058)—It should be mentioned at the outset that this paper 
is by no means addressed solely to radio amateurs nor con-
fined to amateur radio. It deals rather with a topic of much 
broader import, namely, the efficient usage of congested com-
munication channels. Frequency spectrum conservation has 
become one of the major post-war crusades of the radio engi-
neering fraternity. Much attention has been devoted to tech-
niques for reducing the bandwidth of communication systems. 
to the point where bandwidth conservation is now generally 
accepted as being synonymous with spectrum conservation. 
It may therefore come as somewhat of a shock to some to find 
someone proposing that in some situations a more efficient 
system can be achieved by increasing the bandwidth. The 
author is specifically concerned with the relative merits of 
single sideband versus double sideband systems in situations 
where a large number of transmitters operate intermittently in 
an uncontrolled fashion within the same portion of the radio 
band. These conditions are common not only in amateur radio 
but, perhaps more importantly, in military communications. 
The author reminds us that the broader bandwidth signals 
of DSB increase the ability of the receiving system to discrimi-
nate between the desired signal and interference. This results 
in significant improvements in operational reliability and in 
channel capacity. In military communications, it also makes 
the system decidedly less susceptible to jamming. Some of 
the author's contentions will probably arouse controversy 
from some readers, principally because they seem to contra-
dict commonly held notions of systems design and frequency 
assignment practice. In calling attention to the advantages of 
broad-band systems over narrow-band systems, the author 
has presented some novel and stimulating ideas regarding the 
congested band problem which will be of considerable inter-
est to communication system designers and users and to in-
formation theorists. 

Electronic Scanning System for Infrared Imaging (Lasser. 
Cholet and Emmons, p. 2069)—Close on the heels of the Infra-
red Issue of the PROCEEDINGS comes a totally new technique 
for converting infrared images into visible ones. Readers of 
the September issue will remember that mechanical scanning 
systems have undergone many years of development and are 
used in a majority of applications at present. Electronic sys-
tems, on the other hand, although presently limited in system 
detectivity, offer great promise for the future because they 
are inherently faster and less cumbersome. In the latter cate-
gory, two principal types have been developed to date: 1) 
photoemissive image tubes, in which the infrared image radi-
ation is converted into electron emission which is picked up 
either by a phosphor screen or by an image orthicon television 
camera tube, and 2) photoconductive tubes, in which the 
infrared image is converted into variations in surface charge 
which are sensed by a scanning electron beam. The electronics 
and optics of scanning and display systems have already been 
developed to a high degree by television engineers. The appli-
cation of these techniques to infrared imaging depends pri-
marily on the development of photosensitive transducer ma-
terials of good sensitivity and spectral response. In the present 
paper, the authors have developed a new type of tube in which 
the crucial element is a semiconducting window made of 
silicon. The window will normally pass infrared radiation. 
However, if the window is subjected to electron bombard-
ment, the bombarded area will become opaque. Thus by 
focussing an infrared image on the window and scanning it 
with an electron beam, a moving opaque spot is produced 
which subtracts a small variable amount of energy as the 
image passes through the window and on to an infrared detec-
tor. The energy variations are converted by the detector into 
a video signal, which is then fed to a television-type monitor 

for display. This novel development will interest many work-
ers in the television and semiconductor fields, as well as those 
concerned with infrared and military systems. 

Frequency Multiplication with Nonlinear Capacitors—A 
Circuit Analysis (Leeson and Weinreb, p. 2076)—There is 
widespread interest today in circuits with varying parameters, 
especially in connection with parametric amplifiers and har-
monic generators. With respect to the latter, earlier PRO-
CEEDINGS papers have shown that theoretically a relatively 
lossless nonlinear reactance is far more efficient than an ideal 
diode (nonlinear resistance) in converting power at the funda-
mental frequency into power at a harmonic. Meanwhile, the 
recent development of high-Q semiconductor nonlinear ca-
pacitors has offered a very promising practical way of obtain-
ing a nonlinear reactance that is relatively lossless. The pres-
ent paper derives basic circuit equations and impedance 
relationships which enable a designer to specify the conditions 
which will give him optimum power capabilities and effi-
ciency for any given circuit and harmonic. The analysis, inci-
dentally, is also applicable to frequency dividers, and to 
multipliers employing nonlinear inductance. 

Operating Characteristics of an Ammonia Beam Maser 
(Barnes, p. 2085)—The first operating maser was constructed 
by Townes and his associates at Columbia University in 1954. 
Shortly thereafter, workers at Stanford constructed the two 
masers on which the measurements described in this paper 
were made. Masers of this type have found important use as 
ultra-stable frequency standards. To date, long term sta-
bilities of better than one part in 10" and short terni stabilities 
of 2 parts in 10'2 have been achieved. This paper investigates 
the kinds of side effects which must be overcome or minimized 
to obtain even greater accuracies, not only in frequency sta-
bility, but also in reproducibility of a selected frequency. It 
presents what is probably the most complete description of 
operating characteristics and comparison of theory and ex-
periment that has yet been published. 

Coaxial Resonators with Helical Inner Conductor (Macal-
pine and Schildknecht, p. 2099)—The resonators described in 
this paper are especially noteworthy because they provide 
high Q's over a wide frequency range—from a few megacycles 
to over 1000 me—and are of a very practical size. For ex-
ample, one of these helical resonators designed for use at 10 
mc need be only 8 inches long, whereas a conventional coaxial 
resonator would require 25 feet. This paper gives exact details 
for constructing helical resonators. The designs and per-
formance characteristics are given in the clear and concise 
form of handbook information. This paper will be of wide 
interest to workers in many electronic fields. It represents 
very fine reduction of known relations to a highly practical 
and usable form. 

Digital Rate Synthesis for Frequency Measurement and 
Control (Rey, p. 3006)—This paper describes a method of 
frequency measurement and control in which conventional 
techniques are replaced by pulse techniques. In essence, the 
method consists of representing the signal whose frequency is 
to be measured or controlled in the form of a pulse train 
and comparing its pulse rate with that of a controllable vari-
able-rate pulse reference source. A detector measures the dif-
ference rate and produces an output which indicates the 
magnitude and sign of the difference. In an automatic fre-
quency control circuit, the rate difference signal would be 
used to drive a tuning motor to reduce the tuning error 
toward zero. At present the technique is of special interest in 
the fields of computing systems and motor speed control. 
However, frequency measurement and control is of such 
basic importance to so many fields that new ideas are certain 
to find a broad and receptive audience. 

Scanning the Transactions appears on p. 2123. 



)05g PROCEEDINGS OF TIIE IRE December 

Poisson, Shannon, and the Radio Amateur* 
J. P. COSTASt, SENIOR MEMBER, IRE 

Summary—Congested band operation as found in the amateur 
service presents an interesting problem in analysis which can only 
be solved by statistical methods. Consideration is given to the rela-
tive merits of two currently popular modulation techniques, SSB and 

DSB. It is found that in spite of the bandwidth economy of SSB this 
system can claim no over-all advantage with respect to DSB for 
this service. It is further shown that there are definite advantages 
to the use of very broadband techniques in the amateur service. 

The results obtained from the analysis of the radio amateur serv-
ice are significant, for they challenge the intuitively obvious and uni-
versally accepted thesis that congestion in the radio frequency 
spectrum can only be relieved by the use of progressively smaller 

transmission bandwidths obtained by appropriate coding and modu-
lation techniques. In order to study the general problem of spectrum 
utilization, some basic results of information theory are required 
Some of the significant work of Shannon is reviewed with special 
emphasis on his channel capacity formula. It is shown that this 
famous formula, in spite of its deep philosophical significance, can-
not be used meaningfully in the analysis and design of practical, 
present day communications systems. A more suitable channel 
capacity formula is derived for the practical case. 

The analytical results thus obtained are used to show that broad-
band techniques have definite merit for both civil and military ap-
plications. Furthermore, such techniques will result in far more 
efficient spectrum utilization in many applications than any practical 
narrow-band, frequency-channelized approach. Thus broad-band 
techniques can, in many cases, increase the number of available 

"channels." With regard to military communications it is shown 
that the ability of a communication system to resist jamming varies 

in direct proportion to the transmission bandwidth for a given data 
rate. Thus narrow-band techniques lead progressively to more ex-
pensive communications systems and less expensive jammers. It 
is concluded that in the military field broad-band techniques are not 
only desirable but also often mandatory. 

I. INTkoDUcTioN 

M
OST common usage of the radio frequency spec-
trum involves operation at specified frequencies 
as assigned by the appropriate regulatory 

agencies in the various countries. In contrast, the radio 
amateur service is assigned various bands of frequencies 

and properly licensed stations are permitted to operate 
at any frequency within these bands. This freedom of 

choice of frequency is necessitated by the obviously im-
possible administrative problem of assigning specific 
frequencies to specific stations and, furthermore, the 
available bandwidths fall short by several orders of 
magnitude of providing exclusive channels to each au-
thorized station. Thus, as one might suspect, the situa-
tion in the amateur bands is a chaotic one in terms of 
mutual interference. There is very little tendency to 
"channelize" for several reasons. The crowded conditions 

* Original manuscript received by the IRE. April 21. 1959; re-
vised manuscript received, June 13, 1959. 
t General Electric Co., Syracuse. N. Y. 

normally leave no empty spaces in frequency so that a 

station starting operation has no choice but to transmit 
"in between" two strong stations or on top of a weaker 
station. Furthermore, at the higher I-IF frequencies, the 
ionospheric "skip" makes it impossible to choose a 
good operating frequency bv listening, since the signal 
situation will be radically different between two points 

spaced many miles apart. Thus, the very nature of the 
amateur service would lead one to expect that any 

meaningful analysis of this problem must be based on a 
statistical approach. 
A mathematical study of amateur radio communica-

tions can be of use in other important areas. Consider, 
for example, military communications where allocation 
of frequencies cannot possibly prevent interference due 
to the use of the same frequencies by the opposing forces. 
It is not hard to imagine that under such conditions each 
operator will shift frequency and take other appropriate 
action in order to get his message through. Thus, in a 
combat area we might well expect to find the very same 

chaos in the communications services that we observe in 
the amateur bands today. Certainly in such situations 
interference cannot be eliminated by allocation; inter-
ference will exist and we must simply learn to live with 
it. We are not speaking here of intentional jamming but 
rather of the casual interference which is inevitable 
when two opposing military forces (which today depend 
heavily on radio) attempt to operate independently 
and use the same electromagnetic spectrum. The prob-
lem of intentional jamming will be treated in detail in 
Section VI. 

In the analysis of the radio amateur problem which 
follows, three modes of operation are compared. It is 
first assumed that all stations employ suppressed-carrier 
single-sideband (SSB). Then exclusive use of suppressed-
carrier AM (DSB) is assumed. Finally, a frequency 
diversity system is examined in which each station 
transmits a large number of identical signals at ran-
domly selected frequencies in the band. Intuitively we 
might suspect that SSB would be superior to DSB be-
cause of the two-to-one difference in signal bandwidths. 
The frequency diversity system is intuitively ridiculous 
because it apparently "wastes" bandwidth rather in-
discriminantly. As we shall see, intuition is a poor guide 
in these matters. The feeling that we should always 
try to "conserve bandwidth" is no doubt caused by an 
environment in which it has been standard practice to 
share the RF spectrum on a frequency basis. Our emo-

tions do not alter the fact that bandwidth is but one 
dimension of a multidimensional situation. 
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ordinate value and noting the kB values at which this 
line interesects the SSB and DSB curves. The two-to-
one increase in loading which we might at first expect 
from SSB certainly does not materialize, except at 
values of circuit reliability which are so low as to be 
meaningless. Thus, the randomness of band occupancy 
has a significant effect on performance, and any intuitive 
conclusions based on orderly channel assignments are 
subject to considerable error. Note in particular that the 
circuit reliability for SSB at kB= 1 is 70 per cent. At this 
loading there are enough channels to satisfy all needs, 
and 100 per cent reliability could be had if some or-
ganization could be obtained. About the only conclu-
sions to be drawn from Fig. 2 are that SSB and DSB 
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give nearly the same performance and that it is usually 
hopeless to try to communicate with a station whose 
signal strength is only average at times when the band 
is crowded. This last conclusion will come as no surprise 
to the experienced operator. 
As the strength of the desired signal increases above 

the mean value the situation improves rather rapidly, 
as shown by Figs. 3-5. The SSB and DSB curves now 
"cross over" and both curves tend to stay at higher 
reliability values as kB is increased, which is to be ex-
pected. Note in Fig. 5 that DSB shows a slight ad-
vantage over SSB for the lower loading values and the 
cross-over occurs when the reliability factor is 63 per 
cent. In total these results show the futility of claiming 
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any advantage for either SSB or DSB in this service. 
If one is insistent upon claiming an advantage, the 
specific conditions under which the comparisons are 
made must be given. 

In our attempt to determine the sensitivity of the cal-
culated results with respect to the choice of the ampli-
tude distribution function, an exponential distribution 
was tried in place of the chi-squared. The exponential 
distribution gave more weight to signals above the mean 
than did the chi-squared. However, the final results were 
very nearly the same. A further calculation involving a 
delta-function distribution (all interfering signals of the 
same strength) showed no significant differences. Thus, 
one is led to believe that the results obtained are not 
particularly sensitive to the choice of any reasonable 
distribution function for the signal strengths. 
The performance of the frequency diversity system 

shows up in a rather unusual manner in the graphs. 
This is due in part to the way in which we chose to 
interpret the results, and in part to the fact that in this 
case the interference is not random but constant. In the 
narrow-band cases the interference level changes con-
siderably in short periods of time because of the random 
appearances and disappearances of signals close to the 
operating frequency. In the broad-band case, the inter-
ference observed is the net result of nearly all the sta-
tions on the band so that the actions of any one station 
have a negligible effect on the interference level at the 
output of an appropriate broad-band receiving system. 
Thus, for a given loading, the interference level stays 
fixed and only the signal strengths of the various stations 
to which the receiver is "tuned" will be found to vary. 
Some signals will be sufficiently above the noise to be 
understood all of the time, while others will be below the 
noise and will not be heard at all. We have made a 
rather interesting trade in going from narrow- to broad-
band operation. In narrow-band operation, we can copy 
a strong signal most of the time and a weak signal just 
part of the time. In broad-band operation, we can copy a 
strong signal all of the time but a weak signal cannot be 
copied at all. The reason for the shape of the frequency 
diversity curves should now be clear, and the nature of 
the "trade-off" may be evaluated by an examination of 
Figs. 2-5. 
Amateur band operation with broad-band systems 

will prove to be somewhat different in certain respects. 
There will be fewer stations with which contact may be 
established (since the weaker signals which were for-
merly heard intermittently will now not be heard at all), 
but once contact is established the conversation can be 
expected to continue without interruption for a con-
siderable period of time. Since the amateur is not nor-
mally concerned with communicating with a specific per-
son, the exchange of some freedom of choice of possible 
contacts for reliability of communications will probably 
be welcomed. 

In the case of military communications, the problem 
is more difficult, since specific messages must be trans-

mitted to specific stations. If the signal strengths are 
weak, the narrow-band approach certainly offers no 
solution since, as we have seen, the circuit reliability 
will be poor. The message will have to be repeated over 
and over again before it is received with any reasonable 
degree of completeness and accuracy. Thus, under such 
adverse conditions we have been forced to lower the data 
rate because the necessity for repetition has increased 
the time required for the transmission of a given mes-
sage. Broad-band operation under the same adverse con-
ditions will suffer the same fate, but to a lesser degree. 
The data rate will have to be lowered (this can be done 
without decreasing the bandwidth) but since the inter-
ference level will be fixed at some average value we can 
lower the rate by just the amount necessary to keep the 
error rate below the acceptable maximum. With narrow-
band operation, practical considerations will no doubt 
force us to reduce the data rate to a value determined by 
the maximum interference level. Thus, for congested-
band operation, broad-band systems appear to offer a 
more orderly approach to the problem and a potentially 
higher average traffic volume than narrow-band sys-
tems. 

Nothing that has been said so far should be con-
strued as meaning that broad-band systems will always 
give us the traffic volume we would like to have, or feel 
we must have to support operations. As the congestion 
becomes worse it will be impossible to avoid reducing 
the data rate per circuit. The important point here is 
that the broad-band philosophy accepts interference as a 
fact of life and an attempt is made to do the best that is 
possible under the circumstances. The narrow-band 
philosophy essentially deities the existence of interfer-
ence since there is an implied assumption that the nar-
row-band signals can be placed in non-overlapping fre-
quency bands and thereby prevent interference. It is 
perhaps redundant to state that the realities of most 
practical military situations almost completely destroy 
the validity of such reasoning. 
At this point we shall leave the problem of the radio 

amateur and turn our attention to other communica-
tions areas. We have seen that the operating environ-
ment of the amateur is not unique to his service but 
that in other services, especially the military, conditions 
in actual practice will quite often degenerate to the con-
gested situation of the amateur service. Under such 
conditions we have shown the necessity for a statistical 
approach to the problem. It has been further demon-
strated that the efficient use of additional transmission 
bandwidth does not constitute a "waste" in the basic 
sense of the word. The policy of "conserving band-
width" is not based on sound physical principles but is 
based rather on a very common but still myopic view of 
communications. Such a policy will, ill many situations, 
conserve only the opportunity to communicate as 
efficiently as might otherwise be possible. Even worse, 
this point of view quite often leads to the design of 
systems which have little or no true military capability 
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because of extreme sensitivity to intentional interfer-
ence. These and other matters will be discussed in Sec-
tions VI and VII in more detail. First, it is necessary to 
derive some rather simple results from information 
theory. 

I V. I NFORMAT ION THEORN 

Consider the problem of data transmission by elec-
trical means. We transmit pulses over a noisy circuit 
and the pulses, together with the noise, are received and 
interpreted. Errors in interpretation of the message 
occur because of this noise. If the error rate is too high 
and the transmitter power is fixed, we have traditionally 
lowered the data rate in order to reduce the errors. This 
has always worked and the reason given was very 
simple. A lower data rate means that the pulse lengths 
can be increased, which in turn allows narrower band-
widths to be used, thereby reducing the amount of noise 
accepted by the receiver. Thus, it became axiomatic 
that lower error rates could be obtained only by cor-
responding decreases in bandwidth and data rate. To 
almost everyone in the communications art the validity 
of this axiom was unquestioned since there was a great 
deal of experience in support and none in contradiction. 
It remained for Shannon to show that systems could 
be constructed, in theory at least, which would behave 
quite differently from what our previous experience 
would lead us to expect. First of all, he showed that the 
data rate could be held at a constant value (provided 
this value were below a certain maximum) and at the 
same time the error rate could be reduced to arbitrarily 
small values. As for the general belief that one should 
always use the minimum possible bandwidth in order to 
reduce the noise accepted by the receiver, Shannon 
showed that in the ideal case, with a white-noise back-
ground, the system bandwidth should be increased to 
the point where the accepted noise power is at least 
equal to the signal power.3 This new theory presented a 
radically different picture of the limiting behavior of 
communications systems. 
A very superficial study of Shannon-type systems 

will now be made in the belief that many readers, who 
are not specialists in information theory, might find a 
practical discussion of this topic interesting and perhaps 
useful. Fig. 6 shows a form of communications system 
suggested by Shannon's work. The channel has a band-
width Wand average (white) noise power N. The trans-
mitter is limited to an average power P. Consider a 
white-noise generator having a bandwidth W. We record 
M different samples of the generator output, each sam-
ple having a duration of T seconds. These waveforms 

are now designated fi(t), MO, f3(0, • • • , f,,.((), • • • , 
Mt) and are made available as transmitted symbols, as 
indicated in the figure. Copies of each of the M wave-

3 C. E. Shannon, "Communication in the presence of noise, -
PROC. IRE, vol. 37, pp. 10-21; January, 1949. 
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Fig. 6—An ideal communications system. 

forms are made and placed at the receiver in the cor-
responding operator units 01, 02, • • • , Cok, • • • , Om. In 
operation, one of the M waveforms (say the kth one) is 
selected for transmission. Waveform fk(1) plus channel 
noise is received by each of the operator units. The op-
erator units subtract the waveform stored within each 
unit from the received signal, square this difference, 
integrate the square for T seconds (which is the dura-
tion of the symbols), and indicate this mean-square value 
as shown. If T is sufficiently large, each meter (except 
for the kth one) will with almost unit probability read 
very nearly a value corresponding to 2P±N, which is 
the average power of the difference voltage in each case. 
The kilt meter will give a reading corresponding to very 
nearly N (again with almost unit probability), since the 
Mt) portion of the received signal is completely removed 
in the subtraction process and only the channel noise 
remains. Thus, by noting which meter has the lowest 
reading we can identify which of the M symbols was 
transmitted. Of course, because of the channel noise we 
will make an occasional error and identify the wrong 
symbol. 

Before investigating the problem of errors we should 
examine the relationships between data rate R, symbol 
duration T, and number of symbols M. Assume that in 
each T seconds of time the system receives S binary 
digits (0, 1) to transmit. R will then be S/T bits per 
second. Since our symbol length is T, we must be pre-
pared to indicate a choice of one out of 2s possibilities 
with each symbol transmitted, since this is the number 
of different sequences of S binary digits. Then clearly 
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M= 2s and 

S log2 M 
R = =  bits per second. (7) 

Note that if the symbol length Tis increased, the number 
of symbols M used must increase exponentially with T 
in order to keep a constant data rate. Thus, if T is 
doubled, if will have to be squared for the same data rate. 

in general terms 

and 

M  = A r 

R = log2 A. 

(8) 

(9) 

Returning again to Fig. 6, assume the kth symbol has 
been transmitted. Thus, we look to see if the kth meter 
gives the lowest reading. If this is so, there is no error. 
If any one of the other meters gives a lower reading, an 
error in selection will occur. The probability that any 
meter will read less than the kth one can be made pro-
gressively smaller by increasing T, which increases the 
integration time in the operator units. However, this is 
only part of the story. As T is increased to lower the 
probability of any one meter indicating lower than the 
kth, the number of such comparisons needed rises ac-
cording to ( 8) in order that the data rate remain fixed. 
Thus, we have two conflicting trends as T is increased. 
The probability of error per comparison drops, but the 
number of comparisons necessary to arrive at a selection 
rises with increasing T. Shannon shows that we can 
always reduce the over-all probability of error in selec-
tion to as small a value as we may choose bv letting 
become large, provided that .1/ ( loes not increase with T 

faster than 

(10) 

This maximum permissible rate of increase of A/ with T 
determines the maximum data rate which can be sup-
ported with an arbitrarily small error rate. This maxi-
mum rate is known as the channel capacity C and is 
obtained by substituting ( 10) into ( 7) to obtain 

C = W log2 (1 P/N). (11) 

Of course, we ( lo not have to send data at the rate given 
by ( 11). We may send slower, and enjoy arbitrarily low, 
error rates. \Ve may even send faster than C, but then 
we must accept a certain irreducible error rate. 
As remarkable as ( 11) may be, the engineer concerned 

with practical system design needs more information 
than has been given thus far. We now know that multi-
symbol systems of the type shown in Fig. 6 are capable, 

practical considerations aside, of making the most 
efficient possible use of the communications channel. 
There are two engineering constraints which must be 
considered carefully. First, there is an inherent delay of 
2T seconds involved in data transmission because a T-

second length sample of input binary data must be 
available before choice of transmitted symbol may be 
made, and another T seconds is required for processing 
at the receiver before identification may be made. What 
will be the order of magnitude of this transmission de-
lay? Secondly, how many different symbols M will be 
required in a given situation? This last consideration is 
of special importance because it determines, rather di-
rectly, system complexity. We might suspect that any 
attempt to operate at or very near the rate C would re-
quire intolerably large T and A/ since this rate represents 
a limiting condition. Similarly, large T and M would be 
expected to result at operating rates lower than C if the 

error rate is specified at a very small value. What we 
really need to know is the behavior of T and if for a 
practical error rate, say 10-", as the data rate is varied 
from zero to 100 per cent of capacity. Rice, in an ex-
cellent paper,' gives us a good indication of the orders of 
magnitude involved. Rice assumed an SN R of 10 and 
an error rate of 10-'. lie then determined the number of 
bits per symbol S which would be necessary for various 
values of the ratio of actual data rate to channel capac-
ity. The results are shown plotted in rig. 7. Notice 

P
A
T
I
O
 
O
F
 
A
C
T
u
A
,
 
R
A
T
E
 
T
O
 
C
H
A
N
N
E
L
 
C
A
P
A
C
I
T
Y
 

9 

P. • 10 -5 

E • 10 

'0 10 -0' 0 ' 

1 Pr C, •••• P,..1 

7--Curve from Rice showing approach to capacity. 

that the numbers S of bits per symbol are quite large, 
and keep in mind that the number of symbols M is 2s. 
We need no numerical examples to conclude that the 
number of symbols needed will be fantastically large 
and that it is completely impractical to attempt to 
build systems which operate at rates close to the Shan-
non capacity under the conditions assumed above. (An 

S. O. Rice, "Communication in the presence of noise," Bell 
Ses. Tech. J., vol. 29, pp. 60-93; January, 1950. 



1959 Costas: Poisson, Shannon, and the Radio Amateur 2065 

interesting piece of work by Stutt5 shows that the situa-
tion is not quite so unreasonable if the SNR is low and 
the symbol waveforms are chosen systematically rather 
than at random.) 

In brief retrospect, we (as communications engineers) 
have been shown by Shannon that there is an upper limit 
to what we can do no matter how hard we may try or 
how ingenious we may be. That it may be extremely 
difficult to achieve or even approach this upper limit in 
practice can hardly be blamed on Shannon. He has 
located the top of our mountain: the problem of reaching 
the peak is ours, not his. 

V. A Pkm•Tium. SVSTIM us. H [GU EFFICI ENC 

It is quite clear that any analysis of a communi-
cations problem which uses the capacity formula with-
out careful qualification may give results of doubtful 
practical value. If a system of high efficiency and of 
reasonable complexity could be found, perhaps problem 
analysis could be carried out with results which would 
be significant in practice. Consider once more the system 
of Fig. 6, but now let there be only two symbols used, 

and 12(1). Shannon's idea of using noise-like symbols 
is quite intriguing. This will be retained except that f,(1) 
will be the negative of .fi(t) instead of being chosen at 
random as before. Thus, Mt) is now transmitted for 
mark (or binary 1) and --f1(1) for space (or binary 0). 
For obvious reasons we shall refer to this two-symbol 
system as the binary system. 

In the analysis of this binary system it is convenient 
to recall one form of the sampling theorem which states 
that a time function of T-seconds duration and of IV-
cycles bandwidth is completely specified by 21'W 
equally-spaced sample values of the funtion. Thus, we 
will represent the function .h(t) by the sequence of 
numbers xi, x2, • • . X2T1V which are the values of the 
function at the sampling times. The function fi(l) will 
be noise- like except that we shall adjust the function so 
that we obtain the exact relationship 

I 2711, 

-- E Xi) = P, 
27'Il" 

(12) 

where P is the average transmitter power. In a like 
manner the channel noise, which has an average power 
N, will be represented by the sequence of numbers 

n2, • • • , n2nr , where the ni are independent nor-
mal variables with zero mean and variance N. If one 
performs the operations described for Fig. 6 one obtains 
the following for the probability of error P,: 

[ 1 1. 2TIV P‘ = Prob. — E .,,,.; < 27'1- .v 
1 

(13) 

The summation terni may be shown to be Gaussian with 

5 C. A. Suitt, " Regular Polyhedron Codes," Research Laboratory, 
General Electric Co., Schenectady, N. Y., Tech. Rept. No. 59-RL-
2202; February, 1959. 

zero mean and variance PN: 21'W. If operating condi-
tions yield a low error probability, then 

e--*Y 
(14) 

2V7r(y)" 

where 

-y = — TB'. 
X 

A plot of logn, P. as a function of -y is shown in I 

o 

10 

12 

-1;1' 7W 

--r 

(15) 
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Fig. 8—Plot of log,. P. vs -y for the binary system. 

Note that once the system error probability is fixed, the 
relationship between SNR, bandwidth, and data rate 
(UT hits per second) is immediately determined. 

\Ve might inquire now as to how good our binary 
system is. It is certainly as good as any two-symbol 
system can be. Better results can be obtained only by 
increasing the number of symbols. The gain in doing 
this, however, does not generally appear to be worth the 
effort. For example, Stutt5 shows that for a P/N of 
1/10 and error probabilities in the neighborhood of 10-4 
to 10-6, the most efficient symbol choice requires the 
use of about 100 symbols in order to increase the data 
rate over binary by a factor of five. Note, however, that 
at a fixed error rate the data rate of the binary system 
may be made 5 times as large by inceasing transmitter 
power by 7 db. Thus, we must evaluate the relative costs 
of a 7-db transmitter power increase vs the increase in 
symbols from two (actually one in terms of equipment 
complexity) to 100. \Ve must conclude, therefore, that 
our binary system performance represents about the 
best that can be done in practice. Better results may be 
obtained by using more symbols but the rate of improve-
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ment will generally prove to be low.6 
This places us in a good position to derive expressions 

for the channel capacity in the practical case from ( 14) 
and ( 15). Before doing so we should understand that 
for high SNR's these equations may yield rates in bits 
per second far in excess of the bandwidth in cycles per 
second. There is a mathematical limitation which pre-
vents this. This limitation will not be discussed except 
to mention the fact that in theory the binary system is 
limited to a maximum rate 2W regardless of SN R.' In 
practice it is usually quite difficult to achieve even Was 
a rate; we shall choose this as our limiting value. 

Since the rate I? is 1 T, the channel capacity G in the 
practical case may be obtained from ( 15) as 

(16) 

(16a) 

where y is fixed by the desired error probability accord-
ing to ( 14). For an error probability of 10-5, -y is approx. 
mately 9.2. 
Admit tedly, the result ( 16) is not as elegant as ( 11). 

Keep in mind, however, that the concise nature of the 
capacity formula ( 11) is made possible by a limiting 
process in mathematics which cannot be duplicated in 
practice. A valid objection could also be raised to the 
application of the term "capacity" to the rate indicated 
by ( 15) and expressed in ( 16). From purely theoretical 
considerations, such an objection is certainly justified. 
From a practical point of view, ( 16) does, in a sense, 
qualify as a capacity since the performance indicated 
may only be approached by the most efficient use of 
modulation and processing techniques. It is quite doubt-
ful that there exist at present any operating systems 
which perform as well as ( 16) indicates is obtainable. 
The main point to remember is that for many years to 
come ( 16) will represent a sensible, realizable (but not 
easily realizable) design goal for the communications 
engineer; the capacity formula ( 11) can never serve 
this purpose. As processing and storage techniques im-
prove, it is to be expected that at some future time 
multisymbol systems may be built whose performance 
will exceed that indicated by ( 16). This does not in any 
way lessen the utility of ( 16) as a frame of reference. 

VI. JAMMING 

From the work of the previous section, we now derive 
some rather simple results which are well-known to 
information theory specialists the world over, but whose 
significance is apparently not appreciated by many 
engineers, at least in this country. 

Consider first the performance of the binary system 

6 This, like all generalizations, will have exceptions. One can con-
ceive of situations in which the multisymbol system would have 
sensible application, in such cases the work of Stutt, ibid., should 
prove quite useful. 

7 See discussion of sampling theorem which precedes ( 12). 

in a white-noise background having a density of no watts 
per cycle. The effective noise power N will then be 

N = noW, (17) 

and ( 15) will read in this case 

PT E 
=  - = (18) 

where E is the energy per transmitted symbol. We now 
have derived the well-known result that for binary 
systems of this type operating against flat channel 
noise, the error probability is independent of bandwidth 
and is a function only of energy per symbol and noise 
power density. Thus, for fixed average signal power and 
fixed data rate, the error probability does not change as 
the system bandwidth is increased. It is clear that as the 

bandwidth increases, the noise power accepted by the 
receiver increases, and for large bandwidths the received 
noise power becomes quite large compared to received 
signal power. Thus, systems of this type can operate 
with SNR's far below unity, or put another way, these 
systems can be made to operate satisfactorily in the 
presence of very large amounts of noise power. One 
might begin to suspect that a broad-band system would 
be fairly immune to intentional jamming, since in normal 
operation it is contending (satisfactorily) with such 
large amounts of natural noise that the additional noise 
contributed by the jammer would be insignificant by 
comparison. That this is precisely the case will be made 
more definite in what follows. 

Consider a binary communications system designed to 
operate in a white-noise background of power density 
no watts per cycle. Let practical considerations demand 
that the error probability be kept at or below a critical 
value P.0 corresponding to a -y value of -yo. Then the 
channel capacity will be from ( 16): 

1.1" P 
= 

-yo noW 
(19) 

as far as natural noise is concerned. For the sake of argu-
ment, we shall choose to operate at a data rate I? cor-
responding to one-half capacity. Then, 

1 
R = — =   (20) 

T 2 2-yono 

Consider now the appearance of a jamming signal of 
average power J in the channel and let us investigate the 
effect of Jon y, since this factor must be kept above the 
assumed critical value of yo. The noise term N in ( 15) 
will now be 

N = noW J, (21) 

and when (20) and (21) are substituted into ( 15) we 
obtain 

2no 

— 'Yo no + /117 (22) 
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This last equation tells a very interesting story. First of 
all, note the appearance of the J/W term in the denomi-
nator. This indicates that the effectiveness of a given 
average jamming power varies inversely as system band-
width. The broader the bandwidth the less effective will 
be the resultant jamming. In particular, in order to dis-
rupt the circuit (7= )'o) one needs an amount of average 
jamming power Jo equal to 

Jo = noll" (23) 

under the conditions specified. Thus, the relationships 
between bandwidth and jamming power become quite 
clear and may be summarized as follows: If the most 
efficient system design is assumed for a fixed data rate in 
each case, the necessary power required to jam the cirait 
varies in direct proportion to system bandwidth. The 
broader the bandwidth the more difficult it will be to jam 
the circuit. Conversely, the narrower the bandwidth the 
easier it becomes to jam the circuit. 

It should be quite clear that if intentional jamming is 
a consideration, one must of necessity choose a broad-
band technique. The narrow-band approach can only 
lead to eventual disaster. 

VIE THE QUESTION OF CHANNELS 
The well-known, but not necessarily sufficiently ap-

preciated, relationship between jamming immunity and 
system bandwidth discussed above leads to a natural 
concern over loss of channels if broad-band techniques 
are employed, as obviously they must be in many 
applications. It is the purpose of this section to discuss 
the general problem of "channels" somewhat more 
thoroughly than before, through use of the practical 
channel capacity formula ( 16). 

Consider the following problem. Communications 
service must be provided which requires that a total of 
K stations be permited to transmit messages at any 
time. Let a be the average fraction of time each station 
is active. The average signal strength (power) at a par-
ticular receiver will be denoted by P and it is assumed 
that 9 cycles of total bandwidth are allocated to this 
service. Background or natural noise will be ignored. 
Thus: 

9= Total bandwidth allocated to service. 
K= N umber of stations, each of which must 

be permitted to transmit at any time. 
a= Average fraction of time each station is 

actually transmitting. 
= Mean signal power at a receiving site (one 
station). 

Ce, Coe= Practical channel capacity per circuit in 
narrow- and broad-band operation, respec-
tively. 

We now wish to inquire as to the relative merits of nar-
row- and broad-band techniques for this service. 

First let us assume an environment in which all sta-
tions are under the complete control of a central author-

ity. Under this special condition, frequency division will 
result in circuit bandwidths of 9/K and, since there will 
be no interference and background noise is ignored, the 
capacity per circuit will be, using ( 16a), 

9 
C„Iv =-- —K  • (24) 

By comparison, the broad-band approach would yield a 
circuit bandwidth of 9 and a noise power N of aKP, 
which, if an average strength signal were being received, 
would result in a capacity per circuit of 

fi 
cris =   

yaK 
(25) 

using ( 16). Comparing (25) and ( 24) we see that if such 
a well-disciplined environment can be found, the narrow-
band system would be superior provided that the duty 
cycle factor a is kept high. For example, if a= 1 (each sta-
tion transmitting continuously) the narrow-band system 
appears to offer about a ten-to-one data rate advantage 

(for y=10). lf, due to operational considerations, the 
average duty cycle is low (say, 10 per cent or even 1 
per cent or less as may quite often be the case), then the 
broad-band system, even under such ideal conditions, 
becomes superior. 
The reasons for this are quite clear. If the duty cycle is 

low, the narrow-band system wastes spectrum since 
most of the allocated channels in 9 will be idle at any 
time. This cannot be avoided since each of the K stations 
must have access to communications at any time. The 
broad-band system takes immediate advantage of a 
low-duty cycle since this keeps the " noise" levc1 at low 
values and increases the per-circuit capacity. The nar-
row-band approach guarantees complete elimination of 
interference between stations (orthogonality,. as the 
specialist would say), while in the broad-band case each 
station appears as noise to the others. Thus, at high 
duty cycles the narrow-band system is superior because 
it avoids this " noise" problem completely. We must con-
clude then that the narrow-band system has sensible 
application under very special conditions (such as in 
radio broadcasting), but that even where complete con-
trol of all transmitters is possible, the broad-band sys-
tem can easily prove to be the more efficient user of 
spectrum. 
We shall now consider the same communications serv-

ice problem as before, except that we shall abandon any 

hope of a disciplined use of the bandwidth 9. In most 
military applications, a congested band assumption is 
much more realistic for several reasons. Certainly two 
opposing military forces will have planned their spec-
trum usage independently. Under such conditions inter-
ference will be the expected rather than the unusual 
event. If narrow-band systems have been chosen, it is 
quite likely that each operator will shift frequency 

when severe interference is encountered in an attempt 
to maintain service. This is only the natural and sensible 
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thing to do. Furthermore, under conditions where signals 
propagate over distances of many thousands of miles, 
interference will no doubt be quite common even be-
tween stations that are a part of the same military 
force. It seems unrealistic to expect that interference 
can be prevented by administrative means when the 
total number of users is large and when the geographic 
distances between groups of users is great. It must be 

presumed then that, in spite of careful allocation at-
tempts, the narrow-band approach will not prevent in-
terference and that congested operating conditions will 

certainly prevail. 
Consider the problem that an operator faces when 

trying to clear messages in a congested band using nar-
row-band systems. As we have shown, the SN R in such 

a case is a statistical quantity varying from very good 
at one time to hopelessly poor minutes or even seconds 
later. If the data rate is set too high (based on those 
times when the SNR is good), much of the traffic will be 
lost and repetition will be necessary. In order to know 
what messages or parts of messages were lost, a return 
link is required, but this will also suffer from interfer-
ence. Such operation is quite inefficient and it would 
soon be discovered that the data rate would have to be 
determined by the least favorable SNR anticipated dur-
ing the operating period. Thus, the per-circuit channel 
capacity in this case may be approximated roughly by 

Cn.v = (—P) (26) 
X min 7K 

using ( 16). 
The assumption of congestion does not alter the per-

formance of the broad-band system so that ( 25) still 
holds. A rough estimate of the relative performance of 
these two approaches to the problem of congested band 
operation may now be obtained by taking the ratio of 

(25) to (26): 

C pB 

C  pN  

1 
• (27) 

As rough as this approximation may be it still seems 
rather certain that in a congested band the broad-band 
system will normally far outperform the narrow-band 
system. 

Eq. (25) may then be taken as the average capacity 
per circuit of a congested band. In slightly modified 

form we have: 

1 
C2di = — bits per second, (28) 

where k is the average number of actual users per cycle 
of bandwidth and 7 is determined by the required 

error probability according to ( 14). 
It might be mentioned at this point that with broad-

band operation the DSB and SSB methods of modula-
tion give identical results for the same transmission 
bandwidth. As a practical matter, the DSB system offers 
a two-to-one increase in transmission bandwidth in the 
modulation process over and above the bandwidth in-
crease obtained by coding processes at baseband. This 
may sound strange to engineers accustomed to design 
work aimed at conserving bandwidth. It is still true that 
there are practical difficulties involved in designing 
equipment which uses more bandwidth efficiently and 
that the bandwidth doubling which may be obtained in 
the modulation process with DSB will prove quite 
helpful in general. 

VIII. CONCLUSIONS 

Since the invention, many years ago, of the frequency-
selective filter, it has been common practice to share the 
inherent capacity of the RF spectrum among users on 
the basis of frequency allocations. As the number of 
users increased, methods were found for reducing trans-
mission bandwidths so that new services could be ac-
commodated in the existing spectrum. Extrapolating the 
past into the future has led to the natural attempt to 
continue this evolutionary process of seeking methods 
for the further narrowing of transmission bandwidths, 
thus providing service for the increasing user population. 
This philosophy of spectrum usage is based on a par-

ticular course of development which the radio art hap-
pened to take, rather than on any fundamental physical 
principles. The inherent communication capacity of the 
spectrum can be shared in ways other than by frequency 
allocation and for many applications the frequency divi-
sion approach represents a very poor choice indeed. In 
the field of military communications in particular, the 
tendency to follow the trends of the past quite often 
leads to systems having negligible military capability 
although good intentions may be to the contrary. 

This is not to say that broad-band systems have been 
completely ignored in the past. It could safely be said, 
however, that the magnitude of the effort thus far ex-
pended on the broad-band approach is far out of propor-
tion to the importance of this technique. 
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Electronic Scanning System for Infrared Imaging* 
M. E. LASSERt, P. H. CHOLETt, AND R. B. EMMONSt 

Summary—A new all electronic infrared imaging system has 
been designed and constructed. The infrared image of a given field 
of view is focussed onto a scanning tube which dissects the image; 
after passing through the scanning tube, the radiation is then re-
focussed onto a separate infrared detector. The tube face is a semi-
conducting window. An electron beam, striking the window, gen-
erates free carriers and reduces the transmission of the window 
locally. As the electron beam is swept across the scanning tube face, 
the moving opaque spot produces a video signal at the detector. 
Both the conditions for the operation of the device and the over-all 
sensitivity have been analyzed. It is found that the sensitivity and 
information rate of the system are limited only by the sensitivity and 
time constant of the detector employed. 

INTRODUCTION 

I r 1HE problem of conversion of an image formed by 
infrared radiation to a visible image has been ap-

  proached in a number of ways. 
Mechanical scanning systems have undergone years of 

study, and have extremely varied forms' but suffer from 
scanning speed limitations. Photoemissive image tubes 
developed to date suffer from serious limitations in 
wavelength response, and vidicon or photoconductive 
tubes which show promise of long wavelength sensitiv-
ity appear to be limited by the fact that the very high 
resistivity required by the screen material can only be 
achieved by cooling the entire sensitive area. 

Following the suggestion of one of the authors ( M. E. 
Lasser), a high-speed electronic scanner has been con-
structed and tested in the laboratory. This tube does 
not have the storage capabilities of a vidicon, but it is 
extremely easy to construct, and has proven to be a 
practical operating device when used with any one of 
several highly sensitive, small-area infrared detectors. 
The infrared scanner consists of a tapered tube with a 

semiconducting window at one end and any suitable in-
frared transparent window at the other. Another tube, 
containing an electron gun, is joined to the first at an 
angle which allows the electron beam to strike the semi-
conductor, but which keeps the gun out of the optical 
path between the two windows. 
An infrared image of the object to be viewed is formed 

on the semiconducting window. When the electron gun 
is not operating, the infrared radiation continues 
through the second window of the tube. It is then re-
imaged on the surface of an infrared sensitive detector. 
When the beam is turned on and focused on the first 

window, the moderately high-energy electrons create 
free carriers locally in the semiconductor, changing its 
conductivity and, hence, its absorption coefficient at 

'1' Original manuscript received by the IRE, July 14, 1959; revised 
manuscript received, September 28, 1959. 
t Philco Corp., Philadelphia, Pa. 
J. C. Wilson, "Television Engineering," Pitman and Sons, Ltd., 

London, Eng., ch. I; 1937. 

that point. Deflection yokes allow the beam and the 
absorbing spot which it generates to be swept over the 
semiconductor to form a raster. Since the amount of 

light absorbed at any instant depends on the intensity 
of the infrared image under the absorbing spot, the out-
put of the detector will be a time function whose am-
plitude is dependent on the spatial intensity variations 
in the infrared image. This time function may be used to 
modulate the beam of a television-type monitor, thus 
rendering the infrared image visible. 

THEORY 

Free Carrier Absorption 

\Ve will first determine the increase in free-carrier 
density which is required to make the semiconductor 
locally opaque, and whether it is possible to produce 
this required density through the action of an electron 
beam. 
A qualitative explanation of the optical properties of 

semiconductors at wavelengths too long to produce ab-
sorption by means of valence to conduction band transi-
tions may be obtained from the classical Drude-Zener 
theory. Later work," has produced no essential modi-
fication of the classical theory, and none of the theories 
is as yet in very good quantitative agreement u,ith ex-
perimental absorption data. The classical theory, ad-
justed to fit the experimental data, will be used here. 

According to the Drude-Zener theory, the absorption 
coefficient a of a semiconductor for light of angular 
frequency co is given by 

where 

1 
a = — 

cEon 

= Co 
I 

\ + co2t2 ' 

« is the frequency dependent conductivity, 
cro is the dc conductivity, 
eo is the permittivity of free space, 
n is the index of refraction, 
c is the velocity of light, and 
t is the mean time between collisions for the charge 
carriers and is related to the drift mobility 12 of the 
free carriers present by the expression 1=m*µ/q 
where m* is the effective mass of the free carriers 
and q is their charge. 

(1) 

(2) 

2 R. de L. Kronig, "The quantum theory of dispersion in metallic 
conductors, part II, Proc. Roy. Soc. (London), vol. 133, pp. 255-265; 
September, 1931. 

3 H. Y. Fan, W. A. Spitzer, and R. J. Collins, " Infrared absorp-
tion in n-type germanium, Phys. Rev., vol. 101, pp. 566-572; January, 
1956. 
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For most semiconductors, t is in the range 10-n sec-
onds to 10-12 seconds. Thus, for wavelengths from the 
absorption edge to wavelengths well beyond 20 1.4 
co7t2>>1, and we may use the approximation 

1 
a =   y0X2 = C d1/42 

‘172eonc3t2 
(3) 

The value of the constant Cas defined by (3) will not be 
used in the following. Instead, we will choose a value 
for C which brings the equation into better agreement 
with experimental absorption data. 

In the wavelength range of interest, then, we can ex-
pect that the absorption coefficient will depend linearly 
on the conductivity and on the square of the wave-
length of the incident light. Structure, such as that 
observed in the absorption curves of p-type germanium' 
superimposes additional absorption' which disturbs this 
functional dependence but this dependence is supported 
by the experimental data for silicon6 (see Fig. 1), n-type 
germanium, and a number of other materials.7 
The relative intensity of light transmitted through a 

semiconductor will then be (neglecting Fresnel losses) 

= e—CooX7.1. 

Jo 

(4) 

where x is the thickness of the semiconductor window. 
Fresnel losses are independent of wavelength and con-
ductivity for semiconductors in the wavelength region 
and with the conductivities cro, of interest here. When 
electrons strike the material, producing, to the depth 
of their penetration d, a higher conductivity al, the 
relative transmission of the window becomes 

12 

/0 
e-c.ox2ieccoo-n)x2d (5) 

at the point where the beam strikes the material. If the 
material is to be made essentially opaque ( < 1 per cent 
transmission) the exponent of the right member of the 
expression must be at least 4.6. If we assume that 
cri>>ao then the terms of the exponent involving o-o can 
be neglected. 

Consequently the requirement for 99 per cent ab-
sorption is simply 

Codk'd > 4.6. (6) 

The conductivity ai of the semiconductor at the point 
where the beam strikes it may be written 

ai = gn(ge ± ma) + ao (7) 

' W. Kaiser, H. Y. Fan, and R. J. Collins, " Infrared absorption in 
p-type germanium," Phys. Rev., vol. 91, pp. 1380-1381; September, 
1953. 

6 This additional absorption, which is due to intraband transi-
tions, is useful in that it reduces the number of free carriers required 
to make the semiconductor locally opaque. 
G W. G. Spitzer, " Infrared Properties of Semiconductors," Ph.D. 

dissertation, Purdue University, Lafayette, Ind., p. 50; 1957. 
7 H. P. R. Frederikse and R. F. Blunt, "Photoeffects in inter-

metallic compounds," PROC. IRE, vol. 43, pp. 1828-1835; Decem-
ber, 1955. 
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Fig. 1—Free carrier absorption in p-type silicon (after Spitzer). 

where n is the steady-state density of the pairs of car-
riers created by the beam and ge and ph are the mobility 
of the electrons and holes, respectively, cro will be again 
neglected in comparison with the first term. The steady-
state density of pairs n may be written 

n = gr (8) 

where g is the pair generation rate per unit volume and 
r is the lifetime of the material. It is assumed that the 
beam dwells on any one spot at least long enough so 
that equilibrium is established between the generation 
and recombination rates. In terms of the beam current 
i and spot area s of the electron gun, and in terms of Z, 
the efficiency of production of pairs by the electrons, 

the generation rate is 

Zi 
g = — 

qsd 
(9) 

where it has been assumed that the current density is 
constant over the area s of the beam. An empirical curve 
for Z, the number of pairs created by each electron as a 
function of its energy, has been reported for silicon8 and 

V. M. Patskevich, U. S. Vavilov, and L. S. Smirnov, "Energy of 
ionization by electrons in silicon crystals," Soviet Phys. JETP, vol. 
6(33), pp. 619-620; March, 1958. 
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is reproduced in Fig. 2. The curve is linear with a slope 
of about 1 pair/7 ev above 10 key, and less than this 
below 10 key, indicating that some energy is lost in 
penetrating the surface without commensurate produc-
tion of hole electron pairs. The curve may be reasonably 
extrapolated to higher energies; the mechanism for the 
loss of energy of the electrons continues to be pair pro-
duction by ionization up to the electron energies of 140-
150 key, at which point Frenkel defects begin to occur.' 
Thus if the electron beam energy is maintained below 
the 140-key value, the bulk characteristics of the silicon 
will not be advcrsely affected by the incident electron 
beam. 
We are now in a position to determine whether a local 

conductivity sufficient to produce complete absorption 
can be obtained. Substituting (7), (8), and (9) into (6), 
we have as the condition for 99 per cent absorption that 

CZir(me mh)X2 
ColX2d —  > 4.6. (10) 

Assuming the semiconductor is silicon, we take 
C=8 X106 ohnie/cm2, Ile= 1500 cin2/volt second, and 
ph = 500 cm/volt second. The wavelength at which the 
inequality ( 10) is most difficult to satisfy is the shortest 
in the range of interest. Consequently, we take X = 1.2 bt. 
Silicon may be obtained with lifetime r ranging from 
10-8 seconds to 10-3 seconds. \Ve will choose, for the 
present, the easily obtained value 10-6 seconds. The 
depth of penetration of the electrons has canceled out 
of the above expression, but an estimate of its value 
will be required to insure the choice of silicon with the 
proper lifetime. 
The penetration depth for 25 to 30 key electrons is of 

the order of 10.-3 cm, as estimated from the experi-
mental data for aluminum, 1° whose density and atomic 
number are quite close to those of silicon. This depth 
of penetration is small enough so that the surface re-
combination lifetime may be expected to predominate 
over the bulk lifetime. Consequently when a silicon 
window is chosen for the tube, the lifetime should be 
measured with the surface finished as it is to be used, 
and nonpenetrating light should be used to take the 
measurement. 
A triode gun of the type used in a flying spot scanner 

tube will yield a beam current i of 1.0 milliampere at an 
accelerating potential of 30 kv, with a spot diameter of 
0.01 cm. Each of the electrons, accelerated to an energy 
of 30 key, will yield 2800 pairs when it strikes the silicon. 
Substituting these numbers into ( 10), we obtain 

CcriX2d = 8.0. 

Thus, we see that it is possible to produce a spot 
which is opaque even at the shortest wavelength of the 

9 P. Rappaport and J. J. Loferski, " Radiation damage in Ge and 
Si detected by carrier lifetime changes: damage thresholds," Phys. 
Rev., vol. III, pp. 432-439; July, 1958. 

10 L. Katz and A. S. Penfold, " Range-energy relations for elec-
trons and the determination of beta-ray end-point energies by ab-
sorption," Rev. Mod. Phys., vol. 24, pp. 28-44; January, 1952. 
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Fig. 2—Pair production in silicon by high-energy ebctrons 
(after Patskevich, Vavilov, and Smirnov). 

useable range in silicon with a beam current which is 
easy to obtain. At the longer wavelengths, effectively 
complete absorption is obtained with currents well be-
low 1 milliampere. 

In the design of the tube, it is important to insure 
sufficient absorption, both to produce maximum signal 
and to avoid the possibility of noise modulation of a less 
than fully opaque spot. Within this limitation it is 
necessary to consider the effect of the lifetime of the 
semiconductor on the bandwidth, the resoktion, and 
the sensitivity of the system in which it is to be used. 
The lifetime of the material should be chosen to match 

approximately the dwell time of the electror beam on 
any one spot. If the scanning rates are such that the 
beam dwells on one spot much longer than a lifetime, 
it becomes a relatively inefficient producer of free 
carriers. A longer lifetime would in such a ease allow 
the beam current to be reduced while mainta-ning com-
plete absorption. On the other hand, if the beam dwells 
on any one spot a time shorter than the lifetime of the 
material an after-image may result. 
The diffusion length in the material determines how 

much the electron hole pairs created by the beam will 
spread before recombination. This spreading will put a 
lower limit on the spot size for material with a given 
lifetime. The average diffusion path length is given by 

LD = N/Dr 

where D is the diffusion constant for the material, and 
r is as before the lifetime. For silicon, D 20 cm2/sec-
ond; hence, if r = 10-2 seconds, 

LD = V20 X 10-6 ee 4.5 X 10-4 cm 

which will effectively double the size of the opaque spot 
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for an electron beam spot size of 10-2 cm. The resolution 
of the system will of course depend on the optical sys-
tem used to place an image on the silicon as well as on 
the spot size given above, but the limitation arising 
from the diffusion of the pairs must be kept in mind. 

Possibility of Reeding or Refracting Mode 

The possibility of using the scanning tube in the re-
flecting or refracting mode rather than the absorptive 
mode has also been considered theoretically. Noise argu-
ments given below show that, in most practical cases, 
the decrease in sensitivity arising from the fact that the 
entire field of view is always on the detector is neg-
ligible. However, if the carriers created by the electron 
beam could change the index of refraction sufficiently, 
it ‘rould in principle be possible to have only a particular 
scanned element reflected or refracted onto the detec-
tor. 

The reflection coefficient for normal incidence is given 
by 

R = (n — 1)2 k2 

(n 1)2 k2 

where n and k are the index of refraction and extinction 
coefficient respectively. 
When there are no free carriers present k = 0 at wave-

lengths longer than the band edge. To determine the 
effect of a change in the free-carrier concentration on 
the reflection coefficient we have to evaluate how large 
an effect the free carriers have on the values of n and k. 
The optical constants are related to the conductivity 

and the dielectric constant by the following relation-
ship. 

K. — jq = (n — jk)2 
coeo 

where K, is the dielectric constant and u is the conduc-
tivity as measured at the angular frequency co. 

Solving for n and k we find 

n2 =[4/1/2 K82 (—) „ K] 
CJE0 

k2 =[,V1 /2 L 2 --) L. 

a  2 WE° 

Since IC. = 12 for silicon, changes in n (or k if we are in-
terested in a reflection change) due to changes in the 
free carrier concentration will not be significant unless 

O 

This reduces to the condition that o. at 3/2 must be 
greater than or equal 55 9-1 cm-1. 

Therefore, in order to obtain a change in the index 
of refraction at 3 µ, the dc conductivity as given by (2) 
must be at roughly 3.5 X 10611-' cm-', which will be diffi-
cult to achieve with injection by the electron beam. In 
contrast, note that from (6), the dc conductivity re-

quired to produce complete absorption at 3 µ is 1)(10' 
cm-', somewhat more than two orders of magnitude 

less. At longer wavelengths, the magnitude of the dc 
conductivity required to produce a change in the re-
fractive index will decrease, and the changes will be 
easier to achieve. Thus, if the tube is to be used at wave-
lengths of 10 At or longer it will work in a reflecting or re-
fracting mode. For wavelengths below lop, however, the 
absorption coefficient remains considerably easier to 
change through the action of the electron beam. 

Energy Considerations 

rig. 3 shows the principal elements which will be re-
quired to make use of the variation in absorption in a 
semiconductor, as described above, to construct a prac-
tical image-scanning system. 

CAMERA TUBE 

INCIDENT 
WINDOW 

FOCUSSING AND 
DEFLECTION COILS 

EMERGENT 
WINDOW 

INFRARED \ 
DETECTOR \ 

ELECTRON GUN 

s \ 

SECOND 
COLLECTOR 

Fig. 3—Scanner tube in the associated optical system. 

Assuming the objects in a distant target field of view 
to be self luminous in the infrared portion of the spec-
trum, the power P at the filter is given by 

nyT4 
P = ATA, (K) 

irD 

I lere 

AT 
A, 

is the Stefan- Boltzmann constant, 
is the emissivity, 
is the target temperature °K, 
is the appropriate optical transmission factor for 
the system, 
is the area of the target, 
is the area of the collector, and 
is the distance to the target. 

The electron gun provides a beam of electrons suffi-
cient to form an absorbing or blanking spot of area s on 
the filter. The area s corresponds to a target area 
A 7. = SD 2/f/2, where fl is the focal length of the first col-
lector. The optical power focussed on the blanking spot 
is thus 

P, = A, 717Tils (K). 
7.112 
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Correspondingly, the power on the whole surface of the 
filter may be written 

tryTI4F 
 (K) 

where F is the area of the filter and 

(12) 

Ti and T have been introduced to indicate that the 
temperature 2'; of an area in the field of view corre-
sponding to the scanning spot may be different from the 
temperature Tv averaged over the total field of view. 

In terms of f, the "f number" of the first collector, the 
expressions ( 11) and ( 12) may be written as 

rry7';'s 
P„ (K) (13) 

4.1'2 

7777.41*. 
= (K) 

4f2 

These expressions are valid for f greater than or equal 

to 1. 
Given a suitable second collector, positioned as shown 

in Fig. 3, the power on the detector will be the total 
power on the filter minus the small amount absorbed 
in the area under the blanking spot. Thus PD = PF—Pa. 
PD represents the power on the infrared detector 

which comes through the optical system. In addition to 
this power, consideration must be given to the back-
ground power radiated from elements of the optical 
system and apparatus surrounding the detector. All the 
radiant energy to which the detector is exposed will be 
background radiation except for the signal information 
coming through the silicon filter. In the case in which 
the detector may receive radiation from a solid angle of 
2 ir steradians, the total power when the beam is off 
will be 

(14) 

— n8TB4 
PB = 4. 2 (K)]. (15) 1-  

n is the detector area and rip and 'is, are the average 
emissivities of the background and the target area, re-
spectively. In the limiting case where ?Ir. equals tin, 
and T1 equals the background temperature 

PB= A p(ley1.114) as is required thermodynamically. 
Were the blanking spot to remain stationary, the de-

tector output signal from the system as so far described 
would be simply the dc signal corresponding to the de-
tector responsivity times the total power (Pa—PH). 
Now, if suitable voltages are applied to the deflection 

coils, the blanking spot may be made to describe a 
television-type raster. Under these circumstances, 
changes in detector output will be proportional to differ-
ences in power falling on the detector which correspond 

to differences in the temperature (or emissivity), of the 
various portions of the total field of view. 
The instantaneous peak-to-peak ac signal power will 

be 

-y(oiTi4 — 11)s 
=   (K). ,4.f2 

(16) 

Thus, we llave an elementary system for sca.ming a 
field of view. The detector gives an output signal pro-
portional to differences ill power radiation from the suc-
cessively scanned elements j and j of the field of view. 
If, as outlined in Fig. 4, the detector is connected to a 
video channel, we may intensity modulate an oscillo-
scope driven in synchronism with the blanking spot, 
and reconstruct a visual picture of an infrared source, 
or sources. This system then is an electronic analog of 
a mechanical scanning system. 

SO NO 

:TR EecRTE.D. 

HORIZONTAL 

AND 

VERTICAL 
SWEEPS 

POWER 

SUPPLY 

DUPL A, 

TO 10 NV 

Fig. 4—System block diagram. 

The analogy is quite close, but it is worthwhile to 
point out the significant differences. In ( 16) the param-
eter s refers to the electron beam spot area, whereas in a 
mechanical scanner the term would refer to the area of 
the detector employed. Since it is easier to obtain a 
very small electron beam spot than to obtain a very 
small detector, the present system can provide high 
resolution more easily than can a mechanical scanner. 
But as ( 16) indicates, the signal power is directly pro-
portional to s, so that, as with a mechanical scanner, 
high resolution is obtained only at the expense of sensi-
tivity. 
The need for a second collector in the present system 

places a restriction on fin ( 16) which is not present in a 
mechanical scanner where a second collector is not re-
quired. Application of the Abbé sine condition to the 
second collector shows that to the first order, the mini-
mum value of f is given by fmin when y is the 
diameter of the field of the first collector and d is the 

diameter of the detector employed. In some applica-
tions, satisfaction of this relation may limit the useable 
f number. 
A third difference is that, in the present system, the 

detector is always exposed to radiation from the entire 
field of view. The signal is obtained by subtracting a 
small variable amount of energy from this large steady 
background. The detector of a mechanical scainer is of 
course exposed to radiation from only one element of the 
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field of view at any given instant. Possible adverse 
effects of the large steady background are cell satura-
tion or an increase in system noise due to statistical 
fluctuations in the background radiation. To determine 
whether the exposure to the entire field of view is likely 
to saturate the detector we may compute from ( 15) at 
what point the effective background radiation from the 
target field of view becomes equal to that from the opti-
cal apparatus surrounding the detector. Because this 
system is a double imaging system, and is intended to 
yield good visual images with flat field and low distor-
tion, it is reasonable to assume that the first collector 
will not be faster than f= 1. Under these conditions 
4 T 1,4 = _ 184) , ignoring optical losses and assuming 

emissivities of one for convenience. When TR -300°K, 
Tz - 450°K. Therefore, if the detector does not saturate 
upon exposure to room temperature background, it is 
reasonable to infer that even if the entire field of view 
were at as high a temperature as 450°K, no saturation 
would occur. When the field of view is at this tempera-
ture, the detector is receiving only twice the usual back-
ground power, according to the above calculation. 
We may also use the above situation to determine 

whether the sensitivity of the system will be limited by 
statistical fluctuations in the background radiation 
reaching the detector. If we assume a detctor to be 
sensitive in the wavelength range 0-6 µ, for example, 
n-type gold doped Ge or InSb," a hemispheric back-
ground at 300°K will produce an effective flux density 
at the detector of 1.8 X10-3 watts/cm2. The situation 
above provides twice this amount, the energy being 
carried by 30 X 10 " photons/cm 2seconds. The root-mean - 
square fluctuation in this number is simply N/30X10'6 
=5.5 X10e, the Bose-Einstein correction being neg-
ligible. The root-mean-square fluctuation in energy 
density is then 2 X 10-" watts/cm2. 

Thus, the system is not radiation noise limited, un-
less detectors can be obtained which are sensitive to a 
flux density of this or a lesser magnitude. At the present 
time, detectors which are within a factor of 3 of being 
limited by the radiation noise from a full hemisphere 
at room temperature, are laboratory curiosities. The 
above situation, with the entire field of view at 450°K 
and no care taken to shield the detector from the equip-
ment surrounding it, provides radiation noise only 2.5 
times as intense as that from a full hemisphere of room-
tein perature radiation. 

System Performance 

The sensitivity of an infrared detector is commonly 
described in terms of its Noise Equivalent Power, or 

NEP. The NEP is simply that incident blackbody 
power just sufficient to make signal equal to noise under 
the test conditions chosen. The resultant sensitivity is 
normally reduced to a one-cycle bandwidth and unit 

" M. E. Lasser, P. II. Cholet, and E. C. Wurst, Jr., "High-sensi-
tivity infrared detectors," J. opt. Soc. Amer., vol. 48, pp. 468-473; 
July, 1958. 

signal-to-noise ratio. Hence, if the test blackbody tem-
perature is To we have NEPT0=-PaN/AB(V)], where 
àB is the bandwidth, V is the signal-to-noise ratio, and 
P is the blackbody power incident on the detector. 
Solving this equation for P and converting to peak-to-
peak notation, we have 

P = NEPT. 2.8 N/( V). (17) 

Using ( 16) and ( 17), we may obtain an expression 
which will allow the prediction of the minimum ob-
servable temperature differential in the field of view. 

Ti — n.)71;41 = 
V NEPT, 2.8v/4f 

Kys 
(18) 

It is necessary to inquire closely into the value of 
NEP to be used in this equation. As Ti and Ti become 
appreciably larger than the background temperature, 
the value of NEPT0 changes accordingly, due to the 
shift in the spectral distribution of energy at this Ti or 
Ti. Thus NEPT. in ( 18) should be replaced by NEPT, 
to indicate improved sensitivity to higher temperature 
targets. Since NEPT, is a function of the temperature 
difference being calculated, graphical or successive ap-
proximation methods must be used for accurate solu-
tions of ( 18) where Ti or j>>7' B. 

While using AB for computation is convenient when 
NEP values are concerned, from a system point of view 
the bandwidth must be related to other parameters. It 
may be shown that the bandwidth required is approxi-
mately the number of picture elements transmitted 
per second to the accuracy required here." If 1/z is 
equal to the number of elements scanned per second, 
AB is equal to lz or b/2 e where b is the number of ele-
ments per frame and is the frame time in seconds. It 
is possible therefore to substitute bu2/ei2N/2 for N/AB 
in ( 18). Implied in the wide bandwidth required for 
transmission of many picture elements per second is the 
assumption that the detector has a sufficiently short 
time constant to respond to the highest frequencies. 

Derivation of the equations for temperature sensi-
tivity presumed that the scanning spot was completely 
opaque and that the spot moved "cleanly" from one 
scanned picture element to the next. As indicated pre-
viously, too short a lifetime in the scanned window 
causes poor blanking, while too long a lifetime may 
cause smearing. An associated effect, which is not 
treated explicitly here, arises due to the aperture ad-
mittance" of the scanned spot. This effect results in a 
loss of high frequency components of AP„ and in order 
to maintain maximum S/N ratios the high frequency 
response of the video amplifier must be correspondingly 
limited. 

" D. G. Fink, " Principles of Television Engineering," McGraw-
Hill Book Co., Inc., New York, N. Y., p. 29; 1940. 
" V. K. Zworykin and G. A. Morton, "Television," John Wiley 

and Sons, Inc., New York, N. Y., p. 182; 1940. 
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Experimental Results 

in order to check the validity of the foregoing, an ex-
perimental version of this scanning system was built. 

The scanning tube (Filterscan tube No. FTS-100) is 
shown in Fig. 5 and the laboratory system assembly 
is shown in Fig. 6. In operation, this system had the 

following parameters: 

Blanking spot area s, 3.1 X10-4 cm2; 
Raster area A p, 2.24 cm 2; 
Detector area .1n, 0.1 cm2; 
Horizontal sweep, 1 kilocycle; 
Vertical sweep, 30 cycles; 
Front f number, 3; 
Rear f number, 0.75; 
System bandwidth, 30 kilocycles. 

A beam current of 0.5 milliampere and an anode po-
tential of 25 kv proved sufficient to give complete blank-
ing. The window becomes warm to the touch at this 
power level. Optical transmission curves for silicon 14 at 
elevated temperatures indicate however that the win-
dow may be operated as hot as 300°C without degrading 
the performance of the tube, due to thermally-induced 
free-carrier absorption. 
Computation from the sweep rate and raster size 

gives a frame time of 9 X10-2 seconds. The calculation 
of the emissivities ni was not attempted for the target 
area. The target was an aluminum hot plate surface, 
viewed through the aperture plate shown in Fig. 6. 

Because some of the available optical elements were 
not optimized for this application, the resulting system 
was not capable of maximum performance. The optical 
path transmission factor K was only 0.3. 
An I itSb detector (Type 1SC-301) widi a 300°K NEI' 

of 1.3 X10-9 and 500°K NEP of 1.5 X 10-'" was used. 
When this detector was used with an available transis-
tor preamplifier, the NEP was degraded by a factor of 
2. In the experimental test, the hot plate temperature 
was reduced until a video signal-to-noise ratio of 2 was 
achieved. This proved sufficient to give a readable pic-
ture of the target. The observed temperature difference 
corresponding to this video signal-to-noise ratio was 
125°C. 
When the parameters given are put into (20), the 

predicted observable temperature difference is 133°C. 
The fact that the observed difference was slightly small-
er indicates that small variations from actual values 
were rounded off. It was of course necessary to use an 
appropriate NEP; in this case NEP450-K was used as a 
good approximation to the observed temperature. If 
NEPsoo-K had been used, the saine computation gives a 
predicted At =245°C, illustrating the fact that exact pre-

" C. M. l'hillippi and N. F. Beardsley, Wright Air Dey. Center, 
Dayton, Ohio. WADC Tech. Note 55-194; December, 1956. 

1;ig. 5-- The seamier tube. 

Fig. 6--1,aboratory optical assembly. 

Fig. 7—Oscilloscope presentation of hot plate as seen through 
aperture plate. Hot plate temperature = 125°C. 

dictions of temperature sensitivity require careful 
choice of the NEP value to be used in the computation. 

Fig. 7 shows the visible image of the target at 125°C 
above ambient. It appears that the assumptions made 
in the development of the theory are reasonable and 
that high-speed electronic scanning of infrared targets 
may be accomplished in actual practice. 
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Frequency Multiplication with Nonlinear Capacitors— 
A Circuit Analysis* 
D. B. LEESONt AND S. WEINREBt 

Summary—This paper presents a circuit analysis of frequency 
multipliers employing nonlinear capacitors. The analysis applies to 
the case of a multiplier of any order using semiconductor nonlinear 
capacitors, and specifies impedance levels, power capabilities, and 
efficiency in terms of the characteristics of the nonlinear element 
and the associated linear network. From the formulas derived it is 
possible to specify the optimum nonlinear characteristic for a given 
circuit and harmonic number, and to calculate the conditions for 
maximum efficiency. The procedure is also applicable to frequency 
dividers, and to frequency multipliers employing nonlinear induct-
ance. 

I NTRODUCTION 

I
r 1 HE POSSIBILITY of efficient frequency multi-

plication by means of a nonlinear reactance has 
received considerable attention in recent litera-

ture.t-4 Frequency multiplication with a relatively loss-
less nonlinear reactance promises efficiencies far in ex-
cess of those obtainable with conventional techniques. 

Page' has shown that the efficiency (power out/power 
available) for a frequency multiplier employing ideal 
diodes (nonlinear resistance) is limited to 1/N2, where 
N is the harmonic number of interest. On the other 
hand, simple energy considerations, supported by the 
relations of Manley and Rowe,6 show that all of the 
power introduced at a single fundamental frequency 
into a lossless nonlinear reactance must be converted 
into power at harmonics of the driving frequency. 
Thus there exists the theoretical possibility of a loss-

less frequency multiplier employing nonlinear react-
ance, and the recently developed high-Q semiconductor 
nonlinear capacitors provide a promising means of ob-
taining a relatively lossless nonlinear reactance. 
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Fig. --The "ideal filters" are short circuits at all frequencies except 
the one specified. The contents of the boxes are merely examples 
of filters of this type. 

Fig. 2—The "ideal filters" are open circuits at all frequencies except 
the one specified. The contents of the boxes are merely example:-
of filters of this type. 

Papers on the subject have avoided a circuit analysis, 
dealing instead with either general energy relations or 
empirical results. The one exception is a paper by 
Chang' which deals analytically with the problem of 
losses in some special cases. 

It is the purpose of the present paper to provide a 
basis for design and optimization of frequency multi-
pliers employing nonlinear capacitors. A circuit anal-

ysis of such frequency multipliers is presented (the 
analysis may be adapted to a large class of nonlinear 
elements). The impedances, efficiency, and other char-

acteristics of the two frequency multiplier circuits of 
Figs. 1 and 2 are derived as a function of the capacitor 
characteristics and the circuit operating conditions. 

l'ower Considerations 

Power conservation considerations tell us that the 
efficiency of a frequency multiplier can approach unity 
if the following conditions can be satisfied: 
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Fig. 3 Model of circuit 1. 

vm-1:1 

Fig. 4-- Model of circuit 2. 

1) The nonlinear element and associated linear cir-

cuitry are lossless. 

2) Power is dissipated in the load only at the desired 
harmonic frequency; no power is dissipated in the 
source at any harmonic frequency. 

3) The source is conjugate matched at the funda-
mental frequency. 

The analysis will begin assuming that conditions 1 
and 2 are met; the consequences of lossy elements and 
unwanted harmonic dissipation will be considered at a 

later time. Condition 1 can be met reasonably well with 
presently available nonlinear capacitors at frequencies 
below tens of kilomegacycles. Condition 2 can conceiv-
ably be met through the use of filters in circuits such as 
shown in Figs. 1 and 2 (although more sophisticated fil-
ters than the simple prototypes shown may be required). 
The initial concern of this paper will be to state how 
condition 3 can be met, given ideal filters and react-
ances, the Q- V (charge vs voltage) characteristics of 
the nonlinear capacitor, the circuit configuration, the 
signal level, and the load impedance at the desired har-

monic. 

ANALYSIS 

The analysis derives from Figs. 1 and 2 the circuit 
models of Figs. 3 and 4, assuming lossless, small-signal 

operation. The more general case of lossy, large-signal 
operation will be considered later. 
The Q- V relationship of the nonlinear element can be 

expressed in either of the following two functional 

forms: 

Q = Q( 7) 

V = V(Q). 

The charge Q can be expressed as 

Q = Q0(1 q) 

(2) 

(3) 

where Qo is the dc operating point and q is the normal-

ized ac component of the charge. Similarly, we can let 

V = V 0(1 -I- r) (4) 

where Vo is the dc operating point, and y is the normal-
ized ac component of voltage. For this analysis, q and y 
are small with respect to unity. 

Q( V) and V(Q) may be approximated in this small-
signal case by Taylor series expansions about the zero-
signal operating point. Thus, 

Q(V) = Q011 aiv a2v2 a,r3 ± • • • (5) 

and 

where 

and 

V(Q) = V011 ± i3iq ffl2q2 43q3 ± • • • J (6) 

Vo  (ik(2 
— 
Qok! 

Q4)4. dk V 1! 

ak =   
Vok! dQk IQQ 

0 

(7) 

(8) 

Eqs. (3)—(6) can be combined to yield the relations 

and 

q = E ake 
Jr-.1 

CO 

(9) 

v = E ske. (10) 
k=1 

These are the general relations of normalized ac 
charge and voltage in the nonlinear element. Current is 
determined by taking the time derivative of charge. 

Let us make use of (9) to obtain the charge on the 
nonlinear element in terms of the voltage; a dual anal-
ysis employs ( 10) to solve for the voltage in terms of 

the charge. 
The normalized ac variables will be represented 

throughout by their complex Fourier series 

q= 

V = 

ine ¡not = E in.qn. ; 

(1) where co is the fundamental driving radian frequency. 
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In these series v_„ = v„* and q_„= q„* because the ac-
tual voltages and charges are real physical quantities. 
Further, it should be remembered that if one of the 
variables were to be put in the trigonometric form 
v=vifis cos (mot-FX), then Ivirtgl = Iv„1 1-1v_„1=21v„1. 
The quantities vk appearing in (9) can be represented 

by their respective complex Fourier series in the follow-
ing manner: 

V 2 = E 
— 20 

(v2)„€i"“! where (v2)„ = E vo, 

= E (v",„én-, where (r3),, 
— ao 

1,1=-06 

= E zuvri.„, 
1- E 

• (12) 

and so on. Note that all possible permutations must be 
considered in the calculation of one of the Fourier coef-
ficients. (vk)„ is the sum of all combinations of products 
of k voltages whose indices add up to n. 

We insert these series for vk into (9), and by equating 
terms of equal frequency we can find q„, given all of 
the v„. In the general case the process is prohibitively 
complicated, but there are sonic simplifications which 
can be made in the case of a frequency multiplier of 
order N. 

Eq. (9) is solved by allowing only fundamental and 

Nth harmonic voltage to be present (v±1, v+..v 00, all 
others zero as is the case in Fig. 1) in a frequency multi-
plier of order N. This allows us to calculate the value of 
(vi)„ in ternis of v+1 and v+A. only: with the introduction 

of the load constraint, Lv=jNcoqs = —vxyx (where yy 
is the normalized load admittance at the Nth harmonic) 
we can then calculate q1 and qx in terms of V1, which is 
the immediate object of the analysis. Note that we are 
not interested in any other frequency components of 
q: further, we are not interested in and q_x since 
these are simply the complex conjugates of the quanti-
ties of interest. 

If we choose to specify charge rather than voltage as 
the independent variable, we then employ a similar pro-
cedure to solve ( 10). Eq. ( 10) is solved in the same man-
ner as (9), except that now we limit the possible fre-
quencies for q rather than y, use the load constraint 

= — iNzx = jNctatvzx (where zx is the normalized 
load impedance at the Nth harmonic), and substitute 
the series expansions for qk (which are the dual of those 
for vi) into ( 10) to solve for th and yx in terms of This 
analysis pertains to Fig. 2. 

Any nonlinear element whose characteristics can be 
put in the form of (9) or ( 10) can be treated in the man-
ner of this analysis. 

Small-Signal .1pproximations 

One last important simplification is necessary before 
the solution may be readily obtained. If we follow the 
procedure outlined in the previous section we get an ex-
pression for q.v. which is of the form 

qN = airy -I- as E vo, 
Ii1,111=1 or 2V 

a3 E riven, + 
j+I-Fni=N 

Ii1.1/!.1.1=1 or •V 

(13) 

We can now show that, for the small-signal case, only 
the first and Nth terms of ( 13) need be considered. 

Consider the summations in each term of ( 13). Since 

the only voltages present are 241 and v N, these sum-
mations contain only ternis of the following two types: 

rx (viv-Mvxv--x)b(v.vv-is) e(v-xviN)d 

where a, b, c, d are positive integers or zero and 
2a±2b--1-(N -1-1)c±(N + 1)d-1-1=k. Note that c and d 
are zero here for k<N + 2. 

2) v1N (viv_i)a(vyr_v)k(zwv_rv)e(v_yviN)d I 

where a, b, c, d are positive integers or zero (not neces-

sarily the sanie as above) and 2a -1-2b-F(N+1)c 
-1-(N+1)d-l-N k. Note that here e and dare zero for 
k < 2N+2. 
The quantities (viv_i), (vsv-N), and ai-are positive 

real. Inspection will reveal that all coefficients of vx 
for k<N+2 are positive real, and all coefficients of 

N  for k < 2N +2 are positive real. We can write ( 13) iii 
the form 

qx = AvN RviN (14a) 

where we have neglected higher order (k> N+2 for 
A, k>2N+2 for B) contributions to .4 and B; thus, 
they are positive real quantities. 
The current (iN---jNwqN) due to the first terni of 

(14a) is in quadrature with Vv. This means that this 
term does not contribute to the exchange of power at 
the Nth harmonic frequency: rather, it represents a 
reactance. The second term, on the other hand, repre-
sents an independent current source: it is this terni 
which accounts for the power transferred to the Nth 
harmonic. 

In a small-signal analysis ive need consider only the 
lowest order contribution to the factors A and B. Thus 
the "reactive" term becomes «ex, which is the first 
terni of the Taylor series (9). The largest term of the 
"generator" type results from the Nth terni of the Tay-
lor series (9), and is the quantity axvi N . The remaining 
portions of the factors A and B are composed of quanti-

ties which are of higher order in the small-signal vari-
ables; in a small-signal analysis these may be neglected. 

In the dual case where we specify the charges and 

solve for the voltages, a similar argument applies. Thus 
we conclude that only the first and Nth terms of the ap-
propriate Taylor series (9) or ( 10) need be considered 
in the case of a frequency multiplier of order N. 

Using this simplification we can reduce the first and 
Nth frequency components of (9) and ( 10) to a small 

number of terms, and can complete the analysis. 
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Circuit Equations 

Let us solve first the case for which (9) is appropri-
ate. This case, which corresponds to Figs. 1 and 3, in-
volves the solution for the various charges in terms of 
the driving voltage vi. 

For this case, (9) is simplified to 

q = «iv cxxvN. (14b) 

The term vN is replaced by its complex Fourier series 

(12). 
The two frequency components of ( 14) which are of 

interest are 

and 
qi = al% + aN(VN )1 

qN = LEON + aN(VN )N. 

(15) 

(16) 

Separating ( 15) and ( 16) into real and imaginary 
parts and making small-signal approximations, we ob-
tain the four equations which arise from ( 14). \Ve let 
vi=v_i for convenience; this amounts to specifying the 
heretofore arbitrary time origin. There is no loss of gen-
erality by specifying yi real. 

= 
= N aNvIN-1rNi 

qN, = + aNvIN 

qN, = acNi. 

(17) 

(18) 

(19) 

(20) 

The subscripts r and i signify real and imaginary 

components, respectively 
Expanding the load constraint qN = —vNyN/jNw into 

real and imaginary parts yields 

1 r 
qN, = — — [bNvy, + vivid 

Nw 

1 r 
qN. = — tevN, - bNvNil 

Nw 

(21) 

(22) 

where gN and bN are the components of yN, the load ad-
mittance. 
We can solve ( 19)—(22) for vN, which appears in ( 18) 

VA' = aNVIN 

g N 

Nw 

bN 2 

(N7- 2 
- 0) + (ai+ -(0) 

At this point it is possible to calculate the input ad-
mittance of the model of Fig. 3. The normalized ad-

mittance is 

ii jwq, —wql, 

rl Vi Vi Vj 

. (23) 

NCOaN22)1 (2N-2) 

gN 

Nw 

(12 + ( bN 2 
ai+ Nw Nw 

+ jwai. (24) 

If the output is resonated (i.e., if ai+bN/2\rw = 0), 
then the input conductance is the simpler form 

N2w2 
gi = aN 2,,,(2N-2). (25) 

gN 

Eqs. (24) and (25) are normalized expressions for the 
input parameters of the equivalent circuit of Fig. 3. 

In the case corresponding to Figs. 2 and 4, ( 10) is ap-
propriate. Here we solve for the various voltages in 
terms of the driving charge 

For this case ( 10) becomes 

fig/ + axe (26) 

where the term 

E (qN) Mg t (T V) , 

fts-op 

is evaluated as in ( 12). 
The two frequency components of (26) which are of 

interest are 

ri = filth + sfiN(gni (27) 

VN = ale + ON(e)N. (28) 

We can let qi= (qi= real) without any loss of gen-
erality. Separating (27) and (28) into real and imagi-
nary parts and making small-signal approximations we 
obtain 

= 

VII = NtiNgi'qN, 

v.vr N, + ONgre 

vN = 

(29) 

(30) 

(31) 

(32) 

The load constraint, vN= —iNzN= —jNwqNzN, is ex-
panded into real and imaginary parts to yield 

Dv, = Ncv(XNqN, + rNgivi) 

- NW(r.vqNr XNqN) 

(33) 

(34) 

where rN and xN are the components of zN. 
We call solve (31)—(34) for qN, which appears in (30): 

NwrN 
q.v, = {  . (35) 

(-VcorN)2 + — Nwxy)2 

Here it is possible to calculate the input impedance of 
the model of Fig. 4. The normalized impedance is 

Vi —JVI Vi • vi, 

11 wqi wqi wqi 

NoN2q12N-2 NwrN { 

(Nwr.02 + (01 - Nwa-N)2 
(36) 

If the output is resonated (i.e., if 131 = MexN), then 
the input resistance becomes 

01,12 01,7 2 

ri 2N-2 — 2N-2 -   • 1 • 

CO2rN (..)2NrN 
(37) 
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If the reactive term of (36) is canceled by series tun-
ing, and the output circuit is resonated as in (37), then 
the conditions of Fig. 5 apply, and we can write the in-
put resistance as a function of th rather than it. Using 
the fact that 1/1=11r1, and substituting, we have 

1 ( 442)1/ (22V-1) 

(IN— 2)/ (2N-1) 
corm..) 

(38) 

These last three expressions are normalized expres-
sions for the input parameters of the equivalent circuit 
of Fig. 4. 

Fig. 5—Equiv-dent circuit at resonance. The additional elements 
and —z,„, result in resonance. 

Semiconductor Nonlinear Capacitor 

Let us now see how this generalized, normalized anal-
ysis applies to the case of a frequency multiplier em-
ploying a semiconductor nonlinear capacitor (varactor). 
The small-signal capcitance of the element is taken to be 

d() 
C(V) = =   (39) 

dV ( V + çb)Y 

where V is the terminal voltage, ck is the "contact po-
tential" of the junction, C1 is the value of the capaci-
tance for ut-Fe =1 volt (C1 has units of farad-volt), 
and 0 < y < 1. 

Integrating this gives the Q-1' characteristics of the 
element 

Cl 
Q - 1 -- 7 (V + 0)'-7 (40) 

where the constant of integration has been absorbed 
in Q. 

Separating the variables into static and ac compo-
nents, Q=(20-1-Q8c and V-1-0= Vo+ Voc, and setting the 
ac components equal to zero, we have the following re-
lation between the de operating points: 

Qo = 
C1Vo'-7 Co vo 

17 1 - 

the capacitor would conduct over part of the period. 
Should this occur, the circuit would presumably be 
subject to the limitations set forth by Page5; at any 
rate the mode of operation changes, and the device is no 
longer used purely as a high-Q capacitor. Thus, for 
operation in the capacitive mode analyzed here, 
cannot exceed Vo. 

The Taylor series coefficients ( 7) and (8) are 

1 
ak - — [( 1 -) - 1] [( 1 - 7) - 2] 

k! 

and 

1.3C 

• • • [( 1 - - k + 11; { 12) 

_7) 11_7) 2] 

= 1. 1 )1 [( 1 

• • • R 1 — — 1 k + 1] (43) 
y 

for this case. These can be put in gamma function form 
il convenient. 
We can now " un-normalize" the expressions obtained 

earlier for the input parameters of the equivalent cir-
cuits. We use the following relationships: 

Vo 

Q„ Q„(1 - 7) I„(1 - y) 

Q0 Co Vo coCoF0 

lVj = 21 V11 ; Ii,,f = 2 1 11 1 

rn CO 1 - 
z„ = — = y„ = — Yx 

i„ 1- y Co 

where upper case letters indicate actual quantities and 
lower case letters are normalized quantities. Vir, and 
/in are the peak values of the input voltage and current. 
The input admittance of Fig. 1, ( 24), becomes 

N'aN2 
VI = C000  f Vii 

(1 - y) 222N-2 Vo 

GN 

NCJC 0 1 

I GN BN  :NC 0. (44) 

\Nc0C0) Ale()) 

If the output circuit is resonated, we have, from (25) 

GI -- con( yin\ 2N-2 r o 
. (45) 

(1- 7)222N-2 Vo) GN 

(41) The input impedance of Fig. 2, (36), becomes 

Vo is the total bias voltage (terminal voltage plus con-

tact potential), and Co= Cl/ V, which is the capacitance 
of the element at bias voltage Vo. 

Note that if Vo. should exceed Vo, the diode forming 

Z1 = 

1 Arty° in )2N-2 

WC° 22N-2 COCOV 0 

NcoCoRN 

{(NcoCoR,v)2 + (1 - NcoCoxer)2} 

1 
(46) 

coCo 
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For the case of resonant output, we have 

2N-2 1 

= -- • (47) 
c0C0 coC0V0 wC0R.v 

I fiv2(1 — -y)2N th, 

22N-2  

In the special case of series resonant input and out-
put, the input resistance of Fig. 2 is 

R. = 
1 ( 1 — 7)[(1 

coC0 
V iu (2N-2)/(2N- I) 1 Il (2N-1) ) 

0 (.0CoRN 

. (48) 

Note that these contain information about the non-
linear element (7, a, a, C0), the signal and bias level 
(17;„/ V0, V0), and the external circuit and load 

(RN, XN, GN, BN). Note that 1./wC0 is the no-signal re-
actance at the fundamental frequency of the nonlinear 
capacitor. 
A case of particular interest is that of the frequency 

doubler. In this case (45) becomes 

72 ( —Vin 2 wC°=  WC() —  
4 V o G2 

and (48) becomes 

R1 = 1 ( 7\2/3( 213i  1 \ 113 . 

WC° \ 4 ) Vo \e..00R2/ 

(49) 

(50) 

These equations may be employed to design a fre-
quency doubler of the type of Fig. I or Fig. 2. 

Large-Signal Validity 

It is reasonable to inquire whether the analysis is 
valid in the large-signal case. In order to aid the think-
ing of the reader on the point of signal magnitude, it 
should be mentioned again that the signal voltage can-
not exceed the total bias voltage, V0, if operation in a 
purely capacitive mode is to be maintained, i.e., if con-
duction is to be prevented. Since the magnitudes of the 
complex Fourier coefficients are equal to one-half the 
magnitudes of the actual voltages, the normalized volt-
age coefficients cannot exceed one-half. 

Inspection of tbe various assumptions and approxi-
mations made in the analysis will show that for and 
vN of magnitude one-quarter, for example, all of the ap-
proximations are extremely good. It is reasonable to ex-

pect that there should be no appreciable error involved 
in applying the small-signal results at any signal level 
likely to be encountered in frequency multipliers em-
ploying semiconductor nonlinear capacitors in a purely 
capacitive mode. 

Experimental data will be seen to support this con-
clusion. Even with the junction on the verge of conduc-
tion, it is felt that the relationships derived in the earlier 
sections will certainly serve to indicate the order of 
magnitude of impedance or admittance one could ex-
pect in a given application. 

1...)ssEs• 

\Ve come now to the question of losses. As mentioned 
previously, losses can arise from one of two sources. 
There are 1) resistive losses in the nonlinear element 
and its associated filters, and 2) losses in the source and 
load at unwanted frequencies. 

Let us first treat losses due to non-ideal elements. The 
equivalent circuit of Fig. 6 will apply. The losses will be 
calculated for one circuit configuration, and the losses 
for the other are simply derived from the dual analysis. 

Fig. 6—Equivalent tircuit for losses. 

R„, the resistance appearing in the input circuit (in 
addition to R1), is the sum of the filter series equivalent 
resistance, ef„ and the diode equivalent series resist-
ance, Rd. Any shunt losses in the diode must be trans-
formed to their series equivalent. 
The power dissipated in the actual equivalent input 

resistance R1 is PI, and the input power to the whole 
circuit is Pin. 
From simple circuit relations 

Pin R„ 
  = 1 (51) 

Similarly, on the output side, 

, Rb 
— = 11- — (52) 
FN RN 

where RI, represents the losses on the output side of the 

circuit. PN is the power at the Nth harmonic reaching 
the load. 
Combining the two relations, we obtain 

Rh\ 

PN RI) \ RN) 
(53) 

In calculating the value of RI in the lossy case, we 
must include Rb in the load resistance at the Nth har-
monic. If the filters used are good enough Sc' that all 
other frequency components may be neglected, then 
(53) may be used to calculate the efficiency to be ex-
pected in the frequency multiplier. 

In the dual case, the same calculation can be made 
using GI, GN, Ga, and Gb. 
The other source of loss—dissipation at unwanted 

frequencies—may be made negligible in some cases by 
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the use of appropriate realizable filters. If loss of this 
second type must be considered, it may be calculated 
by the following procedure. 
The load impedance at the unwanted harmonic(s) 

may be calculated or measured. This impedance is then 
used to calculate the equivalent input resistance or con-
ductance of the multiplier, assuming it to be operating 
only to the unwanted harmonic under consideration. 
This additional loss may then be included in R„ or G„ 

(since even in a nonlinear circuit we may add real power 
and can indicate the total loss by a resistance or con-
(Iuctance). The additional losses due to dissipation at 
harmonics other than the desired one may thus be 
taken into accouut approximately. 

EXPERIMENTAL VERIFIr.mox 

Experimental verification of the relationships de-

rived has been carried out with the circuits shown in 
Figs. 7 and 8. The data obtained with frequency dou-
blers are presented in Figs. 9 and M. 

In the case of Fig. 9, which corresponds to the circuit 
of Fig. 7, no input filter was employed e the bridge 
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had a very low impedance at all frequencies. The input 
admittance of the frequency multiplier was measured 
as a function of the output resistance and the signal 
level. The efficiency in this case was calculated from the 
voltage and admittance measurements obtained, and 
the power gain G, was of the order of — 0.7 (lb. The 
curve "corrected for loss" includes fundamental loss, 
G1„„>„, in parallel with RI. 

Fig. 10 is a plot of input resistance vs signal level for 
the circuit of Fig. 8. The calculated resistance is derived 
from (50), including Rh in the output resistance and 
adding R„ to the input resistance calculated. R„ and Ro 
were measured and found to be approximately 22 ohms 
for the particular circuit. The efficiency was calculated 
to be — 1.1 db and the measurements corroborated this 
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figure (this efficiency is transducer gain or power out 
divided by po.. er available from the source). 

This experimental work was performed at low fre-
quencies to facilitate both construction and measure-

ment. 

CoNcLusioNs 

The circuit equations and impedance relationships 
derived should help to clear the picture of frequency 
multiplication with nonlinear reactance. They can be 
used in the design of frequency multipliers at any fre-
quency and, presumably, of any order. 
A few thoughts about maximizing efficiency of a 

given circuit are now in order. Let us consider the cir-
cuit of Fig. 2; our remarks will apply in dual form to 
that of Fig. 1. The maximum efficiency occurs when 

R1 and RA, are large with respect to the equivalent loss 
resistances R„ and RI, (see Fig. 6). Generally, one would 
not choose RN such that losses in the output circuit are 
intentionally high. Given a reasonable RN, the problem 
is attaining a suitably large RI. Inspection of the formu-
las for R1 will reveal that this is not always possible; in 
particular, it is difficult for very small signal levels, 
and it is difficult if the appropriate Taylor series co-
coefficient, a or /3, is small. Further, it becomes increas-
ingly difficult with increasing N; that is, with increas-
ing multiplication order. 
From the expressions for RI we conclude that it is 

generally desirable to operate with a signal fairly large 
with respect to the bias voltage (although not exceed-
ing it, of course). 

Considering the fact that a large Nth Taylor series 
coefficient is desirable, one may determine what type 
of nonlinearity is best for a given application. A Q-
relationship which provides the largest possible Nth 
Taylor coefficient is optimum from the standpoint of 

efficiency in a practical circuit. 
It may also be determined that certain harmonics 

may not be obtained with particular characteristics 
and circuit configurations. For example, a capacitance 
of the form C= cd( V+0)1/2 will generate no harmonics 
higher than the second in the circuit of Fig. 2 since all 
of the higher order Taylor coefficients are zero. 
From the impedance equations it is also clear that 

R1 is maximized for the condition of the output circuit 
resonant. This condition is particularly convenient to 
implement since it is desirable to resonate the load 
with the capacitance of the nonlinear element in order 
to form the required output filter. 
The case of very high order frequency multiplication 

is interesting to consider. Considerable difficulty has 
been experienced in constructing efficient multipliers of 
order 100, for example. The efficiencies reported,' al-

7 C. L. Searle, M.I.T., Cambridge, Mass., D. R. Holcomb, Hughes 
Aircraft Co., Culver City, Calif., and others, private communication; 
April 15, 1959. 

though they represent a material improvement in the 
state of the art, are not significantly different from the 
Page limitation of 1/N2 (40 db for N =100). This en-
deavor is hampered, of course, by filter limitations. 

Considering again the circuit of Fig. 2, we see that 
for high order multiplication the product of R1 and RN 
becomes quite small. This means that for a reasonable 
RN one must suffer an Ri«R„, with the resulting severe 
losses (or if R1 is reasonable, then RN «/?b). Note that 
the minimum value of load seen by the circuit is Rb; 
that is, in the lossy case we must include R,, in the load 
resistance for the purposes of calculating RI. 
Some calculations based on an input and output filter 

Q of 50 (unloaded, but including varactor Q), optimum 
source and load 7=1, and input and output resonant 
yield the data presented in Fig. 11. Note that for higher 
order multipliers the nonlinear resistive mode may be 
more efficient than the capacitive mode; the efficiency 
of the capacitive mode in this circuit environment 
drops approximately 6 db per harmonic rather than 
6 db per octave. It is the feeling of the authors that the 
explanation for the lower-than-expected efficiencies 
reported in higher-order multipliers (it had been hoped 
by some that the efficiency of a higher-order reactive 
multiplier might approach unity) may be that in these 
practical, lossy situations the capacitive effect does not 
predominate over the "diode" effect. The presence of 
nonlinear reactance may enhance the efficiency, but it 
seems that higher-order multipliers presently con-
structed operate predominantly in the nonlinear resis-
tive, or switching, mode. It would appear unwarranted 
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Fig. 11—Calculated loss vs harmonic number. I/N2 plotted for com-
parison. The optimum efficiency for a typical lossy semiconductor 
nonlinear capacitor frequency multiplier is compared with the 
efficiency of a lossless ideal rectilier. The optimum efficiency has 
been calculated for the case of an abrupt junction nonlinear ca-
pacitor, VI/ = 1, input and output unloaded Q=50, and the 
circuit of Fig. 1. 
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to exi.ect higher-order multiplier efficiencies greatly 
in excess of the Page ideal-diode limitation. 

Note, however, that the equations and relations in 
this paper allow one to design quite good doublers, 
triplers, and other lower order multipliers (the filter re-
quirements are much less stringent in these cases). It 
is not unreasonable to assume that six of the doublers 
of Fig. 8 could be cascaded to give a multiplication of 
64 with a loss of some 6 or 7 db. This method may well 
prove superior to a single multiplier of high order, de-
spite a rather higher complexity and component count. 
The maximum power which can be handled may be 

limited by one of two factors. These are: the voltage 
across the nonlinear capacitor cannot exceed the total 
bias voltage or breakdown voltage, and the PR losses 
in the varactor must remain below a certain minimum. 

Pick Up Factor 

(Meters) 

In general, the power which can be handled by the fre-
quency multiplier is greater for lower impedance cir-
cuits. The configuration of Fig. 2 has the advantage in 
this respect. The doubler of Fig. 8 has been capable of 
handling several hundred milliwatts without reduced 
efficiency. 

As pointed out earlier, the circuit equations apply 
equally well to frequency dividers. With an interchange 
of source and load constraints, the divider circuit may 
be described. 
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CORRECTION 
The following correction should be noted in " IRE 

Standards on Navigation Aids: Direction Finder Meas-
urements, 1959," which appeared on pages 1349-1371 
of the August, 1959, issue of PROCEEDINGS. 

Section 1.1.4.6, page 1358. The equation in this Sec-
tion should be as follows: 

Field Strength of 

Section 1.1.4.5 

Effective Height of Dipole of Raer ies of 

Section 1.1.4.6 Section 1.1.4.4 
  li-2 1 Dipole Cable Impedance 

Field Strength of Section 1.1.4.1 



1950 PROCEEDINGS OF THE IRE ,c».5 

Operating Characteristics of an Ammonia Beam Maser* 
FRANK S. BARNESt 

Summary—This paper describes the operating characteristics of 
an ammonia beam maser. The simple theory for the operation is 
expanded to predict the angular distribution of the molecules coming 
from the beam collimator and the effect of the focuser on the velocity 
distribution of the molecules entering the cavity. 

Experimental results for the operation of the cavity in the TM on 
and TM 012 mode show the effects of the variation in beam current 
and cavity tuning on the frequency and amplitude of oscillation. 
Relating these results to the theory with the help of measurements 

of the beam flux density demonstrates the importance of molecular 
collisions and the beam divergence. Three methods of locating line 
center are examined, and it is shown that the line centers obtained 
in each case may be varied over a range of at least 5 parts in 10' 
by changing the operating parameters. 

i NTRODUCTION 

FT HE ammonia beam oscillator is the first of a new, 
group of devices which makes use of the internal 
energy of a molecule as a source of microwave 

power. In this device, a beam of ammonia molecules 
travels through a large inhomogeneous focusing field to 
a cavity which is resonant at the transition frequency of 
a molecule. The focusing field separates the molecules so 
that more molecules in high energy levels than in low 
energy levels enter the cavity. Therefore, more mole-
cules radiate than absorb energy, and the beam becomes 
a source of microwave power. 
The sharpness and reproducibility of the molecular 

energy levels make the coherent radiation in the maser 
cavity a useful source of microwave power for a very 
stable oscillator. Recently, short term stabilities of 
about 2 parts in 10'2 have been measured at the Watson 
Laboratories [ 16] and long term stabilities of better 
than 2 parts in 10" have been measured at the National 
Bureau of Standards 133] for periods of six hours. 
The first operating maser was constructed by Townes 

and his associates at Columbia University in 1954 123], 
124]. Shortly after this, Helmer, at Stanford [25a], con-
structed the two masers on which the measurements 
described in this paper were made. The objectives of the 
present study were to examine the characteristic of the 
beam and to compare several methods of establishing a 
line center. 

DESCRIPTION OF TII E M.siK OS('I 

The two Stanford masers with auxiliary equipment 
are shown in Fig. 1. There are essentially four parts to 
an ammonia beam oscillator: 

1) an ammonia beam-forming device called the 
tenser or beam collimator, 

* Original manuscript received by the IRE, October 6, 1958; 
revised manuscript received, March 24, 1959. 
t University of Colorado, Boulder, Colo. 

I )ver-iill picture of Staillor(l masers. 

2) an energy-state separator or focuser, 
3) a resonant cavity, 
4) a vacuum pump to remove the excess ammonia 

from the vicinity of the resonant cavity ¡tad the 
focuser. 

Fig. 2 shows the arrangements of these parts without the 
vacuum system. The ammonia is supplied from a large 
tank through a needle valve to the beam collimator 
which consists of a large number of long tubes through 
which the gas is allowed to diffuse. The beam entering 
the focuser from the collimator has reasonable directiv-
ity and is relatively dense. 
The focuser consists of a number of parallel rods 

placed symmetrically about the beam axis and alter-
nately biased to a high potential. This configuration 
produces a large inhomogeneous electric field in the 
region of the beam. The electric field may be thought of, 
in the classical sense, as inducing an average dipole 
moment in the ammonia molecule. The field, in turn, 
applies a force to the dipole moment which tends to 
focus the high-energy molecules toward the beam axis 
and defocus the low-energy molecules out through the 
rods. 
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• 

Fig. 2—Beam collimator, cavil v and focuser. 

The focuser is sufficiently effective to permit, in the 
first approximation, only high-energy molecules to enter 
the cavity. Each high-energy molecule is capable of 
radiating a quantum of energy, E=hfk„. The beam en-
tering the cavity is thus a potential source of microwave 
energy. If the cavity is tuned to the transition frequency 
fk„, and if the density of high-energy molecules is 
sufficiently great, the noise energy at fk„ is amplified un-
til the induced emission of radiation from the molecules 
causes the system to break into oscillation. Molecules 
leaving the cavity and passing through the focusing 
rods are pumped away with a small diffusion pump 
and a liquid nitrogen cold trap. 
To utilize the maser as a frequency standard, it is 

necessary to know how the frequency of oscillation 
varies as a function of the system parameters; i.e., 

1) the source pressure, P, or pressure of the ammonia 
gas on the back of the &user tubes, 

2) the .focusing voltage, FV, or the poteltial between 
alternate rods of the focuser, and 

3) the cavity tuning, cf, or the resonant frequency of 
the cavit 

With the equipment indicated by the block diagram 
in Fig. 3, it is convenient to measure the relative fre-
quency and amplitude of a maser oscillator as a function 
of these operating parameters. Unfortunately, the 
source pressure and focusing voltage do not bear a simple 
relation to the theoretically important beam current, 
which is defined as the difference between the number of 
high and low-energy molecules in the energy state of in-
terest entering a cavity per second. The molecule- to-
molecule collisions, and the hyperfine structure of the 
emission line, make the relation between these operating 
parameters and the beam current difficult to compute. 

I MILLIMETER AMMONIA MILLIMETER 
NEEDLE NEEDLE PRESSURE 

I PRESSURE VALVE  TANK VALVE 
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Fig. 3—Block diagrain for measuring variationsill 
frequency and amplitude. 

EXPLANATION OF MASER OPERATION 

Professor Townes and his associates [23], [43] worked 
out the theory of operation for ammonia beam maser 
under the simplified assumption of a uniform beam 
velocity. For this condition, they have predicted the 
magnitude of various sources of frequency pulling. 
Helmer and Lamb [25a] extended the theory to the 
case of a beam with a NIaxwellian velocity distribution. 
Recent papers by Helmer [26] and Shimoda [44] have 
extended the theory to cover the divergence of the beam 
and the effects of the unresolved hyperfine structure. 

DISTRIBUTION OF ENERGY IN AMMONIA GAS 

In thermal equilibrium, the density of molecules in a 
given state is proportional to e—Elkr, where E is the total 
energy of the state, k is Boltzmann's constant, and T is 
the absolute temperature. This internal energy is dis-
tributed among various modes of rotation and vibration. 
The Stanford masers were designed to operate on the 
frequency of the inversion transition of the J=3, K=3 
rotational state, where J and K are quantum numbers 
which specify the total angular momentum and its pro-
jection on the axis of symmetry. 
The J=3, K=3 state has the largest population of 

ammonia molecules at room temperature, containing 
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approximately 6 per cent of the molecules [254. The 
ratio between the densities of the molecules in the high 
and low-energy inversion levels for a specific rotational 
state is approximately e-". IkT• For the inversion transi-

tion at 23.87 kmc, hf/kT= 1/250, so that the inversion 
levels are nearly equally populated. Thus, approxi-
mately 3 per cent of the molecules entering the beam 
collimator are in the high inversion state and are poten-
tially useful for maser operation. 

OPERATION OF THE BEAM COLLIMATOR 

The beam collimator and focusing system must supply 
at least 10's high-state molecules per second to the cav-
ity. The effectiveness of the focuser in separating the 
high and low-energy molecules decreases rapidly with 
the increasing radial velocity of the entering molecules. 
When the mean-free-path of the molecules is large com-
pared to the dimensions of the individual tubes of the 
effuser, it is possible to calculate the distribution of 
molecules leaving a single tube. At a large distance from 
the effuser, the angular distribution of the molecules 
leaving the effuser is approximately the same as the 
angular distribution from a single tube. 
The angular distribution of the molecules coming 

from a long tube for angles O> tan-' a/1 is given by 
dN= (4/37r)(a//) cot MN° where a and are respectively 
the radius and length of the long tube, and dNo is the 
cosine distribution of molecules entering the tube from a 
gas at equilibrium [2]. Most of the molecular flow is 
contained in an angle defined by 0= tan-' 2a/1 [34]. 

In practice, the maser effuser operates in the transi-
tion region between viscous and free molecular flow. 
Thus the mean-free-path is less than the diameter of the 
tubes at the entrance and greater at the exit. The 
angular distribution of the molecules, therefore, is ex-
pected to be largely determined by the exit portion of 
the long tube which is operating in free molecular flow. 
The effective length of this exit portion of the tubes 
decreases with increasing source pressure and the result-
ing divergence of beam increases. 

OPERATIoN OF THE FoCUSER 

The forces separating the high and low-energy inver-
sion states of the ammonia molecule may be derived 
from the expression for the total energy of the molecule 
in an electric field. For ammonia this energy is given by 
[48],[22 ] 

= ± Er, Y 
pi EA! K\21112 

(1) 
J(J + 1) ) 

where h is Planck's constant, fi.„ is the frequency of 
oscillation characterizing the inversion transition of in-
terest, Wo is the rotational energy of the molecules, E is 
the electric field, 1m1 is the effective dipole moment, and 
M, K, and J are quantum numbers. The radial force 
exerted by the focuser on the induced dipole moment 
of the ammonia molecules is given by the gradient of the 
energy, or 

2 [ µ1 MKT aE CM2 aE 
= T-   E — = — E (2) 

hfk„ J(J + 1) ar 4 or 

where for the J=3, K=3 inversion transition of the 
ammonia molecule, C is equal to 3 X10-36 farad-m2, and 
M is the quantum number which describes the projec-
tion of the angular momentum in the direction of the 
electric field. 

In the particular case of the Stanford masers, 
the quadrupole electric field is described by 1E1 
= 1 (21%0/a2)rl, where Vo is the potential between the 
surface of adjacent rods, a is the separation of the edge 
of the rods from the axis, and r is the distance from the 
axis. The resulting trajectories for particles passing 
through this focuser are portions of a sine wave which 
may be written in the form 

r = Ro sin (71 ± cki), (3) 

where Ro, -y, and 47 are constants which are defined by 
the initial conditions of a molecule entering the focuser, 
the geometry, and the focusing voltage. 

It is possible to make a useful estimate of the velocity 
distribution of the molecules leaving the focuser and the 
focuser efficiency, with the following simplifying as-
sumptions: 

1) The effuser may be treated as a point source with 
the angular distribution for the molecules leaving 
it as measured by Helmer in Fig. 4. 

2) The molecules coming from the effuser in each ele-
ment of a solid angle contain a Maxwell distribu-
tion of speeds. This means that the probability of 
a molecule having a given speed is independent of 
direction. 

3) The effect of fringing fields may be neglected. 
4) A focused molecule is one for which r never ex-

ceeds the radius to the edge of the focusing rods. 

Under these assumptions, the velocity distribution for 
molecules leaving the focuser is shown in Fig. 5 [2]. 
The results shown in Fig. 5 have several important 

consequences with respect to the frequency pulling 
characteristics of a maser oscillator: 

1) The most probable velocity of the molecules en-
tering the cavity is considerably less than the most 
probable thermal velocity. 

2) This velocity is a function of focusing voltage, the 
quantum number M. and the angular distribution 
of the molecules coining from the effuser. 

3) By substituting in the constant for the Stanford 
quadrupole focuser, it can be shown that the total 
focusing efficiency can be expected to be approxi-
mately 0.2 per cent of the total number of entering 
molecules. 

4) Integration of the area under the curves in Fig. 5 
shows that the number of focused high-state mole-
cules increases approximately as the square of the 
voltage. 
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A calculation of the number of low-state molecules which 
are defocused shows that the number of low-state mole-
cules in the quantum states of interest entering the cav-
ity equals about 15 per cent of the number of high-state 
molecules [2]. 

MOLECULAR COLLISIONS 

In addition to the radiation induced by the electric 
field in the cavity, the high-state molecules may be 
caused to radiate by means of a dipole interaction be-
tween two passing molecules, and these collisions tend 

to return the system to thermal equilibrium. The mole-
cules in the beam may collide with either the residual 
background gas or with other molecules in the beam 
traveling at a different velocity. 

Since the operation of the maser is critically de-
pendent upon the ability of the focuser to supply an ex-
cess of high-state molecules to the entrance of the cav-
ity, the density in the region of the focuser must be low 
enough so that the mean-free-path of the molecules is 
large compared to the distance from the beam collimator 
to the entrance of the cavity. For the Stanford masers, 
this distance is about 30 cm. Therefore, the density of 
ammonia molecules must be less than about 1.6 X 1011 

molecules/cm', corresponding to a pressure of about 
2 X10-5 mm of Hg. For greater pressures the effective 
length of the focuser appears to be shortened. 

In both the cavity and the focuser, the effective den-
sity of the molecules is greater than in the general 
vacuum system. A portion of both the low and high-
state molecules with large radial velocities is reflected 
from the walls of the focuser and the cavity. In the 
particular case of the Stanford masers, the molecules 
which are not focused make, on the average, about one 
additional trip across the beam before they escape. Thus, 
the density of the gas in the focusing region should be 
about 3/2 the density of the molecules in the beam. 

EMISSION OF RADIATION IN A RESONANT CAVITY 

To a first approximation, all the molecules coming 
from the focuser are in high-energy inversion states. If 
these molecules are induced to make a transition be-
tween two adjacent quantum states, the power avail-
able is given by: 

W = .Vhfk„Pn, (4) 

where N is the number of molecules in the high-energy 
inversion state of interest entering the cavity per second, 
h is Planck's constant, f,, is the transition frequency, and 
P. is the average transition probability. 
The transition probability P. contains terms due to 

both spontaneous and stimulated emission probabilities. 
The probability of spontaneous emission is very closely 
related to the noise properties of the maser amplifier 
which have been extensively treated in the literature 
[1], [21], [27], [29], [39], [41], [46], [49]. However, 
for the case which we are considering, this probability 
of spontaneous emission is negligible compared to the 
stimulated emission due to the electromagnetic field in 
the resonant cavity. 
The induced transition probability depends upon the 

details of the electromagnetic fields and can be found 
from the solution of the time-dependent Schreidinger 
equation. For our purposes, however, it is more con-
venient to work with the related effective beam current 
which is defined by 

ap 
J= 

a. 
(5) 
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where n is the density of the molecules per unit volume, 
is the time, and P is the polarization vector. The polari-

zation vector is related to the transition probability 
through the time-dependent coefficient for the eigen-
functions of the solutions to Schr6dinger's equation. 
Helmer and Lamb [25a] have applied these results to 
the solution of Maxwell's equations in a beam-loaded 
cavity to obtain values for the frequency and amplitude 
of oscillation with a velocity distributed beam as shown 
below. 

I 12 — 9,2 8V;r0S(x) 

2 9,, 6Q, 

— wi..) 6Q0 
or ê (6) 

-ToS(x) 

1 nro 

Q,. ,Vireh 

where 

(7) 

8=2—cok„, 

ij is the matrix element, 

To= the most probable flight time through the 
cavity, 

S(x) = the function shown in Fig. 6, 

n= net density of active molecules entering the 
cavity for the transition of interest, 

G(x)=function shown in Fig. 7, 

x = To-V(52+ 

J=1/G(x)=the beam current normalized to the 
starting flux. 

Shimoda, Townes, and Wang [43] found the fre-
quency and amplitude of oscillation for the case of a 
uniform beam velocity and a cavity operating in the 
TM mo mode to be given by 

where 

o = C c— 9\ 2Q, 

9, I To 

1 .1nh 
— = — sin" O 
Qc E" 

1 — cos 20 

1 

= El mj To 
0  

2h 

sin 20 

20 

7.; 

LO 

0.8 

0.6 

0.4 

o 2 

(8) 

(9) 

The amplitude of oscillation as a function of the beam 
current predicted by the two theories is shown in Fig. 8. 
These curves are obtained when the cavity is tuned to 
fi.,, or line center. The beam current needed to start 
oscillation is increased as the cavity is detuned from fi.n. 
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Fig. 6—Frequency stabilization factor S(x) as a function 
of the normalized beam current J. 

Fig. 7—The function G(x) vs x. 

Fig. 8—The amplitude of oscillation as a function 
of beam current J. 
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19 

The variation in frequency as a function of beam cur-
rent is shown in Fig. 9 for the Maxwell velocity theory 
and in Fig. 10 for the uniform velocity theory. A com-
parison of these curves with the experimental results in 
Fig. 16 shows that this description is inadequate, and 
the unresolved hyperfine structure of the J=3, K=3 
line must be considered. 

The variation in intensity of the hyperfine com-
ponents of the J=3, K=3 line with variation in beam 

current is treated in considerable detail by Shimoda 
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[441. He shows that each of the three hyperfine com-
ponents may be treated separately with equations of the 
form of (8) and (9). The resulting characteristics are 
obtained from the sum of these components with the 
appropriate weight factors, which account for the differ-
ences in the hyperfine state populations and the effi-
ciency of the focuser. These calculations predict the 
asymmetric characteristic of the amplitude vs cavity 
tuning characteristics shown in Fig. 11, and a variation 
in the effective line center, as a function of focusing 
voltage, as shown in Fig. 12. 

Other terms which are important in determining the 
frequency of oscillation of the maser cavity include un-
balanced traveling waves in the cavity and molecular 
collisions. The shift due to unbalanced traveling waves 
may be as large as a few parts in 109 and is at least par-

-.0 
-2 cu. - I O .2 +1 

Fig. 11—Amplitude vs frequency characteristics. Dotted curves show 
plausible modifications for the hyperfine structure (Shimoda). 
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Fig. 12—Calculated frequency shift of the 3.3 line due to unresolved 
hyperfine structure. Changes of relative intensities by saturation 
effect are neglected. V4V8 VI2 refer to the potentials on Shimoda's 
four-, eight- and twelve-pole focusers [44]. 



1959 Barnes: Operating Characteristics of an Ammonia Beam Maser 2091 

daily unavoidable. The physical location for the point of 
the maximum probability for the emission of radiation 
changes with the electric field strength and, thus, the 
beam current. The shift due to molecular collision may 
amount to as much as a few parts in 109. The molecules 
which make collisions either with the cavity wall or 

other molecules may be induced to radiate with a phase 
constant which is not coherent with the electromagnetic 
field in the cavity. Shifts as large as 2 parts in 109 have 
been measured at the Bureau of Standards by reversing 
the direction of the travel of the beam through the 
cavity [33]. The relative importance of these and other 
smaller sources of frequency shifts is treated by Shimoda, 
Townes, and Wang [43] 
The density of molecules in the cavity resulting from 

the divergence of the beam may be calculated from the 
formula given by Dushman [ 18] for the ratio of the rate 
at which a gas enters and leaves a long tube. For the case 
of the 6-inch Stanford cavities, this ratio is about 0.17, 
and about 30 per cent of the molecules entering the 
cavity are sufficiently divergent to strike the wall. Thus, 
the density of molecules in the cavity is about twice 
that of the entering beam. 
The effective range over which a maser oscillator may 

be tuned by varying the resonant frequency of the cav-
ity is largely determined by the flight time of the ammo-
nia molecules through the cavity and the resonant mode 
in which the cavity is operating. For the operation of the 
Stanford masers in the TAlun mode, the resulting tun-

able range of operation is about 3000 cycles. 
If the cavity is operated in the TM.12 mode or other 

modes with more than a half a sine wave, the variation 
of the field seen by the molecules resolves the ammonia 
line into two components [22], [25c]. This effect can 
be most easily visualized by considering the ammonia 
molecules to interact with first one and then the other of 
two traveling waves in the cavity, or when 

(10) 

where v is the velocity of the molecule, v„ is the phase 
velocity of the electromagnetic waves, and g is the 
guide wavelength. At these two values of the phase 
velocity, or cavity tuning, the moving molecules are in-
fluenced by the electromagnetic energy in the cavity. 
The separation between these frequencies is given by 

2v n'y 
(11) 

Ag 

where n' is the number of half wavelengths along the 
cavity, and L is the length of the cavity. 
The frequency and amplitude response for operation 

in the TM.12 are predicted for small signal operation by 
Helmer [25c] by equating the resistance in the reactance 
of the cavity to the equivalent resistance and reactance 

of the beam, as computed by the solution of the time-
dependent Schriidinger equation. These results are 
plotted in Fig. 13. The bandwidth of the cavity is so 
much broader than the effective bandwidth of the mole-
cule that the reactance of the cavity appears as a nearly 
straight line with the slope of the order of 0.001 of that 
of the beam reactance. When the intersection of the two 
reactances passes through ft,, the mode in which the 
transition probability is largest changes, and there is a 
discontinuity in the frequency of oscillation with the 
change in cavity tuning. This discontinuity, or jump, in 
frequency provides a means for estimating the average 
velocity of the beam and, in addition, provides a pos-
sible means for establishing line center or the natural 
transition frequency of the molecule. 

T 

-2— 

••4 

Fig. 13—The equivalent resistance R and reactance jX of the beam 
as a function of the product of the detuning e3 and the average 
flight time T for operation in the TN1(.2 mode (taken from 
Varian Assoc. Rept. 25c). 

RESULTS OF RECENT EXPERIMENTS AT STANFORD 

Fig. 14 shows the relative frequency of oscillation as a 
function of cavity tuning obtained during the recent 
Stanford tests for various focusing voltages at a nearly 
optimum source pressure. Both the uniform and Max-
wellian velocity distribution theories predict a linear 
relation between the frequency of oscillation and the 
cavity tuning; and, the slope awanc is determined by 
the length of the cavity, the velocity of the molecules, 
and the active beam current. 
The relation of alvan to focusing voltage, as obtained 

during the tests, is shown in Fig. 15. According to the 
Maxwellian velocity theory, a9c/a2 should vary as 
S(x). Note that the reversal of sign of the S(x) at small 
currents is not observed. 

Fig. 16 shows the relative frequency of oscillation as a 
function of focusing voltage at successive cavity tunings 
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for nearly optimum source pressure. This graph may be 
compared with the predicted curve for the frequency as 
a function of the beam current in Fig. 9. When the cav-
ity is widely detuned from the natural transition fre-
quency of the molecules, the results agree quite well with 
the theory at large currents. However, the predicted 
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Fig. 16—The frequency of oscillation vs focusing voltage as a func-
tion of cavity tuning at source pressure P = 1.2 mm of Hg. 

reversal in direction of the frequency pulling again fails 
to appear at low currents. 
A second and more important deviation from the 

simple theory is the movement of line center (or the posi-
tion of cavity tuning for which the frequency is in-
dependent of focusing voltage) to higher frequencies 
with increasing focusing voltage. This effect is of the 
general form predicted by Shimoda [44] upon account-
ing for the hyperfine structure of the J=3, K=3 line. 

Fig. 17 shows the frequency as a function of source 
pressure. At large pressures this frequency tends to move 
away from any position which might be called line cen-
ter with increasing beam flux. This indicates that the 
beam current decreases with increasing beam flux for 
values greater than about 2 X 10'5 molecules/cm2. As 
the awap = 0 for a reasonable range of CT at this beam 
flux density, it could be a useful operating point for a 
frequency standard. 

The curves showing the amplitude of oscillation as a 
function of cavity tuning in Fig. 18 are sufficiently 
asymmetric to indicate that the ellipse predicted by ( 7a) 
must be modified, as suggested by Shimoda [43], to ac-
count for the hyperfine structure of the J=3, K=3 line. 
The curves for the maximum amplitude of oscillation as 
a function of focusing voltage (see Fig. 19) agree in gen-
eral form with those predicted by ( 7) and (9). The 
measurements of the maximum amplitude as a function 
of source pressure in Fig. 20 definitely indicate a de-
crease in the active beam current for source pressure 
greater than 2 mm of mercury. 

In order to obtain a better estimate of the change in 

beam current with changes in source pressure and 
focusing voltage, a gauge holder was built to permit 
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replacement of the maser cavity with either an ion or a 
Pirani gauge. These gauges provided the measurements 
in Figs. 21 through 24. 

The plot of the beam flux vs source pressure in Fig. 21 
shows that the beam flux is a monotonically increasing 
function of the source pressure over the maser operating 
range. This is in contrast to the measurements in Fig. 
20, and must be accounted for in the difference between 
the dipole to dipole interaction cross section and the 
kinetic cross sections of the ammonia molecule. The ion 
gauge measurements in Fig. 22 show that a beam colli-
mator pressure of 2 mm of mercury corresponds to a 
beam density in the cavity of about 1.6 X 10" mole-
cules/cm2/sec and a mean-free-path of 26 cm. The 

maximum beam current indicated in Fig. 20 therefore 
occurs when the mean-free-path of the molecules in the 
cavity becomes approximately equal to the dimensions 
of the focuser. 
The minimum beam flux at the cavity entrance for 

which the Stanford masers will oscillate is approxi-
mately 2 X10" molecules per second. About 6 per cent of 
these molecules ( 1.7 X10" per sec) should be in the high 
inversion level of the J=3, K=3 rotational state. This 
is in excess of the 5 X1012 molecules per second which 
are necessary to start oscillation, as indicated by calcu-
lations from (7). The difference between these two 

numbers probably results from disregarding the diver-
gence of the beam. 
The application of the focusing voltage produces an 

increase in the beam flux at the cavity entrance, which 
varies approximately as the square of the focusing 
voltage and has a maximum of about 10 per cent of the 
initial flux. At low focusing voltages nearly equal num-
bers of molecules are expected to be focused and de-
focused. However, at high focusing voltages nearly all 
the low-state molecules which would enter the gauge 
have been defocused, and the density of molecules in-
creases with the number of focused high-state molecules. 
The square law increase shown by the experimental data 
in Fig. 23 is in close agreement with the theory. 

Fig. 24 shows that the beam flux decreases rapidly as 
the distance from the beam collimator increases. It 
should, therefore, be advantageous to use as short a 
focuser as will give adequate separation of states, and 
to mount the cavity as close to the focuser as possible. 
Measurements of the beam flux density at the entrance 
to the cavity showed the intensity to be practically 
constant across the cavity entrance, and that approxi-
mately 30 per cent of the molecules in the beam diverge 
sufficiently to collide with the cavity walls. 
The graphs of the amplitude as a function of cavity 

tuning in Fig. 25 clearly demonstrate the Doppler 
splitting of the molecular resonance line into two com-
ponents for operation in the TM012 mode. The fre-
quency separation of the peaks varies from 5 to 8 kc. 
and the simple theory predicts a corresponding velocity 

of 3 to 4 times 104 cm/sec. These velocities indicate 
that the average velocity of the beam is considerably 
less than the average thermal velocity of 6 times 104 
cm/sec but greater than the 2 times 104 cm/sec pre-
dicted by the preliminary calculations. The asymmetry 
of the J=3, K=3 line is also clearly demonstrated. 
The discontinuity or jump in the frequency of oscil-

lation predicted by the first-order theory for operation 
in the TM er2 mode is shown in Fig. 26. The size of this 
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frequency jump varies with focusing voltage and source 
pressure, as shown in Fig. 27. Additionally, the mean 
frequency of this jump changes, as shown in Fig. 28. 
The variation in the average velocity of the molecules, 

predicted from the small signal theory from the changes 
in the size of the velocity jump, is unreasonably large, 
and it is suspected that the variations in velocity are 
masked by more important changes in the beam current. 
Another significant variation from the theory is the 

absence of a zero in the amplitude of oscillation at the 
natural transition frequency of the molecule. This indi-
cates an asymmetry in the operation of the cavity which 
is probably caused by the divergence of the beam. It is 
also possible that some of the variation with focusing 
voltage of the location in the mean value of the fre-
quency discontinuity is caused by a varying divergence 
of the beam current. 
The mean frequency of the frequency jump has been 

proposed as a possible parameter for establishing the 
natural frequency of the molecule fk„ for use as a fre-
quency standard independent of the particular system 
design. However, the results of Fig. 28 show that this 
mean frequency may be varied over a range of about 
400 cps or 2 parts in 108 by changing the beam current. 

Fig. 29 shows the frequency as a function of focusing 
voltage. The reversal in the sign of the a£2,/a Fit with 
increasing focusing voltage, the dependence of the 
frequency of oscillation on the past history, and the 
divergence of the frequency with increasing beam 
pressure ( Fig. 30) are features which have yet to be 
explained by large-signal theory. 

CoNct.tsu 

In the development of an atomic frequency standard 
there are at least two important problems. The first of 
these is the development of an extremely stable oscilla-
tor which, once started, will maintain a given frequency 
to very high precision. The second problem is to find 
a unique reproducible frequency. These requirements 

are at least partly conflicting. In order to obtain an 
extremely stable source of oscillation, one wishes to 
make the oscillator as independent of as many operat-
ing parameters as possible. In the second case, it is 
desirable to make some property of one frequency as 

different as possible from all other frequencies. 
Experimental results shown in Figs. 16 and 17 make 

it appear that it is possible to select a source pressure, 
cavity tuning, and focusing voltage such that varia-
tions in frequency due to changes in focusing voltage 
and source pressure are minimized. The existence of 
these minimums in the partial 09/4 and awapT 
should be useful in determining the operating conditions 
for a frequency standard. Recent work at the National 
Bureau of Standards by R. Mockler and J. Barnes [23] 
on a carefully constructed temperature control circuit 
for the cavity has greatly reduced the principal source 
of frequency instability. With temperature stabilities 

of about 0.001°C, their initial results indicate that 

frequency stabilities better than 1 parts in 10 12 should 
eventually be maintainable for indefinitely long periods. 
Bononami, et al. [12], have shown that a flat spot in a 
frequency vs cavity tuning curve may be obtained by 
critical-coupling two cavities. The use of these critically-

coupled cavities reduces the stability requirements on 
the temperature control circuit for a given frequency 
stability by about an order of magnitude. 
The foregoing experimental results also place some 

limits on the accuracy of several methods of establish-
ing a unique frequency which is independent of the 
operating parameters. First, the location of line center 
by setting the awaFir = 0 may be varied over a range 
of about 1500 cycles with changes in operating parame-
ters. A similar variation of approximately 1000 cycles 
is obtained for using the aWap= 0 as a means of estab-
lishing line center, even after the elimination of the 
region in which the changes in beam current change 
sign. Second, the mean frequency of the discontinuity 
for operation in the TMon mode may be varied over 
a range of about 450 cycles with changes in operating 
parameters. 
These variations in resetability are all orders of mag-

nitude larger than the frequency drifts with time for a 
carefully constructed oscillator. It is suspected that the 
major causes of these variations in resetability are due 
to changes in the amplitude of the hyperfine compo-
nents and the asymmetries in the radiation pattern due 

to the divergence of the beam. 
A possible means for reducing this problem in reseta-

bility would appear to be to operate a maser on the 
J=3, K=2 line at 22.8 kmc [lot This line has no 
hyperfine structure, and it is expected that operation on 
this line would reduce the variations in the foregoing 
methods for locating line center by an order of magni-
tude. Another possible means of eliminating the hyper-
fine structure is to use ammonia made front Nin. 
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Coaxial Resonators with Helical Inner Conductor' 
W . W . 1.1CALPINEt, SENIOR MEMBER, IRE, AND R. O. SCHILDKNECHTt, SENIOR 111IMIUS, IR!, 

Summary—The use of coaxial or reentrant resonators is practical 
at frequencies down through the high-frequency band and even 
lower. By introducing a helical inner conductor, a Q of several 
thousand can be achieved in relatively small volume. Design equa-
tions are simple and are the basis for an alignment chart. The un-
loaded Q is equal to 50 times shield diameter in inches times square 
root of resonance frequency in megacycles. Shield length is about 30 
per cent greater than its diameter. Experimental results confirm the 
accuracy of the predicted Q. The method is also applicable to min-
iaturized UHF resonators, and to the design of high-Q radio-fre-
quency inductors and LC resonators. Additional formulas and a 
chart relate frequency, Q, volume, voltage gradient and power 
rating. 

LIST OF SYMBOLS 

b=axial length of coil, inches. 
B= inside length of shield, inches. 
C=capacitance, micromicrofarads per axial inch. 
D= inside diameter of shield, inches. 
d= mean diameter of turns, inches. 
do = diameter of conductor, inches. 
1;,= resonance frequency, megacycles. 
/.-= current at connection of coil to shield. 
k=dissipation factor at surface of shield, watts 

per square inch. 
L= inductance, microhenries per axial inch. 
N= total number of turns of winding. 
n= turns per inch. 
P,.= power converted into heat in the resonator, 

watts. 
P,„=maximum power available from a generator 

into a load, watts. 
P,= power rating of zero- or infinite-impedance 

generator, watts. 
Qd = doubly-loaded Q. 
Q„=singly-loaded Q. 
= unloaded Q. 

1?„=resistance due to coil conductor, ohms per 
axial inch. 

R„= resistance appearing in a coil due to the losses 
in the shield, ohms per axial inch. 

Vo„ = voltage at open-circuited end of coil. 
(vol) = inside volume of shield, cubic inches. 
Zo = characteristic impedance, ohms. 
a = attenuation constant, 'lepers per unit length. 
a= phase constant, radians per unit length. 
b=skin depth, inch. 
r = 1/n = pitch of winding, inches. 
= proximity factor. 

* Original manuscript received by the IRE, April 24, 1959; re-
vised manuscript received. July 15, 1959. This paper was presented, 
in part, at the 1958 IRE National Convention, New York, N. Y. 

ITT Laboratories, Nutley, N. J. 

INTRODUCTION RESONATORS of practical size with Q in excess 
of 1000 can be built for the hi and VHF ranges. 
They resemble the familiar coaxial-line quarter-

nave resonator except that the inner conductor is 
mound in a helix. The technique can be extended even 
through the UHF range and beyond, where subminia-
ture helical resonators can be built in smaller sizes than 
conventional ones when Q values between several hun-
dred and 1000 suffice. 

As an example of the saving of space and the much 
better shape factor, a helical resonator for 10 mc with 
unloaded Q=1000 is about six inches in diameter by 
eight inches in length. In contrast, a TEM-mode co-
axial-line resonator would be 25 feet in length by three 
inches in diameter. As an alternative solution, it might 
be possible to build a lumped (electrically short) induc-
tor and capacitor tuned circuit with Q=1000. How-
ever, it would tax one's ingenuity to fabricate it in a 
six- by eight-inch cylindrical shield. 

Again, consider a subminiature resonator with Q= 200 
for operation at 2000 mc. The helical type would be 
about one-tenth inch in diameter by one-eighth inch in 
length. A TENI-mode unit would be 1.5 inches in 
length by 0.05 inch in diameter. 

Fig. 1 shows a series of resonator coils and their shield. 
The caption gives the resonance frequency and meas-
ured unloaded Q of each coil when mounted in the 
shield. 

so 
Fig. 1—Group of helical resonators. Shield inside diameter = 1.63 

inches. Coils, from left to right:f0= 55 me, Q„ = 600; fo =78 Inc, 
= 720; fo = 101 Inc, Q„ = 840 ; fo= 145 inc. Q,, = 880; fo= 215 tile. 

Q„ = 1000. 

The helical resonator (see Fig. 2) consists of a coil 
within a shield, one end of the coil being solidly con-
nected to the shield. The other end is open-circuited, 
except possibly for a trimming capacitor. The resonator 
thus resembles an ordinary radio-frequency tuned cir-
cuit with the omission of the tuning capacitor. How-
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Fig. 2—Outline sketch of resonator. 

ever, instead of being a lumped-constant device, its 
operation can be described in terms of its distributed 
inductance, capacitance, and resistance. The clearance 
at the top between the end of the helix and the shield 
is required to prevent voltage flashover, and the clear-
ance at the bottom allows for passage of the magnetic 
field, thus reducing losses in the conductors. Resonance 

frequency and Q are about the same when the top and/ 
or bottom are open as when they are closed. Probe, loop 
or aperture coupling can be used for the input and out-
put circuits. 
An idea of the size of the helical resonator for typical 

unloaded Q and resonance frequency can be gained 
from Fig. 3, which is plotted from ( 1), (5) and ( 7). The 

optimum range lies between the upper and lower dashed 
lines. At higher Q„ and fo a conventional coaxial resona-
tor is frequently more desirable than the helical type. 
At lower Q„ and fo than the indicated range, a lumped 
LC circuit is often to be preferred. 
A shielded inductor below its quarter-wave resonance 

frequency also has Q predicted by ( 1). Then a lumped 
LC resonant circuit has like Q, provided losses in the 
capacitor and connecting leads are reduced to a negligi-
ble value. 
A similar problem has been developed by a somewhat 

different method than that used herein.' A report2 of 

W. Sichak, "Coaxial line with helical inner conductor," PROC. 
IRE, vol. 42, pp. 1315-1319; August, 1954. 

2 R. G. Medhurst, "HF resistance and self capacitance of single-
layer solenoids," Wireless Engineer, vol. 24, pp. 35-43, 80-92, 185, 
281; February, March, June and September, 1947. 
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Fig. 3—Helical resonator unloaded Q. 

5000 

extensive experimental work on the resistance and Q 
of unshielded single-layer solenoids includes tables and 
charts. This leads to a simple formula for the Q of an 
inductor similar to that given here for a resonator. A 
convenient compilation' of formulas for resonant lines 
in general has been made. 

DESIGN CHART 

The alignment chart of Fig. 4 gives practical design 
and performance information. Due to the wide range 
of the parameters covered by the chart, and the latitude 
of possibilities in actual design and contruction of 
resonators, it is easily possible in specific cases to have 

variations of + 10 per cent. The chart is drawn for the 
approximate optimum range of the parameters d/D, 
b/d and do/r• 
The equations and conditions for the scales of the 

chart are developed in later sections hereof. Summariz-
ing: 

Unloaded Q of a resonator consisting of a single-layer 
coil of copper conductor on a low-loss form, and 
closed in a copper shield: 

Q„ = 50Dfo'n 

0.45 < d/D < 0.6 

b/d> 1.0 

0.4 < do/r < 0.6 at b/d = 1.5 

0.5 < do/r < 0.7 at b/d = 4.0 

do > 58 where 3 = skin depth. (1) 

Total number of turns: 

N = 1900/ (foD) turns 

d/D = 0.55 

b/d > 1.0. (2) 

en-

3 "Reference Data for Radio Engineers," fourth ed., ITT Corp., 
New York, N. Y., pp. 574-582, 600-603; 1956. 
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CHARACTERISTIC 

TOTAL IMPEDANCE 

TURNS OHMS 

N Z 

200 -1/4- 10,000 

-1-- 8000 

6000 

100 -1/4- 5000 

80 4000 

60 3000 

SO 

40 -1/4- 2000 

30 

20 _,„_ 1000 

-1/4- 800 

-1/4- 600 

10 -1- 500 

8 - 400 

6 -1/4- 300 

5 

4 -1/4- 200 

UPPER) 

L IMI T 3 

^ 
2 -1/4-100 

Lorna 
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0 
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INCHES 
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Fig. 4- Design chart for quarter-wave helical resonators. 

Pitch of winding and characteristic impedance: 

r = 1/n = (f0D9/2300 inches per turn (3) 

Zo= 98,000/(f0D) ohms 

d/D = 0.55 

b/d = 1.5. (4) 

General conditions for all charts are: 

B •-•••••• (b ± D/2) 

r < d/ 2. 

The usual precautions for fabricating high-Q coils 
must be observed. A protective silver plating on the 
surface of the copper wire and shield is recommended. A 
silver-clad or solid silver conductor increases the Q 
about 3 per cent over that for silver-plated copper. A 
tinned conductor can be substituted for a silver-plated 
one up to about 100 mc without seriously affecting the 
Q. The shield should not have a seam parallel to the 
axis; any seam must be effectively soldered for a low-
resistance joint. It is desirable to carry the lower end of 
the coil over to the side of the shield as directly as pos-
sible. A minimum amount of dielectric material should 
be used in the coil form, and it should be eliminated en-
tirely when possible. 

I 50 

200 -1/4-

WINDING PITCH 

INCHES 

PER TURN 

0.004 

0.005 
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aoo 

0.02 
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0. i 
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1 09 
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1 500 0- 0..43 
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0.6 

200 0 ---
-- 0.8 

1.0 

3000 -'s..-
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500 0 -e-

2 

3 

4 

REGION OF USEFULNESS 

The region where straight coaxial resonators are pref-
erable is separated from that where the use of a helical 
inner conductor is desirable by a rather broad transition 
zone. A resonator with about three turns lies within the 
transition zone. On the chart of Fig. 3 the upper dashed 
line represents this boundary. In the region near and 
above the line a straight coaxial resonator should be 
considered, while below it the helical one is usually pre-
ferred. The choice is affected by the shape factor. A co-
axial resonator is long and relatively small in diameter. 
In the helical resonator the length is not much greater 
than its diameter. 

This number, N = 3, can be derived from either of two 
basic concepts. The first is the locus of points where 
equal unloaded Q vs frequency is obtained with the 
two types of resonators having equal volumes. For the 
straight inner conductor type4 the theoretical Q is de-
rated about 10 per cent for a practical working value. 
This is compared with (22) for the helical type. The 
second basic concept is the limitation that r < d/2, or 
the pitch of the helix be less than its radius (other-

4F. E. Terman, "Radio Engineers Handbook," McGraw-Hill 
Book Co., Inc., New York, N. Y., 1st ed., p. 192; 1943. 
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wise it almost ceases to be helical). When b/d= 1.5, 
N=bn=b/r>2b/d= 3 turns. The result in either case is 

Qui:11/ 2 j < 32,000 or N > 3 turns, (5) 

as the more desirable criterion for the helical resonator. 
The demarkation between the relative desirability of 

a helical resonator vs a lumped-constant tuned circuit 
is also broad. The lower dashed line on Fig. 3 and the 
point marked "lower limit" on Fig. 4 are drawn for the 
condition that the diameter of conductor be greater 
than five times the skin depth (otherwise the helical-
resonator Q will be lower than predicted by the charts). 
If the alignment on Fig. 4 lies above the "lower limit" 
point an LC circuit may be preferable. The skin dept h 
is5 

= 2.60f-u X 10-3 inch. 

Utilizing ( 1) and (3) there results 

> 385 or fo3i4D > 7.75, 

(6) 

(7) 

as the condition for the helical resonator being more de-
sirable than the LC circuit. Below this region, for a 
given volume and Q it becomes advantageous to use 
fewer turns of larger diameter conductor along with 
an added capacitor for resonance. 

EXAMPLE 

Design a resonator with Q,,= 1000 at resonance fre-
quency fo 10 mc. By the charts and formulas, D=6.3 
inches and N=30 turns, r = 0.174 inch per turn and 
Zo = 1550 ohms, provided d/D = 0.55 and b/d= 1.5, ap-
proximately. Let n=6 turns per inch in round numbers. 
Other dimensions are d=3.5 inches, b=5 inches, 
B= 5+(6.3)/2 = 8.2 inches. The conductor size can be 
No. 14 to No. 10 B&S gauge (do = 0.064 to 0.102 inch) 
corresponding to do/r ranging from about 0.4 to 0.6. 
The power rating of the resonator can be estimated 

by use of (32) or (33). Suppose a matched generator is 
used and a doubly-loaded Q of 100. Assuming a dissi-
pation factor k= 0.4 watt per square inch, then the 
generator can have an available power of P„.= 460 
watts. Of this, 20 per cent, or Pc= 92 watts, is dissipated 
in the cavity. 

If the generator is zero- or infinite-impedance and the 
singly-loaded Q is 100, the loss in the resonator is 10 
per cent. A generator rated at 920 watts can be accom-
modated. 

Ex PERIMENTAL RESULTS 

The properties of resonators designed in accordance 
with the chart have been checked experimentally in a 
considerable variety of models. Fig. 5 shows unloaded 
Q vs quarter-wave resonance frequency for 26 resona-
tors in 4 size groups. Mechanical tolerance in construc-

"Reference Data for Radio Engineers," op. cit., p. 129. 

tion resulted in deviations of up to 5 per cent from the 
standardized proportions. There was no particular uni-
formity of conductor material or surface condition. 
Silver-clad copper, tinned copper, bare copper, and 
enameled copper were used according to ready availa-
bility in the appropriate diameter. The shields consisted 
of lengths of commercial copper tubing, with no special 
attention given to surface condition except for the 
smallest sizes, which were silver plated. 
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Fig. 5—Comparison of measured and computed Q. 

Nearly all of the helices were wound on grooved tubu-
lar forms of Rexolite 1422 having wall thicknesses of 
one-sixteenth to one-quarter inch, depending on the 

depth of groove required. The helices consisting of only 
a few turns of heavy conductor were self supporting. 
In one case, a dielectric-supported helix (shown on the 
graph in Fig. 5 at fo = 33 mc, Q,4= 2000) was duplicated 
without the form for comparison. The self-supported 
helix exhibited about 10 per cent higher Q and 3 per 
cent higher resonance frequency. 

Tests were made to check the predicted optimum 
d/D ratio and the accuracy of the Q indicated by (22). 
The plot in Fig. 6 shows typical data, in this case for 
b/d = 1.5 and do/T=0.5. Ordinates give the ratio of the 
measured Q to the predicted value. The curve confirms 
that the maximum Q occurs when d/D is in the vicinity 
of 0.55. The maximum value of measured Q exceeds the 
calculated value by about 8 per cent. This is within the 
normal expected tolerance of predicted Q, due to varia-
tions of materials and construction. 
The Q calculated by ( 1) is based only on the frequen-

cy at which the helix is used, and is not restricted to the 
special case of quarter-wave resonance. The prediction 
should be valid also for the helix as a lumped inductor, 
where the electrical length is quite small. To test this, a 
typical helix was tuned downward in frequency by ex-
ternal capcitance. Some difficulty was experienced in 
finding capacitors having a Q much higher than that 
of the helix. The desired tuning range with reasonable 
losses was covered by a composite array of transmit-
ting-type vacuum capacitors and handmade parallel-
plate air dielectric trimmers. The Q vs frequency is 
shown in Fig. 7. 
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Fig. 6—Test for optimum coil-to-shield diameter ratio. 
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The data seem to confirm the predicted square-root-
of-frequency variation in Q. The scattering of points is 
accounted for by losses in the external capacitors and 
associated leads. The uppermost points are for quarter-
wave resonance with no capacitor. Those down to 12 
inc were obtained by using closely-spaced copper tabs 
as capacitors. Below 12 Inc the effect of introducing the 

larger, lower-Q capacitors is evident. 

THEORY 

This elementary theory of the quarter-wave helical 
resonator makes no pretense of being rigorous. Rather, 

it is directed merely toward developing simple equations 
and charts for the satisfactory design of resonators. 

It has been found to be practical to compute the in-
ductance and capacitance per unit length of the resona-
tor coils as if they were very long. The inductance of a 
long solenoid' as modified by the effect of the shield' is 

L = 0.025n2d11 — (d/D)21 joh per axial inch. (8) 

On the basis of measurements of the resonance fre-
quency and characteristic impedance of various resona-
tors, it appears that the effective capacitance is some-
what greater than that of two simple coaxial cylinders. 
Also, the electrical length of the helix is 5 to 7 per cent 
less than quarter wavelength. These are attribnted in 
part to the self capacitance of the coil and the fringing 
field at the top of the coil. An empirical value is: 

C = 0.75/logio (Did) µid per axial inch. (9) 

The velocity, and hence the axial length, of the res-
onator helix are: 

= foX = 1000 (LC) --112 inches per microsecond, ( 10) 

b = 0.94X/4 = 235f0-1(LC)—'12 inches. (11) 

Substituting (8) and (9) in ( 11): 

1720  r  logio(D/d)-r 
foe(b/d)(d/D)21_1. — (d/D)2_1 

turns per inch, (12) 

1720 [ logio 

r = I/ 

= 
foD(d/D) 1 — (d/D)2 

The characteristic impedance is 

Zo = 1000(L/C)' 12 = 235,000(bfoC)—' 

0.31 X 106 logio (Did) 

turns. (13) 

foD(b/d)(d/D) 

183ndl[l — (d/D)2[ logio (D/d)} 1/2 ohms. (14) 

UNLOADED Q 

The losses consist of conductor lossess.' in the wind-
ing and shield, and dielectric losses. The latter are quite 
small in coils of good design, but are not readily com-
puted. The references noted give formulas for the ac re-
sistance of a straight conductor, the proximity effect 
due to current in nearby turns and resistance due to cur-
rents in the shield. For copper helix and nonmagnetic 
shield 

"Radio Instruments and Measurements," Bureau of Standards 
circular C74, U. S. Government Printing Office, Washington, D. C., 
p. 252; 1937. 

7 F. E. Terman, op. cit., p. 129. 
8 "Reference Data for Radio Enginers," op. cit., p. 131. 
9 F. E. Terman, op. cit., pp. 78-80, 129. 
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R8=(nird)cendo-1(1/12) X 10-3 

= (0.083 X10-3)(0/ ndo)n2rdf" ohms per axial inch, ( 15) 

9.37;i2b2(d/2)4(1.724f )112 
R.   (PdPc„)"2 

b[D2(b+d)/8] 413 

X10-4 ohms per axial inch. 

The unloaded Q is given by:e 

= $/2a = 27rfoL/(R ± R8), 

Qn fou2d, 

= 

(temp rise) cc Pc/d2, 

(vol) d3. 

(23) 

(24) 

(25) 

(26) 

(16) Various combinations can be made of the above expres-
sions: 

(17) 

the last form being the value when dielectric losses are 
neglected. Note that the Q is the same as that ap-

proached by a lumped LC resonant circuit as the 
losses in the capacitor and connections approach zero. 

For the resonator with copper coil and copper shield, 

(d/D) — (d/D)" 
= 600 Dfou2. (18) 

(cendo)(1 R8/ Re) 

Instead of determining the proximity factor for each 
case, it is sufficiently accurate to write: 

0/(ndo) = br/do --- 3.7, (19) 

when do/i' lies within the range given in the conditions 
for ( 1). 

From these there can be derived two practical for-
mulas for Q with accuracy of about + 10 per cent when 
0.45 < (d/D) <0.6 and (b/d)> 1.0. 

(d/D) — (d/D)3 
Q„ = 220    Df0"2, (20) 

1.5 (d/D)3 

Q„ = 50Dfou2. (21) 

The Q in these formulas has been arbitrarily reduced 10 
per cent below the theoretical value to allow for imper-
fect surface conditions of the conductor. Tabulation of 
errors of (20) vs ( 18) (reduced 10 per cent) for the 
ranges of d/D and b/d listed for ( 20) shows them to give 
substantially equal results, and similarly for (21) vs 
(20). 

A useful relationship is that of Q„ and volume of 
shield. When 0.4 <d/D <0.6 and 1.0 <b/d <3.0: 

Q„ = 50 (vol)u3f01/2. (22) 

PRopoicrioN.IL RELATIONSHIPS 

The energy considerations of resonant lines are given 
in a previous reference.3 Suppose a series of resonators is 
considered that has various sizes and resonance fre-
quencies, but in which the geometrical porportions are 
all identical. Consequently, the design parameters d/D, 
b/d, and ndo=do/r are the sanie for all the resonators. 
Let the input and output loadings be equal or matched, 
so that there is no mismatch loss. 

Then the following proportionalities and equations 
can be written: 

ne "Reference Data for Radio Engineers," op. cit., pp. 553, 575. 

(temp rise) oc P„,Qd(vol) --4/0-he. (27) 

The voltage gradient at the open-circuited end, and 
similarly between turns at the short-circuited end, is: 

(volt gra(l) cc V„,/d = Zols,/d 

(1)„,Qd)' 12 [(vol)fo]-1/2 (28) 

For a given P,„ and Qd there results: 

A) temperature rise constant; 

(vol) oc fo-1/2 

Qo oc f0"3 (29) 

(volt gra(l) f0-1/4 ) 

B) unloaded Q constant; 

(vol) fo-312 

(temp rise) cc fo (30) 

(volt grad) cc fo 114 

The proportionalities in (29) and (30) are plotted in 
Fig. 8. A certain frequency ratio / Ii = 1.0 is shown, 
above which the temperature rise is indicated as con-
stant, while the relative volume, voltage gradient and 
Q„ are plotted vs frequency ratio. In this region the 

unloaded Q is adequate, but temperature rise is the 
limiting factor. The volume is chosen according to the 
power rating P„, and the loaded Q. 

Çte 

5.0 

Li 

Q 2.0 

LO 

tú 
cc 

0.5 

0.2 

UNLOADED 0 
CONSTANT 

14 

—1 TEMPERATURE RISE 
CONSTANT 

0.1 02 0.5 1.0 2.0 5.0 10 

RELATIVE FREQUENCY fiats 

Fig. 8—Relative characteristics of helical resonators. 
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Below the frequency ratio fo/fi = 1.0 the unloaded Q is 
the limiting factor, because it cannot be allowed to de-
crease indefinitely. The lower the unloaded Q the 
greater the dissipation loss. Then the efficiency of the 
system would become lower than is desirable, or, in 
other words, the transducer loss would be excessive. In 
this region, as shown in Fig. 8, the volume increases 
rapidly. 

POWER RATING 

The power-handling capacity can be estimated by use 

of ( 24) and the dissipation from the surface of the shield: 

P, = k (shield area) watts. 

When d/D= 0.55, b/d= 1.5 and B=b+D/2 the entire 
shield area is 5.8 D2. Then when the top and bottom of 
the shield are closed and no ventilating holes are provided 

145kD3/01/2/Qd watts. (32) 

The value of k depends on the design and materials of 
the resonator. A conservative value is believed to be 
k= 0.4 watt per square inch. 

For a zero- or infinite-impedance generator properly 
loaded by the cavity and its load: 

(31) P, 290k&foli2/Q, watts. (33) 

CORRECTION 

R. S. Colvin, of the Radio Propagation Laboratory, 
Stanford University, Stanford, Calif., has brought the 
following correction to the attention of Peter D. Strum, 
author of " Considerations in High-Sensitivity Micro-
wave Radiometry," which appeared on pages 43-50 of 
the January, 1958, issue of PROCEEDINGS. 

In Table 1, page 46, the last line, right-hand column, 
should read " 1/V2," not " 1/ N/ir," as shown. 
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Digital Rate Synthesis for Frequency 
Measurement and Control* 

T. J. REYt 

Summary—Digital rate synthesis is a transformation of harmonic 

synthesis (beat methods) from the frequency to the time domain; 
the synthesis of harmonics is replaced by pulse techniques. 

The signal whose period is to be measured or controlled is in the 

form of a pulse train that has the repetition rate X. A single reference 
source drives a rate generator which consists of one or more dividing 
stages in fixed cascade; the output of the generator is a sequence 
of nonuniformly spaced pulses whose average repetition rate AS is 
known from the independently controllable connection between the 
individual stages and their output bus. 
A rate difference detector compares the rates X and AS. The 

smoothed detector output has the proper sign and serves to indicate 
the magnitude of the difference or to reduce the difference in a 
closed loop, for example, by controlling a tuning motor. 

The range of direct operation is limited by pulse techniques, but 
digital and harmonic synthesis can be combined with division and 

with phase-lock methods to stabilize an oscillator over a practically 
unlimited band of frequencies, the precision and purity approaching 
that of the reference source. 

I. BAcKGRouNo 

1 I IIE study of digital rate synthesis (DRS) for fre-r 
quency control was stimulated by limitations in 
conventional methods, although applications to 

(late have been in the related fields of computing sys-
tems' and of motor speed control' only. (DRS in relation 
to computing techniques is discussed briefly in Appen-
dix C.) 

Conventional methods of frequency control fall into 
two groups, "harmonic synthesis" and "gated counts," 
respectively. 
An example of the former' is the single-crystal fre-

quency synthesizer that selects and combines harmonics 
and subharmonics of the crystal frequency to provide 
one of many possible outputs. Although crystal precision 
is preserved, spectral purity suffers from spurious signals 
generated in the combining mixers, the more so the 
greater the number of combinations. Spurious levels are 
reduced by using the selected output to lock the phase of 
a variable frequency oscillator (VF0), but further dif-

* Original manuscript received by the IRE, March 13, 1958; 
revised manuscript received, March 15, 1959. A summary of this 
paper was presented at the URSI meeting, Washington, D. C., 
May 23, 1957. The work reported was performed at the Lincoln 
Laboratory, Massachusetts Institute of Technology, with the joint 
support of the U. S. Army. Navy, and Air Force. 

t Lincoln Laboratory: Mass. Inst. Tech., Lexington, Mass. 
' M. A. Meyer, " Digital techniques in analog systems," IRE 

TRANS. ON ELECTRONIC COMPUTERS, vol. EC-3, pp. 23-29; Itine, 
1954. See also M. A. Meyers, et al., "An operational-digital feedback 
divider," IRE TaAss. ON ELECTRONIC COMPUTERS, vol. EC-3, pp. 
17-22; March, 1954. 

2C. I. Jones and K. Geohagen, Westinghouse Electrical Corpora-
tion, private communication. 

3 R. L. Craiglow and E. I.. Martin, "Frequency control tech-
niques for single sideband," l'aoc. IRE, vol. 44, pp. 1697-1702; 
December, 1956. See also FI. J. Finden, "The frequency synthesizer," 
J. TEE (London), vol. 90, pp. 165-177; December, 1943. 

ficulties arise unless the VFO is pretuned closely enough; 
this often proves to be impossible by conventional (e.g., 
mechanical) means. 
The gated count is well known for the measurement 

of periodic phenomena in the form of pulse series. The 
number of pulses N in a prescribed period T is counted 
and displayed repeatedly. The pulse repetition rate is: 

N+1 
O<E<1; 

the error e stems from the integral nature of counting 
and the random phase between the unknown and the 
counting periods. A VF() can be tuned, manually or 
automatically, toward a prescribed frequency with the 
aid of a gated counter. 
A large value of T aids precision, but requires a large 

maximum count and affects the system stability ad-
versely. Automatic frequency control by a gated counter' 
further necessitates the subtraction of the actual from 
the desired count, the conversion of the numerical dif-
ference to a control voltage and the holding of that volt-
age, all in a properly timed cycle. 

II. THE PRINCIPLE OF DIGITAL RATE SYNTHESIS 

In DRS, the stress is on the counting rate rather than 
on the Fourier frequency aspect of periodic phenomena: 
yet it can be compared both with harmonic synthesis 
and with the technique of the gated count. Thus, the 
selection and mixing of harmonics is replaced by the 
selection and superposition of repetition rates; again, a 
difference rate is measured rather than the count that 
accumulates in a known interval. Simplicity, resolution, 
range width and rapidity of response are enhanced ac-
cordingly. 

Fig. 1 and Fig. 2 illustrate the principle. The uniform 
pulse train X represents the signal whose period is to be 
measured or controlled, and requires a pulse-forming 
circuit if the signal is not of suitable form. 

Pulse train AS consists of nonuniformly spaced 
pulses: their average repetition rate is AS, where Sis the 
frequency of the reference source and A is the number 
ao. ala • • • a„. The known digits ao, al • • • a„ are set up 
in the rate generator which comprises dividing circuits in 
fixed cascade connection. The output rate A Sis obtained 
by selecting and superposing pulse trains available at 
the various stages by means of switches or gates which 
determine the number A, digit by digit. The superposi-
tion guarantees a minimum for the spacing of the pulses. 

4 Northern Radio, "Variable MasterOscilla tor, " Type 173, Modell. 
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Fig. 1—System schematic. 
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Fig. 2— Pulse trains: (a) train X, (b) train AS. 

which is nonuniform, in general. Rate generators are 
discussed further in the next section. 
The rates X and AS are compared in the detector; the 

smoothed detector output ideally is a dc proportional to 
X — AS, in both magnitude and sign. The proportional-
ity holds near balance, although saturation occurs at 
large differences. 

For measurements, the detector output can be dis-
played or recorded and/or used for control of the rate 
setting A by means of selector switches which operate on 

the digits ai. 
For control, the rate difference voltage serves as a 

wide-band error voltage; e.g., if X is the frequency of an 
oscillator, the error voltage V operates a tuning device 
which reduces the tuning error. The residue can be re-
duced to zero by phase locking. DRS can be applied to 
frequency ranges exceeding convenient pulse rates by 
feeding the detector with multiples or submultiples, or 
by combining it with harmonic synthesis. 
The further dicussion of the component blocks is 

facilitated by using the concepts current in digital com-
puter design (Appendixes A and B), and by dealing with 

only a few of the many possible arrangements. 

M . RATE GENERATION 

A. Counting Rates 

Rate synthesis is based on the simple properties of 
counters; both of these will be considered briefly. 
A counter stage whose successive counts are 0, 1, 

2, • • • , N-1, 0, 1, • • • , etc., is said to count "modulo 
N" and to have N possible "states." Given a counter in-

put of rate S, each state changes at the rate S/N. When 
a stage of modulus M is fed at the rate S/N, every one 
of its states changes at the rate S/.1IN. Similarly, n cas-

caded stages, all of modulus N, generate the lowest rate 
N-"S from the last stage. Moreover, pulses can be de-
rived from any stage whenever any one of its states 
arises. Excluding one state, say zero, it follows that the 
individual stage can deliver 0 or 1 or • • • or (N-1) 
pulses for every N pulses fed into it. As will be shown 
next, any or all of these contributions from the n stages 
can be combined with each other and with the pulse 
train of rate S without losing a pulse, hence any average 
repetition rate in the range 0, N-"S, (2 — N-")S can be 
obtained. The combined rates have the shortest common 
period N"/ S, hence the average is always obtained in 
that period, which may be quite short. 
The requirement that no pulse be lost in combining 

the contributory rates is met on noting that the addition 
of unity to an integer in digital representation increases 

one digit at most.' It follows that the pulse contributions 
must be taken when the relevant state is arising and not 
at its cessation. Where delay times in the generator are 
negligible, all changes of state coincide with a pulse of 
the train S, hence the latter must be shifted if it is to be 
combined with the counter contributions. A suitable de-
lay is 1/2S; the intervals between the pulses in the com-
pound train are then equal to or integral multiples of 
1/2S, in accordance with the fact that the average value 
of the combined rate is always less than 2S. 
The combination rule can be stated thus: Given a 

fixed frequency S, the instants allocated to the pulses of 
average rate AS are spaced by 1/2S; the instants al-
located to the contribution of any one digital place are 
those left after deducting for any higher digital places 
and for every Nth pulse. 
N is the radix or base of the digital place under con-

sideration, hence the rule also applies to mixed radix 
representation of the number A. 

B. Binary Generator 

A cascade of triggers forms a binary counter (N=2). 

Reference to Fig. 3, in which n= 4, shows that the "begin-
ning” element, switch contacts, gates, and a time delay 
complete the rate generator schematic. The + 2' trigger 
is fed with the pulse train S after its polarity has been 
reversed; the + 2 trigger is fed from the + 2g-' trigger 
for i> 1. The n binary stages form a counter modulo 

2". 
When the ith trigger goes to 1, the beginning element 

at its output delivers a pulse to the switch contact ai; 
this is open if a=0 and no contribution is made to the 
output. If ai= 1, a pulse is delivered to the coincidence 
gate whenever the ith trigger goes to 1. As shown in 
Fig. 3, the coincidence gate is also fed with the original 

pulses S for the purpose of reshaping the differentiated 
trigger outputs. This renders their performance less 
critical, but the reshaping pulse may have to be delayed 
to match the lags of the trigger and beginning circuits. 

Example: In decimal notation, given 3 digits: in 909+1=910 
the digit 0 increases to 1, in 999+1=000 no digit increases. 
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POLARITY INVERSION 
+21 +22 

DELAY 1/25 

Fig. 3—Binary rate goner:11ov. 

The switch contact no allows S to be added with the 
aid of the delay unit 1 /2S and the "and" gate. 

One "beginning" element can be shared between two 
or more triggers by rearranging the circuit somewhat. 
Also, the polarity inversion and delay units can be re-
placed by feeding the rate 2S to a trigger followed by 
two " beginning" elements. Switches can be replaced by 
gates for control by electric signals. 

C. Decade Generator 

The decimal notation is desired in most applications; 
a binary generator can be modified accordingly, or it can 
be replaced by cascaded stages of decade rings. 
An example of such rings is the decade counter tube of 

the multicathode type. The decimal digit ai is set up by 
joining ai cathodes of the ¡Eh tube; e.g., by a cumulative 
switch (see Fig. 4). The selection of ai states in the 
natural order is not necessary; the nonuniformity of the 
pulse spacing in the output is reduced to 2:1 (as in the 
binary case) if the cathodes are joined as indicated in 
the pulse-spacing scheme below. 

Cathode 

1 )igit a, 
1 

3 
4 
5 
(I 

0 1 2 3 4 5 6 7 8 

X X 
X X X X 

X X X X X 
Complementary with 4, etc. 

More economical designs are offered by techniques 
that may be termed "pseudodigital." A sawtooth genera-
tor is triggered by every tenth pulse of the input, and 
delivers a sawtooth and a pulse at a tenth of the input 
rate. The contribution of ai pulses is taken from a coinci-
dence circuit fed with the input and an enabling voltage; 
the latter consists of the sawtooth and a bias set accord-
ing to the chosen digit a. A two (decimal) digit genera-
tor of this type is shown in Fig. 5. It will be noted that 
every stage operates at its fixed rate, and this fact can be 
used to enhance reliability. 

TOT 0,000 
TOGE 

CRYSTAL OSCILLATOR 

Fig. 4—Dekatron for rate generation. 

PULSE IS FORMER 

• 

SAWTOOTH GENERATOR NO I 

Ckaill, TO 
NEXT SU« 

SAWTOOT H GENERATOR NO 2 

1  COINCIDENCE CIRCUIT NO I 

COINCIDENCE CIRCUIT NO 2 

AS 14.0 01021 

Fig. 5—Two decade generator (pseudodigital). 

IV. DETErrioN 

A. Superposition and Pairing-Off 

The basic method of rate error detection is superposi-
tion (see Fig. 6). When a unidirectional current pulse is 
repeated X times per second, the dc component of the 
pulses is proportional to X; thus, if trains X and AS are 
superposed after inverting the polarity of AS, for in-
stance, and then passed through a low-pass filter, this 
supplies a dc difference voltage V (Fig. 6). In practice, 
the individual pulses are not identical and V fails to 
vanish when X AS. This zero error is reduced greatly 
if the filter is fed at the rate difference X — AS rather 
than with the rates X and the polarity inverted AS. The 

rate difference is generated by a pairing-off circuit Pg. 
7(a)] comprising a bistable trigger or flip-flop and two 
coincidence gates. Pulses X are applied to one control 
terminal and pulses AS to the other. For definiteness, it 
is convenient to assume tubes in the flip-flop and nega-
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Fig. 6—Detection by superposition. 
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Fig. 7—Simple rate difference detection: (a) pairing-off circuit, 
(b) simple detector, (c) detector characteristic. 

tive-going pulses in the pulse trains applied to their 
grids. The plates are coupled to AND gates G1 and G2. 
These are also fed with the pulses in such a way that the 
gate G1 has an output if the flip-flop is at "one" when an 
X pulse arrives at the flip-flop, whereas gate G2 has an 

output if the flip-flop is at "zero" when an AS pulse 
arrives; otherwise the gates have no output. Because of 
finite response speeds, the coincidence of the present X 
or AS pulse and the slightly earlier trigger state actuate 

the gates. 
If it is assumed, for the moment, that the pulses are 

uniformly spaced in each train and that these have equal 
repetition rates, no pulse is emitted if the trigger is at 
"zero" prior to the arrival of an X pulse; similarly, there 
is no emission if this is at "one" prior to an AS pulse 
arriving. However, a pulse is emitted if X exceeds.4 Sand 
continues to be emitted at the difference rate. (One error 
pulse is generated if the flip-flop is at "zero" when an 
AS pulse arrives or if it is at "one" when an X pulse 

arrives. This difference pulse is false, but it is not re-

peated.) 
If the difference output is to be single-ended, the 

polarity of the output of one of the gates, G1 or G2, must 
be reversed. This can be done with the aid of two single-
shot pairs (SSP), each of which delivers a balanced pulse 
when it receives an input. The SSP outputs are com-
bined in a mixing unit [see Fig. 7(b) ], a simple form of 
which is a resistive pad fed from the SSP with the aid 
of dc restoring diodes. The mixer output is a train of 
pulses, the repetition rate is the difference rate and the 
polarity is the sign of the frequency error. The dc com-
ponent is the desired error signal. The characteristic 
[see Fig. 7(c)] saturates at a level proportional to the 
peak value of the pulses from the SSP and at a difference 
rate whose period is about equal to the width of the 
pulses from the SSP. 
The detector could malfunction whenever an X pulse 

almost coincides with an AS pulse. Such pairs are sup-
pressed in a simple "pulse antifouling circuit" ( Fig. 8), 
which tests for coincidence of the broadened pulses in 
one with those of the other; the AND gate output con-
trols the anticoincidence gates fed with the delayed but 
unbroadened pulses, as required for well-spaced outputs 
X' and (AS)' that conserve the difference rate X — AS. 
The nonuniformity of the synthetic pulse train AS 

has been ignored so far; its nature and implications will 
be considered next. 

B. Uneven Spacing 

The synthetic rate .4S is generally subject to nonuni-
form spacing [e.g., Fig. 2(b) ]. Hence, even when the rate 
difference is zero, the simple detector of Fig. 7(b) is not 
quiescent, and its mean output fails to vanish unless the 
output pulses are matched perfectly. The problem is 
understood better on considering the response of a differ-
ence counter6 fed with X and AS [or X' and (AS)'] (see 
also Appendix B) ; when X = AS, the count vacillates by a 
certain amount. The maximum .4 of these excursions 
has been estimated as a function of the number of digits 
n in A, with the following result. 

The Binary Case 

fl 2 4 8 10 
1 2 7 3 
1 2 2 2 

14 16 20 
3 4 4 
2 3 3 

rhe last row (M) denotes the least number of binary 
stages in the difference counter which are required to 
accommodate the difference count Gly. 

The Decimal Case 

fl 

ây 
1 2 3 4 5 
3 5 8 10 13 
3 3 4 4 4 

• K. H. Barney, "The binary guantzer," Elec. Engrg., vol. 68, 
pp. 962-977; November, 1949. 
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Fig. 8—Pulse antifouling circuit. 

(ASI. 

Synthesis of .4 is assumed in the natural order, and with 
the possible addition of 1. 

The difference counter cannot register ,6,3, correctly 
unless overflow is prevented. The most positive number 
it can indicate is of type 011, i.e., a "zero" in the trigger of 
greatest digital significance and a "one" in all other 
triggers; similarly the most negative number is of type 
100. As shown in Fig. 9, the counter is guarded against 
overflow by means of coincidence gates G3 and G4 that 
sense the extremal counts, and by anticoincidence gates 
G5 and Gs; the AS pulses are blocked from the counter 
when the count 011 has been reached by means of G5, 
and Gs blocks the X pulses when the count 100 has been 
reached. 
The discussion of the rate difference detector will now 

be resumed. 

C. The Balanced Detector 

The desired zero output in the case X = :1S can be ap-
proximated in several ways; it is assured by quiescence 
on applying the principles of subsections B and C above. 
The circuit is shown as Fig. 10, and differs from that of 

Fig. 9 only in the gates G1 and G2; gates G3 and Gs are 
now indicated by the box labeled "Overflow Sensing 
Gates." When the difference counter has reached its 
positive maximum (due to an X pulse) and the next 
pulse is an X. gates G2 and Gs divert this from the 
counter to the relevant SSP and thence to the output. 
The first AS pulse subtracts unity from the maximum 
count but does not reach the output. The circuit is 

symmetrical with regard to the two pulse trains, except 
for the mixer that feeds the low-pass filter. This is also 
true of the simple detector [see Fig. 7(b)], but the de-
sired balance is achieved by quiescence rather than by 

critically adjusted components and operating conditions. 
The detection characteristic [see Fig. 7(c)] must pass 
through the origin now, but with abrupt change of slope 
if there is any SSP unbalance. In the close vicinity of 
the origin, the actual output approximates a train of uni-
directional impulses. 

G. 

LS 

Fig. 9— Difference counter with overflow guard. 

J-

0,FRF,OW 
SEUS,3 

SS   "rAer  

&AA 

Fig. 10—Balanced difference detector. 

V. SYSTEM PROPERTIES 

V& 

LOSV•p•S$ 
Ft,TER 

.1. Resolution 

The resolution of the above detection process is not 
limited by the cycle of a "clock" as in the gatecl count 
technique. However, a time equal to the reciprocal of 
the rate error must elapse before this becomes known; 
e.g., if X exceeds AS by 10-' cps, the SSP that contrib-
utes positively fires once every 10 seconds, on average. 
Because of nonuniform spacing, a nonrecurring group of 
pulses (<4) is emitted, and the firing rate is modulated 

at a rate depending on a.10-"S (the lowest contribution 
to AS). A graver effect steins from detector malfunction 
by badly spaced pulse pairs; although a simpler circuit 
[see Fig. 7(a) or Fig. 8] than the balanced detector can 
be assigned to deal with bad pairs, only one of the part-
ners will still be suppressed occasionally. Resolution is 
limited to the extent that faulty suppressions have a 
(fluctuating) mean in a time of the order of the post-
detection smoothing period; the effective mean should be 
very small when pulse trains X and AS are randomly 
related and when the circuits are well balanced. 

B. The Closed System 

A closed-loop control system will now be considered. 
The detector output is the error signal' and controls the 

tuning motor of a VEO for frequency control, or the 
settings of the digit switches in the rate generator for the 
automatic measurement of the rate X. 

7 A "fine control" can be provided by a bias in series with the error 
signal. 
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The system is of position-control type, since the 
mean error signal is proportional to the position error 
(of tuning motor) near balance. Balance is independ-
ent of the initial error, and convergence is speeded up if 
the low-pass filter is of the swinging-choke type. How-
ever, balance tends to be unstable owing to the inter-
mittent nature of the control signal; stabilization may be 
provided by hysteresis (by Coulomb friction) or, in the 
case of a measurement loop, by the discrete nature of A. 
A superior method of stabilization is available for fre-

quency control, since the frequency AS is always some 
integral multiple of the lowest contributory rate that 
can be drawn from the rate generator. A system of this 

type is illustrated by Fig. 11, in which the VFO tuning 
motor is driven by the error voltage. A loop for locking 
the VFO phase is also provided; the uniform pulse train 
of rate 10-"S (or 2-"S in binary synthesis) serves as the 
reference signal for periodic clamping of the controlled 
oscillation; the clamped voltage controls the frequency 
modulator (e.g., a reactance tube) across the VFO tank 

circuit. The properties of a well-designed phase loop are 
such that both the stability and the spectral purity of 
the reference signal S are preserved in the locked oscilla-
tor. Jitter in the reference rate ( 10-"S) must be kept low 
by retiming with the signal S. The design of the phase 
loop is simplified further by restricting its pull-in range 
to a small tuning error. 
The DRS loop is quiescent at lock unless a simple rate 

error detector is used or activity arises from badly 

FREQUENCY 
MODULATOR 

vr0 

MOTOR 

FORMER GENERATOR 
PULSE H  RATE 

PULSE 1  
FORMER 

RATE SETTING 

P. a, a. 

S 

WrrERENCE 

DETEC1OR 

LOW-PASS 

FILTER 

CLAMP 

Fig. 11—Frequency control system with phase stabilization. 

spaced pairs in the now-phase-related pulse trains X and 
AS; the DRS loop can be opened at lock by using the 
fact that ac is then absent from the output of the phase 
clamp. 

APPENDIX A 

LOGICAL SYMBOLS 

Logical symbols are the elements of circuits which 
operate in on-off fashion, such as 0 or 1 volt (this implies 
step functions, or impulses of finite width). The symbols 
represent functions of Boolean algebra and/or of time. 

Name Symbol Function Note 

OR gate 

AND gate, coincidence gate 

NOT gate, anticoincidence 
gate 

Delay element 

Trigger, flip-flop 

"Beginning" element 

X —5- Z 

z=(x or y) (xVY) 

:=(x•Y)=(xAY) 

(x • --y) 

z=x(t—r) 

z = 1 if the last input was u or x 
when z was 0; 

z =0 if the last input was w or x 
when z was 1. 

z = I only when x rises positively 

Output exists when there is at 1east one 
input 

Output exists when both inputs exist 

Output exists when x but not y exists 

Output equals input after delay r 

The trigger is "on" (z= 1 ) if the output is at 
high potential. A brief delay (of the saine 
order as the pulse width) is associated 
with the response 

Output is a pulse, input is usually a step. 
Physical prototype is a capacitor-fed leaky 
diode 
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APPusprx B 

BINARY ADDITION, SUBTRACTION AND COUNTING 

Addition 

The possibilities are exhausted by the truth table; the 
rule and the circuit follow. 

Resident 
Digit b 

o 
1 
0 
1 

Addend 
a+ 

0 
o 

Resultant 
Digit b' 

Carry 

o 

o 

o 
o 
o 

b = (a+ b), c = ( a.+- b) 

Subtraction 

Resident 
Digit b 

Subtrahend 
a _ 

Resultant 
Digit b' 

Carry 
c_ 

0 
I 
0 
1 

0 
0 
1 
1 

0 
1 
1 
0 

0 
0 
1 
0 

b' = ( a_ b), 

_ 

c = ( a • — b) 

Counters 

Binary counting is performed by cascading flip-flops 
if these respond to signals of one polarity only, e.g., 
negative going. (The input is also assumed to be nega-
tive going.) 

21 

o 

22 23 

With suitable gate connections, the circuit becomes a 
difference ("add-subtract" or "forward and backward 
going") counter, i.e., it will add the X pulses and sub-
tract the AS pulses. (A difference counter is shown in 
Fig. 9, together with gates at, G5, G6, and G7 that prevent 
overflow.) 

APPENDIX C 

DRS FOR COMPUTATION 

The digital nature of pulse rates and their self-decod-
ing property commend their use in a variety of control 
systems. Precision, simplicity, speed and stability are 
enhanced on discarding the clock that has been held 
essential previously,' and on introducing rate difference 
detectors. 

Methods for operating mathematically on the variable 
X/S represented by the pulse rate X will he considered 
briefly. 
To add is to superimpose; a pulse antifouling circuit is 

devised readily to avoid loss by pulse coincidence. Sub-
traction is performed by means of a rate difference de-
tector [Fig. 7(a), or Fig. 10 without the SSI) and mixer]. 
Negative numbers are represented by a " minus" sign, 
i.e., by the " negative" twin of the pulse-carrying line 
pair. Scale factors are provided by dividing circuits. 

Multiplication of rates X and Y requires that one of 
them be staticized first, as in the measurement of the 
rate ratio X/S by the digitally represented no. A. Figure 
12(a) shows the closed-loop arrangement; the two rate 
generators are similar, and their digit switches are 
ganged. 

RATE 
GENERATOR 

NO 

MI-ARCED 
CNAPERENCE 
DETECTOR 

CONTROL 
'OATS 

'vs I 
-4-GENERAToR 

we 2 

RATE 

(a) 

A It) H COUNTER I 

I 1 ix/ 

5 H A I 
GENERAre TOR  SIN/ 

(h) 

- TI 

(c) 

Fig. 12—Computing methods based on DRS: (a) multiplication, 
(b) differentiation, (c) integration. 

Division is effected by the same scheme if the fixed 
rate S and the divisor rate Y are interchanged. 

Differentiation is instrumented by a rate difference 
detector and a delay element [Fig. 12(b)1. 

Integration requires a counter (with overflow guard); 

the count controls a rate generator [Fig. 12(c)1. 
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Correspondence  

WWV Standard Frequency 

Transmissions* 

Since October 9, 1957, the National 
Bureau of Standards radio stations WWV 
and WWVH have been maintained as con-
stant as possible with respect to atomic fre-
quency standards maintained and operated 
by the Boulder Laboratories, National 
Bureau of Standards. On October 9, 1957, 
the USA Frequency Standard was 1.4 parts 
in 109 high with respect to the frequency de-
rived from the ur 2 second (provisional 
value) as determined by the U. S. Naval 
Observatory. The atomic frequency stand-
ards remain constant and are known to be 

WWV Frequency t 

1959 #1 #2 #3 

September 1 -27 -30 -26 
2 -27 -30 -26 
3 -27 -29 -25 
4 -27 -29 -23 
5 -27 -30 
6 -27 -30 
7 -27 -29 
8 -27 -29 -25 
9 -27 -29 -26 
10 -27 -29 -25 
11 -27 -29 -25 
12 -27 -29 
1.3 -27 -29 
14 -27 -30 -24 
15 -27 -29 -25 
16 -28 -28 -25 
17 -29 -29 -26 
18 -34 -34 -31 
19 -34 -33 
20 -34 
21 -34 -34 -31 
22 -33 -34 -31 
23 -31 -34 -31 
24 -30 -32 -27 
25 -30 -29 -25 
26 -28 -27 
27 -27 -33 
28 -26 -27 -24 
29 -25 -26 -23 
30 -24 -27 -23 

October 1 -29 -26 
2 -24 -20 
3 -23 
4 -19 
5 -29 -24 
6 -19 -17 
7 -31 -27 
8 -32 -28 
9 -35 -31 
10 -39 
11 -36 
12 -35 -29 
13 -35 -30 
14 -35 -31 
15 -35 -30 
16 -35 -30 

t WWVH frequency is synchronized with that of 
WWV. 

Column #1 Vs NBS: atomic standards, 
Boulder, Colo., 30-day moving 
average seconds pulses at 15 mc. 

#2 Vs atomichron at WWV, measuring 
time one hour at 2.5 mc. 

#3 Vs atomichron at the U.S. Naval 
Naval Research Laboratory, Wash-
ington, D.C., measuring time 56 
minutes at 2.5 mc. 

t Method of averaging is such that an adjustment 
of frequency of the control oscillator appears on the 
day it is made. The following frequency adjustments 
were made: 

September 17-minus 5 X 10-10 
October 2- minus 3 X 10 -10 
October 4- minus 9 X10-10 
October 6-minus 7 X 10 -10 

Column 

Column 

constant to 1 part in 104 or better. The 
broadcast frequency can be further corrected 
with respect to the USA Frequency Stand-
ard, as indicated in the table; values are 
given as parts in 1010. This correction is not 

* Received by the IRE, October 28, 1959. 

with respect to the current value of fre-
quency based on UT 2. A minus sign indi-
cates that the broadcast frequency was low. 

The WWV and WWVH time signals are 
synchronized; however, they may gradually 
depart from UT 2 ( mean solar time corrected 
for polar variation and annual fluctuation in 
the rotation of the earth). Corrections are 
determined and published by the U. S. 
Naval Observatory. 
WWV and WWVH time signals are main-

tained in close agreement with ur 2 by 
making step adjustments in time of precisely 
plus or minus twenty milliseconds on Wed-
nesdays at 1900 UT when necessary; a re-
tarding time adjustment was made on 
September 30, 1959. 

NATIONAL Bt7REAU OF STANDARDS 
Boulder. Colo. 

Low-Noise Parametric Amplifier 

Using Germanium p-n Junction 

Diode at 6 KMC* 

In this correspondence, the authors re-
port low-noise performance obtained for a 
parametric amplifier using a refrigerated 
germanium p-n junction diode for 6 kmc. 
The noise figure measured at 87°K for de-
generate operation (double sideband) was 
0.60 ± 0.05 db (excess noise temperature of 
44°K). This is equivalent to a 3.6-db noise 
figure for ordinary single sideband operation. 
However, the sky temperature in this fre-
quency range is so low that when the idler 
noise is radiated to a cold portion of the sky 
by use of an appropriate antenna, the noise 
contribution from the idler frequency is 
only slightly more than 44°K. The noise 
figure for the same amplifier measured at 
296°K was 1.8 db ( 150°K) with 13 db of 
gain and a single sideband frequency band-
width of 25 Inc. For sake of comparison, 
it may be noted that at 3.1 kmc, Knechtli 
and Weglein' reported an excess noise tem-
perature of 100°K ( 1.3-db double sideband 
noise figure) at room temperature, and 50°K 
at liquid nitrogen temperature for an ampli-
fier utilizing a gold-bonded germanium 
diode. At higher frequencies, however, a 
higher noise figure is to be expected, since 
the minimum obtainable noise figure of a 
parametric amplifier is primarily determined 
by the Q of the diode," 1/wC1?„, where Cis 
the average capacitance of the diode at the 
operating point, R0 is the spreading resist-

* Received by the IRE. August 26, 1959. 
1 R. C. Knechtli and R. D. Weglein, "Low noise 

parametric amplifier." PROC. IRE, vol. 47, pp. 584-
585; April, 1959. 

M. Uenohara, "Parametric Amplifier at 6 kmc 
Using Semiconductor Diodes." Reported at Sixteenth 
Annual Conference on Electron Tube Research, 
Quebec, Canada; June, 1958. 

3 M. Uenohara, "Noise consideration of the vari-
able capacitance parametric amplifier," PROC. IRE. 
to be published. 

ance of the diode, and ut is the angular fre-
quency of the signal. As a matter of fact, 
at 6 lane one of the authors measured a 
double sideband noise figure of 4.0 db at 
room temperature and 1.7 db at 80°K by 
utilizing the same gold-bonded diode. This 
result, while fairly good, is not as good as 
that already reported by the same author,3 
for a silicon p-n junction diode ( 1.4 db 
of double sideband no:se figure at room 
temperature). The superior performance of 
the silicon p-n junction diode is due to its 
higher cutoff frequency. Recent advances 
in semiconductor diode technology have 
now made it possible to produce a high-
quality p-n junction germanium diode which 
has extremely low noise temperature. 

The new diode utilizes the diffused mesa-
type p-n junction structure reported else-
where,4 and it is mounted in a modified 
version of a standard microwave diode 
cartridge. The zero bias capacitance is 
0.79 Aid and the series resistance is 6.8 
ohms. The dc resistance of the diode is 
higher than 50 megohms over the range 
from +0.15 volt to -2 volts. The reverse 
current is 20 pa at -4 volts, at which point 
the diode capacitance is 0.48 upf. 

The double sideband noise figures meas-
ured at various bias voltages are plotted 
in Fig. 1. Noise figures were measured with 
argon discharge lamp and they were double 
checked by reference to the noise from a 
matched load cooled to liquid nitrogen tem-
perature. The gain of the amplifier was 
maintained constant at 13 db by adjusting 
the pump power, and the coupling between 
the waveguide and the cavity was adjusted 
for minimum noise output at each bias con-
dition. The pump power, iris size, and the 
rectified current are also plotted in the same 
figure. The rectified current is negligibly 
small from zero bias to - 1.4 volts, with no 
noise contribution expected in this range 
other than the thermal noise arising from 
the series resistance of the diode. The noise 
figures calculated theoretically agree very 
well with the measured values for reverse 
bias voltages less than 1.4 volts. For larger 
reverse bias voltages, the rectified current 
increases very rapidly as a result of the 
diode being driven into breakdown. A con-
sequence of this is that the measured noise 
figures exceed the calculated values, the 
difference being attributed largely to con-
tributions from shot noise as well as noise 
of the microplasm type. 

To enable theoretical calculation of the 
noise figure, the pump voltage across the 
junction was graphically determined from 
the experimental results. The pump voltage 
for maintaining constant gain was found to 
be almost linearly proportional to the bias 
voltage, and the operating Q of the diode 
was calculated. 

The optimum negative bias was around 
-1.1 volt for this particular diode, and so 
this was chosen as the bias voltage when the 

1 A. Uhlir, Jr., "The potential of semiconductor 
diodes in high-frequency communications," PROC. 
IRE, vol. 46, pp. 1099-1115; June. 1958. 
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BIAS VOLTAGE 

Id PUMP IRIS SIZE 

p.0 MW INCH 

O 

-10 40 800 

30 600 

-20 20 400 

10 200 

1--Double sideband noise measured at various 
bias voltages. The gain of the amplifier is main-
tained constant at 13 db by adjusting pump 
rbower. 
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Fig. 2—Cross section 01 parame rie amplifier 
with refrigeration arrangement. 
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Fig. 3—The dependence of excess noise tem-
perature upon diode temperature. 

diode was refrigerated. The amplifier cavity 
used for the refrigeration experiment is 
shown in Fig. 2. The diode is refrigerated 
through the silver rod on which the diode is 
mounted. The temperature was measured 
at the top surface of the silver rod by an 
alumel-chromel thermocouple, so that the 
actual temperature of the junction may be 
slightly higher than that measured. How-
ever, the germanium crystal is soldered on 
the heavy metal block, which is mounted 
in the silver rod, while at the other end a 
very small area (about 1 mil) of the crystal 
is in contact with a nickel pin. It is there-
fore expected that the temperature of the 
junction is very close to that measured. 
Dried nitrogen gas is circulated to avoid the 
condensation of moisture on the junction. 

The experimental results are shown in 
Fig. 3. In this case, excess noise tempera-
ture is plotted instead of noise figure. The 
noise temperature decreased from 150°K to 
44°K as the diode was refrigerated from 
296°K to 87°K. Down to about 200°K, the 
fractional decrease of noise temperature ex-
ceeds that of the diode, but from 200°K 
down to the lowest temperature used, the 
fractional decrease of noise temperature is 

less than that of the diode. Similar char-
acteristics have been observed for most of 
the germanium diodes (p-n junction and 
point contact), but the details of the char-
acteristic differ from diode to diode de-
pending on the amount of doping. The de-
tailed characteristics of noise output of 
gurmanium, silicon, and gallium-arsenide 
diodes as a function of temperature will be 
reported later. 

The authors wish to express their ap-
preciation to Mrs. M. S. Boyle for her excel-
lent work in connection with the diode 
fabrication. 

M. VENORA RA 
A. E. ItAKANowsm 

Bell Telephone Labs. 
Murray Hill, N. J. 

An Extremely Low-Noise b-kmc 

Parametric Amplifier Using Gallium 

Arsenide Point-Contact Diodes* 

In a recent paper' one of the authors 
reported that gallium arsenide (GaAs), one 
of the 111--V intermetallic compounds, ap-
peared to be an excellent semiconductor 
for use in high-frequenc>.• point-contact de-
vices. The purpose of the present letter is to 
describe the extremely low noise perform-
ance obtained with a parametric amplifier 
using a refrigerated GaAs point-contact 
diode at 6 kmc. The noise figure measured 
at 90°K for double sideband operation was 
about 0.3 db (excess noise temperature of 
21°K). We believe that about 10°K of the 
noise temperature was contributed from the 
circuit which had an operating temperature 
of about 270°K. The excess noise tempera-
ture evidently could be further reduced by 
complete refrigeration of the circuit. The 
noise figure of the amplifier operating as a 
degenerate single sideband device will be 
3.3 db if the idler or image impedance is at 
room temperature. It is obvious, however, 
that the idler termination may also be 
refrigerated either by the use of liquid 
nitrogen or helium, or else the idler noise 
may be radiated directly to a cold portion of 
the sky by use of an appropriate antenna. 
If this is done, it is to be expected that the 
single sideband excess noise temperature of 
the GaAs amplifier will closely approach 
42°K ( twice the excess noise of the double 
sideband operation). 

GaAs diodes used as parametric devices 
have several advantages over those made 
with either silicon or germanium. The high 
electron mobility, together with a higher 
energy gap and lower dielectric constant 
are favorable in obtaining the desired high 
Q over a large operating range of applied 
voltages. Further, the dissociation energy 
is low enough in GaAs so that the diodes 
may be operated at low temperatures. The 

* Received by the IRE, September I, 1959. 
I W. M. Sharpless, "High frequency gallium arse-

nide point-contact rectifiers." Bell Sys. Tech. J., vol. 
38. pp. 259-269; January. 1059. 

GaAs diodes used in our parametric ampli-
fier have the same physical dimensions as the 
microwave rectifiers described in the pre-
vious paper,' but are given special processing 
to prepare them for paratnetric applications. 
The cutoff frequency has been increased to 
100 kmc or possibly higher by reducing the 
capacitance and resistance to a minimum. 
This has been accomplished by using heavily 
doped single crystal material having resitivi-
ties near 0.002 ohm cm. At the operating 
bias, the total capacitance of the point-
contact and the diode case is reduced to 
approximately µd. To minimize the noise, 
the GaAs surfaces are very highly polished 
and both the semiconductor surface and the 
sharp phosphor-bronze points are thoroughly 
cleaned immediately before assembly. The 
dc characteristics of this type of diode, after 
forming, are shown in Fig. 1. 

+2 

BIAS VOLTAGE 

-a +1 

S. 

011 

O.? 

0.4 .1 

o 

0.4 

0.3 

0.2 

0.1 

Fig. 1—Static characteri-4 ics of a ( 41.‘s point. 
contact diode. 

The amplifier cavity used is exactly the 
same as that reported ill a previous letter,2 
and the sanie technique is used to measure 
the noise figure. The accuracy of the meas-
urements is believed to be + 3°K. The double 
sideband noise figures measured at 5.84 lour 
while pumping at 11.7 knic at various bias 
voltages are plotted in Fig. 2. These meas-
urements were made at room temperature. 
To maintain consistent experimental condi-
tions, the gain of the amplifier was main-
tained at 16 db by appropriately setting 
the pump power level. The single sideband 
bandwidth at this gain was about 25 inc. 
The minimum noise figure at room tempera-
ture was 0.9 db, with the diode biased 1.2 
volts negatively. The noise at this bias is 
nearly pure thermal noise as the dc diode 
current is very nearly zero, precluding shot 
noise and noise due to internal microplasin. 

The excess noise temperature of the 
amplifier was also measured as a function 
of the diode temperature. The results of this 
test are shown in Fig. 3. The excess noise 

2 M. Uenohara and A. E. Bakanowski, "Low noise 
parametric amplifier using germanium P-N junc-
tion diode at 6 ktnc." Pitoc. IRE, this issue. p. 2113. 
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Fig. 2-Double sideband noise figure measured at 
various bias voltages. The gain of the amplifier is 
maintained constant at 16 db by adjusting pump 
power. 
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Fig. 3-The dependence of excess noise tempera-
ture upon diode temperature. 

temperature decreased from 68°K at room 
temperature to 21°K at a diode temperature 
of 90°K. The pump power required for con-
stant gain was almost constant over the 
entire temperature range. The excess noise 
temperature decreased almost linearly with 
the diode temperature from 220°K to 90°K. 
By extending the curve to the left, one can 
estimate that the noise contribution from 
the circuit is about 10°K. The justification 
for this construction sterns from the pre-
sumption that the linear region of the char-
acteristic implies a strict thermal represen-
tation of the diode noise source. 

It is interesting to note that the excess 
noise temperature range obtained with the 
cooled GaAs parametric amplifier is of the 
order of that for a maser operating at this 
frequency. Because of its simplicity, such a 
parametric amplifier becomes a reasonable 
competitor of the maser from a systems 
point of view, considering the relatively 
large noise contribution from other por-
tions of the system. It is possible that point-
contact parametric amplifiers may be made 
to operate at frequencies well above the 
highest that have been reported to date.3 

The authors wish to express their ap-
preciation to T. \V. Mohr for his valuable 
assistance in the measurements performed 
during the course of this study. 

M. UENOHARA 
Bell Telephone Labs. 
Murray Hill, N. J. 
W. M. SHARPLESS 

Bell Telephone Labs. 
Holmdel, N. J. 

B. C. DeLoach and • W. M. Sharpless, "An X 
band parametric amplifier." Puoc. IRE. vol. 47, pp. 
1664-1665; September, 1959. 

X-Band Parametric Amplifier Noise 

Figures* 

Noise figure measurements have been 
made on the X-band parametric amplifier 
previously reported.' The circuit has been 
slightly modified and two general types of 
gallium arsenide point-contact diodes have 
been examined. Typical capacity vs bias 
plots for these diodes are presented in Fig. L 
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Fig. 1-Capacity vs. bias voltage for typical Type 
and Type 2 diodes. 

The continuous curve is representative of 
diodes made with 0.002-0.003 ohm-cm ma-
terial and the dashed curve is representative 
of diodes made with 0.02-0.03 ohm-cm 
material. These two general types will be 
referred to as Types 1 and 2, respectively. 

Table I presents data obtained for room 
temperature operation of these diodes. De-
generate amplification was employed with a 
center frequency of 11.55 kmc with a K-
band pump frequency of 23.10 kmc. 

TABLE I 

Double 

Type Gain (db) Bandwidth Sideband 
(mc) Noise 

Figure 

1 
1 
1 
1 
2 
2 

10 
15 
15 
10 
10 
10 
10 

53 
26 
20 
20 
38 

3.2 
3.3 
3.7 
3.8 
3.8 
4.0 
4.5 

The X-band circulator employed in 
conjunction with these measurements had 
an input path transmission loss of 0.18 db, 
the effect of which was not included in the 
noise figures presented. 

The diodes of Type 2 were slightly worse 
in noise figure performance. There does, 
however, seem to be an advantage in gain 
bandwidth product associated with this 
general type. Several of these diodes (not 
included in the noise figure table above) 
have produced bandwidths on the order of 
80 mc and 10-db gain. However, the 53-inc 
figure with 10-db gain included in Table I 
for a Type 1 diode represents the best gain 
bandwidth product obtained to date for a 

* Received by the IRE, September 24, 1959. 
l B. C. De Loads and W. M. Sharpless, "An X-

band parametric amplifier," PROC. IRE, vol. 47. pp. 
1664-1665; September. 1959. 

diode of this type. This greater gain-band-
width product has tentatively been ascribed 
to a better circuit match to the lower aver-
age capacity of Type 2 diodes and suggests 
that circuit refinements may lead to better 
noise figures and gain-bandwidth products 
for both types of diodes. 

Significant improvement in noise figure 
performance is to be expected as the operat-
ing temperature of the diodes is reduced, 
as has been demonstrated for similar diodes 
at 6 kmc.' 

B. C. DE ILOACH 
W. M. SHARPLESS 

Bell Telephone Labs. 
Holmdel, N. J. 

2 M. Uenohara and W. M. Sharpless, "An Extreme-
ly low noise 6-kmc. parametric amplifier using gal-
lium arsenide point-contact diodes," this issue. p. 2114. 

General Energy Relations in 

Nonlinear Reactances* 

The purpose of this paper is to discuss 
in some detail an alternate derivation for the 
general energy relations for nonlinear reac-
tors.' This alternate method does not ap-
pear to be simpler or more straightforward 
than the original analysis.' This paper has 
been prompted by several similar deriva-
tions which have recently appeared.2-1 

To first summarize several equations 
from Manley and Rowe,' consider a non-
linear capacitor with a single-valued charac-
teristic defined by 

v f(q). (1) 

The charge q and voltage a may be written 
as double Fourier series: 

to 

q = E E 
<10 <0 

= E E /7 „/ • lei ('"+") 

= cod sot = 21111 

y wot wo 2rfo. 

The current i is similarly 

. dq 
= = E 

where 

(2) 

(3) 

(4) 

(5) 

j(mun nwo)Q,.... (6) 

The average power flowing into the nonlinear 
capacitor at the frequencies ± I mfl-Fnfol is 

* Received by the IRE, April 29,1959. 
l J. M. Manley and H. E. Rowe. "Some general 

properties of non-linear elements-Part I. general 
energy relations," PROC. IRE. vol. 44. pp. 904-913; 
July, 1956. 

2 C. H. Page, "Frequency conversion with non-
linear reactance," J. Res. NBS. vol. 58, pp. 227-236; 
May, 1957. 

3 B. Salzberg, "Masers and reactance amplifiers-
basic power relations." PROC. IRE, vol. 45. pp. 
1544-1545; November, 1957. 

P. A. Clavier, "On the Manley-Rowe relations," 
PROC. IRE. vol. 47. pp. 1781-1782; Octobes, 1959. 
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— + /110)41r Ref1;,„„Q*„,.„. (7) 

Now since the nonlinear capacitor is as-
sumed lossless, we have from conservation of 
energy 

where the region ut the summations is taken 
to include the power corresponding to each 
frequency only once. Eq. (8) may be re-
written, following I'age,2 by dividing and 
multiplying each term by its corresponding 
frequency. 

E E ---- (e11.1± n.4) = 0. (9) 
nifi+ 'i/o 

Splitting into two terms, and writing the ap-
propriate ranges for the summations, we 
have 

E E „,_, »,f, 4- Ni.„ 
n11 . 

+ .4 E E 0. (10) „, + 

111W 

We observe that if each of the two terms of 
(10) may be separately set equal to zero, we 
will have the general energy relations of 
Manley and Rowe.' This has been shown in 
the three-frequency case by Salzberg.3 We 
present here a somewhat different discussion 
which is suitable for the general case. 

Consider an ensemble of systems with 
identical nonlinear elements and identical 

and but having all possible 
different fundamental frequencies f, and fo. 
The external impedances and generators will 
have to be changed as fo and fl change in 
order to accomplish this. Then from (7) the 
quantities W,,,..(1)/fl+//f0) appearing in the 
summations of ( 10) are independent of the 
fundamental frequencies fl and fo. Since ( 10) 
must hold for each member of the ensemble, 
i.e., for all values of fl and fo, each of the 
two terms of (10) must be separately equal 
to zero, thus yielding the general energy re-
lations of Manley and Rowe.' 

The original analysis' established that 
each of the summations in ( 10) is identically 
equal to zero by direct calculation. The pres-
ent analysis obtains these results by examin-
ing their functional dependence. In either 
case the general energy relations are ob-
tained not from conservation of energy 
alone, but depend also on the properties of 
the particular device. These are: I) it is a 
capacitor with a nonlinear charge-voltage 
characteristic, thus causing new frequencies 
to arise whose charge and voltage com-
ponents are determined by this characteris-
tic; 2) since it is a capacitor, expressions for 
real power in ternis of these charge and volt-
age components must contain the frequency, 
factors shown in ( 7). 

The present discussion of course applies 
equally well to nonlinear inductors. 

J. M. M ANLEY 
Bell Telephone Labs., Inc. 

Murray Hill, N. J. 
H. E. RowE 

Bell Telephone Labs., Inc. 
Holmdel. N. J. 

Monotonicity and Maximally Flat 
Rational Functions* 

For many applications of equipment with 
filter- like properties it is required that the 
pass band exhibit no peaks or ripples; that 
is, the system transmission must decrease 
smoothly up to the cutoff frequency. If the 
system transmission function is described 
by the reciprocal of a polynomial, it is well 
known that the so-called maximally flat 
function' (among others2) will accomplish 
this objective. On the other hand, if the 
transmission function must be described by 
a more general rational function,' '3 the mat-
ter is not so obvious. It will be shown that for 
a number of common cases in loss-free filter 
design, where the transmission zeros are 
found either on the real or on the imaginary 
axis, or in mixed combinations, the maximal-
ly flat design still provides a function with a 
transmission which diminishes smoothly 
(monotonically.) up to the first zero on the 
s-plane w axis, for w > 0. 

It will be remembered that a maximally 
flat design results when as many successive 
derivatives as possible are equated to zero, 
at w=0. In other terms, as many successive 
coefficients as possible (in ascending powers 
of 0;2) of the numerator and denominator 
of the transmission function should be 
equated.' As a particular example, if the 
degree of the denominator polynomial ( in 
w2) exceeds that of the numerator polynomial 
by one, the ( maximally flat) squared-mag-
nitude transmission function may be ex-
pressed as 

112 = N(w2) = N(w3)  

D(w2) N(w2) bKze (3"' . 
(1) 

where 

N(w2)ri + (2 cos 28c) (1 2 
Wh 

) 4]. (2) 
Wk 

The parameter wk is the magnitude of each 
of the four transmission zeros associated 
with each kth factor of ( 2), and et is the 
angular displacement of these transmission 
zeros from the real axis in the complex fre-
quency- plane, s=o+jw, as shown in Fig. 1. 
If the function It 2 is monotone with respect 
to co, it will be also with respect to w2. There-
fore, differentiating with respect to co2 gives 

dl /12 Chl4K (PK 

= 1.(2K —I— 1)N — 
dw2 D2 

where 

dN 2N K 
N' = --2 = -- E 

[cos>, ( )2 + (-`-d h-) 4 1 WI. W 

1 2 cos 2th (-1 2+ (—°\ 4 
Wh Wh 

(3) 

(4) 

* Received by the IRE, lune IS. 1959. 
W. A. Lynch, "The role played by derivative 

adjustment in broadband amplifier design," Prot. 
Symp. OU Modern Network Synthesis. Polytechnic 
Institute, Brooklyn, N. Y., pp. 193-201 ; April, 1952. 
2 A. Paponlis, "Optimum filters with monotonic 

response," hue. IRE, vol. 36, pp. 606-609; Mardi. 
1958. 

J. L. Stewart, "Flatness and symmetric low-
pass lossless filters," IRE TRANS. ON Cmscui, THEORY. 
VOL CT-5. pp. 128-132; June, 1958. 
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Substituting (4) into ( 3) gives 

dl /12 —biacou' 
= /Y2 —I— 1 — 2 E (Si 

dw2  

where 

COS 20,, ( Cal—) 2 (1 4 

Wh Wh  r,, —   < 1 (6) 
I 2 cos 20 h (1 2 + C2 -) 4 

Loh 

if 

0,, < 43° (for all In (7a) 

or 

<  — (for all h where 8,, > 45°). (7b) 
.V—cos 201. 

Consequently, one obtains 

2E Fi, < 2K, (8) 

and, as bn, N, D2 and O K  ill (5) are all posi-
tive it follows that. 

dl /12 
< (9) 

dw2 

for all w satisfying ( 7b), and perhaps be-
yond. If ( 7a) holds, note that the trans-
mission function is monotone decreasing 
for all (real) w greater than zero. As a 
special case, if all of the zeros are located on 
either the real or the imaginary axis or in 
combinations thereof, then (4=0° or 90° and 
the restriction of ( 7b) becomes 

w < on, (for all 10. (10) 

Thus, the transmission function is monotone 
decreasing up to the first zero on the w (or 
imaginary) axis in the s plane and not beyond. 

Consider an "almost maximally flat," 
squared-magnitude transmission function of 
the form 

1112 = N(w2) aKw2(2K+u N(w2) 
= (11) A7(,2) bK,2(2K+1) D(.2) 

where it is assumed that ok and bic may 
not be equated for physical reasons. Differ-
entiating with respect to w2 gives 

dl 112 (bic — aK )(01K 
_ _ _ 

do,'D2(co) 

• PK + 1)N — w2/1/1 (12) 

As there can be no power gain at infinity 
with passive networks 

bE — aK > 0 (13) 
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and the same arguments which followed (3) 
will also hold in this case. 

Next, consider a form for 111 2: 

1 112 = N(c..+2)_ N(w2) 

N(o.12) b(w2) 

where N(w2) is as defined in ( 2) and R(w2) 
represents additional denominator terms 
(not equatable to the numerator): 

K-FAI 

R(422) = E 

Thus, 

dill' [—bK °4--K  [(2K 1)N — NV] 
de D2 

w1K-I 2 

- b/C+2   + 2)N — 

(14) 

(15) 

(16) 

4 K—M 

— 41 -•[(2K + 211)N — N'cull]< 0 
D2 

(if bK through bK .,..v are all positive and 
equations ( 7) are satisfied) and again the 
function is monotone decreasing. 

T. R. O'MEARA 
Research Laboratories 
Hughes Aircraft Co. 
Culver City, Calif. 

Parametric Amplification and Con-
version in Propagating Circuits Us-
ing Nonlinear Reactances* 

Tien has presented an analysis of par-
ametric amplification and conversion in 
propagating circuits by using a time-varying 
reactance as the coupling element between 
two propagating circuits.' The purpose of 
this note is to show that similar results can 
be obtained by using a nonlinear reactance 
to couple three propagating curcuits. To 
the writer's knowledge, this approach has 
been used in studying resonant-circuit par-
ametric devices but not for propagating cir-
cuit models. This method can lead to the 
large-signal theory. 

The transmission line equation, neglect-
ing the series resistance of the wires and the 
shunt conductance, can be written in the 
following form: 

aV(s, t)/8z = — Ms, t)/at 

01(s, 1)/&.; = — age>, 0/81 (I) 

where 1 is time, z is distance, V(z, t) is the 
potential along the line, /(z, t) is the current, 
0(z, 1) is flux linkage per unit length, and 
q(s, t) is the charge per unit length. 

In the model shown in Fig. 1 only non-
linear inductive coupling is used. aq/at 
becomes the ordinary Ca V /at and 8/0t 
will contain coupling terms in addition to 
the ordinary Lai/al. 

* Received by the IRE. June 8, 1959. 
P. K. Tien, "Parametric amplification and fre-

quency mixing in propagating circuits," J. Appt. Phys. 
vol. 29, pp. 1347-1357; September, 1958. 

Ls Ls Ls La La 

Fig. 1—An equivalent circuit of a traveling-wave 
parametric circuit. 

In the nonlinear inductance, the voltage 
and flux relation is 

and 

V = — aolat = — (ao/ai)(ai /on 

= — 1.(i)aijai (2) 

00/81 = Lo(89 /at) Low(as/ao 

+ go"s2(asjao + • • • (3) 

where Lo, Lo', Lo" • • • are the values of L 
and its derivatives (with respect to current) 
evaluated at li); the de part of the current 
i(z, t), 9 (z, 1) is the ac part of i(z, 1). 

Referring to Fig. 1, 

4(z, = /1(z) cos (wit — 01) 

+ /2(z) cos (w2t — ft2's -I- 02) 

-1-- /(z) cos (cot — fiz ± 8). (4) 

Substituting (4) in (3), we can obtain 
the components of &tat at Cal, ‘02 and w. 

1 /12 + 2122 + 2/2] 
(.80/801= — coi[Lo+ Lo" 

2 4 

'it Sn (we — 01'z + 01) 

— iwiLo'/2/ sin (wit — + 0 82). (5) 

Similar equations can be written for 
(aceat)2 and (80/at). Here the upper sign 
is for case a) where co= col A-co2, and the lower 
sign is for case b) where co= cot — we: 01, 02, 
and O are initial phases. Most of the nota-
tions employed here follow those used by 
Tien.' 

Neglecting the current-dependent in-
ductance term in the first term at the right-
hand side of (5) as being small compared to 
Lo, we can write the transmission line equa-
tion for the col-circuit as 

= oh(Lit U/1 sin (oh/ — -I- 00 

iwiL012/ sin (coli — ± O T- 02) 

— 1/ al, (6) 

and similar equations for the co2 and co cir-
cuits. L11 is the inductance per unit length of 
WI circuit. 

Combining the pair of equations of (6) 
and similar pairs for the (02 and co circuits, 
we finally obtain 

811 1 co1/31L0' 
— — jk0.91, — j hem° 02-80 

4 th 
812 ' 1 cd2/32L0' e 

az 

jk20/2 — Jt1e' 82, 
az 4 e 

_ _ ( o_L 0 92+6,-o) 
ôz 41 . 

Notice the similarity and difference be-
tween these equations and those of Tien. 
For small signal theory, the second term on 
the right-hand side of the expression a V/az, 
similar to that in (6), is neglected. Then 

(7) 

/(z) becomes a constant and (7) becomes 
identical to that in Tien's work, if a substi-
tution /1'(z)=11(z)eile', 12'(z)=12(z)802 and 
P(z)=/(z)eie is used. The expression for ; 
given by Tien becomes 

e cago2BIB2Lo'21 = / 12 . 
4e/32' 

The exact solution of (7) without the 
small-signal assumption is difficult to obtain. 
However, if et0=0, some useful results can 
be obtained. Using (7) and its complex con-
jugates, one can have for case a), 

— /1 12Zodwi 

—I /212Z02/w2 = I / 12Zo/w; (9) 

and for ease b) 

/112Z01/wt 

(8) 

= — j ¡ 2 12 )2 o 2 = — I 2 zilid. (10) 

The above relations are simply Manley and 
Rowe's power relation. From (7) one can 
also obtain the first-order large-signal solu-
tion from the following: 

d2/1 1 cogo2BIB2Lo'21 /12 

dz2± [ 16 0102 

co1381 11 dl 112 
(11) 

048,01 I dz 

The second term in the brackets shows the 
saturation effect. 

N. C. CHANG 
Mountain View Components Labs. 

Sylvania Electric Products Inc. 
Mountain View, Calif. 

Noise Figure for a Traveling-Wave 

Parametric Amplifier of the Cou-

pled-Mode Type* 

The theoretical noise figure for a travel-
ing wave parametric amplifier of the t ontinu-
ously-coupled transmission line ty pc has 
been calculated. This theory is applicable to 
the traveling-wave parametric amplifier em-
ploying discrete diodes insofar as the par-
ticular structure can be treated as a dis-
tributed network. 

The calculation employs the normal 
coupled-mode equations for weak coupling 
and introduces distributed thermal noise 
sources, tt„(z) and ni(z), at signal and idler 
frequencies, respectively. Noise sources at 
different positions of the structure are con-
sidered to be uncorrelated, hence 

ni*(si)ni(z2)=ni26(zi—z2) and it.*(zi)n..(z2) 
=n„26(zi — z2). The mean square values, 

n„2 and nil, are related to the attenuation 
constant (nepers-per-unit length) for idler, 
ai, and for signal a.„ by 

ni2 = 2aiknif )12 = 2a„knéf. (1) 

* Received by the IRE. time 8, 1959. 
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where 

k = Boltzmann constant, 
T=ambient temperature of the device, 
f= bandwidth of the device. 

The relationships in ( 1) are obtained by 
considering an element dz of the device 
which is at a temperature T and at thermal 
equilibrium. A power kTaf enters the ele-
ment and is attenuated, and noise power is 

added from the thermal noise n2; hence the 

output is (1 —2adz)kTo.C‘f-Feds. This total 
output power must equal kr,g, since the 
system is at a constant temperature T and 
thermal equilibrium. Consideration of this 
equality leads to the relationships expressed 
in ( 1). 

For the case of no coupling between the 
idler and signal modes, the z and time de-
pendencies for the idler and signal modes, 
respectively, are given by exp 
and exp ( -( z• +jco,t), where 7.= ai-F.h3i and 
7. = a. +jet are the propagation constants. It 
is presumed that the coupling coefficients, 

and C1., between the signal and idler 
modes have a dependency of exp (—ji3pz 
-1-jcopt), where subscript p refers to pump 
signal and no loss is assumed. The angular 
frequencies are related by wi =cop— co.. 

Consider the case of weak coupling be-
tween the signal and idler frequencies. These 
signals may be propagating in the same 
mode or in different modes of the structure. 
Represent the amplitudes of the forward 
wave of the idler and signal frequencies by 
a; and a., respectively. The amplitudes are 
so normalized that aiai* and a.a.* are the 
powers carried by the waves. 

In absence of coupling, the wave ampli-
tudes satisfy 

da. da, 
— — — , (2) 

dz dz 

where 'y, and vi are the propagation con-
stants of the unperturbed waveguide for the 
signal and idler frequencies, respectively. 

If the coupling is introduced between 
the waves, the presence of one wave affects 
the rate of change of the amplitude of the 
other. For weak coupling, it presumed that 
7i and -y, are unaffected and that the 
coupling is properly taken into account by 
setting 

da. 
—dz = — wt, n., 

dai* 
= — 

dz 

The distributed thermal noise sources 
have been included in the equations. (Com-
pare (4.3) of Hans.') Here, we interpret the 
lower sideband frequency, coi=04—cii,, as 
positive as opposed to the convention of 
Haus. 1 This necessitates complex conjugate 
signs on all amplitudes pertaining to coi( >0). 
As wi-l-co,=i0„, the time dependencies cancel 
in the above equations. 

Consideration of the power relationship 
given by Manley and Rowe2 [11 yields the 

(3) 

1 H. A. Hails. "The kinetic power theorem for 
parametric, longitudinal, electron-beam amplifiers." 
IRE TRANS. ON ELECTRON DEVICES." vol. ED-5. pp. 
225-232; October, 1958. 

2 Ibid.. footnote 3, page 226. 

relationship between the amplitude coupling 
coefficients 

C81 CiF 0  

Wee 

(4) 

The solution for a, in terms of the noise 
sources, ni and n,, is achieved by the method 
of undetermined coefficients (see Hilde-
brand2). The solution is 

a. — f 

koci812 f 
o 

where 

+ ke-18,2 f 2ei°2'..1„(zi)dzi 

— kbe-18,r f Cideletelni(zOdzi. (3) 
o 

± v.* ±  

2 

4/  — vi* — 

4 I C.112 

(6) 
13 fy. ..1  , = SI — .iv. k,, = 2 —  kb= k 

I"2 02 fil — 02 01 — 02 

If the real part of the quantity under the 
square-root sign is negative, A is a growing 
wave and it, is an attenuating wave. 

For a lossless structure, this condition 
is given by 

(S. +01 — Orr co, I C.,12 < O. 
4 

For a given coupling c,11 2, this gain 
term is maximized by requiring 

(7) 

Eq. (7) is the synchronism condition derived 
by 'Hem^ 

The exact solution for a short-length or 
moderate-gain device involves both of these 
waves, pi and 02. This complete solution is 
omitted here and consideration is given to 
the high-gain solution. Hence, a, may be 
represented by the first two terms of ( 5), 
which are the growing wave ternis. The 
power at the signal frequency at the position 
z caused by the noise generators ni and n. is 
given by 

P.(z) = = I 

• f j: • ' •I -I 

-1- I ki,j 2e-idure+iest.' 

12,2,1„*(z2)ni(zi)dz2dzi. (8) • ff o 
The excess noise figure is given by 

Nos + N,,i Ni 
(9) 

N. 

F. B. Hildebrand. «Advanced Calculus for En-
gineers," Prentice- Hall, Inc., New York, N. Y., pp. 
27-31; 1949. 

P. K. Tien, "Parametric amplification and fre-
quency mixing in propagating circuits," J. Appt. 
Phys.. vol. 29, pp. 1347-1357; September. 1958. 

where 

N., =output noise power at the signal 
frequency due to the distributed 
thermal noise source, n„(z), 

Noi = output noise power at the signal 
frequency due to distributed ther-
mal noise source, n.(z), 

Ni= output noise power at the signal 
frequency due to thermal noise 
power at idler input terminals T; 
=idler input temperature. 

N.=outout noise power at the signal 
frequency due to the thermal noise 
at signal input terminals, which is 
taken to be at room temperature 
for reference, To. 

The terms /Viand N., are evaluated from 

(8) by having ni*(z2)ni(zi=kTiAf 45(z2)6(zi) 

and n,*(zz)n.(zi)=kTo.lf 8(z2)6(z.1). The N„, 
and N„„ terms are evaluated from (8) by 
considering that the thermal noise genera-
tors at different positions along the struc-

ture are uncorrelated; hence ni"(z2)ni(zi) 

- ni28(zi — 22) and n.*(z,)n..(zi) = n.2•5(zi 

—22), where ni2 and n.,2 are related to the 
attenuation (nepers per unit length) for 
idler and signal by ( 1). where T is taken as 
the ambient temperature To. 

Putting these results in (9) and ignoring 
the constant terms in comparison with the 
exponentially increasing terms, one obtains 

a I kb i2 a- Ti 
— 1= Ti4 - I C,,; 12 al —1, ( 10) 

ai 2  To 

where 

a, = loss (nepers per unit length) for the 
signal frequency, 
= loss (nepers per unit length) for the 

idler frequency, 
«, = gain (nepers per unit length) for the 

signal frequency when the structure 
is active; i.e., being pumped. This is 
the imaginary part of the growing 
wave propagation constant, al. 

If the device is cooled to a temperature. 
T., then a T./To term shoukl appear in the 
nontemperature terms in ( 10). 

For a lossless sytem, =a.=0, ( l0 be-
comes 

Use has been made of (6) to evaluate 
k„ and kb for the lossless case in order to 
derive ( 11) from ( 10). Eq. (11) is the result 
reported by Tien." 

If the structure is matched to the an-
tenna at the input of idler and signal, then 
the noise of the second stage will be radiated 
out of the input and may be ignored. This 
connection would also put Ti = T., the an-
tenna temperature, and, hence, a lower noise 
figure would be achieved if the antenna were 
pointed into free space. 

CLINTON G. SHAFER 
Res. Div. 

Raytheon Mfg. Co. 
Waltham, Mass. 
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Antenna Power Densities in the 

Fresnel Region* 

INTRODUCTION 

The large average powers used in some 
current radar and communications systems 
have raised the problem of personnel safety, 
particularly irreversible eye damage. This 
letter presents calculations and curves of 
maximum power density as a function of 
distance from the antenna for several typical 
aperture distributions. 

Two factors are of interest: 1) maximum 
power density envelope, and 2) gain reduc-
tion, which is also approximately the beam-
width broadening factor. The apertures con-
sidered are: a) square with uniform illumina-
tion, b) circular with uniform illumination, 
and c) circular with ( 1 — p2) taper. Let R be 
the distance to the aperture. 

SQUARE APERTURE WITH UNI-
FORM ILLUMINATION 

The on-axis power (field squared) is 
given byt 

P = 16.4[C2(1/2Vi) S2(1/2‘512 (1) 

where C and S are Fresnel integrals and 

x — 
2L2/X 

is the distance as an inverse fraction of the 
distance 2L2/X. The choice of coefficient 
normalizes the power density to unity at 
R= 21,2/X for a square of side L. 

Fig. 1 shows that the greatest power 
density is 12.7 times the density at 21,2/X. 
As the observation distance moves in closer 
to the antenna, the main beam alternately 
divides and reforms to produce an oscillating 
curve. The dashed line is the envelope of 
maximum power density vs distance. Close 
to the antenna, the density oscillates about 
a value of four. 

Because the antenna gain and beam-
width are both degraded in the Fresnel re-
gion, a gain reduction factor is obtained by 
comparison of the (on-axis) intensity about 
a spherical surface for the focused aperture 
with that of the unfocused aperture. The 
gain is reduced by 1/7,2 where 

el[C2(v37/2) + .52(N/7/2)1 

and 

2L2/X 
Y (2) 

The beamwidth is broadened approximately 
by -y, which is plotted in Fig. 2. For large 
apertures the asymptotic value is y = (1/2)y. 
In addition y is also called a defocusing 
factor. 

CIRCULAR APERTURE WITH 
N IFORM ILLUMINATION 

For an aperture of diameter D the Fresnel 
field squared is given by' 

• Received by the IRE, May 18,1959. 
1 R. W. Bickmore, "On focusing electromagnetic 

radiators." Cali. J. Phys.. vol. 35. pp. 1292-1298; 
1957. 

2 M. K. Hu, "Study of Near-Zone Fields of Large 
Aperture Antennas." Final Rep. Contract AF 30(602)-
928, Res. Inst., Syracuse Univ.. N. V.; April, 1057. 
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Fig. 1—On-axis power density. 
uniform square aperture. 
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Fig. 2—Defocusing factor, uniform square aperture. 
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Fig. 4—Defocusing factor, uniform circular aperture. 
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Fig. 3—On-axis power density, 
tapered circular aperture. 
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Fig. 6—Defocusing factor, tapered circular aperture. 

5 

16.21 ri r r 
P exP — — Edt 

13.14(1 — COS 811x) (3) 

which is plotted in Fig. 3 in fractions of 
2D2/X with the power normalized to unity at 
202/X. The defocusing factor is 

= 
ir), • 

4/1 — cos 
8 

and is plotted in Fig. 4. Now 

2D2/X•  
2 D2/X and y 

At the points where the aperture subtends 
nearly an even number of Fresnel zones, the 
on-axis gain and power density both are 
zero. 

X 

(4) 

CIRCULAR APERTURE WITH (1— pi) TAPER 

This aperture is of most practical interest 
because it corresponds most closely with 
actual dish antennas. The power on-axis is 
given by 

16.1( f ' 
— (I -- E2) exp [j — (1 —E2)]Zdk 12 
X2 o 8s 

16x 
=26.1 [1 — — si r n —  

ir Sx 

+ 128.0 it_ cos r (5) 

7r2 /J 

A power density curve plotted from this 
equation is shown in Fig. 5. It may be noted 
that the peak power density occurs at about 
0.1 (2D2/X) and is nearly 42 times the 
2D2/X density. The asymptotic value is 26.1. 
Similarly the defocusing factor is 

ir)'  

'Y 16 ry 128 ( lc) (6) 
16 4/1 — — sin — ry 8 —7r2y2 8 1 — cos — 
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which is given in Fig. 6. Here the asymptotic 
value is 

= wy/16. 

The asymptotic curves of -y are useful in 
determining a Fresnel-Fraunhofer transi-
tion point which is defined+ as the value of y 
at which asymptotic y goes to unity. Note 
the following values: 

Square, uniform R = VA 

rD2  
Circular, uniform R = 

2)% 

7rD2 
Circular, tapered R = 

8X 

The power density on-axis in the Fraunhofer 
field at a distance of 2D3/X may be found 
from 

Power Density 

PG 

4w(2D2/X)2 

4V uniform square 

3rP • 
D2 — atpered circular ( 7) 

64 

71-P 
— uniform circular 
16D2 

where P = power and G = conventional gain. 
Because the gain at 2D3/X is slightly 

smaller than the computed value which 
exists an infinite distance away, a small 
error of about 1 per cent is evident. For more 
accurate work (7) should be divided by the 
gain factor, -y, at 2D2/X; this can be found 
from the appropriate Figs. 2, 4, or 6. (Note 
that this error may not be small' for other 
aperture distributions, particularly those 
with appreciable phase errors.) As an exam-
ple, take an X-band dish with 25-db side-
lobes, X =3 cm, D = 20X, G=34.71 db = 2960, 
and 2/92/X = 24 m = 78.75 feet. Assume P 
=1000 watts average. 

• Power Density 

103 X 2.96 X 103  
— 0.0408 watt/cm2. (8) 

4r X (2.4)2 X 106 

Even this figure, for the maximum power 
density (on-axis) at the Fraunhofer distance 
of 79 feet, is well over the ARDC maximum 
of 0.01 watt/cm. In the example the power 
density, from the envelope curve of Fig. 5, 
reaches a peak of 41.7 X0.0408 = 1.7 watts 
/cite at a distance of 0.096 X78.75 = 7.6 feet. 
The gain reduction factor at 7.6 feet is 
1.63=2.56. The Fraunhofer beamwidth 
is 3.64°; at 7.6 feet it is approximately 
3.64 X 1.6 = 5.8'. 
The power density on the axis can be 

found from Fig. 6 by dividing yl into 
I(2D2/X)/R12, because the Fraunhofer power 
density increases as e while the gain reduc-
tion factor is 1.2. Thus, this is exactly equiva-
lent to Fig. S. Of course, the maximum 
power density only exists at a spot; for the 
example the peak power density is nearly 
3 db down at an angle of 1/2(5.8°) = 2.9°. 
To summarize, the maximum power den-

sity is found by computing the density at 

E. H. Braun, "Gain of electromagnetic horns," 
PROC. IRE, vol. 41. pp. 109-115; January, 1953. 

4 O. E. Horton, "Measurements of Radar Power 
Density Levels to Establish Non-Hazardous Working 
Areas," Wright Air Dey. Center Memo. WCLRS-6-
58-4; March, 1958. 

2D2/X from (7), and multiplying this value 
by the power factor from the envelope 
curves of Figs. 1, 3, or 5. 
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Spin- Spin Energy Transfer and the 

Operation of Three-Level Masers* 

The original experiments on the three 
level maser' demonstrated the importance of 
the role played by spin-spin energy trans-
fers. These occur whenever there is equality 
between two energy intervals, whether they 
belong to the same level scheme or to the 
level schemes of different spin species present 
in the material, and they may, by equalizing 
spin temperatures in the two intervals, pro-
foundly modify the operation of the maser. 
In the course of recent experiments on 
paramagnetic relaxation in ruby (Cr+++ in 
A1203), we have observed a new type of 
transfer phenomenon which takes place 
when one energy interval is twice as large 
as another. This process is independent of 
temperature in the hydrogen-to-helium 
range and depends approximately on the 
square of the concentration. With 0.05 per 
cent Cr+++ the transfer times are of the 
order of a millisecond, which is long com-
pared with the usual spin-spin times, but 
considerably shorter than lattice relaxation 
times at helium temperatures. The experi-
mental evidence indicates that three spins 
are involved in the energy exchange, as com-
pared with two in the usual type of spin-spin 
transfer. Consideration of the physical model 
suggests that this may be only the first in 
a sequence of higher order processes which 
become effective as concentration increases. 

Spin energy transfers between intervals 
of different sizes introduces new difficulties 
and new possibilities in the design of solid 
state masers. In ruby, for instance, there 
are eleven ways in which one interval can be 
twice another (excluding the cases of equal 
adjacent intervals), and at an arbitrarily 
chosen setting there is an appreciable chance 
of working in the vicinity of a two-to-one 
frequency point. In this case, the two inter-
vals concerned with tend to assume the same 
spin temperature, resulting in the imposition 
of a spurious load on the inverted spin 
group or the accidental cross pumping of 
levels and the destruction of the negative 
temperature. We have observed that the 
transfer effect spreads further to each side 
of the exact two-to-one setting as the con-
centration is raised, and it seems likely that 

* Received by the IRE June 25, 1959. 
G. Feher and H. E. D. Scovil, " Electron spin 

relaxation times in gadolinium ethyl sulfate," Phys. 
Rev., vol. 105. pp. 760-762; January. 1957. 
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this, complemented by higher order proc-
esses, may explain some of the difficulties 
encountered in the attempt to operate 
masers at higher spin concentrations. 

In other circumstances an advantage 
may be gained by communicating spin tem-
peratures from one interval to another, par-
ticularly where the frequencies concerned 
are near the upper limit of those which can 
be generated by existing signal sources. For 
instance, a pumping temperature may be 
passed from a smaller to a larger gap; in the 
specially favorable case of hp and 2hp inter-
vals which are adjacent in the same level 
scheme, a signal at a frequency v would 
serve to pump a 3hv gap. Spin mixing or 
"double doping" of the host lattice offers 
more complex possibilities such as two-stage 
multiplication of the effective pumping fre-
quency, accelerated lattice relaxation, or the 
transfer of a negative temperature from a 
smaller to a larger interval. (Ordinary first 
order spin-spin transfer does not require that 
both spins belong to the same species, and 
there seems to be no reason why such a re-
striction should apply to higher order proc-
esses either.) 

Fig. 1 shows angles to the crystal axis 
and magnetic fields for which there exists 
a two-to-one ratio between intervals in the 
ruby level scheme. If we number the ruby 
levels 1 to 4, starting with the lowest in 
energy the six intervals are designated by 
the following letters: A ( I, 2), B (2, 3), 
C (3, 4), D (1, 4), E ( 1, 3), F (2, 4). The di-
agram was prepared from level schemes 
given by E. O. Schulz du Bois,2 to whom the 
authors would like to express gratitude for 
the loan of the original graphs. 

W. B. Mims 
I. D. McGEE 

Bell Telephone Labs., Inc. 
Murray Hill, N. J. 

2 E. O. Schulz du Bois. "Parametric spectra of 
substituted sapphires." Bell Sys. Tech. J., vol. 38, pp. 
271-290; January, 1959. 
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Ridge Waveguide Impedance* 

Consider single ridge waveguide of over-
all width al, overall height bl, ridge width a2, 
and ridge height b2. Cohn' has shown that 
the cut-off wavelength X,' of the TEN mode 
is determined 13> the lowest root (in 01+02) 
of 

cot 01 — (14/62) tan 02 = Be/Y1 (1) 

where the phase angles 01 and 02 are defined 
by 

01 = tr(al as)/Xc' 

02 = wa2/X,' 

(2a) 

(2b) 

and B,/ Y1 is the normalized equivalent 
susceptance at cutoff of the discontinuity. 
Cohn' has also given a formula for the char-
acteristic impedance (voltage/current defi-
nition) of ridge waveguide, but he has par-
tially neglected the effects of the discon-
tinuity. Mihrans has shown how to correct 

* Received by the IRE, July 29. 1959. 
S. B. Cohn. "Properties of ridge wave guide," 

PROC. IRE. vol. 35, pp. 783-788; August, 1947. 
t T. G. Mihran, "Closed- and open- ridge wave-

guide." PROC. IRE. vol. 37. pp. 640-644; June. 1949. 

Cohn's results to allow for the extra current 
flowing at the discontinuity, and his formula 
can be recast into a form that is more reveal-
ing and gives a simple, direct calculation of 
the characteristic impedance. Mihran's 
formula for the impedance at infinite fre-
quency is 

120r 2C 
= cos 02 

Zr; e Eo 

-- [sin 0. + — cos 02 . tan --] (3) 
rb2 bi 2 

where C is the capacity per unit length 
equivalent to the discontinuity. The term 
in C is that neglected by Cohn. This ca-
pacity may be related to the normalized 
susceptance of ( 1) by the result: 

X.' 
—c = 12OrtC = 120r • ca,'C• — 
en 2r 

1 14 it.' 
= — — • 

2r 1 b. 
(4) 

Eliminating Bd VI, (3) becomes: 

Z., so = 120r(rbi/X,') sin 01- sec 02. (5) 

Similarly, Mihran's formula for the charac-
teristic impedance (power/voltage defini-
tion), 

120r 2C X„' 
— — (cos 02)2 + — [202 + sin 202 

z e eo 47142 

b. ( cos 02)2 
—  (201 — sin 204 (6) 

bl sin 0,1 

may be simplified to 

120r X,' 
= — [202 — sin 202 

Zp,00 4rb2 

b.• ( cos 0.)2 
(201 + sin 201)]. (7) 

bl sin 01 

As a check we see that both (5) and (7) 
lead to the correct result for ordinary rec-
tangular waveguide. 

G. DUCKWORTH 
British Thomson-Houston Co., Ltd. 

Leicester, Eng. 
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Scanning the Transactions  

Is space exploration economically justified? There is no 
question that the scientific gains from our exploits in space 
will be tremendous, but what is this going to cost in dollars 
and cents? Before answering that question, however, one 
must also consider what it would cost not to probe space. In 
this connection one authority has the following to say: " First, 
the success of the early Sputniks has probably cost the United 
States at least five billion dollars which will be paid for in 
lost contracts on the world market, additional military and 
economic aid to our allies, and increased demonstrations of 
the United States military and economic might. Second, it 
can be shown that it is more economic to use communication 
satellites for world communications than to use any other 
technique when the channel capacity desired approaches 
that of television or greater. The capital investment involved 
for such communications is about three hundred million 
dollars. Third, during the past year there has been increasing 
interest by commercial organizations in sponsoring their 
own satellite program for purely commercial gain. The con-
cerns would even buy the vehicles." 

His somewhat surprising conclusion: Space exploration 
will probably pay for itself. ( E. Rechtin, "Communication 
techniques for space exploration," IRE TRANS. ON SPACE 
ELECTRONICS AND TELEMETRY, September, 1959.) 

Transatlantic radio via airborne relays? Midst all the cur-
rent discussion of using earth satellites for long range com-
munication comes the following interesting alternative, pro-
posed in a guest editorial in a recent issue of the PGCS TRANS-
ACTIONS. "The development of a transmission facility for 
spanning distances of 400 to 2400 miles or greater is required 
for carrying multichannel information of the type now trans-
mitted on transcontinental radio relay links. Both the high-
powered tropo and the communications satellite pose partial 
solutions to this problem; however, the attendant problems, 
including that of interference, make some other solution 
desirable. One such approach would be the development of a 
high-altitude airborne relay platform capable of sustained 
operation for periods of days on location. The manpower re-
quirement for such an operation should be less than that re-
quired for equivalent number of tropo stations, and at the 
same time, the lower transmitted powers required plus the 
use of directional antennas should provide a facility which is 
much less susceptible to causing or receiving radiated inter-
ference. In this case, the solution probably lies in the labs 
of the nuclear powered air frame designer and provision of 
this capability must await advances in this field." (C. A. 
Strom, Jr., " Editorial," IRE TRANS. ON COMMUNICATIONS 
SYSTEMS, September, 1959.) 

With Information Theory a little over 10 years old what 
assessment can be given past accomplishments and future 
prospects in this field? One distinguished observer sums it up 
as follows. For one thing, Information Theory has now be-
come mathematically respectable. At the same time, practical 
achievements have fallen short of what could be expected ten 
years ago. Most progress has been made where communica-
tions were already near-perfect. On the other hand, hardly 
any progress has been made in the filtering of speech, or in 
the transmission of speech or pictures in reduced wavebands, 
where the potential saving is not measured in percents but 
in orders of magnitude. But until we know more exactly what 
it is that a human ear picks out in a conversation with a noisy 
background, or what the eye picks out at a glance in a picture, 
no serious progress is possible, except perhaps by lucky in-

ventions. There is a gap of a million or so between the 20 
bits per second which the human eye is capable of taking in, 
and what we offer it in a television picture. It would seem 
that at least the first two orders of magnitude out of the six 
ought to be relatively easy going, and could be overcome on 
the basis of such elementary knowledge as that the eye fixes 
in the first line on contours, and samples what is in between. 
This is a challenging problem for the signal analyst, who must 
first pioneer the field before statistical communication theory 
can start. If more effort is directed into the No-Man's Land 
between raw sensory data and the distinguishable signals 
which are the starting point of the statistical theory, the 
second decade of Information Theory will be as rich in practi-
cal improvements in communication techniques as the first 
was in intellectual clarification. ( D. Gabor, "Guest editorial," 
IRE TRANS. ON INFORMATION THEORY, September, 1959.) 

Recent developments in FM signal-processing techniques 
have removed a basic limitation of FM—the stronger-signal 
capture effect whereby the desired signal is blotted out by a 
stronger cochannel or adjacent-channel signal. The two tech-
niques of "feedforward" across a limiter and "dynamic trap-
ping" now make it possible to extract the weak signal, as well 
as the strong one, opening up a number of interesting possi-
bilities. A weak signal and a strong signal could be sent on 
separate carriers within the same FM channel, thus doubling 
the number of messages that can be sent over one channel. 
For example, a stereo program could be broadcast, or a simul-
taneous exchange of voice messages could be carried on, in 
one channel. In telemetry, the presently wasted frequency 
guard spaces could be put to use. In addition, the weaker-
signal booster can be changed into a weaker-signal suppressor, 
thus greatly improving the stronger-signal capture character-
istics of FM receivers. ( E. J. Baghdady, "New developments 
in FM reception and their application to the realization of a 
system of power-division multiplexing," IRE TRANS. ON 
COMMUNICATIONS SYSTEMS, September, 1959.) 

Automatic diagnosis of heart conditions has been shown 
to be possible with a new electrocardiographic recording and 
data reduction system. The system provides for the taking of 
simultaneous measurements at as many as 100 points on the 
body, instead of just the usual three or four, to give a more 
nearly complete picture of the electrical activity of the heart. 
These readings, in addition to being recorded, are compared 
with records of known heart conditions by means of cross-
correlation techniques. A chart reading system feeds the in-
formation being recorded to a cross correlator. At the same 
time, a continuous loop motion picture film containing records 
of prediagnosed heart conditions is run and scanned elec-
tronically to provide a second input signal to the cross cor-
relator. The signals are compared and, unless the readings are 
insufficient, a diagnosis is thus established entirely automati-
cally. (J. Martinek, G. C. K. Yeh and R. Camine, "A new 
system for electrocardiographic recording, analysis, and 
diagnosis," IRE TRANS. ON MEDICAL ELECTRONICS, Septem-
ber, 1959.) 

The prospect of manned space flight poses some chal-
lenging problems for those who must design the space com-
munication system. A noted space biologist, who will be 
remembered for his suggestion that for better efficiency a 
space crew might comprise two men and one woman, reminds 
us that the presence of passengers on board a space vehicle 
will greatly increase the amount of information that must be 
telemetered to earth. Not only must the crew and ground 
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personnel be able to communicate back and forth, but a wide 
vexiety of environmental and behavioral data must be trans-
mitted to earth. For example, earthlings will want to measure: 
cabin pressure, oxygen and carbon dioxide content of cabin 
atmosphere, cardiac activity of the crew, respiratory rate 
and volume, blood pressure, electroencephalographic data, 
muscle activity, reflex actiizity, galvanic skin response, body 
temperature, activity of the gastrointestinal tract, food and 
water intake, and urine and feces excretion. It seems clear 
that the design of space communication systems of the fu-
ture will require the talents of biophysicists as well as elec-
tronics engineers. (T. C. HeIvey, "Telemetered parameters 
of primates and humans from space capsules," IRE 
TRANS. ON SPACE ELECTRONICS AND TELEMETRY, September, 
1959.) 
The pioneers in circuit theory are beginning to stake out 

boundaries marking substantial advances in the analysis 
and synthesis of linear networks with time-varying parame-
ters. The growing use of time division as a means of switching 
and multiplexing has made the problem of efficient trans-
mission from source to load through a variable intermediate 
path one of great practical interest. The September, 1959 
issue of the PGCT TRANSACTIONS includes two contributions 
to this field. One paper analyzes a general linear network 
containing a single periodically varying element. The steady-
state modulation theory approach is combined with tech-

niques of impedance matching, circuit tearing, and iterative 
procedures. The other paper deals with a periodically ope-
rated switch in a linear circuit. It differs from earlier work in 
this field by concentrating on the system function rather than 
on the network structure. (C. A. Desoer, "Steady-state 
transmission through a network containing a single time-
varying element," and A. Fettweis, "Steady-state analysis of 
circuits containing a periodically-operated switch," IRE 
TRANS. ON CIRCUIT THEORY, September, 1959.) 

The value of advertisements in the PROCEEDINGS is, in 
the eyes of our advertising manager, unquestionable and 
irrefutable. They are also technically informative, widely 
read and frequently acted upon, he is always happy to ex-
plain. And we are happy to agree. Just how valuable, informa-
tive, etc., is now attested to in a most singular fashion. An ad 
has been cited as a technical reference in a technical paper— 
in fact, two ads. The ads in question deal with the timely sub-
ject of noise temperature and appeared on page 2A of the 
January and May, 1958 issues of the PROCEEDINGS as part 
of a series of informative technical discussions which now ap-
pear monthly on page 4A. We strongly suspect that this is the 
first time in the history of any engineering periodical that 
an ad has served, and ably so, as a footnote reference. (S. 
Perlman, et al., "Concerning optimum frequencies for space 
vehicle communication," IRE TRANS. ON COMMUNICATIONS 
SYSTEMS, September, 1959.) 

Books  

Paris Symposium on Radio Astronomy, 
Ronald N. Bracewell, Ed. 

Published ( 1959) by Stanford University Press, 
Stanford, Calif. 601 pages + 10 index pages pages. 
Illus. 61 X91. 105.00. 

The Paris Symposium on Radio Astron-
omy was held in Paris in August, 1958, and 
was jointly sponsored by the International 
Astronomical Union and the International 
Scientific Radio Union. All astronomical 
aspects of radio astronomy were covered ex-
cept those pertaining to meteors and the 
ionosphere. Instrumentation and techniques 
were not specifically treated since they were 
covered in 1957 at the General Assembly of 
the International Scientific Radio Union in 
Boulder, Colo. 

In the words of its able editor, R. N. 
Bracewell, "This book records the research 
results reported at the symposium as subse-
quently submitted with benefit of revision; 
and, together with the several introductory 
surveys, the extremely good discussions, and 
the concluding assessments, it forms a com-
prehensive account of the current state of 
development of the basic aspects of radio 
astronomy." 

Over 100 invited papers from 13 coun-
tries were presented to 162 astronomers and 
other scientists from 17 countries. These 
papers were given in six nonconcurrent ses-
sions (totaling 60 hours) under the following 
subjects and session organizers: 

1) Radio emission and reflections from 
planets, comets and the moon: 
A. C. B. Lovell. 

2) Solar radio emission and the quiet 
and active sun: J. F. Denisse. 

3) Radio study of individual objects 
(external to solar system): H. C. van 
de Hu1st. 

4) Radio evidence on the large-scale 
structure of our own and external 
galaxies: J. L. Pawsey. 

5) Source surveys, identifications, and 
other studies related to cosmological 
problems: R. Minkowski. 

6) Theory, mechanisms of solar and 
cosmic radio emission: Fred Hoyle. 

The over-all planning of the Symposium 
was under the direction of the following 
committee: R. N. Bracewell, editor; J. F. 
Deuisse, local organizer; F. T. Haddock, 
secretary; F. Hoyle; H. C. van de Hu1st; 
A. C. B. Lovell; R. Minkowski; J. L. 
Pawsey, chairman; V. V. Vitkevich. 

Each session was opened with an intro-
ductory speaker (F. G. Smith, J. F. Denisse, 
J. S. Hey, J. L. Pawsey, R. H. Brown, and 
G. R. Burbidge, respectively) who made a 
survey of the field to be covered by his ses-
sion. In addition, at the end of each session 
a summary talk was given by an astronomer 
(A. C. B. Lovell, M. G. J. Minnaert, H. C. 
van de Hu1st, A. Blaauw, R. Minkowski, 
and F. Hoyle, respectively) who attempted 
to point out the highlights of the papers 
presented in his session, and to point out the 
areas of agreement and of disagreement in 
the topics discussed. These introductory 
and summary papers can be read by the 
nonspecialist for an up-to-date review of the 
astronomical side of radio astronomy. 

The discussion following each paper, or 
group of related papers, was written down 
on the spot, then later checked and edited. 

This is a valuable feature and gives the 
reader the kind of information not usually 
available in the literature. 

Other outstanding features of this book 
are its speed of publication and its excellent 
and copious illustrations. It appeared in less 
than one year after the Symposium in spite 
of the 137 separate authors of 106 papers, 
including 8 in French. The editor and Stan-
ford University Press are to be commended 
for this achievement. 

Some 500 recent papers cited in this vol-
ume comprise an up-to-date bibliography 
on radio astonomy. A list of participants 
with their addresses, an author key to all 
references, and a detailed index of subject 
and authors are also included. 

'this volume will be a constant reference 
for the active radio astonomer for a number 
of years and will serve the interested engi-
neer as an introduction to the astronomical 
side of the subject. 

FRED T. HADDOCK 
The Univ. of Michigan 

Ann Arbor, Mich. 

From Microphone to Ear: Modern Sound 
Recording and Reproduction Technique, 2nd 
Rev. Edition, by Gerard Slot 

Published ( 1959) by The Macmillan Co., 60 Fifth 
Ave., N. Y. 11, N. V. 246 pages+4 index pages +8 
appendix pages. Illus. 51)0. $4.50. 

This book presents a survey of the entire 
field of high-fidelity sound recording and 
reproduction from an engineer's point of 
view, but in language intelligible to the 
layman. The writing and organization are 
excellent, and the book may be "read 
through" with pleasure. 
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It should be of primary value to the high-
fidelity hobbiest. However, it may also be 
of great value to professional workers in a 
small area of this broad field who wish to 
become better acquainted with other areas. 
A rather minor complaint is the lack of a 

satisfactory description of the coordinates 
of several graphs. Fortunately, the text is 
usually sufficiently clear to enlighten the 
reader when the coordinate functions are 
missing. 

The author is in charge of technical 
publications for the Philips Apparatus 
Division, Eindhoven, Holland. The book is 
translated from Dutch. 

DAVID L. KLEPPER 
Bolt Beranek and Newman Inc. 

Cambridge, Mass. 

Technical Reporting Revised, by Joseph N. 
Ulman, Jr., and Jay R. Gould 

Published ( 1959) by Henry Holt and Co.. 383 
Madison Ave.. N. Y. 17, N. Y. 246 pages +6 index 
pages +3 bibliography pages-1-12 Appendix pages 
+xvii pages. Illus. 61)01. $5.00. 

Effective technical reporting is a vital 
necessity if we are to continue our rapid 
advances in science and technology. It is, 
therefore, refreshing to examine a book 
which can lead the reader to report on his 
technical findings in a clear, lucid manner. 
Here is a book which gives detailed help and 
instructions on all the many aspects of 
communications, whether such communica-
tions are by means of written or spoken 
words, or by means of visual presentations. 

Designed as a basic text for courses in 
technical writing for students of engineering 
and the sciences, it has been through the 
proving ground of extensive classroom use. 
It is a revised and expanded version of a 
previous text. 

There are three main parts to the book— 
Basic Issues, The Report, and Tools and 
Methods. Each of these in turn is divided 
into numbered and titled sections and sub-
sections, making it easy to select rapidly a 
specific topic of interest. 

Under the main heading "Bask Issues" 
appear such subjects as fundamental prin-
ciples, which presents very completely and 
in considerable detail the main points to 
keep in mind when preparing a written 
report. Included are very helpful hints on 
such matters as how to be brief, the use of 
headings and subheadings, organization, and 
the like. Also in this first part are suggestions 
as to the various steps to follow in preparing 
a report. 

The second portion of the book discusses 
various types of reports—informal, formal, 
and laboratory reports, the thesis, technical 
articles, instructional writing, and oral pres-
entations. Again, each type is covered in 
detail, and much helpful information is 
presented—including warnings of the pit-
falls normally encountered in such presen-
tations. 

Part three, titled "Tools and Methods," 
might easily be called the "handbook" por-
tion of the book. Here are specific, detailed 
instructions on style, grammar and punc-
tuation. Here can be found the answer to 
many of the problems that arise in the 
preparation of written or oral presentations 
—split infinitives, the dangling modifier, 
proper use of commas, etc. Extensive use is 
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made of examples to illustrate various points. 
Also included in part three is a section 

on the mechanics of writing—use of abbrevi-
ations, quotations, page numbering, mar-
gins, etc. A section on tables tells how they 
can best be presented and where they are 
most useful. Then there is an important 
section on visual aids, with lots of "how to" 
information to obtain maximum effectiveness 
from the use of such aids. 

The Appendix contains a number of 
specimen reports of various kinds to show 
the many possible ways of presenting tech-
nical information. A bibliography is in-
cluded for those who wish to pursue the sub-
ject further. 

Scattered throughout the book are many 
exercises which, if worked out, will aid the 
reader in applying the principles outlined 
in the text material. Thus, these principles 
become a part of his stock in trade, and he 
gradually learns to use them automatically. 

Here, then, is a book which can be of 
tremendous help to the beginner in the field 
of technical writing, and can be a valuable 
reference to the many "professionals" in the 
field. 

H. S. RENNE 
Bell Telephone Labs. 

New York, N. Y. 

Elements of Solid State Theory, by Gregory 
H. Wannier 

Published ( 1959) by Cambridge University Press. 
32 E. 57 St., N. V. 22, N. Y. 258 pages-1-12 index 
pages-1-12 index pages -1-vii pages. Illus. .5¡ X81, 
$6.50. 

This book is designed as an introduction 
to the theory underlying solid state physics. 
It is intended for advanced students and 
scientists who have had no previous ex-
posure to this specialty. Actually, this slim 
volume should appeal to a much wider 
audience than this, since it treats the rudi-
ments of solid state theory in a highly 
individualistic manner, with a degree of 
maturity and sophistication rarely found in 
introductory textbooks. 

Wannier's book is less comprehensive 
but more thought-provoking than such 
standard texts as "Solid State Physics" by 
Dekker, " Introduction to Solid State Phys-
ics" by Kittel, or "Electronic Semiconduc-
tors" by Spenke. The present book is most 
similar in spirit and coverage to "Quantum 
Theory of Solids" by Peierls. 

Among the several topics treated are the 
following: geometry of the. crystalline state; 
dynamics of lattice vibrations (with just a 
touch of group theory and topology added 
for taste); co-operative phenomena in solids; 
the one-electron approximation; electronic 
energy bands; bound carrier states; carrier 
dynamics; electronic transport processes; 
and solid cohesion and chemical bonding. 
Each chapter concludes with an excellent 
choice of problems and references for further 
reading. 

\Vannier is admirably successful in 
sketching the "broad picture;" he never 
gets bogged down in the details. His dis-
cussion is generally lively and physically 
motivated. There is a very happy balance 
between mathematical exposition and 
straight narrative. 

As a typical example of Wannier's phys-
ical insight, we might mention his treat-
ment of the electrical conductivity tensor of 
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pages 208 and 209. While most texts' end 
up with the following expression: 

d — e2fafeaEr(p) grad, 

E(p) grad, E(p)dp, 

Wannier goes one step further, and, inte-
grating by parts, obtains the equivalent 
result: 

(1) 

d e- °Tao, [T1#)) graap E(p)]dp. (2) 

With this form, it is possible to determine 
the contribution of the carriers in an arbi-
trary volume element dp to the conductivity 
tensor, since here d is expressed as an aver-
age over the equilibrium distribution fo, 
rather than as an average over the deriva-
tive of this distribution. For simplicity, let 
us specialize to a universal relaxation time 
[T(P) = 7' for all p]. Then (2) reduces to: 

d = ffo(p) grad„ [grad„ &e ]» 

= etr(Enz*(p)1-1), (3) 

where ( ) denotes an average over the equilib-
rium distribution, and [ m*(p)] -1 is the 
reciprocal effective mass tensor, It is now 
easy to see that particles in negative mass 
states give negative contributions 12 the 
conductivity tensor. In this reviewer's 
opinion, the above demonstration is more 
straightforward than several others that 
have recently appeared. 

Summing up, Wannier's book is a valua-
ble addition to the literature on solid state 
physics, particularly from the standpoint 
of the more discriminating reader. It seems 
well suited as a textbook for use in intro-
ductory courses for students and scientists 
having good mathematics and physics back-
grounds. 

FRANK HERMAN 
RCA Labs. 

Princeton, N. J. 

Fundamentals of Electron Devices and 
Circuits, by Herman R. Weed and Wells L. 
Davis 

Published (1959) by Prentice-Hall. Inc., 70 5th 
Ave., N. Y. 11, N. Y. 584 pages +7 index pages -1-xii 
pages. Illus. 61 X91. $9.50. 

This very readable, easily understood 
book on electron devices and circuits is 
sufficiently advanced for undergraduate 
electrical engineers, yet well within the 
grasp of nonelectrical engineering students. 
One may wonder whether both these goals 
can indeed be realized in a single text. 
The secret of doing so lies in introducing 
each topic in terms of its broad fundamental 
concepts before developing its more com-
plex details. When done in proper balance, 
this makes for understanding that is "broad" 
for nonelectricals, "complete" for electricals. 

The authors have applied good logic not 
only to the sequence of thoughts in each 
topic, but also to the sequence of topics in 
each chapter and the sequence of chapters 
in the book. For example, in the chapter 
entitled "the Triode," the progression of 

I See, for example, A. H. Wilson, "The Theory of 
Metals," Cambridge University Press, second edition. 
page 196. 1953. 
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topics is as follows: triode construction, 
potential distribution in a diode without 
space charge, potential distribution in a 
diode with space charge, potential distribu-
tion in parallel plane triode, the triode as a 
circuit element, plate resistance, amplifica-
tion factor, transconductance, relation be-
tween taLe parameters, etc. Those familiar 
with triode theory will recognize the logical 
order of these topics. The same comment ap-
plies to the chapter progression: Electric 
Circuits, Electron Emission and Accelera-
tion, The Diode, Single-Phase Rectifier Cir-
cuits, Polyphase Rectifiers, Semiconductor 
Diodes, The Triode, Class A Amplifiers, 
Multigrid Tubes, Direct Coupled, Push-
Pull, and Feedback Amplifiers; Transistor 
Circuits, Magnetic Amplifiers, Gas Tube 
Characteristics, Basic Gaseous Tube Cir-
cuits, Controlled Rectifiers, Back-to-Back 
Circuits and Inverters, Industrial Timing 
Circuits, Regulators, Operational Amplifiers, 
Oscillators, Electronic Instruments, and 
Phototubes and Applications. Such an inte-
grated sequence is particularly valuable to 
the reader with minimum preparation (say 
a working knowledge of calculus and elemen-
tary college background in electrical phys-
ics). Yet the degree of integration practiced 
in this book does not prevent the more ad-
vanced reader from "spot-reading" its con-
tents effectively. Suffice it to say that the 
flow pattern of the material presented in the 
text is excellent. 

Various improvements could be made 
in the text, one of which would be to add 
a more comprehensive list of references. 
The book would then attract an additional 
audience, namely, the practicing engineer 
who often desires a quick introduction or 
review of some subject plus convenient refer-
ences to more advanced works. The chapter 
on semiconductor diodes could be improved 
by expanding the section on germanium 
and silicon diodes, even if this required some 
reduction in the material on copper-oxide 
and selenium diodes. Also, somewhat further 
use of semiconductor diodes and transistors 
in circuit examples would make the text 
more in keeping with present trends in the 
art. In the sections on feedback, the reader 

is led to the general belief that inverse 
feedback may be used only to increase, not 
decrease, the input impedance of an ampli-
fier. This fallacy should be cleared up in 
future editions of the book. By and large, 
these criticisms, and others that might be 
made, are rather trivial matters, many of 
which are controversial. 

All in all, the book offers a clear and con-
cise treatment of a broad range of topics. 
It should find effective use, particularly in 
the instruction of undergraduate engineers. 

HAROLD M. STRAUDE 
Bell Telephone Labs., Inc. 

Murray Hill, N. J. 

RECENT BOOKS 

Carroll, John M., ed., Modern Transistor 
Circuits. McGraw-Hill Book Co., Inc., 
330 W. 42 St., N. Y. 36, N. Y. $8.50. 

Champion, F. C. and N. Davy, Properties of 
Matter, 3rd ed. Philosophical Library, 
N.Y. $10.00. The important change in 
this new edition is the gradual orienta-
tion of the subject from a largely phe-
nomenological treatment to atomic inter-
pretations. 

Eichner, Hans and Hans Hein, Reading Ger-
man for Scientists. John Wiley and Sons, 
Inc., 440 Fourth Ave, N.Y. 16, N.Y. 
$5.25. This book is designed to serve the 
needs of the student who wants to be 
able to read German scientific texts and 
wishes to reach this limited aim by the 
shortest route. 

Evans, Ralph M., Eye, Film and Camera in 
Color Photography. John Wiley and Sons, 
Inc., 440 Fourth Ave., N.Y. 16, N.Y. 
$8.95. Considers the optical photographic 
and physical bases, the psychological 
facts that apply in using a camera, and the 
way in which they may be combined to 
aid the various purposes of the photog-
rapher. 

Gillie, Angelo C., Transistors. Prentice-Hall, 
Inc., 70 5th Ave., N. Y. 11, N. Y. $7.95. 
From general linear and nonlinear con-
duits, to nonlinear resistive control de-
vices, to the transistor and its applica-

tions. Requires a minimum of mathe-
matics. 

River, Milton S., Transistors in Radio, Tele-
vision and Electronics, 2nd ed. McGraw-
Hill Book Co., Inc., 330 W. 42 St., N. Y. 
36, N. Y. $7.95. A revised edition of the 
original text, which was reviewed earlier 
in the PROCEEDINGS. 

Levens, Alexander, F., Nomography, 2nd ed. 
John Wiley and Sons, Inc., 440 Fourth 
Ave. N. Y. 16, N. Y. $8.50. Provides a 
modern working knowledge of the basic 
theory and construction of charts involv-
ing straight line scales, curved scales, and 
combination of the two. 

Mark, David, R-L-C Components Handbook. 
John F. Rider Pub., Inc., 116 W 14 St. 
N. Y. 11, N. Y. $3.50. The purpose of this 
book is to inform the reader about various 
factors of importance in selecting a re-
sistor, capacitor, inductor, or transformer 
and to acquaint him with the various 
types of available components and their 
special features. 

Proceedings of the Fourth National Confer-
ence on Tube Techniques. New York Uni-
versity Press, Washington Sq., N. Y., 
N. Y. $7.50. 

Ritchie, Ralph W., Microwave Measure-
ments for the Technician. Wm. C. Brown 
Co., Dubuque, Iowa. $3.50. A compre-
hensive, simplified manual on basic micro-
wave measuring techniques, especially 
helpful to electronics engineers and tech-
nicians with little or no previous indoctri-
nation in the field. 

Smith, Charles V. L., Electronic Digital 
Computers. McGraw-Hill Book Co., Inc., 
330 W. 42 St. N. Y. 36, N. Y. $12.00. 
A study based on the Institute of Ad-
vanced Studies computer, of value to the 
newcomer to the computer field. 

Warfield, John W., Introduction to Elec-
tronic Analog Computers, Prentice-Hall, 
Inc., Englewood Cliffs, N. J. $6.00. 

Williams, Samuel B., Digital Computing 
Systems. McGraw-Hill Book Co., Inc., 
330 W. 42 St., N. Y. 36, N. Y. $7.75. 
Describes the structure of modern com-
puting systems selected "hardware" and 
application in simple terms. 

Abstracts of IRE Transactions  

The following issues of TRANSACTIONS 
have been recently published, and are now 
available from the Institute of Radio En-
gineers, Inc., 1 East 79th Street, New York 
21, N. Y., at the prices indicated. The con-
tents of each issue and, where available, 
abstracts of technical papers, are given 
herewith. 

Sponsoring Group Publication Group IRE Non-
Members Members Members* 

Circuit Theory 
Communications Systems 
Electron Devices 
Engineering Management 
Information Theory 
Medical Electronics 
Military Electronics 
Space Electronics and 
Telemetry 

CT-6, No. 3 $1.45 $2.15 $4.35 
CS-7, No. 3 2.15 3.25 6.45 
ED-6, No. 3 1.10 1.65 3.30 
EM-6, No. 3 .55 .80 1.65 
IT-5, No. 3 1.55 2.35 4.65 
ME-6, No. 3 2.10 3.15 6.30 
MIL-3, No. 4 1.30 1.95 3.90 

SET-5, No. 3 1.45 2.15 4.35 

* Libraries and colleges may purchase copies at IRE Member rates. 
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Abstracts (p. 242) 
Steady-State Transmission through a Net-

work Containing a Single Time-Varying Ele-
ment—C. A. Desoer ( p. 244) 

This paper presents a method of steady-
state analysis of a linear network, of arbitrary 
degree of complexity, containing a single peri-
odically-varying element. The proposed method 
makes full use of circuit theoretical ideas, such 
as impedance matching and tearing apart, and 
of teration techniques which are particularly 
suitable for automatic computation. The pro-
posed method has the additional feature of 
leading to the amplitude and phase of all 
sidebands and of giving a bound on the error 
if the iterations are stopped at any particular 
point. More precisely, it is shown that, pro-
vided the impedance seen by the time-varying 
element becomes capacitive at very high fre-
quencies, the complete solution can be found 
within an arbitrary amount of accuracy. 

Steady-State Analysis of Circuits Con-
taining a Periodically-Operated Switch—Alfred 
Fettweis (p. 252) 

The exact conversion functions are calcu-
lated for networks containing one periodically 
operated switch, using familiar pole-zero and 
Fourier methods of analysis. It is first assumed 
that the switch is alternately open and closed 
during equally long time intervals. Circuits 
whose driving-point impedance Z(p) seen from 
the switch has neither pole nor zero at infinity 
are treated in detail. The analysis is then ex-
tended in order to allow for impedances z(p) 
having either a pole or a zero at p= Com-
plete results are also given for circuits whose 
switch is alternately open during time intervals 
of duration, T1, and closed during intervals of 
duration, 7•20 

The general analysis is applied to a series 
modulator and the realization of a given func-
tion of frequency as conversion function of such 
a modulator is investigated. 

Throughout this paper, the impedance Z(p) 
is assumed to have only simple poles and simple 
zeros. 

On a Problem of Network Topology— 
Toshio Fujisawa (p. 261) 

In mesh-basis analysis of networks with 
mutual and active elements, it is necessary to 
list all possible trees or cotrees and signs of 
cotree determinants. This paper provides a 
computational method for obtaining them. 

Computations are based on fundamental 
circuit matrices. A transformation from one 
tree to another tree may be performed by ele-
mentary transformations on circuit matrices. 
By this method, all the trees and fundamental 
circuit matrices may be determined. Signs of 
cotree determinants and their minor deter-
minants of a fundamental circuit matrix also 
may be easily determined. 

The Path Matrix and Its Relizability-0. 
Wing and W. H. Kim (p. 267) 

This paper presents in one listing those 
properties of the path matrix of a graph which 
are fundamental and interesting in nature. 
Included are 1) a relation between the path 
matrix and the incidence matrix, 2) the rank of 
the path matrix, 3) relations between paths 
and cut sets, and 4) relations between paths 
and circuits (Ashenhurst's lemmas). Also in-
cluded are a number of necessary conditions 
for the realizability of a matrix as a path matrix 
of a graph. 

The Problem of Phase Equalization—G. 
Szentermai (p. 272) 

The equalization of the insertion-phase vs 
frequency characteristics of low-pass filters and 
low-pass like networks is considered in the 
article. A method is described for maximally-
flat equalization by minimum-pass or all-pass 

equalizers. The method can be readily extended 
to a nearly equal-ripple approximation by using 
Darlington's method of Tchebycheff poly-
nomial series. 

Optimum Filters of Even Orders withMono-
tonic Response—M inoru Fukada (p. 277) 

Recently, Papoulis has developed a new 
class of filters, which has the maximum cutoff 
rate under the condition of a monotonically-
decreasing response. These new filters are based 
on the optimum monotonically-increasing poly-
nomials of odd degrees. In this paper, the 
optimum polynomials of even degrees are 
presented in general forms, from which the 
optimum i filters with monotonic response are 
derived. Characteristics of these filters are 
illustrated by several examples which include 
frequency response, pole locations and the 
ladder realizations. 
A Note on Zeros of Reflection and Trans-

mission in a Cascade of Lossless Two-Termi-
nal-Pair Networks—Daniel C. Fiedler ( p. 282) 

Certain properties of cascade-connected, 
two-terminal-pair lossless networks are investi-
gated. Particular reference is made to the duo-
cascade (two-terminal-pair networks) and the 
trio-cascade (three two terminal-pair net-
works). 

In the first part of the paper, theorems and 
proofs pertaining to inter-relations among the 
reflection and transmission coefficients of the 
complete cascade and the two-terminal-pair 
networks are presented. In the second part of 
the paper, a discussion of degenerate transmis-
sion zeros is presented. In the third section, 
the effects on transmission coefficients of add-
ing various right-half s-plane zeros of reflec-
tion are investigated. Reflection zeros are 
added so that the real frequency magnitude of 
a reflection coefficient is invariant under the 
addition of reflection zeros. 

Network Realizability in the Time Domain 
—Armen II. Zemanian (p. 288) 

Two network-realizability theorems on the 
unit-impulse response matrix of a multitermi-
nal network are developed. They present neces-
sary and sufficient conditions which are satis-
fied by the unit-impulse response matrix of 
certain classes of fixed, linear, and passive 
networks. 

Envelope and Angle Response of Asym-
metrical Narrow-Band Networks—Julius J. 
Hupert (p. 292) 

This paper outlines a general approach to 
the evaluation of envelope and angle response 
of narrow-band networks including asymmetri-
cal networks. From a known constellation of 
poles and zeros of a network in the s-plane, 
approximate linearized transfer functions are 
developed which relate envelope and angle 
response of the network to the amplitude modu-
lation of the forcing function for small signal 
conditions (shallow modulation). The transfer 
functions are expressed in terms of two auxili-
ary constellations in the p-plane, where p is 
equivalent to the complex frequency of modu-
lation. 

Optimization of Negative-Impedance Con-
version Methods of Active RC Synthesis— 
Isaac M. Horowitz (p. 296) 

Negative-impedance conversion methods of 
active RC synthesis lead to networks which are 
highly sensitive to active and passive parame-
ters. In the design of such networks there is 
some freedom available, which may be used 
to minimize the sensitivity of the structure to 
both the active and passive parameters. In 
most cases, the problem is that of decomposing 
a polynomial with real coefficients into the 
differences of two polynomials with negative 
real zeros such that the latter two polynomials 
have coefficients which are as small as possible. 
The optimum design is presented. 

DC Design of Resistance-Coupled Tran-
sistor Logic Circuits—W. J. Wray, Jr. (p. 304) 

Worst-case de design equations for resist-

ance coupled transistor logic circuits are pre-
sented and discussed. A solution is chosen in a 
form which provides for setting switching tran-
sient times in advance of calculating the dc 
design. All constants are discussed, and the 
algebraic solution is obtained for values of 
the unknown resistors and voltages. A numeri-
cal example illustrates a typical design with 
five inputs and five outputs, using the type 
GT-759 transistor. 

RC Constant-Argument Driving-Point Ad-
mittances— Ralph Morrison (p. 310) 

This paper deals with a class of RC driving-
point immittances characterized by nearly 
constant argument over an extended frequency 
range. These arguments may have an average 
value between the limits zero and 7r/2 radians. 
Networks having near constant argument are 
of importance in shaping the phase character of 
the forward gain in feedback systems. These 
networks have arguments that oscillate about 
a mean value and the nature of this oscillation 
is discussed. The poles of admittance are geo-
metrically spaced along the negative-real fre-
quency axis, and consequently the elements of 
the network can be thought of as "spaced." 
The immitance functions and argument oscil-
lations for the 224°, 45° and 671° cases as a 
function of spacing are fully discussed. An 
application to a feedback amplifier design is 

given. 
Correction to "Bounded Real Scattering 

Matrices and the Foundations of Linear Passive 
Network Theory"—D. C. Youla, el al. (p. 317) 

Reviews of Current Literature (p. 318) 
Correspondence (p. 321) 
PGCT News (p. 326) 
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Frontispiece and Guest Editorial (p. 145) 
New Developments in FM Reception and 

Their Application to the Realization of a Sys-
tem of "Power Division" Multiplexing—Elie 
J. Baglidady (p. 147) 

Two techniques—feedforward across a limi-
ter and dynamic trapping—are described to 
show how the message carried by the weaker 
of two cochannel FM signals can be extracted 
with negligible distortion even when its ampli-
tude is much smaller than that of the stronger 
signal. The development of these techniques 
marks the end of the stronger-signal capture 
limitation of FM systems and ushers in more 
efficient spectrum utilization, as well as new 
applications for frequency modulation. 

Probability Distribution of Noise Due to 
Fading on Multisection FM Microwave-Sys-
tems— Harold E. Curtis (p. 161) 

The probability distribution of expected 
baseband noise during fading at the end of a 
multisection microwave radio system is an 
important consideration in the engineering of 
a long system. 

This paper gives measurements of fading 
on a single path, and derives an estimate to the 
probability distribution of expected noise due 
to fading on a particular 68-section system of 
which the single path is a typical part. A 
comparison is shown with a measured cumula-
tive distribution curve of noise at baseband 
subsequently obtained on the long system un-
der operating conditions. A numerical method 
of combining distribution curves was used in 
this case and the so-called "breaking effect," 
due to deep fades, is included. This method is 
described in the Appendix. While this paper is 
directed specifically to a particular microwave 
system, the principles described can be applied 
equally well to others. 
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Concerning Optimum Frequencies for 
Space Vehicle Communication—S. Perlman, 
et al. (p. 167) 

Optimum frequencies for the varied needs of 
space vehicle communication can best be de-
termined from the estimated system perform-
ance. Each of the contributing equipment and 
propagation factors over the range of the radio 
frequency spectrum affects the minimum toler-
able signal-to-noise power ratio at the receiver. 
Over the range of the radio frequency spectrum, 
the behavior of the individual building blocks, 
as factors, will vary so as to exhibit a pre-
ponderance of either desirable or undesirable 
characteristics. 

Some of the newer technical developments 
that increase sensitivity to weak signals are 
evaluated for their potential increase in the 
distance of communication. Then the individual 
building blocks are married to each other in 
operating systems that determine the opti-
mum portions of the frequency spectrum. The 
equipment factors are examined first, both as 
to their individual characteristics and their 
dependence on each other. Next, the propaga-
tion factors are examined for their effect over 
the range of the radio frequency spectrum in 
providing windows for communication through 
the earth's atmosphere, troposphere, and 
ionosphere to outer space. Some consideration 
is given to the effects of auroral displays, water 
vapor and gaseous absorption, Faraday rota-
tion of polarization, and radio star scintilla-
tions. In addition, there is a discussion of noises 
arising from various causes. Measurements by 
radio astronomers demonstrate that equivalent 
noise temperature is a more useful measure of 
signal-to-noise ratio of receiver performance 
than the standard noise figure definition. 

Effects of Frequency Cutoff Characteristics 
on Spiking and Ringing of TV Signals—A. D. 
Fowler and J. C. Igleheart (p. 173) 

The spiking and ringing of TV signals de-
pend upon amplitude and delay characteristics 
associated with frequency cutoff of transmis-
sion. The effects of a variety of cutoff charac-
teristics or both ideal and practical systems on 
rectangular and sine-squared pulses are illus-
trated by computed waveforms. 

The illustrations are arranged to show a) 
waveform of input pulse, b) amplitude and 
delay characteristics of transmission path, and 
c) waveform of output pulse. Included here is 
a discussion of inferences that can be drawn 
from certain output wavesforms on the reduc-
tions in transient response that are achieved 
by inband delay equalization and amplitude 
roll-off. 
A 2500-Baud Time-Sequential Transmis-

sion System for Voice Frequency Wire Line 
Transmission—G. Holland and J. C. Myrick 
(p 180) 

The Sebit-25 is a full duplex terminal equip-
ment designed to transmit digital data at rates 
up to 2500 baud. The equipment has been com-
pletely transistorized and thoroughly evalu-
ated under environmental conditions. 

In operation, binary information at 2500 
baud is converted to minimum bandwidth and 
used to amplitude modulate a 2500-cycle 
carrier. The resulting signal is converted to 
vestigial sideband prior to transmission, to 
further compress the bandwidth. 

At the receiver terminal, amplitude and 
delay compensation are provided to correct for 
distortion introduced by the transmission line. 
Synchronous sampling of the recovered signal 
by a slaved time standard reproduces the 
original binary information even though line 
distortion may be severe. 

Excellent performance results were ob-
tained from a series of laboratory tests con-
ducted on the Sebit-25 to determine error 
probability vs noise, level changes, delay dis-
tortion, carrier frequency shift, and line filter 
variations. 

An Experimental Equipment to Reduce 
Teleprinter Errors in the Presence of Multi-
path—James L. Hollis (p. 185) 

Multipath propagation between radio ter-
minals employing binary signalling elements 
produces a catastrophic rise in teleprinter error 
rate when the difference in path delay time 
becomes appreciable compared to the duration 
of a bit. A commonly used four-channel multi-
plex system has a bit length of 6.7 milliseconds 
and is thus seriously affected by differences in 
path delay greater than approximately 3 
milliseconds. 

This paper describes a method of preventing 
the rise in errors when multipath propagation 
is present, by synchronously shifting the fre-
quency of the transmitter and receiver follow-
ing transmission of each bit. The receiver is 
thus responsive to the signalling element 
propagated by the shortest path and rejects 
the long path signals by filter selectivity. 
Spectrum occupancy and receiver bandwidth 
considerations which determine the magnitude 
and number of frequency changes are discussed, 
and a practical system is described. The general 
features of equipment used in testing this 
device are illustrated and discussed. 

The compatability of the anti-multipath 
equipment with existing equipment and the 
ability to reduce the error rate substantially, 
under conditions of ground-scatter multipath 
propagated by the F layer, have been success-
fully demonstrated. 

Impulsing of Linear Networks in Integrated 
Data Systems—Gerald K. McAuliffe (p. 189) 

Waveforms useful in data transmission may 
be obtained by impulsing suitable linear net-
works, and these same networks may be used, 
in certain cases, as receiving matched filters. 
A filter design for certain low-pass waveforms 
is described, together with a procedure for 
realizing band-pass analogs of these low-pass 
waveforms. The latter avoid the use of modu-
lators. Practical results are described. 

Angular Diversity Reception at 2290 MC 
Over a 188-Mile Path—J. H. Chisholm, et al. 
(p. 195) 

Experiments were performed over the 188-
mile Round Hill-Crawfords Hill path at 2290 
mc to determine the feasibility of using angular 
diversity reception in a tropospheric scatter 
system. Using a 28-foot reflector, two beams 
were produced with two separate feed systems. 
The correlation of the signals received on one 
of the two beams with that received on the 
other was determined for various spacing of 
the beams, as well as for the azimuthal position 
of the antenna. 

These experiments show that angular di-
versity techniques can be effective depending 
on the proper choice of frequency, antenna size, 
and beam separation for paths in the neighbor-
hood of 200 miles in length. A substantial 
"diversity gain" can be achieved even though 
partial correlation exists. These results also 
appear to be in good agreement with theoretical 
predictions for equal means and for the short 
periods of time applicable to obtaining reliable 
voice and high speed teletype communica-
tions. 

Real Time Data Transmission System— 
C. R. Scott and W. H. Butler (p. 201) 

A real-time data transmission system was 
designed for and installed at the Atlantic 
Missile Range. This system is used to transmit 
the digital range, azimuth, and elevation co-
ordinates from remotely located ANF/PS-16 
radars into the Range Safety IBM 704 Com-
puter at Cape Canaveral, Fla. The radar data 
is transmitted at a IOPPS rate and is used in 
the computation of a predicted impact point 
ten times a second within the computer. The 
predicted impact point is displayed on vertical 
plotting boards or use by the Range Safety 
Officer. 

Tropospheric Scatter Path Loss Tests, 
Florida Bahamas—Kenneth P. Stiles (p. 205) 

Telephone service between the United 
States and the Bahama Islands is now provided 
by means of high-frequency radio systems 
working in the 2-7 mc range. To handle 
properly the large volume of traffic during the 
peak winter season requires that more than the 
present nine circuits be provided. The lack of 
available frequencies in the 2-7 mc range, 
together with the comparatively poorer grade 
of facility obtained from these radio systems, 
makes it desirable to investigate other methods 
of providing telephone facilities. The fact that 
the present Miami-Havana tropospheric scatter 
system is performing so well, and that the dis-
tance from Miami to Nassau is the same as 
that to the Cuban terminal, made this type of 
system very attractive. At the time the Cuban 
system was being developed, klystron tubes 
capable of high outputs above 1000 mc were not 
available. For this reason, the Cuban system 
was designed to operate in the 700-900 mc 
range. Since that time tubes capable of high 
output levels at frequenices above 2000 mc 
have been developed and it was considered de-
sirable to operate at these higher frequencies 
rather than in the lower. 

Applicability of Multipath Protection to 
Meteor Burst Communications—T. G. Knight 
(p. 209) 

This paper investigates past methods of 
improving the duty cycle of meteor scatter 
communications links in the presence of multi-
path distortion and suggests using a technique, 
for further improvement, which has proved 
useful at HF frequencies. It notes also, that 
use of this technique in conjunction with im-
proved end-of-message error detection tech-
niques should yield an improved duty cycle for 
meteor burst communications. 
A Formalized Procedure for the Prediction 

Analysis of Multichannel Tropospheric Scatter 
Circuits—Charles A. Parry (p. 211) 

In order to evaluate the potentialities of 
the scatter link and to minimize the financial 
risk involved in its implementation, examina-
tion of many combinations of path, sites, and 
system configurations is desirable. To assist 
this process, and to minimize the financial 
risks involved in uncertainties, a formal 
analytical procedure for the study of these cir-
cuits is desirable. The essential structure for 
such a procedure is outlined. A step-by-step 
process is involved, commencing with determi-
nation of an objective weighting factor for site 
evaluation. Data are presented for resolution 
of further steps dealing with median path loss, 
design accuracy, traffic loading, instantaneous 
fading, SNR, error rates, bandwidth and power. 
A performance index for path evaluation is used 
so that an optimum path-site combination may 
be selected. An index for comparison of various 
paths carrying different traffic leads with dif-
ferent reliabilities is suggested. Equations for 
use of this data in specific design situations are 
also given. 

Contributors (p. 222) 
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Electron Beams in Axially-Symmetric 
Crossed Fields—John A. Bradshaw (p. 257) 

M-type traveling-wave tubes use electron 
beams that drift in crossed electric and mag-
netic fields. One such tube, the axiotron de-
scribed by Warnecke and Doehler in 1950, used 
a hollow beam drifting parallel to the tube axis 
in a radial electric field crossed by an azimuthal 
magnetic field. The addition of an axial mag-
netic field to the azimuthal one adds another 
degree of complication and flexibility to the 
beam equations, yet maintains their symmetry 
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about the tube axis. It gives, in effect, a helical 
magnetic field crossed by a radial electric field. 

This report examines the behavior of hollow 
electron beams drifting in laminar flow through 
fields of the latter configuration. It defines a 
stability index for electron paths, and four 
fairly general types of beam. It determines the 
stability index and the distribution of space 
charge obtainable in each type as functions of 
the amplitudes and directions of the fields and 
drift velocities. In general, the density tends to 
be greatest at the inner beam radius, but it is 
possible to approach uniform density in stable 
beams. 

This report does not consider beam launch-
ing nor the "gun" problem; nor does it consider 
over-all beam instabilities such as scalloping. 

Laminar Flow in Magnetically-Focused 
Cylindrical Electron Beams—James L. Palmer 
(p. 262) 

The behavior of a cylindrical electron beam 
in a magnetic field is discussed in terms of a 
laminar-flow model. By numerical integration 
of the equations of motion, the maximum and 
minimum radii of excursion and the wave-
length of the undulations for each electron are 
presented in graphical form for various 
boundary conditions on the electron beam. By 
the proper selection of the boundary conditions, 
e.g., magnetic field strength at the cathode, the 
graphs are utilized to describe Brillouin flow, 
space-charge-balanced flow, immersed flow, 
confined flow, and, in fact, any electron flow 
which satisfies the laminar flow criterion. The 
perturbations introduced by improper injection 
conditions for any of the flows mentioned can 
be read directly from the graphs. A study of the 
wavelength and the amplitude of such per-
turbations as a function of radial position in 
the beam determines if a given type of flow 
with given injection conditions satisfies the 
laminar flow criterion. The sensitivity of the 
various types of electron flow to misadjust-
ments of the boundary conditions is clearly 
revealed by the graphs; e.g., the amplitude of 
the undulations in Brillouin flow is very sensi-
tive to the adjustment of the magnetic field 
strength whereas, for immersed flow, a similar 
deviation in magnetic field strength has very 
little effect on the amplitude of the undula-
tions. 

Point-Contact Diodes in Terms of 
Junction Theory—Robert E. Nelson (p. 270) 
A "formed" n-type germanium point-contact 

diode is qualitatively reminiscent of an 
idealized model that comprises an abrupt 
hemispherical p-n junction, both regions of 
which may have moderate resistivity, termi-
nated on the inner (p) and outer (n) sides by 
hemispherical ohmic contacts. The extent to 
which this model can be justified quantita-
tively is investigated. Low-injection analyses 
of the static and small-signal, frequency-de-
pendent properties suggest that the model is 
capable of predicting the corresponding ex-
perimentally-obset ved behavior. Consideration 
of space-charge-layer widening with reverse 
bias allows the computation of breakdown and 
punch-through voltages, which correspond in 
magnitude range to the observed peak inverse 
voltages of formed germanium point contacts. 
A high-injection analysis of the static forward 
characteristic indicates approximate agree-
ment between theory and experiment, even for 
the nonlinear spreading resistance. 

The Nesistor—A Semiconductor Negative 
Resistance Device—Robert E. Nelson (p. 278) 
A semiconductor device similar in principle 

to the injecting-drain-field-effect transistor, 
having wide ranges of controllable negative 
resistance which can be used in counting, flip-
flop, amplifying, and oscillator circuits, is de-
scribed. The negative resistance arises from the 
modulation of the current between two ohmic 
contacts of circular symmetry, on a flat semi-
conductor wafer, by the effect of the collection 

of minority carriers on the pinching potential 
of a collector electrode. Families of negative 
resistance, of either the shunt or series type, 
are obtainable depending upon the mode of 
operation. Power gains of 60 and thermal dissi-
pation of 1/4 watt have been achieved in liquid 
cooled units the size of high-frequency transis-
tors. An improved sandwich-type base tab for 
mounting semiconductor wafers is shown. A 
theoretical analysis of the operation of the 
device permits prediction of the effect of vari-
ous physical parameters upon the static elec-
trical characteristics. 

Super-Radiation and Super-Regeneration 
—C. (;reifinger and G. Birnbaum (p. 288) 

The transient behavior of a two-level spin 
system coupled to an electric circuit is investi-
gated by using the equations of Bloembergen 
and Pound. The equations are solved, in the 
limit where the circuit ringing time is very 
short compared with all other characteristic 
times, for two cases: 1) the spin-lattice and 
spill-spin relaxation times both infinite, with 
an externally applied driving field, and 2) the 
spin-lattice relaxation time infinite but the 
spin-spin relaxation time finite, in the absence 
of an external field. In case 1), it is shown that 
the motion of an initially inverted magnetiza-
tion under the action of an applied signal 
consists roughly of two stages: in the first 
stage, the effect of radiation damping is un-
important and the motion of the system is de-
termined principally by the applied signal via 
the ordinary Bloch equations, whereas in the 
second stage, the motion is essentially the same 
as if the applied signal had been turned off and 
only radiation damping were present. In case 
2), it is shown that a delayed peak in the 
emitted radiation should be observed under 
certain conditions. The delayed peak condition 
is identical with that derived by Bloom. Curves 
are presented showing the peak power and the 
time at which the delayed peak occurs as func-
tions of the relevant parameters. In connection 
with the ordinary maser behavior of a two-level 
spin system, it is shown that for values of the 
parameters typical of steady-state maser 
amplification, the effects of radiation damping 
should be unimportant. Finally, systems are 
examined for which the radiation damping time 
is much shorter than all other characteristic 
times (super-regenerative systems). It is indi-
cated how such systems might be operated as 
one-shot multivibrators or as linear amplifiers. 
For the latter type of operation, an expression 
for the gain is derived which is found to be 
similar to that encountered in ordinary circuit 
theory. 

A Low Potential Collector Employing an 
Asymmetrical Electrode in an Axially-Sym-
metric Magnetic Field—D. A. Dunn, el al. 
(p. 294) 

A collector for a beam-type tube with an 
axial magnetic focusing field can be made to 
operate at a potential near cathode potential 
without returning secondary electrons, if the 
beam is deflected and caused to pass an asym-
metrical electrode properly positioned in the 
axially symmetric magnetic focusing field. Col-
lection takes place in a region of radial electric 
field. Experimental results on such a device 
indicate successful operation, provided the 
velocity spread in the beam is not too large. 

Electrostatic Optics for Camera Tubes— 
R. W. Redington (p. 297) 

Two versions of an electrostatic focusing 
and deflection system suitable for camera tube 
applications are described. Focusing properties, 
resolution and aberrations are discussed. 

Thermally-Induced Cracking in the Fabri-
cation of Semiconductor Devices—Theodore 
C. Taylor (p. 299) 

The literature bearing on the cracking of 
semiconductor devices due to thermally in-
duced strains is reviewed. A model is developed 

to describe in qualitative terms, the stress dis-
tribution and mechanics of cracking and the 
significant variables of the cracking process are 
summarized. The remedial measures which 
have been proposed as solutions to the cracking 
problem are discussed. An analytical model is 
given which describes the stress distribution in 
the chip of a semiconductor device, and pre-
dicts a location of maximum stress which is in 
agreement with experimental results. A for-
mula is derived for the calculation of the 
maximum semiconductor tensile stress in an 
elastic model. The modifications requires of 
the model in cases of inelastic behavior are 
discussed. 

Three appendixes are given to present: 1) 
experimental methods of crack detection, 2) 
analytical design methods for tabbed device 
structures, and 3) references for some structural 
properties of germanium and silicon. 

Medium Power High-Speed Germanium 
Alloy Transistors—H. E. Hughes, et al. (p. 311) 
A complementary pair of medium-power 

high-speed switching transistors was required 
to satisfy the needs of an electronic switching 
system. Units have been designed and produced 
which exhibit a median cutoff frequency of 7 
mc and a punch-through voltage of 70 volts. 

High yields have been achieved on estab-
lished production lines by very close manu-
facturing controls of the critical alloying vari-
ables, namely, germanium wafer thickness, 
alloyed junction area, concentricity, mass of 
alloying material, alloying temperature, and 
special material properties such as orientation 
and etch-pit density. 

A vacuum-tight transistor structure has 
been designed to permit the dissipation of one-
half watt of power at 25°C in free air. The 
structure embodies an all-copper cold-welded 
encapsulation for efficient heat removal. Impor-
tant techniques concerning the cold-welding 
process will be discussed, and the particular die 
contour used will be illustrated in some detail. 
Additional cleanliness advantages are obtained 
by the use of the cold welded seal. 

New Methods for the Measurement of 
Cathode Interface Impedance—H. B. Frost 
(p. 315) 

Two improved methods for the measure-
ment of cathode interface impedance have been 
developed, and their limitations have been 
analyzed. One of these, the complementary net-
work method, is an improvement of a technique 
disclosed at the IRE National Convention in 
1952. The other, the shunt admittance bridge, 
has not been described previously. Both meth-
ods allow the measurement of impedance with 
both small resistance and short time constant, 
well below the limit, 50 ohms at 0.1 psec, of 
most present equipments. With the develop-
ment of improved cathode alloys, the measure-
ment of interface impedances having short 
time constants and low resistances has become 
important to control this parameter in manu-
facture and to obtain further improvement. 

For the complementary-network bridge, the 
theoretical analysis has shown the extreme im-
portance of minimizing stray inductance in the 
complementary network. When corrections are 
applied, the complementary-network bridge 
has good accuracy, with less than one-ohm 
error at 10 ohms and 0.05 µsec and lower rela-
tive errors for higher resistances. 

The shunt admittance bridge is most satis-
factory when tubes with transconductances 
greater than 10,000 µmho are to be measured. 
An impedance transformation is used which 
allows much easier physical realization of the 
measurement network than in other interface 
measurement methods. For tubes with trans-
conductances greater than 10,000 µmho, the 
shunt admittance bridge will provide accurate 
time constant and resistance data down to 0.02 
µsec and 5 ohms. 



2130 PROCEEDINGS OF THE IRE December 

Maximum Rapidly-Switchable Power Den-
sity in Junction Triodes—J. M. Early (p. 322) 

The maximum power density which may 
be switched at (switching time/current gain) 
quotients comparable to 1/27r.fi, is shown to be 
105-4X 10, watts/cm2for p-n-p germanium 
transistors. This result is derived first for junction 
triodes in which the collector depletion layer 
at peak reverse voltage lies largely in a collector 
body of conductivity type opposite to that of 
the base; e.g., diffused base transistors of the 
mesa type. The limitation arises from the linear 
dependence of maximum (scattering limited) 
current density (.1..) on collector-body im-
purity concentration (NA.,) and from the ap-
proximately reciprocal dependence of break-
down voltage (BleeB) on the same parameter. 

It is shown that space-charge limitation of 
current density leads to a somewhat lower limit 
for intrinsic collector barriers of the same 
maximum width and, a fortiori, to a lower value 
for collector barriers lying largely in material of 
the same conductivity type as the base layer. 
Similar limits for n-p-n germanium and for 
silicon transistors are higher but generally 
comparable. 

On the Periodic Coupling of Propagating 
Structures—Nathan Rynn (p. 325) 

An analysis of two propagating structures 
periodically coupled together, based on a 
method developed by J. R. Pierce, is presented. 
A periodic structure that supports a backward 
wave may be coupled to a structure that sup-
ports a forward wave by coupling to alternate 
cells of the former. The coupling is completely 
analogous to the case of continuously coupled 
waves, i.e., energy is transferred back and forth 
between the two guides periodically and the 
period of the transfer is inversely proportional 
to the strength of the coupling. The period of 
the transfer is also a function of the number of 
couplers per unit length. A method of measur-
ing the coupling coefficient is presented and 
application to a coupled-structure attenuator 
is discussed. 

The Effects of Electrode Resistance in 
Electroluminescent Cells—Henry F. Ivey 
(p 335) 

The effects of electrode resistance on the 
voltage drop, the power dissipation, and the 
equivalent circuit constants of electrolumi-
nescent cells have been calculated by means of 
linear transmission line theory. In practice, 
electroluminescent cells have nonlinear char-
acteristics which make the actual problem 
very difficult to solve. It is believed, however, 
that the present considerations serve to give a 
qualitative picture of the effects of electrode 
resistance in actual cells. 

Semiconductor Diode Amplifiers and Pulse 
Modulators—W. Ko and F. E. Brammer 
(p. 341) 

The reverse recovery characteristic of a 
semiconductor diode depends not only on the 
crystal properties and the physical dimensions 
of the diode but also on the circuit in which it is 
used. The effects of the circuit parameters, 
namely, forward current, reverse voltage and 
reverse loop impedance, on the diode recovery 
characteristics were studied experimentally on 
germanium and silicon junction diodes. The 
results are given in curves which illustrate the 
relationships between these circuit parameters 
and the maximum reverse current, as well as 
the constant current duration. Based on these 
curves, circuit applications were developed. 
The experiments on a pulse amplifier performed 
by the National Bureau of Standards, were 
repeated. The results showed a maximum power 
gain of 22 db per stage. Four pulse modulator 
circuits were designed. They are amplitude 
modulator, sampler, pulse duration and posi-
tion modulators. Linearity and frequency re-
sponse tests on these modulator circuits were 
conducted. The results indicated that they have 
small distortion and flat frequency response 

from dc up to several tens of kilocycles per 
second. Modifications of the pulse amplitude 
modulator provides amplifiers for continuously 
varying signals. Four such circuits are given. 
A Design Theory for the High-Frequency 

p-n Junction Variable Capacitor—C. J. Spector 
(p. 347) 

One of the more significant uses of the p-n 
junction variable capacitor is as an HF (> 100 
mc) tuning element. Structures which have 
been available have had rather low Q at these 
frequencies. In order to determine the limits 
imposed on Q'by the physics of the device, a 
fundamental study has been made of the prob-
lems of the HF junction capacitor. Equations 
have been developed for the prediction of Q 
in alloyed and diffused structures. Optimiza-
tion criteria are proposed which permit design 
of capacitors in which Q is no longer a signifi-
cant limitation. In support of the theory, ex-
perimental results are presented on units de-
signed and fabricated in accordance with the 
optimization criteria. Q's in excess of 500 have 
been observed at 100 mc. 

The Radio-Frequency Current Distribution 
in Brillouin Flow—M. Chodorow and L. T. 
Zitelli (p. 352) 

It has been shown that in an electron beam 
with Brillouin focusing, two pairs of space-
charge waves are possible. One pair has the 
peculiar property of having no RF charge 
density in the volume of the beam, with most 
of the current being caused by ripples of the 
boundary. This paper shows that, in the case 
of modulation by the gridless gap of a klystron, 
it is only these space-charge waves which are 
excited in the electron beam. This result has 
also been verified elsewhere by experiment. In 
addition to the detailed calculation, a simple 
proof is given which demonstrates why one 
gets the particular behavior predicted by the 
detailed theory, namely, a modulated beam 
with no RF charge density in the volume. This 
effect arises from the fact that the modulation 
is produced by an electric field with zero diver-
gence, and therefore the RF velocity produced 
also has zero divergence. Zero divergence of the 
velocity is the condition for an incompressible 
fluid; i.e., constant density. In the case of 
modulation by a grid, the electric field does not 
have zero divergence and this kind of behavior 
does not occur. 

Experimental Notes and Techniques 
Technique for Making Crack-Free Alloyed 

Junctions in Silicon—Theodore C. Taylor 
(p. 358) 

Contributors (p. 360) 
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A Profitability Criterion for Measurement 
and Decision-Making—John C. Fisher (p. 65) 

Consideration of the legal structure of cor-
porations, and of long-term price and dividend 
trends of industrial stocks, leads to the conclu-
sion that a corporation achieves its maximum 
profitability when the discounted value of the 
over-all flow of cash associated with its vat ions 
activities is a maximum. The appropriate dis-
count rate is somewhere near 6 per cent. Since 
each project, individually, must have its maxi-
mum possible discounted value, the profit-
ability criterion serves as a criterion for de-
cision-making. 

Production Selction—Witchraft or Wisdom 
—Charles S. Roberts (p. 68) 

This paper develops the thesis that market-
ing research can make a significant contribution 
to new product conception and development. 
A discussion of new product development is 

presented within the framework of meeting the 
challenge of changing needs of the market and 
the competition of companies who are market-
oriented and working to anticipate the needs 
of their customers. Companies engaged in re-
search and development work are committing 
important resources in new product and new 
concept development in order to survive, yet 
there is a risk of failure that is inherent in such 
activities. Although it is agreed that the risk of 
failure cannot be eliminated, it is recommended 
that this risk can be reduced by utilizing the 
discipline of marketing research. 

Group Contracting—James D. McLean 
(P. 71) 

The pattern of military electronics pro-
curement in recent years has shifted away from 
large-scale production of relatively simple 
systems—black boxes, they may be called— 
and toward the development and production 
of fewer systems of increasing complexity. To 
meet the challenges imposed by this change, 
the industry has found it necessary, in many 
cases, to form teams of specialist organizations, 
each possessing one or more of the capabilities 
necessary for the task in question. 

Although the structure of the relationships 
which bind the team together may vary, the 
basic attributes are the same. In this paper, 
the characteristics of team contracting are re-
vealed and the advantages of this form of solv-
ing specific military problems are discussed. 

The Management of Research and Devel-
opment—Abraham Katz (p. 75). 

Our intensive search for knowledge, basic 
and applied, must be accompanied by a corre-
sponding search for the principles underlying 
the management of research and development. 
An attempt has been made here to seek out the 
factors of major importance and to organize 
them into a meaningful whole. Basic to this 
analysis have been the views of product value 
and cost as streams in time, and of managerial 
capabilities as probabilities of project comple-
tion, also varying in time. A simple model based 
on these concepts has been developed for a 
business in which the products are character-
ized by great complexity and by rapid change. 
The model is simply a tool to understanding— 
a way of looking at a business. Rational pro-
cedures have been derived for making certain 
of the major project decisions. 

Management Control of Professional Oper-
ations—Actuality or Illusion?—P. S. Schmidt 
(p. 81) 

Whether management has effective control 
of professional operations such as Research 
and Development is difficult to judge because 
the required level of creativity varies from 
project to project. To eliminate this variable, 
patent operations, which require specialized 
creativity of constant intensity, were chosen 
for study. Results of a questionnaire sent to 100 
electronics companies indicate that quantity, 
quality and cost controls in most corporate 
patent programs are rudimentary or non-
existent. This raises a question as to whether 
management control (in the cybernetic sense) 
is achievable in any area of professional opera-
tions. 

Magazine Review Section (p. 87) 
For Your Bookshelf ( p. 89) 

Information Theory 

VOL. 1T-5, No. 3, SEPTEMBER, 1959 

Frontispiece (p. 96) 
Guest Editorial—D. Gabor (p. 97) 
Note on Unique Decipherability—E. T. 

Jaynes (p. 98) 
We consider an alphabet of a letters, used 

under the restrictions: 1) messages uniquely 
decipherable into words by use of one of the 
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letters as a space mark, and 2) words limited to 
a maximum length of L letters. Although im-
posing these constraints simultaneously may 
cause a large reduction in the channel capacity 
of the alphabet, neither by itself causes any 
reduction. Accordingly, in the absence of con-
straints other than 1), an inequality of McMil-
lan pertaining to uniquely decipherable mes-
sages can be made to be an equality. 

Defining "semi-optimal" transmission by 
the condition that the mean transmission 
time per word is minimized for a given entropy 
per word, we find the attainable rate of infor-
mation transmission under semi-optimal condi-
tions. Transmission at full channel capacity 
is a special case of semi-optimal transmission. 
Some generalizations and analogies to statisti-
cal mechanics are discussed. 

On the Use of Laguerre Polynomials in 
Treating the Envelope and Phase Components 
of Narrow-Band Gaussian Noise— Irving S. 
Reed (p. 102) 

The joint probability density of the en-
velope of a Gaussian process at two different 
times is expanded by the use of Hardy's 
identity into a series involving Laguerre poly-
nomials. It is shown how this result may be 
used to estimate the cross-correlation function 
of the output of two quite general envelope-
distorting filters. A generalization of this result, 
involving the use of the associated Laguerre 
polynomials, is obtained and applied to the 
calculation of a cross-correlation function which 
involves both the phase and envelope of the 
process at two points in time. 

Interchannel Correlation in a Bank of Par-
allel Filters—Janis Galejs and William M. 
Cowan (p. 106) 

The first-order effects of intel channel noise 
correlation on the false alarm and incorrect 
dismissal probabilities ate computed for a bank 
of parallel RLC filters by expanding the en-
velope distribution of the n filter outputs in a 
power series. 

The correction to the false alarm probability 
due to noise correlation is found to decrease 
with increasing threshold-to-rms-noise ratios. 
If the filter-separation-to-filter-band width 
ratios are larger than 0.2, it is less than 15 and 
0.2 per cent for threshold-to-rms-noise ratios 
exceeding 12 and 14 db respectively. 

The correction to the incorrect dismissal 
probability, which is computed by considering 
the signal output of three contiguous filters, 
increases with increasing threshold-to-rms-
noise and signal-to-threshold ratios. Even for 
filter separations larger than the filter band-
width, it may be in excess of 100 per cent if the 
threshold-to-rms-noise ratio exceeds 12 db and 
the signal-to-threshold ratio is larger than 1.2. 

Application of Modular Sequential Circuits 
to Single Error-Correcting P-nary Codes— 
Thomas E. Stern and Bernard Friedland (p. 
114) 

Some Spectral Properties of Weighted Ran-
dom Noise—H, S. Shapiro and R. A. Silverman 
(p. 123) 

We studied the power spectrum and, more 
generally, the spectral covariance of weighted 
stationary processes. It is found that if the 
power spectrum of the underlying stationary 
process is suitably well behaved and properly 
matched to the weight function, then the high-
f requency behavior of the power spectrum and 
spectral covariance is especially simple. Asymp-
totic theorems describing this behavior pre-
cisely are given. 

Extremal Coding for Speech Transmission 
—Max V. Mathews (p. 129) 
A digital coding and its application to 

speech transmission is described. The coder de-
termines the amplitudes and times of successive 
extremes (relative maxima and minima) of the 
signal. This information is decoded at the re-
ceiver by interpolating a function between 
extremes so as to connect them smoothly and 

preserve the extremes of the original signal in 
the reconstructed wave. Thus, the coding is a 
nonlinear sampling technique. It is related to 
clipped speech encoding which effectively trans-
mits only the times of the extremes. 

The properties of the coding for speech sig-
nals have been studied by digital simulation on 
an IBM 704 computer. Information rate, statis-
tics of the extremes data, and quality of the 
resulting signal have been evaluated. The buffer 
size necessary to receive the randomly ocurring 
data and transmit at a constant rate was meas-
ured. 

Correspondence (p. 136) 
Contributors ( p. 144) 
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A Multichannel Analyzer for Heart Po-
tentials—C. V. Nelson, et a/. (p. 107) 

Computers Applied to Ballistocardiography 
—S. A. Talbot (p. 109) 

A New System for Electrocardiographic 
Recording, Analysis, and Diagnosis—J. Mar-
tinek, et al. (p. 112) 
A Study of the Advantages of Displaying 

the Heart's Electrical Activity as Linear Time-
Scale Curves of Spacial Magnitude and Orien-
tation—J. A. Abildskov, el a/. (p. 116) 

An Automatic Pressure Regulator for 
Extracorporeal Circulation—O. Z. Roy (p. 118) 

An automatic pressure regulator for con-
trolling venous pressure (luring extracorporeal 
heart operations is described. The controller is 
used in procedures where a pressure is main-
tained in the venae cavae; i.e., where gravity 
flow is not used to drain the venous blood. 
A differential pressure transducer produces 

an error signal which controls the field current 
in a dc shunt motor and, consequently, the 
rate of pumping. The sensitivity of the con-
troller can be varied in eight steps; on the most 
sensitivekange, an error of less than 0.20 mm 
Hg can be detected and corrected. The total 
change in motor speed and hence pumping rate 
is ± 20 per cent. 

The Computation of Muscle Activity from 
the Integrated Electromyogram—B. R. Fink 
and M. L. Scheiner (p. 121) 

The integration of a signal of varying pulse 
amplitude and frequency is discussed. Several 
solutions are considered, and a method is de-
scribed in which an accurate integration is ob-
tained with a circuit of short time constant 
and virtually infinite decay time. 

Automatic Reading and Recording of Digital 
Data in the Analysis of Primate Behavior—D. 
McConnell (p. 123) 

The Human Being as a Link in an Auto-
matic Control System—Part I—T. J. Higgins 
and D. B. Holland (p. 127) 

Adaptive Servomechanisms—Charles W. 
Johnson (p. 136) 

A discussion is given on some of the current 
ideas behind the control engineer's approach 
to the problem of developing servomechanisms 
which exhibit some degree of adaptive be-
havior. Several categories of adaptive systems 
are discussed and an attempt is made to associ-
ate the operating principle of the systems in 
each category with the behavior of the human 
being when he acts as a controlling device. A 
particular system developed for application in 
the field of automatic flight control is discussed 
from a functional point of view. The controller, 
using an analog model which operates on the 
input information, determines a "standard of 
performance" for the controlled element which 
closely approximates the performance desired 
by an experienced operator. The remainder of 
the controller, using a very simple passive 
network as a switching function computer to 

determine the state of a bistable device, forces 
the controlled element to operate in such a 
manner as to minimize continuously the error 
between the desired performance and the actual 
performance. The controller exhibits adaptive 
behavior in the sense that it operates in such a 
manner as to keep the actual performance of the 
system practically invariant, although the 
parameters of the controlled element change 
over a relatively wide range of values. 

The Ultraviolet Flying-Spot Television 
Microscope—P. O'B. Montgomery and W. A. 
Bonner (p. 143) 

Transmission of Ultrasound Through Living 
Human Thorax—H. D. Crawford, a a/. (p. 146) 

Experiments are described demonstrating 
the passage of one-me/sec continuous wave 
ultrasound through the heart and lungs at 
power levels of 100 mw/cm2 at the tranducer 
terminals (a total of 1.25 watts). When the 
sound was directed through the region of the 
heart, the ultrasound was modulated by the 
moving intra-thoracic structures in synchon-
ism with the heart beat. The records obtained 
were modified both by exercise and by amyl 
nitrite administered to the subject, but re-
mained synchronous with the heart rate. Modu-
lation of the ultrasound did not occur in two 
warm corpses. Sonic energy at the levels used to 
traverse the thorax did not affect a simultane-
ously recorded electrocardiogram. No deleteri-
ous effects have been observed on a subject 
whose heart was irradiated at 1 watt/cm2 and 
3 watts/cm: (totals of 12.5 and 37.5 watts, re-
spectively) applied to transducer terminals at 
intervals over a period of one year (Appendix 
I). When continuous wave ultrasound was 
directed through a lung field clear of the heart, 
it was found that the attenuation varied 50 
db between full inspiration and a lung empty-
ing of 3400 cubic cm (0 db = full inspiration). 
In addition to direct transmission, sound is 
scattered throughout the thorax. The me-
chanics of the ultrasonic phenomena are de-
scribed. 

Problems in Electroencephalograph Analy-
sis—M. G. Saunders (p. 152) 

The Analysis of Electroencephalograms by 
the Use of a Cross-Spectrum Analyzer—Ezra 
S. Krendel (p. 154) 

An Automatic Digital Recorder for Timing 
Sequential Events—Stanley M. Block (p. 162) 
A Method of Measuring the Dynamic Char-

acteristics of Muscle Rigidity, Strength, and 
Tremor in the Upper Extremity—David D. 
Webster (p. 164) 

Computational Aspects of Brain Function— 
Reginald G. Bickford (p. 169) 

Digital Recording of Electrocardiographic 
Data for Analysis by a Digital Computer—L. 
Taback, et a/. (p. 172) 
A corrected orthogonal 3-lead system has 

been used to record electrocardiograms directly 
from patients at Veterans Hospitals, using 
three FM channels of magnetic tape. A pilot 
facility has been designed and assembled by 
NBS to permit a medical technician to inspect 
these on an oscilloscope and select a significant 
cardiac cycle. This is automatically sampled 
at millisecond intervals and the numerical 
values are stored in digital form on magnetic 
tape acceptable to an electronic computer. 
Upon writing various programs for the digital 
computer, the cardiac researcher will have a 
flexible tool for objective analysis of large 
quantities of biological data by a variety of 
possible criteria. 

Possible Approaches to Multiple-Channel 
Tape Recording for Biomedical Purposes— 
D. H. Smith. et a/. (p. 176) 
A Statistical Study of the Effects of Electric 

Fields on the Movements of Mammalian 
Sperm Cells—John W. Trank (p. 179) 
A micro technique has been developed to 

facilitate the study of electric field effects on 
the swimming pattern of sperm cells. The in-
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strumentation for this technique, a micro-
electrophoresis vessel, a metering motion pic-
ture projector, and a simple analog computer 
for data handling, are briefly described. It is 
shown experimentally that 1) an electric field 
imposed on a cell suspension acts primarily to 
direct the cells to the anode without apprecia-
bly changing their swimming speed, and 2) the 
field effects are not linear functions of field 
strength. It is postulated that the field effect 
is primarily galvanotaxis and that the cells 
seek a position of minimum stimulation and 
therefore must have a transverse sensitivity 
axis. 

Autocorrelation and Cross Correlation 
Analysis in Electroencephalography—John S. 
Barlow (p. 184) 

Autocorrelation and cross correlation analy-
sis, which have been used extensively in statisti-
cal communication theory in the past few years, 
can be applied, with certain limitations, to the 
study of the EEG (electroencephalograph). 
Autocorrelograms for normal subjects can be 
classified in several categories, according to the 
dominant frequency, or frequencies, present, 
and other parameters. Cross correlograms of 
EEG recordings from different locations on the 
head permit a comparison of the electrical ac-
tivity at the two locations. Correlation func-
tions and power-density spectra contain equiva-
lent information because the one may be ob-
tained from the other by Fourier transforma-
tion; but, because of the squaring and multi-
plication that appear in the computation proc-
ess, the data so obtained are not exact equiva-
lents of the frequency spectra derived from 
tuned resonators. A special case of cross correla-
tion analysis (cross correlation of a repetitive 
signal with a synchronously occurring brief 
pulse) can be applied to the detection of electric 
responses evoked by sensory stimulation. This 
process is equivalent to averaging a large num-
ber of individual responses. Illustrative exam-
ples, obtained from semi-automatic computers 
especially designed for the purpose, are given. 

PGME Applications for Affiliates (p. 189) 

Military Electronics 
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Frontispiece (p. 127) 
Guest Editorial—Bernard A. Schriever (p. 

128) 
Scientific Objectives of the Able-3 Pro-

gram—Applied Physics Dept., Space Tech-
nology Labs., Inc. (p. 129) 

The purpose of the Able-3 program is to 
place a scientific observatory in a highly elliptic 
satellite orbit. A scintillation counter, ion 
chamber, Geiger counter, and proportional 
counter telescope in the payload permit com-
prehensive mapping of corpuscular radiation 
over a large volume of the geomagnetic region, 
including the Van Allen radiation belts. Simul-
taneously, the fundamental static quantities, 
electron density, and vector magnetic intensity 
are to be measured. A VLF experiment is in-
cluded to measure upper atmosphere VLF 
noise and to study the propagation character-
istic of VLF between the ground and the satel-
lite. A radio scintillation experiment using radio 
telescopeswill measure the effects of ionospheric 
irregularities on amplitude and phase. Micro-
meteorite detection equipment in the payload 
provides a two-point momentum spectrum of 
micrometeorites encountered, and an image 
scanner is included to examine reflection char-
acteristics of the earth. 

Able-3 Payload Design—John E. Taber 
(p. 143) 

This paper discusses the Able-3 payload 
instrumentation. The design parameters and 
functional characteristics of this instrumenta-
tion are discussed in terms of the two goals of 
this program: to build a payload which gathers 

as much scientific information as possible con-
cerning the space environment about the earth, 
and to develop and check out communica-
tions, power supply, and temperature control 
systems suitable for subsequent interplanetary 
space probes. The basic electronics of the 
satellite and their relationship with the experi-
mental equipment as well as with structural 
and other aspects of the satellite are discussed 
in some detail. Particular emphasis is placed 
on the communications system, and, in par-
ticular, on the new digital telemetry system and 
its value to deep space exploration. 

Three-Dimensional Interplanetary Tra-
jectories—A. B. Mickel wait, et al. (p. 149) 

Developments in guided missiles and related 
scientific areas have reached a state where 
ballistic flights to the planets Venus and Mars 
are feasible and imminent with existing hard-
ware. This paper discusses considerations in-
volved in making an actual ballistic flight to 
Venus. Conventional two-dimensional analysis 
is compared to the actual three-dimensional 
case. Burn-out conditions required to minimize 
the problems of guidance, payload, range safety 
booster aerodynamics, midcourse guidance, 
and capture are established. Problems relating 
to launch times, launch latitude, and inter-
planetary communications are also discussed. 

Detection and Evaluation of Space Radi-
ations—dePaul T. Corkhill and R. A. Hoffman 
(p. 162) 

In the very near future man will escape 
from his terrestrial environment and venture 
into space. The first flights will be limited 
space voyages circling the earth only one or 
several times at altitudes from 100 to 500 miles. 
As technological advances permit, these space 
journeys will become longer in duration and 
farther from earth until travel between planets 
in our solar system is accomplished. Ultimately 
of course, travel outside our solar system is 
envisioned. 

The hazards of space flight are numerous. 
An environment paralleling that of the earth's 
must be simulated as closely as possible inside 
the space capsule. In providing such an en-
vironment, those problems of air regeneration, 
temperature control, pressure control, etc., are 
overcome. One potential hazard from which 
man in space cannot be effectively protected 
is radiation. Therefore, the intensity of space 
radiations and their biological effects must be 
evaluated prior to prolonged space journeys if 
such journeys are to be accomplished without 
undue risk. 

The aeromedical field laboratory is now 
studying a space radiation detection system 
which would be capable of detecting and 
identifying the several forms of space radiation 
and the intensity of each form. Once the types 
and intensities of radiation prevalent in space 
are ascertained, it will be possible to study, in 
earth laboratories, the biological effects of most 
of these radiations. Radiobiological studies 
should lead to realistic RBE (relative biological 
effectiveness) values for these radiations, and 
thus biological dose rates (rem/hr) can be 
established. 

A radiation survey system such as de-
scribed will be a very intricate electronic 
assembly. The biological studies to determine 
RBE values will require careful study. The 
unit must be compact, rugged, and light-
weight if it is to be adaptable to satellite 
flights. 

Presently, a feasibility study is underway to 
determine the most practical and efficient elec-
tronic assembly. Then follows the fabrication 
of the complete detection system. Orbital 
flights of this system must then be made to 
evaluate the types and intensities of space 
radiations. Biological studies of these radia-
tions must then be made so that biological 
dose rates may be established. Once the biologi-
cal studies have been completed, the RBE 
factors can be incorporated in the radiation 

detection system, i.e., a system which will be 
capable of giving the space passenger a biologi-
cal dose rate in rem/hr on a dial type instru-
ment as well as his total accumulated radiation 
dosage during the flight. Admittedly, such a 
system may not be a prerequisite for the first 
toddling steps of man into space, but it must 
certainly form an integral part of future space 
vehicles when bolder journeys farther from 
earth are made. 

High-Accuracy Electronic Tracking of Space 
Vehicles—P. F. von Handel and F. Hoelindorf 
(p. 162) 

It is the purpose of this paper to show that 
optical accuracies can be reached with elec-
tronic tracking if the refractive index is known 
at the site of the radar, as well as at the site of 
the target. This is the case in tracking space 
vehicles with microwaves. The index can be 
measured at the tracking site and it is unity 
beyond the denser atmosphere. Ionospheric in-
fluences can be neglected in the higher kilo-
megacycle range. It is also shown that the 
uncertainty of the course of any particular 
profile between the surface of the earth and the 
target has only minute effects on range and 
angular errors. Accuracy limits are determined 
and presented numerically. The inherent high 
precision of modern electronic tracking systems 
can be fully utilized under these conditions; 
this is not the case in tracking vehicles flying 
in the atmosphere. 

Some Reliability Aspects of Weapon and 
Other Space Systems Using Ballistic Missile 
Boosters—Henry Triwush (p. 173) 

This paper shows that there is a need to 
differentiate, at least on occasion, between 
weapon and nonweapon space systems where 
their reliability is concerned. Three criteria 
are offered as a means of determining whether 
this differentiation need be made in the case of 
any particular nonweapon space system. Where 
this differentiation should be made, possible 
reliability approaches for the nonweapon space 
system are suggested. 

Radar Beacons for IRBM/ICBM—F. J. 
Clark (p. 175) 

This paper summarizes problems which con-
front engineers who are responsible for the 
design of radar beacons and beacon antennas 
used in IRBM and ICBM test vehicles. The 
most important factors which affect compati-
bility between the beacon and tracking radars 
at the test range are enumerated. Cited also 
are several design areas which should be cor-
related with the test range prior to finalization 
of beacon design criteria. 

Design Studies for a Rubidium Gas Cell 
Frequency Standard—J. M. Andres, et a/. 
(p. 178) 
A description is given of several studies 

undertaken in the design of a small, gas cell 
stabilized atomic frequency standard making 
use of the field-independent hyperfine reson-
ance of rubidium 87 at 6834 mc. In the standard 
considered, light from a rubidium vapor lamp 
is used to enhance the population differences 
between the atomic levels involved in the 
resonance and also to provide a means of 
detecting the microwave resonance. One of 
the studies described is concerend with the 
generation of requisite microwave energy at the 
resonant frequency, another with the choice of 
an optimum length for the gas cell, and the 
last with the optimization of parameters for the 
modulation process used. 

Some Considerations in the Design of the 
Guidance and Control System for Discoverer— 
John J. Schmitt, Jr. (p. 184) 

The limited number of flight tests to (late 
has indicated that the Discoverer satellite 
will be a highly reliable and effective system 
from which the ARPA and the Air Force expect 
to gain valuable additional knowledge of outer 
space. The achievement of this high degree of 
reliability and effectiveness of the satellite 
means that each of its subsystems must, in fact, 
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be even more reliable and effective. The Dis-
coverer guidance and control system is meeting 
their specifications because of the simplicity 
of the over-all design—simplicity for reliability 
with sufficient sophistication to accomplish 
its mission effectively. 

The mission of the guidance system is that 
of providing adequate attitude, velocity, and 
time references to guide the satellite into a 
desired orbit, to control its attitude on orbit, 
and to provide switching in the proper sequence 
for certain principal satellite functions. The 
mission of the control system is simply that of 
positioning the vehicle in the proper attitude 
commanded by guidance. The investigations 
that were made and those which are being con-
tinued in the determination of the optimum 
configuration for the desired performance are 
described in some detail. The present system, 
consisting of an inertial reference device, a hori-
zon scanner, and a computer for guidance, and 
of both pneumatic and hydraulic control sys-
tems, are discussed. 

In summary, a typical flight of the Dis-
coverer, from separation from the Thor booster 
until stabilization on orbit, is outlined and the 
functions of the guidance and control systems 
are described. 

Contributors (p. 185) 
Annual Index 1959 (follows p. 187) 

Space Electronics and 
Telementry 
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Communication Techniques for Space Ex-
ploration—Eberhardt Rechtin (p. 95) 

This article was first given in a symposium 
at the California Institute of Technology on 
"Realities of Space Exploration," showing as 
graphically as possible that space communica-
tion is practical, that the extrapolation of the 
state of the art is straight forward, and that 
the real limitations are those of: 1) external 
noise, 2) handling an extreme volume of data. 
3) certain relativistic effects ( more distant 
future), 4) time, and 5) economics and money. 
These limitations, at present, indicate fre-
quencies between 500 and 5000 mc, automatic 
data handling, an awareness that communica-
tions outside the solar system is presently im-
possible, an appreciation that time scales of 
many years are expected in development and 
flight times, and a surprising conclusion that 
space exploration will probably pay for itself. 

Telemetered Parameters of Primates and 
Humans from Space Capsules—T. C. Helvey 
(p. 99) 
A Circularly Polarized Feed for an Auto-

matic Tracking Telemetry Antenna—R. C. 
Baker (p. 103) 

Characteristics of a feed that utilizes a 
unique method to produce a conically scanning 
main beam are discussed. Model and full scale 
test data are included to make the feed opera-
tion more clearly understood. 

Certain criteria such as gain, side lobe level, 
and polarization must be considered when de-
signing a primary feed for a paraboloid reflec-
tor. Also, the automatic tracking requirement 
calls for some means of producing an error 
signal for given off-target angles. 

The feed discussed is a circular waveguide 
excited by orthogonal probes fed 90° out of 
phase to produce circular polarization. The 
electrical phase center of the feed is shifted 
around the focal point of the 60-foot diameter 
paraboloid reflector by rotating a hemispherical 
tapered-dielectric prism at the aperture of the 
waveguide. A ground plane around the wave-
guide mouth controls the illumination taper 
across the paraboloid aperture to yield equal 
E and H plane secondary beamwidths. 

The Dynamic Analysis of the Averaging 
Type FM Discriminator—I. Cederbaum and 
S. Rozenstein (p. 111) 

The dynamic response of an averaging type 
FM discriminator to a general FM input is 
analyzed on the assumption that the zero cross-
ing of the input signal initiates impulses which 
are applied to a low pass filter. The boundaries 
between which the output voltage of that filter 
is varying are evaluated. The faithful decoding 
may start after an initial settling-down period 
which is often found to be short compared with 
the actual period of the measurement. 

In order to show the practical use of the 
result obtained, two examples are given which 
deal with a linear and a parabolic change of the 
frequency with time. 

A High-Speed, Airborne Digital Data 
Acquisition System—S. Cogan and W. K. 
Hodder (p. 117) 

This paper describes a transitorized airborne 
PCM/FM data acquisition system. The proto-
type version of this system has, in the past 
few months, been subjected to a flight evalua-
tion program, and the final version is now in the 
process of assembly and test. The system is 
primarily digital; however, the technical areas 
of switching and amplification of low-level 
analog signals will be emphasized and system 
aspects will be discussed. 

The airborne system is part of a larger sys-
tem designed to provide an accurate and re-
liable means of collecting information from a 
large number of transducers during aircraft 
fliglàt testing, and to transfer this information 
in the most efficient manner to a digital com-
puter for final data reduction. The Airborne 
portion collects, stores, and transmits flight-
test data in digital form to the ground control 
record station trailer which monitors the prog-
ress of the flight test. The recorded data is then 
carried to the computer station which organ-
izes and controls the selection of data in a form 
compatible with the requirements of an IBM 
type 704 computer. 
A System for Editing and Computer Entry 

of Flight Test Data—S. F. Higgins (p. 123) 
This paper describes a system of data edit-

ing with provisions for computer entry of flight 
test data as acquired by an integrated digital 
data system. Also described are system con-
cepts that must be dealt with in solving prob-
lems incident to these activities. 

The computer station described is provided 
with editing control facilities that permit selec-
tion of the desired prime and commutated chan-
nels which are essential for data reduction. 
The editing facilities provide for the most eco-
nomic use of computer and manpower effort 
and are so designed that they permit conven-
ient access to all instrumented channels. 

In addition, peripheral equipment is de-
scribed as an aid in the editing process for 
examining the raw data in terms of analog, 
quick-look, and permanent record equipment. 

The Use of a Fractional Bi-Stable Multi-
vibrator Counter in the Design of an Auto-
matic Discriminator Calibrator—M. W. Mill-
ard and G. F. Anderson (p. 131) 

This paper discusses the approach used in 
the design of an automatic discriminator cali-
brator system. This design led to analysis of 
the use of bi-stable multibrators to obtain a 
fractional countdown of the output frequency 
of a crystal oscillator. The final counter wave-
form is filtered to extract only a sinusoidal 
component of the square wave from the coun-
ters. Some properties of fractional counters 
are discussed, including the use of a 382.5/1 
counter in the calibrator system. 

Analysis of Multiplex Error in FM/FM 
and PAM/FM/FM Telemetry—J. Schenck 
and W. F. Kennedy (p. 138) 

The primary object of the work described in 
this paper is to establish and delineate a pro-
cedure for the calculation of certain errors 

associated with the performance of FM/FM 
and/or PAM/FM/FM multiplex telemetry 
systems. The errors considered are those that 
are produced in a channel of the multiplex 
resulting from arbitrary frequency and phase 
selective networks, and those resulting from 
the interference of adjacent channel sidebands 
with respect to an arbitrary channel center 
frequency separation. To find these errors, a 
straightforward spectral analysis and synthesis 
is developed for practical models of standard 
FM/FM and PAM/FM/FM systems. Ex-
pressions are obtained for the outputs of a 
multiplex for given inputs, and for nonlinear 
distortion and adjacent channel interference, 
in terms of the conventional parameters of such 
systems. This method of analysis is entirely 
quantitative, and an effort has been made to 
develop it from a definite theoretical basis. 

Because the FM process is nonlinear, and 
since the purpose of this investigation has been 
the evaluation of system performance rather 
than analytical insight per se, automatic digital 
computation is contemplated throughout. 
Nevertheless, it has been found that the results 
of the work involved in I) the justification of 
a system model, 2) the derivations of functions 
defining the operations of the components of the 
model, 3) programming the functions for nu-
merical analysis, and finally 4) performing rela-
tively economical experimental numerical ad-
justments of the model parameters, lead to a 
valuable physical appreciation of the system 
behavior with respect to prescribed conditions. 

Nonlinear distortion present in the demodu-
lated output of a subcarrier channel is produced 
by a band limiting filter or the band-selection 
filter. This distortion is determined by com-
paring the demodulated output signal with a 
known modulating input signal. The input 
may be sinusoidal, which is of interest in the 
specification of distortion in FM/FM, or 
rectangular, which simulates the modulation 
in PAM/FM/FM. The output signal is ob-
tained by a numerical computation signal of 
the derivative of the phase of the recovered 
FM subcarrier. A derivation is given for this 
phase derivative through the representation 
of the recovered subcarrier signal by a phasor 
whose instantaneous length and angle have 
been modified with respect to time by inter-
ference, and by the amplitude and phase char-
acteristics of the transmission networks. Graph-
ic results are given for both sinusoidal and 
rectangular modulating signals, for a range of 
modulation indexes, and for band-pass filters 
of the Butterworth type having various band-
widths and rates of attenuation. 

The criterion for error in PAM/FM/FM 
is a deviation of the average, over a predeter-
mined interval of the pulse, from the average 
value which would have been measured on an 
undistorted pulse over that interval. Curves 
are presented showing the maximum permissi-
ble duration, for 0.1 per cent and 0.5 per cent, 
error, of this predetermined interval in terms 
of bandwidth and band edge attenuation. Error 
resulting from sinusoidal modulation is pre-
sented in terms of harmonic distortion. These 
distortion results are exact in that they involve 
no approximations based on assumptions such 
as quasi-stationary conditions or small phase 
variations. 

Comments Relative to the Application of 
PCM to Aircraft Flight Testing—Robert S. 
Djorup (p. 148). 

The pending widespread use planned for 
PCM telemetry has caused some confusion in 
the area of PCM or digital standards. It is 
the purpose of this paper to discuss proposed 
PCM standards on a realistic basis and to show 
by example the organization of an integrated 
digital flight test system using these standards. 
Consideration is given to the variety of testing 
applications and ultimate usage of digital 
flight test data. 

Contributors (p. 153) 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.213-8:539.2 3536 
Absorption of Compressional Waves in 

Solids from 100 to 1000 Mc/s— J. Lamb, M. 
Redwood and Z. Shteinshleifer. (Phys. Rev. 
Lett., vol. 3, pp. 28-29; July 1, 1959.) Experi-
mental data are given for dependence of the 
amplitude absorption coefficient on frequency 
for crystal quartz, fused silica, Ge and Si. 

534.231:534.88 3537 
Studies on the Near Fields of Monopole and 

Dipole Acoustic Sources—C. W. Horton and 
A. E. Sobey, Jr. (J. Acoust. Soc. Amer., vol. 30, 
pp. 1088-1099; December, 1958.) When an ob-
server is not farther than one wavelength from 
an acoustic source, he can determine the dis-
tance to the source from measurements of the 
pressure and particle velocity of the medium. 
Expressions are developed which are exact in 
the case of a monopole source. Measurements 
made using a dipole source are described. 

534.522.1 3538 
Determination of the Form of Finite-Ampli-

tude Ultrasonic Waves by Light Refraction— 
M. A. Breazeale, B. D. Cook and E. A. Hiede-
mann. (Naturwiss., vol. 45, p. 537; November, 
1958. In English.) The refraction method (see 
1050, April, Breazeale and I liedemann) has 
been perfected so that the phase relation be-
tween harmonic components can be determined. 

534.7 3539 
Signal Detection as a Function of Fre-

quency Ensemble: Part 2—F. A. Veniar. (J. 
Acores:. Soc. Amer., vol. 30, pp. 1075-1078; 
December, 1958.) Further experimental inves-
tigation of the detection of a signal in noise as 
a function of signal ensemble size and frequency 
range. Part 1:1052, April. 
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534.75 3540 
Detection of Multiple-Component Signals 

in Noise—D. M. Green. (J. Acoust. Soc. Amer., 
vol. 30, pp. 904-911; October, 1958.) Experi-
mental results are analysed by comparison with 
three mathematical models; for predicting the 
detectibility of a complex signal the most ac-
ceptable is a statistical summation model in 
which it is assumed that two or more critical 
bands may be linearly combined. 

534.75 3541 
What is Masking?—W. P. Tanner, Jr. 

(J. Acoust. Soc. Amer., vol. 30, pp. 919-921; 
October, 1958.) Three experiments are de-
scribed and analysed in terms of a conventional 
definition of masking and a masking index con-
forming to this definition. 

534.75:621.391 3542 
Definitions of d' and n as Psychophysical 

Measures—Tanner and Birdsall. (See 3854.) 

534.78 3543 
Prediction of Speech Intelligibility at High 

Noise Levels—J. M. Pickett and I. Pollack. 
(J. Acoust. Soc. Amer., vol. 30, pp. 955-963; 
October, 1958.) An extension of the work de-
scribed in a previous paper (2286 of 1958) to 
cover a wide range of speech and noise spectra. 
To predict the deterioration in intelligibility at 
high noise levels, a correction based upon a 
change in the over-all speech/noise ratio is ac-
ceptable at moderate intelligibility levels but, 
at low levels, secondary corrections are neces-
sary. 

534.79 3544 
On Psychological and Systematic Bases of 

Loudness—E. Zwicker. (Akust. Beihefte, no. 1, 
pp. 237-258; 1958.) Loudness measurements 
made using 1-kc tone and noise are discussed 
in relation to loudness level comparisons. A 
basic "loudness function" is defined and a 
graphical method of evaluating loudness is de-
scribed. 

534.844 3545 
Apparatus for Automatic Evaluation of Suc-

cessive Sound Reflections—W. Junius. (Akust. 
Beihefte, no. 1, pp. 266-272; 1958.) Details are 
given of an electronic apparatus for measuring 
the sound pressure of successive reflections and 
recording the number of reflections according 
to their intensity and delay time. 

534.844 3546 
Characteristics and Evaluation of Rever-

beration Curves—II. Kuttruff. (Akust. Bei-

hefte, no. 1, pp. 273-280; 1958.) The initial 
slope of a reverberation curve is shown to be 
proportional to the weighted arithmetic mean 
of the damping factors of all the relevant natu-
ral vibrations. 

534.845 3547 
Experimental Investigations on the Sound 

Insulation of Cylinders—M. Heckl. (Akust. 
Beihefte, no. 1, pp. 259-265; 1958.) Two char-
acteristic frequencies are defined relating to the 
sound insulation of hollow cylinders. Between 
these two frequencies marked transmission 
bands are observed in the case of narrow-band 
noise; with wide-band noise the sound insula-
tion is largely independent of frequency. 

534.845 3548 
Reflections from Gradual-Transistion 

Sound Absorbers—N. B. Miller. (J. Acousi. 
Soc. Amer., vol. 30, pp. 967-973; October, 
1958.) Reflections are treated theoretically by 
considering the propagation of compressional 
waves in stratified media, and results are com-
pared with experimental data obtained from 
structures suitable for use underwater. 

534.845 3549 
On the Relation between the Reverberant 

Sound Absorption Coefficient and the Normal-
Incidence Absorption Coefficient of Fibrous 
Materials—M. Koyasu. (J. Acoust. Soc., 
Amer., vol. 30, pp. 1163-1164; December, 
1958.) 

621.395.625:681.84.083.82 3550 
Multitrack and Stereo Heads for Studio 

and Home Equipment—H. Haar. (Radioschau, 
vol. 9, pp. 224-225; June/July, 1959.) The de-
sign and construction of modern tape-recording 
heads are described. 

ANTENNAS AND TRANSMISSION LINES 

621.315.212:621.372.54 3551 
A Broad-Band Microwave Coaxial Connec-

tor with Capacitive R.F. Coupling and Isolated 
D.C. Returns—C. M. Lin and R. W. Grow. 
(IRE TRANS. ON M ICROWAVE THEORY AND 
TECHNIQUES, VOL MTT-6, pp. 454-455; Octo-
ber, 1958.) Description of the construction and 
characteristics of a modified Type-N connector 
which serves as a high-pass filter in the range 
1.5 to 10 kmc. 

621.315.212:621.372.62 3552 
An Analysis of a Broad-Band Coaxial Hy-

brid Ring—V. J. Albanese and W. P. Peyser. 
(IRE TRANS. ON M ICROWAVE THEORY AND 
TECHNIQUES, vol. MTT-6, pp. 369-373; Octo-
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ber, 1958. Abstract, PROC. IRE, vol. 47, p. 
112; January, 1959.) 

621.372.8.002.2 3553 
Manufacture of Waveguide Parts by Invest-

ment Casting from Frozen-Mercury Patterns— 
H. H. Scholefield, H. H. H. Green and R. E. 
Gossett. (Proc. IEE (London), Part B, vol. 106, 
pp. 431-434; July, 1959.) A discussion of the 
merits and limitations of the frozen-mercury 
process. 

621.372.82 3554 
The Cutoff Wavelength of Trough Wave-

guide—K. S. Packard. (IRE TRANS. ON M ICRO-
WAVE THEORY AND TECHNIQUES, vol. MTT-6, 
pp. 455-456; October, 1958.) 

621.372.821 3555 
A Method of Calculating the Characteristic 

Impedance of a Strip Transmission Line to a 
Given Degree of Accuracy—R. G. de Buda. 
(IRE TRANS. ON M ICROWAVE THEORY AND 
TECHNIQUES, Vol. MTT-6, pp. 440-446; Octo-
ber, 1958. Abstract, PROC. IRE, vol. 47, p. 
113; January, 1959.) 

621.372.821:621.372.832.43 3556 
Coupled- Transmission-Line Directional 

Couplers—J. K. Shimizu and E. M. T. Jones. 
(IRE TRANS. ON M ICROWAVE THEORY AND 
TECHNIQUES, VOL MTT-6, pp. 403-410; Octo-
ber, 1958. Abstract, PROC. IRE, vol. 47, p. 
113; January, 1959.) 

621.372.826 3557 
The Estimation of the Reactance of a Loss-

Free Surface Supporting Surface Waves— 
K. P. Sharma. (Proc. IRE (London), Part B, 
vol. 106, pp. 427-430; July, 1959.) A transmis-
sion-line analogue technique is applied in the 
calculation of the reactance of a loss-free flat 
surface, and the results are compared with 
experimental data. 

621.372.826:537.226 3558 
The Excitation of a Dielectric Rod by a 

Cylindrical Waveguide—C. M. Angulo and 
W. S. C. Chang. (IRE TRANS. ON M ICROWAVE 
THEORY AND TECHNIQUES, VOL MTT-6, pp. 
389-393; October, 1958. Abstract, PROC. IRE, 
vol. 47, p. 113; January, 1959.) 

621.372.832 3559 
The Multiple-Branch Waveguide Coupler— 

J. Reed. (IRE TRANS. ON M ICROWAVE THEORY 
AND TECHNIQUES, vol. MTT-6, pp. 398-403; 
October, 1958. Abstract, PROC. IRE, vol. 47, 
p.113; January, 1959.) 

621.372.832.6 3560 
Hybrid Junctions—R. Levy. (Electronic 

Radio Eng., vol. 36, pp. 308-312; August, 1959.) 
90° hybrids are not only compact and easy to 
construct but they retain their 90° phase-shift 
property over a wide band and are excellent 
when used as duplexers. The disadvantages of 
180° hybrids, such as the hybrid-T, and of 
hybrid rings are pointed out. 

621.372.852.1 3561 
A Unified Discussion of High-Q Waveguide 

Filter Design Theory—H. J. Riblet. (IRE 
TRANS. ON M ICROWAVE THEORY AND TECH-
NIQUES, vol. MTT-6, pp. 359-368; October, 
1958. Abstract, PROC. IRE, vol. 47, p. 112; 
January, 1959.) 

621.372.852.1 3562 
High-Power Microwave Filters—J. H. 

Vogelman. (IRE TRANS. ON M ICROWAVE 
THEORY AND TECHNIQUES, vol. MTT-6, pp. 
429-439; October, 1958. Abstract, PROC. IRE, 
vol. 47, p. 113; January, 1959.) 

Resonance Isolator—E. O. Schulz-Dubois, 
G. J. Wheeler and M. H. Sirvetz. (IRE TRANS. 
ON M ICROWAVE THEORY AND TECHNIQUES, 
vol. MTT-6, pp. 423-428; October, 1958. Ab-
stract, PROC. IRE, vol. 47, p. 113; January, 
1959.) 

621.372.852.4:621.317.34 3564 
Equipment for the Investigation of Polari-

zation Properties of Transmission Elements in 
the 4-Gc/s Region—K. Baur. (Arch. elekt. 
Überiragung, vol. 12, pp. 371-379, 407-413 and 
447-456; October, 1958.) The theory and de-
sign of a) a polarization converter for obtaining 
any desired elliptical polarization, and b) a 
polarization discriminator are described in de-
tail. The application of these units to the meas-
urement of the polarization characteristics of a 
waveguide element is detailed. 

621.396.67:061.6.055 3565 
II.R.S.I. Report on Antennas and Wave-

guides, and Annotated Bibliography—H. V. 
Cottony, R. S. Elliott, E. C. Jordan, V. H. 
Rumsey, K. M. Siegel, J. R. Wait, and O. C. 
Woodyard. (IRE TRANS. ON ANTENNAS AND 
PROPAGATION, Vol. AP-7, pp. 87-98; January, 
1959. Abstract, PROC. IRE, vol. 47, pp. 610-
611; April, 1959.) 

621.396.67.09 3566 
The Radiansphere around a Small Antenna 

—H. A. Wheeler. (Psoc. IRE, vol. 47, pp. 
1325-1331; August, 1959.) Defines the radius 
(1 aradianlength° = X/2r) at which the near 
and far fields of a small antenna are equal. The 
concept assists in visualizing the properties of 
small lossy antennas which are evaluated. 

621.396.673.012.12 3567 
On the Radiation Diagram of Linear An-

tennas—A. Bruaux. (Rev. HF, Brussels, vol. 4, 
no. 5 pp. 107-118; 1959.) Expressions are de-
rived for calculating the radiation diagram of an 
asymmetrically energized cylindrical antenna. 
Results obtained at frequencies of 150 and 185 
mc with an experimental antenna 1 m long and 
81 mm in diameter, fed at a point several cm 
from one end are in good agreement with theo-
retical diagrams. See also 286 of 1951 (King). 

621.396.676:621.318.57 3568 
Optimizing Antenna Switches and Phasers 

—1. Dlugatch. (Electronics, vol. 32, pp. 55-
57; August 14, 1959.) An automatic antenna 
switching circuit for aircraft is described, that 
can give a maximum increase of signal/noise 
ratio of 3 db and has a reduced tendency to lock 
on reflected or distorted signals. 

621.396.677 3569 
Travelling-Wave Cylindrical Antenna De-

sign.—A Graphical Synthesis Method—P. 
Foldes. (IRE TRANS. ON ANTENNAS AND PROP-
AGATION, vol. AP-7, pp. 74-80; January, 1959. 
Abstract, PROC. IRE, vol. 47, p. 610; April, 
1959.) 

621.396.677 3570 
The Theory of Helical Antennas—W. 

Peters. (Nachrichtentech. Z., vol. 11, pp. 405-
410; August, 1958.) The characteristics are 
calculated and methods of increasing the gain 
are discussed. 

621.396.677:621.397.61 3571 
Transmitting Antennas for Television 

Broadcasting in the United Kingdom—A. 
Brown. (J. Bru. IRE, vol. 19, pp. 389-399; 
July, 1959.) The permissible variation of re-
flection coefficient and of radiation pattern 
with frequency are considered and problems 
that arise in the design and testing of UHF 
antennas are discussed. 

621.372.852.323:621.318.134 3563 621.396.677.3 3572 
Development of a High-Power L-Band The Superdirectivity of an Aerial for 

Tranverse Radiation—J. C. Simon, G. Brous-
sand and E. Spitz. (Corn pi. Rend. Acad. Sci., 
Paris, vol. 248, pp. 2309-2311; April 20, 1959.) 
Superdirective antennas can only be obtained 
by grouping several independent sources in a 
volume which is small relative to the wave-
length. Using an array of five slots concen-
trated in a length 3X/4 and fed from the same 
oscillator at 3 cm X, a main-lobe width of 24° 
was obtained. The classical limit is 69°. 

621.396.677.3:523.164.32 3573 
16-Antenna Array operating at 9,300 Mc/s 

—Pick-Gutmann and Steinberg. (See 3659.) 

621.396.677.3:621.376.5 3574 
Improving Antenna Directivity for Pulsed 

Signals—V. G. Welsby. (Electronic Radio 
Eng., vol. 36, pp. 313; August, 1999.) The 
usual antenna array designs are based on the 
amplitude and phase characteristics of the 
carrier wave. When pulse modulation is used, 
the pulse envelope delay between the outputs 
from two elements is disregarded. The utiliza-
tion of this additional information requires 
further study. 

621.396.677.31 3575 
Suppressed Sidelobe Antenna of 32 Ele-

ments—G. Reber. (IRE TRANS. ON ANTENNAS 
AND PROPAGATION, Vol. AP-7, p. 101; January, 
1959.) Results are given for an array designed 
to operate at medium wavelengths with a 23 
db sidelobe suppression. 

621.396.677.43 3576 
On the Design of some Rhombic Antenna 

Arrays—A. A. de C. Fernandes. (IRE TRANS. 
ON ANTENNAS AND PROPAGATION, Vol. AP-7, 
pp. 39-46; January, 1959. Abstract, PROC. 
IRE, vol. 47, p. 610; April, 1959.) 

621.396.677.45 3577 
Radiation Field of an Elliptical Helical 

Antenna—J. Y. Wong and S. C. Loh. (IRE 
TRANS. ON ANTENNAS AND PROPAGATION, VOL 
AP-7, pp. 46-52; January, 1959. Abstract, 
PROC. IRE, vol. 47, p. 610; April, 1959. See 
also 1776 of June. 

621.396.677.47 3578 
On the Optimum Radiation from a Sawtooth 

Antenna used at Microwave Frequencies—M. 
Anastassiades, C. Caroumbalos and C. Boulo-
heris. (Ann. Télécommun., vol. 13, pp. 83-89; 
March/April, . 1958.) A study of the antenna 
developed from V-antenna theory, shows that 
the optimum V-angle is 120°. The directivity is 
comparable with that of a parabolic mirror of 
equal surface area. 

621.396.677.5 3579 
The Rectangular Loop Antenna as a Dipole 

—R. King. (IRE TRANS. ON ANTENNAS AND 
PROPAGATION, vol. AP-7, pp. 53-61; January, 
1959. Abstract, PROC. IRE, vol. 47, p. 610; 
April, 1959.) 

621.396.677.71 3580 
Conical Radiation from a Travelling-Wave 

Slot—J. Ernest. (Comp!. Rend. Acad. Sri., 
Paris, vol. 248, pp. 2463-2465; April 27, 1959.) 
A demonstration that the radiation field has 
the symmetry of a half cone is confirmed by 
experiments at 3.15 cm X. 

621.396.677.71.015.5 3581 
Voltage Breakdown Characteristics of 

Microwave Antennas—J. B. Chown, W. E. 
Scharfman and T. Morita. (PROC. IRE, vol. 
47, pp. 1331-1337; August, 1959.) Measure-
ments made at X-band frequencies on a 20 db 
slot antenna are described. Voltage swr pulse 
shape, radiation pattern and radiated power 
all vary with pulse width and peak power. 
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621.396.677.73 3582 
The Effect of Flanges on the Radiation Pat-

terns of Waveguide and Sectoral Horns— 
P. C. Butson and G. T. Thompson. (Proc. IEE 
(London) Part B, vol. 106, pp. 422-426; July, 
1959.) Radiation patterns are given for open-
end rectangular waveguide (WG10) with con-
ducting flanges attached to the long edges of 
the aperture. Some E-plane patterns of flanged 
11-plane sectoral horns are also given, and the 
results show differences between these patterns 
and those of similarly flanged waveguide. 

621.396.677.85 3583 
Spherically Symmetric Lenses—A. F. Kay 

(IRE TRANS ON ANTENNAS AND PROPAGATION, 
vol. AP-7, pp. 32-38; January, 1959. Abstract, 
PROC. IRE, vol. 47. p. 610; April, 1959.) 

621.396.677.85:537.226 3584 
Properties of Slotted Dielectric Interfaces— 

R. E. Collin. ( IRE TRANS. ON ANTENNAS AND 
PROPAGATION, vol. AP-7, pp.62-73; January. 
1959. Abstract. PROC. IRE, vol. 47, p. 61f); 
April, 1959.) 

AUTOMATIC COMPUTERS 

681.142 3585 
Testing High-Speed Digital Computer 

Circuits—R. G. Norquist. (Electronics, vol. 32, 
pp. 50-51; July 17, 1959.) A word generator 
providing 16-bit serial binary words at a rate 
of 10 mc is described. Any one of 216 words can 
be selected manually. High-gm tetrodes are 
used to obtain high-speed operation. 

681.142 3586 
Automatic Input Equipment for Commer-

cial Data Processing Systems—K. R. Eldredge, 
F. J. Kamphoefner and P. II. Wendt. (Nach-
richlentech. Z., vol. 11, pp. 393-397; August, 
1958.) Magnetic equipment for "reading" 
documents with characters and symbols printed 
in magnetic ink is described. With a high-speed 
transporation arrangement, 5000 characters 
can be read and 50 documents handled per 
second. 

681.142:621.318.042 3587 
A Fast Method of Reading Magnetic-Core 

Memories—H. J. Heijn and N. C. de Troye. 
(Philips Tech. Rev., vol. 20, pp. 193-207; 
February 10, 1959.) Description of a 1024-
word, 44-bit storage system using a method of 
core-threading suggested by Renwick (2481 f 
of 1958). The system includes a circuit which 
prevents parasitic pulses from blocking the 
output amplifiers, reducing the cycling time 
to 3µs. 

681.142:621.372.44 3588 
The Parametron, a Digital Computing Ele-

ment which Utilizes Parametric Oscillation.— 
E. Goto. ( Paoc. IRE, vol. 47, pp. 1304-1316; 
August, 1959.) Japanese research and applica-
tions of parametric oscillation are described. A 
parametron element is essentially a resonant 
circuit with a nonlinear reactive element oscil-
lating at half the driving frequency. The oscil-
lation is used to represent a binary digit by the 
choice between two stationary phases 'r radians 
apart. 

681.142:621.372.45 3589 
A Negative Resistance for D.C. Computers 

—Indiresan. (See 3605.) 

681.142: 621.373.029.6:621.372.44 3590 
Microwave Parametric Subharmonic Oscil-

lators for Digital Computing—F. Sterzer. 
(Pam. IRE, vol. 47, pp. 1317-1324; August, 
1959.) The oscillation is used to represent a 
binary digit by the choice between the sta-
tionary phases ir radians apart. A variable 
capacitance oscillator with output frequency 
2 kmc is described, and its use for amplifying, 

scaling and performing logic functions is dis-
cussed. The advantages of carrier over base-
band systems for high-speed computing are 
mentioned. (See 3588 above.) 

681.142.001.4:621.373.44 3591 
Dynamic Testing of Computer Building 

Blocks—R. W. Buchanan and B. Kautz. 
(Electronics, vol. 32, pp. 66-68; August 14, 
1959.) A variable-frequencing pulse source with 
repetition frequency up to 18 mc is described. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.3.049:621.314.7 3592 
Transistorizing Electronic Equipment— 

R. K. Jurgen. (Electronics, vol. 32, pp. 53-64; 
July 31, 1959.) A general discussion of semi-
conductor devices giving tabulated data on Ge 
and Si diodes and transistors, specifications 
of associated thermistors, capacitors and bat-
teries, and a note on the construction of solid 
circuits. 

621.314.2:621.372.51 3593 
Some Broad-Band Transformers—C. L. 

Ruthroff. (PROC. IRE, vol. 47, pp. 1337-
1342; August, 1959.) Describes the construc-
tion, theory and performance of transmission-
line transformers, which take the form of 
twisted pairs having distributed interwinding 
capacitors. Bandwidth ratios as high as 
20000:1 in the range 50 kc-1 kmc can be 
obtained, with transformation ratios of unity 
or 41. 
621.314.2:621.372.51 3594 

Some Notes on the Optimum Design of 
Stepped Transmission-Line Transformers—L. 
Solymar. (IRE TRANS. ON M ICROWAVE 
THEORY AND TECHNIQUES, vol. MTT-6, pp. 
374-378; October, 1958. Abstract, PROC. IRE, 
vol. 47, p. 112; January, 1959.) 

621.314.2:621.372.512 3595 
Double-Tuned Transformers — Steady-

State and Transient Response—J. B. Rudd. 
(AW A Tech. Rev., vol. 10, pp. 175-214; De-
cember, 1958.) A general analysis applicable 
to both wide- and barrow-band cases. All 
degrees of coupling are examined and expres-
sions are derived for insertion loss, phase shift. 
envelope delay, rise time and overshot. 

621.316.86 3596 
Current Noise and Nonlinearity in Pyrolytic 

Carbon Films—T. R. Williams and J. B. 
Thomas. (Rev. Sci. Instr., vol. 30, pp. 586-590; 
July, 1959.) A high correlation exists between 
noise and nonlinearity when the variations in 
film dimensions are taken into account. A 
balanced-bridge method for measuring non-
linearity is described. 

621.318.57:621.314.63 3597 
Microwave Semiconductor Switching Tech-

niques—R. V. Garver, E. G. Spencer and M. A. 
Harper. (IRE TRANS. ON M ICROWAVE THEORY 
AND TECHNIQUES, vol. MTT-6, pp. 378-383; 
October, 1958. Abstract, PROC. IRE, vol. 47, 
p. 112; January, 1959.) 

621.318.57:621.314.7 3598 
Switching Circuits for Missile Count-

Downs—D. W. Boensel. (Electronics, vol. 32, 
pp. 76-78; July 31, 1959.) A transistor circuit 
is described which produces a switching pulse 
if its input differs by more than a predeter-
mined amount from a given reference level. 
The use of nonlinear negative feedback ensures 
stable operation over a wide temperature range. 

621.319.43.076.7 3599 
Voltage-Variable Capacitor Selection Guide 

—T. W. Butler, Jr., and G. A. Roberts. (Elec-
tronics, vol. 32, pp. 52-53; July 24, 1959.) 
Tabulated information is presented to facili-
tate the choice of the best component for the 
circuit requirements. 

621.372.01 3600 
Elements of Electronic Circuits: Part 

Amplitude Selection and Amplitude Compari-
son—J. M. Peters. (Wireless World, vol. 65, 
pp. 411-413; September, 1959.) Part 4: 3221 of 
October. 

621.372.012 3601 
Signal Flow Graphs—M. Boisvert. (Ann. 

Télécomrnun., vol. 13, pp. 50-77; March/April, 
1958.) An article in three parts covering basic 
theory, topological relations for network syn-
thesis, and applications to feedback theory. 

621.372.012 3602 
Signal Flow Graphs—R. F. Hoskins. (Elec-

tronic Radio Eng., vol. 36, pp. 298-304; 
August, 1959.) A discussion of the application 
of Mason's technique of circuit analysis (2985 
of 1956 and 3531 of 1953.) 

621.372.413/.414 : 621.372.54 3603 
Dissipation Loss in Multiple-Coupled 

Resonator Filters—S. B. Cohn. (Pace. IRE, 
vol. 47, pp. 1342-1348; August, 1959.) A simple 
approximate formula enables center-frequency 
loss to be computed, and elsewhere loss may be 
computed from the prototype (low-pass) filter 
after suitable circuit modification. Unsym-
metrical and symmetrical designs are con-
sidered. 

621.372.414 3604 
Miniature Resonators for U.H.F.—I. Dlu-

gatch. (Electronic Equipm. Engng., vol. 7, pp. 
35-37; January, 1959.) An investigation of the 
extent of miniaturization possible in coaxial 
resonators. 

621.372.45: 681.142 3605 
A Negative Resistance for D.C. Computers 

—P. V. Indiresan. (J. Brit. IRE, vol. 19, pp. 
401-410; July, 19.59.) A nomogram is presented 
for the design of a circuit using transistors and 
resistors to give any required value of negative 
resistance. 

621.372.5 3606 
Some Applications of Non-Euclidean Ge-

ometry in Quadripole Theory— E. F. Bolinder. 
(Arch. elekt. Ubertragung, vol. 12, pp. 357-361; 
August, 1958.) A survey of literature and an 
attempt to correlate the work of various au-
thors. The treatment of impedance and noise 
transformations by means of the Poincaré and 
Cayley-Klein models of non-Euclidean hyper-
bolic space is discussed. 50 references. 

621.372.54 3607 
Novel Expression for the Relationship be-

tween the Real and Imaginary Parts of the 
Transfer Function of a Linear Filter—D. M. 
Lipkin. (Paoc. IRE, vol. 47, p. 1383; August, 
1959.) 

621.372.543.2 3608 
Theory and Design Data for the Synthesis 

of Tchebycheff Parameter Filters—W. Milort. 
(Philips Telecommun. Rev., vol. 20, pp. 158-
185; May, 1959.) .54 references. 

621.373.029.6: 621.372.44: 681.142 3609 
Microwave Parametric Subharmonic Oscil-

lators for Digital Computing—Sterzer. (See 
3590.) 

621.373.029.65:621.314.63 3610 
Experiment indicating Generation of Sub-

millimetre Waves by an Avalanching Semi-
conductor—Schleirnann-Jensen. (See 3875.) 

621.373.4 3611 
Ultraharmonic and Subharmonic Reso-

nance in an Oscillator—B. R. Nag. (J. Brit. 
IRE, vol. 19, pp. 411-416; July, 1959.) Ex-
perimental results, using a differential analyser, 
are compared for an oscillator with cubic non-
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linearity with theoretical curves obtained by 
Van der Pol's method. 

621.373.431.1.076 3612 
Frequency Control of Magnetic Multi-

vibrators—W. A. Geyger. (Electronics, vol. 32, 
pp. 54-56; July 24, 1959.) A basic circuit is de-
veloped allowing output frequency to be con-
trolled continuously or in steps over a wide fre-
quency range. Variations of the circuit provide 
similar controls of output amplitude. 

621.374:621.314.7 3613 
Designing Transistor Circuits—Sequential 

Circuits: Parts 1 and 2—R. B. Hurley. (Elec-
tronic Equipm. Engng., vol. 6, pp. 40-45; 
December, 1958. and vol. 7, pp. 54-58; Febru-
ary, 1959.) Bistable flip-flop, a stable and 
monostable multivibrator, blocking-oscillator, 
and negative-resistance circuits and transistor-
reactor combinations are discussed. 

621.374.44 3614 
Stepping Up Frequency with Counter Cir-

cuits—W. O. Brooks. (Electronics, vol. 32, 
pp. 60-62; July 17, 1959.) Precise frequency 
multiplication is achieved with digital feed-
back, counter (divider) circuits, and a phase 
comparator. The circuit described multiplies 
frequencies between 900 and 1100 cps by a 
factor of 1000 with an error of 0.1 per cent. 

621.375.2.078 3615 
Reducing Errors caused by Power-Supply 

Variations—J. Holtzman. (Electronics. vol. 32, 
pp. 54-55; July 17, 1959.) Differential ampli-
fiers in cascade cancel the errors. 

621.375.227 3616 
Concertina Phase - Splitter — (Electronic 

Radio Engr., vol. 36, pp. 271-274 and 295-297; 
July and August, 1959.) The performance of the 
circuit is analysed with particular regard to the 
frequency range of operation. 

621.375.3 3617 
Graphical Determination of the Operating 

Characteristic of a Magnetic Amplifier—E. 
Pio. (Compt. Rend. Acad. Sci., Paris, vol. 248, 
pp. 1960-1961; April 1, 1959.) A method of 
constructing a performance characteristic for a 
magnetic amplifier is described, based on the 
equivalent circuit derived earlier (3237 of 
October, Bernard and Pict) taking account of 
the nonlinearity of the associated rectifier and 
expressing output current as a function of cur-
rent in the control circuit. 

621.375.4 3618 
Q-Multiplication with Transistors—A. E. 

Bachmann. (Arch. elekt. Übertragung, vol. 12, 
pp. 368-370; August, 1958.) Two transistor cir-
cuits are described with negative impedance 
stable to within I per cent over a temperature 
range — 30° to +60°C. See also Proc. NEC, 
Chicago, vol. 12, pp. 469-480; 1956 ( Karp). 

621.375.432 3619 
Feedback Design for Transistor Amplifier 

Stages—T. R. Hoffman. (Electronics, vol. 32, 
pp. 52-54; August 14, 1959.) Equations are 
given for realizing a specific input impedance, 
or maximum feedback for a given gain. 

621.375.9:537.311.33 3620 
Avalanche-Controlled Semiconductor Am-

plifier—L. J. Giacoletto. (PRoc. IRE, vol. 47, 
pp. 1379-1381; August, 1959.) The theory of a 
particular avalanche-controlled semiconductor 
amplifier is given; its hi operation should be 
good. 

621.375.9:538.569.4 3621 
Three-Level Spin Refrigeration and Maser 

Action at 1500 Mc/s—Geusic, Shulz-Du Bois, 
De Grasse and Scovil. (See 3654.) 

621.375.9:538.569.4 3622 
Method for Calculating Simultaneous Reso-

nance Conditions in a Three-Level Ruby Maser 
—M. A. Garstens. (J. Ape Phys., vol. 30, 
pp. 976-977; July, 1959.) 

621.375.9:538.569.4.029.64 3623 
Multilevel Pulsed-Field Maser for Genera-

tion of High Frequencies—S. Foner, L. R. 
Momo and A. Mayer. (Phys. Rev. Lett., vol. 3, 
pp. 36-38; July 1, 1959.) The maser has been 
operated at 4.2°K as an oscillatot at both 
12.61 kmc and 1915 kmc with a pumping fre-
quency of 12.61 kmc. Principles of operation 
and characteristics are discussed. 

621.375.9:538.569.4.029.64 3624 
Low-Field X-Band Ruby Maser—F. R. 

Arams. ( PRoc. IRE, vol. 47, pp. 1373-1374; 
August, 1959.) The signal frequency used was 
9540 mc and the pump frequency 10850 mc. 
The low pump-frequency and low magnetic-
field requirements are attractive although the 
achievable gain-bandwidth product is lower 
than with other masers. 

621.375.9:621.3.011.23 3625 
A Surface-Wave Parametric Amplifier— 

E. S. Cassedy, Jr. ( PRoc. IRE, vol. 47, pp. 
1374-1375; August, 1959.) The proposed ampli-
fier would take the form of a slab of ferroelectric 
material between two conducting planes. The 
slab would be pumped with high power. It is 
shown that useful gain would be achieved at 
X-band frequencies even with present ferro-
electric materials. With new materials the 
amplifier could be used at mmX. 

621.375.9:621.3.011.23 3626 
Relaxation Phenomena in Diode Para-

metric Amplifiers—H. Endler, A. D. Berk and 
W. L. Whirry. (Pace. IRE, vol. 47, pp. 1375-
1376; August, 1959.) Oscillations have been ob-
served in parametric amplifiers under certain 
conditions with CW pump sources. The effect 
varies with pump power, being a relaxation 
oscillation at low pump power, and a stable 
oscil ation when this is increased. 

621.375.9:621.383:535.376 3627 
Lumistors: Amplifiers of the Future— 

Spitzer. (See 3884.) 

GENERAL PHYSICS 

535.13 3628 
Criterion of Uniqueness for the Solutions of 

Maxwell's Equations—P. Poincelot. (Compt. 
Rend. Acad. Sci., Paris, vol. 248, pp. 2182-
2184; April 13, 1959.) A linear medium charac-
terized by the absence of dielectric or magnetic 
hysteresis is considered. 

535.62 3629 
Two-Coordinate Colour—(Electronic Radio 

Engr., vol. 36, pp. 292-295; August, 1959.) A 
short discussion of the subjective and objective 
characteristics of a color and their relation to 
color vision. The two color experiments of Land 
(Sci. Amer., vol. 200, pp. 84-94, 99; May, 
1959.) are summarized and their bearing on 
Goethe's two color theory of 1808 and Granit's 
recent experiments. 

537.291 3630 
Grapho-analytical Plotting of Trajectories 

of Charged Particles in Variable Electric and 
Constant Magnetic Fields—N. I. Shtepa. (Zh. 
Tekh. Fit., vol. 28, pp. 178-187; January, 
1958.) Two techniques are described based on 
a) addition of velocities, and b) radius of curva-
ture. Examples of plotting using these two 
methods are shown. Errors and means of cor-
recting them are indicated. 

537.311.33:538.569.2 3631 
The Phenomenon of Depolarization in 

Sma 1 Conducting Bodies in an Extensive 

Electromagnetic High-Frequency Field—H. 
Stols. (Ann. Phys. (Lpz.), vol. I, pp. 334-343; 
June 2, 1958.) Continuation of earlier investi-
gations (see 2117 of 1958). Current density and 
internal field are calculated as a function of the 
external field. The results are discussed with 
reference to measurements on Ge in the temper-
ature range 0-200°C at 1.24 cmX. 

537.311.33:539.2 3632 
Role of Negative Effective Mass in Negative 

Resistance—P. Kans. (Phys. Rev. Lett., vol. 3, 
pp. 20-23; July 1, 1959.) A theoretical investi-
gation of the relations between negative effec-
tive mass, carrier distribution and negative 
resistance. 

537.312.62 3633 
Impurity Scattering in Superconductors— 

H. Stilt!, and B. T. Matthias. (Phys. Rev., vol. 
114, pp. 977-988; May 15, 1959.) Perturbation 
theory is used to determine the reduction in 
superconducting transition temperature due to 
scattering by impurities dissolved in the super-
conductor. 

537.533.7:538.561 3634 
The Radiation from a Charged Particle 

Passing through a Plate—G. M. Garibyan and 
G. A. Chalikyan. (Zh. Eksp. Teor. Fit., vol. 35, 
pp. 1282-1283; November, 1958.) Expressions 
are derived for the Fourier components of the 
radiation field in the space before and after a 
dielectric plate in vacuum. 

537.533.7:538.561 3635 
Motion of a Charged Particle in an Aniso-

tropic Medium—G. A. Begiashvili and E. V. 
Gedalin. (Zh. Eksp. Teor. Fir., vol. 35, pp. 
1513-1517; December, 1958.) Expressions are 
derived for the em field components, and the 
total energy losses are determined for a charged 
particle moving in an anisotropic gyroelectric 
and gyromagnetic medium. 

537.533.79:538.221 3636 
Magnetic Perturbation of Cathode Rays—S. 

Yamaguchi. (Nuovo Cim., vol. 10, pp. 714-717; 
November 16, 1958. In English.) The splitting 
of an electron beam when it penetrates a mag-
net was observed with electron-diffraction 
apparatus. An explanation is given in terms of 
polat ization of free electrons. 

537534.0 3637 
Ion-drag Pressure Generation—O. M. 

Stuetzer. (J. Ape Phys., vol. 30, pp. 984-994; 
July, 1959.) "A theory of pressure build-up 
under unipolar ion conduction is presented and 
verified experimentally. Constriction of the 
current flow leads to sizeable pressures in insu-
lating liquids." 

537.56:534.1-8 3638 
On Acoustic-Electrical Phenomena in a 

Degenerate Electron-Ion Plasma—P. S. Zyry-
anov and G. G. Taints. (Zh. Eksp. Teor. Fir., 
vol. 36, pp. 145-148; January, 1959.) A calcula-
tion of the absorption coefficient for ultrasonic 
waves travelling in a plasma. 

537.56: 538.56 3639 
Low-Frequency Oscillations of Plasma in a 

Magnetic Field—K. N. Stepanov. (Zh. Eksp. 
Teor. Fir., vol. 35, pp. 1155-1160; November, 
1958.) Mathematical analysis of small oscilla-
tions of a plasma consisting of electrons and 
singly charged ions. Some limiting cases are dis-
cussed for which a solution of the dispersion 
equation can be found. 

537.56:538.56 3640 
On the Behaviour of a Conducting Gaseous 

Sphere in a Quasistationary Electromagnetic 
Field—V. V. Yankov. (Zh. Eksp. Teor. Fir., 
vol. 36, pp. 560-564; February, 1959.) Investi-
gation by the perturbation method of the sta-
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bility of a homogeneous plasma sphere with an 
external field. 

537.56 : 538.566 3641 
Statistical Derivation of the Dispersion 

Formula of a Lorentz Plasma of Finite Tem-
perature—K. Rawer and K. Sudsy. (Ann. 
Phys. (Lpz.), vol. 2, pp. 313-325; November 11, 
1958.) 

537.56:538.63 3642 
An Investigation on Plasmas in External 

Magnetic Fields: Part 1—Steady State, Part 2 
—Varying Fields—G. Schmidt. (Nuovo Cim., 
vol. 10, pp. 55-67 and 659-674; October 1, and 
November 16, 1938. In English.) 

537.562:538.63 3643 
Dependence of Electron Mobility on Mag-

netic Field in a Fully Ionized Gas—M. S. 
Sodha and Y. P. Varslini. (Phys. Rev., vol. 114, 
pp. 946-947; May 15, 1959.) Analysis, with 
tabulations and illustrative graphs, of the vari-
ation of drift and Hall mobilities with magnetic 
field. 

538.1 3644 
A System of Magnetic Moments in a Weak 

Variable Magnetic Field—G. V. Skrotskii and 
A. A. Kokin. (Zh. Eksp. Teor. Fiz., vol. 36, pp. 
169-175; January, 1959.) A mathematical 
analysis of a system of magnetic moments 
which possesses electric exchange and weak 
magnetic dipole-dipole interactions and which 
is located in an external magnetic field. The 
equation of matron of the magnetization vector 
is derived and the limits of its applicability 
are discussed. 

538.221 3645 
On Magnetic Permeability for the Case of 

Magnetization under the Action of a Circular 
Alternating Field in the Presence of a D.C. 
Longitudinal Field—V. Tut ovan. (Comp!. Rend. 
Acad. Sci., Paris, vol. 248, pp. 940-943; Febru-
ary 16, 1959.) A method is described for meas-
uring the permeability of a torsion-free iron 
wire. Results are given for various values of the 
circular alternating field, the longitudinal field 
and the wire tension. 

538.221:538.569.4 3646 
Ferromagnetic Resonance in a Circularly 

Polarized Electromagnetic Field of Arbitrary 
Amplitude—G. V. Skrotskii and Vu. I. Alimov. 
(Zh. Eksp. Tcor. Fie., vol. 35, pp. 1481-1484; 
December, 1958.) The exact solution of the 
magnetization equations of motion is examined. 
The dependence of the magnetization com-
ponents on the amplitudes of the magnetizing 
field and RF field is determined. 

538.561:537.122 3647 
Cherenkov Radiation from Dipoles—V. L. 

Ginzburg and V. Ya. Eldman. (Zh. Eksp. 
Teor. Fiz., vol. 35, pp. 1508-1512; December, 
1938.) Mathematical analysis of the Cherenkov 
radiation from electric and magnetic dipoles 
moving in a continuous medium in a channel 
or a slit. 

538.561:537.122 3648 
On the Cherenkov Radiation of an Electron 

Moving in a Medium with Spatial Dispersion— 
V. N. Agranovich, V. E. Pafomov, and A. A. 
Rukhadze. (Zh. Eksp. Teor. Fiz., vol. 36, pp. 
238-243; January, 1959.) An examination of 
the Cherenkov radiation in an isotropic 
medium including a consideration of spatial 
dispersion. The angular distribution of the 
radiation intensity and the escape of the radi-
ation through the surface of the medium are 
discussed. 

538.561:539.17 3649 
Radio Emission from an Atomic Explosion 

—A. S. Kompaneets. (Zh. Eksp. Tear. Fiz., 

vol. 35, pp. 1538-1544; December, 1958.) In an 
atomic explosion which is accompanied by 
asymmetric emission of y quanta, radio waves 
are emitted due to the presence of a current in 
the ionized air. The duration of the oscillation 
in each half-wave is of the order of 10 sis. For a 
given asymmetry in emission of the y rays, the 
amplitude of the oscillations depends weakly on 
the total number of quanta. 

538.561:662.2 3650 
Emission of Radio Waves from Detona-

tions—B. Koch. (Corn pi. Rend. Acad. Sc!., 
Paris, vol. 248, pp. 2173-2175; April 13, 1959.) 
Transient em waves giving a field strength of 
about 600µv/m close to an explosion of 750g of 
highs explosive were recorded using a receiver 
tuned to 24.1 mc. They are attribtued to ionic 
rather than thermal effects. See 1741 of 1954 
(Kolsky). 

538.566.2:539.32 3651 
Discussion of the Influence of Frequency in 

the Problem of the Investigation of the Opti-
mum Absorption Thickness for a Metallic Thin 
Film —M. Gourceaux. (comm. Rend. Acad. Sci., 
Paris, vol. 248, pp. 2461-2462; April 27, 1959.) 
The absorption of em waves by films so thick as 
to be equivalent to the solid material and by 
very thin films is considered. 

538.569.4:538.222 3652 
Spectral Diffusion, Phonons, and Paramag-

netic Spin-Lattice Relaxation—P. W. Ander-
son. (Phys. Rev., vol. 114, pp. 1002-1005; May 
15. 1959.) Discussion of paramagnetic relaxa-
tion phenomena at low temperatures, by 
analogy with Holstein's theory of trapping of 
resonance radiation in gases. 

538.569.4:1538.222+537.311.33 3653 
On the Overhauser Stationary Effect in 

Paramagnetic Salts and Semiconductors— 
G. R. Khutsishvili. (Nuovo Cim., vol. 11, pp. 
186-197; January 16, 1959. In English.) Dis-
cussion of the problem of obtaining stationary 
nuclear polarization in nonmetals by means of 
a complete or partial saturation of one or more 
components of the para-magnetic-resonance 
hyperfine structure. 

538.569.4:621.375.9 3654 
Three-Level Spin Refrigeration and Maser 

Action at 1500 Mc/s—J, E. Geusic, E. O. 
Slitilz-Du Bois, R. W. De Grasse and H. E. D. 
Scovil. (J. App!. Phys., vol. 30, pp. 1113-1114; 
July, 1959.) It is shown that positive and nega-
tive signal spin temperatures, both small com-
pared to the ambient temperature, can be 
realized through three-level excitation. 

538.569.4:621.375.9: 535.61-1/2 3655 
Optical Maser Design—J. H. Sanders. 

(Phyà. Rev. Lett., vol. 3, pp. 86-87; July 15. 
1959.) Excitation by electron impact is sug-
gested for a maser working in the visible region. 
See 1857 of June (Schawlow and Townes). 

538.569.4: 621.375.9: 537.52 3656 
Possibility of Production of Negative Tem-

perature in Gas Discharges—A. Javan. (Phyà. 
Rev. Lett., vol. 3, pp. 87-89; July 15, 1959.) The 
production of negative temperature by the ex-
citation of atomic levels is suggested and the 
difficulties of obtaining sufficient excited atoms 
for maser action are considered. 

537/538 3657 
Handbuch der Physik (Encyclopedia of 

Physics). Vol. 16: Electric Fields and Waves. 
[Book Reviewl—S. Flügge (Ed.). Publishers: 
Springer-Verlag, Berlin-Gottingen-Heidelberg, 
753 pp., DM 158, 1958. (Naturaviss., vol. 45, 
no. 17, p. 427; Spetember, 1958.) The volume 
comprises the following five parts: 

a) Static Fields and Stationary Currents— 
G. Wendt (In German). 

b) Quasi-Stationary and Nonstationary 
Currents in Electric Circuits— R. King (In 
English). 

cl Electromagnetic Waveguides and Reso-
nators—F. E. Borgnis and C. H. Papas (In 
English). 

cl) Propagation of Electromagnetic Waves 
—H. Bremmer ( In English). 

e) The Dispersion and Absorption of Elec-
tromagnetic Waves—L. Hartshorn and J. A. 
Saxton ( In English). 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

523.164.3 3658 
Angular Diameter Measurements of the 

Radio Sources Cygnus ( 19N4A) and Cassiopeia 
(23N5A) on a Wavelength of 10.7 cm—B. 
Rowson. (Monthly Notices Roy. Astron. Soc., 
vol. 119, no. 1. pp. 26-33; 1959.) Results, 
given in each case for two directions at right 
angles, show that Cassiopeia is circularly sym-
metrical and approximately the same size at 
10.7 cm as it is at metre wavelengths, while 
Cygnus is markedly asymmetrical, with a 
major axis which: may be slightly larger at the 
shorter wavelength. The position angle of this 
major axis is 109°± 2°. Measurement equip-
ment is described. 

523.164.32:621.396.677.3 3659 
16-Aerial Array operating at 9,300 Mc/s 

—M. Pick-Gutmann and J. L. Steinberg. 
(Comp!. Rend. Acad., Sc., Paris, vol. 248, pp. 
2452-2464; April 27, 1959.) An array of mirrors 
1.10 m in diameter mounted at equal intervals 
on a beam 23 m long has been erected at Nan-
cay for the study of RF solar radiation by inter-
ferometry. Centers of RF emission are found 
closely associated with optical centers. 

523.164.4 3660 
The Radio Emission from the Direction of 

the " Supergalaxy---J. R. Shakeshaft and J. E. 
Baldwin. (Monthly Notices Roy. Aaron Soc., 
vol. 119, No. 1, pp. 46-53; 1959.) An analysis 
of observations made at 1.9 mX suggests that 
the band of radio emission running perpendicu-
lar to the galactic plane, at about le R. A. 
is not associated with the " local supergalaxy." 

523.165 3661 
Theory of the Cosmic-Ray Equator —R. 

Ingraham. (Nuovo Cim., vol. 12, pp. 356-368; 
May 16, 1959. In English.) The 45° westward 
shift of the cosmic ray equator from the geo-
magnetic equator is explained by assuming that 
there exist ionized atmospheric layers which 
rotate more slowly than the earth. The result-
ant magnetic field beyond the layers is then a 
dipole field whose magnetic north pole is west 
of the geomagnetic north Isole. 

523.165:550.38 3662 
Effect of Magnetic Anomaly on Particle 

Radiation Trapped in Geomagnetic Field— 
A. J. Dessler. (J. Geophys. Res.. vol. 64, pp. 
713 - 715; July, 1959.) 

523.165:550.389.2:629.19 3663 
Investigation of Variations in Cosmic Radi-

ation —S. N. Vernov, Yu. I. Logachev, A. E. 
Chudakov and Yu. G. Shafer. (Uspekhl. Fiz. 
Nauk, vol. 63, pp. 149-162; September, 1957.) 
The phenomena which can be investigated and 
the measuring instruments which can be in-
stalled in an artificial earth satellite are de-
scribed. 

523.72 3664 
Investigation of Ultraviolet Solar Radiation 

—S. L. Manderslitain and A. 1. Efiemov. 
(Uspekh1 Fiz. Nauk, vol. 63, pp. 163-180; 
Sept., 1957.) 

523.746 3665 
On the Structure and Mechanism of Sun-

spots—A. Dauvillier. (Comp!. Rend. .1 cad. 
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Set., Paris, vol. 248, pp. 1084-1086; February 
23, 1959.) 

523.75 3666 
On a Possible Mechanism of Solar Non-

Stable Processes leading to Neutron Eruptions 
—V. A. Petukhov. (Ann. Géophys., vol. 14, 
pp. 425-432; October/December, 1958. In 
English.) The hypothesis is proposed that the 
formation within the sun of a nucleus with 
increased lithium concentration may be the 
initial cause of nonstable processes of all 
kinds and, in particular, the formation of sun-
spots. 

550.38 : 551.510.535: 621.396.11 3667 
The Geometry of the Earth's Magnetic 

Field at Ionospheric Heights—Millman. (See 
3849.) 

550.385 3668 
Induced Electromagnetic Fields in the Earth 

—J. Carstoiu (Proc. Not. .4 cad. Science, Wash., 

vol. 45, pp. 204-208; February, 1959.) A gen-
eral theoretical study of the effect of geomag-
netic variations in the earth. 

550.385:539.16 3669 
Geomagnetic Effects of Nuclear Explosions 

—(Tech. Bull. Nat. Bur. Stand., vol. 43, pp. 
121-122; July, 1959.) Report of an analysis of 
changes in the earth's magnetic field which oc-
curred when two bombs were exploded at 
night at a high altitude on Johnston Island, 
August 1 and 12, 1958. Results indicate that 
the upper atmosphere at a distance of 2000 km 
was ionized to near daytime intensity. Field 
changes were detected up to 3400 km away. 
For a shorter account see Electronics, vol. 32, 
p. 72; August 14, 1959. 

550.385:539.16 3670 
Geomagnetic Disturbances due to Nuclear 

Explosion—H. Maeda. (J. Geophys. Res., vol. 
64, pp. 863-864; July, 1959.) Possible reasons 
for the observed effects at Honolulu on August 
1 and 12, 1958, are discussed. 

550.385:539.16 3671 
Magnetic Effects resulting from Two High-

Altitude Nuclear Explosions—J. A. Lawrie, 
V. B. Gerard and P. J. Gill. (Nature, vol. 184, 
pp. B.A. 34, B.A. 52; September 5, 1959.) An 
examination of vector diagrams of geomagnetic 
variations in a horizontal plane due to explo-
sions on August 1 and 12, 1958, indicates that 
the effects may be classified into four phases; 
initial, second, main and final. 

550.385:539.16 3672 
Some Geomagnetic Phenomena associated 

with Nuclear Explosions—R. G. Mason and 
M. J. Vitousek. (Nature, vol. 184, pp. B.A. 52-
B.A. 54; September 5, 1959.) Magnetograms 
recorded at three stations in the immediate area 
of the explosion on April 28, 1958, show no dis-
turbance of the H component of the earth's field 
at the time of major disturbances in Z and D 
components. Vector diagrams of the disturb-
ance in the vertical plane at the three stations 
are compared with those for the explosion on 
August 1, 1958, and are found to be markedly 
similar despite the different geographical posi-
tions and altitudes of the two events; in the 
latter event changes in the H component were 
comparable with those in Z and D. 

550.385.37:551.510.536 3673 
Geomagnetic Pulsations and the Earth's 

Outer Atmosphere—T. Obayashi. (Ann. Géo-
phys., vol. 14, pp. 464-474; October/December, 
1958. In English.) Hydromagnetic oscillations 
of the ionized outer atmosphere are considered 
as a possible cause of geomagnetic pulsations. 
Observational results are applied to this 
model and the distribution of ionic density is 
determined. 

550.389.2:061.3 3674 
Important Contribution to International 

Scientific Collaboration—V. V. Belousov and 
B. I. Silkin. (Priroda, pp. 65-73; February, 
1959.) A brief report on the Fifth Assembly of 
the Special I.G.Y. Committee which took place 
in Moscow, August 1958. 400 delegates from 
35 countries were present and some prelimi-
nary results were discussed. 

550.389.2:629.19 3675 
Some Dynamic Problems of Flight to the 

Moon—V. A. Egorov. (Uspeklei. Fiz. Nazar, vol. 
63, pp. 73-117; September, 1957.) Trajectories 
for reaching the moon or for flying round the 
moon and returning to the earth are consid-
ered. The initial rocket velocities and the dis-
tances from the earth and moon of four differ-
ent orbits are tabulated. A periodic orbit pass-
ing near the moon and earth seems to be un-
practical because an error in the initial ve-
locity of 1 mm/sec would be enough to allow 
the rocket to escape into space after only four 
revolutions. For a shorter account see Priroda, 
pp. 3-9; February, 1958. 

550.389.2:629.19 3676 
The Launching of a Cosmic Rocket towards 

the Moon—(Priroda, pp. 1-4; January, 1959.) 
A short account of the day-to-day progress of 
the cosmic rocket from January 2-5, 1959. In 
the first 62 hours it travelled to a distance of 
597,000 km passing the moon and entering an 
orbit around the sun between those of the earth 
and Mars. 

550.389.2:629.19 3677 
The Launching of Cosmic Rockets and As-

tronomical Problems—B. V. Kukarkin. (Pri-
roda pp. 7-8; March, 1959.) 

550.389.2:629.19 3678 
Soviet Cosmic Rocket—(Priroda, pp. 17-

30; February, 1959.) A description of the 1472-
kg rocket which was fired on January 2, 1959, 
and which passed within a distance of 5000-
6000 km of the moon. The orbit round the 
sun lies between the earth and Mars and has 
a period of 15 months. The minimum and 
max mum distances from the sun will be 146 
and 197 X le km. Signals were emitted from the 
Rocket on 19.997, 19.995 and 19.993 mc. The 
eccentricity of the orbit is 0.148 as compared 
with 0.017 for the earth. A photograph of the 
sodium cloud released at a distance from the 
earth of 113,000 km is shown. 

550.389.2:629.19 3679 
Satellites and Space Probes Launched in 

U.S. and U.S.S.R.—(Elearonics, vol. 32, pp. 
46-47; July 24, 1959.) A tabulated summary of 
launching dates, instrumentation and results. 

550.389.2:629.19 3680 
Some Variational Problems connected with 

the Launching of an Artificial Earth Satellite— 
D. E. Okhotsimskii and T. M. Eneev. 
(Uspekla. Fiz. Nauk, vol. 63, pp. 5-32; Septem-
ber, 1957.) A mathematical analysis of the best 
angle of elevation for a rocket which is required 
to put a satellite into an orbit with minimum 
fuel consumption and allowing for a variable 
gravitational field and the rotation of the earth. 

550.389.2:629.19 3681 
Determination of the Lifetime of an Arti-

ficial Earth Satellite and Study of the Secular 
Perturbations of Its Orbit—D. E. Okhotsim-
skii., T. M. Eneev and G. P. Taratynova. 
(Uspekla. Fiz. Nauk, vol. 63, pp. 33-50; Sep-
tember, 1957.) A general mathematical method 
is described which is valid for any satellite and 
which takes account of the distribution of at-
mospheric density with altitude. This method 
is based on single-parameter series of integral 
curves of a first-order equation. From graphs 
and tables the satellite's lifetime and the vari-

ation of the orbital parameters with time are 
rapidly calculated. The effect of atmospheric 
rotation on the secular variations of the satel-
lite's orbit are found to be small. 

550.389.2:629.19 3682 
The Motion of an Artificial Satellite in the 

Noncentral Field of Terrestrial Gravitation in 
the Presence of Atmospheric Resistance—G. P. 
Taratynova. (Uspekla. Fiz. Nauk, vol. 63, pp. 
51-58; September, 1957.) The orbit of a fic-
titious satellite of weight 10 kg and diameter 
0.5 m has been calculated in four hours using 
an electronic computer. The period of rotation 
of the perigee is 11 times in 700 days. The as-
cending node regresses in the direction opposite 
to the earth's rotation at a rate of about 5° per 
day. 

550.389.2:629.19 3683 
Effect of Geophysical Factors on the Mo-

tion of a Satellite—I. M. YatsunksiI. (Uspekhi. 
Fiz. Nauk, vol. 63, pp. 59-71; September, 
1957.) The orbital calculations based on the 
use of differential equations in terms of elliptical 
osculating elements depend on the accurate 
estimation of geophysical factors such as air 
resistance and gravitational anomalies. The 
determination of these factors from satellite is 
considered. 

550.389.2:629.19 3684 
Use of Artificial Earth Satellites for the 

Verification of the General Theory of Rela-
tivity—V. L. Ginzburg. (Uspekhl. Fiz. Nauk, 
vol. 63, pp. 119-122; September, 1957.) Three 
main points could be examined: a) the rotation 
of the perigee of Mercury which, according to 
the theory, should revolve 43.03 inches in a 
century, b) the deflection by 1.75 inch of light 
rays in passing near the sun, c) the gravita-
tional shift of spectral lines. 

550.389.2:629.19 3685 
The Orbit of Satellite 19588 2—G. Hergen-

halm. (Naturwiss., vol. 45, pp. 434-435; Sep-
tember, 1958.) Orbital period as a function of 
the number of revolutions completed is 
plotted for the period May 15 to July 2, 1958. 
Orbital data are calculated and certain dis-
crepancies with observations are discussed. 

550.389.2:629.19 3686 
An Experimental and Indirect Method for 

Determining the High Atmosphere's Density— 
C. Casci and V. Giavotto. (Nuovo Cim., vol. 11, 
pp. 291-297; Januai y 16, 1959. In English.) 
An approximate method is described for cal-
culating the density of the atmosphere above 
130 km, using, as data, observed lifetimes of 
artificial satellites no longer in orbit. Calcu-
lated densities are compared with those meas-
ured by means of rocket probes. 

550.389.2:629.19 3687 
New Approach in the Theory of Satellite 

Orbits—J. P. Vinti. (Phys. Rev. Lett., vol. 3, 
p. 8; July I, 1959.) A proposed co-ordinate sys-
tem is useful for investigating the motion of an 
earth satellite. 

550.389.2:629.19 3688 
Short-Time Measurement of Time Dilation 

in an Earth Satellite—R. S. Badessa, R. L. 
Kent and J. C. Nowell. (Phys. Rev. Lett., vol. 
3, pp. 79-80; July 15, 1959.) A method for 
measuring the gravitational red shift based on 
the variation of the frequency difference be-
tween two oscillators as a function of : Mil tide. 

550.389.2:629.19 3689 
Air Density in the Upper Atmosphere from 

Satellite Orbit Observations—G. V. Groves. 
(Nature, vol. 184, Suppl. No. 4, pp. 178-179; 
July 18, 1959.) The results given agree with 
those of King-Hele (2955 of September). 
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550.389.2:629.19: 523.165 3690 
Investigation of Cosmic Rays by Means of 

Artificial Earth Satellites—N. A. Dorbrotin. 
(Priroda, pp. 57-64; January, 1959.) These in-
vestigations led to the discovery of a belt of 
charged particles round the earth which, at a 
height of 1600 km, passed at the rate of 108-109 
Particles per second through an area lans. This 
radiation would be very dangerous to unpro-
tected living beings. 

550.389.2:629.19:523.165 3691 
Ionizing Radiation at Altitudes of 3500 to 

36000 Kilometres: Pioneer I—A. Rosen. C. P. 
Sonett, P. J. Coleman, Jr., and C. E. McIlwain. 
(J. Geophys. Res., vol. 64, pp. 709-712; July, 
1959.) "The total ionizing component of cosmic 
radiation was measured on October 11, 1958, 
by means of an ionization chamber mounted 
on the Pioneer I lunar probe vehicle. Data were 
taken over an altitude range of 3500 to 36000 
km and a latitude range of 35°N to 5°N. The 
calibration procedure and the analysis of the 
telemetered data are described." 

550.389.2:629.19:523.165 3692 
Satellite Observations of Solar Cosmic 

Rays—P. Rothwell and C. McIlwain. (Nature, 
vol. 184, pp. 138-140; July 18, 1959.) On three 
occasions during August, 1958, large increases 
in the intensity of charged particles outside the 
Van Allen radiation zones were detected by 
1958 E at high magnetic latitudes and low 
satellite altitudes. It is suggested that these 
increases are due to solar protons associated 
with large solar flares. 

550.389.2:629.19:550.38 3693 
Investigation of the Earth's Magnetic Field 

using an Artificial Earth Satellite—N. V. 
Puslikov and S. Sit. Dolginov. (Uspekhl. Fiz. 
Nauk, vol. 63, pp. 645-656; December, 1957.) 
An investigation by means of magnetometers, 
located on the satellite, of the space distribu-
tion of the earth's magnetic field at great 
heights and of inhomogeneities in the iono-
sphere. The effect of the magnetic field on the 
polarization of radio waves reflected from the 
ionosphere, the latitude effect ol cosmic rays, 
and auroral phenomena are considered. 

550.389.2:629.19: 551.510.53 3694 
Problems of Measurement of the Pressure 

and Density of the High Layers of the Atmos-
phere by means of Artificial Earth Satellites— 
B. S. Danilin, V. V. Miklinevicla, A. I. Repnev 
and E. G. Slividkovskii. (Uspek). Fiz. Nauk, 

vol. 63, pp. 205-226; September, 1957.) Tem-
perature pressure, density and composition 
between I0() and 300 km are tabulated. The 
concentrations of oxygen and nitrogen be-
tween 160 and 500 km are also shown. 

550.389.2:629.19: 551.510.53 3695 
The Density of the Earth's Outer Atmos-

phere according to Satellite Observations— 
H. K. Paetzold and H. Zschdrner. (Naturwiss., 
vol. 45, pp. 485-486; October, 1958.) Orbital 
data of satellites 1958e and 19580 2 are used 
to determine atmospheric density above 200 
km. Results agree closely with those obtained 
from observations of satellites 1957e 2 and 
19586 2. Retardation effects are also discussed. 

550.389.2:629.19:551.510.535 3696 
Measurement of the Concentration of Posi-

tive Ions along the Orbit of an Artificial Earth 
Satellite—K. I. Gringauz and M. Kb. Zelik-

man. (Uspekhl. Fiz. Nauk, vol. 63, pp. 239-252; 
September, 1957.) The surface potential of a 
satellite and the distribution of charged parti-
cles around it are discussed. Instruments for 
measuring the ion concentration and the trans-
mission of results to earth by radio-telemetry 
are described. Graphs of the air temperature 
at different heights are also shown. 23 refer-
ences. 

550.389.2:629.19:621.396.11 3697 
Preliminary Results of Measurements on 

Doppler Shift of Satellite Emissions—P. R. 
Arendt. (IRE TRANS. ON ANTENNAS AND 

PROPAGATION, vol. AP-7, pp. 99-101; January, 
1959.) Measurements of transmissions from 
1957 a and 8 on 20 and 40 mc have been 
analyzed to investigate the influence of the 
propagation path on observed data. Results 
indicate that the 40-mc wave travels about 2 
per cent slower than the 20-mc wave. 

550.389.2:629.19:621.396.11 3698 
Refraction of Very-High-Frequency Radio 

Signals at Ionospheric Heights—S. Weisbrod 
and L. Colin. (Nature. vol. 184, p. 119; July 11, 
1959.) Calculations relevant to the radio track-
ing of space vehicles show that refractive errors 
due to the troposphere rapidly decrease with 
increasing elevation angle, while those due to 
the ionosphere initially increase with elevation 
angle and then decrettse gradually. The eleva-
tion angle error is plotted for realistic models 
of the ionosphere ami troposphere. 

550.389.2(54) 3699 

Work Carried Out under the Auspices of 
the Indian National Committee for the I.G.Y. 
1957-1958—(J. Sci. Indus. Res. vol. 17A, 
Suppl., pp. 1-110; December, 1958.) The fol-
lowing papers and data are included: 

a) A Preliminary Report "On the Nature 
and Origin of Atmospherics"—M. W. Chip-
lonkar, R. N. Karekar, T. A. Raju and M. S. 
Hattiangadi (pp. 3 -23). 

h) Atmospheric Electricity Observations in 
India during the I.G.Y.—Radiosonde Tech-
niques for Measuring Potential Gradient and 
Conductivity—S. P. Venkeitshwaran (pp. 24-
32). 

e) Geomagnetic Work at Albiag, Anna-
malainagar and Trivandrum during the I.G.Y. 
—S. L. Malurkar (pp. 33-35). 

d) Atomic Nitrogen in the Thermosphere--
M. Nicolet ( p. 36). 

e) Ionospheric Disturbances at Low Lati-
tudes— A. P. Mitra (pp. 37-4(0• 

f) Studies of Cosmic Radio Noise on 25 
Mc/s at Ahmedabad—R. V. Blionsle and 
K. R. Ramanathan (pp. 40-45). 

g) Meteors and Es Ionization—K. M. 
Kotadia (pp. 46-49). 

II) Rates of Fading of Reflected Pulses of 
Vertically Incident Electromagnetic Waves at 
Ahmedabad on 2.6 and 4.0 Mc/s—R. Sethura-
man (pp. 50-53). 

i) Observations on Galactic Radiation at 
30 Mc/s—V. V. Somayajulu and N. N. Rao. 
(pp. 54-56). 

j) Diurnal Variation of Ionospheric Ab-
sorption on 5.65 Mc/s at Waltair during the 
I.G.Y.—B. R. Rao and K. V. V. Ramana 
(pp. 56-58). 

k) Effect of Enhanced Solar Activity on 
the F2 Region Drifts at Waltair—B. R. Rao and 
E. B. Rao (pp. 59-62). 

I) A New Continuous-Wave Radio Method 
for the Study of Ionospheric Drifts—B. R. Rao 
and D. S. Marty (pp. 63-67). 

m) Program of I.G.Y. Solar Observations 
in India (pp. 68-69). 

n) Solar Control of some Unusually Re-
markable Geophysical Events—S. L. Malur-
kar (pp. 69-71). 

o) Radio Emission from the Sun at 30 
Mc/s—M. Krislinamurthi, G. S. Sastry and 
T. S. Rao (pp. 71-73). 

p) Radio Patrol of Solar Flares—A. P. 
Mitra, K. A. Sarada, N. V. G. Sarma and 
M. N. Joshi (pp. 74-80). 

q) Optical Tracking of Artificial Satellites— 
M. K. Vainu %Dim (pp. 95-98 )• 
Appendix 3: 

r) Table 1—Solar Flares during July 1957 
to September 1958 (pp. 106-108). 

s) Table 2—Sudden Enhancement of 

Atmospherics (SEA) during July 1957 to 
August 1958 (p. 109). 

t) Table 3—Sudden Cosmic Absorption 
(SCA) during July 1957 to July 1958 (p. 109). 

u) Table 4—Solar Flare Effects recorded 
during July 1957 to June 1958 (p. 110)• 

551.510.53 3700 
Investigation by Rockets of the Composi-

tion of the Atmosphere at Great Heights— 
B. A. Mirtov. (Uspeklii. Nauk. vol. 63, 
pp. 181-196; September, 1957.) A description 
of containers designed to collect samples of the 

atmosphere is given and results obtained be-
tween 65 and 95 km are tabulated. 

551.510.53 3701 
Measurements of the Pressure in the Up-

per Atmosphere—V. V. NI ildinevich. (Uspekhl. 
Nauk vol. 63 pp. 197-204; September, 

1957.) A description is given of a container 
with recording instruments which, after being 
released from a rocket, record the pressure of 
the upper atmosphere. A comparison is made 
between pressure measurements obtained in 
U.S.A. and U.S.S.R. at 50-100 km. Pressure 

and temperature variations at different heights 
are shown graphically. 

551.510.535 3702 
Investigation of the Ionic Composition of 

the Ionized Layers of the Atmosphere—B. A. 

Mirtov and V. G. Istomin. (Uspekhl. Fiz. 
Nauk. vol. 63, pp. 227-238; September, 1957). 
Rockets and artificial satellites equipped with 
mass spectrometers of the type described by 
Bennett (J. App!. Phys., vol. 21, pp. 143-149; 
February, 1950) automatically sending results 
to the earth are considered. The ionization of 
the atmosphere by a fast-moving satellite 
vehicle and the effect of the vacuum created 
behind it are also examined. 

551.510.535 3703 
Results obtained with Rocket-Borne Ion 

Spectrometers—C. Y. Johnson, J. P. Heppner, 
J. C. Holmes and E. B. Meadows. (Ann. 
Géophys., vol. 14, pp. 475-482; October/De-
cember, 1958. In English.) A description of the 
instrumentation used and an analysis of the 
results obtained from three flights in which 
both positive and negative ion spectrometers 
were flown. 

551.510.535 3704 
Some Studies of the Upper Atmosphere in 

the Auroral Zone—S. Matsushita. (Ann. 
Géophyà., vol. 14, pp. 483-491; October/De-
cember, 1958. In English.) Observations show 
close correlation between blackouts, complete 
blanketing of F2 by E,, slant E, and geomag-
netic bay disturbances. The height of the ab-
sorbing region responsible for the daytime 
polar blackout appeared to be lower than when 
the event occurred at night. To explain these 
results, the effect on the ionosphere of X-rays 
generated by solar particles is discussed. 

551.510.535 3705 
Model of the Ionosphere—O. Burkard. 

(Naturwiss., vol. 45, pp. 507; November, 1958.) 
Electron-density data obtained by a Russian 
rocket can be correctly interpreted by the 
F2-layer model proposed in Geoks. pura app!., 
vol. 37, pp. 145-164; 1957. 

551.510.535 3706 
The Worldwide Distribution of the F2-

Layer Electron Density: Seasonal and Non-
seasonal Variations and Correlations with 
Solar Activity—F. Mariani. (Nuovo Cim., vol. 
12, pp. 218-240; May 1, 1959. In English.) 
Seasonal and nonseasonal variations of the 
maximum electron density in the F2 layer at 
noon are largely asymmetrical in the two 
hemispheres; at midnight they are symmetri-
cal. A general circulation of the upper atmos-
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phere is suggested as an explanation for these 
and other anomalies discussed. See 2444 of 
1957. 

551.510.535 3707 
The Diurnal Development of the Anomalous 

Equatorial Belt in the F., Region of the Ionos-
phere—R. G. Rastogi. (J. Geophys. Res., vol. 
64, pp. 727-732; July, 1959.) A study is made 
of the latitudinal distribution of f0F2, for each 
hour of the day, for the equinoctial months at 
sunspot minimum and also of the diurnal 
variation of foF2 at a number of low-latitude 
stations. The observed behaviour of foF2 in 
both cases is suggested to be due not only to 
vertical drift of ionization but also to horizontal 
movement between the poles and the equator 
during the day. 

551.510.535 3708 
Time and Height Variations in the Daytime 

Processes in the Ionosphere: Part 1—A. P. 
Mitra, (J. Geophys. Res., vol. 64, pp. 733-
743; July, 1959.) An extension of earlier work 
(114 of 1955, Mitra and Jones). Variations of 
the decay of electron density with height are 
discussed for the height range 50-600 km. 
An expression is developed for the loss co-
efficients over this range for northern middle 
latitudes at noon. 

551.510.535+550.3851:539.16 3709 
Geomagnetic and Ionospheric Pheonomena 

associated with Nuclear Explosions—S. Mat-
sushita. (Nature, vol. 184, pp. B.A.33-B.A.34; 
September 5, 1959.) Magnetograms and iono-
grams recorded at stations in the Central 
Pacific Ocean have been analyzed for the 
periods covering the explosions on August 1 
and 12, 1958. Some geomagnetic variation 
could be explained by a dynamo effect associ-
ated with wind velocities of 100 miles per second 
and a ten-fold increase in electrical conduc-
tivity. 

551.510.535:539.16 3710 
Some Effects of Nuclear Explosions on 

Ionospheric Vertical-Incidence Soundings— 
D. Lepechinsky and C. Davoust. (come 
rend. Acad. Sci., Paris, vol. 248, pp. 1203-
1206; February 23, 1959.) An analysis of ob-
servations made at Tahiti ( 17°20'S, 149°20'W), 
Maui (20°N, I50°W) and Rarotonga (21°12'S, 
159°46'W). At the time of an explosion on 
August I, 1958. abnormal absorption, which 
lasted three hours, was recorded at Maui and 
Tahiti (for auroral effect see 1569 of May, 
Cullington). On August 12, 1959, the date of 
another explosion, the onset of abnormal ab-
sorption at Maui and Rarotonga appeared 
to be delayed by five hours. 

551.510.535: 539.16 3711 
Sudden Ionospheric Disturbances caused 

by an Atomic Explosion—A. Kimpara. (Come 
rend. Acad. Sci. Paris, vol. 248, pp. 2117-
2119; April 6, 1959.) A note on recordings of 
atmospherics and solar RF bursts made at 
Toyokawa, Japan, August 12, 1958. 

551.510.535:539.16 3712 
Disturbance in the Ionospheric F Region 

following the Johnston Island Nuclear Ex-
plosion—C. H. Cummack and G. A. M. King. 
(Nature, vol. 184, pp. B.A.32-B.A.33; Septem-
ber 5, 1959.) From a study of time delay at 
various observatories in the vicinity, it is 
assumed that the ionospheric disturbance due 
to thè explosion on August I, 1958, is a by-
product of a gaseous shock wave propagated 
at a velocity considerably greater than that of 
sound. Anomalies in this assumption are dis-
cussed. 

551.510.535:550.371 3713 
Measurement of Electrostatic Fields in the 

Upper Layers of the Earth's Atmosphere— 

I. M. Imyanitov. (Uspekhi. Fix. Nauk, vol. 
63, pp. 267-282; September, 1957.) The 
charge acquired by a body located in a plasma 
is examined. An instrument measuring the 
field potential in the ionosphere is described. 
Electrostatic field variations due to moving 
rockets or satellites are considered. 

551.510.535: 621.396.11 3714 
Ionosphere Electron Densities and Differ-

ential Absorption—J. C. Seddon and J. E. 
Jackson. (Ann. Géophys., vol. 14, pp. 456-
463; October/December, 1958.) A review of 
daytime ionosphere measurements made over 
New Mexico using a rocket-to-ground CW 
radio propagation method and a preliminary 
report of similar measurements made in the 
arctic ionosphere during a time of polar black-
outs. 

551.510.535: 621.396.11 3715 
On the Measurement of Virtual Height-

1. Kay. (IRE TRANS. ON ANTENNAS AND 
PROPAGATION, vol. AP-7, pp. 11-14; January, 
1959. Abstract, PROC. IRE, vol. 47, p. 610; 
April, 1959). 

551.510.535: 621.396.11 3716 
Interpretation of the Variation of Ionos-

pheric Absorption as a Function of Frequency— 
K. Bibl, A. Paul and K. Rawer. (comm. rend. 
Acad. Sci., Paris, vol. 248, pp. 949-952; 
February 16, 1959.) Errors in nondeviative 
absorption calculations are attributed to the 
presence in the E layer of a thin densely ionized 
E, layer, The expression used earlier, (985 
of 1952, Bibl and Rawer) has been revised. 
Results obtained using the new expression indi-
cate that it allows a more detailed study of the 
absorption process. 

551.510.535(98) 3717 
Ionospheric Conditions in the Circumpolar 

Region—V. M. Driatski and A. S. Besprozvan-
naya. (Ann. GEophys., vol. 14, pp. 438-455; 
October/December, 1958. In English.) A pre-
liminary analysis of ionospheric and magnetic-
field measurements made from a drifting ob-
servatory in the Arctic Ocean during the 
period May 15, 1954 to April 14, 1955. Values 
of 5-6 mc were obtained for foF2 during the 
arctic night. 

551.510.536 3718 
Investigation of the Solid Component of 

Interplanetary Matter by means of Rockets 
and Artificial Earth Satellites—S. M. Poloskov 
and T. N. Nazarova. (Uspekla. Nauk., 
vol. 63, pp. 253-265; September, 1957.) The 
kinetic energy of micrometeorites is measured 
by an acoustic method or by a new type of 
sensitive photomultiplier. Results of collisions 
of these particles with polished plates located 
on rockets are shown. Tables giving values of 
brightness, mass, radius and estimated fall 
out on the earth in 24 hours are included. 
Particles ejected from the sun and charged 
cosmic dust are also considered. 

551.594.6 3719 
A Preliminary Meteorological Study of the 

Origin of Whistlers—C. P. Mook. (J. Geophys. 
Res., vol. 64, pp. 745-748; July, 1959.) "A 
possible unique source of whistling atmos-
pherics is found to be the presence of large 
cyclonic disturbances at the geomagnetic con-
jugate point for the whistler receiving station. 
The possible role of these cyclonic disturbances 
in producing narrow magneto-ionic duct propa-
gating conditions is also discussed." 

LOCATION AND AIDS TO NAVIGATION 

621.396.663 3720 
The Reduction of Bearing Errors due to 

Multiple Incidence in Long-Base-Line Systems 
—F. Steiner and H. Stittgen. (Nachrichtentech. 

Z., vol. 11, pp. 417-423; August, 1958.) The 
maximum bearing errors as a function of base 
length d/x are calculated for the Adcock and 
Doppler systems. With increasing base line the 
errors decrease, the Adcock, but not the Dop-
pler system, becoming more liable to ambigui-
ties. 

621.396.93(083.74) 3721 
I.R.E. Standards on Navigation Aids: Direc-

tion-Finder Measurements, 1959—(Puoc. IRE, 
vol. 47, pp. 1349-1371; August, 1959.) Standard 
59 IRE 12. SI. 

621.396.933.1 3722 
Collision Detection without Range Data— 

Y. J. Liu and J. O. Campbell. (Electronics, vol. 
32, pp. 60-63; July 24, 1959.) A system is de-
veloped which automatically computes the 
relative velocity vector of two aircraft and 
compares it with the line of sight. Warning is 
given if the two parameters are witlim a few 
degrees of one another. 

621.396.933.23 3723 
Blind Landing—W. J. Charnley. (J. Inst. 

Nov., vol. 12, pp. 115-135; April, 1959. Dis-
cussion, pp. 135-140.) A detailed account of 
the B.L.E.U. system briefly described earlier 
(1892 of June) and a discussion of the principles 
of the "televiewer" manual blind landing sys-
tem. 

621.396.963.325:621.397.24 3724 
Further Progress in Bandwidth Compres-

sion of Radar Displays—H. Meinke and A. 
Riliaczek. (Nachrichtentech. Z.., vol. 11, pp. 
398-404; August, 1958.) By varying t he scan-
ning speed in a radar-signal storage system so 
that short pulses and intervals are lengthened 
at the expense of long pulses the bandwidth of 
the signal can be reduced. Transmission of 
radar PPI displays with 4-kc bandwidth over a 
telephone channel has been successful. See also 
3744 of 1956 (Meinke and Groll). 

621.396.969.3 3725 
Checking Jitter in Moving-Target Radar— 

C. Clark. (Electronics, vol. 32, pp. 56-58; 
July 17, 1959.) A circuit is described tor a unit 
which monitors the frequency of the coherent 
oscillator automatically, and provides a visible 
indication of the amount of jitter. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

535.215: 546.472.41 3726 
Photoconductivity of Zinc Telluride— Y. 

Simon and J. Bok. (Compt. rend. Acad. Sci., 
Paris, vol. 248, pp. 2176-2178; April 13, 
1959.) The conductivity of ZnTe prepared by 
fusion and subsequent recrystallization in 
hydrogen was observed in darkness and in 
visible light for fields up to 2000 v/cm. The 
enhanced conductivity at high field strengths 
can be attributed to shock ionization. 

535.215: 546.482.21 3727 
A Lamination-Type Structure of US Crys-

tals—H. Radelt. (Naturwiss., vol. 45, p. 463; 
October, 1958.) Crystals grown from the vapor 
phase by Frerichs' method (450 of 1948) often 
exhibit a fine laminar structure. The effect is 
interpreted with reference to experimental in-
vestigations. 

535.215: 546.482.21 3728 
Measurement of the Elastic Constants of 

COIS Single Crystals—E. Gutsche. (Natura/m, 
vol. 45, p. 566; December, 1958.) The results 
of mechanical tests on thin-plate and rod-
shaped specimens are summarized. See also 
3729. 

535.215:546.482.21 3729 
Compressibility and Pressure Displacement 
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of the Absorption Edge of Cadmium Sulphide— 
E. Gutsche. (Naturwiss., vol. 45, p. 486; Octo-
ber, 1958.) Preliminary report of measurements 
on CdS single crystals at pressures up to 4000 
kp/cm,. The influence of hydrostat c pressure 
on the spectral distribution of photoconduc-
tivity is also investigated. 

535.215: 546.482.21 3730 
Effect of Deformations on the Spectrum of 

CdS Crystals—E. F. Gross and B. S. Razbirin. 
(Zh. Tekh. Fis., vol. 28, pp. 237-239; February, 
1959.) 

535.215:546.482.21 3731 
The Electrostatic Charging of CdS Single 

Crystals under the Influence of Strong Electric 
Fields—K. W. Mier and U. Kümmel. (Ann. 
Phys., (Lps.), vol. 2, pp. 217-224; November 
11, 1938.) The results of measurements ob-
tained cannot be interpreted by the theory of 
space-charge limitation (2566 of 1955, Smith 
and Rose), but they are in agreement with the 
assumption of inhomogeneous conductivity in 
CdS single crystals. 

535.215: 546.482.21 3732 
Diffusion of Copper in Cadmium Sulphide 

Crystals—R. L. Clarke. (J. Appt. Phys., vol. 30, 
pp. 9.57-960; July, 1959.) Diffusion coefficients 
determined using radioactive-tracer sectioning 
technique. 

535.215:546.561-31 3733 
Influence of Molecular Adsorption on the 

Longitudinal Photoconductivity of Cuprous 
Oxide-0. V. Snitko. (Zh. Tekh. Fis., vol. 28, 
pp. 35-44; January, 1958.) Report of an inves-
tigation on Cut° plates 0.2 mm thick coated on 
both sides with a semitransparent gold film and 
illuminated by 30-µsec light pulses in a glass 
container a) evacuated, and b) containing 
ethyl alcohol vapor. 

535.215:546.561-31 3734 
Time-lag of Photoeffect and Electrical 

Conductivity of Cuprous Oxide—A. L. 
Rvachev. (Zh. Tekh. Fiz., vol. 28, pp. 45-51; 
January, 1958.) An oscillographic examination 
has been made of the photocurrents in Cue 
samples with a) low and b) high specific con-
ductance, under illumination by pulsed mono-
chromatic light. Results show that the time-
lag of the photoeffect depends not only on the 
wavelength of the incident light but also on 
the dark conductance. The spectral distribu-
tion of photosensitivity of different samples is 
shown and the method of preparation is de-
scribed. 

535.37 3735 
The System ZnO.Cd0.13303, Phase Rela-

tionships, and Fluorescence—D. E. Harrison 
and F. A. Hummel. (J. Elearochem. Soc., vol. 
106, pp. 24-26; January, 1959.) Two com-
pounds have been isolated which, with Ma 
activator, give respectively orange and red 
fluorescence under cathode-ray excitation. See 
also 1778 of 1957. 

535.37:546.472.21 3736 
Activation of ZnS and (Zn, Cd)S Phosphors 

by Gold and other Elements—S. T. Henderson, 
P. W. Ranby and M. B. Halstead. (J. Electro-
chem. Soc., vol. 106, pp. 27-34; January, 1959.) 
A study of spectral emission characteristics. 

535.376 3737 
Bimolecular Electroluminescent Transitions 

in GaP—E. E. I,oebner and E. W. Poor, Jr. 
(Phys. Rev. Lett., vol. 3, pp. 23-25; July 1, 
1959.) A description of direct observations of 
bimolecular band-to-band transitions at recti-
fying junctions in single crystals of GaP and 
I nP. 

535.376:646.472.21 3738 
Particle Size Effects and the Distribution of 

Barriers in Electroluminescent Zinc Sulphide 
Phosphors—P. Goldberg. (J. Electrochem. Soc., 
vol. 106, pp. 34-38; January, 1959.) Particle 
size is shown to be a significant factor in empiri-
cal equations describing brightness/voltage re-
lations. 

537.226/.228 3739 
Electromechanical Properties of Lead 

Titanate Zirconate Ceramics with Lead Par-
tially replaced by Calcium or Strontium—F. 
Kulcsar. (J. Amer. Ceram. Soc., vol. 42, pp. 49-
51; January, 1959.) By partially substituting 
Sr for Pb, dielectric constants greater than 
1300 can be obtained, with planar couplings of 
about 0.5. Ca also raises the dielectric constant 
but the planar coupling level is lower than 
with Sr. 

537.227 3740 
Contribution to the Theory of Domain Walls 

in Ferroelectrics—V. A. Zhirnov. (Zh. Eksp. 
Troc. Fis., vol. 35, pp. 1175-1180; November, 
1958.) Investigation of the transition region in 
180° and 90° boundaries of ferroelectric do-
mains in BaTiO3. Expressions are derived for 
the thickness and surface energy of domain 
boundaries and some numerical estimates are 
made. The 180° domain boundary of Rochelle 
salt crystals is briefly discussed. 

537.227 3741 
Ferroelectric Properties of Colemanite— 

H. H. Wieder. (J. App!. Phys., vol. 30, pp. 
1010-1018; July, 1959.) 

537.227 3742 
Polarization Reversal by Sideways Expan-

sion of Domains in Ferroelectric Triglycine 
Sulphate—A, G. Chynoweth and J. L. Abel. 
(J. Appt. Phys., vol. 30, pp. 1073-1080; July, 
1959.) Experiments show that when fields are 
applied by liquid electrodes to crystals of 
triglycine sulphate, polarization is accom-
plished by the formation and sideways expan-
sion of a few domains. 

537.227:546.321.85-841 3743 
Deuteron Magnetic Resonance Spectrum 

and Relaxation in KD2PO4—J. L. Bjorkstam 
and E. A. Uehling. (Phys. Rev., vol. 114, pp. 
961-968; May 15, 19.59.) 

537.227:546.431.824-31 3744 
Dynamic Properties of the Polarizability in 

BaTiO3 Crystal—K. Husimi. (J. Appt. Phys., 
vol. 30, pp. 978-981; July, 1959.) "The second 
harmonic distortion by a BaTiO3 crystal of a 
small high-frequency sinusoidal electric field, 
superimposed on a low-frequency switching 
field, is studied by the filter method. From the 
phase relationship of the second harmonic dis-
tortion with respect to the measuring signal, 
together with the increase of the fundamental 
component of the capacitive current, it is con-
cluded that the polarizability increases mark-
edly for the backward direction during switch-
ing." 

537.227:546.431.824-31 3745 
Investigation of the Temperature Depend-

ence of Total Polarization, Coercive Force 
and Hysteresis Losses of (Ba, Sr) TiO3, 
Ba(Ti, Sn)03 and Ba(Ti, Zr)03 Polycrystalline 
Solid Solutions—V. A. Bokov. (Zh. Tekh. 
Fis., vol. 28, pp. 77-86; January, 1958.) The 
spontaneous polarization of Ba(Ti,Sn)03 and 
Ba(Ti,Zr)03 decreases with decrease of BaTiO3 
content. In the solid solution (Ba,Sr)TiO3 it 
decreases with increase of SrTiO3 up to 40 per 
cent, but with SrTiO3 content over 50 per cent 
a considerable increase in spontaneous polariza-
tion is observed. 

537.228.1:546.482.21 3746 
The Influence of the Activator and of the 

Storage of Radiation Energy on the Piezoelec-
tric and Elastic Behaviour of Cadmium Sul-
phide Single Crystals—H. Gobrecht and A. 
Bartschat. (Z. Phys., vol. 153, pp. 529-554; 
January 8, 1959.) Investigations were made 
at 20°C and - 180°C to determine the tem-
perature dependence of elastic damping for 
various degrees of activator concentration and 
the effects of crystal irradiation by light and 
infrared rays. See also 2278 of July. 

537.311.3: 538.569.4: 539.2 3747 
Energy Absorption by Charge Carriers of 

Negative Effective Mass in Crystals—C. 
Kittel. (Proc. Not. Acad. Science, vol. 45, pp. 
744-747; May, 1959.) A theoretical examina-
tion of the negative-resistance properties of a 
negative-carrier system. 

537.311.33 3748 
Solid-State Physics at N.B.S—(Tech. Bull. 

Nat. Bur. Stand., vol. 43, pp. 92-96; May, 
1959.) General account of semiconductor re-
search in progress at the National Bureau ot 
Standards. 

537.311.33 3749 
On the Theory of the Field Effect—V. L. 

Bonch-Bruevich. (Zh. Tekh. Fia., vol. 28, pp. 
70-76; January, 1958.) A mathematical analy-
sis of the effect of a transverse alternating 
field on semiconductor conductivity for any 
given values of Debye length and length of the 
free path. 

537.311.33 3750 
On the Influence of the Short-Range 

Order on the Type of Conductivity—V. L. 
Zyazev and O. A. Esin. (Zh. Tekh. Fia., vol. 
28, pp. 18-22; January, 1958.) Measurements 
of conductivity of binary mixtures based on 
V203 for different temperatures and composi-
tions are shown graphically. In V203—Pb0, 
V203—CaO and V203—MgO the semiconductor 
mechanism is transformed into the ionic one 
when the concentration of the second compo-
nent is low. This confirms Joffe's opinion on the 
character of conductivity. 

537.311.33 3751 
Remarks on Drift Velocity—Yu. N. Obrazt-

soy. (Zh. Tekh. Km., vol. 28, pp. 245-249; 
February, 1959.) Reasons are examined for the 
apparent difference in current density calcu-
lated using a) an exact solution of the kinetic 
equation and b) the drift velocity. Correct 
application of the latter method gives good 
results. 

537.311.33 3752 
Notes on the Theory of Semiconductors 

with an Excited Impurity Band—M. I. Klinger 
and G. A. Makarycheva. (Zh. Tekh. Fia., vol. 
28, pp. 264-266; February, 1959.) 

537.311.33 3753 
Transport Phenomena in Nondegenerate 

Semiconductors Considering Electron-Electron 
Scattering—M. S. Sodha and Y. P. Varshni. (Z. 
Phys., vol. 153, pp. 555-562; January 8, 1959. 
In English.) Hall mobility and other electron 
transport phenomena are investigated on n-
type semiconductors in a magnetic field. 
Results are given for different impurity con-
centrations. See also 1225 of April (Sodha and 
Eastman). 

537.311.33 3754 
Transport Properties of Nondegenerate n-

Type Semiconductors Considering Electron-
Electron Scattering—M. S. Sodha and Y. P. 
Varshni. (Phys. Rev., vol. 114, pp. 717-718; 
May 1, 1959.) Two proposed functions permit 
analytical integration of integrals appearing in 
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te theory of transport phenomena. (e.g. 
753). 

37.311.33 3755 
New Semiconducting Compounds—V. P. 

huse, V. M. Sergeeva and E. L. Shtrum. (Zh. 
'ekh. Fiz., vol. 38, pp. 233-236; February, 
959.) An investigation of CuFeSe2, CuFeTe2, 
.gFeSe2 and AgFeTe2. The temperature de-
endence of conductivity and Hall constant is 
sown for AgFeTe2. 

37.311.33 3756 
Oxides which Show a Metal-to-Insulator 

'ransition at the Néel Temperature—F. J. 
Ilorin. (Phys. Rev. Lat., vol. .3, pp. 34-36; 
uly 1, 1959.) Conductivity measurements on 
xides of titanium and vanadium provide addi-
ional evidence for the existence of a cenduc-
ion band of nonbonding orbitals. An explana-
rey model is suggested. 

37.311.33:535.843.3 3757 
Method of Rendering Visible the Conduc-

ivity Inhomogeneities of Semiconductors— 
:. W. Boer, II. J. Hânsch and U. Kummel. 
Naturwiss., vol. 45, p. 460; October, 1958.) 
'reliminary report on tests carried out on CdS 
ingle crystals. Micrograms taken with mono-
hromatic light show light and dark zones 
vhich indicate the field or current distribution 
aside the crystal. 

l37.311.33:537.32 3758 
Investigation of Thermoelectric Properties 

if Bi2Te3-Bi2So3 Solid Solutions—G. N. 
;ordyakova, G. V. Kokosh and S. S. Sinani. 
Zh. Tekh. Fiz., vol. 28, pp. 3-17; January, 
.958.) The effect of the addition of impurities 
o 80 per cent Bi2Te3 - 20 per cent Bi2Se3 
effid solutions is examined. Best results are 
ibtained with halides of the first group of ele-
nents or wit h copper. Results are tabulated 
ind graphs show the temperature dependence 
if the electrical conductivity and the thermo-
?.MF for varions impurity additions. 

37.311.33: 537.323 3759 
InAsl_.,P.„ as a Thermoelectric Material-

2. Bowers, J. E. Bauerle and A. J. Cornish. (J. 
4ppl. Phys., vol. 30, pp. 1050-1054; July, 
1959.) Measurements of the electrical conduc-
.ivity, the thermal conductivity, and the See-
)eck coefficient have been made at high tern-
-*ratures wit h x ranging from 0 to 0.4. 

537.311.33:538.569.4 3760 
Theory of Negative-Mass Cyclotron Reso-

iance—D. C. Mattis and M. J. Stevenson. 
Phys. Rev. Lett., vol. 3, pp. 18-20; July I, 
1959.) It is shown that except under very re-
uricted conditions, re-entrant states in Ge 
ind Si will add a normal positive resistivity 
mmponent to the material independently of 
:heir population. 

537.311.33:539.23 3761 
Vapour-Deposited Films of Semiconducting 

III-V Compounds—K. G. Günther. (Natta-
wiss., vol. 45, pp. 415-416; September, 1958.) 
See 3349 of October. 

537.311.33:546.23:537.533.8 3762 
Measurements of Secondary Electron 

Emission from Selenium—G. Oert el. (A nn. 
Phys. (Lpz)., vol. 1, pp. 305-318; June 2, 
1958.) A static and a dynamic method of meas-
urement are used to determine the temperature 
dependence of secondary emission and the 
energy distribution of secondary electrons as a 
function of doping with Br and Te. 

537.311.33:546.24 3763 
The Band Structure of Tellurium—A. Pires 

de Carvalho. (compt. rend. Acad. Sci., Paris, 
vol. 248, pp. 778-781; February 9, 1959.) 

537.311.33:1546.28+546.289 3764 
On the Distinction between Recombina-

tion Centres and Trapping Levels—V. L. 
Bonch-Bruevich. (Zh. Tekh. Fiz., vol. 28, pp. 
67-69; January, 1958.) This distinction which is 
examined for Ge and Si samples, does not 
appear to be of an absolute character but to 
depend on the properties of impurities, the 
temperature, the method of preparation of the 
sample and the condition of injection. Trap-
ping levels seem most likely to occur near the 
middle of the forbidden zone. 

537.311.33:1546.28+546.289 3765 
On Reflection Coefficients of Germanium 

and Silicon Crystals—V. S. Vavilov, A. A. 
Gippins and M. M. Gorslikov. (Zh. Tekh. Fiz., 
vol. 28, pp. 254-255; February, 1959.) A note 
on the optical properties of Ge and Si surfaces. 

537.311.33:1546.28+546.289 3766 
Reflecting Power of Bulk Silicon and Ger-

manium between 1000 and 3000 A—S. Robin-
ICandare and B. Vodar. (Compt. rend. Acad. 
Sci., Paris, vol. 248, pp. 1965-1967; April I, 
1959.) 

537.311.33:1546.28+546.289 3767 
Growth of Large-Diameter Silicon and 

Germanium Crystals by the Teal-Little 
Method—W. R. Runyan. (Rev. Sci. Instr., vol. 
30, pp. 535-540; July, 1959.) The equipment 
and techniques used to grow crystals of 6 inch 
diameter are described, and the effect of spin, 
radiation, and mode of heating on crystal 
growth from a melt is discussed. 

537.311.33:1546.28+546.2891 3768 
Distribution of Slow Traps on the Surface 

of Germanium and Silicon with Reference to 
Relaxation Time—I. I. Abkevich. (Dokl. 
Akad. Nauk SSSR. vol. 127, pp. 1199-1202; 
August 21, 1959.) The time dependence of the 
contact potential after illumination of a freshly 
etched specimen and the time dependence of 
excess charges in slow surface traps are shown 
graphically. The capture of electrons in surface 
slow traps before illumination produces an 
electric field which lowers the barrier between 
traps and bulk of the sample decreasing the 
relaxation time of the traps. 

537.311.33:546.28 3769 
Lifetimes and Capture Cross-Sections in 

Gold-Doped Silicon—W. D. Davis. (Phys. Rev., 
vol. 14, pp. 1006-1008; May 15, 1959.) The 
amplitude of the voltage pulses produced by 
a-particles was measured as a function of 
applied electric field, and the cross-sections for 
hole and electron capture at the gold sites de-
duced. The results were 2X 10-15cm2 and 
10-mcm2 for neutral and oppositely charged 
sites respectively, for either holes or electrons. 

537.311.33:546.28 3770 
Microplasma Fluctuations in Silicon— K. S. 

Champlin. (J. Appt. Phys., vol. 30, pp. 1039-
1050; July, 1959.) The electrical properties of a 
fluctuating bistable microplasma are specified 
by three parameters which, in general, are 
functions of voltage. For an ideal low-imped-
ance connection, these parameters are inde-
pendent of tinte and thus yield simple forms for 
the pulse rate, average current differential 
conductance, and noise spectral density. With 
a high-impedance circuit the phenomenon is 
more complex, and only an approximate 
analysis is offered. 

537.311.33:546.281.26:061.3 3771 
Semiconducting Silicon Carbide—H. K. 

Henisch. (Nature, vol. 184, pp. 158-159; 
July 18, 1959.) Brief report of a conference held 
at Boston, Mass., April, 1959, to discuss the 
preparation, properties and applications of 
SiC. 

537.311.33:546.289 3772 
A New Study of the L-Spectrum of Ger-

manium—A. Lucasson-Lemasson. (comm. 
rend. Acad. Sci., Paris, vol. 248, pp. 1156-
1158; February 23, 1959.) 

537.311.33:546.289 3773 
Influence of High-Energy Electron Bom-

bardment on the Conductivity of Germanium— 
N. Van Dong, L. Koch, P. Baruch and P. 
Andre. (Corn pi. rend. Acad. Sci., PaPis, vol. 
248, pp. 788-791; February 9, 1959.) Report of 
an anomalous increase in the short-circuit 
current of a Ge junction when bombarded by 
high-energy electrons at 100°K. This effect 
may be explained by the Shockley- Read re-
combination theory if displacement of the 
Ferni level during bombardment is taken into 
account. 

537.311.33:546.289 3774 
Microwave Techniques in Measurement of 

Lifetime in Germanium—A. P. Ransa, H. 
Jacobs and F. A. Brand. (J. Appt. Phys., vol. 
30, pp. 1054-1060; July, 1959.) "New tech-
niques are proposed for the measurement of life-
time in semiconductors by utilizing the absorp-
tion of microwave power by charge carriers. 
The densities of holes and electrons are varied 
by irradiation with light or the conduction 
mechanism. Agreement is found when the 
microwave absorption methods are compared 
with the more established photoconductivity 
decay techniques. One of the new methods 
offers an advantage in that electrode attach-
ments are no longer required." 

537.311.33:546.289 3775 
Electron-Spin-Resonance Experiments on 

Shallow Donors in Germanium—G. Fetter, 
D. K. Wilson and E. A. Gere. (Phys. Rev. 
Lat., vol. 3, pp. 25-28; July 1, 1959.) Reso-
nances have been observed from both bound 
and nonlocalized electrons. Results indicate 
that the ground state of the As and P donors 
in Ge is a singlet. 

537.311.33:546.289:537.32 3776 
Volume Peltier Effect in Germanium— 

P. I. Baranskii. (Zh. Tekh. Fiz., vol. 28, pp. 
225-230; February, 1959.) A method is de-
scribed for investigating the Peltier effect 
produced by imperfections in Ge single crystals. 
The current characteristic is linear and it is 
established that the measured thermo-EMF 
is a voluum gradient effect. 

537.311.33:546.289:538.63 3777 
Hot-Electron Behaviour in Germanium 

under the Influence of a Magnetic Field—L. 
Gold. (Phys. Rev., vol. 114, pp. 691-704; 
May I, 1959.) Theory developed using a model 
based on individual ellipsoidal energy surfaces 
is extended to investigate the anistropy exist-
ing with a superposed field. . 

537.311.33:546.47-31 3778 
Surface Potential, Field-Effect Mobility, 

and Surface Conductivity of ZnO Crystals— 
H. J. Krusemeyer. (Phys. Rev., vol. 114, pp. 
655-664; May I, 1959.) 

537.311.33: 546.49.241 3779 
Some Properties of Mercuric Telluride— 

H. Fumeron-Rodot and M. Rodot. (Compt. 
rend. Acad. Sci., Paris, vol. 248, pp. 937-940; 
February 16, 1959.) A study of the thermo-
magnetic properties of specimens of HgTe with 
an electron mobility of 2.2X 104cm2/v.sec at 
room temperature indicates that mobility is 
limited by collisions between electrons and 
acoustic phonons. 

537.311.33:546.682.86 3780 
Investigation of Thin Layers of Variable 

Composition in the Indium-Antimony System 
—G. A. Kurov and Z. G. Pinsker. (Zh. Tekh. 
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Fiz., vol. 28, pp. 29-34; January, 1958.) A 
metastable amorphous phase of Sb has been 
found in a mixture with crystalline particles 
of InSb in layers 1-2µ thick. In such layers, 
investigations have been made of a) the tem-
perature dependence of conductivity, b) the 
abnormally low mobility of the charge carriers. 

537.311.33:546.682.86 3781 
Semiconductivity Experiments on Hot Elec-

trons in InSb. Application to the Construction 
of an Oscillator—J. Bok and R. Veilex. (Compi. 
rend. Acad. Sc!., Paris, vol. 248, pp. 2300-
2302; April 20, 1959.) " Hot" carriers which 
have an energy sufficient to create new carriers 
occur when InSb is subjected to a strong elec-
tric field. Under pulse conditions at 77°K and 
in the presence of a longitudinal magnetic field 
of •••,1200 oersteds, the upper part of the V// 
characteristic has a negative slope. An oscillator 
based on this effect has been constructed, 
operating in the range 5-30 mc; it may be 
modified to give frequencies as high as 1200 
nic. A second oscillation at low electric field 
strengths (^-,40 v/cm) was also observed. 

537.311.33:546.682.86:535.215 3782 
Photoanodization of InSb--J. D. Venables 

and R. M. Broudy. (J. Ape Phys., vol. 30, 
pp. 1110-1111; July, 1959.) It was observed 
that the InSb anodization process is sensitive 
to visible light of .wavelength shorter than 
approximately 5200A. 

537.311.33:546.714-31 3783 
Influence of Foreign Ions on the Semi-

conductivity of the Dioxides of Manganese— 
J. P. Clievillot and J. Brenet. (Compi. rend. 
Acad. Sc!., Paris, vol. 248, pp. 776-778; Febru-
ary 9, 1959.) Measurements in the 20-80°C 
temperature range indicate that the influence 
of Th," ions in the lattice does not modify the 
intrinsic character but greatly diminishes the 
semiconcluctivity of both #-Mn02 and 7-Mn02. 

537.311.33:546.817-31 3784 
The Electrical Conductivity of Lead (II) 

Oxide with Additions of Higher-Valency Im-
purity Cations—H. Grunewald and W. Neu-
mann. (Ann. Phys. (Lpz.), vol. I, pp. 344-350; 
June 2, 1958.) Investigations were made on 
Pb0 with additions of Cr20a, Nd203 and Ce02 
in the temperature range 200°C-500°C. 

537.311.33:546.873.241 3785 
Stoichiometry of Bismuth Telluride and 

Related Compounds—G. Offergeld and J. van 
Cakenberghe. (Nature, vol. 184, suppl. no. 4, 
pp. 185-186; July 18, 1959.) 

537.311.33:548.5 3786 
X-Ray Method for the Differentiation of 

11111 Surfaces in Alue Semiconducting 
Compounds—E. P. Warekois and P. H. 
Metzger. (J. Ape Phys., vol. 30, pp. 960-962; 
July, 1959.) 

537.311.33:621.314.63 3787 
Equilibrium Distribution of Field Potential 

and Concentration of Charge Carriers in Fused-
In Junctions—E. I. Aditovich, Vu. S. Rva-
binkin and K. V. Temko. (Zh. Tekh. Fiz., ;col. 
28, pp. 55-66; January, 1958.) Mathematical 
analysis, based on a differential equation sug-
gested by Shockley, for semiconductors with 
p-n or p-i junctions and in a state of thermo-
dynamic equilibrium. 

537.311.33: 621.383.5 3788 
Transient Response of Grain Boundaries 

and its Application for a Novel Light Sensor— 
R. K. Mueller. (J. Ape Phys., vol. 30, pp. 
1004-1010; July, 1959.) The negative surface 
charge carried by grain boundaries in n-type 
Ge and Si constitutes a potential barrier for 
electrons, the height of which can be increased 
by applying an electrical pulse across the 

boundary or decreased by injecting holes. 
The relaxation time with which the perturbed 
barrier returns to its equilibrium value is, for 
sufficiently low temperatures, very large com-
pared to the time necessary to change the 
barrier height. A theory of the transient re-
sponse is given together with a description of 
a novel photosensor based on this phenomenon. 

537.533.8:546.74 3789 
Secondary Electron Emission from Nickel 

—A. R. Shulman, I. R. Zakirova, Yu. A. 
Morozov and S. A. Fridrikhov. (Zh. Tekh. Fiz., 
vol. 28, pp. 87-96; January, 1958.) An investi-
gation of the energy distribution of secondary 
electrons emitted by Ni for primary electrons 
in the range 200-2000v. The number of sec-
ondary electrons with energies>100ev is 
>20 per cent. 

538.22 3790 
Magnetic Investigations on Pd mixed Crys-

tals with Transition Elements—D. Gersten-
berg. (Ann. Phys. (Lpz), vol. 2, pp. 236-262; 
November 11, 1958.) The results of suscepti-
bility measurements in the temperature range 
90°-1100°K are discussed. 

538.22:538.569.4 3791 
Antiferromagnetic Resonance in MnF2--

F. M. Johnson and A. H. Nethercot, Jr. (Phys. 
Rev., vol. 114, pp. 705-716; May 1, 1959.) 
Report and discussion of the results of measure-
ments in the frequency range 96-247.2 kmc 
from 4.2° to 64°K. 

538.22: 538.569.4: 549.517.13 3792 
Polarization of the A127 Nuclei in Ruby— 

J. A. Cowen, W. R. Schafer and R. D. Spence. 
(Phys. Rev. Led., vol. 3, pp. 13-14; July 1, 
1959.) Either enhanced absorption or strong 
emission is observed in components of the Al 
nuclear resonance by driving a microwave 
transition of the Cr impurity. Results can be ex-
plained in terms of a dynamic polarization 
process. 

538.22:538.569.4:549.517.13 3793 
Ruby as a Maser Material—C. Kikuchi, 

J. Lambe, G. Makhov, and R. W. Terhune. (J. 
App!. Phys., vol. 30, pp. 1061-1067; July, 
1959.) "The reasons for the initial choice of 
ruby as a maser material are outlined and 
some measurements of the parameters in the 
spin Hamiltonian and of spin relaxation times 
are reported. The relative merits of single- and 
double-pump modes of operation of a four. 
level maser are discussed and measurements of 
the oscillator power for the two cases are in-
cluded." 

538.221 3794 
The Influence of Carbon Inclusions on the 

Mobility of Bloch Walls—B. Rothenstein and 
J. Hrianca. (Naturwiss., vol. 45, pp. 359-360; 
August, 1958.) Tests on iron wire show that 
Bloch-wall mobility increases with a reduction 
of carbon in solid solution. 

538.221 3795 
The Influence of Temperature on the Law of 

Distribution of Ferromagnetic Domains from 
the Point of View of Coercive Force—B. Roth-
enstein and J. Hrianca. (Nadu-miss., vol. 45, 
pp. 507-508; November, 1958.) Results of 
measurements on high-purity Ni specimens are 
discussed. 

538.221 3796 
Measurement of the Noise from Cyclic 

Remagnetization of Ferromagnetic Substances 
at Low Temperatures—N. N. Kolachevskil. 
(Zh. Eksp. Teor. Fiz., vol. 36, pp. 401-403; 
February, 1959.) An investigation in the tem-
perature range 2 to 300°K revealed no de-
pendence of noise on temperature. 

538.221 3797 
Magnetic Annealing in Perminvar: Part 1 

— Structural Origin—R. D. Heidenreich, E. A. 
Nesbitt and R. D. Burbank. (J. Ape Phys., 
vol. 30, pp. 995-1000; July, 1959.) A structural 
model is presented, based on an interpretation 
of electron-diffraction results, magnetic proper-
ties and oxygen content. 

538.221 3798 
Magnetic Annealing in Perminvar: Part 2 

— Magnetic Properties—E. A. Nesbitt and 
R. D. Heidenreich. (J. Ape Phys., vol. 30, 
pp. 1000-1003; July, 1959.) Faults form as a 
result of heat treatment in the temperature 
range at which magnetic annealing is effective. 
This is attributed to small amounts of oxygen 
as an impurity. 

538.2i1: 537.311.33 3799 
Magnetic Properties of the System Ni( ,) 

Li., 0 between 80 and 300°K—N. Perakle, 
J. Wucher and G. Parravano. (Compl. rend. 
Acad. Sci., Paris, vol. 248, pp. 2306-2308; 
April 20, 1959.) Experimental results for 
x=0.2 and x=0.3 are discussed. 

538.221:537.533.7 3800 
Electron Mirror Microscopy of Magnetic 

Stray Fields on Grain Boundaries—L. Mayer. 
(J. App!. Phys., vol. 30, pp. 1101-1104; July, 
1959.) 

538.221:537.533.73 3801 
Magnetic and Crystallographic Analysis by 

Electron Diffraction—S. Yamaguchi. (Nuovo 
Cim., vol. 12, pp. 286-289; May 1, 1959. In 
English.) The diffraction patterns of a ferro-
magnetic specimen and of gold are superposed 
by a double-exposure technique and the dif-
fraction-ring eccentricity is measured, from 
which the magnetization may be calculated. 

538.221:538.569.4 3802 
Magnetic Resonance of Polycrystalline 

Cobalt at 3,500 Mcis as a Function of Temper-
ature—G. Asch. (Comp!. rend. Acad. Sc., 
Paris, vol. 248, pp. 781-784; February 9, 1959.) 
The resonance field is a maximum and the 
line width a minimum at 260°C. At this tem-
perature the anisotropy energy is a minimum. 

538.221:538.632 3803 
Crystal Anisotropy and Magnetostriction 

with the Hall Effect in Ferromagnetic Ma-
terials—W. Jellinghaus and M. P. de Andrés. 
(Naiurwiss., vol. 45, p. 508; November, 1958.) 
Hall-effect measurements on 3.3 per cent-Si 
laminations indicate the anisotropy of carrier 
mobility in ferromagnetic crystals. The effect 
of elastic tension in the direction of current 
flow on the magnitude of the magnetization-
dependent Hall effect is investigated for four 
different materials. 

538.221:539.23 3804 
The Magnetic Properties of Electrolytically 

Produced Thin Nickel Films—W. Ruske. (Ann. 
Phys., (Lpz.), vol. 2, pp. 274-286; November 
11, 1958.) Hysteresis loops were obtained for 
the thickness range 20-20.000A to determine 
the dependence of magnetic properties on film 
thickness and structure, and on treatment. 

538.221:539.23 3805 
The Temperature Dependence of the Elec-

trical Resistance of Nickel-Copper and Nickel-
Chromium Alloys and of Thin Nickel and 
Palladium Vapour-Deposited Films, the Ferro-
magnetic Resistance Anomaly and the Curie 
Temperature—H. J. Bauer. (Z. Phys., vol. 153, 
pp. 484-507; December 22, 1958.) 

538.221:621.318.124 3806 
On the Variation of Magnetization of Ifni-

axial Substances as a Function of the Field; 
Application to 6Fe203.BaO—V. S. Giron and 
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R. Pauthenet. (Compt. rend. Acad. Sci., 
Paris, vol. 248, pp. 943-946; February 16, 
1959.) A graphical method is described for 
determining magnetization curves for all 
values of field. 

538.221 : 621.318.124: 537.226 3807 
Anisotropy of the Dielectric Properties of 

Oriented Barium Ferrite—J. Rupprecht and 
C. Heck. (Naturwiss., vol. 45, p. 511; Novem-
ber, 1958.) Preliminary report on measure-
ments of dielectric constant and loss factor as 
a function of frequency in the range 60 kc- 30 
mc. 

538.221:621.318.134 3808 
Effect of a Small Proportion of Cobalt on 

the Magnetic Dispersion of Nickel-Zinc Fer-
rites— A. Marais. (Comp!. rend. Acad. Sci., 
Paris, vol. 248, pp. 2303-2305; April 20, 
1959.) 

538.221:621.318.134 3809 
Geometrical Anisotropy of Magnetic Ma-

terials in Waveguides and Cavities—L. A. 
Steinert. (J. A ppl. Phys., vol. 30, p. 1109; 
July, 1959.) A general derivation for the effec-
tive susceptibilities of ellipsoidal isotropic fer-
rite samples in uniform magnetic fields. 

538.221 : 621.318.134: 538.569.4 3810 
Ferrite Line Width Measurements in a 

Cross-Guide Coupler—D. C. Stinson. ( 1 RE 
TRANS. ON M ICROWAVE THEORY AND TECH-
NIQUES, vol. MTT-6, pp. 446-450; October, 
1958. Abstract, PROC. IRE, vol. 47, p. 113: 

January, 1959.) 

538.221 : 621.318.134: 538.569.4 3811 
Effects of Rare-Earth Impurities on Ferri-

magnetic Resonance in Yttrium Iron Garnet— 
J. F. Dillon, Jr., and J. W. Nielsen. (Phys. 
Rev. Leu., vol. 3, pp. 30-31; July 1, 1959.) 
Experimental data are given for several rare-
earth-doped crystals. 

538.221 : 621.318.134: 538.569.4 3812 
Low-Temperature Line-Width Maximum 

in Yttrium Iron Garnet—E. G. Spencer, R. C. 
LeCraw and A. M. Clogston. (Phys. Rev. Lett., 
vol. 3, pp. 32-33; July 1, 1959.) 

538.221 : 621.318.134: 538.569.4 3813 
Identification of the Magnetostatic Modes 

of Ferrimagnetic Resonant Spheres—P. 
Fletcher, I. II. Solt, Jr., and R. Bell. (Phys. 
Rev., vol. 114, pp. 739-745; May 1, 1959.) A 
detailed comparison between the magneto-
-tatic theory and experimental observation. 

538.221:621.318.134: 538.569.4.08 3814 
Direct Measurement of the Width of the 

Resonance Curves of Ferromagnetic Materials 
—R. Vautier and A. J. Berteaud. (come. rend. 
Acad. Sei., Paris., vol. 248, pp. 1957-1959; 
April 1, 1959.) A simple method is described 
for determining AH from cavity measurements 
without plotting the complete absorption/ 
field-strength curve. Its application to Y-Fe 
garnet is noted. 

538.221:621.318.134:621.317.3 3815 
Investigation of the Properties of Ferrites 

at Radio Frequencies—I. Teodorescu. (Tele-
communicatii, vol. 2, pp. 108-113; May/June, 
1958.) An experimental method for measure-
ments in very weak RF fields is described. 
Certain phenomena not observed by other 
methods are noted. 

538.569.4: 534.133-8 3816 
Effects of 9.2-kMc/s Ultrasonics on Elec-

tron Spin Resonances in Quartz—E. H. 
Jacobsen, N. S. Shiren and E. B. Tucker. 
(Phys. Rev. Leu., vol. 3, pp. 81-83; July 15, 
1959.) The electron-spin-resonance signal isob-
served as a function of the power and fre-

quency of the ultrasonic vibrations and of the 
spectrometer power. 

538.569.4:534.14-8 3817 
Excitation of Hypersonic Waves by Ferro-

magnetic Resonance—H. Bommel and K. 
Dransfeld. (Phys. Rev. Lett., vol. 3, pp. 83-84; 
July 15, 1959.) The experimental arrangement 
for observing waves emitted from a Ni film de-
posited on a quartz surface is described. The 
excitation mechanism in this and other cases is 
considered. 

621.315.616 3818 
Investigation of the Temperature Depend-

ence of Dielectric Losses and Permittivity of 
Polymers in the Centimetre Range (X = 3.3 - 10 
cm) : Parts 1 and 2—G. P. Mikhailov and A. M. 
Lobanov. (Zh. Tekh. Fiz.., vol. 28, pp. 267-278; 
February, 1959.) Report of measurements 
made in the temperature range - 100° to 
+200°C using a short-circuited waveguide 
with the sample located at the short circuit. 

MEASUREMENTS AND TEST GEAR 

621.317.337: 621.372.413 3819 
Microwave Q Measurements in the Pres-

ence of Coupling Losses—E. L. Ginzton. ( IRE 
TRANS. ON M ICROWAVE THEORY AND TECH-
NIQUES, vol. MTT-6, pp. 383-389; October, 
1938. Abstract, PROC. IRE, vol. 47, pp. 112-
113; January, 1959.) 

621.317.34:621.372.21 3820 
Measuring the Capacitance per Unit Length 

of Two Infinite Cones of Arbitrary Cross Section 
—J. D. Dyson. (IRE TRANS. ON ANTENNAS 
AND PROPAGATION, vol. AP-7, pp. 102-103; 
January, 1959. Abstract, PROC. IRE, vol. 47, 
p. 611; April, 1959.) 

621.317.34: 621.372.832.43 3821 
A Method for Measuribg the Directivity of 

Directional Couplers—G. E. Schafer and R. W. 
Beatty. (IRE TRANS. ON M ICROWAVE THEORY 
AND PROPAGATION, vol. MTT-6, pp. 419-422; 
October, 1958. Abstract, PROC. IRE, vol. 47, 
p. 113; January, 1959.) 

621.317.34:621.372.852.4 3822 
Equipment for the Investigation of Polari-

zation Properties of Transmission Elements 
in the 4-Gc/s Region— Baur. (See 3564.) 

621.317.4: 538.7: 538.569.4 3823 
Measurement of the Terrestrial Magnetic 

Field by means of a Nuclear-Resonance Maser 
—H. Benoit and J. Hennequin. (Comp. rend. 
Acad. Sci., Paris, vol. 248, pp. 1991-1993; 
April 1, 1959.) Experiments on the measure-
ment of a field modified by an electromagnet 
are described and show that the weak-field 
maser (2548 of August, Benoit et al.) may be 
useful for measuring the geomagnetic field. 

621.317.42: 538.569.4 3824 
High-Precision Measurement of the Aver-

age Value of a Magnetic Field over an Ex-
tended Path in Space—C. Sherman. (Rev. 
Sci. Instr., vol. 30, pp. 568-575; July, 1959.) A 
nuclear-magnetic-resonance technique is used 
to measure the change in excitation of nuclei 
contained in a liquid flowing through the space 
under investigation. 

621.317.729.1 3825 
Anisotropic Field Plotting in the Electrolytic 

Tank—D. A. Jones. (Rev. Sci. Instr., vol. 30, 
pp. 577-578; July, 1959.) Anisotropic field 
problems are simulated in an electrolytic tank 
by varying the resistance to motion of the 
electrolyte along two axes. 

621.317.75:681.142 3826 
Statistical Analysis of Noise-Signal Ampli-

tudes—D. Hoffman and E. Schutzman. (Elec-

ironies, vol. 32, pp. 48-49; July 24, 1959.) A 
system is described which provides digital 
data from which the amplitude probability dis-
tribution and the probability density functions 
can be plotted. 

621.317.755 3827 
The Use of Pre-pulse Techniques in High-

Speed Oscillography—F. E. Whiteway. (J. 
Bra. IRE, vol. 19, pp. 439-449; July, 1959.) 
The frequency range of conventional oscillo-
scopes and associated amplifiers can be ex-
tended by switching into a high-current oper-
ating condition for a very short part of the 
duty cycle. Pre-pulse time bases and genera-
tors are discussed and a four-valve amplifier 
with 140-mc bandwidth and a gain of 360 is 
described. 

621.317.755 3828 
Sample Method displays Millimicrosecond 

Pulses—W. E. Bushor. (Electronics, vol. 32, 
pp. 69-71; July 31, 1959.) Circuit details of an 
oscilloscope capable of displaying pulses of rise 
time 0.4 MIAS. The sensitivity achieved is 
better than 3 mv/cm. 

621.317.78.029.62 3829 
Measurement of Pulsed Powers at Metre 

Wavelengths --- A. Dumont and H. d'lloop. 
(Rev. BF, Brussels, vol. 4, No. 5, pp. 119-123; 
1959.) A description of a direct-reading transis-
torized peak voltmeter for the measurement 
of incident and reflected power. The instrument 
is calibrated from a calorimetric measure of the 
HF pulse power developed in an oil-cooled 
load. 

631.317.794 3830 
Microwave Power Detectors—R. Stata. 

(Electronics, vol. 32, p..59; July 17, 1959.) Two 
tables summarize the basic characteristics of 
crystal rectifiers, barretters, and thermistors 
for the detection or measurementof microwave 
power. 

621.317.794 3831 
Designing a Power Density Meter—A. 

Borck. (Electronics, vol. 32, pp. 66-69; July 17, 
1959.) Discussion of dipole and horn probes, 
attenuators and detectors for measurements in 
the near-field zone of high-power microwave 
transmitting antennas. 

OTHER APPLICATIONS OF RADIO 
AND ELECTRONICS 

537.533.35(091) 3832 
Electron Microscopy—E. Ruska. (VDI Z., 

vol. 101, pp. 1106-1109; August 11, 1959.) A 
review covering developments since 1957. 56 
references. See also 1512 of 1958. 

537.54:629.1.03 3833 
Plasma Engine Verifies Theory—(Elec-

ironies, vol. 32, pp. 86-89; July 31, 1959.) A 
machine has been constructed consisting of two 
electrodes, one opened into a nozzle, and based 
on the magnetic acceleration of a plasma or 
pinch-effect principle to obtain thrust. The 
performance of such a machine in a space 
vehicle is discussed. 

616:621.3.083.7:621.314.7 3834 
The Ingestible Intestinal Transmitter for 

Signalling pH Values—M. von Ardenne and 
H. B. Sprung. (Naturwiss., vol. 45, pp. 564-565; 
December, 1958.) The transmitter, which is 
28 mm long and 8 mm in diameter, operates at 
1.9 mc; this frequency increases linearly with 
pH value with a maximum rise of 13 kc corre-
sponding to 8.5 pH units. See also 1327 of 
April. 

621.384.61 3835 
Cyclic Motion of Charged Particles in an 

Electric Field—A. A. Kolomenskii and Fan 
Shou-syan'. (Zh. Eksp. Teor. Fiz., vol. 36, pp. 
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271-276; January, 1959.) A mathematical 
treatment of particle trajectories in a system 
of strong- or weak-focusing lenses. Resonance 
acceleration of the particles and their phase 
stability are considered. The effect of em radi-
ation on the motion of electrons is examined. 

621.384.622.2 3836 
The Multifactor Effect in a Linear Electron 

Accelerator—V. J. Vanhuyse, J. L. Veshaeghe 
and J. Turf. (Nuovo Cim., vol. 10, pp. 721-727; 
November 16, 1958. In English.) More de-
tailed treatment of the effect reported earlier 
(1329 of April. Vanhuyse). 

621.384.612 3837 
On the Maximal Energy and Intensity of 

the Electrons Accelerated by the Microtron— 
F. Porreca. (Nlioro Cim., vol. 11, pp. 283-286; 
January 16, 1959. In English.) 

621.385.833 3838 
Spherical Aberration in Weakly Convergent 

Magnetic Lenses—P. Durandeau, B. Fagot 
and C. Fert. (Corn pl. rend. Acad. Sci., Paris, 
vol. 248, pp. 946-949; February 16, 1959.) The 
coefficient of spherical aberration is given for a 
series of thin magnetic lenses both symmetrical 
and asymmetrical. 

629.19.053:621.375.4 3839 
Guidance Systems in Manned Space 

Flight—S. T. Cap and N. P. White. (Electron-
ics., vol. 32, pp. 49-51; August 14, 1959.) A 
description of a complete inertial guidance sys-
tem is given, with details of the transistorized 
amplifiers in the integrating circuits. Ten 
Si transistors are used to give a gain of 250000. 
Error in computation due to the amplifier is 
less than 0.01 per cent. Negative feedback is 
applied over each stage. 

PROPAGATION OF WAVES 

621.396.11 3840 
On Statistic Theory of Radio Wave Propa-

gation over an Ideally Conducting Plane— 
E. A. Kaner and F. G Bass. (Dokl. Akad. Nauk. 
SSSR, vol. 27, pp. 792-795; August 1, 1959.) 
Computation of statistical characteristics of 
the em field propagating in a medium with 
small random fluctuations of permittivity over 
an ideally conducting half space, the medium 
above the dividing surface being statistically 
uniform. 

621.396.11 3841 
Propagation of Radio Waves along an 

Inhomogeneous Surface—E. L. Feinberg. 
(Nuovo Cim., vol. 11, suppl. 1, pp. 60-91; 
1959. In English.) From a study of classical 
theory a fundamental integral equation for a 
field at the earth's surface is derived. The equa-
tion is used as a basis for the development of 
formulas relevant to propagation over a flat or 
a spherical earth with homogeneous or inhomo-
geneous surfaces. Results for inhomogeneous 
paths are compared with those obtained by 
semi-empirical methods. An application of the 
theory was described by Boudouris (236 of 
1958.) 

621.396.11 3842 
Propagation of a Ground-Wave Pulse 

around a Finitely Conducting Spherical Earth 
from a Damped Sinuisoidal Source Current- - 
J. R. Jollier and L. C. Walters. (IRE TRANS. 
ON ANTENNAS AND PROPAGATION, vol. AP-7, 
pp. 1-10; January, 1959. Abstract, PROC. IRE, 
vol. 47, pp. 609-.610; April, 1959.) 

621.396.11 3843 
Back-Scattering Measurements with a 

Space-Separation Method—H. J. Schmitt. 
(IRE TRANS. ON ANTENNAS AND PROPAGA-
TION, vol. AP-7, pp. 15-22; January, 1959. 
Abstract, PROC. IRE, vol. 47, p. 610; April, 
1959.) 

621.396.11 3844 
Scattering of a Surface Wave by a Dis-

continuity in Reactance—A. F. Kay. (IRE 
TRANS. ON ANTENNAS AND PROPAGATION, 
vol. AP-7, pp. 22-31; January, 1959. Abstract, 
PROC. IRE, vol. 47, p. 610; April, 1959.) 

621.396.11:550.389.2:629.19 3845 
Refraction of Very-High-Frequency Radio 

Signals at Ionospheric Heights—Weisbrod 
and Colin. (See 3698.) 

621.396.11:551.510.52 3846 
Theoretical Research on Tropospheric 

Scatter Propagation in the United States, 
1954-1957—H. Staras and A. D. Wheelon, 
(IRE TRANS. ON ANTENNAS AND PROPAGATION. 
vol. AP-7, pp. 80-87; January, 1959. Abstract, 
PROC. IRE, vol. 47, P. 610; April, 1959.) 

621.396.11:551.510.535 3847 
Nonlinear Interaction of Radio Waves 

Propagating in a Plasma—V. L. Ginzburg. (Zh. 
Eksp. Teor. Fit., vol. 35, pp. 1573-1575; De-
cember, 1958.) Mathematical note on non-
linear effects in the interaction of radio waves 
in the ionosphere: a) the usual "quadratic" 
effect, giving rise to combination frequencies 
co'± 2w, where co' is the frequency of a weak 
signal propagated in a medium which is per-
turbed by a strong wave at frequency co; b) 
effects similar to those occurring in the scatter-
ing of transverse waves on plasma waves in an 
isotropic medium (see e.g. 3047 of 1958, 
Akhiezer et al.), which give rise to combination 
frequencies co' ± co. 

621.396.11:551.510.535 3848 
New Geometrical Properties and their Use-

fulness for Ionospheric Radio Propagation— 
K. Toman. (PROC. IRE, vol. 47, pp. 1381-
1382; August, 1959.) The geometrical proper-
ties dealt with concrrn the intercept which a 
straight line passing through a fixed point P 
makes between two concentric circles. If ab-
sorption of a signal reaching the earth from a 
satellite is proportional to the length of this 
intercept, the thickness of the absorbing layer 
can then be calculated. Other consequences of 
the geometry are discussed. 

621.396.11 : 551.510.535: 550.38 3849 
The Geometry of the Earth's Magnetic 

Field at Ionospheric Heights—G. H. Millman. 
(J. Geophys. Res., vol. 64, pp. 717-726; July, 
1959.) Assuming the earth's magnetic field to 
be approximated by a centred magnetic 
dipole, the technique of matrix-coordinate 
transformations is used to develop a method for 
determining the angle between the earth's mag-
netic field and the direction of propagation of 
a radio wave for any geographic location and 
azimuth and elevation angle of transmission. 

621.396.11.029.62 3850 
Particularities of Ultra-Short-Wave Propa-

gation in Towns—G. Ionescu. (Telecomunicatii, 
vol. 2, pp. 128-137; May/June, 1958.) Note of 
measurements made in Bucharest to determine 
field-strength contours at frequencies of 50, 70 
and 100 mc. The minimum transmitter power 
for television or FM coverage is calculated with 
reference to the mean noise level 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.376.3/.4 3851 
Power in an Angle- Modulated Wave— 

W. C. Vaughan. (Electronic Radio Eng., vol. 36, 
pp. 289-291; August, 1959.) Two mathematical 
proofs are given which confirm that a negligible 
amount of power is required to modulate the 
angle of a sinusoidal carrier by a sinusoidal 
signal. 

621.391 3852 
The Fundamental Theorems of Informa-

tion Theory Particularly in Telecommunica-
tions—H. Wolter. (Arch. elekt. Übertragung, 
vol. 12, pp. 335-345; August, 1958.) An am-
biguity in the proof of Shannon's sampling 
theorem and the contradictions involved in the 
assumption of sharp frequency limits are dis-
cussed. An equation is derived for determining 
the time function at the input of a communica-
tion channel of given bandwidth from the time 
function measured at the output. Electronic 
computer circuits are described which solve 
this equation automatically and can therefore 
effectively expand the channel bandwidth to 
any desired value. 

621.391 3853 
A Physical Interpretation of Shannon's 

Ambiguity—J. Loeb. (Ann. Télécommun., vol. 
13, pp. 78-82; March/April, 1958.) The 
Shannon "ambiguity" (1361 of 1949) is inter-
preted, for the case of Gaussian noise super-
posed on an AM signal, by a transitional prob-
abilities matrix ("grille"). This method can 
also be applied to problems involving non-
Gaussian noise or nonlinear circuit elements. 

621.391:534.75 3854 
Definitions of d' and n as Psychophysical 

Measures—W. P. Tanner, Jr.. and T. G. 
Birdsall. (J. Acoust. Soc. Amer., vol. 30, pp. 
922-928; October, 1958.) The theory of signal 
detectability is reviewed to clarify the defini-
tions of d' and n. The efficiency n is defined as 
the ratio of the energy required by an ideal 
receiver to the energy required by a receiver 
under study when the performance of the two 
is the same. The measure d' is that value of 
(2E/N0)' necessary for the ideal receiver to 
match the performance of the receiver under 
study, where E is the energy of the signal and 
No the noise power per unit bandwidth. The 
measure is extended to include the recogniza-
bility of two signals. Every set of signals is de-
scribed by a Euclidean space in which dis-
tances are the square roots of the energy of the 
difference signal. 

621.391:621.376.56 3855 
Speech Transmission with Quantization in 

Few Stages—K. Küpfmüller and W. Andrich. 
(Nachrichtentech. Z., vol. 11, pp. 389-392; 
August, 1958.) The optimum number and value 
of threshold levels on which quantization is 
based is determined experimentally. Four 
threshold levels are adequate for useful intelligi-
bility. 

621.395.741:621.3.018.78 3856 
A Contribution to the Law of Addition of 

Distortion Voltages in Long-Distance Com-
munication Systems with Amplitude Modula-
tion—H. Zuhrt. (Nachrichtentech. Z., vol. II. 
pp. 424-428; August, 1958.) A numerical 
method of solving the formula derived by 
Steinbuch and Marko (2421 of 1955) is given; 
results obtained are better than those of the 
graphical method especially for systems with 
many repeaters. 

621.396.5:534.76:621.396.82 3857 
F.M. Multiplex Spectra and Interference— 

L. B. Arguimbau. (PRoc. IRE, vol. 47, pp. 
1372-1373; August, 1959.) Experiment shows 
that the theoretical widening of the trans-
mitted spectrum brought about by the use of a 
subcarrier for stereophony has little effect on 
adjacent or alternate-channel interference. 

621.396.65:621.396.812.3 3858 
Statistics of the Fading-Dependent Noise 

Power for Wide-Band Radio Links with Many 
Sections—W. Hormuth. (Arch. elekt. Übertra-
gung, vol. 12, pp. 346-356; August, 1958.) The 
C.C.I.R. reference circuit for wide-band radio 
links is considered and assumed to be divided 
into 45 sections of 55.6 km. Other assumptions 
include continental propagation conditions and 
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FM operation in the range 1-8 kmc. The re-
ceived noise power is calculated for Rayleigh 
distribution of fading over the whole or part 
of the path, the rest of the sections being 
affected by fading of Gaussian distribution. A 
fading margin of 5 db per section is considered 
adequate. Theoretical results are compared 
with practical observations. 

621.396.932 3859 
Mobile Maritime Service—R. Gea Sacasa. 

(Rev. Telecommun. ( Madrid), vol. 13, pp. 
19-23; March, 1959.) Signal strength measure-
ments at Cadiz of ship's transmissions at 
4, 6, 8, 12 and 16 mc along the route Centa 
(Spanish Morocco)—Sidon (Lebanon) are 
analyzed with reference to forecasts by the Gea 
method (see e.g. 1339 of April). 

621.396.934:621.398 3860 
Some Notes on Space Communications— 

J. P. Costas. (Paoc. IRE, vol. 47, pp. 1383-
1385; August, 1959.) An analysis of telemetry 
systems is given; it is suggested that parallel 
data transmission (as in frequency-division 
multiplex) will be inferior to serial data trans-
mission in space communication. 

SUBSIDIARY APPARATUS 

621-52(047.1) 3861 
Control Techniques—E. Krochmann. 

(VDIZ., vol. 101, pp. 835-844; July 11, 1959.) 
Annual review covering investigations of con-
trol problems, methods of control, and regulat-
ing equipment. 209 references. 

621.311.6:629.19 3862 
Silicon Solar Batteries as a Source of Elec-

trical Supply in Artificial Earth Satellites— 
V. S. Vavilov, V. M. Malovetskaya, G. N. 
Galkin and A. P. Landsman. (Lisp. Fiz. Nauk, 
vol. 63, pp. 123-129; September, 1957.) Ex-
periments using Si p-n junctions to convert 
solar radiation into electrical energy are de-
scribed. Photoelements having a surface area 
of 5-8 cm: and a thickness of 0.7-1.0 mm were 
used. At sea level with the sun rays incident 
normally, an efficiency of 11 per cent was re-
corded corresponding to 100 w for an area of 
1 mt. With a solar constant of 0.135 w/cm:, a 
Si plate exposed to the sun rays showed a tem-
perature of 324° K. 

621.314.63 3863 
Breakdown of Silicon Power Rectifiers— 

M. A. Weston. (Electronic Radio Eng., vol. 36, 
p. 313; August, 1959.) A description of a type 
of breakdown which can occur when Si junction 
rectifiers are used in series to rectify a high-
frequency hv supply (700 NI, 2400 cps). The 
cause was traced to minority-carrier storage 
effects and methods of overcoming it are de-
scribed. 

621.316.721.078:621.385.3 3864 
Elimination of the Effect of Thermal Delay 

of the Cathode on a Valve with Grid Compen-
sation— Y. Descamps. (Comp!. rend. Acad. 
Sci., Paris, vol. 248, pp. 2076-2078; April 6, 
1959.) The circuit described earlier ( 1369 of 
May, Curie and Descamps) is adapted for the 
compensation of transient fluctuations by 
means of an RC network which delays the 
application of the compensating voltage to the 
grid. 

621.352 3865 
Magnesium-Bismuth Oxide Dry Cells— 

C. K. Morehouse and R. Glicksman. (J. 
Electrochem. Soc., vol. 106, pp. 61-63; January, 
1959.) The cell construction and its perform-
ance characteristics are described. After an 
initial voltage drop, cells have a flat voltage 
discharge curve slightly above I v. 

621.352 3866 
Zinc-Mercuric Dioxysulphate Dry Cell— 

S. Ruben. (J. Electroehem. Soc., vol. 106, pp. 
77-78; February, 1959.) A cell is described 
which has the desirable characteristics of the 
mercuric oxide alkaline cell, the conventional 
construction of the dry cell and a relatively 
flat discharge characteristic at 1.3 y for loads 
within the rated current density. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.5:621.395.625.3 3867 
Video Time-Delay Systems for Inter-

national Television Program Exchange—R. Fl. 
Snyder. (J. Soc. Mot. Pic. Telev. Eng., vol. 68, 
pp. 135-136; March, 1959.) A general discus-
sion of the use of tape recorders for the con-
version of line and frame standards and for 
storing program material, with some details of 
the Ampex video tape recorder. 

621.397.61:621.396.677 3868 
Transmitting Antennas for Television 

Broadcasting in the United Kingdom—Brown 
(See 3571.) 

621.397.61.004.5 3869 
The Monitoring of Television Transmission 

Systems and Omnidirectional Transmitters— 
O. Macek. (Elektrotech. u. Maschinenb., vol. 
76, pp. 321-327; July 1, 1959.) See also 2763 of 
August. 

621.397.621:621.314.7 3870 
Transistorized Horizontal Deflection for 

Television—M. Fischman. (Electronics, vol. 32, 
pp. 60-63; August 14, 1959.) A 90° horizontal 
deflection circuit and high-voltage generator 
using only two transistors and a diode is de-
scribed. 

621.397.621.2 3871 
Improvements in Television Receivers: 

Part 6a—Design Considerations for Stabilized 
Line Output Circuits—D. Hoogmoed, A. Bock-
horst and H. Heyligers. (Electronic Applic., 
vol. 19, pp. 15-24; March, 1959.) An addendum 
to 3124 of September (Dammers el al.) giving 
a simplification of the procedure for plotting 
a combined nomogram and short notes on the 
influence of the beam current and the validity 
of the formula for anode dissipation of the 
line output tube. 

TRANSMISSION 

621.376.3: 621.396.61 3872 
A Frequency Modulator for Broadcasting 

Transmitters utilizing Overall Negative Feed-
back—E. L. C. White. (Proc. IEE (London), 
Part B, vol. 106, pp. 408-416; July, 1959.) 
Existing techniques are reviewed and compared 
with the feedback method. A system using the 
latter method is described in detail. 

621.396.61 3873 
A New Very-Low-Frequency C.W. Trans-

mitter for Ionospheric Investigation—KM2XIX 
—R. M. Golden, R. V. Langmuir, R. S. Mac-
millan and W. V. T. Rusch. (Paoc. IRE, vol. 
47, p. 1381; August, 1959.) An 8-mile section of 
a power transmission line is used as an antenna 
at 4-40 kc. 

TUBES AND THERMIONICS 

621.314.63:546.817.221 3874 
Study of Current/Voltage Characteristics 

of n-p Contacts on Galena—P. V. Khandekar 
and J. N. Das. (Curr. Sci., vol. 26, pp. 386-387; 
December, 1957.) Earlier investigations (2560 
of 1956, Bhide et al.) have been extended using 
an n-type crystal of PbS as a whisker contact 
on p-type material. The observed i/v charac-
teristics, excluding the saturation region in the 
forward direction, are due to the n-p contact, 
and are in close agreement with theory for 
values of contact potential difference < 0;25 v. 

621.314.63:621.373.029.65 3875 
Experiment indicating Generation of Sub-

millimetre Waves by an Avalanching Semicon-
ductor—A. Schleimann-Jensen. (Paoc. IRE, 
vol. 47, pp. 1376-1378; August, 1959.) An em-
bankment of semiconducting material was 
formed on an anode of low-melting-point metal 
by creating a corona discharge between it and 
a needle cathode 1µ distant. Eventually a 
steady current passes between anode and 
cathode, but this is subject to sudden jumps at 
certain voltages. This is believed to be associ-
ated with avalanche breakdown in the semi-
conductor and evidence is given that waves of 
wavelength 100µ are generated. For further 
notes see Ibid., pp. 1378-1379. 

621.314.63:621.396.822 3876 
An Investigation of the Properties of Ger-

manium Mixer Crystals at Low Temperatures 
—L. K. Anderson and A. Hendry. (IRE. 
TRANS. ON M ICROWAVE THEORY AND TECH-
NIQUES, vol. MTT-6, pp. 393-398; October, 
1958. Abstract, PROC. IRE, vol. 47, p. 113; 
January, 1959.) 

621.314.63.029.6 3877 
Recent Developments in Microwave Diodes 

—E. J. Feldman. (Sylvania Tech., vol. II, pp. 
71-75; April, 1958.) Specifications of several 
new crystal diodes are discussed including re-
versible-polarity and wide-band tripolar types. 

621.314.7 3878 
An Investigation of the Dependence of the 

Current Gain of a Plane-Alloy-Junction 
Transistor on Emitter Current and Frequency 
—F. J. Hyde. (Proc. IEE (London), Part B, 
vol. 106, pp. 391-396; July, 1959.) "The com-
plex internal current gain, ad, of a diffusion-type 
germanium transistor has been derived from 
measurements of the external short-circuit cur-
rent gain, a, at frequencies up to 20 Mc/s and 
for emitter currents between 15µA and 3 mA, 
by taking account of the effects of the emitter 
and collector depletion-layer capacitances and 
the ohmic base resistance. The resulting fre-
quency dependence of ad is that expected from 
unidimensional diffusion theory. At low emitter 
currents, the flow of r.f. current in the emitter 
depletion-layer capacitance causes the cut-off 
frequency of a to be less than one-third that of 

621.314.7 3879 
Drift Transistors—J. te Winkel. (Elec-

tronic Radio Eng., vol. 36, pp. 280-288; August, 
1959.) A development of equivalent circuits for 
drift transistors including approximations 
appropriate to limited frequency ranges and 
large values of the drift field. The resulting 
circuits are similar to those for alloy transistors. 

621.314.7 3880 
An Investigation of the Current Gain of a 

Drift Transistor at Frequencies up to 105 Mc/s 
—F. J. Hyde. (Proc. IEE (London), Part B, 
vol. 106, pp. 397-404; July, 1959.) A description 
of measurements of the complex internal short-
circuit current gain of a Type-2N247 plane 
alloy-junction Ge transistor over a range of 
emitter current from 50 µa to 8 ma. The results 
are interpreted in terms of Kroemer's theoreti-
cal treatment based on the existence of a uni-
form drift field across the base. 

621.314.7 3881 
High-Frequency Power Gain of the Drift 

Transistor—F. J. Hyde. (Proc. IEE (London), 
Part B, vol. 106, pp. 405-407; July, 1959.) 
"Approximate expressions are derived for (a) 
the critical frequency above which the ideal 
transistor is unconditionally stable, and (6) the 
resulting maximum available gain, for the com-
mon-emitter configuration. These involve the 
internal cutoff frequency, the low-frequency 
emitter input conductance, the ohmic base 
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resistance and the emitter and collector de-
pletion-layer capacitances." 

621.314.7 : 546.289 3882 
Calculation of the Dependence of the Cur-

rent Amplification Factor on the Emitter Cur-
rent in Germanium Transistors for Injection 
and Extraction at High Temperatures—L. L. 
Makovskii. (Zh. Tekh. Fig., vol. 28, pp. 52-54; 
January, 1958.) A theoretical interpretation 
of experimental results (599 of 1957, Stafeer 
et al.) showing that in Ge transistors the de-
pendence of the current amplification factor on 
the emitter current is different at room tem-
perature and at 90°C. 

621.314.7:621.318.57 3883 
Two-Terminal p-n-p-n Switches—J. M. 

Goldey. (Bell Labs. Rec., vol. 37, pp. 223-226; 
June, 1959.) A note on the preparation of Si 
p-n-p-n transistors and their operation as 
regenerative-t ype switches. 

621.383 : 535.376: 621.375.9 3884 
Lumistors: Amplifiers of the Future—C. F. 

Spitzer. (Electronic Equipm. Engng., vol. 7, pp. 
34-38; February, 1959.) An electroluminescent 
cell and a photoconductor have been combined 
into a device which will operate as an amplifier 
with a power gain of 40 db. Applications are 
suggested. 

621.383.5:621.3.011.4 3885 
Use of Surface-Barrier Photodiodes as 

Fast-Response Photocapacitors—E. Ahlstrom. 
W. G. Matthei and W. W. Gartner. (Rev. Sci. 
Instr., vol. 30, pp. 586-590; July, 1959.) The 
capacitance of a surface-barrier photo-diode 
comprising a gold film on n-type Si is plotted as 
a function of light intensity for different values 
of bias voltage and series resistance. An 
analysis to be published shows that the overall 
time constant may be reduced to millimicro-
seconds and further. Applications to photo-
detection using the parametric-amplifier princi-
ple are noted. 

621.385.029.6 3886 
Paraxial Formulation of the Equations of 

Electrostatic Space-Charge Flow—P. T. Kir-
stein. (J. Appt. Phys., vol. 30, pp. 967-975; 
July, 1959.) Presents detailed analysis for 
beams from a space-charged-limited cathode 
in the form of a cone. The agreement between 
the paraxial theory and the exact theory for 
particular beams is investigated. 

621.385.029.6 3887 
Improving Microwave Tube Efficiency—D. 

Walsh. (Electronics, vol. 32, pp. 70-73; July 17, 
1959.) Electron beams of that elliptical cross-
section required by some microwave tubes are 
produced by passing a beam of circular cross-
section through two successive magnetic lenses. 

621.385.029.6 3888 
Some Characteristics of a Magnetically 

Focused Electron Beam—G. R. Brewer. (J. 
Ape. Phys., vol. 30, pp. 1022-1038; July, 
1959.) Describes an experimental study of the 
detailed behaviour of a solid cylindrical elec-
tron beam focused by a uniform magnetic field. 
A simple model of the beam is used to explain 
certain of the observed characteristics. 

621.385.029.6 3889 
Propagation of Electromagnetic Waves in 

Retarding Systems with a Helix and a Dielec-
tric—B. M. Bulgakov and V. I'. Shestopalov. 
(Zh. Tek!:. Fig.. vol. 28, pp. 188-201; January, 
1958.) Mathematical analysis for an electron 
beam in a helix located in a dialectric medium. 
Possible modifications in the design of this 
structure are discussed. 

621.385.029.6:621.372.413 3890 
General Treatment of Klystron Resonant 

Cavities—K. Fujisawa. (IRE TRANS. ON 
ANTENNAS AND PROPAGATION, 1/01. M TT-6, pp. 
344-358; October, 1958. Abstract, PROC. IRE, 
vol. 47, p. 112: January, 1959.) 

621.385.032.213.13 3891 
Preconversion of Oxide Cathodes—G. A. 

Haas and J. T. Jensen, Jr. (Rev. Sci. Instr., 
vol. 30, pp. 562-563: July, 1959.) Reduction in 
the contamination of thermionic tube com-
ponents and improved cathode emission char-
acteristics are obtained if the oxide cathodes 
are preconverted in a separate envelope and 
then transferred to the final tube as the alkaline 
earth hydroxide. 

621.385.032.213.13 3892 
Dissociation of Solid Sr0 by Impact of Slow 

Electrons—G. E. Moore. (.1. Appt. Phys., vol. 
30, pp. 1086-1100; Pt y, 1939.) Positively and 
negatively charged dissociation products were 
identified using a mass spectrometer method. 

621.385.032.213.6 3893 
High-Current-Density Thermionic Emit-

ters: A Survey—A. II. \V Beck. (Prot. ¡FE 

(London), Part B, vol. 106, pp. 372-388; July, 
1959. Discussion, pp. 389-390.) "The steps 
leading to the development of modern emitters 
are described and the characteristics and 
operation of such emitters are discussed." 

621.385.032.269.1 3894 
Theory of a Space-Charge-Limited-

Crossed-Field Gun—R. H. Bartram and M. C. 
Pease. (Sylvania Tech., vol. 11, pp. 59-65; 
April, 1958.) A theoretical model for a single-
trajectory electron beam is derived and applied 
to the design of a "ramp" gun. The advantages 
of this gun in improving the efficiency and 
tuning range of the backward-wave magnetron 
oscillator are discussed. 

621.385.1 3895 
A Comparative Study of Cylindrical, Ellipti-

cal and Prismatic Forms of Electronic Tubes— 
A. I. Vislinievsky, S. Sampath, and C. S. 
Upadhyay. (J. Indian Inst. Sci., Section B. 
vol. 41, pp. 1-6; January, 1959.) An earlier 
study (3531 of October) is extended to cover 
the elliptical form. For the same electrostatic 
capacitance and for approximately the same 
space-charge-limited current, the prismatic 
form has the best "design parameter" but the 
elliptical form is structurally more stable. 

621.386.1 3896 
Microphonic Effects in Electron Tubes—D. 

Hoogmoed. (Electronic Applic., vol. 19, pp. 23-
44; March, 1959.) The causes, consequences 
and prevention of microphonic effects are dis-
cussed. 

MISCELLANEOUS 

061.4:621.37/.39 3897 
National Radio Show—( Wireless World, 

vol. 65, pp. 371-384; September, 1959.) A 
stand-by-stand report of the exhibition held in 
London. August 26-September 5, 1959. 

061.4:621.37/.39 3898 
The German Radio Show—(Wireless World, 

vol. 65, pp. 403-407; September, 1959.) A sur-
vey of the exhibition held in Frankfurt, August, 
1959. 

621.37/.39(47) 3899 
Soviet Equipment Design—J. M. Carroll. 

(Electronics, vol. 32, pp. 37-39; July 24, 1959.) 
A review of current techniques and practice in 
industrial and domestic equipment. 
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Limiter, Semiconductor Current: Jan 44, Sep 

1653 
Log-Periodic Reflector Feed: Jun 1152 
Logic System Using Magnetic Elements Only: 

Jan 63 
Lorentz Space, Minkowski Model of the: 
Mar 450 

Low Frequencies, Engineering of Communica-
tion Systems for: May 661: Correction: Aug 
1324 

Magnesium Oxide Cold Cathode: Oct 1704 
Magnetic Field Probe: Mar 451 
Magnetic Flowmeter for Recording Cardiac 
Output: Nov 1901 

Magnetic Storage Terms, IRE Standards on: 
Mar 427 

Magnetic Storms, F Region During: Feb 232 
Magnetization Analysis, Thin Film: Jul 1237 
Magnetostrictive Delay Line, Torsional: Jun 

1153 
Manley-Rowe Relations: Oct 1781 
Manned Flight, New Instrumentation Con-

cepts for: Nov 1978 
M-ary Systems, Ideal, Asymptotic Behavior of: 
Jan 93 

Masers: 
Ammonia Beam, Operating Character-

istics of: Dec 2085 
Ammonia, Short-Time Stability of a 

Quartz-Crystal Oscillator as Measured 
with: Oct 1782 
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Amplifier for Radio Astronomy: Jun 1062 
Amplifier, Tunable, with Large Band-

width: Jan 80 
Low-Field X-Band Ruby: Aug 1373 
Low-Frequency, Double Pumping Scheme 

for: Nov 2023 
Three-Level, Spin-Spin Energy Transfer 
and Operation of: Dec 2120 

Tunable L-Band Ruby: May 992 
A UHF Ruby: Apr 590 

Mathieu Functions, Values of: Sep 1658 
Measuring System, Basis of Our: May 636 
Medical Diagnosis, Computers to Aid: Nov 

1968 
Medical Electronics Center: Nov 2008 
Medical Electronics, The Origin of the Profes-

sional Group on: Nov 1993 
Medical Ultrasonics, Introduction: Nov 1957 
Medicine and Biology, Scanning Microscopy 

in: Nov 1889 
Metric System, AGE' Committee for the Study 

of the Apr 584 
Microelectrodes, Comments on: Nov 1856 
Microelectronics Program, DOFL, The: May 

882 
Microminiaturization. Micro- Module Approach 

to: May 894 
Micro-Module Approach to M icrominiaturiza-
t ion: May 894 

Microscopy, Scanning. in Medicine and Bi-
ology: Nov 1889 

Microwave Frequencies, Generation of Har-
monics and Subliarmonics with p-n Junction 
Diodes: Oct 1724 

Microwave and Infrared, Band Between: Mar 
381 

Microwave Polarimeter, Instantaneous: Jul 
231 

Military Applications of Infrared Techniques: 
Sep 1611 

Millimicrosecond Microwave Ferrite Modula-
tor: Jan 98 

Minkowski Model of the Lorentz Space: Mar 
450 • 

Missile Tracking Instrumentation, Under-
water: May 970 

Modulator, Millimicrosecond Microwave Fer-
rite: Jan 98 

Monopulse Radar, Effects of Automatic Gain 
Control on: Mar 430 

Monotonicity and Maximally Flat Rational 
Functions: Dec 2116 

Multi-Port Terminology for Networks, History 
of: Oct 1786 

Muscle Under Servo Control, Measurement of 
Mechanical Properties of: Nov 1880 

Naval Ordnance, Electronic Subsystem De-
velopment Problems in: May 929 

Naval Ordnance and Electronics Research: 
May 910 

Navigation System, Radux-Omega, VLF Propa-
gation Measurements for the: May 829 

Navigational System, Self-Contained Air-
borne: May 778 

Near-Zone Power Transmission Formulas: 
Jun 1161 

Negative Feedback a Third of a Century Ago: 
Jul 1275 

Negative-Mass Amplifier: Mar 397 
Nerve Cells in Terms of an Equivalent Net-

work, Functions of: Nov 1862 
Networks: 

Functions of Nerve Cells in Terms of: Nov 
1862 

History of Multi-Port Terminology for: 
Oct 1786 

Ladder Functions, Iterative Method for 
Determining: Oct 1783 

Topological Nonreciprocal Element: Jun 
1148 

Night Airglow: Feb 267 
Noise: 

Crystal, Effects on Zero IF Receiver: Nov 
2018 

Figure for a Traveling-Wave Parametric 
Amplifier: Nov 2024, Dec 2117 

Figures, X-Band Parametric Amplifier: 
Dec 2115 

Impulsive Atmospheric Radio, Average 
Power of: Jan 92 

Radiation Detectors: Sep 1481 
Shot, in Silicon p-n Junction Diodes and 

Transistors: Apr 546 
Noise-Modulated Distance Measuring Sys-

tems: May 821 
Nonlinear Capacitors, Frequency Multiplica-

tion with: Dec 2076 

Nonlinear Reactances, Energy Relations in: 
Dec 2115 

Nonlinear Reactances, Parametric Amplifica-
tion and Conversion in Propagating Circuits 
Using: Dec 2117 

Nonlinear Systems, Transients and Steady-
State Behavior in: Oct 1785 

Nonreciprocal N-Port Junctions, Lossy: Jan 
102 

N-Port, Reciprocal Linear Passive, Stability of: 
Jun 1150 

Nuclear Instrumentation, ASA Sectional Com-
mitte N3 on: Aug 1371 

Numerical Analysis for Design of Electron 
Guns: Jan 87 

O 
Omnirange, CAA Doppler: May 808 
Oscillator, Phase-Locked: Jun 1137 
Oscillator, Quartz Crystal, Short-Time Sta-

bility as Measured with an Ammonia Maser: 
Oct 1782 

Oscillators, Microwave Parametric Subhar-
monic for Digital Computing: Aug 1317 

Parametric Amplifiers: 
Amplification and Conversion in Propa-

gating Circuits Using Nonlinear React-
ances: Nov 2024, Dec 2117 

Degenerate, Phase Considerations in: Oct 
1782 

Diode, Relaxation Phenomena in: Aug 
1375 

Directional Bridge: Apr 583 
Four-Terminal: Jan 81 
using Germanium Diode at 6-kmc: Dec 

2113 
6-kmc, Using Gallium Arsenide Diodes: 
Dec 2114 

Low-Noise: Apr 584, Nov 2023 
Microwave, by Means of Germanium 

Diode: Jan 77 
Noise Figures, X-Band: Dec 2115 
Pumping a Fast Space-Charge Wave: Jan 

79 
Quadrupole: Oct 1713 
as Superregenerative Detectors: Jul 1271 
Surface Wave: Aug 1374 
Traveling-Wave, Noise Figure for: Nov 

2024, Dec 2117 
X-Band: Sep 1664 

Parametric Devices Tested for Phase Distor-
tionless Limiting: Apr 587 

Parametric Energy Conversion in Distributed 
Systems: Jul 1213 

Parametric Method,Phase-Distortionless Limit-
ing by: Mar 447 

Parametric Oscillation, Parametron, Digital 
Computing Element Using: Aug 1304: Cor-
rection: Nov 1840 

Parametric and Pseudo-Parametric Amplifiers: 
Sep 1651 

Parametric Pumping, Traveling-Wave Tube 
Equations Including the Effects of: Nov 2016 

Parametric Subharmonic Oscillators, Micro-
wave, for Digital Computing: Aug 1317 

Parametron, Digital Computing Element Using 
Parametric Oscillation: Aug 1304: Correc-
tion: Nov 1840 

Pattern Detection and Recognition: Oct 1737 
Peak Flyback Voltage in Transistorized TV 

Horizontal Deflection Circuits: Sep 1655 
Permeability Spectra of Yttrium Iron Garnet: 
Jan 98 

Phase-Distortionless Limiting by Parametric 
Method: Mar 447 

Phase-Locked Oscillator: Jun 1137 
Phase Modulation and AM, Combined, for a 
One-Sided Spectrum: Sep 1663 

Phase Relationships in Short-Slot Hybrid 
Couplers: Nov 2017 

Phase Shifters: 
Ferrite, Bandwidth of: Sep 1665 
Ferrite, Employing Longitudinal Magnetic 

Fields: Mar 446 
Ferrite, Radar Scanning With: Mar 453 
Reggia-Spencer: Jun 1130 

Phasemeter, Precision, for Small Angles: Jan 
90 

Photoconductivity, Impurity, in Germanium: 
Sep 1478 

Photoconductors, Film-Type Infrared: Sep 
1471 

Photodetector Parameters: Sep 1503 
Photoelectronic Circuit Applications: Jan 4 
Photoemission, Infrared: Sep 1467 
Photoemissive Image-Forming Systems: Sep 

1604 

Photography, Infrared: Sep 1487 
Photovoltaic Detectors, Indium Antimonide: 
Sep 1524 

Photovoltaic Effect, Measurement of Carrier 
Lifetime by: May 1004 

Picture Storage, Feedback Light-Amplifier 
Panel for: Jan 12 

Poisson, Shannon and the Radio Amateur: 
Dec 2058 

Polarimeter, Instantaneous Microwave: Jul 
1231 

Power Supply. Infrared Detector Silicon Solar 
Cell: Sep 1519 

Preamplifier Tubes, Experimental X-Band, 
with 4.5-db Noise Figure: Nov 2015 

Printed Capacitors, Tantalum: Jun 1070 
Professional Group on Medical Electronics, 
The Origin of: Nov 1993 

Propagation, International Conference on: Jun 
1147 

Propagation. Radio-Wave. System Loss in: 
Sep 1661 

Propagation. Unusual, of Satellite Signals: Nov 
2020 

Pulse Amplification Using Impact Ionization 
in Germanium: Jun 1109 

Pumping a Fast Space-Charge Wave: Jan 79 
Pupil Servomechanism. I I uman, Stability, 

Oscillations and Noise in: Nov 1925 

Quadrupole parametric Amplifier: Oct 1713 

Radar: 
Auroral Research: Feb 320 
Coherent Oscillators, Frequency Stability 

Requirements on: May 101 
Incoherent Scattering: Apr 590 
Monopulse, Effects of Automatic Gain 

Control on: Mar 430 
Range Performance of CW. Pulse, and 

Pulse Doppler: Oct 1753 
Scanning with Ferrite Phase Shifters: 
Mar 453 

Tracking Systems. Scintillation Noise in: 
May 855 

Radiansphere Around a Small Antenna: Aug 
1325 

Radiation Detectors, Noise in: Sep 1481 
Radiation Measurements at Radio Frequen-

cies: May 705 
Radiation, Suppression of Undesired, Direc-

tional HF Antennas: Apr 589 
Radio Amateur, Poisson. Shannon and: Dec 

2058 
Radio Astronomy, Considerations in High-

Sensitivity Radiometry, Correction: Dec 
2105 

Radio Astronomy, Maser Amplifier for: Jun 
1062 

Radio Observations of Jupiter: Jan 82 
Radio Traffic Frequency Prediction Tech-

niques: May 681 
Radiometeorological Research, Airborne: May 

756 
Radiometer Circuits: Jun 1154 
Radiometers, High-Sensitivity Microwave, 

Considerations in, Correction: Dec 2105 
Radiotelegraph Transmitters. Methods for 

Testing: Jan 57 
Radux-Omega Navigation System, VLF Prop-

agation Measurements for the: May 829 
Rational Functions, Monotonicity and Maxi-

mally Flat: Dec 2116 
Reactances, Nonlinear, Energy Relations in: 
Dec 2115 

Reactatron Low-Noise Semiconductor Diode 
Microwave Amplifier: Jan 42 

Reactances, Nonlinear, Parametric Amplifica-
tion and Conversion in Propagating Circuits 
Using: Dec 2117 

Receiver, Zero IF, Crystal Noise Effects on: 
Nov 2016 

Receivers with Zero Intermediate Frequency: 
Feb 335 

Reflectometer, Rotating Loop: Apr 585 
Reflector Feed, Log-Periodic: Jun 1152 
Refractive Index, Atmospheric, Models of the: 
May 740 

Relativity and Space Travel: Jun 1053 
Relativity and Space Travel, Discussion of: 
Oct 1778 

Reliability Design, Piecewise Approximations 
in: Jul 1226 

Reliability, Numerical Approach to: May 946 
Resolvers, Use of: Jun 1146 
Resonators, Coaxial, with Helical Inner Con-

ductor: Dec 2099 
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Riometer for Measurement of Ionospheric 
Absorption: Feb 315 

Rocket Observations of the Ionosphere: Feb 
272: Correction: Apr 567 

Root Locus with Complex Coefficient Poly-
nomials: Mar 445 

Sampling Theorems, Discussion of: Jul 1219 
Sanitary Engineering, The Impact of Elec-

tronics on: May 986 
Satellites: 

Antennas Using Spherical Arrays, Limita-
tions of: Jan 74 

Auroral Ionosphere Study Using: Sep 1660 
Communication: Nov 2019 
Correction to Doppler Measurements of 

Distances to: Nov 2023 
Determination of Orbit: Jan 75, Sep 1658 
Doppler Measurements: Jan 75 
Ionization, Radio Reflections from: Jun 

1156 
Observations of the Inosphere: Feb 280 
Orbits, Determination from Radio Track-

ing Data, Determination of: May 851 
Recordings of Transmissions from 1958 

Delta 2: May 991 
Signals, Unusual Propagation of: Nov 2020 
Sputnik III Signal Strength Recordings: 

Jan 78 
Transistor Life in: Nlay 991 
Transoceanic Communication by: Mar 372 

Scanning Microscopy in Medicine and Bi-
ology: Nov 1889 

Scanning System for Infrared Imaging: Dec 
2069 

Scattering of Radar Waves, Incoherent: Apr 
590 

Scattering, Stratospheric, 220-mc Reception at 
700-1000 Miles: Jan 86 

Scatter System, Tropospheric, Using Angle 
Diversity: May 688 

Scintillation Measurements, Antenna Switch 
for: Jun 1159 

Semiconductor Current Limiter: Jan 44, Sep 
1653 

Semiconductor Diode Microwave Amplifier, 
Reactatron Low-Noise: Jan 42 

Servo Control, Muscle Under, Measurement 
of Mechanical Properties of: Nov 1880 

Servomechanism, Human Pupil, Stability, 
Oscillations and Noise in: Nov 1925 

Servomechanisms Design Considerations for 
Infrared Tracking Systems: Sep 1577 

Shannon, Poisson and the Radio Amateur: 
Dec 2058 

Shot Noise in Silicon p-n Junction Diodes and 
Transistor: Apr 546 

Silicon p-n Junction Diodes and Transistors, 
Shot Noise in: Apr 546 

Simulate Bimolecular Reactions, Analog Com-
puter to: Nov 1816 

Simulation of Aircraft, Pulsed Analog Com-
puter for: May 847 

Simulation of Infrared Systems: Sep 1586 
Single Sideband versus Double Sideband. Spec-
trum Efficiency of: Dec 2058 

Slot Hybrid junction, Output of: Jun 1156 
Solar Cell Power Supply, Infrared Detector 

Silicon: Sep 1519 
Solar Flares, Radiation upon the Earth from: 
Feb 209 

Sonar Detection, Theory of: May 872 
Sound Transducers, Underwater: May 866 
Sound Waves and Electromagnetic Waves, 

Related Experiments with: Jul 1192 
Space-Charge Capacitance of a p-n Junction: 
Apr 591 

Space-Charge Wave, a Fast, Pumping: Jan 79 
Space Communications: Aug 1383 
Space Communications, Minimum Transmitter 
Weight for: Jun 1151 

Space, IRE Enters: Jun 1048 
Space Travel, Relativity and: Jun 1053 
Spectroscopy, Alternating Current, of Biologi-

cal Substances: Nov 1839 
Spectrum, Orthonormal, Computer Realiza-

tion of an: May 1003 
Spectrum Utilization, SSB versus DSB: Dec 

2058 
Sporadic E at VHF in the USA: May 762 
Sputnik III, Antipodal Reception of: Jun 1144 
Sputnik III, Signal Strength Recordings of: 
Jan 78 

Sputnik, Third Soviet, Exploration of the Up-
per Atmosphere With: Feb 289 

Sputnik, Third Soviet, Ion-Trap Results in 

Exploration of the Upper Atmosphere with: 
Nov 2023 

Stability of Reciprocal Linear Passive N-Port; 
Tun 1150 

Standards, Frequency, Short-Time Stability 
Measurements on: Jan 101 

Standards, IRE: 
Direction Finder Measurements: Aug 

1349 
Magnetic Storage Terms: Mar 427 
Waveguide and Waveguide Component 

Measurements: Apr 568 
Statistical Data, Equipment for the Analysis 

of: May 956 
Stereo Frequency Response: Apr 582 
Storage, Picture, Feedback Light-Amplifier 

Panel for: Jan 12 
Stored Charge Method of Transistor Base 

Transit Analysis: Apr 523 
Stratospheric Scattering 220-mc Reception at 

700-1000 Miles: Jan 86 
Submarine Communication Antenna Systems: 
May 735 

Submillimeter Waves by an Avalanching Semi-
conductor, Generation of: Aug 1376, 1378 

Superregenerative Detectors, Parametric Am-
plifiers as: Jul 1271 

Superregenerative Reactance Amplifier: Jul 
1269 

Surface Wave Parametric Amplifier: Aug 1374 
Surface Wave Transmission Lines, Measuring 

Impedances on: Jan 76 
Switch, Antenna, for Scintillation Measure-

ments: Jun 1159 
Synchronous Magnetic Recorder and Delayed 

Feedback: Jan 94 

Tantalum Printed Capacitors: Jun 1070 
Telemetering Networks for Flood-Control: 
May 978 

Television II orizont al Deflect ion Circuits, 
Transistorized, Peak Flyback Voltage in: 
Sep 1655 

Temperature Effects on Transistor Stages: 
May 1002 

Thermionic Emission, Conversion of I feat to 
Elect rici t y by: Apr 590 

Thermoelect t ic M icroref ri gera tor, Single-St age: 
Sep 1515 

Thermoelectron Engines, Use of Gas Plasma in: 
Jan 104 

Thin Film Magnetization Analysis: Jul 1237 
Tissues and Biological Matter, Absorption of 

Ultrasound by: Nov 1959 
Tracking Instrumentation, Missile Tracking: 
May 970 

Traffic, Radio-Frequency Prediction Tech-
niques: May 681 

Transconductance as a Transistor Parameter, 
Usefulness of: Jan 83, May 990 

Transducers, Underwater Sound: May 866 
Transfer Function of a Linear Filter: Aug 1383 
Transformer, Very-Wide-Band: May 988 
Transformers, Broad-Band: Aug 1337 
Transhorizon Propagation, Wavelength De-
pendence in: Feb 331 

Transient Response. Approximation of: Apr 
591 

Transient Responses in Delay Lines, Filters. 
and Resonant Circuits: Jan 95 

Transients and Steady-State Behavior in Non-
linear Systems. The Significance of: Oct 1783 

Transistors: 
Alpha Approximation for Junction: Oct 

1784 
Amplifier Stages, Direct Coupled: Apr 591 
Amplifiers. Stabilities of Common Emitter 
and Emitter Follower: Sep 1657 

Analog Computer Measurements on: Jul 
1245 

Avalanche Pulse Circuits: Jun 1102 
Base Transit Analysis, Stored Charge 
Method of: Apr 523 

Current Gain, Measurement for: Jul 1273 
Life in Satellite Applications: May 991 
Noise Figure of Junction: Mar 448 
Shot Noise in Silicon p-n Junction: Apr 

546 
Temperature Effects on Stages: May 1002 
Terminology, Need for Revision of: Jun 

1157 
Transconductance Parameter, Usefulness 

of: Jan 83 
Transconductance Parameter, Usefulness 

of: May 990 
Transmission Formulas, Near-Zone Power: Jun 

1161 

Transmission Line, Exponential, Generaliza-
tion of: Jan 97 

Transmission Lines, Surface Wave, Measuring 
Impedances on: Jan 76 

Transmission Loss at 490 mc, Long-Distance, 
Tropopause Height and: Jun 1144 

Transmitter, Very-Low-Frequency, for Iono-
spheric Investigation: Aug 1381 

Transmitter Weight, Minimum for Space Com-
munications: Jun 1151 

Transmitters, Radiotelegraph, Methods for 
Testing: Jan 57 

Transoceanic Communication by Means of 
Satellites: Mar 372 

Transpolarizer, The: Jun 1117 
Traveling-Wave: 

Amplifier, Helix-Type, for 58 krnc: Jan 89 
Couplers: Mar 419 
Parametric Amplifier, Noise Figure for: 
Nov 2024, Dec 2117 

Reactance Amplifier: May 995 
Tube Equations Including the Effects of 

Parametric Pumping: Nov 2016 
Tropopause Height and Long-Distance Trans-

mission Loss at 490 mc: Jun 1144 
Tropospheric and Ionospheric Refractive 

Effects, Computing: Oct 1770 
Tropospheric Scatter Paths, Selective Fading 

Effects on: Nov 2019 
Tropospheric Scatter System Using Angle 

Diversity: May 688 
Tropospheric Wave Propagation, Short-Time 

Statistics of: Jan 84 
Tubes, Experimental X-Band Preamplifier, 

with 4.5-db Noise Figure: Nov 2015 
Tunnel-Diode Amplifier, Low-Noise: Jul 1268 
Tunnel Diodes as High-Frequency Devices: 

Jul 1201 
Two-Ports, Tangent Method Analysis for: 
Nov 2022 

Ultrasonics, Medical, Introduction: Nov 1955 
Ultrasound, Absorption by Tissues and Biologi-

cal Matter: Nov 1957 
Ultrasound, Applications to Biologic Measure-

ments: Nov 1965 
Ultrasound, Diagnostic Applications of: Nov 

1963 
Underwater Acoustic Arrays for Passive Detec-

tion of Sound Sources: May 864 
Underwater Missle Tracking Instrumentation: 
May 970 

Underwater Sound Transducers: May 866 

V 

Vatuctors, Semiconductor, Using Surface 
Space-Charge Layers: Nov 2011 

Vector Method for the Evaluation of Deriva-
tives of Phase, Gain, and Attenuation: Jan 
85 

Velocity Measuring System of the Supersonic 
Naval Ordnance: Ma>' 963 

Vt y-II igh-Frequency Field Strengths Beyond 
the Horizon: May 769 
•rv-Low-Frequency CW Transmitser for 
Ionospheric Investigation: Aug 1381 

Very-Low-Frequency Emissions Generated in 
the Earth's Exosphere: Feb 211 

Very-Low-Frequency Propagation Measure-
ments for the Radtsx-Omega Navigation 
System: May 829 

Wave Propagation, Trophospheric, Short-Tinte 
Statistics of: Jan 84 

Waveguide Component Measurements, IRE 
Standards on: Apr 568 

Waveguide Containing a Dielectric Slab. Meas-
urement of Electric-Field Distributions in: 
Sep 1663 

Waveguide Impedance, Ridge: Dec 2121 
Waveguides, Ion-Filled, Properties of: Jan 83 
Whistler Echoes. Path Combinations in: Feb 

328 
Whistlers, Atmospheric: Feb 200 
WWV Standard Frequency Transmissions: 

Jan 74, Feb 329, Mar 452, Apr 590, May 
1002, Jun 1157, Jul 1276, Aug 1382, Sep 
1660, Oct 1790, Nov 2012, Dec 2113 

Y 

Yttrium Iron Garnet, Permeability Spectra of: 
Jan 98 

Zobel Filters, Design of, for Tchebycheff In-
sertion Loss: Jan 29 
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NONTECHNICAL INDEX 

Abstracts and References 
January 114-128 
February 356-368 
March .§00-512 
April 614-628 
May 1030-1044 
June 1176-1188 
July 1288-1300 
August 1398-1412 
September 1686-1700 
October 1799-1812 
November 2040-2053 
December 2134-2148 

Abstracts of TRANSACTIONS 
January 110-113 
February 351-355 
March 494-499 
April 609-613 
May 1021-1029 
June 1171-1175 
July 1281-1287 
August 1390-1397 
September 1680-1685 
October 1793-1798 
November 2036-2039 
December 2126-2133 

Awards 
Baker, W. R. G., Award: 

R. D. Thornton: Apr 595 
Diamond, Harry, Memorial Award: 

J. W. Herbstreit: Jan 14A, Apr 595 
Fellow Awards: - 

Anderson, A. E.: Apr 596 
Angell°, S. J.  Apr 596 
Apstein, M.: Apr 596 
Babits. V. A.: Apr 596 
Barstow, J. NI.: Apr 596 
Bateman, R.: Apr 596 
Beck, A. H. W.: Apr 596 
Bolljahn, J. T.: Apr 596 
Bridges, J. M.: Apr 596 
Brothers, J. T.: Apr 597 
Brown, W. C.: Apr 597 
Brustman, J. A.: Apr 597 
Chambers, C. C.: Apr 597 
Colin, S. B.: Apr 597 
Dart, II. F.: Apr 597 
Dasher, B. J.: Apr 597 
DeBettencourt, J. T.: Apr 597 
Del Camp, S. M.: Apr 597 
Dennis, J. L.: Apr 598 
Early, J. M.: Apr 598 
Elias, P.: Apr 598 
Engstrom, H. T.: Apr 598 
Gannett, D. K.: Apr 598 
Good, W. E.: Apr 598 
Graham, R. E.: Apr 598 
Grammer, G.: Apr 598 
Griemstnann, J. W. E.: Apr 598 
FIammond, J. H., Jr.: Apr 599 
Hansen, E. H.: Apr 599 
Herzog, E. F.: Apr 599 
Higinbotham, W. A.: Apr 599 
Holland, L. N.: Apr 599 
Horn, II.: Apr 599 
Horton, A. W.: Apr 599 
Kalltnann, H. E.: Apr 599 
Kiebert, M. V.: Apr 599 
King, D. D.: Apr 600 
Kinn, T. P.: Apr 600 
Lee, L. K.: Apr 600 
Le Page, W. R.: Apr 600 
Lippincott, D. K.: Apr 600 
Lusted, L. B.: Apr 600 
MacDonald, J. R.: Apr 600 
Mason, S. J.: Apr 600 
Massa, F.: Apr 600 
McCoy, D. O.: Apr 601 
McCoy, R. D.: Apr 601 
Middleton, D.: Apr 601 
Millman, S.: Apr 601 
Minnium, B. B.: Apr 601 
Mueller, C. W.: Apr 601 
Mulligan, J. H., Jr.: Apr 601 
Odarenko, T. M.: Apr 601 
Olson, R. W.: Apr 601 
Ordung, P. F.: Apr 602 
Parker, R. D.: Apr 602 
Patterson, G. W.: Apr 602 
Peterson, E.: Apr 602 
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Pote, A. J.: Apr 602 
Rambo, W. R.: Apr 602 
Rockwood, A. C.: Apr 602 
Rothe, H.: Apr 602 
Schwan, H. P.: Apr 602 
Simpson, L. C.: Apr 603 
Sloan, D. H.: Apr 603 
Smith, O. J. M.: Apr 603 
Stearns, H. M. Apr 603 
Strandberg, M. W. P.: Apr 603 
Tellier, J. C.: Apr 603 
Toulon, P. M. G.: Apr 603 
Truxal, J. G.: Apr 603 
Vogelman, I. H.: Apr 603 
von Bayer, H. J.: Apr 604 
Wallace, J. D.: Apr 604 
Watanabe, Y.: Apr 604 
Webber, S. E.: Apr 604 

Liebmann, Morris, Memorial Prize: 
C. H. Townes and G. McKay: Jan 14A, Apr 

594 
Medal of Honor: 

E. L. Chaffee: Jan 14A. Apr 594 
Thompson, Browder J., Memorial Prize: 

Franklin H. Blecher: Apr 595 
Zworykin, Vladimir K., Television Prize: 

Paul Weimer: Jan 14A, Apr 595 

Board of Directors 

1959 Officers and Directors Announced: Mar 
16. 

Calendar of Coming Events 

January 14.t 
February 14. 
March 14A 
April 14A 
May 14A 
June 14A 
July 14. 
August 14A 
September 14A 
October 14A 
November 14A 
December 14A 

Committees 

Membership Lists: Jun 26A, Oct 30.‘ 
Representatives: 

in Colleges: Jun 38A, Oct 42A 
on Other Bodies, Jun 40A. Oct 44A 

Conventions and Meetings 

Aeronautical Electronics Conference. Eleventh 
National, PGANE-IRE--Dayton Sec-
tion, May 4-6, 1959, Dayton. -Ohio: Feb 
15A, Apr 32A 

Aeronautical and Navigational Electronics, 
Sixth Annual East Coast Conference, Oct 
26-28, 1959, Baltimore. Md.: Aug 14A, 
Oct 20A 

American Society for Engineering Education, 
ASEE. Jun 15-17, 1959, Pittsburgh. Pa.: 
Jun 15A 

Analog and Digital Instrumentation Third Na-
tional Conference, AIEE-ASM E (IRD)-
PGI-PGIE-Instrument Society of 
America, Apr 20-21, 1959, Philadelphia, 
Pa.: Apr 24A 

Automatic Control Conference. National, 
PGAC, Nov 4-6, 1959, Dallas, Tex.: Mar 
15A. Apr 14A, Oct 22. 

Broadcasting Symposium, Ninth Annual, Sep 
25-26, 1959, Washington, D. C.: Sel) 30A 

Cincinnati Section Spring Technical Con-
ference, Apr 21-22, 1959, Cincinnati, 
Ohio: Apr 26A 

Circuit and Information Theory International 
Symposium, PGCT-PGIT, June 16-18, 
1i)1.59, UCLA: May 30A 

Communications System, Fifth National, Oct 
5-7, 1959, Utica, N. Y.: Sep 30A 

Diagnostic Data Processing Conference, Rock-
erfeller Institute, Jan 14, 1959, New York, 
N.Y.: Jan 14A 

Eastern Joint Computer Conference, IRE-
Assoc. for Computing Machinery-AIEE, 
Dec 1-3, 1959, Boston, Mass.: Nov 22A 

ETA Conference on Value Engineering, Oct 
6-7, 1959, Philadelphia. Pa.: Jun 16. 

Electrical Techniques in Medicine and Bi-
ology, 12th Annual Conference, AIEE-
ISA-IRE, Nov 10-12, 1959, Philadelphia 
Pa.: Jul 16A, Oct 28A 

Electromagnetic Theory Symposium, Com-
mission VI of URSI-U. of Toronto, Jun 
15-20, 1959, Toronto, Ontario: Feb 14A, 
Jun 18A 

Electron Devices Meeting, Fifth Annual, 
PGED, Oct 29-30, 1959, Washington, 
D.C.: Jun 14A, Oct 15A 

Electronics Components Conference, May 6-8 
1959, Philadelphia, Pa.: Apr 28A 

Electronics Conference, National, Oct 12-14, 
1959, Chicago, III.: Sep 20A 

Engineering Management Conference, Seventh 
Annual, ASME-AIEE, Sep 17-18, 1959, 
Los Angeles, Calif.: Sep 15A 

Engineering Writing and Speech Dual Na-
tional Symposia, PGEWS, Sep 17-18, 1959, 
Boston and Los Angeles: Aug 28A 

Frequency Control Symposium. 13th Annual. 
May 12-14, 1959, Asbury l'ai k, N.J.: May 
18A 

Industrial Instrumentation and Control Con-
ference, Apr 14-15, 1959, Chicago. Ill.: 
Apr 22A 

Information Processing International Con-
ference, United Nations (UNESCO), Jun 
13-23, 1959. Paris. France: Jan 15A, May 
32A 

Instrumentation Conference and Exhibit, Nov 
9-11, 1959, Atlanta, Ga.: Oct 24A 

Interdisciplinary Conference on Self-Organiz-
ing Systems, Office of Naval Research - 
Armour Research Foundation, May 5 6, 
1959, Chicago, III.: Jan 16A 

IRE Canadian Convention, Oct 7-9, 1959, 
Toronto, Ontario: Apr 16A, Sep 24A 

Magnetism and Magnetic Material Con-
ference, Fifth, A IEE-IRE-APS-AIM E 
-Office of Naval Research, Nov 16-19, 
1959, Detroit, Mich.: Jul 14A 

Microwave Theory and Techniques National 
Symposium, Jun 1-3, 1959, Cambridge. 
Mass.: May 28A 

Mid-America Electronics Conference, Nov 
3-5, 1959, Kansas City, Mo.: Jul 15A 

Midwest Industrial Radioisotopes Conference, 
AEC-Kansas State College, Feb 25-26, 
1959, Manhattan, Kan.: Jan 16A 

Military Electronics Convention, Third Na-
tional, PGMIL, Jun 29-1)11 1, 1959, Wash-
ington, D.C.: Feb 18A, Jun 20A 

Military Electronics Winter Convention, 
PGM IL, Feb 3-5, 1960. Los Angeles, Calif.: 
Nov 16A 

Nonlinear Magnetics and Magnetic Amplifiers 
Special Technical Conference, AIEF:-
PGIE, Sep 23-25,1959, Washington, D.C.: 
Sel) 18A. 

Northeast Electronics Research and Engineer-
ing Show, Boston, Conn. and Western \ l ass. 
Sections, Nov 17-19, 1959, Boston, Mass.: 
Aug 18A, Nov 18A 

Nuclear Congress, Fifth, Apr 5-10, 1959, Cleve-
land, Ohio: Mar 18A 

Nuclear Science Sixth Annual Meeting, PGNS. 
Nov 19-20, 1959, Boston, Mass.: Oct 14A. 
Nov 20A 

PGVC Tenth National Meeting, Dec 3-4, 
1959, St. Petersburg, Fla.: Nov 22A 

Plastic Engineers Conference, Jan 27-30, 1959. 
New York, N.Y.: Jan 15A 

Production Techniques Conference, Third Na-
tional, Jun 4-5, 1959, San Mateo, Calif.: 
May 26A 

Quantum Electronics-Resonance Phenomena, 
International Conference, Office of Naval 
Research, Sep 14-16, 1959, Bloomingburg, 
N.Y.: Jun 16A 

Radar Return Symposium, Naval Ordnance 
Test Station, May 11-12, 1959, Albu-
querque, N.M.: Apr 18A 

Radio Fall Meeting, EIA-IRE Committee on 
PG. Nov 9-11, 1959, Syracuse, N.Y.: Oct 
26A 

Radio Frequency Interference Seminar. 
PGRFI-Air Force ARDC, Jun 15-16, 
1959: Sep 15A 

Reliability and Quality Control in Elec-
tronics, Fifth National Symposium, IRE-
E I A-ASQC-AIEE, Jan 12-14. 1959. 
Philadelphia, Pa.: Jan 18A 



Reliability and Quality Control in Electronics, 
Sixth National Symposium, 1RE—EIA— 
ASQC—AIEE, Jan 11-13, 1960, Wash-
ington, D. C.: Dec. 24* 

Seventh Region Conference and Electronics 
Exhibit, May 6-8, 1959, Albuquerque, 
N.M.: Apr 30A 

Solid-State Circuits Conference, Feb 12-13, 
1959, Philadelphia, Pa.: Jan 22* 

Southwestern IRE Conference and Electronics 
Show, Eleventh Annual. Apr 16-18, 1959, 
Dallas, Tex.: Apr 22A 

Space Electronics and Telemetry National 
Symposium, Sep 28-30, 1959, San Fran-
cisco, Calif.: Sep 28* 

Ultrasonics Engineering National Symposium, 
PGUE, Aug 17, 1959, Stanford, Calif.: Aug 
20* 

USRI Fall Meeting, URSI—PGAP—PGCT— 
PGIT—PGMTT, Oct 19-21, 1959, San 
Diego, Calif.: Sep 16A 

WESCON, Aug. 18-21, 1959, San Francisco, 
Calif: Aug 22A 

Western Joint Computer Conference, IRE— 
AIEE—ACM, Mar 3-5, 1959, San Fran-
cisco, Calif.: Jan 14A 

Front Covers 
Antenna Testing in a Simulated Upper Atmos-

phere: August 
Bio-Medical Electronics: November 
Computer Program for Character Recognition: 

October 
Devices for Guiding both Microwaves and 

Sound Waves: July 
Electronic Scanning of Infrared Waves: De-

cember 
Government Research: May 
Infrared Physics and Technology: September 
iltE National Convention: March 
Magnetic Elements for Performing Digital 

Logic: January 
Masers in Radio Astronomy: June 
Nature of the Ionosphere—An IGY Objective: 

February 
A New Computing Tool—Multi-Phase Sub-

harmonics: April 

Frontispieces 
Barclay, A. P. It: Sep 1414 
Berkner, Lloyd V.: Nov 1814 
Chaffee, E. Leon: Mar 370 
Hamburger, Ferdinand, Jr.: Jun 1046 
Harp, Charles E.: Aug 1302 
Kilian, James R., Jr.: May 630 
Oliver, Bernard M.: Apr 514 
Olson, Harry F.: Oct 1702 
Sinclair, D. B.: Feb 130 
Teal, Gordon K.: Dec 2056 
Waynick, Arthur H.: Jul 1190 
Weber, Ernst: Jan 2 

IRE People 
Aden, A. L.: Jan 42* 
Albersheim, W. J.: Apr 42A 
Alexander, W. G.: Nov 152A 
Anderson, A. G.: Dec 80* 
Anderson, E. I.: Jul 34* 
Anderson, R. W.: Apr 42* 
Anderson, T. N.: Jun 48A 
Anthony, R. L.: May 46A 
Auerbach, I. L.: Oct 54A 
Auld, J. S.: Jul 56* 
Ayer, W. E.: Jun 48* 
Bagley, G. D.: Oct 54* 
Baker, W. R. G.: Nov 72* 
Barasch, H. P.: Mar 40A 
Beagles, R.: Sep 48* 
Beckers, A. E.: Jun 48* 
Bedford, A. V.: Apr 62A 
Bein, W.: Mar 40* 
Benjamin, J. N.: Jan 60* 
Beranek, L. L.: May 46* 
Bethel, C. D.; Jr.: Dec 56* 
Birochak, E.: Jun 50A 
BoIljahn, J. T.: Jun 50A 
Boyd, H. R.: May 46* 
Brafman, H. E.: Mar 40A 
Bramhall, F. B.: Jun 52* 
Brenner, A.: Mar 42A 
Breuer, M. A.: Oct 54* 
Brewer, A. F.: Sep 48A 
Brown, G. H.: May 48* 
Brown, G. S.: Jul 34* 
Bumpus, W. W.: Jan 40A 
Burke, H. E.: May 57A 
Burnap, R. S.: Oct 54A 

Burrows, C. R.: May 57* 
Busignies, 11.: Jul 34A 
Cadden, W. J. Sep 48* 
Cameron, E. G.: Sep 48* 
Cantwell, R. J.: Jul 34* 
Carlson, A. E.: Jul 36* 
Carr, R. W.: Oct 56* 
Caruthers, R. S.: May 58* 
Casper, S.: Mar 42A 
Castriota, L. J.: Aug 36A 
Chaber, R.: Oct 58A 
Chait, II. N.: Aug 36A 
Chita), R. D.: Jul 36* 
Christensen, J. W.: Nov 72A 
Clark, L. P.: Dec 80* 
Clavier, A. G.: May 58* 
Coggins, D. I.: Nov 76A 
Coleman, J. B.: May 60* 
Combellick, T. A.: Jun 58A 
Coombs, W. C.: Nov 76A 
Cooper, A. E.: Nov 68* 
Cooperstein, M.: Jan 42A 
Countryman, G. L.: Oct 58* 
Cushing, T. D.: Apr 42* 
Davis, C. B.: Jan 70* 
Davis, L.: May 46A 
Davis, R. E.: Oct 56* 
Davison, B.: Oct 60A 
Dean, N. J.: Dec 62* 
Deichert, R. W.: Oct 62* 
DeVore, L. T.: Mar 42* 
Dewire, G. M.: Feb 32A 
Dicker, P. E.: Dec 62A 
DiMattia, A. L.: Dec 72A 
Dinsmoor, T. E.: Nov 68A 
Doane, II. J.: Aug 36* 
Doll, E. B.: Mar 63* 
Donaldson, W. L.: Jul 38A 
Dudley, B.: Apr 42A 
Dunlap, W. C.: Nov 68* 
Edgerton, H. E.: May 63A 
Emurian, A. D.: Aug 36* 
Enderle, T. L.: Jun 54A 
Estes, J. R.: Oct 58* 
Evans, B. O.: May 69* 
Farnell, G. W.: Jun 54* 
Femmer, M. E.: Dec 52* 
Ferguson, S. A.: Jul 42A 
Fink, D. G.: Apr 42* 
Fischman, M.: Jan 70* 
Fisk, J. B.: Mar 46*, Aug 40A 
Fontaine, A.P.: May 63A 
Foss, F. A.: Nov 68* 
Freeman, H.: Jan 52* 
Fuller, T. D.: Jan 42A 
Gaffney, F. J.: May 64* 
Gage, G. H.: Jun 56* 
Galloway, R. E.: Jun 56A 
Gamson, E. R.: Dec 68A 
Gerharz, R.: Jun 58* 
Gillings, J. W.: Jan 40A 
Gimpel, D. J.: Jul 42* 
Ginzton, E. L.: Nov 80* 
Golden, N. J.: Jul 44* 
Goldman, E. H.: Jul 40A 
Goldsmith, T. T.: Aug 44* 
Goldstein, S. H.: Apr 47A 
Goodwin, P. S.: Jun 58* 
Green, E. I.: Mar 46* 
Groce, D. C.: Nov 80* 
Gronner, A. D.: Mar 64A 
Guarrera, J. J.: Dec 50A 
Gunther, F. A.: Sep 48* 
Guy, R. F.: Sep 50* 
Gwyn, C. B.: Aug 44A 
Hall, J. M.: Jun 60* 
Hall, N. I.: Mar 56* 
Hannell, F. D.: Feb 32A 
Hansel', C. W.: Apr 62A 
Hanson, O. B.: May 64* 
Harris, D. B.: Jul 44* 
Hauser, A. A.: Dec 64A 
Hautzik, R. M.: Sep 54A 
Havens, B. L.: Jun 60A 
Haystad, H.: Apr 54* 
Hayes, M. H.: Jun 63A 
Headrick, L. L.: Nov 80* 
Heins, J. L.: Dec 66* 
Hennies, S. R.: May 74* 
Herold, E. W.: Nov 84A 
Hess, R. C.: Feb 30* 
Hilliard, W. P.: Jul 46A 
Hines, J. E.: Nov 88* 
Hoagland, A. S.: Dec 66* 
Hoagland, K. A.: May 64* 
Hobbs, M.: Mar 56A 
Hodgson, R. W.: May 66A 
Holmes, E. A., III: May 69A 
Houghton, A., Jr.: Apr 44* 

Howard, J. Fl.: Aug 48* 
Howitt, G.: Jul 38* 
flutter, R. G. E.: Ian 42A 
Hyland, L. A.: Mar 56* 
Jackson, K. R.: Oct 60* 
Johnson, H.: Apr 62* 
Jolliffee, C. B.: Jan 63* 
Jordan, J. P.: Oct 60* 
Kebby, M. H.: Apr 47* 
Keim, D. Y.: Aug 48* 
Kell, R. D.: Apr 62* 
Kelly, M. J.: Mar 46* 
Kent, L.: Mar 42* 
Kimes, R. A.: Sep 54* 
Kinnard, K. F.: Jun 64* 
Kluender, E. C.: Mar 58* 
Kneen, W.: Oct 66* 
Korman, N.: Jan 63* 
Kralie, L. R.: Oct 66* 
Kreek, J. A.: Jan 70A 
Kroemer, H.: Aug 48* 
Kruse, C.: Aug 50* 
Kuhn, H. G.: Dec 72A 
Kukel, J.: Nov 90A 
Lack, F. R.: Oct 64A, Dec 50* 
Langford, R. C.: Nov 90* 
Lee, R. W.: Jul 46* 
Leifer, M.: Aug 50* 
Leone, W. C.: Jul 46* 
Leverenz, H. W.: Apr 50A 
Leverton, W. F.: May 46A, Nov 94* 
Lewis, D. L.: Jan 42* 
Lewis, T. B.: Jul 48* 
Linden, B. R.: Aug 58* 
Lindenblad, N. E.: Apr 62* 
Linville, T. M.: Nov 94* 
Lloyd, C. G.: Apr 52* 
Lohman, I. II.: May 69A 
MacKay, J. B.: Nov 102A 
Magid, M.: Dec 64A 
Malter, L.: Oct 70* 
Manke, A. G.: Feb 32* 
Mariotti, P.: May 70* 
;Marshall, L. C.: Oct 70A 
Marshall, R. L.: Jun 84* 
Marx, F. L.: Oct 76* 
Mautner, L.: Jun 92* 
Mayer, A. B.: Aug 54* 
Mayer, F.: Jul 48* 
McDonald, J. J.: May 57A, Dec 66A 
McIlwain, K.: Oct 69* 
McKay, K. G.: Oct 69* 
McRae, J. W.: Jul 48* 
Merrigan, C. F.: Jan 64* 
Mettler, R. F.: Jan 64* 
Metz, H. I.: Jul 50* 
Mirman, I.: Aug 78* 
Mohr, M. E.: Oct 76* 
Montgomery, G. F.: Jan 70* 
Montllor, J. A.: Feb 30A 
Moseley, F. L.: Jul 34A 
Mueller, A. A.: Feb 30A 
Mueller, G. E.: Mar 60* 
Myers, B. R.: Aug 54* 
Nadler, M.: May 70* 
Nash, A.: Jun 70A 
Nash, C. C.: Jul 50* 
Nergaard, L. S.: Apr 62A 
Noble, D. S.: Jul 52* 
Norman, R. O.: Nlar 58* 
North, D. O.: Apr 62* 
Norton, K. A.: Nov 104* 
Oliner, A. A.: Dec 50* 
Orth, R. T.: Jul 52A 
Parisier, M.: Apr 52A 
Pelta, E. R.: Jun 78A 
Perzley, W.: Dec 80A 
Petruzelli, R. T.: Oct 62A 
Piller, S. E.: Oct 74* 
Pittman, P. F.: Dec 70* 
Plouffe, R. L.: Apr 54A 
Porro, E. D.: Aug 54A 
Preisman, A.: Jun 78A, Corr. Aug 36* 
Preston, L. S., Feb 30A 
Proctor, D. R.: Feb 30* 
Pugsley, D. W.: Sep 56* 
Rajchman, J. A.: Apr 62* 
Ramberg, E. G.: Apr 62* 
Ratynski, M. V.: Nov 122* 
Renne, H. S.: Jun 84A 
Ridinger, H. J., Jr.: Oct 74A 
Riedel, J. C.: Apr 56* 
Robinson, J. G.: Oct 78A 
Rochester, N.: Sep 60* 
Romig, H. G.: Jan 40* 
Rose, A.: Apr 62* 
Rubel, J. H.: Aug 58* 
Rutherford, R. E.: Jun 72A 
Salzer, J. M.: Sep 62A 
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Samuelson, R. E.: Sep 66A 
Sanders, E. R.: Sep 64A 
Schmidt, C. J.: Nov 118A 
Schneider, S.: Jan 40A 
Schneiderman, S.: Aug 58.A 
Schubert, E.: Nov 112A 
Seitz, S.: Jul 54A 
Selbmann, R. W.: Jan 63A 
Shank, R. J.: Mar 56A 
Shapiro, I.: Jul 54.A 
Shaw, G.: May 57A 
Sheingold, L. S.: Sep 64A 
Shower, E. G.: Jul 56A 
Siff, R. G.: Feb 36A 
Single, C. H.: Apr 58A 
Sioles, G. W.: Jun 110A, Dec 70A 
Sittner, W. R.: May 73A 
Smith, D. B.: Apr 42A 
Smith, J. S.: Feb 32A 
Smith, L. D.: Oct 78; 
Spencer, C. L.: Jan 70A 
Sprague, R. C.: Aug 54A 
Stearns, H. M.: Dec 52A 
Steele, E. L.: Aug 62A 
Stelin, J. W.: Dec 76; 
Stoddart, H. F.: Dec 80A 
Stokes, I.: Nov 110A 
Stratton, J. A.: Feb 32A, Aug 62A 
Stuart, D. M.: Nov 122A 
Strum, P. D.: Jun 48A 
Sullivan, A. H.: Jan 48A 
Sullivan, M. V.: Jul 56A 
Swanson, B. E.: Jan 60A 
Swanson, E. C.: Jun 110A 
Talmo, R. E.: Dec 70A 
Tate, R.: Sep 72A 
Taylor, A. H.: Nov 130A 
Taylor, H. M.: May 78A 
Taylor, R. L.: Aug 62A 
Teasdale, R. D.: Apr 56A, Jul 58A 
Thomas, J. E.: Aug 66A 
Thomason, T. H.: Mar 64; 
Tittle, H. C.: Aug 66A 
Town, G. R.: Apr 54A 
Townes, C. H.: Oct 80A 
Trotter, H.: Aug 72A 
Tucker, J. A.: Dec 80A 
Tull, W. J.: Jul 46A 
Twersky, V.: Apr 58A 
Urrico, F. X.: Aug 74A 
Vaccaro, F. E.: Aug 74A 
Vadasz, A. J.: Mar 60A 
Villard, O. G.: Dec 50A 
Vogel, O. F.: Oct 82A 
Vogelman, J. H.: Aug 78A 
Wait, J. R.: Oct 82A, Nov 134A 
Walter, C. A.: May 74A 
Wanner, L. R.: Aug 74A 
Warriner, R. R.: Jun 88A 
Watt, A. D.: Oct 84A 
Waynick, A.: Nov 134A 
Weber, E.: Aug 82A 
Webster, W. M.: Aug 90A 
Weeton, W. E.: Sep 72A 
Weiss, M. T.: Aug 94A 
Weiss, R. A.: May 78A 
Welles, S. B.: Apr 60A 
Weliner, F. R.: Dec 68A 
West, J. L.: Oct 90A 
Westman, H. P.: Dec 76A 
Wheeler, FL A.: Nov 152A 
Whitford, R. K.: Oct 90A 
Whitney, M. G.: Jul 58A 
Williams, H. M.: Jun 63A 
Williams, J. B.: Dec 80.t 
Wilson, D. G.: Nov 136A 
Winkler, S.: Jul 58A 
Wolff, H. P.: Sep 72A 
Wolff, I.: Apr 60A, Oct 86A 
Worthen, K. J.: Jun 88A, Aug 96A 
Wolfe, R. F.: Oct 85; 
yell, L. P.: Sep 76A 
York, R.: Oct 90A 
Yoshida, M.: Aug 96A 
Young, G. G.: Dec 52A 
Young, H. A.: May 74A 
Ziegler, H. K.: Dec 72A 

Miscellaneous 
Aeronautical Communications Symposium, 

1958, Meets in Utica: Feb 18A 
Amateur Radio SSB Dinner and Hamfest: 

Feb 15A, Mar 15A 
Brewer Receives PGRQC Award: Apr 14A 
Brown, G. S. Honored by AIEE: Nov 16A 
Buxton and Felix Receive NEC Award: Dec 
• 15A 
Dean Receives PGBTR Award: Jul 15A 

PROCEEDINGS i NDE X-16 

Electron Devices Meeting Well Attended: Jan 
16A 

Eta Kappa Nu Honors Young Engineers: Dec 
22A 

Guy, Raymond F. Honored by Broadcast 
Pioneers: Jul 18A 

Hammond, Dr. J. H. Receives Elliot Cresson 
Medal: Nov 16A 

Hazeltine Forms ALRI Team: Nov 14A 
Hazeltine " Neutrodyne” at Smithsonian: May 

22A 
Herold Speaks to Detroit Section: Feb 15A 
Hornbeck. J. A. Speaks on Transistors: Aug 

15A 
Information Processing International Con-

ference Honors 13 Americans: May 18A 
IRE Members Receive Young Engineers 

Awards: Jan 18A 
IRE National Convention to Feature New 

Topics: Feb 14A 
Italian Award Given to Sinnott Engstrom and 

Zworykin: Dec 15A 
Jensen Honored by IRE Standards Commit-

tee: Jun 16A 
Kalmus Awarded Army Prize: Dec 14A 
Kepner, Gen. Heads PGMIL Meeting: Apr 

15A 
Krasik, Sidney Award Designated by PGNS: 

Feb 18A 
Lack Receives EIA Medal of Honor: Aug 16A 
Lamb, J. J. Receives Amateur Radio Award: 

Dec 15A 
MAECON 1958 Highlights: Mar 18A 
Mathematical Journal Has New Editorial 

Staff: May 22A 
NBS to Publish Radio I'ropagation Journal: 

Feb 16A 
NEC Elects 1959 Officers: Mar 15A 
Olson Elected to National Academy of Sciences: 

Jul 16A 
Peterson, A. M. Receives Seventh Region 

Award: Nov 15A 
PGEWS Holds Second Annual Symposium: 

Feb 16A 
PGM IL National Convention Has Record At-

tendance: Sep 14A 
Pickering. \V. H. Receives PGRQC Award: 

Mar 14A 
Ramo, Dr. S. To Address Eta Kappa Nu: May 

18A 
RTTY Dinner Scheduled for New York: 

Mar 16A 
Sinclair Attends Hungarian Symposium: Dec 

14A 
Systematic Ionospheric Data Program of NBS: 

Oct 16A 
Teachers Hear IRE Science Lecture Series: 

Sep 16A 
WESCON 1959 Officers Chosen: Feb 18A 
WESCON "New Look": Jun 14A 
Zepler Elected New President of British IRE: 

Mar 16A 

Notices 
ACM Conference to be Held at M.I.T.: Aug 

16A 
Aeronautical and Navigational Electronics 

Conference Proceedings Available: Jan 16A 
AIEE Calls for Papers: Nov 14A 
AIEE Elects Officers: Aug 18A 
Air Force MARS Eastern Technical Net An-

nounces Programs: Jan 15A, Fel) 16A, Mar 
16A, Apr 18A, May 18A, Jun 15.A, Nov MA, 
Dec 20A 

American Automatic Control Council Calls for 
Papers: Feb 16A 

Armour Foundation Plans Radio Interference 
Meeting: Aug 14A 

Army MARS Technical Net Announces Pro-
f> grams: Jan 14A. Feb 16A, Mar 16.A. Apr 

16A, May 20A, Nov 15A, Dec 20A 
ASQC Reliability Handbook Now Available: 

Jun 16A 
Australian IRE Elects Officers: Aug 14A 
Automatic Control Course at University of 

Michigan: Mar 16A 
Communications Symposium Calls for Papers: 

May 22A 
EIA Holds Conference on Value Engineering: 

Sep 1.5A 
EJCC Issues Call for Papers: Jul 14A 
Electrical Techniques in Medicine and Biology 

Conference Issues Call for Papers: May 18A 
Electronic Components Conference Calls for 

Papers: Nov 16A 
Extended Range and Space Communications 

Symposium To Publish Proceedings: Jan 
18A 

Geophysical Research Journal Revision and 
Expansion: Feb 15A 

Instrumentation Conference Solicits Papers: 
Jul 20A 

Instrumentation Symposium and Research 
Equipment Exhibit to Feature New Equip-
ment: Sep 16A 

IRE Constitution Amendments Adopted: Jun 
14A 

IRE Miscellaneous Publications Avilable: May 
24A, Oct 16A 

IRE National Convention Calls for Papers: 
Aug 15A, Sep 15A 

IRE National Convention Record, 1959: Apr 
20.A 

IRE Standards Available: Dec 18A 
Kelly Award to be Given by MEE: Apr 18A 
Long" Island IRE Sponsors Radio Talks: Oct 

14A 
MAECON-1959 Calls for Papers: Apr 14A 
Magnetics Conference Solicits Papers: Jan 18A 
Microwave Tubes International Congress 

Calls for Papers: Dec 20A 
Military Electronics Convention Calls for 

Papers: Jan 15A, Dec 16A 
M.I.T. Announces Summer Program: Apr 16A, 

Jun 15A, Jul 18A 
NAECON Proceedings Now Available: Oct 

14A 
NBS Publishes Radio Propagation Journal: 

Jun 15A, Sep 18A 
NBS To Publish Four-Part Journal: Jul 16A 
NEC Issues Calls for Papers: May 20A 
NEREM-1959 Calls for Papers: Jul 18A 
New York University Offers Temporary 

Memberships: Dec 18A 
Nominations for 1960 IRE Officers and Dele-

gates: Jul 15A 
Nonlinear Magnetics and Magnetic Amplifiers 

Conference Announces Paper Deadline: 
Mar 14A 

PGIIFE To Conduct Symposium: Dec 14A 
PGNI IL Calls for Papers: Oct 15A 
PGMTT Abstracts Deadline: Nov 14A, Dec 

14A 
PGMTT Plans Symposium and Solicits Pa-

pers: Feb 14A 
PGVC Calls for Papers: Apr 14A 
Public Employment Service: Nov 16A 
RUC Calls for Papers: Jun 14A 
Russian Acoustical Journal Translated: Jul 

16A 
Russian Journal Translations Available 

Through ISA: Mar 16A 
Russian Solid-State Journal Available: Aug 16A 
Solid-State Circuits Conference Calls for Pa-

pers: Jul 18A 
Solid-State Conference Publishes Papers Di-

gest: Apr 16A 
SWIRECO Summary Available: Aug 14A 
Telemetering National Symposium Calls for 

Papers: Apr 15A 
Telemetering Symposium Proceedings Avail-

able: Jan 14A 
Ultrasonics National Symposium Invites Con-

tributions: Feb 15A 
WESCON Convention Record Available: Oct 

16A 
WESCON Papers Deadline: Feb 14A, Mar 15A, 

Apr 15A 
WESCON Sponsors Future Engineers Show: 

May 20A 
Western Electronic Manufacturers Association 

Includes Eleven States: Aug 16A 
WJCC Deadline Announced: Oct 14A 

Obituaries 
Buck, Dudley A.: Aug 18A 
Crossley, Alf-red: Oct 15A 
Eckersley, Thomas Lydwell: Jul 20.A 
Goldin), Thomas E.: Dec 22A 
Guthrie, Frederick P.: May 24A. 
Kent, Roscoe: Dec 22A 
Mahood, David M.: May 26A 
Morlock, William J.: Aug 18A 
Parker, Henry W.: May 26A 
Phelps, Boyd: Sep 18A 
Quarles, Donald A.: Aug 18A 
Ridenour, Louis N., Jr.: Aug 20A 
Tarboux, Joseph G.: May 24A 
Varian, Russel H.: Oct 15A 
Wheeler, Lynde P.: Apr 18A 
Zenneck, Jonathan: Jul 20A 

Photographs 
Adler, Dr. Robert, Receiving a 1958 PGBTR 

Award: Sep 16A 



Aero-Corn Symposium Banquet: Feb 18A 
Benelux Section Officers: Dec 18A 
Bennett, Rear Admiral Rawson, Guest Speaker 

at the Annual PGANE Luncheon: Jun 15A 
Brown, Dr. Gordon S.: Nov 16A 
Brown, S. R.: Sep 16A 
Cedar Rapids Section Banquet: Dec 20.4 
Dean, Dr. Charles E. Receives PGBTR Award: 

Jul 15A 
Disney, V. H., New President of NEC: Mar 

15A 
Electrical Techniques in Medicine and Biology 

Conference Committee: Aug 16A 
Electron Devices Meeting: Jan 16A 
Hammond, Dr. J. H. Sr.: Nov 16A 
Harnell, G. P. and Mervin J. Kelly: May 22A 
Hazeltine, Alan, With Model of "Neutrodyne”: 

May 22A 
Herold, E. W. Speaks to Detroit Section: Feb 

15A 
Hornbeck, J. A. With L. J. Giacoletto and F. 

Caddy: Aug 15A 
IRE-AIRE Chairmen of Student Branches: 

Jan 16A 
IRE Canadian Convention Executive Com-

mittee: Apr 16A 
Jensen, Axel G., Honored by IRE Standards 

Committee: Jun 16A 
Kales, Dr. Morris L. Receiving an Applied 

Science Award from Dr. Jacob E. Dinger: 
Jul 16A 

Kepner, Gen., PGMIL Convention President: 
Apr 1.5.4 

Lamb, J. J. Receiving Radio Award From 
G. L. Dosland: Dec 15A 

M IL-E-CON Planning Committee: Nov 14A 
Olson, Harry F., Elected to National Academy 

of Sciences: Jul 16A 
Peterson, Dr. Allen M., Receiving Achieve-

ment Award from Glenn A. Fowler: Nov 
15A 

LaGrone, A. H. Receives PGB Award From 
G. E. Hagerty: Dec 14A 

PGNS Fifth National Meeting: Feb 16A 
PGRFI Interference Authorities: Sep 15A 
Pickering, Dr. W. H., Named to Receive 

PGRQC Award: Mar 14A 
Reliability and Quality Control Symposium 

Officials and Winners: Apr 14A 
Rome-Utica Section and Armed Forces Corn-

tnunications and Electronics Association 
Combined Meeting: Mar IRA 

Solid-State Circuits Conference Committee: 
Mar 16.4 

Solid-State Microwave Electronics Informal 
Session: May 22A 

SWIRECO Invitation Presented to Dr. Ernst 
Weber: Jun 16A 

UNESCO Consultants: Jun 14A 
Washington Section Annual Banquet Speak-

ers: Apr 18A 

Weber, Dr. E., Mrs. Weber, W. L. Donaldson 
and G. Pish at Southwest Research Insti-
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WESCON Board Members with Dr. E. Weber: 
Aug 14A 
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Constitutional Bylaws: Oct 1701, Nov 1813 
DX and Progress: Jun 1045 
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IRE and IRIS: Sep 1413 
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IRE National Convention: Mar 369 
Lusted, Dr. Lee, First MD Elected IRE Fel-

low: Apr 513 
May Board Meeting: Jul 1189 
Metric System: Apr 513 
New Electronic Application: Jul 1189 
Scientific Marriage: Nov 1813 
Section Publications: Apr 513, May 629 
Sections Approved: Benelux; Milan, Italy; and 

Orlando, Fla.: Jun 1045 
Space: Feb 129 
Space ad Infinitum: Oct 1701 
Special Issue: May 629 
Student Quarterly: Oct 1701 
Teaching Teachers: Dec 2055 
Tokyo Greetings: Jan 1 
Transactions of the IRE: Dec 2055 
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WESCON: Oct 1701 

Professional Groups 
Chairmen: 
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March 24A 
May 24A 
July 22A 
September 32A 
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News: 
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Broadcasting: Mar 18A 
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Radio Frequency Interference: Jun 16A 
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Sections and Subsections 
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Cedar Rapids Section Holds Meeting Dec 20A 
San Antonio Section Changes Name: Mar 

14A 
Washington Section Hears Weber: Apr 18.4 
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Air, The, by E. B. Schieldrop (Title only): 
Mar 493 

Algebra of Electronics, The, by C. H. Page 
(Reviewed by A. Preisman): Mar 491 

Analysis of Linear Systems, by D. Cheng (Re-
viewed by K. Malwain and A. J. Meyer-
hoff): Aug 1389 

Analysis of Straight-Line Data, by F. S. Ac-
tion (Reviewed by W. R. Bennett): Sep 1678 

Analytical Transients, by T. C. G. Wagner 
(Title only): Sep 1679 

Approach to Electrical Science, An, by H. G. 
Booker (Reviewed by B. J. Dasher): Nov 2033 

Audio Design Handbook, by H. A. Hartley 
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Audio Measurements, by N. Cowhurst (Re-
viewed by R. A. Long): Nov 2035 

Automation Systems, Proceedings of the EIA 
Conference on Automation Systems for 
Business and Industry (Title only): Feb 350 

Basic Electricity. Second Edition, by P. B. 
Zbar and S. Schild kraut (Title only): Feb 351 

Basic Electronics, by B. Grob (Reviewed by 
J. J. Gershon): Oct 1792 

Basic Electronics. Second Edition, by P. B. 
Zbar and S. Schildkraut (Title only): Feb 
351 

Basic Feedback Control System Design, by 
C. J. Savant, Jr. (Reviewed by G. A. Biern-
son): Jan 109 

Cerenkov Radiation and Its Applications, by 
J. V. Jelley (Title only): Jul 1281 

Compendium of Mathematics and Physics, A, 
by D. S. Nleyler and O. G. Sutton (Title 
only): Feb 351 

Conductance Curve Design Manual, by K. A. 
Pullen, Jr. (Reviewed by G. D. O'Neal): Jan 
110 

Conductance Design of Active Circuits, by 
K. A. Pullen. Jr. (Reviewed by G. B. Herzog): 
Aug 1390 

Control Engineering, by G. J. Murphy (Re-
viewed by F. A. Russell): Nov 2033 

Control System Components, by E. Gibson and 
F. B. Tuteur (Reviewed by D. Lebell): Feb 
345 

Design and Specify Printed Circuits, how to, 
edited by K. W. Anderson, W. Carleen, 
K. W. Clayton, et al. (Reviewed by M. L. 
Levy and T. Bellavia): Mar 493 

Design of Transistorized Circuits for Digital 
Computers, by A. I. Pressman (Title only): 
Sep 1679 

Dictionary of Astronomy and Astronautics, by 
A. Spitz and F. Gaynor (Title only): Mar 493 

Dictionary of Guided Missiles and Space 
Flight, edited by G. Merrill (Reviewed by 
C. H. Hoeppner): Sep 1679 

Dynamical Analogies, 2nd edition, by H. F. 
Olson (Reviewed by L. L. Beranek): Apr 606 

Dynamics of Flight, by B. Etkin (Title only) 
Mar 493 

Dynamic Programming, by R. Bellman (Title 
only): Feb 350 

Electrical Engineering Materials, by A. J. 
Dekker (Reviewed by S. Seely): Jun 1169 

Electrical Engineering: Theory and Practice, 
2nd Edition, by 'W. H. Erikson and N. H. 
Bryant (Title only): May 1021 

Electromechanical Energy Conversion, by 
D. C. White and H. H. Woodson (Title 
only): May 1021 

Electron Physics and Technology, by J. 
Thomson and E. B. Callick (Reviewed by 
E. W. Herold): Oct 1793 

Electronic Avigation Engineering. by P. C. 
Sandretto (Reviewed by P. G. IVu(fsberg): 
May 1020 

Electronic Circuit Theory: Devices. Models, 
and Circuits, by H. J. Zimmermann and 
S. J. Mason (Reviewed by A. B. Giodano): 
Sep 1677 

Electronic Circuits, by E. J. Angelo, Jr. (Re-
viewed by S. Seely): Mar 492 

Electronic Communication, by R. Shrader 
(Title only): May 1021 

Electronic Components Handbook, Vol. 2, 
edited by K. Henney and C. Walsh (Re-
viewed by F. A. Paul): Feb 345 

Electronic Digital Computers, by F. L. Alt 
(Reviewed by C. J. Swift): Feb 346 

Electronic Digital Computers, by C. V. L. 
Smith (Title only): Sep 1679 

Electronic Engineer's Reference Book, by 
L. E. C. Hughes (Title only): Feb 351 

Electronic Fundamentals and Applications, 
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2nd Edition, by J. D. Ryder (Reviewed by 
S. Seely): Sep 1679 

Electronics of Microwave Tubes, by W. J. 
Kleen, translated by P. A. Lindsay, A. Red-
dish, and C. R. Russell (Reviewed by C. W. 
Barnes): Feb 347 

Elementary Decision Theory, by H. Chernoff 
and L. E. Moses (Title only): Sep 1679 

Elementary Matrix Algebra, by F. E. Hohn 
(Title only): Feb 350 

Elements of Solid State Theory, by G. H. \Van-
nier (Reviewed by F. Herman): Dec 2125 

Engineering Electromagnetics, by W. H. Hoyt, 
Jr. (Reviewed by M. G. Morgan): Feb 346 

Engineering Statistics, by A. H. Bowker and 
G. J. Lieberman (Title only): Sep 1679 

Environmental Requirements Guide for Elec-
tronic Component Parts (Title only): Jul 
1281 

Experimental Music, by L. A. Hiller, Jr. and 
L. M. Isaacson (Reviewed by M. V. Mathews): 
Oct 1792 

Eye, Filin and Camera in Color Photography, 
by R. M. Evans (Title only): Dec 2126 

Facsimilie Edition of George Green's Essay on 
Electricity and Magnetism, A, by S. Ekelof 
(Reviewed by S. A. Schelkunoff): Jun 1170 

Feedback Control Systems, by J. C. Gille, 
M. J. Pelegrin, and P. Decaulne (Reviewed . 
by G. S. Aexlby): Nov 2034 

Foundations of Information Theory, by A. 
Feinstein (Reviewed by M. J. DiToro): Jan 
109 

Fundamentals of Advanced M issiles, by R. B. 
Dow (Reviewed by C. W. Besserer): Apr 607 

Fundamentals of Digital Computers, by M. 
Mandl (Title only): Mar 493 

Fundamentals of Electrical Engineering, by 
Il. Pumphrey (Title only): Sep 1679 

Fundamentals of Electron Devices and Cir-
cuits. by FL R. Weed and W. L. David (Re-
viewed by II. M. Straube): Dec 2125 

Fundamentals of High Fidelity, by H. Born-
stein (Title only): May 1021 

Fundamentals of Radio and Electronics, 2nd 
ed., edited by W. L. Everitt (Reviewed by 
J.A.M. Lyon): Mar 491 

Fundamentals of Radio Telemetry, by M. Tep-
per (Title only): Jul 1281 

General Circuit Theory, by G. Newstead (Re-
viewed by W. H. Kim): Oct 1791 

Gmelins Handbuch der Anorganischen Chemie: 
Germanium, 8th Ed. Rev., edited by 
E. H. E. Pietsch (Reviewed by J. P. McKel-
vey): Apr 606 

Handbook of Automation, Computation, and 
Control, Vol. 1: Control Fundamentals, 
edited by E. M. Grabbe, S. Ramo, and D. E. 
Wooldridge (Reviewed by J. Sklansky): Apr 
607 

Handbook of Physics, edited by E. U. Condon 
and H. Odishaw (Reviewed by F. Herman): 
Apr 608 

Heat Transfer Engineering, by H. Schenck, 
Jr. (Title only): Sep 1679 

I li.tory of Technology, A, Vol. V (The Late 
Nineteenth Century), edited by C. Singer, 
E. J. Holmyard, A. R. Hall, and T. I. Wil-
liams (Reviewed by L. E. Whittemore): May 
1020 

Industrial Electronics Handbook, edited by 
\V. I). Cockrell (Reviewed by E. Mittelmann): 
May 1019 

Interference between Power Systems and Tele-
communications Lines. by H. R. J. Klewe 
(Title only): Jul 1281 

International Radio Tube Encyclopedia, by 
B. 13. Babani (Title only): Mar 493 

Introduction to the Design of Servomech-
anisms, by J. L. Bower and P. M. Schultheiss 
(Reviewed by IV. M. Pease): Feb 346 

Introduction to Mathematical Physics, by W. 
Band (Title only): Sep 1679 

Introduction to Monopulse, by D. R. Rhodes 
(Title only): May 1021 

Junction Transistor and Its Applications, The, 
edited by E. \Volfendale (Reviewed by D. O. 
Pederson): Feb 345 

Junction Transistor Electronics, by R. B. 
Hurley (Reviewed by R. L. Pritchard): Apr 
608 

.inear Network Analysis, by S. Seshu and N. 
Balabanian (Reviewed by L. J. Giacoletto): 
Sep 1678 

.iquid Scintillation Counting, edited by C. G. 
Bell, Jr. and F. N. Hayes (Reviewed by W. A. 
Iliginbotham): Jun 1169 

.ogical Design of Electric Circuits, by R. A. 
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Higonnet and R. A. Grea (Reviewed by J. P. 
Runyon): May 1019 

Magnetic Amplifiers: Theory and Application, 
by S. Platt (Title only): Mar 493 

Magnetic Recording Techniques, by \V. E. 
Stewart (Reviewed by B. B. Bauer): Jan 110 

Magneto-Ionic Theory and Its Applications to 
tbe Ionosphere, The, by J. A. Ratcliffe (Re-
viewed by R. A. Helliwell): Aug 1390 

Man's World of Sound, by J. R. Pierce and 
E. E. David, Jr. (Reviewed by D. W. Martin): 
May 1020 

Manual on Rockets and Satellites, Annals of 
the IGY, Vol. VI, edited by L. V. Berkner 
(Reviewed by C. H. Hoeppner): Mar 492 

Mathematical Programming and Electrical 
Networks, by J. B. Dennis (Title only): Sep 
1679 

Mathematics Dictionary, by G. James and 
R. C. James (Title only): Jul 1281 

Mat lietnaticà of Physics and Modern Engineer-
ing, by I. S. Sokolnikoff and R. M. Redheffer 
(Title only): Feb 351 

Metallic Rectifiers and Crystal Diodes, by T. 
Conti (Title only): Feb 350 

Microphone to Ear: Modern Sound Recording 
and Reproduction Technique, From, 2nd 
Rev. Edition. by G. Slot (Reviewed by D. L. 
Klepper): Dec 2124 

Microwave Propagation in Snowy Districts. 
edited by V. Asami (Reviewed by L. H. 
Doherty): Apr 608 

Mobile Radio Telephones, by FI. N. Grant 
(Title only): Jul 1281 

Molecular Science and Molecular Engineering, 
edited by A. von Hippel (Reviewed by F. Her-
man): Sep 1677 

Network Synthesis, by N. Balbanian (Reviewed 
by E. S. Kith): Feb 348 

Network Synthesis, Vol. I, by D. F. Tuttle, Jr. 
(Reviewed by J. G. Truxal): Feb 350 

Noise in Electron Devices, edited by L. D. 
Smullin and H. A. Hans (Reviewed by W. R. 
Beam): Aug 1388 

Nomography, 2nd ed., by A. F. Levens (Title 
only): De.c 2126 

Nonlinear Problems in Random Theory, by 
N. Weiner (Reviewed by D. Middleton): Apr 
607 

Nuclear Reactors for Power Generation, by 
E. O. Taylor (Title only): Feb 351 

Ondes Centimetriques, Les, by G. Raoult (Re-
viewed by J. B. Lair): Mar 492 

Oszillatoren mit Scltwingkristallen, by W. 
Herzog (Reviewed by R. Bechmann): May 
1019 

Paris Symposium on Radio Astronomy, by 
R. N. Bracewell (Reviewed by F. T. Haddock): 
Dec 2124 

Physical Laws and Effects. by C. F. Hix, Jr. 
and R. P. Alley (Title only).: May 1021 

Physics of Electricity and Magnetism, by 
W . T. Scott (Reviewed by A. E. Siegman): 
Sep 1678 

Practical Dictionary of Electricity and Elec-
tronics, The, by R. L. Oldfield (Title only): 
Mar 493 

Principes de la Théorie Électromagnetique et 
de la Relativité, Les, by M. A. Tonnelat 
(Reviewed by A. G. Clavier): Nov 2033 

Principles and Applications of Random Noise 
Theory, by J. S. Bendat (Reviewed by W. D. 
White): Mar 493 

Principles of Circuit Synthesis, by E. S. Kull 
and D. O. Pederson (Reviewed by E. T. 
Jaynes): Sep 1676 

Proceedings of the Fourth Conference on Mag-
netism and Magnetic Materials, sponsored 
by the Nlagnetics Subcommittee of the 
MEE Committee on Basic Sciences, Supple-
ment to the Journal of Applied Physics, Vol. 
30, 1959 (Reviewed by J. H. Rowen) Oct 1792 

Production and Field Reliability, edited by the 
Technical Publication Committee (Reviewed 
by L. Bass): Nov 2034 

Programming Business Computers„ by I). D. 
McCracken, II. Weiss, and T. H. Lee (Re-
viewed by V. E. Henriques): Nov 2036 

Progress in Metal Physics, Vol. 7, 1st Ed., 
edited by B. Chalmers (Reviewed by F. Her-
man): Jun 1170 

Properties of Matter, 3rd ed., by F. C. Cham-
pion and N. Davy (Title only): Dec 2126 

Properties, Physics and Design of Semicon-
ductor Devices, The, by J. N. Shive (Re-
viewed by H. E. Tompkins): Nov 2035 

Proprietes et Applications des Transistors, by 
J. P. Vasseur (Reviewed by J. I. Pankow): 

Feb 347 
Radio Amateur's Handbook, The, 36th Edi-

tion, 1959, edited by the Headquarters 
Staff of the American Radio Relay League 
(Reviewed by K. Henney): Jul 1281 

Radio Engineering Handbook, Fifth Edition, 
edited by K. Henney, prepared by a staff of 
specialists (Reviewed by R. R. Botcher): Oct 
1792 

Radio Handbook, The, 15th Edition, edited by 
W. I. Orr (Reviewed by K. McIlwain): Jul 
1280 

Reading German for Scientists, by W. Eichner 
and H. Hein (Title only): Dec 2126 

Reliable Electric Connections, Third EIA Con-
ference on Reliable Electric Connections 
(Title only): May 1021 

Research Highlights of the National Bureau of 
Standards, Annual Report (Title only): May 
1021 

R-L-C Components handbook, by D. Mark 
(Title only): Dec 2126 

Russian for the Scientist, by J. Turkevich and 
L. B. Turkevich (Title only): Sep 1679 

Sampled-Data Control Systems, by E. I. Jury 
(Reviewed by R. Boxer): Apr 606 

Sampled-Data Control Systems, by J. R. 
Ragazzini and G. F. Franklin (Reviewed by 
W. K. Linvill): Oct 1793 

Sampling Inspection Tables: Single and Double 
Sampling, by H. F. Dodge and H. G. Romig 
(Title only): Sep 1679 

Scientific Russian, by G. E. Condoyannis (Ti-
tle only): Sep 1679 

Semiconductor Abstracts (Title only): Jul 1281 
Semiconductors, edited by N. B. Hannay (Re-

viewed by J. S. Saby): Aug 1388 
Single Sideband for the Radio Amateur, A Di-

gest, 2nd ed. (Reviewed by K. Kenney): Feb 
347 

Solid State Magnetic and Dielectric Devices, 
edited by H. W. Katz (Reviewed by F. Reg-
gio): Nov 2034 

Sound of High Fidelity, The, by R. O. Jordon 
and J. Cunningham (Title only): Sep 1679 

Successful Technical Writing, by T. G. Hicks 
(Reviewed by J. Cryden): Aug 1389 

Switching Circuits: with Computer Applica-
tions, by W:'• S. Humphrey. Jr. (Reviewed by 
M. Karnaugh): Feb 346 

Symposium on Numerical Approximation, by 
R. E. Langer (Title only): May 1021 

System Engineering, by H. H. Goode and R. E. 
Machol (Title only): Feb 350 

Technical Reporting Revised, by J. N. Ulman. 
Jr. and J. R. Gould (Reviewed by II. S. 
Renne): Dec 2125 

Technical Writer, The. by J. W. Godfrey and 
G. Parr (Reviewed by J. D. Chapline): Jmml 
1280 

Techniques of Magnetic Recording, by J. Tall 
(Title only): Mar 493 

Technology of Printed Circuits, by P. Eisler 
(Reviewed by f.. K. Lee) Nov 2036 

Theory of A-C Circuits, by S. Melt and J. L. 
Potter (Reviewed by R. R. Shank): Feb 347 

Theory and Design of Magnetic Amplifiers, 
The, by E. II. Frost-Smith (Reviewed by 
II. F. Storm): Jun 1170 

Topics in Electromagnetic Theory, by D. A. 
Watkins (Reviewed by P. K. Tien): Mar 492 

Transform Method in Linear System Analysis, 
by J. A. Aseltine (Reviewed by J. T. Banger!): 
Aug 1389 

Transistor Technology, Vol. 1, edited by H. E. 
Bridgers, J. H. Scoff, and J. N. Schive (Re-
viewed by I. A. Lesk): Feb 348 

Transistor Technology, Vol. II, edited by F. J. 
Biondi (Reviewed by I. A. Lesk and A. P. 
Stern): Feb 349 

Transistor Technology, Vol. Ill, edited by F. J. 
Biondi (Reviewed by If. E. Tompkins): Feb 
350 

Tube and Semiconductor Selection Guide, by 
Th. J. Kroes (Title only): Mar 493 

Upper Atmosphere, The, by H. S. W. Massey 
and R. L. F. Boyd (Reviewed by M. G. Mor-
gan): Oct 1791 

Vacuum-Tube and Semiconductor Electronics. 
by J. Millman (Reviewed by IV. M. TVebster): 
Jan 110 

Video Amplifiers, by A. Schure (Title only): 
May 1021 

Wave Propagation and Antennas, by G. B. 
Welch (Reviewed by A. H. Waynick): Jan 109 

World Maps of F2 Critical Frequencies and 
Maximum Usable Frequencies for 4,000 km 
(Title only): Mar 493 



Report from IBM •,,, Yorktown Research Center, New York e....  
MAGNETIC EXPLORATION ALONG THE CRYSTAL AXIS 

How does the orientation of crystallites within a thin metal-
lic film relate to its magnetic properties? This is the question 
under study by a group of scientists at Zurich, Switzerland— 
one of the laboratories coordinated from the IBM Yorktown 

Research Center. 

Electron-diffraction permits the investigation of the crys-
tal structure of thin magnetic films prepared lw evaporation 
in vacuum. In particular the orientation of the numerous 
small crystals in a polycrystalline film can be detected. The 
uniform distribution of density along the rings in the left-

hand picture results from a random distribution of crystal 
axes, whereas the arcing of the rings at the right indicates a 

preferred orientation, known as fiber texture. Alignment of 
the axes of the individual crystallites contributes to the film's 

magnetic anisotropy— the variation of magnetic energy with 
different directions of magnetization. 

Techniques for producing predictable anisotropy in thin 
films and for measuring magneto-crystalline relationships 

are among the goals of the present work. Thorough under-
standing of all factors influencing the magnetic anisotropy 

is mandatory for the development of optimal operation of 

magnetic thin film logic and memory devices. Mastery of 
anisotropic films may thus offer a promising route to greater 

capabilities in tomorrow's computers. 

IBM.R ES EARCH 
International Business Machines Corporation, Dept. 645L, .590 Madison Avenue, New York 22, New York. 

Investigate the many career opportunities available in exciting new fields at IBM. 



At least one of your interests 
is now served by one of 

28 Professional Groups 
Each group publishes its own specialized papers in its transactions, 
some annually, and some hi-monthly. The larger groups have organ. 
,zed local Chapters, and they also sponsor technical sessions at IRE 
Conventions. 

Aeronautical and Navigational Electronics (G 11) Fee $2 
Antennas and Propagation (G 3) Fee $4 
Audio (G 1) Fee $2 
Automatic Control (G 23) Fee $2 
Broadcast Sz Television Receivers (G 8) Fee $2 
Broadcasting (G 2) Fee $2 
Circuit Theory (G 4) Fee $3 
Comnumication Systems (G 19) Fee $2 
Component Parts (G 21) Fee $3 
Education (G 25) Fee $3 
Electron Devices (G 15) Fee $3 
Electronic Computers ( G 16) Fee $2 
Engineering Management (G 14) Fee $3 
Engineering Writing and Speech (G 26) Fee $2 
Human Factors in Electronics ( G 28) Fee $2 
Industrial Electronics ( G 13) Fee $3 
111f:intuition Theory ( G 12) Fee $3 
Insiramentatical ( G 9) Fee $2 
Nlcdical Electronics (G 18) Fee $3 
micis,wine Theory and Techniques (G 17) Fee $3 
Military Electronics ((; 24) Fee $2 
Nuclear Science ( G 5) Fee $3 
Prodaction Techniques (G 22) Fee $2 
Radio Frequency Interference ( G 27) Fee $2 
Reliability and ¡Duality Control (G 7) Fee $3 
Space Fectronics and Telemetry ( G 101 Fee $2 
I Itrasimic> Elginecricg ( C; 20) Fee $2 
Vehieular Cimmunications (G 6) Fee $2 

IRE Professional Groups are only open to those who are 
already monlirrs of the IRE. Copies of Professional Group 
Transactions are available to non-members at three times the 
co' -puce to group numbers. 

The Institute of Radio Engineers 
I East 711111 S'Ireel, Neu York 21, N.V. 

USE THIS COUPON 
Miss Emily Sirjane 
IRE-1 East 79th St., New York 21, N.Y. 

Please enroll nie for these IRE Professional Groups 

PG- 12-59 

Name   
Address   
Place   

Please enclose remittance with this order. 

Pro less ion tg I Grog' p 

on 

Comma gg ien lions 

Systems 

The field of communications sys-
tems is as old as radio itself. For 
three decades after Marconi first 
spanned the Atlantic by radio in 1901 
radio researchers devoted practically 
all their efforts to developing and 
perfecting new systems for utilizing 
electromagnetic waves for communi-
cation purposes. 

Gradually, however, this new found 
knowledge opened the doors to other 
applications in industrial. military. 
scientific, and medical fields. Under 
the stimulus of wartime research 
these newer applications multiplied 
and expanded at a tremenchius rate 
so that at the end of World War Il 
the complexion of the radio engineer-
ing field had altered drastically. 
What had once been a fairly small, 

homogeneous group with common 
technical interests had now become a 
large body of engineers and scientists 
working in at least a score of separate 
and distinct specialized fields. Com-
munications engineers found it in-
creasingly difficult to find the special-
ized technical information they ur-
gently needed since the sources for 
such information now had to serve 
many other fields as well. 
On April 8, 1952, the IRE formed 

the Professional Group on Commun-
ications Systems. The response was 
almost instantaneous as communica-
tions engineers all over the U. S., and 
in other countries as well realized 
that for the first time an organization 
had been formed just to serve their 
particular technical needs. 
As membership increased, the 

Group began publishing its own 
TRANSACTIONS, which is issued 
free to all members. This year alone, 
Group members received 300 pages 
of valuable technical papers. The 
Group also has become very active in 
sponsoring meetings in various parts 
of the country throughout the year. 
The value of these activities is at-
tested to by the fact that some 3000 
engineers have joined the Group and 
have found this affiliation indispens-
able to their professional well being. 

Id. 9. dlcdtex 
Chairman, Professional Groups Committee 
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NEW Corning wafer capacitors run from 1 to 10,000 uuf 

Utif for tad the smiles:. most stable capacitors you can get for 
printed circuits and high reliability components. 

Never has so much capacitance been crammed into so little 
space with so much ruggedness and reliability. 
The smallest gives from 1 to 560 utif while resting in a space 

only 0.00204 cubic inch in volume. 
The largest runs from 4301 to 10.000 titif and takes up only 

0.02106 cubic inch. 
You sae..rifice nothinee for size. The flat shape gives you more 

options in mounting. e. slot or flat mounting ir printed circuits. 
When you need lead. \, .2 can provide those too, in the W-5 and 

W-4 sizes as WL-5 and \\ 1.-4. 

rl 

Diese capacitors are rugged and reliable. The dielectric and 
conductor layers are fused at high temperatures and need no 
encasement. You'd almost have to smash one completely to stop 
its operation. Meets or 
exceeds the perform- Capacitor Capacitance ( uufl Volume tapprox.1 

ance requirements of 
MIL-C-1 1272A. 

For complete specs 
write for a new 4-page 
bulletin to Corning 
Glass Works. Dept. 
542, Bradford, Pa. 

W-5 
W-4 
W-3 
W-2 
W-1 

1 to 560 
561 to 1000 

1001 to 2700 
2701 to 4300 
4301 to 10,000 

0.00204 in.3 
0.00327 
0.00702 
0.01951 
0.02106 

W-5. W-4 also available with leads as WI-S. WI-4 

CORNING ELECTRONIC COMPONENTS 
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iPERFORMANCE New Pr°14c1= 

BEYOND THE 
STATE OF THE 
ART! 

With 
Dean & Bensons 

Series HP & HF 
Standard 2" Blower 

740/tetme Rake 

HUN 

Greater operating efficiency resulting 
in increased performance. 
Up to 200°4 greater performance for 
new design approaches. 

Slip out AC or DC Motor allows for 
easy and inexpensive maintenance 
without replacing entire unit. 

400 Cycle or 28 V. DC units avail-
able without design change. 

Flange location 

anywhere at 

no additional 

cost. 

DEAN & BENSON 
RESEARCH 

Division of Benson Manufacturing Co. 
Kansas City 1, Mo. 

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

(Continued from rage 108A) 

DC-AC 
Transistorized Inverter 

A new 2 kw dc-ac inverter has been 
added to Electrodynamic Instrument Cor-
poration's, 2508 Tangley kil.. Houston 5, 
Texas, PI Series of transistorized power 
supplies. The unit will supply a 2 kva out-
put or two 1 kva outputs of 120 volts, 60 
or 400 cps, single phase, from an 11 to 14 
vdc or 22 to 32 vdc source. Frequency sta-
bility of +.01% and exceptional reliabil-
ity make these inverters suitable replace-
ments for rotary-type inverters in micro-
wave, telemetry and automatic control 
installations. Efficiency at full load is 
about 85%. Solid-state circuit design 
throughout eliminates the need for stand-
by power or warm-up time. Thu standard 
rack panel unit measures 2-1•! X 19 X 12. 

Frequency Calibrator 

Rapid and accurate calibration of 
FM ¡FM telemetering systems is provided 
with the Model 520 series Frequency 
Calibrators manufactured by Fenske, 
Fedrick & Miller, Inc., 12820 Panama St., 
Los Angeles 66, Calif. Features are ac-
curacy, ease of operation, external meter-
ing provisions and elimination of the ne-
cessity for highly trained personnel. Cali-
bration time is reduced to approximately 
30 seconds per channel. Provisions are 
also made for crystal outputs for discrimi-
nator alignments. 

Phase Splitting Transformer 

A practical means for operating 3 phase 
devices where only single phase is avail-
able is provided by phase splitting trans-
formers inanufactured by United Trans-
former Corp., 150 'arick St., New Vi rk 
13, N. V. The P-4674 unit, illustrated. 
provides 115 volts, 400 cps 3 phase to a 
90 va gyro power supply. Input is 115 
volts, 400 cps single phase. This unit is 
X3 X31" and weighs 31 pounds; meets 

NI 11.-T-27A requirement to Grade 4, Class 
S, I.ife X. 

Pulse Generator 
The all transistor Model 300N Pulse 

Generator, developed by Navigation Com-
puter Corp., 1621 Snyder Ave., Phila-
delphia 45, l'a., provides accurately tinted 
clock ptil›e, at crystal controlled frequen-
cies. 

A standardized 2.5 volt pulse MO of 
both polarities is generated by a crystal 
controlled oscillator. The output stage is 
transformer-coupled and has a constant 
voltage characteristic which maintains an 
undeteriorated pulse when loaded between 
0 and 100 ma output current. 

The Model 300X is fabricated on a 
5" X6" glass-epoxy printed circuit card, 

(Coutinned on page 118A) 

Use Your 
IRE DIRECTORY! 

It's Valuable! 
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Announcing... 

High Quality 

High Performance 

Extreme Reliability 

from( 

IL 

e 

From the leading manufacturer of power transistors, new Silicon Power Rectifiers 

to meet your most exacting requirements. Even under conditions of extreme 

temperatures, humidity and mechanical shock, these diffused junction rectifiers 

continue to function at maximum capacity! Thoroughly dependable, completely 

reliable— new Delco Rectifiers are an important addition to Delco Radio's high 

quality semiconductor line. 

Conservatively rated at 40 and 22 amperes 

for continuous duty up to case temperatures of 150C. 

AVG. DC NORMAL MAX. MAX 

140 014 ----- 

-- - i 

f 

.,, 
I o — 

TYPE CURRENT PIV MAX. TEMP. FORWARD DROP REVERSE CORM 

1N1191A 

1N1192A 

22A 

22A 

50V 

100V 

150 C 

150 C 

1.2V at 60 amps. 

1.2V at 60 amps. 

5.0 MA 

5.0 MA 
----- f 

o 1N1193A 22A 150V 150 C 1.2V at 60 amps. 5.0 MA 

i2 1 

0 
/  
J I 

1N1194A 

1N1183A 

22A 

40A 

200V 

50V 

150 C 

150 C 

1.2V at 60 amps. 

1.1V at 100 amps. 

5.0 MA 

5.0 MA 
_ 

e , 
i 

1N1184A 

1N1185A 

1N1186A 

40A 

40A 

40A 

100V 

150V 

200V 

150 C 

150 C 

150 C 

1.1V at 100 amps. 

1.1V at 100 amps. 

1.1V at 100 amps. 

5.0 MA. 

5.0 MA 
5.0 MA 

at I50°C case temper-
ature and ratec PIV 

— 
I 

pe- 2A 

For full information and applications assistance, contact your Delco Radio representative. 

Newark, New Jersey 

1180 Rcymond Boulevard 

Tel: Mitchell 2-6165 

Chicago, Illinois 

5750 West 51st Street 

Tel: Portsmouth 7-3500 

Santa Monica, California 

726 Santa Monica Boulevard 

Tel: Exbrook 3-1465 

Division of Geieral Motors • Kokomo, Indiana 

DELCO 
RADIO 
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IS YOUR COMPANY ON 

THE OFFENSE FOR DEFENSE? 
SIGNAL is your introduction to the men who control the grow-

ing $4 billion dollar government radio-electronics spending 

Never before have our armed forces so badly needed the thinking and 

products of the electronics industry. Advertising in SIGNAL, the official 

journal of the Armed Forces Communications and Electronics Associa-

tion, puts you in touch with almost 10,000 of the most successful men 

in the field—every one a prospect for your defense products! 

Share in the defense and the profits! Company member-
ship in the AFCEA, with SIGNAL as your spokesman, 
puts you in touch with government decision-makers! 

SIGNAL serves liaison duty between the armed forces 
and in(ilst iv. It informs manufacturers about the latest 
government projects and military needs, while it lets 
armed forces buyers know what you have to offer to 
contribute to our armed might. SIGNAL coordinates 
needs with available products and makes developments 
possible. 

But SIGNAL is more than just a magazine. It's part 
of an over-all plan! 

A concerted offensive to let the government, which has 
great faith in industry and the private individual pro-
ducer, know exactly what's available to launch its far-
sighted plans. Part of this offensive is the giant AFCEA 
National Convention and Exhibit ( held this year in 
Washington, D.C., June 3-5). Here, you can show what 
you have to contribute directly to the important buyers. 
Your sales team meets fellow manufacturers and mili-
tary purchasers and keeps "on top" of current govern-
ment needs and market news. 

Besides advertising in SIGNAL which affords year-
round exposure by focusing your firm and products 
directly on the proper market .. . besides participation 
in the huge AFCEA National Convention and Exhibit 
. . . the over-all plan of company membership in the 
AFCEA gives your firm a highly influential organiza-
tion's experience and prestige to draw upon. 

As a member, you join some 170 group members who 
feel the chances of winning million dollar contracts 
are worth the relatively low investment of time and 
money. On a local basis, you organize your team (9 of 
your top men with you as manager and team captain), 
attend monthly chapter meetings and dinners, meet 
defense buyers, procurement agents and sub-contrac-
tors. Like the other 48 local chapters of the AFCEA, 
your team gets to know the "right" people. 

In effect, company membership in the A F( EA is a 
"three-barrelled" offensive aimed at putting y, dir et)m-
pany in the "elite" group of government cunt ractors— 
the group that, for example in 1957, for less than 
$8.000 (for the full AFCEA plan) made an amazing 
total of 459.7 million dollars! 

This "three-barrelled" offensive consists of 

(1) Concentrated advertising coverage in SIGNAL, 
the official publication of the AFCEA; 

(2) Group membership in the AFCEA, a select or-
ganization specializing in all aspects of production 
and sales in our growing communications and elec-
tronics industry; and 

(3) Attending AFCEA chapter meetings, dinners and 
a big annual exposition for publicizing your firm 
and displaying your products. 

If you're in the field of communications and elec-
tronics . . . and want prestige, contacts and exposure 
. . . let SIGNAL put your company on the offense for 
defense! Call or write for more details—now! 

eirimugg e-iti ¡grew e 
Official Journal of AFCEA 

Wm. C. Copp & Associates 

72 ll'est i5th Street, New York 36, New York 

M l'rray Hill 2-6606 

Los Angeles • San Francisco ef;fi>i, Boston • Chicago • Minneapolis 
1•• 
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EXCLUSIVE! 

MOLDED* 

Contact 
Combinations on 

OHMII 
Relays 

MODEL TT— 
r- • 

Specifications 

COIL WATTAGE: Rated nominally at . 150 watt per 
pole at an ambient temperature of 20°C. 

COIL OPERATING VOLTAGE RANGE: To 115 VDC. 

CONTACT RATINGS: Up to 5 amperes at 115 volts 
AC or 32 volts DC noninductive, with standard contact 
material, palladium. Other materials can be supplied. 

CONTACT COMBINATIONS: Standard combinations 
are DPDT, 4PDT. and 6PDT (maximum). Others can 
be furnished. 

WEIGHT: Approximately 2 ounces for 4PDT relay. 

Be Right with M llT® 
Quality Components 

"Molded Module"* Contact Springs 

Ohmite Models Ti' and TS Relays meet the 
operational requirements of MIL-R-5757C and 
MIL-R-6106C, respectively, and will be found 
ideal for aircraft or industrial uses, particularly 
those involving ambient temperatures as high as 
125°C. Both relays are lightweight, yet rugged. 
Paramount among the design innovations is 

their revolutionary "Molded Module" contact 
spring construction. The "module" is a stand-
ard, single-pole, double-throw spring combination 
molded into a compact assembly. As many as six 
modules can be incorporated into a relay to pro-
vide a maximum six-pole, double-throw combina-
tion. With the springs rigidly held in a matrix of 
tough plastic, alignment of the springs is assured. 
More accurate alignment of all the subcombina-
tions ( modules) on the relay is possible, and ad-
justment of the individual contact springs is easier 
and more permanent. Diall Phthallate, the mold-
ing material, can withstand temperatures to 400°F. 

Exceptional sensitivity for small size 
A contributing factor to the remarkable sensitivity 
of Ohmite Models TT and TS Relays is the design 
of the armature retaining guard to minimize un-
desirable heel gap. A wide variety of hermetically 
sealed enclosures is available. 

*Patent applied for 

MODEL TS— 

Module 

• II 

r-; - 

" 

6PD/ • 16/6.1101.CS I 
• - 40 UP IS 

MODEL TS— 

Specifications 

COIL WATTAGE: Rated nominally at .250 watt per 
pole at an ambient temperature of 20°C. 

COIL OPERATING VOLTAGE RANGE: To 115 VDC. 

CONTACT RATINGS: Up to 10 amperes at 115 volts 
AC or 32 volts DC noninductive with standard contact 
material, silver-cadmium oxide. Other materials can be 
supplied. 

CONTACT COMBINATIONS: Standard combinations 
are DPDT, 4PDT, and 6PDT (maximum). Others can 
be furnished. 

WEIGHT: Approximately 3 ounces for 4PDT relay. 

Write for Bulletin 160 

OHMITE MANUFACTURING COMPANY 
3617 Howard Street, Skokie, Illinois 
RHEOSTi. RESISTORS RELAYS 

TAP SWITCHES TANTALUM CAPACITOF DI( 

R.F. CHOKES VARIABLE TRANSFORMERS 
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SEE answers 
to noise & 
vibration analysis 
problems rccicukrlyately,  %A/1th 

PANORAMIC'S 
sonic 
spectrum LP analyzer -la 

Rugged . . . Reliable . . . Economical 

A basic component for waveform study and 
frequency response curve tracing, the LP- la is : 
widely used for: 
• Vibratior and noise measurements 
• Harmonic and IM analysis 
• Acoustic waveform studies 
• Medical electronics 

Check these LP- la features: 

• "Quick-look" log sweep; 40 cps to 20,000 
cps in I second. 

• Adjustable linear frequency analysis for 
20 cps to 22,500 cps. 

• Automatic optimized resolution with variable 
IF oandw.dth options. 

• Residual spurious down more than 611 db. 
• Optional " M" internal markers at 60 cps, 

500 cps and 5 kc (and harmonics). 
• Optional "Z" flat face CRT, edge-lit ieticule 
and camera mount bezel 

Write far new Catalog Digest 

and the Panoramic 
Analyzer 

/III ON:, MIN« 

Panoramic 
RADIO PRODUCTS, INC 

'r7.,.-tattett,r 

522 South Fulton Ave., Mount Vernon, N.Y. 

Phone: OWen 9-4600 
Cables: P.noramic, Mt. Vernon, N. Y. State 

NEWS 

New Products 1245E 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your IRE affiliation. 

(Continued frein page 114A) 

1/16" thick, and is adapted for use with an 
18 pin printed circuit receptacle. 

It is accurate to 0.01% of crystal fre-
quency and will operate from 0°F to 
135°F. 

Available models are the 300X-1, 
100 kc; 300X-2, 200 kc; and 300X-3, 
300 kc. 
Other frequencies are available by spe-

cial request. 

Hot-Cold Test Chamber 
Designed for thermal shock and other 

controlled temperature testing and condi-
tioning processes involving electronic 
parts, these chambers manufactured by 
Electric Hotpack Co., Inc., Dept. 691, 
Cottrnan Ave., at Melrose St., Philadel-
phia 34, Pa., have temperature ranges 
from -65°F to 540°F. 

Nlaximum tempera t ore u niformity and 
even CO2 dispersal is achieved by a built-in 
air circulation system. Controls include 
separate thermostats for operation above 
and below ambient temperatures. Auto-
matic overtemperature controllers are 
independently circuited to prevent thermal 
damage to expensive loads in event of 
main control failure. Temperature chart 
recorder provides 24 hour record of cham-
ber temperatures. 

Cabinet is available in enamelled or 
heavy gauge stainless steel, and is sup-
plied ready for immediate connection to 
CO2 supply. Interior is polished stainless 
steel. All units are equipped to accommo-
date through wall connections for test 
articles. Automatic hot-cold cycles may be 
supplied if desired. 

(Continued On page 122A) 

Recorded Events, 
only when referred to 

Time... 
have significance! 

... and with today's accelerating 
technology, the need for the most 
accurate time reference available 
becomes more acute. It is available 
... and free; the standard time and 
frequency transmissions of the 
National Bureau of Standards radio 
stations WWV and WWVH are 
accurate to better than 1 part in 50 
million and are placed at the dis-
posal of anyone having a receiver 
capable of tuning to one or more of 
the transmitting frequencies. 

The new Model WWVT receiver, 
designed especially for remote oper-
ations under extreme environmental 
conditions, is a highly-sensitive 
crystal-controlled instrument capa-
ble of utilizing WWV and WWVH 
transmission. 

Model 
WWVT 

A 6-position dial switches instantly to any 
Standard Frequency — 2.5, 5, 10, 15, 20 or 
25 mc. It is small, light-weight and rugged 
— sealed metal case and potted components. 
all transistorized and battery operated, and 
has better than 2 mv sensitivity. Priced at 
$545.00 

Send for bulletin # 1.59A which details many 
free services available from WWV & WWVH. 

V 

SPECIFIC PRODUCTS 
Box 425, 21051 Costanso, Woodland Hills, Calif. 
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-the Standard Line that's Deep-Drawn 
to Precision Standards* 

DESIGNERS! 
For precision quali-y 
at commercial prices, 
consult the rew HUDSON 
catalog. Call or write 
for this cost anc time-
saving handbook, today! 

IMETIONAlgeln 

*The Most Complete Line 

in the Industry, too! 

HUDSON STANDARD CASES AND COVERS offer 
a quick, economical solution to your military and commercial 
closure problems. Components of mu metal, nickel-silver, 
aluminum, brass, copper, steel and stainless steel are available 
in any required finish. 

HUDSON STANDARD TOOLING saves you time and 
money on all but the most unusual closure applications. 
Check your requirements with HUDSON engineers, now! 

C; Hudson Tool Die Co • Inc 
 8t 18-38 Malvern St., Newark 5, New Jersey 

Precisicn Peal Components for Electronics, Nucleonics, Avionics and General Industrial Applications 

a ..., ,.. ... , 3 MODERN PLANTS TO SERVE YOU 

"11111 1  

Telephone MArket 4-1802 

Teletype: NI( 1066 



This data converter is no longer available 
1954720 

1937007 

1947252 

19 .72413 

202_1194 

2243217 

2253421 

2447376 

2625032 
2201047 

1977079 

1975340 
1804211 

18/5621 

1995017 

2220115 

2.201727 

2300117 

2355014 
2230211 

22.44107 
2257016 

2330917 

2349916 

2400144 

2'110507 
2925444 

2447327 

26,20017 

2655762 
2640017 

2550110 

2567013 

2677918 

2654310 

2653314 
26301 21 

2665041 

2700522 

2770421 

2775573 
2764014 

2605510 

26I9q05 

2695001 
2800417 

2801101 

2801611 

2995017 

2996257 

2994331 

2954337 
2943117 

3059411 

3559165 

3550011 

3544337 

3534001 
3600541 

3604152 

3665132 

334 -1501 

33 40541 

3324917 

3475016 

3580197 

359222-3 

3660211 

3105/14 

3710542 
3902731 

392.40:54 

4007667 

4055407 

4004982 

4170402 

44349154 
4479033 

4550739 
4590‘52 

4330492 

4321007 

'1201371 

4210931 

4450011 

4449254. 5019536 4130116 

4490327 5024931 47451 45q91126 51 91602 ,770425 

4110549 5200734 9 

4189531 5319022 ••`-'/ -12./ 

4890072 533912-3 1188563 
4719001 545'7701 

4805442 540032- L1631211 
489'7437 5477544 

Cs0q 4905610 5201210  

495052.1 52 98osy t t,32/0 

4 «1 
µqqooi3 54 0 97319-"" 

9993215491603 /0 

15\ 91390445705432 

5009733294 .743 

5027693-q09521 
5018477557 5, 

1111111-
e 

Alfonso Gotlentz, winner of the 1958 Data Conversion Competition, 

chalked up 16,792 Beckman counter readings in a record time of 7 hrs. 23 min. 

Unfortunately, Alfonso developed digitized eyeballs, a common 

occupational disability of mammalian data converters. Undismayed by 

the untimely end of his conversion career, he speedily procured 

electroluminescent contact lenses; now performs as a two-digit in-line display. 

replacing Alfonso, these more clever converters ... 

To put Beckman counter readings on punched 
IBM cards, you can get   

To make a strip chart record of changing 
counter readings, you may procure  

To make a punched paper tape of counter 
readings, ask for  

To print counter readings much faster than 
Alfonso, 

_ 

Model 3110 ( for serial 

punch) or Model 3100 ( for 
parallel punch) 

Model 3120, a digital-to-

analog converter with resist-

ance ratio output 

Model 3101 (drives a tape 
punch) 

Model 1452, a digital re-

corder that prints 7, 8 or 10 

digits 

Beckman 

Write for detailed technical bulletins 

n: 

Berkeley Division 

123 

2200 Wright Avenue, Richmond 3, California 

a division of Beckman Instruments, Inc. 
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for 
applications 
to 1000 mc 

MOTOROL 

2N700 FEATURES 
f ,,, . (,,,,. l000 mc 
PG (neut.) 14 db €r), 200 mc 

• High Temperature Operation. All units baked-out under high 
vacuum at 200°C and stabilized at 100°C for 168 hours. Each 
lot must pass ' ife tests of 1000 hows at 100°C. Units are 
rated for operation at 1005C. 

• High Efficiency. A highly efficient oscillator, some points on 
the 2N700 efficiency-frequency curve are: 

Frequency Efficiency 
40 mc 80% 
100 mc 62% 
200 mc 44% 
400 mc 20% 

• Uniformity. The Motorola Mesas are unquestionably the most 
uniform transistors available. Instead of the usual "selection 
process," closely controlled diffusion, etching and evapo-
rative techniques enable Motorola to produce the Mesas to 
exact specifications. Such Lniformity enables the engineer to 
tighten circuit tolerances, provide improved performance and 
simplify circuit design. It eliminates concern for variations 
in such factors as breakdown voltage, current handling ca-
pacity, frequency parameters, switching characteristics and 
saturation resistance. 

• Reliability. 5,000 hour data on units tested at 100°C show 
the Motorola Mesa to be the most reliable transistor yet 
available. 

• Economy. As the result of major price reductions, the 2N700 
is an economical unit for VHF and UHF applications. In addi-
tion, fewer units are required on an overall circuit basis 
because of excellent performance characteristics. 

• Availability. Engineering quantities are in stock at all 22 
Motorola Semiconductor distributors. Prod.iction quantities 
shipped immeceately from Phoenix.  1 

MESA TRANSISTOR 
major price reductions make many 
VHF/UHF applications practical 

Communications Equipment — Because of its small size, the Motorola 
2N700 is ideal for low current, compact. highly reliable communi-
cations equipment. 

IF Strips in Radar Gear — Offering greater gain per stage in its fre-
quency range than any transistor available, the Motorola 2N700 
is ideal for radar IF strips in the 60 mc range. 

Parametric Amplifier Pump — The 2N700 makes an excellent source 
of pump power at the frequencies used. 

Precision Oscillators — With stability in the order of 10 -7 to 10— s, 
the 2N700 is ideal for use in precision oscillators for single side-
band and other communication equipment. It also has low phase 
shift and high loop gain. The 2N700 offers the uniformity and 
stability important for compact, lightweight precision equipment 
and instruments. 

Oscilloscope Amplifiers — Ideal for instrument probes such as those 
used to provide preamplification for high speed. high frequency 
amplifiers. 

Fixed IF Strips — Because of its extreme uniformity in all operating 
characteristics, the 2N700 could be designed into fixed-tuned IF 
strips, using toroid coils . . . greatly reducing IF strip size and 
eliminating large tunable elements and alignment problems. 

Telemetering — 2N700 operating characteristics are ideal for telem-
etering applications in the 200 mc band. Its ruggedness ( withstands 
20,000g's) suggests application in telemetering transmitters fixed 
to high speed rotating equipment. 

FOR COMPLETE SPECIFICATI3NS AND DESIGN CONSIDERATIONS 
on the 2N700 and the 2N695 ( world's fastest switching transistor) 
contact your nearest Motorola Semiconductor regional office. 

REGIONAL OFFICES: 

Outside the O,g and (And., 
RIDGEFIELD, NEW JERSEY CHICAGO 39, ILLINOIS HOLLYWOOD 28, CALIFORNIA MOTOROLA INTERNATIONAL, S.C. 

540 Bergen Brunevard 5714 West DIversey Aven.re 1741 War Avenue 4545 West August i Blvd 
»Olney 5.750O Akenue 2.4300 grill ywoo0 1 0821 ChIcagn, IIIIncns 
horn New York WI 7.2980 

',PF 

MOTOROLA 
SEMICONDUCTORS 

MCTOROI.A. PaNC.. f005 E. McDOWELL PHOENIX, ARIZONA 
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'A' BAUM 

For 
Dernonstroting ond 

Iesting Auto Radios 

1RANSIS1OR OR YilerilOR 

OPERNILD 

6 NJ olt or 12 NI olt,. 

New Models Designed lor testing D.C. 
Electrical Apparatus on Regular A.C. tines. 

Equipped with full-WaYe Dry Disc type --- 
NeClitier, Assuring Noiseless, Interlerence-

Fret Operation and Extreme LCIDg 

t)ie and Reliability • 

'TYPE A C. 11V01 
INPUT 

60 Cycles 

D.C. OUTPUT 

VOLTS AMPERES 

Cont. int.  

610C-ELIF 110 { 6 12 -RP 10 201 

6 12r 

620C-EUT 110 { 6 20 401 
-Or. 

12 10 20i 

USER 
PRICE 

549.95 

66.95 

VNEW MODELS NEW DESIGNS N,'NEw LITERATURE 

• "A -Battery Eliminators • DC.AC Inverters • Auto Radio Vibrators 

AMERICAN TELEVISION & RADIO Co. 
2iiatity Ploducta Si«ec /93/ 

SAINT PAUL 1, MINNESOTA, U. S. A. 

NEWS 
I New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

frmainu(..1 from Page 118A) 

New Vibration Instrument 
An accelerometer sensitivity stand-

ardizer called the Dia-A-Gain converts all 

accelerometer sensitivites to 1 Volt/g, 

allowing direct reading of acceleration on 

any \ The Dial-A-Gain includes a 

cathode follower input and a precision 

amplifier with a continuously variable gain 

control dial, calibrated directly in ac-

celerometer sensit ivities. 

Dialing the sensitivity of your ac-

celerometer automatically adjusts the out-

put to 1 Volt/g allowing direct reading of 

acceleration on any volt meter. 

Dial-A-Gain eliminates external ca-

thode followers normally used, and is 

available with single or multiple inputs. 

For complete specifications, write 

Unholtz-Dickie Corp., 2994 Whitney Ave., 
Flamden 17, Conn. 

Inductance Bridge 
A high- resolution (six- figure) induct - 

mce bridge (Type 1632-A) with a basic 
Ilirect-reading accuracy of 0.1%, designed 
lot the precise measurement of either the 

series or the parallel components of two-

terminal grounded inductors, at audio fre-

quencies, over a wide range of inductance 

from millimicrohenries to 1111 henries, 
has been announced by the General Radio 
Co., West Concord, Mass. 

Its high accuracy ( two inductors of 

nearly the same nominal value can be com-
pared to 10 parts in a million) and sensi-

rage 124.4) 

IF YOU USE 
BVVOs 84t TWTs 

you need the 

NEW PRD 813 
There is a "spanking" new BWO/ 
TWT power supply that's really 
a work horse. PRD's latest con-
tribution to the test equipment 
art, the Type 813 can supply 
just the right kind of power for 
driving a host of microwave 
tubes ranging from voltage-tuned 
magnetrons to travelling-wave 
amplifiers. 

Featuring the latest advances, the 
PRD Type 813 has built-in time 
delays for filament and grid, delay 
line and collector, and anode 
voltages ... and includes other 
frustration inhibitors, such as: 

1. Mdividual adjustments of delay 
'Me, collector, anode, grid, and 
heater elements 

2. Provisions for both internal and 
external sweep and amplitude 
modulation 

3. AGC at the grid when used with 
external detectors 

4. Digital read-out fo, delay line 
supply. 

In addition to these features are 
the ( typical of all PRD equip-
ment) bedrock stability and high 
sensitivity of the first truly 
UNIVERSAL BWO/TWT Supply. 

The remainder of the features 
and full specs for the PRD Type 
813 can be yours by writing to: 
PRD—fir.st in inirrolçares. 

POLYTECHNIC RESEARCH 
& DEVELOPMENT CO., INC. 

Factory & General Office: 
202 Tillary St., Brooklyn 1, N. Y. 

Ulster 2-6810 
Western Sales Office: 
2639 So. La Cienega Blvd., Los Angeles 34, Calif. 

UPlon 0-1940 
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BASIC 
BUILDING 
BLOCKS 
FROM KEARFOTT 

FLOATED RATE 
INTEGRATING 
GYROS 
Specifically designed for 
missile applications, these 
Kearfott miniature gyros 
operate efficiently at 
unlimited altitudes. Their 
outstanding accuracy and 
performance make them su-

perior to any comparably-
sized units on he market. 
Hermetically sealed within 
a thermal jacket, these gy-
ros are ruggedly designed 
and completely adaptable 

to production methods. Per-
formance characteristics 
that are even more precise 
can be provided within the 
same dimensions. 

TYPICAL CHARACTERISTICS 

Mass Unbalance: 
Along Input Axis: 1.0*/ hr 
maximum untrimmed 

Standard Deviation (short term): 
Azimuth Position: 0.05°/hr 
Vertical Position: 0.03°/hr 

Drift Rate Due to Anisoelasticity 
Steady Acceleration: 

.015°/hr./g2 maximum 
Vibreory Acceleration: 

.008°/hr./g2 maximum 
Damping: 

Ratio of input angle to 
output angle is 0.2 

Characteristic Time: 
.0035 seconds or less 

Weight: 0.7 lbs. 
Warm-Up Time: 

10 minutes from —60°F 
Life: 1000 hours minimum 

Write for complete data. 

Time Index Digitalize?. 

BASIC 
BUILDING 
BLOCKS 1*' 

FROM KEARFOTT 

20 SECOND 
SYNCHRO 
This synchro, just one of a 
broad line offered by 
Kearfott, provides the 
extreme accuracy required 
in today's data trans-
mission systems. Kearfott 

synchro resolvers enable 
system designers to achieve 
unusual accuracy without 
the need for 2-speed servos 
and elaborate electronics. 

By proper impedance, 
matches up to ti4 resolver 
control transformers can 
also operate from one 
resolver transmitter. 

TYPICAL 

CHARACTERISTICS SIZE 25 

Control 

Type Resolver Transmitter Transformer 

Part Number 25161-001 25151-003 

Excit. Volts 
(Max.> 115 90 

Frequency (cps) 400 400 

Primary Imped. 400 ,80 8500/80° 

Secondary Imped. 260,'SO° 14000/80° 

Transform. Ratio . 7826 1.278 

Max. Error fr. E.Z. 20 seconds 20 seconds 

Primary Roter Stator 

Write for complete data. 

Precise Angle Indicator 

Engineers: Kearfott offers challenging opportunities in 

advanced component and system development. 

Size Integrating 
Motor Generator 

BASIC 
BUILDING 
BLOCKS 
FROM KEARFOTT 

MINIATURE 
VERTICAL 
GYRO 
Provides accurate vertical 
reference in the form of 
two 400 cps synchro signals 
proportional to sine of gim-
bals' displacement about 
pitch and roll axes. Gravity-
sensitive vertical refer-
ence device provides elec-
trical signals directly to 
torque motors which main-
tain gyro spin axis perpen-
dicular to earth's surface. 
Hermetically sealed and im-
pervious to sand, dust, sun, 
rain, salt, spray, humidity 
or fungus as specified in 
MIL-E-5272A. 

TYPICAL 
CHARACTERISTICS 

Free Drift Rate: 
Within 0.5° in one minute time. 

Shock: 
The gyro operates satisfactorily 
without damage after 60g shock 
of .015 seconds duration. 

Hermetically Sealed: 

These instruments are hermetically 
sealed and are not affected by 
sand, dust, sunshine, rain, 
humidity or fungus conditions. 

Operating Temperature Range: 
Gyros operate in ambient tem-
peratures below —20°C to 
+100°C. A maximum of 3 min-
utes of operation at 400°F will 
not damage these gyros nor 
impair their accuracy. 

Weight: 
5.5 lbs. aproximately. 

Write for romplete data. 

• A 

GENERAL 
ffaegt PRECISION 

COMPANY 

KEARFOTT COMPANY, INC, LITTLE FALLS, N.1 
,os.d.ory cl General Precision Eauipment Corporation 

Soles and Engineering 011ie. 1500 Main Ave., Clilton, N. I. 
Midwest Office. 23 W. Calendar Awe., La Granar, 
Soon Central Office, 6211 Denton Dri,,e. Dallas, Texas 

West Coon OF;ce 253 Ni Vinedo Avenas, Pasadena, Cola. 
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Microwave Component News 

from SYLVANIA 

NEWS 

New Products R E 

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

(Continued from page 122A) 

tivity (minimum indication-0.001 micro-
henry) make it suitable for standardization 
measurements. A novel in- line digital read-

receiver  noise hueetdaecnciema“lvipthoinatt)ttoatillidattichepoasbisteionnceingof oaf Low est • te out features for both inductance and con-

liding balance also makes possible rapid 
precision measurements. 

The instrument uses the owen circuit, 
1 in which inductance is measured in terms figure yet of capacitance and resistance; the capac i-

w capacitor (200 if- 1.111 pf) serve to pro-

tors and resistors used are accurate to bet-
ter than 0.05%. Four decades of low-loss 
polystyrene capacitors and a variable air 

vide conductance balance. 

via 

NOW SYLVANIA has new Ku band 
silicon microwave diodes, types 1N78D 
and 1N78DR, with a 7.5 db maximum 
over-all noise figure* for mixer appli-
cations. 

Extremely low noise figure for Ku 
band receivers is now possible with a 
new silicon microwave mixer diode 
developed by Sylvania, and available 
in both forward and reverse polarities. 
When the 1N78D and 1N78DR mi-
crowave diodes are used as a matched 
pair, they virtually eliminate excess 
noise due to the local oscillator, thus 
providing a receiver system with a 
realistic 7.5 db over-all noise figure 
at Ku band. The use of the matched 
pair also serves to effectively isolate the 
antenna and local oscillator terminals. 

An outstanding feature is a panel-en-
graved bridge schematic, complete with 
balance equations and voltage limits, 

new Ku Band Diodes Csticruhctei 
loii::ibnooateks. the need to consult an 

At frequencies up to 1 kc, maximum ac-
curacy is possible; however, the instrument 
is usable to at least 10 kc, with some reduc-
tion in accuracy. 

When used in conjunction with stand-
ard inductors (G-R Type 1482) in the lab-
oratory, the instrument affords accurate 
inductance standardization. 

Available in an aluminum cabinet and 
with a crackle finish dress panel, or for rack 
mounting. Size of the panel is 19"X 15y; 
over-all depth is 9 r. 

Price of the Inductance Bridge (Type 
1632-A) is $875.00 net, f.o.b., West Con-
cord, Mass. This instrument may be seen 
at NEREM, Boston, Nov. 17-19. 

BASIC SPECIFICATIONS OF NEW 

Operating Temperature 

NOISE FIGURE (CALC) 
N- LC  NF 7  5 db max. 
where NIF-1.5 db 

CONVERSION LOSS LC 5  7 db max. 
P-1.0mw, F-16,000 mc 
JAN-201 holder 

OUTPUT NOISE RATIO NR 1.3 times max. 
P/1-0.5 
MADC (min), F-9375 mc 
JAN-105,202 holder 

IF Impedance ZIF 400-565 ohms. 

RF Impedance VSWR 1  5 max. 

Moisture Resistance All units are hermetically sealed and pass 
MIL-STD-202 Method 106 Moisture Test. 

The new microwave diodes also feature 
a maximum operating temperature of 
150°C as well as a complete hermetic 
seal for maximum protection under 
severe environmental conditions. 

Contact your Sylvania representa-
tive now for complete information on 
these new low noise Ku band diodes 
or write the factory directly at the 
address below. 

Write for your free copy 
of this completely new 
Sylvania Microwave 
Diode Characteris-
tics and Replace-
ment Guide. 

•with IF amplifier NF equal to 1.5 all 

1N78D AND 1N78DR DIODES* 

  150 C max. 

•gvallable also in matched pairs designated IN7SDM and 1578101R. Matching criteria are 
conversion loss within . 3 . 1h :nut IF impedance within 25 ohms id each other. 

e SYLVAN I Mae) 
GENERAL TELEPHONE & ELECTRON ICS 

SYLVANIA ELECTRIC PRODUCTS INC. 

Semiconductor Division 
100 Sylvan Rd., Woburn, Maas. 

Miniaturized Tape Reader 
The development of a punched-tape 

reader set—including transmitter-distrib-
utor, motor, base and cover—that is some 
40% smaller in size and weight than previ-
ous models, has been announced by Tele-
type Corp., Dept. SI'-8, 4100 Fullerton 
Ave., Chicago 39, Ill. 

Called the Model 28 Miniaturized 
UM set, the reader measures 54" in 
height, 74" in depth and features facilities 
for sequential (serial) output, hundred-
word-per-minute transmission and re-
duced power requirements. Optimal con-
tacts are available for multi-wire output. 

(Continued -as higC 128A) 
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FOUR-WAVEFORM 

DISPLAYS 

MO 01 DUM-Ili/JO OSCUOSC011 

••-•• •• 

nor srior 'woo 

When the job requires it. you can double up and display four 
different waveforms at once with this dual-beam oscilloscope. 
Type 53/54C and/or Type C-A Dual-Trace Plug- In Units in 
both channels make possible the four-trace display. 

Less spectacular but more frequent uses of this versatile 
fast- rise oscilloscope include waveform comparison measure-
ments on a dual-beam display in the dc- to- 25 mc range. and 
all the usual and unusual applications of a high-performance 
laboratory oscilloscope. 

PRICE 
without plug-in units ...... 
Type 500/53A 
Scope-Mobile 
Type K Fast-Rise 
P ug-In Preamplifiers, each 
Type C-A Dual-Trace 
THug-In Preamplifiers, each 

(f.o.b. factory) 

$1800 

$110 

$135 

$250 

ENGINEERS—interested in furthering the ad-
vancement of the oscilloscope? We hove openings 
for men with creative ability in circuit and in-
stru-nent design, cathode-ray tube des!gn, and 
sem.conch,ctor research. Please write Richard 
Ropiegsiet, V. P., Eng. 

Please call your Tek• 
tronar held Engineer or 

Representative for 
complete specifications 

and, if desired, to 
arrange for a 

demonstration at 
your convenience. 

TYPE 551 DC- to- 25 MC 

Special Features 

WIDE-BAND VERTICAL AMPLIFIERS 
Main-unit risehmes— 12 mpsec. 

Passiends and risetimes with Type K ( 53 54K) units— 
dc- to- 25 mc, 0.014 lisec. 

SIGNAL-HANDLING VERSATILITY 
All Tektronix A to Z Plug-In Preamplifiers con be used 
in both channels. 

0.2 , sec DELAY NETWORKS 

WIDE SWEEP RANGE 
0.02 tsec cm to 12 sec/cm. 

SINGLE SWEEPS 
Lockout-reset circuitry. 

CO MPLETE TRIGGERING 
Fully-automatic or amplitude-level selection with presa or 
manual stability control. 

10-kv ACCELERATING POTENTIAL 
Brighter display for fast sweeps and low repetition rztet. 

Tektronix, Inc. 
P. 0. Box 831 • Portland 7, Oregon 

Phone CYpress 2-2611 • TWX-PD 311 • Cable. TEKTFONIX 

TEKTRONIX FIELD OFFICES: Albertson, L. I., N.Y. • Albuquerque • Annandale, Vo. • Atlanta, 
Ga • Buffolo • Cleveland • Dallas • Dayton • Endwell, N.Y. • Houston • lathrup Village, Mich. 
Lea ngton, Moss. • East Los Angeles • West Los Angeles • Minneapolis • Mission, Kansas 
Orlando, Fla. • Polo Alto, Calif. • Park Ridge, Ill. • Philadelphia • Son Diego • St. Petersburg. Flo. 
Scdttsdale, Arix. • Stamford, Conn. • Syracuse • Towson, Md. • Union, N.J. • Wilowdole, Ont. 

TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics, Portland, Oregon, 
Searle, Wash.; Hytronic Meosurernents, Denver, Colo., Solt lake City, LItah. 

Tektronix is represented •n 20 overseas countrIel by qualified engineering organizations. 
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Your best combination of 
luo-Rcs-v- PLUS HIGH BETA 
...T1 germanium power transistors! 

ACTUAL SIZE 

TYPICAL AUDIO AMPLIFIER lo WATTS OUTPUT 

IRANSISTORv 
c, %l oit. R , duns 

Efficiency 
T. 

Distortion 
% at R. = 10w 

R , 
ohms 

2N1042 35 10 58 2.7 1 
2N1043 55 25 57 1.8 2.5 
2N1044 70 40 56 1.6 4 
2N1045 85 60 53.5 1.6 6 

INPUT 
250 ohms 

Transformer: N1 :12:N3 - I:1:1 
To Minimize Cross-Over Distortion the 
Cods Should be Bildar Wound. 

100011f 
100v R, 

20-w power transistors: 
switching circuits • relay drivers • 

audio and pulse amplifiers 

TI 2N1042 series alloy-junction transistors 
guarantee 20 w dissipation at 25°C with voltage 
ratings of —40, — 60, — 80, and — 100 v. You get 
guaranteed 20-to-60 beta spread at —3 amps 
and low 0.16 ohm saturation resistance at the 
—3 amp maximum collector rating. 

O nssi OFF 

ON  

.--50 ma IMAM 

fr711 
:zwicse .! 

ir 
ACTUAL SIZE 

RI 

TYPICAL SOLENOID RELAY DRIVER 

+ I mo 

R = 48 ohms MIN 

= to MAX 

2N1039 

Ota 

— lo ON 

0 0 0 0 013 \---0 

D1 

1N538 

6.8 IC •Doode DI is sed to clip reverse 
voltage swing across solenoid 
when transi tor is turned off. 

+6v 

1.25-w power transistors: 
medium speed switching circuits • relay drivers • 

low-power audio and pulse amplifiers 

TI 2N1038 series alloy-junction transistors 
guarantee 1.25 w dissipation in moving free 
air at 25°C with voltage ratings of —40, — 60, 
—80, and — 100 v. Guaranteed 20-to-60 beta 
spread at —1 amp and low 0.2 ohm saturation 
resistance assure reliable performance. 

TI GERMANIUM POWER TRANSISTOR CHARACTERISTICS AT 25'C 
Max 

Collector 
Current 
AMPS min Type 

2N456 
211457 
219458  
219511 
211511A 
2195118 
219512  
2N512A 
2195128 
219513 
2N513A 
2N513B 
214514 
2N5I4A 
2N514B 
219 1021 
2N1022 
2191038 I 25 
2N1039 1.25 
2191040 1.25 
2191041 125 
2191042 20 
2191043 
2N1044 

Dissipation 
at 25°C 
Watts 

Max 
Collector 
Voltage 
Volts 

hFE 

Collector Typical 
Reverse Current Saturation Resistance 

co 
mas max 

50 
50 
50 
ao 
30 
30 
30 
30  
30  
30 
30  
30  
30  
30  
30 
30  
30  
60  
60 
60 —1254 g —40v 0.2 
60 — 1254 e —50v 0.2 
60 —125,,a e —20v 
60 
60 

Rcs 
Ohms 

so 
50 
50 
80 
80 
80 
80  
80 
80 
ao 
80 
so —8o 
so —eo 
80 —60 
ao 
50 
50 —120 

—eo 
—60 
—5o 
_40 
_60 

—ao 
—40 

—60 
—8o 
—40 
—60 

—ao 
—100 

— 40 
—61) 
—80 

—5 
—5 
—5 
—10 
—10 
—10 
—15 
—15 
—15 
—2o 
—20 
—20 
—25 
—25 
—25 
—5 
—5 
—1 

10 e —5a 
10 e —5a 
10 e —5a 
10 e — 10a 
10 e — I0a 
10 e. — 10a 
10 e — 15a 
10 e. — 15a 
10 e, — 15a 
10 e —20a 
10 e —20a 
10 a, —20a 
10 —25a 
10 o —25a 
10 e —25a 
10 e —5a 
10 e —5a 
20 e — la 
20 e — la 
20 e — la 
20 e — la 
20 g —3a 
20 e —3a 
20 e —3a 

—100 
—1 
—1 
—3 
—3 
—3 

2191045 —3 20 e —3a 60 
2191046 35 —80 —3 20 e —3a 160 —1ma g —40v 0.9 

20 
20 
2o —100 

—40 
—60 
—8o 

—2ma e —40v 0 048 
—2ma s. —60v 
—2ma g —80v 
—2ma g —20v 
—2ma g —30v 
—2ma s. —40v 
—2ma e, —20v 
—2ma s. —30v 
—2ma s. —40v 0 025 
—2ma s. —20v 0.025 
—2ma s. —30v 0.025 
—2ma s. —40v 0 025 
—2ma e —20v 0 025 
—2ma v —30v 0 025 
—2ma e —40v 0 025 
—2ma g — 100v 0.08 
—2ma —120v 0.08 

0.048 
0.048 
0.025 
0.025 
0.025 
0.025 
0.025 

—1254 e —20v 0.2 
—125,a e —30v 0.2 

0.16 
—I25,a e —30v 0.16 
—1254 e —40v 0.16 
- e —50v 0.16 

germanium and silicon transistors 

silicon diodes and rectifiers 

/444 9/1 solid tantalum capacitors 

precision carbon film resistors 

ensidrof silicon resistors 

1 



ACTUAL SIZE ACTUAL SIZE 

DC-TO-DC POWER CONVERTER 630-WATT OUTPUT AT 90% EFFICIENCY 

20µf @ 20m Ly may be wound according to the output 
voltage deemed, allowing about 0.639 turns per 
volt The woe size should be large enough to 
allow one circular mil per millampere The 
output current and load will then determine 
D3 04, Ds. Ds and C4 

L3— 17 turns each IT ham veund 

Li, 1.4-4 turns each • 16 
Ti, (12-295146 80 volt 25 amp each mounted 
on a min of 200 sq not 1/4 - aluminum to be 
good to 50 C 
Di- 161124 mounted on a min of I sq. in. of 
exposed I 16- alummum Olt.tatm. to 50'C. 
Frequency about I kc 
Core:type 50022 2A Magnetics, Inc 

10 to 25-amp switchers: 
high current switching applications 

TI 2N511 series alloy-junction transistors guarantee collector 
currents of —10, —15, —20, and —25 amps in —40, — 60 and 
—80 y ratings. All units provide low 0.025 ohm saturation resist-
ance and typical switching times at 25°C of 12.5 µsecs (ton) 
and 8.0 µsecs (toff ). 

TYPICAL SWITCHING CHARACTERISTICS 

TYPICAL SWITCHING TIMES 

Td Delay Time 0.3 ya new 

Ty. Rise Time 0.7 µsec 

Ty Storage Time 1.2 µsec 

Ty Fall Time 0.5 ¡ unen 

33 CI  FO IPNUPLUSET 
T0  Ts 
d I yf 

35V 90.4- --- - 41 OUTPUT 
PULSE 10% - 

TEST CURRENTS 

16 1 (Turn-on Current) = — 30mA 

162 (Turn-off Current) = 3Orna 

lc (Collector Current' = — TA 

high power/high frequency 
switchers: 

computer core drivers • deflection circuits 
• light weight converter applications 

TI 2N1046 alloy diffused transistors combine high power, high 
frequency and high voltage performance in a single package. 
Guaranteed 35-w dissipation, collector breakdown voltage to 
—80 I.', and low 0.75 ohm saturation resistance with 12 me 
typical alpha cutoff insure reliable operating characteristics. 

50 

2w 

30 

lw 

TYPICAL DC TO DC POWER CONVERTER 

s.ur 12 v 

NOTES: Np and N3-88 TURNS • 18 
Nt and 50-02 TURNS • 22 

N5 NeS(C) 

CORE. 28 
Toroidal ribbon wound core with maximum flux 
density 148 kilogauss at a cross.soctional area 
ot I 37 sq cm. 

ACTUAL SIZE 

high beta power amplifiers: 
audio amplifiers • 

current switchers • power converters 

TI 2N456 series alloy-junction transistors with guaranteed 
50-w dissipation, —40, —60, and —80 BV cm) ratings and 
less than 0.048 ohm saturation resistance provide optimum 
performance characteristics. 

TYPICAL 20 WATT AMPLIFIER POWER GAIN = 23 db 

TRANSISTOR 
V00  
V n EFFICIENCY 

DISTORTION 

20 WATTS 

R. 

n 
2N1021 -80 30 66% 2% 3 

2N1022 -100 50 66% 2%. s 

• HEAT SINK 

ACTUAL SIZE 

Transformer : N1 nt: My 
2N1022. To Minimize Cross.Over Disko ion the Coils 

R a Should be Elifilar Wound. 

high voltage power converters: 
audio • servo • 

power applications 

TI 2N1021 and 2N1022 alloy- junction transistors guarantee 
maximum operating voltages of —100 y and —120 y respec-
tively, low 0.08 ohm saturation resistance, and typical betas of 
60 at —1 amp, 23 at —5 amps. You get guaranteed collector 
reserve current of —2 ma maximum at full rated voltage. 

Check the specifications at left for the unit most suited to your particular requirements. 

INSTRUMENTS 
INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 

13500 N. CENTRAL EXPRESSWAY 

POST OFFICE BOX 312 • DALLAS. TEXAS 

Write on your company letterhead to your 
nearest TI sales office describing your 
application for specific details on T1 products. 



NEW 
VACUUM GAGE MEASURES 
PRESSURES IN TWO RANGES 

V3 mm to liu Hg 

ly to 0.1 m,u Hg 

GICT—Cabinet Model 

The KINNEY GICT Ionization-Thermo-

couple Gage covers the range from 3000 

microns to below l0-7 mm Hg . . . a two 

meter instrument providing simultane-

ous Ionization Gage and Thermocouple 

Gage readings. Available in portable 

cabinet and panel mounted models. The 

standard unit is supplied with one posi-

tion Compensated Thermocouple Gage, 

and it can be supplied in modified form 

with 2, 3, 4, 5 or 6 position Gage at extra 

cost. 

Designed with the more critical applica-

tions in mind, the KINNEY GICT brings 

an important advance in high vacuum 

instrumentation for use wherever an ac-

curate and highly dependable instru-

ment is required. 

Get the full story on such features as: 

Compensated Thermocouple Gage 

Tubes, Automatic cut-off relay to protect 

Ion Tubes from burn-out, Outgas circuit 

for elimination of false pressure read-

ings, and many others. 

KINNEY MFG. DIVISION 
THE NEW YORK AIR BRAKE COMPANY° 

3631M Washington Strreet • Boston 30 • Ma,. 

Please send me Bulletin 3811.1 with full 
information on the GICT Ionization-Thermo-

couple Gage by return mail. 

Name 

Company_ 

Address  

City Zc-te  Ssate  

NEWS 

New Products R E 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued froin page 124.4) 

Models may be had to read 5- or 6- level 
ehailless or fully perforated tape. 

The new set is proposed for a wide 
ra nge ssf tape reading applications includ-
ing on-line data transmission over existing 
communications facilities and off-line cr., - 
trol of tape-operated factory or office ma-
chines. 

Cs Hnponents of the Model 28 NI iniat ur-
ize(l LX1) set, such as the transmitter-dis-
tributor portion, are available separately 
(without motor, base or cover for integra-
tion with systems equipment. 
A new 4-page applications brochure is 

available upon requs, i. 

Anechoic Chamber 
'Hie microwave anechoic chamber 

shown in the attached photograph em-
bodies sidvanced design construction. The 
chamber, desigiseil and constructed by 
Emerson & Cuming, Inc., Canton, \ lass., 

alunit 120' lung, 45' wide and 25' high. 
In contrast with the snore conventional 
darkroom. ill which the diffracting edges of 
transverse baffles lie in planes normal to 
the long axis of the room, the baffle edge-
are here parallel to the longitudinal eels hi 
line. The absorber is Eccosorb Fik 340 
on the walls, ceiling and floor, with — 40 (II) 
Eccosorb CV-9 at each end in ;t vertical 
cylindrical arrangement. The frequency 
range is 900 nic through 50 knu• 

Two major electrical advantages as, - 
crue from the longitudinal baffle concept 
First, baffle edge diffraction effects are 
minimized since the edges are aparallel to 
the axial field components which are 
relatively smsdl in nsost instances. Unless 
a conventional transversely baffled room 
is excessively large in cross section, several 
of the baffle edges are invariably illumi-
nated by pstrallel fields comparable in am-
plitude to those illuminating the target 
;ire.a. Recent theoretical and experimental 
work indicates that, under typical cham-
ber illumination conditions, the very exist-
ence of baffle edges parallel to radiation 
fields imposes a severe limitation upon the 
"darkness" of a darkroom. The quality of 
the absorbing material covering these 
edges is t heorect Wally of little consequence. 

(C011tiniU d on page 130A) 

Just Published 

PLASMA 
DYNAMICS 

Edited by FRANCIS H. CLAUSER 

The .Iohns Hopkins liniz.,Tsity 

A broad, unified treatment of 
plasma dynamics, carefully edited 

and coordinated from material pre-
sented by 50 distinguished partici-

pants in the 1958 international s in-
posium at \\ . 0041s Hole. An au-

thoritative, timely reference book. 

Chapter titles and Editors 

Experimental research on high tem-

perature plasmas by Richard F. 

Post. The problems of thermonuclear 
fusion mid high temperature plas-
mas by Marshall Rosenbluth. 

Gaseous electronic phenomena by 
Marvin H. Mittleman. Dynamics of 

electron beams by Roy W. Gould. 
Slati st lea I plasma inechan ics by 
Johannes M. Burgers. Continuum 
plasma dynamics by Hans W. Lien-
mann and Julian D. Cole. Hight 

magnetohydrodynamics by Arthur 

Kantrowitz. Solar, planetar>, and 

interplanetary magnetohydrodynam-

ics ir Eugene N. Parker. Cosmical 
magnetohydrodynamics by Geoffrey 
Burbidge. 

368 pp, 98 illus. 1959—$12.50 

Q UANTITATIVE MOLECU-

LAR SPECTROSCOPY AND 

GAS EMMISSIVITIES 

y S. S. PI \ . 112, Calif. Inst. of 

"leek 

Treats basic problems in quanti-
tative molecular spectroscopy and 
gas emissivities, utilizing the clas-
sical results of radiation theory. 
Problems are representative of the 
types encountered in development 
of modern propulsion devices. 

587 pp. 212 illus. 1959—$15.00 

PROJECT SHERWOOD: 

The U.S. Program in Controlled Fusion 

By AMASA S. flisstoe, U.S.A.E.C. 

"A clear description . . . of the 
U.S. effort to achieve the thermo-
nuclear reaction. Tile well-written 
text and remarkable drawings make 
the reading of this book a pleasure." 
SCIENCE 

216 pp. 50 ills, 1458--'..k).50 

•• ADDISON-WESLEY 

PUBLISHING COMPANY, INC. 

Reading, Massachusetts, U.S.A. 
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DEVELOPED BY SPERRY SEMICONDUCTOR ... 

PERFORMANCE 
PROVED IN 

 12== 

For the most advanced semiconductor 

devices in your computer applications— 

SPECIFY SPERRY 

LARC SOLID STATE 
COMPUTER 

HIGH-CURRENT FAST-

( 9 ) SWITCHING SILICON DIODES 
Ultra- high speed computing, 25 to 200 

times faster than other existing comput-

ers, is an accomplished fact in Remington Rand's UNIVAC LARC 

—the most sopiisticated of the new "second-generation" com-

puters. Key to its unparalleled speed and reliability are the 

thousands of Sperry high-current fast-switching diodes built into 

its critical memory driving circuits. 

Selected from Sperry's unique high- current silicon types, these 

were the only diodes in the industry able to meet the severe per-

formance requirements of the LARC circuitry. Many Sperry com-

puter diodes, such as the 1N690 and 1N691, are finding wide 

acceptance by the industry in more than a dozen other high 

speed computer prototypes. 

SPERRY SEMYCONDUCTOR DIVISION, SPERRY RAND CORPORATION, SOUTH NORvVALK. CONN. 

Regional Sales Offices: South Norwalk, Conn., New York, N. Y., Chicago, Ill., Los Angeles, Calif. 
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MOCON perfects 

a new family of 

SUB-miniature 

CERAMIC 

CAPACITORS 

NAHROW-Clir 
mum 

to fit MODULAR 
SPACING 

"NARROW-CAPS" subminiature ceramic 

capacitors and 1'10 inch modular spac-

ing of pr>nted circuitry form the newest 

'hand-in-glove' team to speed the still 

smaller assemblies required today. 

"NARROW-CAPS" are 
available in 5 sizes: 

100 mmf. 20% ... 250 mmf. 20% 

500 mmf , 20% ... 750 mmf. ' 20% 

1000 mmf. ' 20% with ambient tern-

perature range —60°C. to 125°C. and a 
voltage rating of 50WVDC. Write for 

catalog or representative. 

Mitchell 2-1476 7 - 8 

MUCON 
CORPORATION 

9 ST. FRANCIS ST., NEWARK 5, N. J. 

NEWS 
New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your IRE affiliation. 

(Continued from Page 128.1) 

I he longitudinal-baffle design significantly 
minimizes these limitations by making the 
baffle edges parallel to the weak axial field 
unponents. 
Secondly, the residual and unavoid-

able reflections from longitudinal baffles 
impose no limitation on the distance be-
tween transmitter and target. A uniformly 
"quiet" volume, having dimensions sub-
ject to design control, surrounds the long 
axis of the chamber and extends to within 
a few feet of either end. In a transversely 
baffled room, an axially short quiet vol-
ume exists close to one end, and very 
elaborate baffling is required to permit a 
range of transmitter- to-target distances. 
Additional elaboration of shape and num-
ber of transverse baffles is necessary if the 
room must be used for transmission in 
either direction, and still further design 
complications result if the room must be 
used for both reflectivity and pattern 
work. In sharp contrast, the much simpler 
hmgitudinal-baffle chamber is equally good 
for transmission in either direction and it 
is inherently satisfactory for both reflect is 
ity measurement and pattern recording. 

The effectiveness of the new design can 
be readily appreciated by examining the 
specular reflection paths of rays originating 
on or near the long axis of the room. I u 
the Canton, Massachusetts, chamber, no 
energy reflected specularly front walls, 
ceiling or floor returns to a central 6- foot 
diameter cylinder except after sufferii,.. 
three reflections from microwave absorbing 
material. Only a very few "second-bounce" 
rays traverse an 8-foot cylinder. Testing 
the chamber shows the 6-foot diamete 
cylinder to exhibit — 40 db reflectitm char-
acteristics down to about 1 kirie and — 50 
db performance from kinc upward. Com-
plete testing will pinpttint reflect ivit 
versus frequency ;old a plot will be avail-
able. 

Multi-Circuit 
Toggle Switch 

Electrosnap Corp., 4218 W. Lake S1 
Chicago 24, III., manufacturer of precisi,,i 
switches, has developed a toggle switch. 
Model .\3-77, contajn¡ ng four poles, o,•, 
occupying less than one cubic inch 
space below t he panel. 

The switch is designed for aircraft and 
military use as well as for compact control 
panels on electrical and electronic equip-
ment. All exposed metal parts are either 

(Continaed on page 1.-2A) 

ripple at full load is only 

0•005% 
with new 

POWER & BIAS 
SUPPLY FOR TRANSISTORIZED 
EQUIPMENT # 1020 (PAT. PEND.) 
• includes power transformer, full-wave silicon 
diode rectifier circuit, electrolytic capacitor 
input titter followed by a two-power transistor 
(2.2N256) cascaded filter circuit providing ex-
traordinary ripple rejection • output voltage: 0-30 
VDC continuously variable, monitored by duat. 
range voltmeter (0-6. 0-30 VDC) • continuous 
output current capacity: 150 ma @ 0-12V; 200 
ma @ 12-24 V: 300 ma @ 24-30V • 0.5A fuse 
protects against short circuit • comparable in 
purity of output and in voltage and current 
capacity to transistorized supplies selling for 
several hundred dollars • ideal for laboratory. 
development and service work on transistors and 
transisiorized eouioment 
• rugged grey wrinkle 
steel case (5" h, 
4" w, 51/2 " d) 

KIT $19.95 
WIRED $27.95 

Compare this 
versatile_ depend-
able Model 1020 at 
your neighborhood 
EICO distributor 
For free catalog on 65 
models of EICO test 
instruments, hi-fi and amateur gear, write to Dept 

ELECTRONIC INSTRUMENT CO., INC. 
33 00 Northern Blvd., Long Island City 1, N Y 

NEW PRODELIN ...•••••• 
RIGID '800' 
TRANSMISSION LINE 

CATALOG #595 

WRITE 

TODA Y 

FOR 

YOUR 

COPY 

CONTENTS 
• 40 OHM i rod coop., eu.txial transmission line 

fis". 1.0". :Ps", and W." sizes 
• 50 OHM rigid aluminum coaxial transmission 

line 1.8". 3.8". and 64" sizes 
• Special rigid aluminum coaxial transmission line 

for use with new Spir-O-lok lc Connectors 
34". 44", 6”." and 9" sizes 

• Spir-O-lok Connectors in all sizes 
• Eigt Connectors in all sizes 
• Dehydration systems installations 
• 6 pages of enginexring data and performance 

curves 

PRODELIN INC. 
Dept. 1-12, 307 Bergen Ave., Kearny, N.J. 

Spte.0--lok Is u Reel•tered Trade Mark 
nf Produl in In, 
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HE solution to antenna problems begins when someone 
says: "Let's ask Kennedy!" 
A few of the many reasons why are shown on this page. 

These Kennedy antennas are setting new standards for all-
weather reliability and versatility wherever they serve through-
out the free world. 
Kennedy antennas come in many shapes and many sizes. 

But whatever the type, and whatever the conditions under 
which it must serve, Kennedy can offer a design that fully 
measures up to specifications. 
Kennedy Field Service engineers are available to insta] 

antennas anywhere in the world. It's a part of the complete, 
integrated service that is still another reason why more and 
more people in electronics are "asking Kennedy" about 
antenna problems. 

O TRACKING ANTENNAS-4 604r,or satellite tracker points skyward. 
2,i:- and SI-foot models also available. 

O SCATTER ANTENNAS — One end 4 a scatter link showing two 
120f6ot antennas. 28- and 60-foot models are also available. 

CO RADAR ANTENNAS — A giant radar antenna forerunner to the 
B.111.1I'S Program. Dozens of conventional types are also available. 
RADIO TELESCOPES — An 84-foot radio telescope listens to the 
heavens whisper. 28- and 60-foot models are also available. 

O WAVEGUIDE COMPONENTS — A dual polarized feed with two 
:iwveguide inputs. Other large size components include many types' 
of horns. dupleyers,- transitions, straight sections and bends. 

• FIELD SERVICE — Kennedy Field Service engineers erect an 84-foot 
radio telescope. Other services inchrde site selection, construct on, 
pirsonnel training and servicing. 
RESEARCH AND DEVELOPMENT — Kennedy's antenna service in-
cl,..deA basic R ee D h /17 t fa 

o 

Ay 

D. S. KENNEDY (It CO. 

ANTENNA EQUIPMENT 

COHASSET, MASSACHUSETTS EVergr 3-1200 

West Coaq »hate . . . 

SATELLITE KENNEDY. INC. of CALIFORNIA 

P. O. Ike 1711, Monier.> C11,1.05,1,1 FRontier 3-2461 

Down-to-earth SOLUTIONS 7o mi-opthts-world PROBLEMS 

Tracking Antennae-Radio Telescopes-Radar Antennae 

"Trane-Horizon- Antennae-Tropospheric Scatter 

Ionospheric Scatter 



INDICATING LAMPS 

with Illuminated Engraved Message 

=170 S/P UNIT 
Bright chrome finish on screw- on type lens- cap. 
2- , " Overall diameter. Uses S-6 bulb. Depth be-
hind the front of the panel is 2- 1/4 ". 1-Vis" 
mounting hole diameter. Molded socket with 6-32 
terminal screws. U/L Approved. 

659 D/E UNIT - Black 
Alumilite machined lens-
cap, screw-on type. 1-
"A 6" Overall diameter. 
1- 14" depth behind front 
of panel. I-%" mounting 
hole diameter. 
U/L Approved. 

The H. R. 

É.11 te 

REZTANGULAR INDICAT-
ING LAMPS and MATCHING 
RISH BUTTONS - Black 
frame, lens colors red, 
green, yellow, white. 
Available in two sizes: 
Simi! ( overall) 3Ih," x 
IVis". Large (overall) 1-
1Y32" "Az-• 

Kirkland offers a wide vari-
ety of heavy-duty indicating 
lamps that feature specially 
engraved lens surfaces for 
providing illuminated mes-
sages or color backgrounds. 
Units are also available 
with standard lenses and 
all lamps are designed for 
single-hole panel mounting. 
Nationally distributed. 

Easy to Order: 
Simply contact our 
National Distributors. 
See our listings in 
their catalogs ... 

'GRAYBAR ELECTRIC CO. 

Pages = 1259 to 1261 

'GENERAL ELEC. SUPPLY CO. 

Pages = 688 to 689 

WESTINGHOUSE ELECTRIC 

SUPPLY CO. 

SEND today for illustrated catalog describing complete line of 

Kirk/and Indicating Lamps and Ultra-Modern "Domino" Units! 

KIRKLAND Company 
Manufacturers of complete Annunciator systems and corn ponents 

for util ty and industrial applications. 
804 King Street 

ics 

•  
Ft 

the mcst complete lire of 
POWER SUPPLIES 

TRANSISTORIZED 

MAGNETIC TUBELESS 

VACUUM TUBE TYPE 

VOLTAGE 
REGULATED 
POWER 

SUPPLIES 

KEF'CO 
INC. 

131.38 SANFi,iiI) AVENUE 

FLUSHING 55, N.Y. 

INC FPENDENCE 1.7000 

BASSETT 
CONTROL CRYSTALS 

Morristown, New Jersey 

PEAK OF PRECISION 
For More 

Than 20 Years 

Available for immediate delivery in any 
type, any frequency, any quantity, for— 

• CITIZENS BAND USE 

• AMATEUR and CAP 

• AIRLINE and AVIATION 

• TAXICAB and POLICE 

• MARINE RADIOPHONE 

• MILITARY and MISSILE USE 

plus all other requirements where 

precise and dependable frequency 
control insure successful, economi-
cal operation. 

Complete information and prices on request 
Engineering assistance available 

REX BASSETT, Inc. 
Subsidiary of Savoy Industries, Inc. 

BASSETT BLDG. FORT LAUDERDALE, FLA 

P. O. Box 7127 Phone LOgan 6-8416 

New Products 
NEWS 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from poor 1,04) 

stainless steel or are treated for corrosion 
resistance. The operating force required 
to move the bat handle is set above the 
point where vibration or acciilental jarring 
will actuate the switches. . \ detent action 
gives a positive "feel" to the movement of 
the bat handle from one side to the other. 

The bat handle of the switch is main-
tained in one of three positions with the 
center position olT. Each pole of the switch 
element is rated at 6 amperes, 125/250 
volts ac, 30 volts dc, resistive and 3 am-
peres, 30 volts dc, inductive, Weight is ap-
proximately 1 oz. 

For further details, write to Electro-
snap. 

Sub-Miniature 
Pulse Transformer 

Production of a new sub-miniature pulse 
transformer featuring clamped ferrite (-ore 
(•onstruct ion has begun at Pulse Engineer-
ing, Inc., 560 Robert Ave., Santa Clara, 
Calif. 

Ittowit as the Micro-Stat''', the new 
magnetic component uses a high penile-

.11,dity core in the typical CI configuration 
developed by Pulse Engineering for its 
territe core transformers. 

Use of core-gapped construction in-
stead of the conventional toroid and cup 
core pr(tvisles improved voltage breakdown 
and insulation resistance, according to 
company engineers. 

This unique design also features faster 
reset and k-,.s 1t r, higher power capabilities, 
lower losses, and increased total flux swing 
capability. 

The units are constructed on an armite 
form for precise winding geometry to con-
trol leakage inductance and distributed 
capacity. Each Micro-Stat has a polished 
gap which represents ; issu l of effective gap. 

Micro-Stats are available for imme-
diate delivery in either epoxy construction 
,m in hermetically-sealed metal casings. 
[he epoxy model is 0.41" long with a di-
ameter of 0.30". '1'he metal casing is 0.57" 
long with a diameter of 0.41". 

All applicable military specifications 
are met by the Micro-Stat. At present, it 
is available in over 50 designs. 

For complete details, please write to 
the firm. 

(Continued ou page 1$-1.4) 
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Status Report on RCA Micromodules — 

dramatic new devices for high- density parts packaging 

How soon will you see 
your electronic products 
in Micromodule form? 

The excitement over Micromod-
ules is still mounting! We haven't 
seen such enthusiasm and activ-
ity since the early days of transis-
tors. Scores of electronic equip-
ment designers and manufac-
turers are asking: "How soon can 
I see my product in Micromodule 
form?" Our answer: Right Now! 
We'll take your circuit, bread-
board, or black box, evaluate it 
and convert it to module form. In 
fact, you will find that end-equip-

ment in Micromodule form is 
probably only one design cycle 
away! 

Special Presentation 

Now Ready! 

RCA Field Engineers are pre-
pared to show you a presentation 
that will clearly explain the 
potentialities and the current 
working realities of Micromod-

ules for application in military 
compt.ters, digital devices for 
missiles and satellites, airborne 
or portable communication equip-
ment, or submarine electronics. 
Many designers who have seen 
this presentation were so im-
pressed with the possibilities of 
extreme miniaturization and in-
creased reliability of Micromod-
ules that they have immediately 
placed orders to begin micromod-
ularization of their equipment. 
Call your RCA Field Representa-
tive today and he will set up a 
presentation for you at your con-
venience. 

• $ • 

/2 

RCA Micromodules, todays most exciting, most practical answer to high-density parts packaging, 

make possible equipment with modular parts densities to 600,000 per cubic foot. Result: important 

space savings over existing miniature equipment and an amazing increase in the number of circuit 
functions per cubic foot. Increased reliability through redundancy, room for more circuits to improve 

accuracy, precision, control and sensitivity are other significant advantages offered to designers. 

Micromodules, developed through the joint 
efforts of RCA and other leading component 
manufacturers, in cooperation with the U.S. Army 
Signal Corps, are units in which several micro-
elements are combined to perform specific func-
tions such as amplifier, oscillator, or divider. The 
microelements are tiny ceramic wafers .310 

inches square and 1/100th inch thick, on which 
conducting, semiconducting, and insulating ma-

terials are fused to provide the electrical char-
acteristics of basic electronic components such 
as resistors, capacitors, and transistors. The 
microelements are interconnected and encapsu-

lated to form Micromodules. 

RCA FIELD OFFICES 

East: 744 Broad Street, Newark, N.). 
HUmboldt 5-3900 

Northeast: 64 " A" St., Needham Heights 94, Moss. 
Hilicrest 4-7200 

East Central: 714 New Center Bldg., Detroit 2, Mich. 
TRinity 5-5600 

Central: Suite 1154, Merchandise Mort Plaza 
Chicago, Ill., WHitehall 4-2900 

West: 6355 E. Washington Blvd. 
Los Angeles, Calif., RAymond 3-8361 

Gov't: 224 N. Wilkinson St., Dayton, Ohio 
BAldwin 6-2366 
1625 " K" St., NW., Washington, D.C. 
District 7-1260 

ALSO AVAILABLE AT YOUR LOCAL 

RCA SEMICONDUCTOR DISTRIBUTOR 

RADIO CORPORATION OF AMERICA 
SEMICONDUCTOR & MATERIALS DIVISION - SOMERVILLE, N. J. 
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•I:ge 
gene"' d polarize 

RE1A leg 
"DIAMOND H" 

SERIES P 
Relays 

For electronic 

and communications 

applications 

Engineered to pro-
vide extremely fast 
action with high 
sensitivity, freedom 
from bounce and 
excellent stability, 
"Diamond H" Se-
ries P Polarized 
Relays give consist-

ent performance with low distortion. 
Under some conditions they will han-
dle over 1,000 pulses per second. 

Magnetically latched SPDT, with 
two independent coils, Series P Re-
lays are available with various coil re-
sistances from 10 to 4,000 ohms each 
coil. Contact ratings will vary with 
switching speeds desired, but range 
from 60 milliamperes to 2 amperes. 

Extremely compact, to save space 
and weight, they fit standard octal 
sockets. Their impact and vibration 
resistance is excellent for relays of 
this type, thanks to extra-rugged 
construction. 

"Diamond H" engineers are pre-
pared to work out a variation to meet 
your specific requirements. Write or 
phone us your needs. 

THE HART 
MANUFACTURING COMPANY 

302 Bartholomew Avenue 

Hartford, Conn. 

NEWS 
•r-„,, New Products 

-••••••• 
These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your IRE affiliation. 

(Continued frein rage 1324) 

Preset Wirewound 
Variable Resistors 

.1 new line of r diameter lower cost 
miniature preset wirewound 1-5000 ohms 
resistance range variable resistors has been 
developed by Chicago Telephone Supply 
Corp., Elkhart, Ind. 

Positive contact with the resistztnce 
winding at every point of rotation is in-
sured by special alloy spring contactor. 
Continuous contact between contactor, 
rotor and cover is provided by 3 embossed 
dimples on the contactor. Dimensional 
stability under high humidity conditions 
is achieved by using line grade winding 
strip material with low moisture absorp-
tion. This avoids the hazard of winding 
turns loosening or shorting after humidity 

exposure. Controls are designed for sensi-
tivity, hum balance, bias adjust and other 
applications requiring a highly reliable 
preset wirewound control at lower cost. 
Rotational torque is 2 to 8 oz./in., stop 
torque 12 in./lbs. minimum and angle of 
rotation 240° + 5° without lixed resistor 
stop. Type 110 is available with straight 
or snap-in mounting tabs and terminals 
for printed circuits and Type 112 with 
flange type cover for eyelet or rivet mount-
ing. Moveable contactor is connected 
electrically to the cover in both types. 

Computing Navigation 
Indicator 

John Oster Manufacturing Co., Avionic 
Div., 1 Main St., Racine, Wis., has devel-
oped a new computing indicator combining 
the functions of the 111-250 ,\ RN Course 
Indicator, the 1D-307 Al:\ Azimuth Indi-
cator and the ID-310 ARN Range hull-

(Coodozued oa page UNA) 

—71MIlfflifi7là.BC—7,Mrieure-• 

IN PARIS 

FROM FEBRUARY 

19th TO 23rd 

1960 

international 
exhibition 
of electronic 
components 

The greatest world gathering 

in the field of electronics. 

Recognized Travel Agency: 

Cook's International Sleeping-Car Agency 

FÉDÉRATION NATIONALE 

DES INDUSTRIES ÉLECTRONIQ_UES FRANÇAISES 

(F.N.I.E.) 23, rue de Lübeck - PARIS 16e - Tél. : PAS. 01-16 
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PROFESSOR MIZZLE VON BOMB presents 

reat o oments In Electronics 
(Never Before Recorded) 

elsztelsdadseLebelsetselAebeLetsel9z.Leise.19dsesd5deeiteeLetseibeiseleelatisetsciwiselbtistlelscixeoci,doelscl:  

DISS DAY MINE PURPOSE 

ISS TO INVENT SOMETING 

Write today for prices and 

I TINK I GALL IT DER 
,ELECTRICITY 

r/ 

BUT 

HERR FRANKLIN 

VILL GET 

DER CREDIT 

Yes, Professor . . "do- iss electricity" . . . discovered 

through bold research. And such research at SIE 

has produced the Model R-3 Transistorized VcItmeter, 

which combines more desirable features than any 

other instrument in its class. 

AC: 1 mv to 1000 y full scale in 14 ranges 

DC: 1 y to 1000v full scale ± or — in 7 ranges 

Electrometer: 0 to 1 vdc + or — 

Ask your SIE representative to dem-
onstrate the R-3 and tne entire line 
of SIE Advanced Design Instruments. 
"Do itt zoon!" 

specifications. 

SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
A DIVISION OF DRESSER INDUSTRIES. INC. 

10201 Westheimer • P. 0. Box 22187 • Houston 27, Texas • HO mestead 5-3471 

CABLE: SUECO HOUSTON TWX: HO-1185 
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31 reasons why 
Transistorized 

GUARANTEED 
LAMBDA LT TRANSISTORIZED POWER SUPPLIES 

IMMEDIATE DELIVERY FROM STOCK 

11/1/11/ /MI 
11/1 MUM 

Every Lambda Transistorized Power Supply is guaran-
teed to perform within applicable specifications and is further warranted to be 

free from defects in material and workmanship for a period of five full years. 
This plus the excellent experience of present users is your assurance of getting 
the finest in power supply service when you specify Lambda. 

Voltage Bands  0-8, 8-16, 16-24, 24-32 VDC 

Line Regulation  Better than 0.15 per cent or 20 millivolts (whichever is 
greater). For input variations from 105-125 VAC. 

Load Regulation  Better than 0.15 per cent or 20 millivolts (whichever is 

greater). For load variations from 0 to full load. 

AC Input  105-125 VAC, 50-400 CPS 

Electrical Overload 
Protection   

Thermal Overload 
Protection   

Magnetic circuit breaker, front panel mounted. Unit can-
not be injured by short circuit or overload. 

Thermostat, manual reset, rear of chassis. Thermal over-
load indicator light, front panel. 

Size  Wit H x 19" W x lee D. 

CONVECTION COOLED 
No internal blowers — No moving parts 

0-32 VDC • 0-1 AMP • 0-2 AMP 

• Ambient 50° C at full rating. 

• High efficiency radiator heat sinks. 

• Silicon rectifier. 

• 50.400 cycles input. 

• Special, high-purity foil, long-life electrolytics. 

• Compact. Only 31/2" panel height. 
• Short-circuit proof. 

• Protected by magnetic circuit breakers. 

• Hermetically-sealed transformer. 
Designed to MIL-T27A. 

• All transistor. No tubes. 

• Fast transient response. 

• Excess ambient thermal protection. 

• Excellent regulation. Low output impedance. 
Low ripple. 

• Remote sensing and DC vernier. 

• Model LT 1095 $285 

• Model LT 1095M (metered) $315 

• Model LT 2095 $365 

• Model LT 2095M (metered) 

SEND FOR COMPLETE DATA 
Write for information and specifications on Lambda's full 
line of transistor-regulated and tube-regulated power supplies. 

6396 

LAM B 1) A  ELECTRONICS C OR P. 
11-11 131 STREET • COLLEGE POINT 56, N. Y. • INDEPENDENCE 1 - 8500 



Lambda 
Power Supplies are 
FOR 5 YEARS! 

18 

17 

1 Thermal overload breaker for excess ambi-
ent temperature protection 

2 High efficiency, convection heat sinks 

3 Industrial type power transistors inherently 
protected against overload 

4 Highly stable Zener voltage reference diode 

5 Specie, high-purity foil, hermetically sealed, 
long-life electrolytic capacitors 

6 Silicon rectifier 

7 Excellent regulation, low output, impedance, 
low ripple 

8 Stable, low-noise wire-wound reference net-
works and multipliers 

9 Unit welded chassis and frame 

28 

10 Every connection and solder joint individu-
ally inspected and checked 

11 Sturdy gripping handles 

12 Meters on " M" models 

13 Magnetic circuit breaker 

14 Fuses, internal failure protection 

15 Thermal overload indicator light 

16 Fast transient response 

17 Every specification lab-checked before ship-
ment 

18 Rated for full load over entire voltage range 

19 Advanced packaging for optimum thermal 
and mechanical design 

20 Rated for 24-hour continuous duty 

6 
5 

7 

21 Compact — only 31/2 " panel height 

22 Rated for operation from 50-400 cycle source 

23 Hermetically-sealed transformer — designed 
to Mil-T 27A 

24 Heavy-duty extra-length industrial cord 

25 Harness wiring 

26 Nylon jacketed vinyl wire 

27 Sturdy cable clamp anchors 

28 Remote DC vernier adjustment terminals 

29 Remote sensing terminals 

30 All controls clearly identified and marked 

31 Heavy-duty barrier-type terminal block lo-
cated for convenient rack cabling 



ACTIONCRAFT 
WIRE 

MARKERS 
CUSTOM MADE TO MEET ANY REQUIREMENT 

STAMPED VINYL PLASTIC SLEEVING 
LAMINATED SNAP-ON SPLIT SLEEVES 
STAMPED SILICONE RUBBER SLEEVING 
Permatag wire markers are lurnislted in bulk or carded in se-
quence according to blue prints or wiring diagrams. 

AUTHORIZED DISTRIBUTOR l'hone or write for samples and quotations. 
FOR 

RESINITE SOFT-WOUND INSULATION SLEEVING 
IS AVAILABLE FROM STOCK 

"Soft- Wound" is a new concept in spooling and coiling insulation 
sleeving. It is carried in stock to meet the following mil specs: 
MILI-631C, MIL-1-7444A ( 2), MIL-I-3190. 

"Soft-Wound" reduces costs—saves time—eliminates waste. An ex-
clusive feature found only in Resinite insulation. Request our 
Borden Company bulletin RS 113 for complete details showing how 
"Soft-Wound" saves time and money. 

PHONE: PORT WASHINGTON 7-4500 

ACTIONCRAFT PRODUCTS 
2 YENNICOCK AVENUE • PORT WASHINGTON, N. Y. 

RIXON SAYS THANKS! 
We thank our customers for such fine compliments as: 

"A fine packaging job," says one customer. 

''A simple but effective data transmission system," says another. 

They were talking about the SEBIT-2 5, a high speed Data Modem 
that can reliably transmit and simultaneously receive 2 500 bits a sec-
ond over a normal 3-kc voice line.* 

Management by Professional Engineers is the impelling 
force that enables Rixon to challenge the industry in the 
field of communication-oriented equipment. 

RIXON is dedicated to: 

• Developing and building simplified but efficient high 
speed data-stream-handling apparatus. 

• Solving your difficult electronic problems in the fields 
of: 

BASIC DESIGNING To meet your special requirements 

PACKAGING and 

REFINEMENT 

PRODUCING or 

SUBCONTRACTING 

EXPEDITING 

Of your own breadboard designs 

Electronic assemblies ranging from minia-

ture modules to high power transmitters. 

Your " Quick Reaction" Contracts. 

• For customer-sponsored performance data on SEBIT -25— REQUEST M -24 

RIXON ELECTRONICS, INC. • 2414 Reedie Dr. S Silvei Spring, Md 5 LO 5-4578 

NEWS 
;, New Products 

These manufacturers have invited PROCEEDINGS 

teaders to write for literature and further technical 

Information. Please mention your IRE affiliation. 

(Continued from page 134.-I) 

cator into a single extremely compact 
unit. Type 9814-02 eliminates 2 indicators 
irom the instrument panel and weighs 
50% less and has 60% less volume than 
the 3 units it replaces. Overall length is 
9r, diameter 31'' and weight 44 lbs. Maxi-
munt. The unit contains 14 major com-
ponents consisting of 3 ac servo motors, 4 
resolvers, 1 control transformer, 1 torque 
receiver, 4 potentiometers and 1 servo 
amplifier. The entire mechanical portion is 
hermetically sealed. One of the unit's com-
puters determines aircraft distance from a 
Tacan beacon and another computer, air-
craft bearing with respect to beacon. For 
the pilot's convenience, the single indicator 
face presents compass information on a 
rotating compass card, distance informa-
tion on a 3 digit counter and relative Tacan 
bearing information on a double-bar 
pointer. An auxiliary single bar pointer is 
provided for use with other navigational 
systems. Designed for use with Tacan Re-
cr...iver-Transinitter Units such as ARN21 
in connect' with an :\ I \ - I Compass 
System. 

DC Signal Sources 

The first commercially available dc sig-
nal sources for digital programming have 
been introduced by Consolidated Avionics 
Corp., 800 Shames Dr., Westbury, L. 1., 
N. Y., a subsidiary of Consolidated Diesel 
Electric Corporation, company spokesmen 
report. 

Typical uses, according to the manu-
facturer, include data systems, automatic 
checkout equipment and precision testing 
applications, both in the laboratory and 
on the production line. 

Output voltages are determined by the 
digital code, in the form of external con-
tact closures, applied to the programming 
input terminals. Standard units are for 
three binary-coded decimal digits; other 
codes are available. The three digits may 
be fed serially or simultaneously. External 
contacts ioust remain closed three milli-
seconds in order to register. Units also in-
corporate a clock closure circuit for timed 
programs. 

Output voltage stability is 0.05 per cent 
under any combination of the following 

(Coorimi,d on page 140.4) 

138A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE December, 7959 



New parametric amplifiers 
for 4 to 14 db improvement 
in receivers operating within 

the 100-1500 mc range. 

New ruggedized magnetrons 
for increased reliability 
of air-borne systems. 

New computer diodes 
with recovery times 
lower than 4 Mg secs. 

New duplexer tubes 
that guarantee crystal 

protection up to 1000 hours 
and at elevated temperatures. 

New ferrite duplexers, 
isolators and circulators 
for advanced systems. 

New Varactor diodes 
that reduce receiver 

noise to as low as 1 db. 

New solid-state limiters 
that protect receivers 
without external bias. 

PROGRESS AT MICROWAVE 
has a unique 12-month pattern. 

This pattern of progress at Microwave 

Associates during the past 12 months re-

veals a unique combination of solid state 

and microwave competence. It shows a 

new-development pace unmatched by any 

other single source in the microwave field. 

It promises that your own microwave sys-

tem planning can benefit from close co-

MICROWAVE 

BURLINGTON, MASS. 

operation with our skilled team of physi-

cists, metallurgists and engineers. Let's 

move ahead faster ... together! 

For data and prices on any of these new 

products . . . or for engineering coopera-

tion in developing systems components for 

your specialized needs, write or call: 

ASSOCIATES, INC. 

BRownmg 2-3000 
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A DIGEST OF NEW DEVELOPMENTS 
IN ELECTRONICS AND AUTOMATION 

PUBLISHED BY ROME CABLE CORPORATION, ROME, N. Y. 

PIONEERS IN INSTRUMENTATION CABLE ENGINEERING 

BEHIND THE NEUTRON CURTAIN. It may be that the Russians are planning 
to create an immense neutron cloud cover by setting off a series of high-
altitude ( 300 miles and up) atom and hydrogen bomb blasts. Such a cloud 
cover would act as a sort of shield against atomic warheads, heating atomic 
missiles that travel at speeds of 15,000 mph and causing the uranium 235 
or plutonium to melt. The atomic engines of planes would also be destroyed 
in this way. The destructive clouds would probably move in well-defined 
paths, the Russians theorize, and could also be used to destroy life aboard 
manned satellites. 

WANTED: By the Air Force: a non-radiating range-measuring device capable 
of ranging 20,000 to 30,000 feet ahead of aircraft flying at 500-1000 feet abso-
lute altitude. By the Navy: some sort of electronic device that can detect 
atomic submarines at long distance. Problems that must be overcome: subs 
are quiet, don't surface, are fast. Some consider atomic subs to be the greatest 
menace of World War III. The jackpot could run to billions of dollars for 
the electronics company that solves the detection problem. By the Air Force: 
a means of identifying overstressed materials before failure occurs, to solve 
the problem of detecting impending failure in rotor blades and components. 

FRIENDLY CHALLENGE. Perhaps the competition between the U. S. and the 
U. S. S. R. in the field of technology could be diverted to accommodate a 
new "race" in which the consequences for the loser are less ominous. This 
thought came to us with the announcement of the recent development in the 
U. S. of an electronic chess-playing computer, the third and most sophisti-
cated of its kind yet developed, that is capable of giving a "fairly good player" 
a battle. The Russians, too, have developed a machine of equal merit, so . . 
our machine will play your machine, Ivan—just name the date. 

CHECK LIST FOR SPECIAL CABLE. As an aid to the engineer who has to design 
and use special electronic cables, we've printed the following check list which 
summarizes the desired requirements. Copies of this check list as a Cable 
Procurement Information Form will be sent at your request if you write to 
IMPULSE, el() Rome Cable Corp., Dept. 1212, Rome, N. Y. When writing, ask 
for Bulletin RCD-400, a summary of special instrumentation cables available 
from Rome. 

Number of conductors ... conductor's size and stranding ... desired insulation 
... shielding ... outer covering ... desired cable construction ... maximum and 
minimum O.D. . . . upper operating-temperature limit . . . lower operating-tem-
perature limit.. . bending radius desired . . . type of duty . . . electrical charac-
teristics ... special requirements ... desired shipping lengths ... specifications. 

CABLEMAN'S CORNER. An important phase in multi-conductor cable manu-
facture is the manner and equipment used to "cable," or "twist," the various 
components together. The end use of the cable becomes an important factor 
in the assembly of a cable. Where flexibility is important, the length of lay, 
direction of lay, and the internal components all play important roles. Where 
connector fittings are employed, the sequential arrangement of the compo-
nents may be important. Because of differing machine capabilities, even the 
selection of the specific piece of equipment for assembling your cable becomes 
important. To obtain the best results, consult a cable specialist—a man fa-
miliar with all the aspects of cable manufacture—your Rome Cable salesman. 

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

1 NEWSANew Products RSE  

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

(Continued from page 138A) 

conditions; no load to full load, + 10% 
variation in line voltage and/or ± 10°C 
temperature change. Recovery time for a 
20 per cent load change is 100 microsec-
onds. Voltage is adjustable with an ac-
curacy of ±0.1%. Output voltage ripple 
is under 0.05%. 

Units are packaged for mounting in 
standard 19-inch relay racks. They require 
8;" of rack spat-e and are 23" deep. 

Two models are offered. Model 1101 
provides voltages from one to 999 volts in 
one-volt steps. Output current capacity is 
100 milliamperes front one to 100 volts; 10 
ma from 101 to 999 volts. Model 1102 pro-
vides voltages from 0.1 to 50 in 0.1-volt 
steps. Its current capacity is 15 amperes 
at all voltages. 

Core Design Data 
G-L precision-made, tape wound cores 

can now be obtained in two new core ma-
terials to precise limits and these materials 
and limits are illustrated and described in 
a new, 8-page, two color, illustrated cata-
log recently issued by G-L Electronics, 
2921 Admiral Wilson Blvd., Camden 5, 
N. J. Data is included on SUPER IIYMU 
"80" and SILICON Steel cores as well as 
on "0" ORTHONIK, " II" YM 1 "80" 
and " 13" 1-1Y1\ I "80" core materials. Core 
design data is included, as well as new case 
sizes. Bulletin TB- I05 has diagrams, 
charts and tables which show the new test 
limits to precise ranges, constant-current 
flux- reset data and standard core sizes, 
and information on G-L matched ctires, 
protective boxes and vibration and shock 
protection is supplied together with de-
tails on how to order. 

"M" SUPER HYM LT "80" is described 
as a vacuum melted material similar, 
chemically, to IIYMU "80", but highly re-
lined and carefully proces,cd to poiduce 
initial permeability and (1 rirtliric core loss 
considerably lxiyond the possibilities of 
"II" IlVi\ t "80" material; "S" SILICON 
Steel as a grain oriented, 3% silicon, 97% 
iron alloy which has a rectangular hystere-
sis loop. 

For a free copy of Bulletin TB- 105, 
write lo the firm. 

Spectrum Analyzer 
The Federal Scientific Corp., 615 \V. 

131st St., New York 27, N. Y.. announces 
of real-time Simoramic iiradenantei 

spectrum analyzers. Tlw analyzer t; nthe-
sizes the equivalent of thousands of band-
pass lifters located side h side in the fre-
quency domain through the use of a single 
delay line in a well-controlled closed loop. 
The frequency location, impulsive re-
sponse, and gain of all the synthesized fil-
ters are determined by the same network 
elements within the closed loop, making 
for excellent reliability and stability. The 

(L-patina( d pay,. 141eI) 
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New from Japan ... 

Important advance in short-haul, 

multi-channel communications 

Microwave 60-channel voice transmission over a non-optical 
path up to 300 MILES is now possible without repeater stations. 

NEC's High Sensitivity Reception System, by extending 
threshold level and improving S/N ratio 10 to 13 db, makes 
this hop with only 1/20 of the power output required for 
conventional systems. 

A 100 W transmitter in the 1,800-mc band, for example, has 
a scatter path of 100 -150 MILES. A conventional FM system 
requires 2 KW output and at least one repeater steion to 
connect the same distance over a non-optical eire 'l 

By eliminating high- power amplifiers and repeater stations, 
the High Sensitivity Reception System results in considerable 
reduction in initial investment. Savings in maintenance and 
power consumption are estimated at 40(,, or more. 

Extensive propagation tests have been made, and NEC is now 
prepared to supply commercial users and government agencies 
anywhere in the world. Please write for detailed information. 

60 
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ao 

30 
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10 

O 

Hs;.sensit oily System 

Conventional FM Syst my>, 

•70 80 .90 . 100 • 110 
Ch nnel Signal-to noise ratio lOhl 

CURVE compares receiver performance of High 

Sensitivity Reception System to conventional FM. 

2040 feet, 

1630 ' eel 

060 7° 8° 0°100 

PROFILE shows how a 100 W transmitter 

operating at 1.920 mc connects .0 non. 

optical distance of 142 MILES in one hop 

Average receiver input level a 1540m 

30140 
DiSTANCE 142 MILES 150 

Neon Electric Company Ltd 
Tokyo, Japan 

Electronics / Communications Systems 
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Another Carad high power, hie reliability Pulse Transformer is aboit to be put into serv-

ice. Cared Transformer No. 8096, Ike all Cared pulse components, has been tailored to 

meet spedfic application objectives. It is one of a series of Pulse Transformers that range 

in vo'tage values from 100,000 to 400,000 volts, and with pulse widths from .5 to 30 

microseconds. I 809B Output Parameters: Peak E, KV 150, Peal. I. Amps 145, Peak 

P, MW 22., Load Z, Ohm; -±105 1030, Pulse Width, us 1 to 5, Rise Time, us .4. 

Fall Time, us 1.0, Droop at max. Pulse Width 3%, Overshoot 2:5 max., Backswing 

185 max., Repetition Rate 600 FPS, Avg. Power, KWatts 66. Input Parameters: Turns 

Ratio Pri-to-Sec 1:11, Peak E, KV 13.7, Peak I, Amps 1600. Impedance, Ohmr, 

8.5. General: Type of Sec. Winding Monofilar, Max. Ambient Temp. 50°C, Size: 

Trans'ormer 21"x 10"x 14V' H. Base Plate 25"x 12"x Thick, Weight: 122 Pounds 

CARAD CORPORATION 

:85() Buy Road • Redwood City • California 

DESIGNERS AND MANUFACTURERS OF PULSE COMPONENTS AND SYSTEMS 

NEWS 
New Products 

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

(Continued from rape J -1(e.4 

outputs of the individual synthesized fil-
ters are presented sequentially for either 
human observation or computer consump-
tion. 

The Model 4A analyzer covers the fre-
quency band 1 cps to 200 cps with ap-
proximately 1 cps resolution. In conjunc-
tion with attachment FC4A the 200 cps 
frequency coverage range of the instru-
ment may be positioned anywhere in the 
1 cps to 10 kc frequency range. 

IF Amplifier 

LEL, Inc., (80 (),LI: ( piii.11e. 1.. 1., 

N. Y., lids introduced a new addition to 
their IF amplifier line which extends the 
range of their standard cittaloged units to 
200 me. Thu IF 39 has a gain of 120 ( lb. 3 
mc bandwidth, 200 mc center frequency, 
detector output, and provision for gain 
control. A matched input arise figure of 
6.5 db is standard; lower noise figure input 
circuitry can be supplied if required. For 
further information contact the firm. 

Transistorized Flip Flops 
MF Electronics Co., 122 E. 25th St., 

New York 10, N. Y., announces a new line 
of packaged transistorized Flip Flops and 
Binary Dividers. 

Designated our Types 24 through 27, 
these units are designed for high reliability 
operations and are available in speeds up 
to 1.2 inc. They are epoxy resin filled and 
can be furnished with either soft wire inline 
leads or solder hook terminals. The soft 
wire units are ideal for assembling on a 
printed wiring board, while the solder 

(continued on page 146A) 
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VISUAL MICROWAVE ANALYSIS- 10 to 44,000 mc 
etreECTRUNI DECODINCi 

Dissect complex pulse spectrum 
spectrum 

visually by means 

of Polarad 

Model SD-1 

0 • 

0 do 

te 

MULTI-PULSE 
SPECTRUM SELECTOR 
Used with any Polarad analyzer, this Model SD-1 Spec-
trum Selector permits complete analysis of any complex 
pulse modulated microwave signals. The unit decodes 
and isolates any segment of a complex pulse train and 
permits corresponding spectrum analysisof that segment. 

Model SD-1 Spectrum Selector displays pulse groups 
up to 180 microseconds duration (Model SD- 1X: 350 
microseconds). 

Applications: 
Design and operation of radar, telemetry equipment, 
IFF systems and beacons. 

FREE LIFETIME SERVICE 
ON ALL POLARAD 
INSTRUMENTS 

Ask your nearest Polarad 
represertatiye ( in the 

Yellow Pages) for a copy 
of " Handbook of Spectrum 
Analyzer Techniques" and 

"Notes on Microwave 
Measurements" 

POLARAD 
ELECTRONICS 
CORPORATION 
43-20 34th Street, Long Island City 1, N. Y. 
Representatives in principal cities 

sae am tie 

Analyze complex spectrum visually 
using any of rPolarad's wide band 

MICROWAVE ANALYZERS 

MAIL 

THIS 

CARD 

4,0** 
.0. VV_ ?al 

; 
0 ee• ' 

• 

• •• 

1.1 

• • 

•• ' . • . 

Model TSA 
Spectrum Analyzer 
25 kc resolution. 

400 kc to 25 mc 
dispersion. 5 sen-
sitive plug-in 
tuning units. 

11.11114, vrWilbek- f#. 

*L:2 
a 
a * 
pd 04:8 ' 

Model TSA-S 
Ccmbination 
Synchroscope-
Spectrum Analyzer 
- Displays 
pulse waveform or 
frequency spec-
trum. 5 kc to 5 mc 
adjustable band-
width, 400 kc to 
25 mc dispersion. 
5 sensitive plug-in 
Lining unit, 

• . 

• 
so* 

i 
iP • 

Model 7SA-W 
Wire D'srersion 
Spectrum Analyzer 
- - 100 ec to 70 
mc dSpusion. 
7 kc and 50 kc 
resolution. Loga-
rithmic amplitude 
display. 5 sensitive 
plug in tuning units. 

Model SA-84 Multi-
band Spectrum 
Analyzer 10 to 
40,880 mc in a 
single unit. 25 kc 
resolution, 400 kc 
to 25 mc disper-
sion. Simple band 
switch, slide- rule 
dial. Military 
approved. 

POLARAD ELECTRONICS CORPORATION: 

Please send me mformation ard specifications on: 

Model SD-1 Multi-Pulse Spectrum Selector 
D Microwave Spectrum Analyzers 
n Model B Microwave Code Generator (see reverse side of this page) 

My application is:_ 

INdamlee 

Company  

Address  

City  

ED IRE 

Dept 

WEN 141 

Zone State 



COMPLETE FACILITIES 
CODED MICROWAVE 
SIGNALS 950 to 10,750 mc 
APPLICATIONS: 

One integrated instrument: 

Provides a complete system for simulating and testing 

missile and telemetry systems, IFF and radar, 

microwave beacons, direction finding and navigational 

equipment and microwave relay links. 

Performs general purpose signal generator and oscilloscope 

measurements, multi- pulse testing and analysis. 

SET FREQUENCY 

Frequency range 950 to 10,750 mc is covered by four 

interchangeable microwave oscillator units, all stored in the 

instrument. Each has UNI-DIAL control, precision power 

monitor circuit to maintain 1 milliwatt power output reference 

level, and non-contacting short- type chokes to assure long life. 

VISUALLY CHECK MULTI-PULSE CODE 

Calibration of r-f pulse width, delay and group repetition rate 

is simplified by ability to view pulse train on a precision 

oscilloscope with a built-in wide band r-f detector. 

ADJUST MULTI-PULSE CODE 

Code modulation is achieved with five independently adjustable 

pulse channels providing: pulse repetition rate variable, 

10-10,000 pps; width variable 0.2 to 2 microseconds; 

delay variable 0-300 microseconds. Pulse rise and decay, 

0.1 microsecond. 

NO ADJUSTMENT NECESSARY on self-contained power supplies. 

Klystron power unit adjusts to proper voltage automatically 

for each interchangeable tuning unit. Built-in AC regulator. 

Equipped with an electronically regulated low-voltage DC supply. 

Postage 

Will be Paid 
by 

Addressee 

BUSINESS REPLY CARD 
First Class Permit No. 18, Long Island City 1, N.Y. 

POLARAD ELECTRONICS CORP 

43-20 34th St., Long Island City I, N. V. 

No 

Postage Stamp 

Necessary 

If Mailed in the 

United States 

VISUALLY CHECK MULTI-PULSE CODE 

ADJUST MULTI-PULSE CODE 

Model B 
Microwave Code 

Generator 

MAIL THIS CARD 
foi detailed specifications. 
Ask your nearest Polarad 
representative ( in the 
Yellow Pages) for a copy 
of "Notes on Microwave 
Measurements-

o 

FREE LIFETIME SERVICE 
ON ALL POLARAD 
INSTRUMENTS 

POLARAD 
ELECTRONICS 
CORPORATION 
43-20 34th Street, Long Island City 1, N. Y. 
Repreiientatives in principal cities 



Detailed technical data bulletins on any of 
these types are yours for the asking. Better yet, 
ask to have a Raytheon sales engineer drop in for 
a firsthand appraisal of your application and 
prototype needs — no obligation, or course. 
Write directly to Dept. 2528. 

Sind! order and prototype quantities available directly 

from your local Raytheon electronics parts distributors. 

Want to Receive Our Technical Data Regularly? 

We'll be happy to keep you informed of latest technical 
developments, new products, design tips, e:c. An app]-
Cation for addition to our new Technical Information 

Mailing List is yours for the asking. Write on your 
company letterhead directly to: W. J. Davis, Dept. 2528, 

at division address listed. 

(RAYTHEON 

for voltage stabilizing... 

rectifying...controlling... 

THERE'S A RAYTHEON 

GAS DIODE TO MATCH 

YOUR TOUGHEST 

POWER-SUPPLY 'SPEC' 

VOLTAGE REGULATOR TUBES 

Base 

D.C. 
Operating 
Voltage Current Range Regulation 

042 WA 
CK6626 0A2WA Miniature 150 v. 5-30 ma. 2 v. 
CK6073, 042 
OB2WA 
CK6627 OB2WA Miniature 108 v. 5-30 ma. I v. 
CK6074, 0132 
0C2 Miniature 75v. 5 — 30 ma. 3 v. 
CK578 7 Subminiature 98 v. 5 — 25 ma. 3 V. 
CK5787WA Subminiature 98 v. 5-25 ma. 1.5v. 
CK654 2 Subminiature 148 v. 5-25 ma. 2 v. 

Corona Voltage Regulators 
CK1038 Subminiature 885 — 915 v. 5-55 ta. 15 v. max. 
CK5962 Miniature 700 v. 2-55 µa. 15 v. max. 
CK6437 Subminiature 700 v. 5 — 125 ma. 15 v. max. 
CK6438 Subminiature 1200 v. 5 — 125 ma. 20 v. max. 

VOLTAGE REFERENCE TUBES 

D.C. Voltage 
Operating Current lump 

f. Base Voltage Range Regulation Max. 
CK565 1 Miniature 85 v. 1.5 — 3.5 ma. 1.5 v. 0.1 V. 
CK56E1WA Miniature 85 v. 1.5 — 3.5 ma. 1.5 v. 0.005 v. 
CK5783 Subminiature 85 v. 1.5 — 3.5 ma. 3.0 v. 0.1 v. 
CK57S3WA Subminiature 85 v. 1.5 — 3.5 ma. 2.4 v. 0.005 v. 
CK621 3 Subminiature 130 v. 1.0 — 2.5 ma. 1.0 v. 

COLD CATHODE RECTIFIER TUBES 
Max. Max. 
Peak Peak D.C. 

Inverse Plate Output 
Construction Base Voltage Current Current 

OZ4A 1003 Double Diode Octal 880 v. 330 ma. 110 ma. 
CK1005 Double Diode Octal 450 v. 210 ma. 70 ma. 
CK1006 Double Diode 4-Pin. 1600 v. 600 ma. 200 ma. 
CK1007 Double Diode Octal 1200 v. 510 ma. 85 ma 
CK55'-7 Diode Miniature 2800 v. 100 ma. 12 ma. 

CK61Y4 Diode Miniature 2800 v. 30 ma. 3 ma. 
CK66S9 Diode Subminiature 2800 v. 40 ma. 8 ma. 

CK6763 Diode Miniature 2800 v. 100 ma. 12 ma. 

Industrial Tube Subdivision 

INDUSTRIAL COMPONENTS DIVISION 

49 Chapel Street. Newton 58, Massachusetts 

RELIABLE MINIATURE AND SUBMINIATURE TJBES HARD-GLASS POWER TUBES • GAS TUBES • CATHODE RAY TUBES • STORAGE TUBES 

LOS ANGELES, NOrrnordy 5-4221 • SAN FRANCISCO, 'Ireside 1-7711 • CHICAGO, NAtional 5-4000 • KANSAS CITY, Plaza 3-5330 

CLEVELAND, '. 1-7716 • BALTIMORE, ftL . 237 • ORLANDO, FLA., GArden 3-1553 • NEW YORK, Kaz° 3.3900 • BOSTON, Blgelow 4.7500 

GOVERN MENT SALES: BOSTON, Hjelow 4.7500 • WASHINGTON, D. C., MEtropoldon 8-5205 • DAYTON, BAldwin 3 8128 
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LINE REGULATION: Less than 5.0 millivolts 

LOAD REGULATION: Less than 5.0 millivolts 

RIPPLE AND NOISE: Less than 200 r.ry rms 
SERIES CONNECTED: 0-72 volts, 0-1.5 amperes 

ALLOY 

POTENTIOMETER WIRE 

Potentiometers wound with our 
»479 Platinum Alloy Wire 
have exceptionally low noise 
level, even after extended 
periods of shelf life ... 

They can be depended upon for 
excellent wear characteristics. 

SINCE 

1901 

Model 802B Twin Transistorized Supply 

EACH OUTPUT: 

0-36 VOLTS 

• 0-1.5 AMPERES 

PRICE: $580.00 

OUTPUT CONTINUOUSLY VARIABLE 

REMOTE ERROR SENSING 

AUTOMATIC OVERLOAD PROTECTION 

CONVECTION COOLING: No moving parts 

S D N 1_,.23J3 D R_A:r GRIM S. I ITC. 
45 INDUSTRIAL ROAD • BERKELEY HEIGHTS, NEW JERSEY • CR 3-9123 

NEED IT IN A RUSH? 
AND AT A FAIR PRICE? 

FRANCHISED DISTRIBUTOR—GE AND OTHER BRANDS. 

SEMICONDUCTORS, RECEIVING AND SPECIAL PURPOSE 
TUBES 

SAME DAY—OFF THE SHELF DELIVERY! 

CALL — WRITE — WIRE 

ELECTRONIC TUBE SALES INC. 

74 CortIondt Street, New York 7, New York 
BArclay 7-4140 TWX—NY 1-4042 

NEWS 

New Products RSE\ 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 
information. Please mention your IRE affiliation. 

(Continued from page 142A) 

hook terminal units may be wired front 
point to point. 

All units operate up to 60°C and are 
designed to meet the requirements of 
MIL-T-21038, Grade 5, Class Q, Life 
Expectancy X, with respect to materials, 
workmanship and general design katures. 

4,000-MC Esaki-Diode 
Oscillator 

One of the most interesting semicon-
ductor devices to come along in recent 
years is the Esaki or tunnel diode. High 
frequency response, low noise ligure, abil-
ity to operate from near absolute zero to 
several hundred degrees centigrade and re-
markable resistance to radiation damage 
are some of its features. 

International Business Machines Corp., 
590 Madison .\ vc., New Vork 22, N. Y., 
has done considerable experimental and 
t heoretical work in investigating the 
Esaki diode or tunnel diode as a possible 
computer component. One result of this 
research effort is reported ill ; in article by 
R. F. Rutz in the October ksue of the 
IBNI Journal of Research and Develop-
ment. 

Greatly magnified view of the " heart" if the Esaki-
diode oscillator. At left is the germanium resistor. 
At right is the highly etched Esaki diode. Its nar-
rowest dimension is about 0.001 inch, 

Two significant factors its this develop-
ment* should be noted. First, an experi-
mental tor has been fabricated from 
germanium st ith a fundamental frequency 
of oscillation of 3,010 ow. (:\ more recent 
model, however, has a fundamental fre-
(Iuency ot oscillation of 4,020 Inc.) These 
are believed to be the highest frequencies 
of oscillation for Esaki-diode oscillators 
yet reported. 'I'he high-frequency limit of 
the oscillator design is not known. Second, 
the design approach is non-conventional 
in that no cavities are used : is tuned ele-

ments. Instead, the design is tole using 

"lumped parameter- components, ( in-
ductance, capacitance and resistance). 

Complete technical details on the design 
of the oscillator are given in the article. 
A second article by I'. J. Price and 
M. Radcliffe, its the same issue, reports 

;in investigation of the fundamental theory 
ut "Esaki Tunneling." 

his work was supported by the Department 
Dg•'.•,,, 

(Continued on page 148.4) 
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*--r1:21X1E'l MODULE 

SYL 1750 eir.=  

...NEW LOW-COST 

Transistorized Readout 

"Trixie", new computer read-

out circuit design, utilizes 

Sylvania's new NPN transis-

tor, Syl 1750, and the Nixie° 

indicator tube 

Now, designers can meet direct read-
out requirements for computers, 
instrumentation and data display with 
new economy and efficiency. Sylvania, 
pioneer manufacturer of NPN transis-
tors, has developed new parameters in 
the Syl 1750 to meet the need for a 
low voltage input driving circuit for 
the Nixie indicator tube. 

"Trixie" (Transistors + Nixie tube) 

comprises ten Sylvania NPN medium 
voltage switching transistors, Syl 1750, 
in a common emitter configuration. 
Each transistor drives one of the tube's 
ten cathodes. The result is the lowest 
power visual readout available. It can 
be designed in plug-in module form 
around a standard Nixie tube socket 
with terminals provided for electrical 
connections. A typical module, espe-
cially adaptable for direct panel mount-
ing, has an over-all length of two inches 
and a nominal one-inch diameter. 

The new Syl 1750, specially designed 
for "Trixie," is a 40 y (minimum) 
NPN germanium alloy junction tran-

SYLVAN I Lle-:b:Y i     
Subsidiary of 

GENERAL TELEPHONE & ELECTRONICS 

sistor. Its low cost is a product of 
Sylvania's production know-how in 
NPN transistor manufacture and long 
experience in NPN design. Syl 1750 
meets the reliability and performance 
criteria of other Sylvania switching 
transistors and matches their high-
quality standards. It is encased in a 
JEDEC TO-5 package with the 
Sylvania welded hermetic seal for full 
protection against humidity and other 
environmental conditions. 

Call your Sylvania representative now 
for full details of the new low-cost transis-
torized readout components. 
— Triule" & Nixk' . a, trade ma las ..erned by Burroaghs 
Corparatien. 

Sylvania Semiconductor Division 
100 Sylvan Rd., Woburn. Mass. 
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ELECTRON TUBES 
ARE OUR BUSINESS! 
From the simplest tube element to the most complex tube configuration, from research 

to installation, it can be said that the entire Amperex effort is dedicated to the development 
of outstanding new types and improvement of existing tubes. 

Research and development facilities— world-wide and virtually unlimited in scope— are 

fully utilized, both for the purpose of creating these improvements and for creating 

those exclusive Amperex manufacturing techniques that have come to signify "hand-made" 

quality in mass production quantities. 

Amperex tubes and semiconductors are presently adding to the stature of the 30 yeat 

old Amperex name in such fields as Nuclear Instrumentation, Advanced Military Elec-

tronics, Mobile Communications, Computers, Induction and Dielectric Heating, Ultra-
sonic Cleaning, Radio and TV Broadcasting and Entertainment. 

A modern, well-equipped Application Engineering Department is available for the 
assistance of customers who are concerned with circuit and application problems relating 
to tubes. Write to Amperex Electronic Corp 230 Duffy Avenue, Hicksville, L. I., N. Y. 

ask Amperex 
for information on tubes and 
semiconductors for all applications 

NEWS 
New Products gi45E 

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

(Continued from page 146A) 

Ewen Knight 
Has New Plant 

More than three hundred attended 
official dedication ceremonies, on Tuesday, 
of the Ewen Knight Corporation's new in-
stallation at Cerel-Perinrs East Natic, In-
dustrial Park, East Natick, Mass. 

Following the presentation, guests were 
taken on a guided tour of the new facilities 
and were shown the technical equipment 
being produced at the laboratory, both for 
government and private industry. The 
very sensitive (low internal noise) receiv-
ers and radiometers are used to receive 
signals from other planets, the sun, moon 
and stars. These signals give indications as 
to the nature of other planets, their sur-
rounding atmosphere and distance and 
motion of the celestial body in relation to 
the earth. 

Open House guests were shown the 
firm's process for producing synthetic 
rubies which are used in their latest low 
noise receiving equipment. 

Various groups also viewed Maser 
Systems, all types of ferrite devices, low-
internal noise receiver systems and other 
advanced projects being developed at the 
new laboratory. 

Multiple Transformer 
and Bobbin Winder 

A new multiple transformer/bobbin 
winder which eliminates gear changes and 
permits rapid change-over from one wire 
gauge to another is now available front 
Geo. Stevens Mfg. Co., Inc., Pulaski Road 
at Peterson, Chicago 46, Ill. 

(Continued on Page 150,4) 
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PROCEEDINGS OF THE IRE December, 1959 149A 



NEWS 

New Products 
R E 

Our Sun NEW REVISED EDITION 
By DONALD H. MENZEL. This thoroughly revised edition of a well-
known book utilizes all the new information that recent technological 
advances have made available about the sun. The author discusses the 
radically revised theories on sunspots, the corona, the processes that 
generate energy in the solar interior, and many other matters of im-
portance and fascination to all those concerned with the sun's rela-
tionship to the earth and the effects of the sun in space. $7.50 

Proceedings of an 
International Symposium 
on the Theory of Switching 

ANNALS OF THE COMPUTATION LABORATORY OF HARVARD 
UNIVERSITY. VOLS, 29, 30. Reports by foremost world authorities 
in 39 papers at a symposium devoted to an evaluation of the state 
of the art of switching. This book makes available much information 
needed by research workers in the field. Subjects covered include: 
abstract models, contact networks, magnetic and transistor logic, 
switching systems, new switches. 2 vols.: 742 pages, 435 illustrations. 

$15.00 

The Scattering and 
Diffraction of Waves 

by RONOLD W. P. KING and TAI TSUN WU. A comprehensive sum-
mary and critique of important recent research and theory concerning 
those aspects of diffraction and scattering that properly fall under the 
broad heading of reflections from surfaces of complex shapes. Atten-
tion is directed primarily toward the electromagnetic phases of these 
phenomena and wherever appropriate, reference is made to parallel 
problems in acoustics. $6.00 

Through , our bookseller, or from 

11 ‘RVARD UNIVERSITY PRESS 

79 Garden Street, Cambridge 38, Mass. 

The Battery That's Used in Guided Missiles 
Now Released as Government Surplus 

Far Photography, Aircraft, Models, 51.95 ea. 
Searchlights, Radios, etc. L Postpaid 
SIntered.plate Nickel-Cadmium alkaline storage 
batteries designed for )•Nike') Missile and now 
surplus due to design change. A lifetime battery 
with no known limit of service (over 5000 re-
charges on test without loss of capacity). Other 
features: Virtually indestructible, compact & light-
weight, withstands heavy shock and vibration. Flat 
voltage curve during discharge, retains charge 
year or more, high dtscharge rate up to 50 amps. 
for this cell, no corrosive fumes to harm clothing 
or equipment, spill-proof construction, discharge 
in any position, Indefinite storage without deteri-
oration. operates in temperatures- 60" F. to 
.200 . F. Each cell is approx. 6 ampere hour 
capacity, nominal voltage per cell is 1.2 volts. 
4A 6 V. battery requires 5 cells.) Cell size 6" H. 
x 2" W. x Ile T. Wt. 13 os. ea. Uses Potassium. 
Hydroxide (30 o) electrolyte. Negligible loss 
during lifetime service. Add only distilled water 
once a year. A fraction of Government cost. 
Used Test Cells  $1.95 ea. Postpaid 
Brand New Cells   2.95 ea. Postpaid 

24 V. Battery ( 20 cells) in metal ease ... Used 540.00: New $60.00 
All cello guaranteed to your satisfaction or money refunded ( less 
Postage). 
Plastic battery cases may have slight cracks—repaired easily with 
household cement or you May add 23C to price of each to insure 
uneracked eases. 

ESSE RADIO COMPANY, Dept. D9 
42 W. South Strout Indianapolis 25. tnoiana 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your IRE affiliation. 

(Continued from page 148A) 

Model 500-ANI winds power, audio and 
similar types of heavy duty transformer 
coils and all types of heavy duty field coils 
and bobbins. Complete transformers may 
be wound without removing mandrels 
from machine. Dial is calibrated in wire 
sizes from 10 to 31 AWG, permitting in-
stant selection of correct winding pitch. 
Machine also handles wire finer than 31. 
Maximum coil OD is 16", maximum wind-
ing stroke 9, maximum loading distance 
for multiple winding 24" and winding 
range from 5 through 100 turns-per-inch 
on calibrated dial and up to 450 turns-per-
inch uncalibrated. Winding width is in-
stantly adjusted by moving slider on clai-
brated scale to desired winding width. 
Machine is furnished with instant re-set 
automatic counter, magnetic brake, in-
stant spiral/rapid traverse, motor and 
heavy duty tailstock. 'Winding speeds are 
up to 380 RPM. Machine is also available 
as Model 500, without automatic counter 
and without magnetic brake but with 
heavy duty positive locking tailstock and 
dial counter. 

Infrared Standard 
The ISL 403 Black Body with the ISL 

100 Temperature Controller represents an 
accurately adjustable standard of radiant 
energy which checks and calibrates other 
infrared sources and measuring instru-
ments. 

Designed to emit black body radiation 
over the temperature range of 500°K to 
1000°K, the stability of its operation is 
such that the radiation source temperature 
is maintained within + 1°K despite wide 
changes in ambient temperature, line 
voltage variations, transients and tube 
aging. 

The ISL 403 is maintained at the se-
lected temperature by a combination of 
vacuum-tube amplifier and thyratron cir-
cuitry in a power-proportioning temper-
ature controller of high performance. 

Write today for ISL Bulletin =;2 and 
more complete specifications to: Infrared 
Standards Laboratory, 10555 N!:Ignolia 
Ave., Riverside, Calif. 

(Continued on page 131.4) 
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Varian has become the world's leader in the development and production o 

microwave tubes. With a greatly expanded wave tube team and larger man-

ufacturing facilities, new tubes for advanced applications are being offered 

an accelerated pace. From the small X-Band BWO's to the megawatt TWT, 

tnere is a Varian wave tube to meet your requirements. 

Over 100 Varian Klystrons and 

Wave Tubes are pictured and de-

scribed in our new catalog. Write 

for copy— address Tube Division. 

TWT 

A-161 BWO 

,A-162 BWO 

A-128 TWT 

ARIAN associates 
ALO ALTO 2, CALIFORNIA 

presen•otiv?s thruout the world 

2.65 to 3.25 kMc 
2 megawatts peak cutput 

8.2 to 12.,- kMc , 

12.4 to 18.0 kM 

2.6 to 3. kMc 
10 kw peak output 

VA- 128 TWT 

KLYSTRONS, WAVE TUBES, GAS SWITCHING TUBES, MAGNETRONS, HIGH VACUJM EaUIPPiENT, LINEAR ACCELERATO'iS, MICROWAVE SYSTEM COMPONENTS, 

NMR & EPR SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERV CES 
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TWIN LAMP 
ASSEMBLY 

No. 248-6939-1437 

Replaceable 
Lamp Cartridges 

In this brochure—complete facts on DIALCO's 

ErW 

SINGLE LAMP 
km HOLDER 

No. 7538 

ung® 
For the Computer-Automation Industries 
DATALITES by DIALCO are ultra-miniature Indicator Lights 
specially designed to meet the critical requirements of 
the computer-automation fields. Made in 2 basic styles: 
Lamp Holders with DIALCO'S own replaceable Lamp Cartridges 
(see above); or integrated DATALITES with Built-in Neon 
Lamps which are not replaceable (see below). Ultra-compact, 
single units mount in 3/8" clearance hole; the twin-lamp 
assembly mounts in 3/4" clearance hole. 

No. 
249-7840-1431 

(11lust. approx. 
actual size) 

LAMPS USED: 
T-13/4 wire-lead 

incandescent lamps, 
or NE-2E neon lamps, 
in aluminum sleeves 
capped with plastic 
lenses (7 colors). 

• 

DATALITES 
with 

Built-in NE-2E 
Neon Lamps 

No. 249-7841-931 
with 

built-in resistor 

With 
Rotatable 
Lenses 

161 

IA No. 
, 250-7841-1431 
:Hu with 

No. 250-7840-1431 el. 46 built-in resistor 

DATALITES have fully insulated terminals and conform to 
all applicable military specifications. Integrated units 
are available with or without built-in resistors. The 
cylindrical lenses can be hot-stamped with digits, letters, 
etc. Complete details in Brochure L-160A. Send for it now. 

SAMPLES ON REQUEST— AT ONCE— NO CHARGE 

Foremost Manufacturer of Pilot Lights 

D1111.16'1171 
CORPORATION 

60 STEWART AVE., BROOKLYN 37, N. Y. • HYacinth 7-7600 

NEWS 
New Products 

R E 

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

(Continued from page 150A) 

Dynamic Gear Opens New $250,000 
Plant in Amityville, N. Y. 

Dynamic Gear Co., which began operations in 1948 in a barn 
in Brooklyn, opened a new $250,000 plant in Amityville, N. Y. 
last month. The tirm's president William A. \\ -gand was for-
merly employed by W. L. Maxson Corp. 
This was during the period when Maxson 
was one of a limited number of firms which 
produced precision gears. Nine months be-
fore leaving Maxson, Wiegand formed his 
own firm and handled it on week-end and 
part time basis. His original investment at 
this point was $2,000. 

One of Wiegand's innovations was to 
design a standard line of precision minia-
ture gears available from stock. An engi-
neer who needed a precision gear of this 
type formerly had to draw the specifica-
tions, request a bid and on acceptance wait 
for delivery. Dynamic's stock gears could 
be sold at 1/15 of the custom price. His delivery time was four 
or five days. The original line of off- the-shelf items was 40 types, 
the present line is over 12,000. 

Many private firms are currently using Dynamic's gears, but 
his big customers are firms doing business with the military. Here 
they are used in 3 different missiles, and inertial guidance systems 
in two new submarines. 

Typical of the firm's diverse line of products is a miniature 15 
speed transmission. 

The 15 precisely controlled speeds range from 3.3 RPM to 7812 
RPM is electronically controlled by the use of magnetic clutches 
with desired speeds obtained by dialing. No marina! shifting of 
gears is necessary. 

Case dimensions of this transmission, excluding power source 
and control panel, measures 41" in width, 71" in length and is 3Z" 
high. Torque developed at the various speeds range from 50 to 
over 100 oz./in. The magnetic clutches are rugged construction 
and designed to offer ).'ears of satisfactory operation. 

All gears and shafts used in the transmission are part of the 
Dynaco line and constructed of either #303 stainless steel or 24 ST 
aluminum which, in addition to the housing, offer resistance to 
corrosion. 

The input motor is reversible and will deliver the above speeds 
and respective torque in either direction. The motor speed is self-
governed and maintained at 8,500 RPM. [ nits operate on 115 
volts, 60 or 400 cps current. 

Typical applications of Dynamic Gear's 15-speed Iransmis-
sion, presently in the prototype stage, are for recording instru-
ments such as oscillographs and other recording devices requring 
constant and precise speeds. It can also be used as a laboratory 
device for testing servo packages. 

(Continued on page 156.-1) 
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SPACE COMMUNICATION ANTENNAS 
for your voice 

communications 

STROMBERG-CARLSON 

TELEPHONE 

HANDSETS 

MODELS FOR 

MANY INDUSTRIAL 

APPLICATIONS 

No. 26: short, lightweight, sturdy. 
Comes with capsule-type receiver 

and transmitter. 

No. 27: high-gain version of No. 26 

handset. 

No. 28: " push-to-talk" handset. 
Rocker bar switch; various spring 

combinations. 

No. 29: high-gain version of No. 28 

handset. 

Typical applications: mobile radio • 
intercom systems • carrier and mi-
crowave • aircraft and railroad. 

Modern handset cradle for mobile 
or panel use fits 
any Stromberg-
Carlson handset. 
Send for Bulle-

tins T-5005 and 
T-5013. Write to 
Telecommunica-

tion Industrial Sales, 115 Carlson 
Road, Rochester 3, New York. 

STROMBERG -CARLSON 
• GENERAL DYNAMICS 

Quad-Helix antenna 
tracks long and medium- range missiles 

Telemetry circuits between missile (or satellite) and ground station 
are reliably maintained with the ANDREW Quad-Helix Array. This 

system offers low VSWR, high gain, and easy control. 
Gain is 17.5 db at 265 mc, 14.5 db at 215 mc. VSWR is less than 2.0:1 

across this range. Polarization is right hand circular; impedance 50 
ohms. Counterbalanced rotator provides 180° elevation and 720° azi-
muth tracking at speeds from 0° to 30° per second. 

Optional remote control unit regulates speed and direction. 

OTHER ANDREW GROUND-AIR ANTENNAS 

TRI-HELIX ANTENNA 

880-990 MC 17.5 DB GAIN TYPE 81068 

HELIX ANTENNAS 

FREQUENCY GAIN 

108-132 me 12 db 

215-265 mc 10 5 db 

215-265 mc 13 db 

260-320 mc 13 db 

320-400 mc 13 db 

400-500 mc 12 db 

DISCONE ANTENNAS 

FREQUENCY TYPE NUMBER 

25 50 mc 50154 

50-108 mc 51150 

108-215 mc 19050-1 

215-420 mc 19050-2 

420-1000 mc 19050-3 

For full information on these and other ANDREW 
ground-air antennes, write today for Bulletin 8456 

TYPE NUMBER 

H 19110 A-1 

H 5014 0 A 

H 19110 A-2 

H 19110 A-3 

H 19110 A-4 

H19110 A-5 

363 EAST 75th STREET • CHICAGO 19 
Offices: New York • Boston • Los Angeles 

Washington, D.C. • Toronto 

CORPORATION 
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Solid State Annunciator 

_ 

2 N 41 6 

2N 417 

2 N 4 2 5 

2N 426 

2 N 4 27 

2 N 4 2 8 

Specify with assurance 

when you specify 

INDUS TR 

alloy junction germanium 

PIP TRANSISTORS 
Absolute reliability has been impera-
tive in the Polaris. The extreme reli-
ability designed into the Polaris 
Missile Program requires transistors 
which far exceed the operating and 
environmental conditions of MILT-
19500A. 
Industro is proud of its contribution 
to the success of this vital military 
project. 
Whether your transistor requirements 
are military or commercial you can 
depend on Industro. We invite your 
inquiries. 

INDUS TR 0 

35-10 36th Avenue • L. I. C. 6, N. Y. 
IN CANADA 

CANADIAN GENERAL ELECTRIC COMPANY LIMITED 

NEWSANew Products 014,E 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your IRE affiliation. 

(Continued from page 154A) 

Telemetering Oscillator 

A new millivolt transistorized oscillator 
that reduces bulk and weight, lowers power 
demands, and eliminates a source of error, 
was announced by the Hoover Electronics 
Co., Timonium, Mcl. 

The new oscillator, developed by 
Iloover's engineering staff, makes it possi-
ble and advantageous, for the first time, 
to feed the output of low level transducers 
(such as thermocouples, strain gauges, 
accelerometers) directly into the Hoover 
subearrier oscillator without dc 

The new millivolt oscillator also has 
several characteristics which set it apart 
from earlier developments in the field, 
including de common mode rejection and 
floating input terminals. The dc common 
mexle rejection is conservatively rated at 
107 within + 20 volts of ground. 

This permits the oscillator to be used 
with bridge circuits for measuring the volt-
age between two points in the bridge, with-
out the oscillator's being affected by a 
voltage from one point to ground. 

The floating input terminals eliminate 
problems which often result from a com-
mon ground among several components. 

The subcarrier oscillator contains an 
internal voltage regulator. Its power re-
quirement is + 26 volts. The distortion of 
the output signal is limited to less than I% 
by a bandpass filter which also prevents 
interference with adjacent channels. 

'I'he unit is produced to IRIG specifi-
cations of frequencies and deviations for 
channels 5 through 18 and A through E. 

New Rep For Polyphase 

Polyphase Instrument Co., E. Fourth 
St., Bridgeport, Montgomery Co., Pa., is 
pleased to announce the appointment of 
the J. S. Kempf Company, 10304 Praire 
Ave., Inglewood 2, California, as \Vest 
Coast Sales Representative for the sales of 
its pulse and specialty transformers, elec-
trical wave filters, and associated mag-
ilci ic cliet milli- components. 

MON 
NIESEURE 

NReSURC 

té. ALVE 

A new economical, solid state, mi 
ture lo-drain, expandable, affillIIICiator pro-
viding information and control of indus-
trial process systems has been developed 
by Panellit, Inc., 7401 No. I lamlin Ave., 
Skokie, Ill. The " Panastat annunciator 
has longer life and greatly decreased main-
tenance because there are no moving 
parts. All operational functions are per-
formed by highly derated solid state ele-
ments. Low energy control circuits (a tiny 
fraction of 1500 millijoules) and negligible 
inductance (considerably below 0.001 
Henry) provide intrinsic safety. Ignition 
in hazardous atmospheres is impossible 
because no arc can be sustained. All Class 
I, t ivision II requirements are exceeded; 
there are no make or break contacts. 
The annunciator operates on standard ac 
or dc line voltages; no transformer power 
supply is required. Operation is not af-
fected by normal line variations or surges. 
Continuous duty is maintained at + 20% 
nominal voltage. Lamps are interchange-
able with existing annunciators. Models of 
this system can be expanded easily due to 
interchangeable plug-in units. Momentary 
field contact operation of 0.5 milliseconds 
is sufficient to lock-in the system and 
avoid alarm loss. The miniature annun-
ciator can be supplied to lit a eX5, 
CX6" standard pneumatic or electronic 
instrument case or any standard aunt' n-
cia tor cabinet. 

Millimicrosecond Current 
Generators Catalog 

Single catalog bulletin describes Model 
3000A (2 channels) and Model 3010A (4 
channels) which provide fast rise time, 
high power, current pulse outputs. Modu-
lar plug-in construction allows versatility 
of performance and application. For a 
copy contact Electro-Pulse, Inc., 11861 
Teale St., Culver City, Calif. 

Precision Potentiometer 
Catalog 

Electromath Corp., 1 15 Pleasant Ave., 
Roosevelt, L. I., N. V., has 8 new 
catalog sheets describing their line of pre-
cision potentiometers. These include il-
lustrations and specifications on single-
turn trimmers, dual 10-turn, continuous 
single-turn, dual 3-turn, miniature single-
turn, high temperature single- turn, high 
stability 3-turn, and high resolution 10-
turn types. 

(Continued on page 180A) 
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Oedidy 

Model 

The 11'24« Model "D" is a stable, rugged, versatile field 
or laboratory instrument that is spectacular because in 
every way it offers a little bit "more" than any other 
instrument in its class. It is available in standard range 
combinations or in quantities with special ranges and/or 
special scale markings. 

The et» Model "al" conforms to ASA specs. C 39.1-
1951 for .5% class instruments. All SRIC instruments 
are calibrated against primary standards that have 
National Bureau of Standards Certificates of Accuracy 
and are unconditionally guaranteed for a period of one 
year. 

THE hew MODEL" LJ 
/1 

A new series of AC and DC portable elec-

trical indicating instruments — that can 

also be panel mounted. 

A lieeei HIGHin accuracy, 
resolution, and stability. 

A  enee0 LOW in cost. 

In short, the SRIC Model" al" series prob-
ably has just the instrument for which you've 
been looking HIGH and Low. The Modell= 
is a true "secondary standard" because it is 
engineered and manufactured by "standards 
people." 

GENERAL SPECIFICATIONS: 

Accuracy: .5% of full scale. 

Scale: Hand-drawn and mirrored. 

Scale length: 6". 

Resolution: 100 to 150 division. 

Ranges: DC from 50 ua. to 50 A. and 20 mv. 
to 1000 v. full scale. AC from 10 
ma. to 10 A. and 7.5 v. to 750 v. 
full scale. 

Availability: 1 to 8 ranges completely switch-
controlled and self contained. 

Construction: DC — double pivoted permanent 
magnet type. AC — moving iron 
vane for RMS measurements and 
germanium rectifier type for aver-
age reading measurements. 

Shielding: Magnetic and electrostatic. 

Pivots and Jewels: High carbon steel pivots and 
shock mounted sapphire jewels. 
(Diamond pivots available•on spe-
cial order). 

Case: Black moulded bakelite with leather 
carrying handle. Size 7W x 63/4" x 
31/2 ". Internal lighting avail. 

I— 
i The movement construction shown 
l features a large size U-shaped mag-

net with an inherently high torque-

I to-weight ratio, stability and sensi-
II tivity — and not the common center 

L  111111111111%. 
, core magnet usually found in instru-
1 ments in its price range. 

AC INSTRUMENTS UTILIZE A FAST- ACTING, 

RUGGED, MOVING IRON-VANE MOVEMENT. 

SENSITIVE RESEARCH 
INSTRUMENT CORPORATION 
NEW ROCHELLE, N. Y. ELECTRICAL INSTRUMENTS OF PRECISION SINCE 1927 
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CROSS-SECTION STUDIES 

... at Cornell Aeronautical Laboratory 

The importance of radar cross-section to the missile detec-

tion problem is well known. Recognizing the need for more 
and better basic data, Cornell Aeronautical Laboratory 
several years ago began a pioneering research program in 
this field. 

Significant advances, shrouded by security, are being 

made by the Laboratory in a continuous program of 
theoretical and experimental investigation. C.A.L.'s con-

tribution to theoretical analysis, measurement tech-

niques, and understanding of results have proven to be 

of prime importance to both missile design and 
detection techniques. 

The study of radar cross-sections is but one facet of 
the Laboratory's highly diversified electronic research 

activities. You are invited to write for an employment 
prospectus for engineers and scientists, "Community 

of Science." Please address Mr. J. P. Ruch, Cornell 
Aeronautical Laboratory, Inc., Buffalo 21, New York. 

CORNELL AERONAUTICAL LABORATORY. INC. 

of Cornell University 

Laboratory measurement of radar 
,ro,s•settions at microwave 

(Went le, 

Positions 

Open 
11111111111111111111111111iii,....... 

The following positions of interest to 
IRE members have been reported as 
open. Apply in writing, addressing reply 
to company mentioned or to Box No... 

The Institute reserves the right to refuse any 
announcement without giving a reason for 
the refusal. 

Proceedings of the IRE 
1 East 79th St., New York 21, N.Y. 

ENGINEER 

Unusual opportunity for creative engineer to 
perform challenging, diversified work with Long 
Island quality instrument mfg.-leader millimicro-
second techniques. Excellent salary and room for 
rapid growth in active, congenial and expanding 

company. Requirements: 5 years development 
experience in pulse, transistor and high frequency 
circuits. Must be capable of assuming product 
responsibility. Apply Lumatron Electronics, Inc., 
68 Urban Ave., Westbury, N. Y. Tel. EDgewood 
4.3100. 

PROFESSOR AND ASSOCIATE 

PROFESSOR 

Professor and Associate Professor of Electrical 
Engineering—to teach graduate and undergradu-

ate subjects to participate in developing research 
program in a southern university. Good location 
in an industrial region. Competitive salaries for 
various levels of education and experience. Box 
2003. 

TEACHING—RESEARCH 

The new Electrical Engineering Dept. at the 
University of Rochester is seeking to expand its 

staff, and has openings on its faculty for qualified 
electrical engineers and scientists interested in 
positions combining teaching and research respon-

sibilities. Salary scales are fully competitive with 
other leading institutions, and are designed to in-

terest people of the highest competence. Write, in-
cluding resume, to Daniel W. Healy, Jr., Head, 
Dept. of Electrical Engineering. University of 
Rochester, Rochester 20, N. Y. 

ELECTRONICS ENGINEER 

Our company is setting up a new industrial 
electronic group and may have just the position 
you are seeking. We would like to engage a man 
capable in the application of electronic measuring 

and control systems to industrial processes. Prefer 
lie be familiar with electrical laboratory test equip-

ment and current in knowledge of available in-
strumentation. Knowledge of pulse techniques and 
transistor circuitry background would be very 
helpful. Reply immediately giving education, ex-
perience, age and salary expected. Box 2004. 

TEACHING—ELECTRICAL—ENGINEERING 

AdditimIs ro electrical engineering faculty de-
sired by engineering school of midwestern uni-
versity at all professorial ranks. To conduct re-
search and teach both graduate and undergraduate 
classes. Research interests of considerable impor-
tance. Send resume of education and experience to 
Box 2005. 

CHIEF MICROWAVE ENGINEER 

Is assume the electrical design and test 
fun, ,.. ponsibilities for an outstanding com-
pany devoted exclusively to the manufacture of 
microwave components, ( such as mixer-duplexers 
and antemia assemblies), this is the opportunity 

(Continued on page 160A) 
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AC Seeks and Solves the Significant— Because of GM's large contribution in the international race 

for technological superiority, AC accepts a challenge. AC Research is on a scientific quest for solutions 

to signif:cant problems ... for accomplishments even more advanced than AChiever inertial guidance 

for Titan. / We call this creative challenge ... AC QUESTMANSHIP. It's an exciting quest for new ideas, 

components and systems ... to advance AC's many projects in guidance, navigation, control and detec-

tion. / Right now Dr. Joseph F. Shea, AC's Director of Advanced Systems Research and Development, 

is drawing a group o competent men around him to build "the grea:est R & D organization in the 

.ndustry." And Dr. Shea adds strong support to the fact that AC offers "an excellent working atmos-

phere for a scientist or engineer who wishes to produce and progress. - / You may qualify for our 

specially selected staff... if you have a B.S., M.S. cr Ph.D. in the electron os, electrical or mechan;cal 

fields, plus related experience. If you are a " seeker and solver," write the Director of Scientific and 

Professional Employment, Mr. Robert Allen, Oak Creek Plant. Box 746, South Milwaukee, Wisconsin. 

GUIDAN:E I NAVIGATION / CONTROL CETECTION I AC SPARK PLUG * The Electronizs Division of Genera/ /VIntDrs 
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patterns for tomorrow 
for holders of advanced degrees now exist in Boeing Wichita's tremen-
dously expanded long-range research and development program for 
PHYSICISTS or ELECTRICAL RESEARCH ENGINEERS to conduct acoustics 
and noise control research supporting advanced designs; to analyze 
survival properties of advanced vehicles in present and future environ-
ments; and evaluate the potential of vehicle defense proposals... 
ANTENNA DESIGN ENGINEERS to conduct research and development 
leading to miniaturization of antennas by use of loading dielectrics 
and/or ferrites... CONFIGURATION DESIGNERS to create military 
and civilian vehicle designs based on general missions param-
eters... DYNAMIC LOADS ENGINEERS to conduct research 
in existing and future air/space loads... OPERATIONS 
AND WEAPONS SYSTEM ANALYSTS to estimate operational 

utilities of various devices under study by Advanced 
Design and recommended optimum design param-

eters, using advanced (IBM-709) computer 
aids. Qualified engineers should 

communicate their interest in 
any of these top positions 

to Employment Manager, 
Mr. Melvin Vobach, 
Boeing Airplane Co., 
Department N16, 

Wichita 1, Kans. 

Positions 

Open 

(Continued from page 158.12 

you have been searching for. Your ability will be 
the only factor in establishing the scope of your 
authority; your income will be commensurate. We 
offer liberal benefits, a substantial future and pro-
fessional freedom and growth. Send complete 
resume in confidence to Personnel Dept., Budd-
Stanley Ca., Inc., 43-01 22nd St., Long Island 
City 1, N.Y. 

ELECTRICAL ENGINEER 

Evaluate instrument systems, establish calibra-
tion and operation procedures. Procurement, ac-
ceptance testing and shakedown of new instru-
ments required in wind tunnel testing of models 
and propulsion systems of rockets and missiles. Es-
tablish preventive maintenance procedures, moni-

tor data quality and improve instrumentation. 
Send resolute and salary requirements to Techni-

cal Employment, ARO, Inc., Tullahoma, Tenn. 

TEACHING POSITION 

Excellent teaching opportunity will be available 
beginning Feb.- Sept. 1960. Advanced degree re-
quired. Attractive full year contract available. 
Salary range for 9 months is $5,000 to $ 7,000. Lo-
cation is in the mitlwest at a medium-size private 
university. Complete resume to Box 2006. 

INSTRUMENT OR ELECTRONIC 
ENGINEERS 

Electronic or electrical engineer or physicist 
with instrumentation experience to do research and 
development work on the design, construction and 
evaluation of instrumentation for sampling and 
analysis of atmospheric air pollutants. Responsi-
bilities for projects front design to prototype mod-
els. Salaries $5,500 to $8,200. Another, salary 
$10,130, in design and development of radia-

tion measuring devices to direct program involving 
identification and measurement of radionuclides in 
environmental samples. Good prospects for growth 
and advancement. Federal Civil Service benefits 

and requirements. Apply U.S. Public Health 
Services, Robert A. Taft Sanitary Engineering 
Center, 4676 Columbia Parkway, Cincinnati 26, 
Ohio. 

ENGINEERS 

The Pratt & Whitney Aircraft Division of 
United Aircraft Corp., East Hartford, Conn. has 
openings for graduate engineers in the areas of 
Propulsion Systems Performance Analysis, Heat 
Transfer Research, Ultra High Temperature Ma-

terials, Dynamics, Vibrations, Structures Re-
search, Experimental Testing, Technical Report 
Writing and Propulsion System Control Engineer-
ing. Many of these openings are in our advanced 
Development Groups where we are presently con-
ducting studies in solid and liquid propellants, ion 
propulsion, arc jet, plasma jet, and other ad-
vanced forms of propulsion. Openings are avail-
able at both the Conn. and Florida Facilities. For 
more information, contact Mr. Henry M. Held-
tnann, Employment Office. 

PROFESSORS 

Rank of Assistant Professor or Associate Pro-
fessor, depending on qualifications. Salary $ 5,500 
to $8.500 for session, 10 months nominal, 9 months 
actual. Start February or September 1960. Duties 

will include offering graduate courses and helping 
to develop research facilities. Opportunities for 
curriculum experimentation. Various sources of 
additional income available. Substantial allowance 
for relocation. Exceptionally good retirement plan. 
Fully accredited Electrical Engineering Dept. in 
medium sized university ( 700 undergraduate stu-

(Continued on page 164A) 

1 60A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE December, 7959 



Comparison between advanced Navy computer (foreground) and Univac 

Scientific ( background) portnys dramatic reduction in size of large-

capacity data proceesing equipment acf-ieved by Remington Rand Univac. 

case 
of 
the 

shrinking 

computer 

Central computer of the advanced 
Navy system shown al top of page 
illustrates compact sizeand ease of 
maintenance provided by building 
block construction. Containing 
4,100 packages, the cabinet occu-
piesonly 37cubicfeetcf space.Roll-
out drawers permit easy and rapid 
access to component packages. 

Remiegton Rand Univac compresses large-capacity performance into small package 

In an advanced computer developed for the U.S. Navy, Remington Rand 
Univac dramatically reduced the size of large-scale data processing equip-

ment. With a 32,786-word memory, the capacity of this miniaturized computer 

almost equals that of earlier vacuum tube systems of 10 times its size. 

This compact, completely transistorized system has a cycle time of eight 

micro-seconds, and is linked with seven input-output registers, each of which 
may operate simultaneously and independently of computer programs. 

Remington Rand Univac has openings on projects associated with ad-

vanced equipment such as the computer described above. These positions 
offer you the opportunity to advance your career development while at the 
same time participating in rapid advances in the state of the art. 

If you are thinking of changing positions, or would consider a change, be 

sure to investigate the openings described below. 

Opportunities for Electronic Engineers, Physicists and Mathematicians 

COMPUTER APPLICATIONS ANALYSTS— Engineering, Mathematics, or Physics degree 
with experience in tie use of large scale digital computers in real-time control systems, with 
en-phasis on timing and control studies, data handiing methods, and compiler development. 

MILITARY SYSTEMS ANALYSTS— Engineering, Mathematics, or Physics degree with 
experience in weapons and missile guidance systems involving digital control, digital con-
vesion, radar and communications information processing and display and output equipment. 

BUSINESS SYSTEMS ANALYSTS—College degree with experience in business appli-
cations and programmings of digital data processing equipment as applied to production 
control, and maintenance logistics. 
TRANSISTOR CIRCUIT DESIGNERS— Electrical Engineering degree with experience In 
transistorized pulse circuitry. 

ENGINEER WRITERS— Engineering or Science degree with experience in the preparation 
of maintenance ano operational maruals for electronic equipment. 
QUALITY CONTROL ENGINEERS— Electrical Engineering degree with experience in 
reliability, statistical methods, and test procedures for electronic equipment. 

CONTRACT REPRESENTATIVES — Engineering or Science degree with experience in 
government electronic R & D contracts. 

SERVO-ENGINEERS — Electrical Engineering oegree with experience in servo-amplifiers, 
servo-mechanisms and airborne electronics. 
COMMUNICATIONS ENGINEERS — ElecWcal Engineering degree with experience in HF 
transmission, network theory and artenna design. 

Send resume of education and experience to R. K. PATTERSON—Dept. D-1 

Ihrtenrehreqtaize lisme Me:been 
DIVISION OF SPERRY RAND CORPORATION 

2750 West Seventh Street, St. Paul 16, M.nnesota 

A I inquiries regarding openings at our other laboratories should be adlressea to: 

F. E. NAGLE—Dept. D-1 R. F. MARTIN—Dept. D-1 
REMINGTON RAND UNIVAC REMINGTON RAND UNIVAC 

1900 West Allegheny, Philadelphia 29, Penn. Wilson Avenue, South Norwalk, Conn. 



alchemy in the 20th 
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Development of new and highly reliable direct display 
storage and microwate tubes is being carried on at the 
Electron Tube Division, Hughes Products. 

century 

In medieval times, alchemists spent lifetimes 
trying to transform the commonplace into the pre-
cious without success. Today, in the Hughes Research 
Laboratories, scientists and engineers using advanced 
methods and equipment, are synthesizing many new 
and precious materials to be used in solid state 
research. 
The photograph, for example, shows a Hughes 

Research Laboratories scientist observing the 
growth of an yttrium aluminum garnet crystal using 
the flame fusion method. This work, as well as other 
crystal growth techniques, is part of a major Hughes 
materials research and supply program for the syn-

thesis of ruby, sapphire, spinel, ferrite, garnet and 
related oxide single crystals. These materials pro-
vide atomic circuit elements which are the key to 

quantum electronics. 
As solid state research at the Hughes Research 

Laboratories continues to expand and intensify, a 
supply of new and tailor-made materials in the form 
of high-quality single crystals is essential. Effective 
utilization and improvement of existing and new 
crystal growth methods requires extensive knowl-
edge of their range of applicability, crystal growth 

Feedback in the form of performance data and sugges-
tions for modifications to advanced Hughes Systems is 
provided by Hughes Field Engineers. 

mechanisms and the relationships between growth 
parameters and perfection of the restilting materials. 

Materials research is contributing significantly 
to existing ferrimagnetic, paramagnetic and absorp-
tion spectroscopic studies...and is opening new 
areas of investigation by providing materials not 
previously available as large single crystals. 

Other Hughes activities cover practically every 
part of the electronics spectrum... providing stimu-
lating outlets for creatively-oriented engineers. 
These include: Space Vehicles. Nuclear Electronics, 
Ballistic Missiles, Advanced Data Handling and Dis-
play Systems, Infrared Devices, Three-Dimensional 
Radar... and many others. 
The variety and advanced nature of Hughes proj-

ects provides an ideal environment for the scientist 
or engineer who wishes to increase his professional 
stature. 

Newly instituted programs at Hughes have created immediate 
openings for engineers experirnced in the following erects: 

Electroluminescence 
Infra-red 
Plasma Physics 
Digital Computers 
Systems Design & Analysis 
Circuit Design & Evaluation 

Field Engineering 
Equipment Engineering 
Commerc;a1 Sales 
Microwave & Storage Tubes 
Con-munications System 
Micro Electronics 

Write in confidence to Mr. D. E. Eikner 
Hued,. General Offwea. Bldg. & EIS, Culver City. 

The West's leader in advanced ELECTRONICS 

HUGHES 

1 

 _J 
19S9. HUGHES AIRCRAFT COMPANY 

HUGHES Al RCRAFT COMPANY 

Culver City. El Segundo. Fullerton, Newport Beach, Malibu 

and Los Angeles, Calrornia; " ucsory. AII20,18 
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ARC, 

Navigation Systems 

Communication 
Systems 

Servos 

Transistors 

Transmitters 

Receivers 

Antennas 

CAllEEI OPPORTUNITIES 
With a company making premium grade 
electronic equipment for aircraft for over 30 

years. Located in the beautiful lake region 
of Northern New Jersey, less than 35 miles 

from New York City. 

• TRANSISTOR CIRCUIT ENGINEER 

• TACAN ENGINEERS 

• RECEIVER ENGINEERS 

• TRANSMITTER ENGINEERS 
(VHF & UHF FREQUENCIES) 

• NAVIGATION EQUIPMENT 
ENGINEERS 

• ANTENNA DESIGN ENGINEER 

• TEST LAB. ENGINEERS 

Enjoy the pleasure of working in a new laboratory 
in a company whose products are known as the 
highest quality in the industry. 

Write or call collect: Personnel Manager 

A11101.1E1 RADIO CORPORATION 
Boonton, N.J. DE 4-1800—Ext. 238 

The 
TECHNICAL MATERIEL 

CORPORATION 

NEEDS 
VOX 

Bulletin 
I34A 

S ENIOR ENGINEERS 
PROJECT ENGINEERS 

TO WORK ON 

RECEIVERS 

TRANSMITTERS 

TERMINAL EQUIPMENT 

IN THE LF/HF SPECTRUM 

55B-DSB-ISB-AM-FM-CW-FSK 

Qualified Personnel 
are invited to send 

RESUME'TO 

Mr. Ernest Matson, Sr. 
DEPT. R-119 

700 FENIMORE ROAD 

MAMARONECK, N.Y. 

GPT-10K 
Bulletin 

207B 

GPR-90 
Bulletin 

179 

WRITE 
FOR 

CATALOG 
R-SF 

Positions 
- Open 

(Continued front Page 16(1.4) 

Icsits in engineering) located in a very pleasant 

uncrowded city of 350.000. .‘ ddress resume to 
Dean Otto Znieskal, College of Engineering. Uni-

versity of l'olet10. Toledo 6, Ohio. 

INSTRUCTOR OR ASSISTANT 
PROFESSORS 

Retirement a staff member creates a vacancy 

in Electrical Technology Dept. for February 190. 

'reaching area is mainly in electronic:: : it the tech-

nician level. Minimum requirements are BEE. or 

ISS. n E.E. and 2 years of industrial experience. 

Starting salary $5,000 to $ 7,000. Opportunity for 
an additional $2.000 through evening : in il summer 

leaching. Excellent pension ,ysieni imil other 
fringe benefits. Write to Prof. J. 1)c France. Dept. 

id Elec. Tea.. New York City Community Col-
lege, 300 Pearl Si,. Brooklyn 1. New York, 

SCIENCE AND ENGINEERING 

Opportunities at Robert College, Istanbul. Tur-

key for qualified men in engineering. mathematics. 

physics and chemistry interested in combining 
teaching and the development of limited research 

and consulting activities with the opportunity to 
live ami travel in a vital part of the world: 

Strengthe ll i ll g staff, modernizing undergraduate 
engineering curricula, beginning graduate pro-

grams in engineering. developing undergraduate 

and later graduate programs in sciences, con-

structing new science and engineering building to 
prepare cugineers for the industrial atol techno-

(Continued on Page 168A) 

ELECTRONIC DESIGN 

ENGINEERS 

R.F. NCI IT 111.SIGN ER \ In to s 

Band, to design ILI. uit nit] v for le-

ceivers or multi-stage tiansinitters liii 

secure command 5‘.4cm. 

RE(:LIA Lit I)ESIGNERS—to design and 

develop tuRanced tian.i.tovited terris ils 

tor secure c lllll mand 55.1cin. 

A SIPLIFIER ENGINEERS—for (1111111 

lie% di/1/111CM 011 tiansistorited 

used in ineitial •11..1111‘. 

TRANSISTOR SPLCIALISTS—loi de-

sign and development of tram.i.toriird 

circuitry for digital systems and in ust• 

in transistorized receivers. 

2-3 years applicable experienci• in nail-

sistorited electronics de‘eliipinent. 

To ail a itge interview call collect, N 

aga la Falls Wilder 5-7851, or send re-

sume to: 

Supervisor Engineering Employment 

BELL AIRCRAFT CORP. 

BUFFALO 5, NEW YORK 
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Operated by the University of Chicago under a 
contract with the United States Atomic Energy Commission 

Please write to: 
DR. LOUIS A. TURNER, DEPUTY DIRECTOR 
P.O. BOX 299-U6 • LEMONT, ILLINOIS 

/Ole 

Recognizing that research and instrumentation 

are always interdependent, Argonne maintains 

an intensive instrument program to support 

its research efforts. Both the requirements of 
the unique problems and the diversified 

techniques used have resulted in an instrument 

program of unusual breadth and interest. 

Research progress is, in turn, immeasurably 

enhanced by the devices—both electronic and 
otherwise—arising from this program and 

by the availability of the instrument 

experts involved. 

Staff positions are now available in both 

instrumentation and research fields for 

experienced as well as recently graduated 

B.S., M.S., and Ph.D. scientists and engineers. 

We would like to hear from you 
concerning your interests. 



Senior Level Positions in Fast Growing 
Microwave Research and Engineering Programs 

Project Level Responsibility 

A 100 watt CW, C-Band ceramic traveling wave tube has recently been 
developed by Eimac. It is just one of the steps Eimac is taking in the 
field of electron devices to take advantage of microwave frequencies. 
In TWT's, reflex and amplifier klystrons, Eimac is, and will continue 
to be, the leader in advancing the state of the art. Career opportunities 
are now available for outstanding engineers with BS, MS, and PhD 
degrees with a company specializing in electron tubes. 

1 Research Engineers and Scientists to conduct theoretical 
and experimental research in microwave measurements, 
microwave tube problems, plasma physics and circuit 
design. 

2 Microwave Engineers to test and evaluate tube perform-
ance and design of VHF and UHF circuits with respect 
to klystrons, negative grid tubes and traveling wave 
tubes. 

3 Project Engineers to assume responsibility for existing 
and newly-approved projects in high power klystrons ... 
including design and testing of electronic guns, cavities 
and related tube components. 

Salaries offered are excellent and, naturally, Eitel-McCullough will 
pay relocation expenses to the company's facilities in Salt Lake City, 
Utah and San Carlos, California. All replies will be honored with the 
strictest confidence. Please write: C. F. Giesler, Dept. P, Eitel-
McCullough, Inc., San Carlos, California. 

EITEL—McCULLOUGH, INC. 
SAN CARLOS, CALIFORNIA 

ELECTRONICS: Over, on and under ... 

Electronic and 

Electromechanical 

SYSTEMS ENGINEERS 

Openings are waiting for you at 

Autonetics 
in 

Systems Research and 

Development 

on 

Integrated Systems involving 

the following equipments: 

Radars 

Inertial Guidance 

Digital Coin pu te Ts 

Flight Control Equipment 

Opportunities have never been 

better in the history of Auto-

netics for the engineer with 

sound technical competence in 

the above fields. 

Advanced degrees preferred. 

with four to ten years- broad 

experience in the above or related 

fields. 

Send your resume to: 

Mr. B. D. Benning 

Manager, Employment Services 

Dept. G-123 

9150 East Imperial Highway 

Downey, California 

Autonetics 
A Division of North American Aviation. Inc. 
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• • 

PHYSICISTS 

MECHANICAL ENGINEERS 

ELECTRICAL ENGINEERS 

CHEMICAL ENGINEERS To physicists; mechanical, electrical, or chemical engineers who want 

to explore the professional development aspects of the nuclear power 

field, the Bettis Atomic Power Laboratory offers to competent 

engineers problem areas in the design and development of nuclear 

power plants that require detailed mathematical models, and use 

of differential equations as they apply to thermodynamics, . fluid 

system analysis and system steady state and transient operation. 

NUCLEAR SYSTEM DESIGN 
If you are a physicist, mechanical, electrical, or chemical 

engineer and arc interested in pursuing a career in nuclear 

system design and development and you are a U. S. 

Citizen, write to: Mr. M.J. Downey, Bettis Atomic Power 

Laboratory, P. 0. Box 1526, Dept. B-12, Pittsburgh Jo, Pa. 
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from BOB TEASOALE 

A Personal Invitation to 

ENGINEERS 

Manager— ELECTRONICS DIVISION 

"The great Southwest is a wonder-
ful place to live, and Temco Elec-
tronics, located in suburban Dallas, 
is a good place to work. Here, like 
other Terre° employees, you and 
your family will enjoy a dry, 
healthful climate.. beautiful, 
moderate priced homes .. out-
standing medical facilities .. excel-
lent school system .. fine universi-
ties .. all sports and recreation.. 
churches of all faiths.. and no 
state income tax or general sales 
tax. Every benefit, for you profes-
sionally and in good living for you 
and your family, is here. Below are 
some of the areas in which jobs are 
open now." 

RADAR CIRCUIT DESIGN 
Microwave • Modulator • IF Amplifier 

Indicator • Video Amplifier • M.T.I. 

SYSTEM DESIGN 
Airborne Radar • Fire Control 

Ground Based Search Radar 

Auxiliary Equipment • ECCM 

SALES ENGINEER 
To cordoct military agencies and commer-

cial organizations for determination of 

electronic products and systems require. 
merits. 

To arrange for convenient inter-
views, write in confidence to: 

BILL G. HICKEY 
Supervisor Technical Employment 

Room 121R, P. 0. Box 6191 

TEM CO 

ELECTRON ICS 

A DivIel.pn of TEMCO AIRCRAFT CORP. 

Dallas 22, Texas 

Positions / 

Open 

(Continued from page U, IA) 

logical development of Turkey and the Middle 
East. Address inquiries to Dean Howard P. Hall 
of the College of Engineering. Robert College, 

Rebel; P.O. 8. Istanbul. Turkey, with copy to 

Near East College Assoc., 40 Worth St., Rm. 521, 
New York 13, N.Y. 

DEVELOPMENT ENGINEER 

Development Engineer to hettel a small develop-

ment group in the field of small electronic com-

ponents. Degree, or its equivalent. and experience 
in this field required. Write Philadelphia Plant 

Employment, International Resistance Co., 401 
North Ilroa.I St.. Philadelphia S. l'a. 

STAFF IN ELECTRICAL ENGINEERING 

Attractive positions combining teaching (gradu-

ate and undergraduate) and research are available. 
Appointment at any level from Assist. Professor 

up, depending on qualifications. A person with 
interests in electrical energy conversion and mod-

ern electrical machines is especially sought. but 
openings in other fields are available. Applicants 

must have Ph. D. or equivalent evidence of re-
search potential. Write Chairman, Div. of En-

gineering, Brown University. Providence 12, 
R. I. 

TECHNICAL SALES ENGINEER 

Knowledge of Government mentions and ex-
perience in microwave tube field desired. Retired 

service personnel would lie considered. Good posi• 
tion in growing company. Please call or write 

American Radio Company, Inc.. 445 l'ark Ave., 
New York 22. N.Y. PI-3•5046. 

(Continued on page 170.-I) 

INFRARED DEVELOPMENT 
ENGINEER 

Experienced man wanted with background in infrared instru-

mentation. Unusual infrared applications in research and t•om-
merdal equipment. Unique opportunity for a capable man 
seeking new horizons. 

Location Queens, N.Y.C. Salary anti responsibilities will be 
tailored to the individual. 

THE WARNER & SWASEY CO., CONTROL INSTRUMENT DIVISION 
34 West 33 Street New York 1, N.Y. 

PROJECT ENGINEERS 
For design and development of ground 
support and electronic test equipment. 
Experience in ground support equipment 
for inst rumentation and navigational 
:y-ti ms desirable. 

SALES ENGINEERS 

Excellent opportunities in a newly established 
department for commercial sales with 
world-wide scope of activities, as well as 
in t he Militory Marketing Group. 

PRODUCT ENGINEERS, ME & EE 

For design of production test equipment 
for electromechanical systems. 

Kollsman is seeking a limited group of 
exceptional men to participate in its 
continuing growth in the field of automatic 
navigation and flight instrumentation. 
These openings offer unusual opportunity 
with an organization intimate enough to 
allow individual recognition, yet large 
enough to assure stability. 

Pleas(tI resumes to T. A. DeLuca. 

kollsman INSTRUMENT CORPORATION 

80-08 45111 AVENUE. ELMHURST. NEW YORK • SUBSIDIARY OF giaédeld COIL fRODUCTS CO. INC. 
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Electronic Engineers 
and Technicians 

Vitro Laboratories' Florida Operation, Vitro Weapons 
Services, is rapidly expanding its professional staff to 
meet new contractual and technical requirements. 

For the last nine years, Vitro has assisted the Air 
Research and Development Command in planning, de-
veloping, installing and operating the test ranges and 
facilities of the Air Proving Ground Center, Eglin Air 
Force Base, Florida. Current projects include test of 
the Bomarc, Quail, Hound Dog and Genie missile sys-
tems, as well as investigations in the fields of frequency 
diversity, electronic countermeasures, vertical launch-
ing, high altitude research and drone development. 

Now we are accelerating our activities to operate 
the nation's newest missile range, the Eglin Gulf Test 
Range, which extends some 450 miles from Eglin to 
Key West, Florida. This new responsibility in part ex-
plains our dynamic growth, but more particularly> it 
creates outstanding supervisory and staff openings 
for: 

Other laboratories at West ()Range, N. J.. 
and Silver Spring. Md. 

Electronic Engineers— with degree(s) in E.E., plus ex-
perience in Automatic Tracking Radar, Electronic In-
strumentation, Phase Comparison Space Positioning 
Systems, Data Recording and Conversion, Telemetry or 
Missile Range Instrumentation. These are senior level 
positions, particularly challenging to the man with field 
engineering and design experience in tracking type 
radar systems. 

Radar Technicians — with training and experience in 
MSQ-1, MSQ-1A, FPS- 16, Nike, M-33, MPS-9, 
SCR-584, CPS-6, FPS-3 and FPS-20 equipments. 

Electronic Technicians — with a solid background in 
electronics and several years experience in Telemetry, 
Data Converters, Oscillograph Recorders or Range Elec-
tronic Instrumentation_ 

To focus your future on a career with Vitro in Florida, 
please submit a brief resume of your experience in con-
fidence to Ma. D. D. Cox, Director of Personnel, Vitro 
Weapons Services, 119 East Main Street, Fort, Walton 
Beach, Florida, Dept. P-1. All replies will be answered 
immediately, and interviews will be arranged. 

LABORATORIES 
Division of Vitro Corporabon of America 

VITRO WEAPONS SERVICES 

EGLIN AI FORCE BASE. FLORIDA 



ELECTRONIC 
ENGINEERS 

The expanding activities of the Armour Research Foundation, an inde-
pendent research organization, requires the services of several additional 
experienced engineers to work on its many diversified research programs. 
As a member of our staff you will enjoy the friendly atmosphere and 
cooperation which exists plus the except" al opportunity for creative re-
search coupled with excellent facilities, working conditions and stimulat-

ing staff associations. In many cases you are able to work on ideas of your 
own choosing through our internally sponsored research activities. 

Applicants should possess several years of experience in one or more of 
the following areas: 

Comnmnication and Radar Systems Analysis 
Microwave Field Theory 

Radio-Radar Interference 

Salaries are offered to suit your individual experience and educational 
background. Benefits include liberal insurance and retirement programs, 
a vacation policy which provides up to four weeks vacation per year, tui-
tion free graduate study and a generous relocation allowance. 

If you are interested in this challenging opportunity to advance profes-
sionally, please send a resume of your qualifications to: 

A. J. Panerai 

ARMOUR RESEARCH FOUNDATION 
of Illinois Institute of Technology 

10 West 35th St. Chicago 16, Ill. 

growth at 

granger associates 

creates extraordinary opportunities now at all levels as techniques 

specialists and project managers in the development and manufacture 

of advanced r-f systems... including traveling wave tube applications, 

t-ansistor circuits, transmitter and receiver techniques, microwave 

components, distributed amplifiers, and antennas for airborne and 

ground-based systems. Vital projects...a blue ribbon staff...and an 

expanding employee-owned company...add up to unlimited potential 

For details inquire direct to Dr. J. V. N. Granger at granger associates 

974 commercial street/ palo alto, california 

Positions 

Open 

(Con(inued train ra 16.4.4) 

PRODUCTION FOREMAN 

Production Foreman—Electronic Transformer: 

5 years (+) experience in coil winding business. 
Familiar with general machine shop equipment 

and vacuum potting techniques. New company. Ex-

cellent opportunity. Sunny San Diego. Apply 
Atlas Transformer Co., 1839 Moore St.. San 
Diego I. Calif. 

ASSOCIATE PROFESSOR 

Electrical Engineering faculty being expanded 
in rapidly growing department, graduating first 
class in 1960. («iirrent itositions available to rank 

of Associate Professor and to 9 months salary 

of $6,000, depending upon education and experi-
ence. Background emphasis preferably upon 
electronics and advanced circuit theory. Oppor-
tunity for research and other industrial programs 

in the area. Send full background to Chairman, 
Electrical Engineering. l'itiversily of Bridge-
port. Conn. 

O 0 
Positions 

Wanted , 

By Armed Forces Veterans 

In order to give a reasonably equal op-
portunity to all applicants and to avoid 
overcrowding of the corresponding col-
umn, the following rules Itave hect  
a,lopted. 
The IRE publishes free of charge 

notices of positions wanted by IRE mem-
bers who are now in the Service or have 
received an honorable discllitrge. Such 
notices should not have more titan five 
lines. They may he inserted only after ;t 
lapse of cute trionth 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 ‘vithout assign-
ment of reason. 

Address replies to box number indi-
cated, c/o IRE, 1 East 79th St., New 
York 21, N.Y. 

DIGITAL SYSTEMS ENGINEER 

BEE.: Tan Beta l'i. Eta Kappa Nu: :oblate 
work in digital techniques. I- years broail ex-

perience, logical design, system,. integration. 

transistorized circuit design. steins evaluation. 

Married. 2 children. Desires position in Japan 
or other opportunity of unusual interest. Bo\ 

2031 W. 

ELECTRICAL ENGINEER 

Age 23. BEE. Tech. September 1957. 
1/Lt. U.S. Army Ordnance Corps. 1' .t 'ears as 
project coordinator at White Sands. Desires po-

sition in missile instrumentation or allied field 
with management opportunities. Location south-

east or southwest. Box 2032 W. 

ELECTRONIC TECHNICIAN 

Signals Officer / 5', years service in HF com-

munication work. Age 37. Associate Brit. IRE. 
Associate Member IRE ( USA). Graduate H.R.T. 

( Co:tinged on paqe 1744) 
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T. R. Selig, B.S. Physics 1954, St. Norbert College. Joined G-E Physics Training Program June 1954. Went from Advanced Technical Course 
tc 4 rotat:ng assignments. U. S. Navy 2 years. Returned to G-E Semiconductors in Advance Process Group. Has worked on power transistors, 

multi-layer switches and the new tunnel diode ( 100 times foster than a transistor). Studying for M.S. in Physics. Married; 2 children. 

Tom Selig takes time off from the tunnel diode. 
to tell you about General Electric's Semiconductor Products Dept. 

"In the General Electric Company, each department 
must stand on its own two feet. It's like working for 

a small company, but with the depth of talent and 
technical backup you find only in a large organiza-

tion. 
"G-E Semiconductors has an expert in almost 

any subject you may be working on. They are 
found within your own group, in the Advanced 
Semiconductor Laboratory, and at the Research 
and Engineering Laboratories in Schenectady. Each 
is a recognized authority in his field and all are 

available for consultation at any time. You have 
only to pick up the phone. 
"My present assignment, the tunnel diode, calls 

for work with electrical, chemical and physical 

GENERAL 

phenomena. This is typical of semiconductor devel-
opment and leads to a broad background in several 
areas, strengthened by the educational opportuni-

ties at G.E. There are about 30 engineering courses 
taught here at General Electric, besides tuition re-
fund for advanced study at Syracuse University." 

• 

Unusual opportunities now open for chemical, elec-
trical. mechanical and metallurgical engineers, 

physicists and physical chemists ( B.S. through 
Ph.D. ) at all levels of experience. U. S. citizenship 
not required. Semiconductor experience dirable 
but not essential. Write in strict confidence to Mr. 

M. D. Chilcote, Division J4. 

ELECTRIC 
Semiconductor Products Dept., Electronics Park, Syracuse, N. Y. 

• • 
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Put Yourself in this "Growth" Picture! 
grow faster with a growing company 

utilize advanced facilities available 

for research, development 

and manufacturing projects of the highest technical nature 

... where your work and talents are recognized 

as extremely vital... enjoy year-round living 

and recreation in the pleasant Southwestern climate 

To date, almost 14,000 people at Texas Instruments are in 
this "Growth" picture. In addition, they are enjoying many 
other benefits from TI's enlightened personnel policy — 
company-sponsored profit sharing plan*, periodic advance-
ment and salary reviews, educational assistance, insurance, 
and retirement programs. 
TI offers a stimulating challenge in research, development 
and manufacture in geosciences, military and industrial 
instruments and systems, semiconductors and other electronic 
components. To keep its position as a leader in these fields, and 
to stay ahead of the ever-increasing demands of Space Age 
technology, more new permanent positions have been created 
for qualified Engineers. 
Come grow with us ... work and live in an environment of 
professional, social and recreational freedom. Write to your 
area of interest on the right. 

'Which, in 1958, was 15% of base salary! 

you'll grow faster with a growing company! 

TEXAS INSTRUMENTS 
INCORPORATED 

DALLAS 9. TEXAS 

Over the past decade, Ti personnel increased over 
15- fold from 800 to almost 14,000. Will be 15,000 
by end of 1959. 

Semiconductor Comp plant ... world's largest 
semiconductor manufacturing facility. Construction 
underway will more than double its size. 

Ye `103:ff". 
Typical of all T1 plants and offices, the Apparatus 
division assembly area is weli-lighted and air-
conditioned. 

TI Central Research laboratory's new building, 
located adjacent to the Semiconductor-Components 
plant at the 300-acre complex. 

TI sal« have growp over 20401d over tbe past 
ten years ... from under $.5.000,000 to $200,-
000,000 for 1959. 

t _îeer) 

Typical of Dallas and Houston: modern buildings 

and facilities, new multi-lane freeways that bring 
downtown within minutes of suburbi a. 

• 

eblidreAtiftglâtigiU 

Many lakes, within minutes of Dallas, provide 
excellent recreation, Houston is -next door— to 
Galveston, nationally known seaside resort. 



specific career opportunities 
now open at Texas Instruments 
 SEMICONDUCTOR-COMPONENTS DIVISION  

DEVICE DEVELOPMENT—Develop new semiconductor devices; conduct experimental and theoretical studies on the effects 
of nuclear radiation on semiconductor materials and devices; evaluate experiments in the analysis of gases and electro-chemistry; 
conduct physical measurements on semiconductor surfaces; determine the effects of chemical reaction on semiconductor sur-
faces; studies in device stability, reliability and characterization; materials research and development including crystal growth 
and crystallography. 
CIRCUIT DEVELOPMENT—Transistor circuit design and application; design automatic and semi-automatic test equipment. 
MECHANIZATION —Design and develop high speed automatic machinery. 

Please write to C. A. BESIO, Dept. 1004, P. 0. Box 312, Dallas, Texas 

APPARATUS DIVISION 

ANUFACTURING ENGINEER—To perform the planning and coordination of the manufacture of electro-mechanical/elec-
tronic systems and components on an assigned project basis; to determine action to be taken; follow-up and report successful 
operation of the course of action selected. BS in EE, ME or JE, with minimum 3 years experience in manufacturing processes, 
tooling, scheduling, and costs. 
QUALITY CONTROL ENGINEER—To establish and maintain standards of quality and inspection methods for all raw materi-
als, work in process and finished products. BS in EE, ME or IE with minimum 3 years experience in working to customer require-
ments, procedures, quality reports plus prevention and detection of defects in electro-mechanical apparatus. 
SENIOR MICROWAVE ENGINEER—To perform applied research and development in the field of microwave and high-powered 
transmitter equipment including ASR transmitter and automatic performance monitoring. MS in Physics or EE with minimum 
5 years experience in the field of microwave and high-powered transmitting equipment. 
SENIOR ELECTRONIC ENGINEER—TO conduct engineering analysis of techniques that will be incorporated into various 
product lines. Electronic design experience associated with the missile field involving circuit (transistor), computers, telemetry, 
and guidance systems design essential. MS in EE, ME or Physics with minimum 7 years experience in field of missile electronic 
design and systems planning and analysis. 
CIRCUIT DESIGN ENGINEER—With strong instrumentation background with emphasis on circuit design. Experience in 
application of transistor circuits to instrumentation highly desirable although not essential. BS or MS in EE or Physics with 
minimum 5 years experience. 
RESEARCH ANALYST—To perform industrial marketing research in the field of military and industrial electronics; requires 
analytical ability with imagination to foresee variables and recognize limitations and data; ability to present ideas clearly in 
verbal and written form. Must also be able to interpret and point out use and conclusion of statistical studies to division manage-
ment. BS in ME, EE or MBA or MA in Economics. 
SENIOR GUIDANCE ENGINEER—To design microwave antennas and circuit components; supervise engineering personnel in 
design and development of complete missile antenna and microwave systems; contribute original advancements in missile micro-
wave and antenna concepts for proposals and system development. BS in EE or Physics with minimum of 5 years experience in 
stripline microwave design. Also thoroughly familiar with radiation and propagation theory. 
MATHEMATICAL STATISTICIAN—To specialize in the study of noise applications; to perform systems analysis of sonar and 
radar product lines; to provide consulting service to other technical personnel. MS or PhD in Mathematics with minimum of 6 
years experience in applied analysis of advanced mathematics. 
MATHEMATICIAN—To specialize in transform calculus as applied to servo mechanisms and network analysis and continued 
fraction work; provide consulting services to other technical personnel. MS or PhD in Mathematics with minimum of 6 years 
experience in applied analysis of advanced mathematics. 

Please write to JOHN PINKsToN, Professional Placement, Dept. 1004, 6000 Lemmon Avenue, Dallas 9, Texas 

GEOSCIENCES AND INSTRUMENTATION DIVISION 

MECHANICAL DESIGN ENGINEERS—BS or MS in ME to design small electro-mechanical mechanisms. 
ELECTRICAL DESIGN ENGINEERS—BS in EE or Physics to design and construct supervisory control systems of electro-
mechanical and electronic design; transistor test equipment, requiring heavy experience on electronic circuit design, preferably 
with transistors; digital computers with experience in detailed logical design. 
MANUFACTURING ENGINEER—BS in ME or IE with experience in production, planning, production control, methods and 
tooling in the electronics industry. 
SALES ENGINEER —BE in EE, Physics or ME with sales experience in electro-mechanical instruments. 

Please write to DAVE TURNER, Dept. 1004, 3609 Buffalo Speedway, Houston, Texas 

CENTRAL RESEARCH LABORATORY 

HEAD - PHYSICS SECTION-4 to 5 years experience in semiconductor physics and proven ability to direct a variety of tech-
nical projects. Responsible for directing work on the measurement and understanding of electrical, thermal, magnetic, optical, 
and transport properties of semiconductors. Educational requirement is PhD in Physics. 
HEAD - DEVICE SECTION-4 to 5 years experience in semiconductors plus experience in group leadership and proven ability 
to supervise a variety of technical projects. Will be responsible for directing work on design, fabrication and evaluation of new 
solid state devices. Educational requirement is MS or PhD in either Physics or EE. 
SOLID STATE THEORIST—Responsible for the understanding and interpretation of the physical properties of semiconductors 
and other solid state materials. Educational requirements: PhD in Physics with concentration in quantum mechanics. Solid 
state experience desirable but not necessary. 
DEVICE THEORIST—Responsible for the design of new solid state devices and interpretation of their characteristics in terms 
of physical and fabrication parameters. Educational requirement is PhD in Physics or EE, or MS with 2 to 3 years experience 
in solid state device theory. 
SEMICONDUCTOR TECHNOLOGY—Responsible for the design and interpretation of experiments on the technology of semi-
conductors, including impurity diffusion and alloying. Educational requirement is PhD in Physical Chemistry or Metallurgy. 
Experience requirement: 3 to 4 years experience in semiconductor technology. 
THEORETICAL PHYSICIST-2 to 3 years experience in electron or nuclear magnetic resonance with interest and background 
to perform theoretical analysis of EMR and NMR to develop possible new types of magnetometers or to make significant im-
provement in present types. Sufficient experimental background and interest to assist in translating theoretical results into 
experimental prgjects. 
PHYSICISTS—Either MS or PhD with 1 year minimum experience in the fields of superconductivity and low temperature 
physics. Should be acquainted with conventional techniques of transferring and handling liquid helium and designing circuit» 
and instrumentation for studies in this area. 

Please write to A. E. PREscorr, Dept. 1004, P. 0. Box 1079, Dallas, Texas 



An Invitation To Join 

ORO...Pioneer In 

Operations Research 

Operations Research is a young science, earning recog-
nition rapidly as a significant aid to decision-making. It 
employs the services of mathematicians, physicists, 
economists, engineers, political scientists, psycholo-
gists, and others working on teams to synthesize all 
phases of a problem. 

At ORO, a civilian and non-governmental organiza-
tion, you will become one of a team assigned to vital 
military problems in the area of tactics, strategy, 
logistics, weapons systems analysis and communications. 

No other Operations Research organization has the 
broad experience of ORO. Founded in 1948 by Dr. 
Ellis A. Johnson, pioneer of U. S. Opsearch, ORO's 
research findings have influenced decision-making on 
the highest military levels. 

ORO's professional atmosphere encourages those 
with initiative and imagination to broaden their scientific 
capabilities. For example, staff members are taught to 
"program" their own material for the Univac computer 
so that they can use its services at any time they so 
desire. 

ORO starting salaries are competitive with those of 
industry and other private research organizations. Pro-
motions are based solely on merit. The "fringe" benefits 
offered are ahead of those given by many companies. 

The cultural and historical features which attract 
visitors to Washington, D. C. are but a short drive from 
the pleasant Bethesda suburb in which ORO is lo-
cated. Attractive homes and apartments are within 
walking distance and readily available in all price 
ranges. Schools are excellent. 

For further information write: 

Professional Appointments 

OPERATIONS RESEARCH OFFICE 
loizo The Johns Hopkins University 

6935 ARLINGTON ROAD 

BETHESDA 14, MARYLAND 

EIIJIIk 

Positions 

Wanted R-nE 

By Armed Forces Veterans 

(Continued fr.», page 170.4) 

Institute, Los Angeles. Desires suitable position, 
willing to undergo preparatory training if neces-

sary. Non-U.S. citizen, at present residing out-
side USA. Location-- any part of the world. 

preferably I'. S. or posse_ us. Box 2033 W. 

EDITOR—PUBLICATIONS MANAGER 

B.S. in physi. s; 10 years technical 

perience including 4 years as superv•sor; 3 vc.trs 

teaching radio and television repair. laboratory 
and theory; holder of 1st class radiotelephone li-

cense; excellent mathematician; expert typist and 

stenographer. Desires position as editor of elec-
tronics periodical or as supervisor in publications 

section of manufacturer of electronic equipment. 
New York City area preferred. Box 2034 W. 

TECHNICAL REPRESENTATIVE 

Assistant to Technical Director in Europe de-

sires position of broad responsibility in Europe. 

University training in eng, antl administration; 10 

years comm. and mil. elec. Member IRE; FCC 
1st. Age 40. Married. Box 2035 W. 

ELECTRONIC ENGINEER 
Completing Ph. D. in E.E, this fall at large mid-

western university. 6 years broad experience in 

ECM, communication, and control sys'ems. Strong 
background in applied mathematics. Former Ful-
bright scholar. Desires long term position in con. 

tinental Europe. Ace 29, married, U.S. citi/en, 
languages. Box 2039 W. 

(1 «,, nti ;wed page 178.4) 

INERTIAL 

PLATFORM 

ENGINEER 

To be respon,ihle for inertial 

navigator platform subsystems 

development. 2-3 years experi-

ence desired in inertial electron-

ics and platform development. 

To arrange interview call col-

lect, Niagara Falls BUtler 

5-7851, or send resume to: 

Supervisor Engineering Employment 

BELL AIRCRAFT CORP. 

BUFFALO 5, NEW YORK 
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CAREERS SOAR  

An engineer soon learns 

that in order to make precise 
projections, he must start 
with precise facts.To predict the 

reactions of an airborne object... 
even a kite...all known factors 
must be considered in its 

construction and launching. 

How important it is, then, for the 
engineer to consider all the known 
factors when choosing a place of 
employment. At the Link-Palo Alto 

electronic development laboratory, 
(pioneers and leading producers of electronic 
flight simulators) all the facts are favorable. 

Link has three distinct and diverse 

development departments: 
Industrial products development... Military 
electronics... Advanced computer development. 

This arrangement opens up a great diversity 
of assignments and excellent opportunity for 

advancement, as the lab is expanding rapidly 

LINK 
I A GENERAL 
PRECISION 
COMPANY 

AT LINK- PALO ALTO 

in all areas of development 

for both our commercial and 
military customers. 

Palo Alto is a charming, 
suburban community located on the 
southern part of the San Francisco 

Peninsula, its physical climate matched 

only by the benign professional 
atmosphere at the Laboratory. 

There are many openings for 
engineers qualified in the following fields: 

• video systems • electronic packaging 

• IR techniques • engineering psychology 

• advanced data processing systems 

• advanced electro-mechanical design 

• circuit analysis • computer design 

• weapon system analysis 

Move up! Write to 

Mr. B. U. Rutman, Link Aviation, Inc. 
P.O. Box 1318, Palo Alto, California 

LINK AVIATION, INC. 
A subsidiary of General Precision 
Equipment Corporation 
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Lockheed Missiles and Space Division 

invites your inquiry into thes 

UNUSUAL RESEARCH AND DEVELOPMENT 

OPPORTUNITIES 

Important career positions are available 3 Missiles and Space Division at its 

new facilities on the beautiful San Francisco Peninsula — one of the choicest living areas 

in the nation. Headquarters for the Division are at Sunnyvale, California, with Research 

and Development Facilities located in the Stanford Industrial Park in nearby Palo Alto. 

The Division is widely diversified— having complete capability in more than 40 areas 

of science and technology, from concept to operation. Areas of work include: metal-

lurgy; sonics; reconnaissance; computer design and development; propulsion and exotic 

fuels; space physics; hydrodynamics; the flight sciences; space medicine; manned space 
vehicles; telemetry; electronics; applied mathematics; operations research and analysis; 

space communications; reentry; design; and test, both environmental and flight. 

Equipment and facilities are completely modern and include one of the largest 

computer centers in the world. 

The Division is systems manager for several major. long-range projects and its research 

and development programs reach far into the future. It is a rewarding future with a 

company that has an outstanding record of leadership and progress. 

Unusual opportunities exist for experienced engineers and scientists to contribute to 

the solution of new problems in the areas listed on the next page. If you are experienced 

in these areas, or have background in related fields, we invite your inquiry. Please write: 

Research and Development Staff, Dept. L-33, 962 West El Camino Real, Sunnyvale, 
California. U.S. citizenship required. 



d with background in one 
or more of the following areas: flight test analysis of 
reentry trajectories and/or systems evaluation: flight 
test analysis of trajectories and separation evaluation; 
theory of subsonic and hypersonic aerodynamics; 
underwater stability and control hydrodynamics; aero-
dynamic preliminary design studies: research in gas 
dynamics studies of thrust vector controls, stage sepa-
ration, propulsion systems analysis, and rocket nozzle 
d n• o wind tunnel studies and testing. 

ance igree required with real time experience 
with analog computers. For the solution of problems 
in flight controls; guidance; aero and thermo dynam-
ics; dynamic analysis and process controls. 

Advanced degree in E. E. preferred with background 
of several years' experience in antenna design for space 
vehicles. 

Ph.D. preferred, advanced degree required, with strong 
research background for development work in fuel 
cells; batteries; the direct conversion of electro-
chemical energy; electrode kinetics; catalysis; photo-
chemistry; thin filin; and solid state. Work concerns 
both military and commercial applications. 
Advanced degree required, Ph.D preferred with back-
ground in either physical-organic chemistry; inorganic 
chemistry; analytical chemistry: or electrochemistry 
for research and development work in such areas as: 
instrumental analytical techniques including infrared, 
ultraviolet and mass spectroscopy; gas solid reaction 
kinetics; microchemical analysis techniques; surface 
treatment of metals and surface reaction kinetics; 
molecular resistance of substances to various environ-
ments including formulation of elastomers; or rein-
forced plastics. 

Advanced degree in E.E. or physics preferred but not 
required, with experience in infrared systems research 
and development, or electrical engineers with back-
ground in electronics information theory; servomecha-
nisms; specialized circuitry, as in low-level voltage 
circuits, or physicists with background in optics or 
semi-conductors. For work in infrared physics re-
search; advanced systems development; or physical 

Degree in E.E. or communications with background 
in design of UHF. VHF and RF transmitters; telem-
etry systems and components; circuit design or logi-
cal design components. 

Background of graduate work in E.E. or math., with 
interest in advanced areas of computer research in 
such efforts as: pattern recognition; automata studies; 
logical design and switching theory; information re-
trieval; and behavior patterns of artificial neurons 
patterned closely after those of the human brain. 

Advanced degree in M.E. preferred with background 
of mechanisms and small structures desirable. For 
research in experimental design and the development 
of a variety of research test models. 
Advanced degree in M.E. preferred with experience 
in the design of aero and thermodynamic missile scale 
models including previous work in wind tunnel model 
desi n and test. Shop liaison experience desirable. 

A vance . egréé preferred for basic and applied 
research in one or more of the following areas: metal-
lurgical behavior and mechanisms concerning high 
temperature and advanced missile materials with inter-
est in metal physics; deformation and fracture; phase 
equilibria; transformations; or diffusion. Also, to con-
duct basic and applied studies in refractory metals; 
dispersed phase systems; fiber metallurgy; ceramics 
and thermal protective materials systems. Aso, for 
X-ray and electron diffraction research and studies in 
single crystals; point defects; parameter measurements; 
pole figure determinations. 

Experience required in MASER amplifiers and vari-
able reactance parametric devices, for experimental 
research in microwave. 

Degree in E.E. required and several years' experience 
in developmental testing of ordnance and pyrotechnic 
devices, preferably in the missile field, with complete 
familiarity with high speed oscillography; pin tech-
niques; pulse circuitry techniques; high speed photog-
raphy; and instrumentation methods for recording 
pressure: shock; velocity and temperature for the de-
velopment of ordnance equipment for missiles. 

Advanced degree required and Ph.D. preferred in 
E.E., physics or chemistry and evidence of creative, 
original work through published articles, patents or 
superior Ph.D. theses for research work in one or more 
of the following: thermoelectric; photovoltaic; lumis-
tor; ferrite; logic component; sensor; thermieor; or 
cryogenic devices. Also, materials analysis and evalua-
tion; processing techniques design and development of 
novel electronics devices and components; circuit 
analysis; circuit topology; or microminiaturization. 

MISSILES AND SPACE DIVISION 

Systems Manager for Navy POLARIS FBM; DISCOVERER, MIDAS and SAMOS; 

Army KINGFISHER; Air Force Q-5 and X-7 
SUNNYVALE. PALO AL,—C. VAN NUYS, SANTA CRUZ, SANTA MARIA, CALF. • CAPE CANAVERAL. FLA. • ALAMOGORDO N.M. • siAWAII 



illiffltimeigueememememeAimiemume 

"decision, makers" at Motorola 
are engineers like you ... 

At Motorola, friendly cooperation is a way of 
life. The "chain of command" ( right to the top) talks 
your language — and backs you up with shirt-sleeve 
action. You'd be working in a truly professional climate 
that encourages you to explore, create and contribute. 

These are some of the prime reasons why our project 
approach to military electronic assignments enjoys 
such solid success. Current expansion has created a number of 
diversified positions offering great opportunities for pro-
fessional progress. And . . . if you also like the idea of living 
under sunny Arizona skies, write today to Mr. Bob 
Worcester, Professional Personnel Representative, Dept. C-12 

OPPORTUNITIES 

ELECTRENIC ENGINEERS, MECHANICAL 

ENGINEERS, PHYSICISTS 

System Analysis, Design & Test 

Radar • Missile Guidance • Navigation 

Combat Surveillance • Commurications 

Field Engineering • Data Processing and Display 

Circuit Design, Development and Packaging 

Microwave • Pulse and Video 

Antenna • Transistor • R-F and I-F 

Servos • Digital and Analog 

Technical Writers and Illustrators, Quality 

Control Engineers, Reliability Engineers 

:AA MOTOROLA 
Western Military Electronics Center, 8201 E McDowell Rd., Scottsdale, Arizona 

Motorola also afters opportunities c t Riverside, California and Chicago, Illinois 

Positions 
Wanted R E  

By Armed Forces Veterans 
(Contimied from rage 174.4) 

ELECTRONIC ENGINEER 

BSEE. 1056 from Louisiana Tech. Professional 

Engineer, La.; FCC license; 3 y-ears in radio 

equipment research and ilevelopment. Desires di-
versified work involving planning and circuit 

work. Age 25; married; USAF officer; January 
1960. Box 2044 W. 

INSTRUMENTATION 

Group Leader: instrument development for prod-

uct improvement; development of unique applica-

tions of sound, light and electronics to measure-
ment of various process parameters; and devel-

opment of automatic equipment. 13 years exioeri-

ence; 11S. Eng. Physics. MS. Electrical Engi-
neering,. Box 204 ' 55 

ENGINEER 

Ph.D., June 1960. 5 years industrial experi-

ence, several semesters experience teaching lec-
ture courses at the senior EE level. Interested in 
teaching and research at pro:: I • - ve EE dept. 

Prefer western 1".S. Box 2040 5\ 

SYSTEM ENGINEER 

3 years engineering experience in digital and 
analog system development. 2 y-ears technician ex-

perience in switching. 4 years USAF Nuclear 

Weapons. Interested iii system engineering es' 
pecially hybrid systems for control and data proc-

essing. Tau Beta l'i. Eta Kappa Nu. Available 
on completion of M.E.E. requirements, June 1960. 
Age 28. married, 2 children. Box 2050 W. 

SENIOR ENGINEER—CHIEF 

Age 43; broad electronic experience with 

vacuum tube and transistor circuitry, analog coiii. 
touters. gyro systems, ixnver supplies. minianWza. 

[ion and printed circuitry. Senior Member IRE. 
Tau Beta Pi, Eta Kappa Nu. Will relocate for 

an outstanding opportunity. Box 2051 W. 

ENGINEERING TEACHER 

BS. anil SI n E.E. 2 years industrial re-
search. 2 y applicable military, atol 4 years 
full-time teaching on the faculty of a major east 

coast university. Desires position of permanent 
with good family living conditions. Summer in-

come opportunity desindole. Available June 1960. 
Box 2052 W. 

ELECTRICAL ENGINEER 

BS. ill physics. graduate work in E. E.; P/2 
years experience in electronics of which years 

is in commercial data processing. Have published 

articles and hold patents ill electronics. Desires 
overseas position. Box 1053 W. 

ENGINEER 

MEE.. extensive :anemia and k. F. experience, 

design and project supervision. Broad background 

includes sales and engineering management, con-

tract negotiations. Desires position as General 
Manager of antenna company, or participant in 

ownership management of antenna consulting firm 
or small growing company. Box 2054 W. 

COMPONENTS ENGINEER 

E.E. degree. 10 years solid experience in electro-
mechanical components - development, evaluation, 
application and standardization. Desires a chal-
lenging, resteonstble position in a supervisory 
capacity. New York. Long Island area preferred. 

Box 2055 W. 

(Cmtmercd ”11 Page LVO. ,1) 
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This tiny sil,con chip does something no other transistor 

can do. It achieves the speed of the fastest germanium 
plus having the superior temperature characteristics and 

relliability inherent to silicor. It is the Fairc:hild 2N706. 

This extraord nary transistor was introduced to industry 
in August of 1959. Within two months, mary thousands of 
units had been shipped and the 2N706 was 'being designed 
into highest performance ccriputer circuits. No " blue sky" 
project, the 2N706 is apprcable and extremely advanta-
geous to all types of high seed computer logic. 

The 2N706 is also extraordinary as a success story in 
people—solid-state physicists, physical chemists, metal-
lurgists, electrical engineers, mechanical engineers and 
industrial ergineers. Free flow of ideas and enthusiasm 
produced an accumulation of advanced semiconductor 
technologies at an unprecedented rate From the be-
ginning, only two years ago, the 2N706 was the goal. 
En route, these technologies resulted in the production of 

545 VVHISMAN ROAD/MOUNTAIN VIEW, 

AN 

EXTRAORDINARY 

TRANSISTOR 

eight other silicon transistors. These devices have clearly 
established Fairchild as the leader in advanced semicon-
ductor development. 

Step by step, the Fairchild program was planned and held 
in focus by a top management team of advanced deg'ee 
scientists. And now, this same program is being zeroed 
in on new targets, among them Esaki diodes and integrated 
solid-state circuitry. If yours is a relevant background and 
you like the way we work, why not drop us a line? We 

would like to hear from you. 

AMCWILD 
SEMKONDUCTO4 CORPORAnoN 

CALIFORNIA/ YORKSHIRE 8-8161 



SENIOR STAFF 
SPECIALISTS 

Positions are open in Honeywell's Aeronautical Division 
for three qualified senior engineering specialists. Duties 
are I) to guide development and design projects in the 
application of advanced techniques to Honeywell de-
signs; and 2) provide technical assistance in specialty 
areas for selection and execution of new system and new 
product developments. 

For these openings, advanced engineering study and 
relevant military exp,:rience will be valuable. These are 
not purely advisory positions. Those men chosen will be 
expected to participate actively in the execution of 
Division Engineering Programs. 

WEAPON DELIVERY AND 
CONTROL SYSTEM COMPUTERS 

Background of computer and system development for 
bombing, fire control, or navigation. Experience with 
analog and digital systems, tie-ins, weapon character-
istics, and performance determination. 

RADAR AND RELATED SYSTEMS 

Background of airborne system engineering in one or 
more areas such as AMTI, doppler, monopulse, ECM, 

CCM, infrared, and communications. Experience should 
include responsibility for establishing system configura-
tions, technical development, and evaluation. 

ELECTRONIC CIRCUITS 

First-hand knowledge of design techniques for advanced 
circuits—dc, low frequency, pulse, and r.f.—for con-
trol, computation, measurement, and communication. 
Must be knowledgeable with respect to solid state devices 
and circuits and interested in making major contribution 
to Division application of microcircuit techniques. 

To arrange an interview, write to 

J. R. Rogers, Chief Engineer, 
Preliminary Development Staff, Dept. 154 

H ,/, NNEAPOLIS 11 
oneywe 

AERONAUTICAL DIVISION 
2600 Ridgway, Minneapolis 13, Minnesota 

To explore professional opportunities in other Honeywell operations coast to 

coast, send your apPlication in confidence to H. D. Eckstrom, Honeywell. Dept. 
154, Minneapolis 8, Minnesota. 

Positions 

Wanted 

By Armed Forces Veterans 

(Continued from page 178.1 ) 

ELECTRONIC FIELD ENGINEER 
Graduate engineer, BSEE., several years ex. 

perience, age 32, fair health, seeking position as 
electronic engineer— sales engineer, field engineer, 

coordinator customers' technical requirements 

either commercial or military customers, or super-

visor equipment installation and installatimi 

checkout. Preparation with company traiiiing 
course desirable. Box 2056 W. 

ENGINEERING MANAGER—TECHNICAL 
REPRESENTATIVE 

Retirim: Navy Captain. Engineering Duty 

Officer. Senior Member IRE. Desires to locate in 
Southern California. Graduated Naval Academy 

1926. 3 years sea duty, 12 years civilian elec-
tronics engineer. Returned to active duty 1941; 

9 years technical administrator in Naval labora-
tories; 4 years comptroller in Naval Shipyard with 

collateral duty as project officer for electronic data 

Processing; available late spring 1960. Box 2057 
W. 

e  NEWS 
New Products 

4 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and further technical 

information. Please mention your IRE affiliation. 

(Continued from page 156A) 

Military-Type Transistor 

Nlilitary-type 2N120, a high current, 
high-power switching transistor —is now 
in production by Bendix Aviation Corp., 
Semiconductor Products, Long Branch, 
N. J. 

1 It 111=11  II, 1 I Is 1 15 Is 

The 2N1120 has been designed to meet 
the specification MIL-T-19500/68 (SigC). 
Its maximum collector current rating of 
10 Adc makes it particularly appropriate 
for high current switching applications, 
while a collector-emitter voltage rating of 
70 Vdc suits it equally well to high voltage 
applications. The 2N1120 will readily dis-
sipate 45 watts at a 25°C mounting base 
temperature. Subjected to the environ-
mental testing required by the specifica-
tion, this transistor has the high reliabil-
ity demanded in military applications. 

For further information, contact Mar-
keting Department. 

(Conf d on page 184.4) 
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WITH ONLY MINUTES TO ACT 

If America should be attacked . . . from 
bases around the world Strategic Air Com-
mand bombers, tankers and surface-to-
surface missiles will rise to action. Minutes 
only will be available. 

To integrate and control this assault re-
quires accessibility and handling of a 
staggering volume of data. In the missile 
era, present methods of gathering and 
processing data will be inadequate. SAC is 
automating the system. 

As systems manager, International Elec-
tric Corporation is developing and will 
turn over to SAC a world-wide electronic 

combat control system, an integrated com-
plex of electronic subsystems. The system, 
employing digital techniques and equip-
ment, will transmit, process and display 
information on a global basis . . . with 
only seconds involved. 

Engineers whose interests lie in systems 
engineering, data processing and commun-
ications will find in this long-term project 
exceptional opportunity to exercise crea-
tive competence and individual initiative. 
For details of engineering assignments 
write B. J. Crawford, Director of Techni-
cal Staffing. 

INTERNATIONAL ELECTRIC CORPORATION 
An Associate of International Telephone and Telegraph Corporation 

Route 17 & Garden State Parkway, Paramus, New Jersey 
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What 
makes a 
missile 
tick? 

At Raytheon, successful design and de-
velopment of advanced missile weapons 
systems are the result of a closely knit 
team effort . . . the combined contributions 
of many engineering minds. And at 
Raytheon, Missile Engineers enjoy the 
exceptional rewards and advantages of-
fered by its largest and fastest growing 
division. 

Location: Bedford, Mass. Suburban 
New England living ... only minutes from 
Boston's unexcelled educational opt )or-
tunities. Relocation allowance. Pick your 
spot on the Raytheon team. Immediate 
openings for Junior and Senior Engineers 
with missile experience in the following 
areas: 

MICROWAVE DESIGN 
(Component and Antenna) 

AERODYNAMICS 

COMMUNICATIONS SYSTEMS 

DIGITAL PROGRAMMING 

GUIDANCE SYSTEMS 

RADOME DESIGN 

COMPUTER SYSTEMS 

HEAT TRANSFER 

RADAR SYSTEMS 

OPERATIONS ANALYSIS 

INERTIAL REFERENCE SYSTEMS 

FEED-BACK CONTROL 

AUTO-PILOT 

GROUND SUPPORT 

ELECTRONIC PACKAGING 

TEST EQUIPMENT DESIGN 

ELECTROMECHANICAL 
ENGINEERING 

(Background in missile control and 
auto-pilot design) 

MECHANICAL ENGINEERING 
(Background in ground handling of 
large missile systems) 

MICROWAVE TUBE DESIGN 

Please send resume to Mr. W. F. O'Melia, 
Employment Manager, Raytheon Com-
pany, Bedford, Massachusetts, or call col-
lect: CRestview 4-7100, Extension 2138. 

MISS/LE 
SYSTEMS 
DIVISION 

111111111111e 

ELECTRONIC 
CIRCUIT 

AND 

PACKAGING 
ENGINEERS 

NO FEES 

TO $ 14,000 

RECENT GRADS TO SENIORS 

Our clients have been selected as 

growth companies with unusual op-

portunities for advancement. 

ONE DAY— 

These requirements are so critical 

that within one day after we re-

ceive your resume, you will hear 

from us or our client. 

Please send 2 copies of your re-

sume, in confidence, to: 

HARRY L. BRISK 

(MEMBER IRE.) 

ACCREDITED 
PERSONNEL 

America's Oldest Electronic 

Placement Service, 

Representing over 300 

Electronic Clients 

from Coast to Coast 

DEPARTMENT P 

12 South 12th Street, 

Philadelphia 7, Pa. 
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Today mankind is embarked on the most ex• 
citing voyage of discovery since Columbus sailed 
beyond the rim of the known world. 

In a physical sense, it is a voyage that ranges 
from investigation of the infi-itesimal components 
of matter to exploration cf the vastness of 
the cosmos. 

But at Sandia Laboratory 1 is a voyage of the 
mind — a voyage beyond the rim of our present 
comprehensions, to unlimited destinations. 

At our laboratories in Albuquerque, N. M. and 
Livermore, California, we perform research and 
development pertaMing to uclear weapons ard 
certain allied ion- military projects for the Atomic 
Energy Commission. We need mer with the know-
ledge, the experience, and the desire to ven-
ture beyond the rim in many fields of science 
and engineering. At present, we have challenging 
opportunities "n these specific fields: 

PHYSICS and MATHEMATICS — Scientists at 
PhD level fot both fundamental and applied 
research, at Albuquerque and Livermore. 

EXPLOSIVES CHEMISTRY — Chemists or chem-
ical engineers with advanced degrees and exten-
sive experience in this field, at Albuquerque. 
STATISTICS — Experienced statisticians with 

MS or PhD degrees and interest in statistical 
metnods and quality control, parícularly in sta-
tistical design of experiments. Recuired at 
Albuquerque only. 

QUALITY CONTROL — Industrial, mechanical, 
and electr.cal engineers with experience in 
quality control methods development and train-
ing assignments, at AlLquerque only. 

STRESS ANALYSIS — Experienced mechanical or 
aeronautical engineers, preferably with advanced 
deg-ees, at boh Albucuerque and Livermore. 
HUMAN ENGINEERING — Experienced personnel 

with advanced degrees in psychology plus en-
gineering degrees, at Albuquerque only. 

ELECTRICAL or MECHANICAL DESIGN and DE-
VELOPMENT ENGINEERING — Experienced person-
nel with BS or MS degrees, at both Albuquerque 
and Livermore. 
AERODYNAMICS — Research and developinent 

in the fields of space and high.altitt.de rockets; 
hypersonic research; magnetic theory; supersonic 
parachutes; nuclear weapon aerodynamics; and 
h-gh veloc:ty research apparatus design, at 
Albuquerque. 
MANUFACTURING DEVELOPMENT ENGINEERS — 

Electrical, Mechanical or Industrial degrees — to 

be in charge on a nationwide basis of products 
during the manufacturing phase, at Albuquer. 
que only. 
COMPUTER ENGINEERS — Ergineers at the MS 

or PhD level with three to five years experience 
in advanced computer systems, digital techniques 
or control system design, at Albuquerque only. 

Sandia laboratory offers many advanced and 
specialized facilities to fur'her work of its 
scientists and engineers. Liberal employee bene-
fits, including generous vacations and holidays, 
irsu-ance and retirement plans, educational aid 
program, add Jo Sandia's attractiveness as a 
place to work. Albuquerque, a city of over 225,-
OH with a mild, dry climate and friendly South-
western atmosphere, is a delightful place in 
which to live. Livermore, located in the San 
Francisco Bay airea, offers st.burban advantages 
dose to rretr000litan San Francisco. 

IF YOU ARE INTERESTED in a career at Sandia, 
our illustrated brochure will tell you more 
about the opportunities we offer to advanced 
scientists and engineers. Wrte to Employment 
Section 554G at either Albuquerque, N. M., or 
Livermore, California. 

NU:DLL\ 
CORPORATION 

ALBUQUERQUE. NEW MEXICO 
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A message to 

Electronic Engineers 

from R. P Gifford, 

Engineering Manager 

of General Electric's 

Cornmunication Products 

Department in 

Lynchburg, Virginia— 

"An electronic design engineer 

earning $ 10,000 should be a 

decision-maker beyond his project's 

immediate technical problems." 

"I believe that any electronic design engineer earning i10,000 or more welcomes 

the authority to make a variety of high-le%el business decisions— in such areas 

as features versus cost and reliability versus weight— working closely, of course, 

with his marketing counterparts in Product Planning and also with the Manu-
facturing Engineers. 

"At Communication Products Department we give the experienced engineer the 

necessary authority to do just this. He generally enters the design project early 

in the development planning phase, so that he can take responsibility for esti-

mating the project expense and schedule— thus contributing to the establishment 
of bogeys for product cost and delivery. 

"Of course our communication systems must do the customer's job, but also 

they must be marketable at a profit to the Department,- to make this come true 

is a vital part of the design engineer's challenge. This means exposure to many 
management problems and a rare opportunity to grow and move ahead rapidly. 

"Our communication products are primarily commercial, including Mobile 
Radio, Microwave Radio Relay, Terminal Equipment, Telephone Carrier, Mul-
tiplex, and Personal Communication Systems. Military contracts also in the 

house include a 24-channel SSB tropospheric scatter system." 

Right now, we have immediate openings for Advance. Development, and Sys-

tems Engineers who have significant backgrounds in these areas: 

It. F. circuit design 
Illtelfipiex equipment 
Microwave systems 

design 
Solid state devices 

Microwave plumbing, 
antennas 

Piezoelectric devices 

Mobile transmitter, 
receiver design 

Electronic equipment 
mechanical design 

Automatic lest 
equipment Dee D 

Microminiaturization 

For prompt consideration, forward your resume in 

confidence to Mr. C. Fullmer, Dept. 53- Ml. 

COMMUNICATION PRODUCTS DEPARTMENT 

GENERAL ELECTRIC 
Mountain View Road, Lynchburg, Virginia 

NEWS 
New Products 

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

(Continued from page 180) 

AC or DC Solenoid 

Guardian Electric Mfg. Co., 1621 West 
Walnut St., Chicago 12, Illinois, has de-
veloped a new (No. 28) Midget Solenoid, 

ailable ac or dc, intermittent or con-
tinuous duty, which the company claims 
will be of interest to design engineers, be-
cause of its size, power and versatility. 
This solenoid has tapered plug and plunger 
for greater power. Plunger strokes from 
-à" to 1" with a lift of over 41 ounces. 
Overall dimensions: 1r Xl" X 
Weight: approximately 31 ounces. For 
further information write to Guardian. 

(Continued on hint, 1S6A) 

ASSISTANT CHIEF 

INSTRUMENT 

ELECTRONICS 

To assist in directing develop-

ment of precision accelerom-

eters, digital velocity meters 

and other inertial inst:umenta-

tion. Experience with transis-

torized circuitry development 

desired. 

To arrange interview call col-

lect, Niagara Falls BUtler 

5-7851, or send resume to: 

Supervisor Engineering Employment 

BELL AIRCRAFT CORP. 

BUFFALO 5, NEW YORK 

1 84A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE December, 1959 



expanding 

corporate-sponsored 

program 

of advanced research 

offers outstanding 

opportunity to.... 

SCIENTISTS 
ENGINEERS 
As part of a continuing program of scientific inquiry, the Research Labora-
tories of United Aircraft Corporation are again expanding their activities. 

The record of this organization over the past thirty years has shown a con-
sistent trend toward basic research. The present expansion is part of this 
pattern and offers Scientists and Engineers a unique opportunity for 
creative work coupled with job stability. Independence of scientific think-
ing and action are encouraged. 

Our unusual complex of supporting services includes: modern laboratories 
and equipment, the nation's largest industrial digital and analog computing 
facility and a coordinated program for the design and development of 
advanced instrumentation. 

If you feel you can make creative contributions in the following fields of 
research 

Plasma Physics 

Microwave Diagnostics 

Gaseous Electronics 

Nuclear Engineering 

Cryogenics 

Energy Conversion 

Instrumentation 

Electrical Propulsion 

I Please Write 
111 Mr. W. M. Walsh « 

or phone a 

Hartford, Conn. Ire 
ilIckson 8-4811 a 

Ext. 7145 if 
ah ieaRairaiusaamilmax* 

... and if you are now limited to ordinary problems—only partially using 
your training and abilities—these openings should be of particular interest. 

7,4 
RESEARCH symbol of creative research 

4,-
RESEARCH LABORATORIES 
UNITED AIRCRAFT CORPORATION 
400 Main Street, East Hartford 8, Connecticut 
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DOUGLAS AIRCRAFT COMPANY 
MISSILES AND SPACE SYSTEMS 

has immediate openings 
in the following fields— 

Electrical and Electronics: 
Control System Analysis & Design 
Antenna & Radome Design 
Radar System Analysis and Design 
Instrumentation 
Equipment Installation 
Test Procedures 
Logic Design 
Power System Design 

Mechanical Engineering — 
Analysis and Design of the following: 

Servo Units 
Hydraulic Power Systems 
Air Conditioning Systems 
Missile Launcher Systems 
Propulsion Units and Systems 
Auxiliary Power Supplies 

Aeronautical Engineering: 
Aerodynamic Design 
Advanced Aerodynamic Study 
Aerodynamic Heating 
Structural Analysis 
Strength Testing 
Dynamic Analysis of Flutter 
and Vibration 

Aeroelasticity 
Design of Complex Structure 
Trajectory Analysis 
Space Mechanics 
Welding 
Metallurgy 

Physics and Mathematics: 
Experimental Thermodynamics 
General Advanced Analysis in 

all fields 
Computer Application Analysis 
Computer Programming and 
Analysis 

Mathematical Analysis 

For full information 
write to: 

Mr. C. C. LaVene 

Box M-620 

Douglas Aircraft Company, Inc. 

Santa Monica, Calif. 

NEWS 
New Products 

0.....1.111.1 • 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your IRE affiliation. 

(Continued from page 184A) 

Rotary Switch Bulletin 

A bulletin on the new I ligh Precision 
Rotary Switch WP-2 recently brought out 
by Waters Manufacturing, Inc., Wayland, 
Mass., is now available. Illustrations are 
actual size. Electrical, mechanical and en-
vironmental specifications including a di-
mensional schematic are also given. 

Ground Support Equipment 
Catalog 

Ground support equipment systems, 
components and capabilities for aircraft 
and missiles are described in a new four-
page brochure which is available from 
Lear, Inc., Contracts Div., P.O. Box 688, 
Grand Rapids 2, Mich. 

Lear, which has had 29 years of ex-
perience in the aerospace industry, carries 
on continuous research into the design and 
manufacture of ground handling actuation 
components and systems. The basic build-
ing blocks described in the brochure are 
available for use as either components in 
themselves or as groupings for complex 
systems. 

(Continued on page 2164) 

%It 

CLEVITE 
iRQWITCEÓAiIENDÚFCTOR 

ENGINEERS 
PHYSICISTS METALLURGISTS 

DEVICE DEVELOPMENT 
ENGINEERS 

MECHANICAL DEVELOPMENT 
ENGINEERS 

OPPORTUNITY FOR GROWTH 
Claaif•, a young. f•cf•growing compana 
offer. plenty of room for •dvancemenf. 

R•locéfion ••p•na•• fully paid 

CITIZENSHIP NOT REQUIRED 

Phone or send resume in confidence to: 

Engineering Placement Director 

\t‘ 

CLEVITE ELE VITE 

STANFORD RESEA 
Invites 

ELECTRONIC ENGINEERS 

PHYSICISTS 

MATHEMATICIANS 

to participate in research for: 

PROPAGATION 

CONTROL SYSTEMS 

MICROWAVE COMPONENTS 

SYSTEMS ANALYSIS IN 

Missiles 

Space Systems 

Communications 

ANTENNAS 

COMMUNICATIONS THEORY 

MATHEMATICAL RESEARCH 

INFORMATION THEORY 

COMPUTER MAGNETIC DEVICES 

TRANSISTOR PR.O..D...U..C.) TS  
257 Crescent St., Waltham 54, Mass. 

Phone TWinbrook 4.9330 

RCH INSTITUTE 

If you are interested in research as a 

way of life, SRI offers you varied and 
professionally stimulating research in 
an atmosphere of quiet dignity. 

You can share rewording professional 
association, excellent research facili-
ties and responsible assignments with 

the delightful bonus of living and 
working in California's San Francisco 
Bay Area. 

Projects are open to qualified per-

sonnel on the MS and PhD level who 

have 3 years or more experience in 
Electronic Engineering or Applied 
Physics. 

Advanced study opportunities 
Industrial level salaries. 

Write to... 
PROFESSIONAL EMPLOYMENT 

MANAGER 
STANFORD RESEARCH INSTITUTE 

MENLO PARK, CALIFORNIA 
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Guided tour 
of the 

solar system 

The new NASA Thor- boosted research rocket, DELTA, row being con-
structed by Douglas. will set uo big signposts for further space explorations. 

Combining elements already proved in space projects with an advanced 
radio- inertial guidance system developed by the Bell Telephone Laboratories 

of Western Electric Company, DELTA w,l1 have the versatility and accuracy 
for a wide variety of satellite, lunar and solar missions. Douglas insistence 

on reliability will be riding with these 9C foot, three-stage rockets on every 
shoot. At Douglas we are seeking qualified engineers to join us on this and 
other equally stimulating projects. Some of our requirements are listed in 

our column on the facing page. 

Maxwell Hunter, Asst. Chief Engineer— Space Systems, goes over a 

proposed lunar trajectory with Arthur E. Raymond, nouGLAS 
Senior Engineering Vice President of Li 

MISSILE SYSTEMS • SPACE SYSTEMS • MIL7ARY AIRCRAFT • JETLINERS • CARGO TRANSPORTS • AIRCOMB • GROUND-HANDLING EQU:PMENT 
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The Laboratory, with its staff of 900 employees, is pri-
marily engaged in the conception and perfection of com-
pletely automatic control systems necessary for the flight 

and guidance of aircraft, missiles and space vehicles. 

R and D opportunities exist in: 

• System Design & Theoretical Analysis 

• Astronautics 

• High Performance Servomechanisms 

• Power Supplies 

• Magnetic Amplifiers 

• Analog and Digital Computers 

• Electro-mechanical Components 

• Transistor Circuitry 

• Printed Circuitry 

• Environmental Instrumentation & Evaluation 

• Research, Design & Evaluation of Gyroscopic Instruments 

• Computer Programming 

• Simulator Studies 

• Classical Mechanics 

• Optical Instrumentation 

• Pulse Circuitry 

• and in many other areas. 

Call or write: 

Dr. C. S. DRAPER 
Director 

INSTRUMENTATION LABORATORY 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY 

45 Osborne Street 

Cambridge 39, Massachusetts 
UNiversity 4-6900, Ext. 3544 

•Groduate courses may be taken for credit while earning full pay. • U.S. Citizenship Required. 

Membership 

The following transfers and admissions 
have been approved and are now effec-
tive: 

Transfer to Senior Member 

Andrews, E. G., Nashua. N. II. 

Barron, J. 1, Charlotte. N. C. 
Bartram. J. F., Severna l'art. Md. 
Bennett, W. E., San Diego. Calif. 
Berliner. J., Rome. N. Y. 
Birge, W. A. Winter Park, Fla. 
Blacker, H. L., Belleville. Ont.. Canada 
Bobber. R. J., Orlando, lia. 
Bracco. D. L. Bayside, f.. L. N. Y. 
Brugliera. F. L, Niles. Ill. 
llyam, L. A., Jr.. New York. N. Y. 
Carlson, R. A., Richfield. Minn. 
Dumey. A. I_ Roslyn Heights, L. T.. N. Y. 
Frese, R. E., Fort Huachuca. Ariz. 
French, C., Yonkers, N. Y. 
;ood, L. H.. Riverton. N. J. 
•,r.don, R. R.. Holliston. 
I laag. E. J., Los Angeles. Calif. 

'Tellies. J. M. H., Westmount. Montreal, Que., 
Canada 

Henning. R. E., Clearwater. Fla. 
Herring, R. A., Jr., University. Miss. 
Herron. R. G., Albuquerque, N. M. 
Honig, W. M., Brooklyn, N. Y. 
Ikerd, H. M., La Jolla. Calif. 
Kuss, P. W., West Englewood, N. J. 
Lathrop, P. A., Levittown, Pa. 
Lesman, E., New York. N. Y. 
Mandel, M., Pacoima, Calif. 
Martin, R. E., Tucson, Ariz. 
Maybell, J. L., Dayton, Ohio 
Myers, G. H., South Orange. N. J. 
November, F. D., Great Neck, L. I., N. Y. 
Nylander, R. F., Saratoga, Calif. 
Ogg. F. C., Jr., Baltimore, Md. 
Phillips, G. D., St. Joseph, Mich. 
Plehaty, S. L., Stamford, Conn. 

Powers, E. W., Lanham, Md. 
Rehm, W. I.., Shrewsbury, N. J. 
Riddle, F. 31., Pasadena. Calif. 
Robinson, R. A., New Westminster, B. C., 

Canada 
Rodatus, E. J., Rochester, N. Y. 
Romanelli, P. A., Utica, N. Y. 
Schlager, K. J., Wauwatosa. Wis. 

Admission to Senior Member 

Andrews, M. C., Pouglikeel.ie• N. V. 
Beam, R. L., Little Neck. L. L. N. Y. 
Cotter, J. J., Lynn, Mass. 
Crawford, A. E., Hythe, Southampton, England 
DiGirolamo, J., VM., Orange, N. Y. 
Driver, D. L., Jr.. Los Angeles, Calif. 
Elser, F. J., Van Nuys, Calif. 
Fine, C. R., New York, N. Y. 
Fisher. L. H., Forest Hills, I.. L, N. Y. 
Generales, C. D. J., Jr., New York, N. Y. 
(;ertz, N., Providence, R. I. 
Godfrey, R. M., Stuallfield, Horley, Surrey, 

England 
Grondin, G. F., Van Nuys, Calif. 
Gunter, R. C., Jr.. Charlton, Mass. 
Hessinger, 1'. S., West Caldwell. N. J. 
Hiser, H. W., Coral Gables, Fla. 
Hogge, S. F.. Washington, D. C. 
Hope, H. R.. Hermosa Beach, Calif. 
House, R. W., State College, Pa. 
Jarleton, P., l'aris, Seine, France 
Karolus. A., Zollikon-Zurich, Switzerland 
Krohn, P. L., Easton. Pa. 
I.aning, C. It., Plainfield. N. J. 
Lawson, J. S., Jr., Belmont, Mass. 
Leichtman, I). K., Tonawanda. N. Y. 

(Continued on page 1924) 
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ELECTRONIC ENGINEERS . PHYSICISTS . CHEMISTS: 

NATIONAL OFFERS 
CHALLENGING OPPORTUNITIES 

IN YOUR FIELD 

The National Cash Register Company—a 
leader in the application of automation to 

business machines—has organized its Research 
and Development Division to provide ideal 
working environments for technically trained 

men and women of the highest calibre. Proj-

DATA 
PROCESSING 
RESEARCH AND 
DEVELOPMENT 

Computer Theory 
Computer Component 
Development 

Machine Organization 
Studies 

High-Speed 
Non-Mechanical Printing 
and Multi-Cooy Methods 

Direct Character 
Recognition 

Systems Design 

ELECTRONIC 
ENGINEERING 
DEVELOPMENT 

High-Speed Switching 
Circuit Techniques 

Random Access Memory 
Systems 

Circuit and Logical 
Design 

Advanced Storage 
Concepts Utilizing 
Electron Beams 

Microminiaturization 
of Components and 
Circuitry 

eels in progress are of an exciting, stimulating 
nature . .. for instance, considerable work 

is being done on Encapsulation and thin film 
memory and switching components. Your 
training and experience may qualify you for 

a posaion in one of these arcas: 

SOLID STATE CHEMISTRY 
YSICS 

Electrodeposited 
Magnetic Films 

Vacuum Deposited Thin 
Magnetic Films 

Ferrites and 
Ferromagnetics 

Electroluminescence-
Photoconductor 
Investigations 

Aci ,,anced Magnetic 
Tape Studies 

NATIONAL'S NEW RESEARCH AND DEVELOPMENT Center is locatec' in Dayton, 
Ohio, one of the midwest's most progressive cit es. There are also attractive positions available 
at our Electronics Division in Hawthorne, California. 

FOR COMPLETE INFORMATION,simply send your resume to Mr. T. F. Wade, Technical 
Placement, F- 2A, The National Cash Register Company, Dayton 9, All corespondence 
will be kept strictly confidential. 

THE NATIONAL CASH REGISTER COMPANY, Dayton 9, Ohio 
ONE OF THE WORLD'S MOST SUCCESSFUL CORPORATIONS 

1039 OFFICES IN 121 COUNTRIES • 75 YEAFS OF HELPIMG BU.;INESS SAVE MONEY 

Plastics and Polymers 
Encap!.ulasion 
(A process for producing 
microscopic capsules 
containing liquids or 
reactive solids) 

Photochromic Materials 
(Stuches of National-
devefoped compounds 
which are photosensitive 
to specific wave lengths 
of light, for application 
to memory, printing and 
photccopy devices) 

Magnetic Coatings 

pr"TRADEMARK REG U 

VERJAT'LE DATA PROCESSING 

ADDING MACHINES • CASH REGISTERS 

ACCOUNTING MACHINES • NCR PAM 

It DIVERSIFIED CHEMICAL PRODUCTS 
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RECONNAISSANCE 

  SYSTEMS 

ADVANCED RECONNAISSANCE system developments at 

MeIlpar provide unusual opportunities for the technical advance-

ment of participating professional personnel. Technological chal-
lenge in an area vital to our national defense assures our engineers 

and scientists that their contributions will have lasting significance. 
Melpar's reconnaissance systems engineering department has 
achieved national recognition for its outstanding accomplishments 

in the fields of acquisition, processing, and interpretation of intel-
ligence. Techniques resulting from our deep probes into advanced 

aspects of electronics, optics, and physics are being quickly 

translated into operational equipment for the armed forces. 

Positions in the following areas offer particular challenge at this time: 

Reconnaissance Systems 

Airborne Equipment 

Ground Data Handling Equipment 

Simulation & Training Systems 

Communication á Navigation Systems 

Ground Support Equipment 

Detection & Identification Systems 

Antenna & Radiation Systems 

Physical Sciences Laboratory 

Applied Physics Labwatory 

Production Engineering 

Quality Control 

Melpar's remarkable growth continues to create attractive 

opportunities for the exceptional engineer and scientist. 

Your own intellectual dimensions govern remuneration and 
assignments. 

For Details 

Wire Collect or Write to: 

Professional 

Employment Supervisor 

INTERVIEWS ARRANGED IN YOUR LOCALE 

IMF 

MELPAR v- INC 
A SUBSIDIARY OF WESTINGHOUSE AIR BRAKE COMPANY 

3304 Arlington Boulevard, Falls Church, Virginia 

In Historic Fairfax County 
10 miles from Washington, D. C. 

ELECTRONICS: Over, an and under... 

DIGITAL COMPUTER 

ENGINEERS 

NOW IS THE FME 

TO MOVE UP FAST WITH 

AUTONETICS 

Here's your opportunity to join 

the team that developed the 
nation's first transistorized port-

able digital computer with "Big 

Computer" capabilities. 

Autonetics now offers you ad-

vanced opportunities in the 

design, research, development, 

test and checkout, manufacture, 
and field service of digital com-

puters. Apply your experience to: 

Inertial Guidance Systems 

Flight Control Systems 

Automatic Checkout Centrals 

Armament Control Systems 

BSEE or better is preferred, 

along with several years experi-

ence in either systems or com-

ponents associated with digital 
computers in circuits, memories, 

input-output equipment, logic 

design, analysis, or programing. 

Send your resume to: 

Mr. B. D. Henning. 

Manager, Employment Services 

Dept. G-122 

9150 East Imperial Highway 

Downey, California 

Autonetics 
A Division of North American Aviation, Inc. 
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At Bendix York, we have a number of immediate openings for Electronic 
Engineers and Physicists. 

There are many worthwhile advantages awaiting the Professional Engineer 
who chooses to advance his career with us at Bendix York. 

A white rose... 
The white rose is a symbol at Bendix York . . . a symbol with two mean-
ings. Both of vital importance to your future. 

First, the white rose is the official flower of York, Pennsylvania. It is 
a symbol of the good life in our dynamic community, located in the heart 

of the scenic Pennsylvania Dutch region. It is a wholesome, happy area 
with excellent schools, delightful recreational opportunities and many 

cultural advantages. Here—away from high-pressure, high-cost, big-city 
living—you will enjoy the fuller, more rewarding life that you want for 

yourself and for your family. 

Second, the white rose is a symbol of perfection . . . the perfection for 
which we strive at Bendix York—perfection in the engineering and 

scientific pioneering and development in missile electronics that is our 
principal objective. 

We offer a small Division's assurance of individual recognition and 
advancement, and yet you have the security and employee benefits of a 

large corporation. 

We would like to have the opportunity to tell you more about Bendix 

York. We invite you to contact us—by dropping us a post card, by giving 
us a call or, if you will, by sending us a brief resume. Address Pro-

fessional Employment: Dept. P 

AVIATION CORPORATION 

YORK DivisIO N York, Pennsylvania 
" Phone: York 47-1951 
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ENGINEERS Ay\E  
Join Sanders Associates 

and combine 

PLEASANT COUNTRY LIVING 

with a TOP FLIGHT 

ENGINEERING CAREER 
At Sanders Associates— located in the friendly New England community 
of Nashua, N. H.— you will find a variety of engineering programs that 
probe deeply into advanced areas of electronic and electromechanical 
systems and components for industry and defense. 

Here in the fresh clean world of the country, away from the soot and 
strain of heavily populated areas, you will discover that Sanders can 
offer you a wide range of opportunities— at fully competitive salaries. 

You will enjoy diversified assignments on such technically advanced 
projects as the terminal guidance, or seeker system for the Eagle Missile, 
working with the engineers who originated such products as Panar" 
radar, Dare target-seeker system, Flexprint' flexible printed circuits, 
Tri-Plate® microwave products and other Sanders "firsts." 

The cost of living is low in Nashua: schools are excellent and attractive 
homes are available. Downtown Boston is less than an hour away, as 

k are the recreations of mountains, oceans, lakes. 

le; Openings available for: 
SYSTEMS ENGINEERS 

Eum, Asw, Telenictry. Microwave, Data 
Reduction and Commetec:lie,e, 

CIRCUITS ENGINEERS 

RI', Video, Audi", Data PH... —mg, Transmitters, 
Receivers, Test Vquipment, Pu‘Nct Supplies. Both 
transistor and ,.eme tube exit:lien:4, 

ANALYTICAL ENGINEERS 

Data sy-t ems, \\ ,apons and Counteimeasures. 

INSTRUMENTATION ENGINEERS 
Gyi•o Du\ clopinenl—Gyii.s, Aucelei oinpipis and re-
lated products. 

• 

:Syst ems Development—Elect romerhanicit I and 
electrohydraulic systems. Analytical background 
helpful. 

• 

Servo Developnieni—Develop electrohydraulic 
servo valves and other hydraulic and mechanical 
control components 

• 

Product Engineering—Dusign evaltuition for cost 
reduction and productibility; engineering assist-
ance in tooling and protluction problems. 

To leant more about opportunity for YOU at Sanders, 
send a resume to Lloyd Ware, Staff Engineer, Dept. 908 

5RNDER5 FISSOCIFITES, INC. 

NASHUA, NEW HAMPSHIRE 
tried trademark 

I Membership 

(Continued f rage 1N8.-1) 

Marti. E., Orlando, Fla. 
McCumber, W. H., Griffiss AE11, N. Y. 

McDaniel, J. L., Decatur. Ala. 

Meachem, J. R., Lake Worth. l'Ia. 

Miyake. V., Yokohotna, Japan 
olson. C. L.. Orange. Calif. 

Owens, T. E.. Jr.. Dallas, l'ex. 

Procter. E. N.. Ojai, Calif. 

Renskers. J. 0.. Lombard, Ill. 

Ristic. I).. Belleville, Ont., Canada 

Seeling. T. V.. Milwaukee. \Vis. 

Voder. J. R.. Westport. Conn. 

Transfer to Member 

.‘,..mew. J. A.. 1Vestmount. One.. Canada 
Akerberg, E. D.. Mountain 1"iew. Calif. 

Allard. C. A.. Phoenix. Ariz. 
Arbuckle. R. D.. Indianapolis. Ind. 

Bearinger. V. W.. Hopkins. Minn. 
Benninglield. I.. M.. Columbia. Mo. 

Berger. J. E., Eullertim, Calif. 

Illatchford. D.. 1Visaalland Hills. Calif. 

Bliss. R. W., Champaign. Ill. 
Bradley. R. W.. Lincoln Park. Miela. 

Brodal. 1V. D.. 1Vappingers Falls. N. V. 
Brown, E. W., Boulder. C010. 

Burgh. A. J.. Bellevue. Wash. 
Burjoice. R. A.. Ashtabula. Ohio 

Chisholm, R. M.. Kingston. Ont.. Canada 

Clerke, B. C.. Ontario. Canada 
Colt-num. G. A.. Hartford. Conn. 

Coombs. C. C.. Jr.. Dayton. Ohio 
Corrado. 'V. 11.. Albertson. I.. L. N 

Dalton, R. C., Prairie Village, Kan. 

Davnlson. R. C.. Riverton, N. J. 
Dundatscheck. E. Poughkeepsie. N. Y. 
Eckmann. I.. ( ;.. Berkeley. Ill. 

Emerson. M. R.. Rolling Hill ,. Calif. 
leemiano. I). J., 1Vashington. D. C. 

Frenuning, H. O.. Elmwood Park. Ill 
Cillin. C. E., Commack. I.. I.. N. V. 
Giordano. S.. Port Jefferson Si;,.. I.. I., N. Y. 

Cordon..I. 11.. Evansville. Ind. 

Hager, R. E.. Pittsburgh, l'a. 
Hill, C. M.. Los Altos, Calif. 
Il iode. J. E.. Albuquerque, N. M. 

Holman. E. S.. Seattle. Wash. 
Horn, V. M.. New York. N. V. 

liovala, R. E.. Buena Park. ( 

Ikeda. T.. White Plains. N. V. 
Intagliata. S. J., Windsor. Conn. 

Isaacson, A. M., Jr.. Fanwood, N. J. 

Jacobs. E.. Oreland. Pa. 

Jarvis. W. E.. Palo Alto, Calif. 
Jaycox, R. I... Cedar Rapids. Iowa 
Johannes, V.I.. New York. N. V. 

Job n si in. I ). E., Brentwood. I.. I., N. V. 

Piling:. E. S.. Huntington Station. L. I., N. V. 

F., San Jose, Calif. 
Jones. R. H.. Eastview, Ottawa, Ont., Canada 

Klein, E. A.. San Jose. Calif. 

Kling, N., St. Louis, Mo. 

Kostyshyn, B.. Apalachin. N. V. 

Krackhardt. E. NI.. Syracuse. N. V. 
Kreer, J. It.. .1Iorgantown. W. Va. 

(Continued on Mae 19 ) 

V. 

Use Your 

IRE DIRECTORY! 

It's Valuable! 
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ELECTRONIC-ELECTRICAL ENGINEERS 

Are you enjoying these advantages 

in your present position? 

Space-age assignments. 

Boeing's extensive systems management 
experience and its space-age orientation have 
laid the foundation for continuing growth and 
leadership. Underway at Boeing are advanced 
space-probe research projects, and lunar, 
orbital and interplanetary systems studies. 
Electronic and electrical engineers find at Boe-
ing assignments of tremendous scope and pro-
fessional reward in radar, infrared, antennas, 
guidance and control, instrumentation, and 
communication. 

Advanced research facilities. 

Boeing's research, development and engineer-
ing facilities are among the most varied, exten-
sive and complete in the industry. If your field 
is design or development, you'll be backed up 
by research scientists working in ion and plas-
ma rockets and fields covering the full spec-
trum of electronic requirements of advanced, 
integrated systems. If your prime interest is 
research, you'll be working with up-to-this-
minute equipment. In addition, the Boeing 
Scientific Research Laboratories is staffed to 
develop new and fundamental knowledge at 
the frontiers of science. 

Opportunity for Advancement. 

Spacecraft and advanced missile projects—in-
cluding Minuteman solid-propellant ICBM — 
are expanding at Boeing, creating an increasing 
demand for electronic-electrical engineers cap-
able of moving up to positions of greater 
responsibility and income. To help engineers 
get ahead faster, Boeing maintains a company-
paid graduate study program, and conducts 
regular personal merit reviews to assure you a 
continuing opportunity for individual recogni-
tion and advancement. Boeing also carries out 
other company programs designed especially 
to develop personnel for added responsibilities. 

B151E/AVG 
Seattle • Wichita • Cape Canaveral 

Li Better family living. 
Boeing headquarters are located in the ever-
green Puget Sound area, world famous for fresh 
and salt water boating, fishing, hunting, camp-
ing, scenic forests and dramatic snow-capped 
mountains one hour away offering six-months-
a-year skiing. Per capita boat ownership is 
America's highest. Climate is mild the year 
'round, with average minimum temperature of 
46.3°. Area is also noted for beautiful modern 
homes, outstanding schools and universities, 
cultural activities, unexcelled shopping facili-
ties. At Boeing you work your best and play 
your best, because both career and living con-
ditions for the whole family are ideal. 

There is more to getting ahead in engineering and 
science than one's own ability. Of almost equal impor-
tance is the environment in which you work. If, in 
your mind, there is any lingering doubt that your 
present surroundings do not meet all the requirements 
for achieving your fullest professional growth, it will 
pay you to check the advantages Boeing can offer. 

r-

Electronic -Electrical Engineers 

Write today for details of challenging, long-
range positions available to you right now at 
Boeing. You'll find at Boeing a dynamic 
professional environment that's conducive 
to rapid advancement and deeply re-
warding achievement. 

Mr. Stanley M. Little, 
Boeing Airplane Company, 

P. 0. Box 3822 - PIE, Seattle 24, Wash. 

Send me details of electronic-electrical positions, and the 
booklet, "Environment for Dynamic Career Growth." 

Name  

Address City State. . . 

Degree (s)   

Field of Interest  
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Engineers 
Technically demanding 
assignments coupled with 
high growth potential in a young 
and fast-growing Sperry division 

First in flight control systems, Sperry has pioneered many 
significant "firsts" to make commercial aviation safer, 
more efficient ... and military aviation more effective. 
Since 1912, when Lawrence Sperry flew the first airplane 
equipped with automatic controls, to the space-probing X-15, 
Sperry has provided flight control systems and instruments 
guiding both pilot and plane from take-off to touchdown. 
Unusual engineering opportunities are available to qualified 
engineers in many areas, including the following: 

Microwave Guidance Development 
Radar systems (ground, airborne, missile) • Radar Components 
(interrogators, transpondors, indicators and servos) • 
Digital data systems (coding, decoding, display) 

Flight Control and 
Flight Instrument Systems 
Transistor Circuit Development • Gyroscopics 
• Systems Development • Electronic Components 
• Electro-Mechanical Components 

First in opportunity, the Sperry Phoenix Company is 
new and moving ahead fast! As a young Sperry Division, 
we offer you unlimited growth possibilities as man takes 
his first step into space. And, though young, we're backed by 
the experience and stability of the entire Sperry organization — 
almost a half century of continuous growth. You'll work 
in a modern air-conditioned plant, side by side with 
some of America's "name" engineers. 

Take Advantage of this Opportunity for Fast Growth and 
Advancement ... In a Company that has a Sound Balance of 
Commercial and Military Projects. 

Please Address Inquiries 
to Mr. W. Roselius, Personnel Manager 

11 6 y PDiviPionEof SPIERRY CRAPD CORPPOARATIONY  
P.O. BOX 2529 

PHOENIX, ARIZONA 

In Membership 
• 

(Continued from page 192A) 

Krieger, R. W. Whippany, N. J. 
Kucera. F. M., St. Paul, Minn. 
Kundrotas, A. P., Chicago, III. 
Kurihara, Y., Tokyo, Japan 

Lancaster, W. W., Philadelphia. Pa. 
Lazier, W. A., North Adams, Mass. 

Lee, F. M., Washington, D. C. 
Lees, J. W., Needham, Mass. 
Leone, W. C., Palos Verdes Estates, Calif. 
Lefebvre, R. A.. Quebec. Canada 
Leidigh, W. J., San Carlos, Calif. 
Libaw, W. H., Los Angeles, Calif. 
Lind, R. P., Seattle, Wash. 
Ludwig, J. T., St. Paul, Minn. 
Luedde. W. J., Brentwood, Mo. 
Markowitz, S., Los Angeles, Calif. 
Martinez. H. M., San Mateo, Calif. 
Mason, F. G., %Veston, Conn. 
Massoglia, F. P., San Francisco, Calif. 
McCord, H. L., San Pedro, Calif. 
McCoy, D. R., Liverpool, N. V. 
Meader, G. S., Jr., Arlington, Va. 
Miller, V. F., Portland, Ore. 
Mohsen, A., Newark, N. J. 
Murdock, W. G., Lindenwold. N. Y. 
%huffily, A. T., Wichita, Kan. 
Nelson, V. R., Sioux Falls, S. D. 
Nikirk, H. S., Mt. Airy, Md. 
Noone, J. R., Cocoa Beach, Fla. 
O'Hearn, W. F., Jr.. Cleveland, Ohio 
Oliveros, C. G., Jr., Wright-Patterson A FIL 

Ohio 

(Continued Olt rage 196A) 

ADVANCEMENT 
STARTS HERE! 

Make Abbott's your PERSONAL AGENT 
with the nation's foremost employers of 
engineering and scientific talent. You'll 
soon find your abilities being utilized right 
up to the maximum, with rewards and satis-
factions on the same high level. 

SALARIES: $ 10,000-$25,000 
ENGINEERING MANAGER—Radar systems 
CHIEF OF DEVELOPMENT—Semi-conduc-

tors 
MANAGER—Mechanical engineering serv-

ices 
RESEARCH SCIENTISTS—Optics, infrared, 
space technology 

SYSTEMS ENGINEERS—Telecommunications 
radar 

PROJECT ENGINEERS—Navigation systems, 
sonar, gyros 

SENIOR ENGINEERS—Design, develop-
ment; computers, systems, components 

PROJECT ENGINEERS—Foreign; communi-
cations systems and complex electronic 
equipment 

DEVELOPMENT ENGINEERS—Circuitry, di-
odes, tubes 

In our thirty-six years of confidential serv-
ice, we have attained national recognition 
by leading companies as the personnel rep-
resentative for engineering, scientific and 
administrative people. Our company clients 
will assume all expenses and our service 
charges. Please send detailed résumé to 
Mr. Gordon L. Buckingham. 

EMPLOYMENT SPECIALISTS 
150 TIcalont Street Boston II. 111,,sach ', setts 

H A nroek 6-8100 
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You are here... 

... speeding the flow of business data 
At a teller's window elsewhere in this bank, 
a savings withdrawal has been requested. With 
previous systems, there was a considerable 
delay while tellers checked individual files to 
verify signatures and balances. Now they turn 
to you. Now, from a central file, you can trans-
mit any of the thousands of bank records to 
tellers at any branch in seconds. You are here 

In the form of a GPL closed-circuit television 
system. You are the GPL Engineer. 

This is just one example of how the GPL 
Engineer is converting his enthusiastic and 
well-rewarded imagination into significant fact 
on many of today's most interesting and most 

difficult problems. 

Closed Circuit Television In addition to the example cited above, 
there are other projects requiring the design of specIal military, industrial and institutional 
systems. These include problems in high resolution ( 1,000 lines) cameras and receivers, tran-
sistorized camera equipment, environment-proof cameras for missile and rocket viewing, low light 
level pickup, large screen projection equipment, airborne and space pickup and transmission systems. 

A great deal is expected of the GPL Engineer by a top management of engineers who have created 
a completely enginee•-or.entecl atmosphere— from an unsurpassed physical environment, includ-
ing the most mode.n equipment and facilities situated on 69 acres of suburban woodland— to a 
unique professieual atmosphere of encouragement and mutual respect. Following are some of the 

current employment opportunites: 

TV Engineers. 2-10 years' experience in the design of TV cameras, monitors, or related equip-

ment. Transistor circuitry experience desirable. 

CRT Display Engineers. 2-10 years' experience in the design of CRT display or related circuitry. 

Engineers and physicists are invited to call ROgers 9-5000 
(collect), write or submit résumé in complete confidence to: 

William R.Schell 

GENERAL PRECISION LABORATORY 

INCORPORATED 
63 Bedford Road, Pleasantville, New York 

(Situated fast north of White Plains) 

A subsidiary of General Precision Equipment Corporation 

1 A 
GENERAL 
PRECISION 
COMPANY 
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EXPLORE 

NEW AREAS 
AT IBM IN 

Now under development at IBM are new and 
unusual electronic computing systems that 
will greatly strengthen man's control of his 
environment. In one project, for example, 
advances in acoustics, oceanography, and 
information theory are being coordinated to 
yield a data system that will sentinel the 
ocean's depths. 

Another group is applying a computer's logic 
and computational capabilities to analyze, 
correlate, and identify input signals to data 
acquisition systems. In the late development 
stage is an extremely high-speed, large-
capacity computing system which will auto-
matically handle the large volume of detailed 
records and communications required by a 
nationwide sales operation. To staff such 
efforts, scientists, mathematicians, and en-
gineers of vision are needed. 

Qualifications: B.S. or advanced degree in 
Electrical or Mechanical Engineering, Phys-
ics, or Mathematics— and proven ability to 
assume a high degree of technical respon-
sibility in your assignments. 
For details, write, outlining background and 
interests, to: 

Mr. R. E. Rodgers, Dept. 64511 
IBM Corporation 

590 Madison Avenue 
New York 22, N. Y. 

INTERNATIONAL BUSINESS MACHINES CORPORATION 

C 
o 

, 

IB 

Membership 

(Continued from page 194A) 

Page, E. R., Syracuse, N. Y. 
Pappas, M. J., Dayton, Ohio 

Paris, A. A., Collingswood, N. j. 

Paul, A. J., Jr., NVappingers Falls, N. Y. 

Pearson, R. E., Seattle, Wash. 
l'itt, G. E., Torrance, Calif. 

l'izzicara, D. J., Plainview, I.. I., N. V. 
Pizzuti, A. D., Pomona, Calif. 

Pranke, J. A., Rome, N. Y. 
Pulliam, S. B., Silver Springs, Md. 

Raffel, J. I., Lexington. Mass. 
Raub, R. D., Indianapolis, Intl. 

Reineke, R. C., Albuquerque, N. NI. 

Richardson, R. J., Yonkers, N. V. 

Rinaudo. R. F., San Mateo, Calif. 

Roenitz. R. K., Roselle, Ill. 
Rogers, C. L., Jr., Deerfield, Ohio 
Rogers, J. H., Jr., Menlo Park, Calif. 

Russell, C. R., Stanniore, Middlesex, England 
Rymer, R. H., Atlanta, Ga. 
Sabto.Againi, J. C., New York, N. V. 

Schafersman, R. L., Whippany, N. J. 

Scharff, J. H., Albuquerque, N. M. 
Schmid, L. H., San Pedro, Calif. 

Schwalm, C. M., Dallas, Tex. 

Schwartz, E. C., Buffalo, N. Y. 
Schwartz, R., Brooklyn, N. Y. 

Shapiro, IL, New Rochelle, N. Y. 
Shapiro, H., Anaheim, Calif. 

Shechet, M. L.. San Diego, Calif. 
Sherman, R. G., Ludlowville, N. Y. 
Shinners, S. NI., Brooklyn, N. Y. 

Silvern, L. C., Los Angeles, Calif. 

Slade, C. B., Bolton, Mass. 

(Continued on page 198A) 

OPPORTUNITIES 
With A Growth Company 

A progressive rapidly expanding manu-
facturer in the field of Xerography (a 

method of physical photography based 
on solid state and electrostatic phenom-
ena) has outstanding opportunities for: 

Senior Project Physicists 
PhD or MS in solid state physics, pref-
erably with experience or training in 

photo-conductivity and/or single crystal 

electronic devices. 

Also THEORETICAL PHYSICIST 

With 2-3 years experience in analysis 
of semi-conductor devices—especially 
single crystal diodes and transistor de-

vices. 

Openings exist in the field of photo-con-
ductivity and semi-conductivity as ap-

plied to electro-optical devices. 

Emphasis will be on the study of the 

properties of photo-conductive materials 
and the relationship of transport mecha-
nisms to device behavior. Individual 
will have major responsibility for plan-

ning, supervising and carrying out ex-

perimental programs. 

Kindly send resume and salary 

requirements to: 

Fred A. Weterrings 

INDUSTRIAL RELATIONS DIVISION 

HALOID XEROX, INC. 
P.O. Box 1540 Rochester 3, New York 
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Collins "engineering team" approach 
gives you individual expression and recognition 

Ideas — new ideas — are the foun-
dation of any business' growth and 
success. 

Collins Radio Company has achieved 
leadership in the electronics field by 
creating a working system that stimu-
lates ideas from engineers. Three fac-
tors are basic to this system: I) The 
opportunity to expand imagination and 
develop ideas. 2) Group ideation and 
the help of other talented engineers. 
3) Complete recognition of each engi-
neer's own ideas. 

At Collins this system is called the 
engineering team approach. Its value 
to the company, and to individual ca-
reer advancement, has been time 
proven. 

There are other advantages to work-
ing with Collins. You are able to choose 
the city and climate you and your fam-
ily prefer. All Collins plants have the 
most modern laboratories, research fa-

COLLINS RADIO COMPANY • 

cilities and the finest working condi-
tions. 

Right now, Collins is able to offer 
outstanding opportunities to qualified 
engineers and physicists. These oppor-
tunities are available in the following 
areas: 

Collins in Cedar Rapids 
Circuit design, gyro design and gyro 
systems, naN'igatio.n and guidance sys-
tems. aircraft instrumentation and con-
trols, antennas and propagation. 

Collins in Dallas 
Transistorized circuit design, radar, 
Loran, microwave and carrier, scatter, 
airborne communication and counter-
measures. 

Collins in Burbank 
Kineplee ( binary data transmission), 
transistorized circuit design, Mechani-
cal Filter and other component engi-
neering, reliability engineering. 

- ICOLLINS 

CEDAR RAPIDS. IOWA • 

Send your resume 
to the Collins location 

of your choice. 

CEDAR RAPIDS 

L. R. Nuss 

Collins Radio Company 
855-C 35th Street N.E. 
Cedar Rapids, Iowa 

DALLAS 

B. E. Jeffries 

Colins Radio Company 
1930-C Hi-Line Drive 

Dallas 7, Texas 

BURBANK 

R. J. Olson 

CoIlMs Radio Company 
2700-C W. Olive Avenue 

Burbank, California 

DALLAS. TEXAS • BURBANK. CALIFORNIA 
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ENGINEERS 
NOW—CHOOSE YOUR ASSIGNMENT 

AND LOCATION THROUGH OUR 

NATION-WIDE PLACEMENT SERVICE 

SALARIES $7,500 TO $ 18,000 

We can offer you a large selection of diversified 
positions with America's foremost electronic organi-
zations. Some positions for non-citizens. 

The following are just a few of a large number of 
desirable opportunities. 

SR. ENGR.—DIGITAL COMPUTERS—. 

Exp. required in systems, logical 

design, packaging, system integra-

tion or pulse circuitry. To $ 15,000 

FLIGHT TEST EVALUATION—Sr. Opp. 

in Ground er Flight Test on data 

links, precision transducers, tele-

metering equipment, power supplies, 

circuit monitors and impedance 

matching units. To $15,000 

RF ANTENNA—Proj. Engr. $ 15,000 

INFRA RED—Proj. Engr. $ 15,000 

CIRCUIT DESIGNERS — 2-5 years 

Transistor experience. $ 11,000 

ADVANCED SYSTEM DEVELOPMENT 

—Supervisory position in digital 

computer, fire control or missile 

guidance development. To $ 17,000 

PHYSICIST Phd.—Nuclear experi-

ence pertaining to radiation from 

propulsion units—unusual opportu-

nity. To .,118,000 

PROJECT LEADER—Antenna Pedes-

tals. $13,000 

SR. ENGINEER—DEVELOP Airborne& 

spacebornc fflimullnications systems. 

S15,000 

Just tell us what you would like to do and where you would like to locate, 
and we will handle everything for you without cost or obligation. 

LOCATION DESIRED POSITION DES 
D New England 
Ej Northern East Coast 
D Southern East Coast 
[I] Midwest 

D Southwest 
D West Coast 

1=1 Systems 
D Radar 
D Transistors 
D Tubes 
D TV Receivers 
D Microwave 
D Anal. Computers 

Dig. Computers 
D Antenna 

D Servo-Mechanisms 
D Navigation 
D Counter Measures 

Telemetering 
D Nucleonics 
D Ind'I. Instruments 
D Components 
D Circuit Design 

WHAT SATISFIED ENGINEERS SAY: 

Dear Mr. Brisk: 
This is to advise you I have accePted 

employment with  Company 
as a Noject leader at $ 15,000. 

Your service has been a real help to 
me. for I am sure I could not have found 
this unkrual opening by mYself. 

Thank you. 

Dear Mr. Brisk: 

I hale today advised   C.I111 
Pany that I would be ',leafed to (Merl 
their offer. I start Augurs 1,1 as a sent,' 
engineer at $ 13,000. 
The oPPoriunity is one of the mo,t 

outstanding I have seen. 

I-S.F. 

A National Electronic Placement Service Established in 1937. 
You are assured of prompt and completely confidential service by 

forwarding three resumes to HARRY L. BRISK, (Member IRE) 

ccredited ersonnel ervice 
Employment Counselors Since 1937 

Department A 

12 South 12th St., Philadelphia 7, Penna. WAInut 2-4460 

--------------------- ---------
------------

Membership 

(Continued front pone 1964) 

Smith. P. B., Darien, Conn. 

Snyder, E. F.. West Paint Beach. Fla. 
Sommerville, D. 1., Prairie Village, Kan. 

Stein. D. It.. Westbury. L. I.. N. V. 
Stephan. P. W., Rolling 11111s, Calif. 

Susek, J. F., Jr., Kirkwood, Mo. 
Thoennes. E. O.. Phoenix, Ariz. 

Timms. D. E., Cincinnati. Ohio 
Thompson. R. C., Frederick. Md. 

Thompson, R. I... Southamptint. Pa. 
Thomson, M. E.. Phoenix, Ariz. 

Tierney. P. V.. Parsons, Kan 

Triska, C. J., Ames, Iowa 
Velsmann, W. G., Chicago. Ill. 

Vandivere. E. F.. Jr.. Falls Church. Va. 
Vanko, J. A.. Madison. \Vis. 

Vade. E. J., Scotia, X. V. 

Waltz, F. M.. Livonia, Mich. 

Vann. L. D., Ponca City, Okla. 

Warren. S. D.. Deer Park. L. T.. X. Y. 
Waters. M. L., Wilmington. Mass. 

Weeks. W. L., University Park. N. M. 
Welland C. L., Wayne. l'a. 
Wells. P. 1_ Boulder. Colo. 

Whelpton. J. P., Sudbury. Mass. 
White. B. J.. Jr.. Indianapoli,. 

Whitenack, R. M.. Hyde Park. N. V. 

Williams. F. E., Cambridge. Mass. 
Williams. R. J., Wayne. N. J. 

\Vilpon. S. I., Brooklyn. N. V. 

Wolfe. R.. Lexington, Mass. 
Woodbury. E. J., Tarzana. Calif. 

Vakutis. A. J., Lexington, Mass. 

Admission to Member 
Agarwala  New Delhi, India 
Allen, C. L.. New York. N. V. 
Allgood, B. f.., Napa, Calif. 

Alvarez, F. B., Neptune. N. J. 

Alvi. S. M. S.. Boston. Mass. 
Anderson, J. V., Poughkeepsie. N. Y. 

Andresciani, V.. Roma, Italia 
Avakian, A., Watertown. Mass. 
Ayers. J. G.. Jr.. West Islip, I.. T.. N. Y. 
Baier, T. E. J.. Lahnstrasse, Germany 
Barnhart, M. W.. Santa Ana. Calif. 

Beclunah, J. D., Fort Worth, Tex. 
Beste, F. J., Jr., Timonium, Mil. 

Blackstone, W. G., Torrance, Calif. 
Blinclikioff, H. J., Baltimore, Md. 

Bohnert, H. G., Los Angeles, Calif. 

Bordogna, J., Yeadon, l'a. 
Borum, R. L., Cocoa, Fla. 

Bradshaw, J. C., Memphis, Tenn. 

Brigham, L. R., Pacoitna, Calif. 
Bright, \V. S.. Winston-Salem, N. C. 
Broadbent, L. C., Elmwood Park, Ill. 

Brooks, R. D., Dayton, Ohio 

Brudevold, I.. P., Burbank, Calif. 
Budwey, J. N., Buffalo, N. Y. 
Bushey, D. O., San Mateo, Calif. 

Butler, A. T., Eau Gallie, Fla. 

Butler, K. J., Jr., Lawrence. Kan. 
Buy, B. P.. Riverside, N. J. 

Caporin, E. A., Baltimore, Md. 
Carbary, E M., North I.as Vegas, Nev. 
Carbrey, E. J., Jr., Beverly, Mass. 
Carlsen, R. W.. Poughkeepsie. N. V. 
Carrea, F. V., \Vapingers Falls. N. V. 
Carter, W. C., Poughkeepsie, X. V. 

Cassert, C. R., Winston-Salem, N. C. 

Cavanagh, M. J., Ft. \‘'alton Beach, Fla. 
Chen, S. J., Somerville, N. J. 
Christiansen, R. A., Pasadena, Calif. 

Christensen, R. A., Mason City, Iowa 
Chwick. A.. Brooklyn, N. Y. 

Clark, G. E.. Studio City, Calif. 
Clayton. R. H.. Horseheads, N. Y. 
Coates, J. R. Dunedin, Fla. 

(Continued on page 200.-)) 
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IMPORTANT DEVELOPMENTS AT JPL 

THE CRYOGENIC GYRO 

A fundamental y new type of gyroscope with the possi-

bility of exceptionally low drift rates is currently under 

development. The design teohniques used in conventional 

electro- mechanical gyros appear to have been largely 

exploited. A break- through is needed, and the cryogen:c 

gyro may well provide it. 
The cryogenic ( liquid helium temperatures, in the range of 

4'K) gyro consists of a superconducting sphere supported 

by a magnetic field. The resulting configuration is capable 
of support in th s manner as a result of a unique proper:y 

J11)1 

of a supercondJczor. Exceptionally ow drift rates shoula 

be possible. This cryogenic gyro has performance potential 

unlimited by the constraints of conventional electro-

mechanical gyros. 

This is just one example of the intriguing solid state con-
cepts which are being pioneered at JPL for meeting the 
challenge of space exploration. In acdition to gyro applica-

tions, superconducting elements are providing computer 

advances and frictionless bearings. The day of the all -sol d-

state space probe may De nearer than one realizes. 

CALIFORNIA INSTIT',TE OF TECHNOLOGY 

JET PROPULSION LABORATORY 
A Research Facility operceed for the Notional Aeronautics and Space Administration 

PASADENA. CALIFORNIA 

Employment opportunities for Engineers and Scientists interested in basic and applied research in these fields: 

INFRA-RED • OPTICS • MICROWAVE • SERVOMECHAN,SMS • COMPUTERS • LIQUID AND SOLID PROPULSION 
• STRUCTURES • CHEMISTRY • INSTRUMENTATION • MATHEMATICS • AND SOLID STATE PHYSICS • 

Send profession& resume, with full qualifications and experience, for our immediate ronsideration 
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ELECTRONIC ENGINEERS 

S TA VIM 

offers all 3 most important position considerations 

CAREER OPPORTUNITIES based on solid, long-term growth ... 

TOP EARNINGS fully commensurate with experience ... 

CHALLENGING ASSIGNMENTS made possible by project diversification. 

STAVID has immediate openings in career opportunities in 
airborne, shipboard and ground- based systems and equip-

ment. Degree or graduate degrees, Electrical or Mechanical 
Engineering, Physics or Math. Positions available at all levels 
in research, design, development and field service engineering. 

WEAPONS SYSTEMS 
II Feasibility Studies 

• Advanced Designs 

IN Countermeasures 

al Systems Analysis 

II Missile Guidance 

al Bombing & Navigation 

• Logic Design 

• Data Transmission 

• Display Development 

• Missile Detection 

• Applied Mathematics 

RADAR SYSTEMS 
• High-Power Modulation 

II UHF & VHF Development 
• Antennas 

la Receivers & Transmitters 

III Transistor Applications 
al Microwave Development 

• Digital Techniques 

• Electro-Mechanical Packaging 

al Pulse Circuit Techniques 

• Telemetry 

• I.F. & Video Circuitry 

• Environmental Testing 

STAVID's facilities in Plainfield, New Jersey, at the foothills of the Watchung 
Mountains, are near excellent schools, modern shopping facilities and ample 

housing accommodations. With New York City just 45 minutes away, and 
the New Jersey shore within one hour's drive, the Plainfield area provides an 

ideal environment for work, recreation and comfortable suburban living. 

For complete details, please send detailed resume to 

J. R. CLOVIS, Personnel Department I R-12 

S TA VIM Engineering, Inc. 
U.S. HIGHWAY 22, PLAINFIELD, NEW JERSEY PLAINFIELD 7-1600 

Qe79,,,+aex.e, eeeceeemcs-

A Subsidiary of LOCKHEED AIRCRAFT CORP. 

Membership 

(Continued from page 198,4) 

'. ,Intrn. W. N., Rhinebeck, N. V. 

ddington. D. I_ Vienna, Va. 
ohen, I.. M.. Haddonfield, N. J. 

Collias, H. C., West Newton, Mass. 
Conger, C. C., Olmsted lull.. Ohio 
Cook, J. C. Needham, Mass. 

('ornutt, IL 1). Huntsville. Ala. 
Cottrell, J. E., Jr.. %Vheaton, Md. 
Cox, J. L., Lynchburg, Va. 

Cox, L. T., Wind,or, N. V. 

Craig, G. A., Wet Acton, Mass. 

Cross, C., Philadelphia, l'a. 

Curry, %V. C.. Fort George G. Meade. Md. 
Dalnike, J. L., Portlaml. t ) re, 

Dale, I.., Woodbalm, Woking. Surrey. England 

Daly, R. E., Elmhurst, I.. I.. N. V. 
Danziger, R. R.. Tel.Aviv, Israel 
Davis, D. E.. orlando, 

Day, J. ('., Richardson. Tex. 

de Gruchy, I). C., Haskell, N. J. 
De Vos, J. X, Frankfurt aum Main, tIermany 

Diesel, J. W., Brentwood, Mo. 

Dillingham, E., Newport Beach, Calif. 

Dines, G. A., Washington, D. C. 
DiPolvere, E. J., Philadelphia. l'a. 
Donahue, D. J.. Somerville. N. J. 

Ihrugherty, F. J., Lansdale. l'a. 

Darns, R. A., Jr., New York, N. V. 
Dunkel, J. R.. Tomball, Tex. 

Dunn, %V. C... Winnipeg, Manitoba. Canada 
Durand, F. B., Palo Alto, Calif. 
Eastman, R., Jr., Idaho Falls. Idaho 

E(lwards, A. J., Washington, I). C. 
Eh:Inman. M. E., Lombard, III. 

(C ,, ettinired 2o2.,1) 

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. 
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Sometimes forgotten during the thundering ascent of 
a space probe rocket are months of meticulous 

analysis, engineering and planning. The staff of 
Space Technology Laboratories is now engaged 

in a broad program of space research for the Air Force, 
the National Aeronautics and Space Administration 

and the Advanced Research Projects Agency under the 
direction of the Air Force Ballistic Missile Division. 

For space probe projects STL provides the total concept 
approach, including preliminary analysis, sub-system 

development, design, fabrication, testing, launch 
operations and data evaluation. The total task 

requires subtle original analysis in many fields as 
well as sound technical management. 

The STL technical staff brings to this space research 
the talents which have provided system engineering 

and technical direction since 1954 to the 

Air Force Ballistic Missile Program. Major missile 
systems currently in this program are 

Atlas, Titan, Thor and Minuteman. 

The scope of STL's responsibilities offers creative 
engineers, physicists and mathematicians 

unusual opportunities to see their ideas tested in 
working hardware. Inquiries are invited regarding 

staff openings in the areas of Advanced Systems 
Analysis, Rocket Propulsion, Space Flight Mechanics, 

Dynamics, Structural Analysis, and Aerodynamics. 

Space Technology Laboratories, Inc. 
P. O. Box 95004, Los Angeles 45, California 

y 

FROM 

LAGRANGIAN 

TO 
LIFT-OFF 

2- ;r' - rl'é5. 2- celv,"y" 

PROCEED/NGS OF THE IRE December, 1959 
20 A 



Advanced System Engineers 

Programs to 

Extend Detection and 

Direction- Finding 

Systems Capabilities 

by Several 

Orders of Magnitude 

Sylvania's Waltham Laboratories is 
accelerating its systems engineering 
efforts on a widening technological 
front. The scope of these programs 
afford advanced system engineers 
opportunity to direct their individual 
efforts toward major state-of-the-art 
advances in synthesis, design and analy-
sis of sophisticated detection and direc-
tion finding systems: 

Typical problems toward whose solu-
tion you can focus your skills are: 

• Determine the optimum illumination 
functions for phase quantized anten-
na arrays. 

• Calculate the allowable tolerances in 
a signal processing channel to achieve 
desired MTI cancellation ratios. 

• Analyze the performance of matched 
filter radars in the presence of a 
dispersive medium such as the iono-
sphere. 

• Determine optimum system configu-
rations from a cost-effectiveness and 
reliability viewpoint. 

If you are systems-oriented and possess 
a degree in engineering, physics, or 
mathematics plus previous experience 
in antenna analysis, statistical commu-
nication theory, electromagnetic prop-
agation and operations analysis, you 
are invited to inquire about a position 
at Sylvania. 

Please write to J. B. Fenno, Dept. 18-C 

Waltham Laboratories 

SYLVANIA ELECTRONIC SYSTEMS 
a division of 

SUO,O ,l, of 

GENERAL TELEPHONE 8. ELECTRONICS 

100 First Avenue 
\Valtham 54, Massachusetts 

R. 

Membership 

((ontinned from page 200.4) 

Emig. L L.. Melbourne. Fla. 

English. W. K., Menlo Park. Calif. 
Epstein. M. P., Reseda. Calif. 

Fairhurst. N. T.. Silver Spring, Md. 
Eli. W. O.. Abington. l'a. 

Falce. I.. R.. Palo Alto. Calif. 
Flei•Innan. L. S.. Pikesville, Md. 

Flynn, E. J., Buffalo. N. Y. 
Ford. J. W.. Dallas. Tex. 
Foreman. D. E.. Ft. Worth, Tex. 

Fredrikson, K-V M., Lidingo, Sweden 

Freed. R. S.. Canoga Park, Calif. 
Frey, l'.. Jr.. Huntsville, Ala. 
Fruge. F. J., Baltimore. Md. 

Frye. II. F... Seattle. Wash. 
Fujii. S.. Phoenix, Ariz. 

Callan'. M. A.. Malvern, Pa. 
(;alletti. R.. Borgolombardo. Milano, Italy 
Garbis. F.. Woonsocket, R. I. 

Gardner. R. J.. Tujunga, Calif. 

Gatter. II. IL. Willow Grove. Pa. 
Gillett, J. D., Garland, Tex. 

Gilmartin, T. A.. Moorestown. N. J. 
Goldrosen, J. J.. Sharon. Mass. 

Goldsmith, t:.. Berkeley. Calif. 
Gonce. C. I... I,as Vegas. Nev. 
Gordon. E. N., Allston, Mass. 

tiordim, J. P., Christiansburg, Va. 

Grechny. N., Jr.. Seattle, Wash. 
(;ros.. E. J.. Chicago, Ill. 

G uirand. F. O.. Boulder, Colo. 

Gwynne. G.. Los Angeles, Calif. 

Hagopian, G. A., Cheyenne, Wyo. 
Hall. E. P., Hazlet, N. J. 

Hall. R. T., Costa Mesa, Calif. 

(C. ,at,nued ,t page 2, -/) 

ELECTRICAL 

ENGINEERS 
Challenging positions open for 

high caliber Electrical Engineers 

with some experience to work in 

interesting research and develop-

ment programs in instrumentation 

and circuitry. 

We offer you an opportunity to do 

non-routine research and use your 

initiative and creative ability. 

Excellent employee benefits, in-

cluding liberal vacation policy and 

tuition-free graduate study. Please 

send resume to: 

E. P. Bloch 

ARMOUR RESEARCH 

FOUNDATION 

of Illinois Institute of Technology 

10 West 35th Street, Chicago 16, III. 
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Will tomorrow be a challenge 
1,) or a bore? 

If you feel that your present job is 

not fully tapping your potential, here 

are 4 new career opportunities for 

Electronics Engineers that have every 

bit of the challenge you may be 

looking for . . . 

1
Site Systems Reliability Engineer: This position calls 
for a seasoned engineer capable of integrating and 
directing on-site reliability assurance activities 

necessary to secure customer acceptance of the detec-
tion system. Unusual combination of technical ability, 
relations and communications (written and spoken) is 

required. Desirable experience includes approximately 
ten years in design and field installation of transmitters 
on electronic systems with ability in both electronic 
and mechanical fields. Ability to motivate technicians 
for optimum performance is necessary. Salary structure 
is equal to the challenge. 

2
 Radar Equipment Systems Specialist: This position 
calls for a creative engineer capable of conceiving 
and directing the design of long-range radar sys-

tems. Desirable experience includes around ten years in 

at least one of the following: radar systems design, 
antenna systems, R.F. components, radar receiver sys-
tems or radar data processing systems. Salary structure 
is equal to the challenge. 

3
 Advanced Systems Engineer: This position calls for 
a creative engineer capable of defining future de-
fense and space detection problems as well as the 

ability to conceive and establish the feasibility of 
optimum systems solutions to these problems—making 
use of the most advanced techniques and understand-
ing. He must recognize the need for and coordinate the 
development of new techniques and the exploration of 

new phenomena in the area of detection systems. Back-
ground desired: Bachelor degree plus a combination of 
advanced training and several years experience in both 
the theoretical and practical aspects of detection sys-
tems engineering. A desire to work in the conceptual 
phase of system design with the analytical ability 
required to evaluate and demonstrate the effectiveness 
of proposed systems. 

4
 Advanced Radar Systems Analysis and Development 
Engineer: Engineers are needed who are able to 
visualize and define future defense and space prob-

lems—conceive advanced radar systems to solve them. 
An advanced degree and, or strong background in sys-
tem analysis and design is essential. Assignments open 

include: analyze and define requirements for advance 
detection systems and determine broader parameters 
for such systems, establish their feasibility; analyze 
long range missile detection systems and specify op-
timum configuration on the basis of utility, perform-
ance, cost and delivery. 228-9 

All of these openings are on General 

Electric missile and satellite detection proj-

ects and will be filled with engineers 

having the capability and desire to make 

creative contributions. 

Write in confidence to T. M. George, 
Supervisor—Personnel Administration 

Missile Detection Systems Section 

HEAVY MILITARY ELECTRONICS DEPARTMENT 

GENERALE) ELECTRIC 
SYRACUSE, NEW YORK 
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ENGINEERS 

New Multi-Million Dollar Engineering 

Research and Manufacturing Facility 

Now Under Construction in 

Next fall the Norden Division of United Aircraft Corporation will consolidate 

in its new 350,000 sq. ft. Norwalk home the operations it is now carrying on in 
plants and laboratories in White Plains, New York and Stamford and Milford, 

Connecticut. The Ketay Department, however, a prominent leader in the field 
of rotating components, will continue operations at its modern facilities in 
Commack, Long Island. 

tin Unmatched Combination of Professional 

and Living Advantages 

The ultra-modern new building on a spacious 80-acre site will contain the most 

up-to-date laboratory equipment. Norden's expanding programs offer a wide 

choice of assignments in advanced electronics areas. Typical projects include: 

AN/ASB-7 DOMII-NAV SYSTEM • 3-DIMENSIONAL TERRAIN PRESENTATION FOR 

LOW-FLYING AIRCRAFT • METEOROLOGICAL RADAR • AUTOMATIC TRACKING TV 

THEODOLITES • INERTIAL NAVIGATION SYSTEMS • SPACE INSTRUMENTATION Sysrese. 

On the personal side are such advantages as Using in picturesque New England, 
where both traditional and modern homes are available, though only 41 miles 

from New York City. And Norwalk may be said to have "more than its share" 

of cultural activities, boasting the largest community art center in the East and 

its own symphony orchestra. Outdoor recreation also abounds, with golf courses, 

beaches on Long Island Sound and excellent boat basins. 

Openings now at all levels in two locations — 

White Plains, New York and Stamford, Connecticut 

Fire Control Systems 
Radar Systems 
Communications Equipment 
Infrared Equipment 
Data Processing Equipment 
Television Systems 

Inertial Guidance Systems 
Navigational Systems 

Se Components 
Microwave Equipment 
Aircraft Instrumentation 
Anti-Submarine Warfare 

Send resume to: 

Technical Employment Manager 

NORDEN LABORATORIES 
NORDEN DIVISION OF UNITED AIRCRAFT CORPORATION 

121 Westmoreland Avenue—White Plains, New York 

SCIENTISTS AND ENGINEERS 

ARE WANTED AT HALLAMORE 

FOR FULL-RESPONSIBILITY 

ASSIGNMENTS in space commu-

nication and tracking; ground sup-

port equipment, range instrumenta-

tion, and telemetry; power systems 

development; air-borne reconnais-

sance and servo-mechanisms; and for 

proprietary projects in the closed cir-

cuit television, instrumentation, and 

telephone fields. Typical Hallamore 

accomplishments include advance-

ment and successful application of 

the phase-lock technique; develop-

ment of 14 microlock tracking sta-

tions throughout the world for Ex-

plorer Satellites, United States Air 

Force, and United States Army 

Lunar Probes; development and pro-

duction of the advanced, solid state 

autopilot for the Martin Mace; de-

velopment of a drone reconnaissance 

television system; and launch control 

and instrumentation programs for 

Atlas, Titan, and Polaris missiles. 

Positions are available in the areas of 

system and analytic engineering, 

project engineering, circuit develop-

! ment, electromechanical engineering, 

and field engineering. This is an op-

' portunity for the experienced to start 

in a position of importance . . . for 

the recent graduate of exceptional 

talent to advance in proportion to his 

capabilities . . . in a modern facility, 

in a delightful community of South-

ern California. Write or call David 

Snow, Director of Technical and Pro-

fessional Employment, Hallamore 

Electronics Co., 714 N. Brookhurst 

St., Anaheim, Calif.—PRospect 

4-1010, A division of The Siegler 

Corp. 

HALLAMORE 

204A WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE IRE December, 1959 



YOU 
ADVANCE FASTER with 

PROJECTS and 
ADVANCED EDUCATION! 

At the Baltimore Divisions of Westinghouse, your 

career can move ahead rapidly. Advanced work 

includes Molectronics, Advanced Weapons 

Systems, Electronic Counter- Measures and 

Reconnaissance. The Westinghouse Graduate 

Study Program gives you the opportunity to 

earn advanced degrees at The Johns Hopkins 

University and the University of Maryland. 

Current Career Openings fo r Electrical 

Engineers, Mechanical Engineers and 

Physicists include: 

ADVANCED ANTENNA & MICROWAVE SYSTEMS 

RADAR SYSTEMS 

NETWORK SYNTHESIS 

DIGITAL COMPUTER DESIGN 

ELECTRONIC COUNTER-MEASURES 

SOLID STATE DEVICES & SYSTEMS 

AUTOMATIC CHECKOUT & FAULT ISOLATION 

RECONNAISSANCE & SURVEILLANCE .1 

LIAISON ENGINEERING 

ELECTRONICS INSTRUCTION 

TECHNICAL WRITING 

COMMUNICATIONS SYSTEMS 

HUMAN ENGINEERING 

ASTRONAUTICS SYSTEMS 

QUALIFICATION ENGINEERING 

SEND RESUME TO: Mr. A. M. Johnston, Dept. 201 

BALTIMORE 
P.O. Box 746 3, Maryland 

AIR ARM DIVISION • ELECTRONICS DIVISION • OaDNANCE DEPARTMENT 
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CIRCU 11 DESIGN 
ENGINEE \',LNEEDED 

IN SOUTHERN CALIFORNIA 

W ile00e/tel leChei" 

the major source for instrumentation systems 
and components, offers you a unique opportunity 
to fully use your ability with a rewarding future 
as a qualified engineer. 

Have you had two or more years experience in 
the design of VHF or UHF transmitters? 

... in airborne packaging? 
... in transistor circuitry? 

If you have, we want to talk to you. 

Please send resume to W. C. WALKER 
ENGINEERING EMPLOYMENT MANAGER 

71f0/10elel ieltiP9C 
DIVISION OF BENDIX AVIATION CORPORATION 

NORTH HOLLYWOOD CALIFORNIA 

Other High-Level Electronic Engineering Positions Available 

FRANKLIN INSTITUTE 
Laboratories for Research & Development 

announce 
OPPORTUNITIES IN THEIR ENGINEERING 

PSYCHOLOGY BRANCH FOR: 

• SYSTEMS ENGINEERS 

• OPERATIONS RESEARCH SPECIALISTS 

• EXPERIMENTAL PSYCHOLOGISTS 

• ENGINEERING PSYCHOLOGISTS 

• INDUSTRIAL ENGINEERS 

• APPLIED MATHEMATICIANS 

. . . to work on challenging problems in man-machine systems re-
search. Send complete resume to: 

Mr. John E. Christ 

Director of Personnel 

THE FRANKLIN INSTITUTE 
PHILADELPHIA 3, PA. 

Membership 

((antihned tram rage .21)2A) 

Hanne, J. R.. Andl Arbor, Mich. 
HairlIon. J. J., Flushing, N. V. 
Hanson, B. L., North Las Vegas. Nev. 

Harris, W. P.. Jr., Montreal, Que., Canada 
Harrison, E.. Dunmow, Essex, England 

Hart. C. W.. Torrance, Calif. 
Hedges, C. D., Jr., Pitcairn. Pa. 
Hendricks, A. D., Fort Monmouth. N. J. 

Hepker. C. C.. Cedar Rapids. Iowa 

Herreshoff, J. B., La Jolla, Calif. 

Herring. R. H., Scottsdale. Ariz. 
Hester, W. A., Monroeville, l'a. 

Hilar. E P., Saxonville, Mass. 
Hirota. C. A.. Sunnyvale, Calif. 
Hish. D. M., Van Nuys. Calif. 

Ho. LK. London. England 
Hodges, D. J., BalLsion I.ake, N. V. 

Hodges, F. P.. Baltimore. Md. 
Hodin, W. J., Pacific Palisades. Calif. 
Hooper, N. J., San Diego, Calif. 

Hoover, J. C., St. Petersburg, FI:t. 
Hornecker, C. W., Rosemead, Calif. 
Horst. R. L., St. Paul, Minn. 
Horwitz. I.. P.. Briarcliff Manor, N. Y. 
Hua7d, C. P., Baltimore, Md. 

Hughes, G. C., Milwaukee, %Vis. 
Hundley, J. C., Jr.. Owego, N. Y. 

Hutchins, H. E.. Oklahoma City, Okla. 

Bias. D.. Paris, France 

Jarthme, D. G., Belleville, Ont., Canada 
Johmsm. R. E.. Middletown, Ohio 
Jordan, A. K., Bala-Cynwyd, Pa. 

Joyce, F. J., Los Angeles, Calif. 

Junker, S. L., Mtbrray Hill, N. J. 
Kaempf, U., Mountain View, Calif. 

(Cuntierned an page 2084) 
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WHAT ATTRACTS TOP ENGINEERS TO STROMBERG-CARLSON 

In the opinion of our technical people, Stromberg-Carlson's 
philosophy of fine engineering has had a lot to do with the record 
growth of its engineering and scientific manpower in the last 
5 years— an increase of 583%. 

And corollary to this, the company's established reputation for 
quality engineering, design, production. ("there is nothing finer 
than a Stromberg-Carlson") is a decisive factor in the award of 
major contract responsibilities in such diversified and advanced 
areas as: 

• nuclear instrumentai'  for Enrico Fermi Momie 
Power Plant 

• new applications of solid state technology, including 
the Euclid Modular concept in data handling systems 

• sonar detection systems and other ASW projects 

• a large scale, electronic passive reconnaissance system 
(for which Stromberg-Carlson is both Prime Contractor 
and Systems Manager) 

• a revolutionary development in telecommunications for 
military field service (its all-transistorized electronic 
sw itching system operates without moving parts) 

If you take pride in fine engineering, and have professional eapac. 
ities in any of the areas listed, why not look into the opportunities 
here. Please address resumes, including salary requirements, to 
Robert L. Ford. 

Positions are available for design and 
development engineers at intermediate to 
senior levels to work in fields involving 
navigation control systems, electronic 
countermeasures, anti•submarine warfare 
systems, communication systems and tele-
communications. The following type of 
experience is required: 

CIRCUIT ENGINEERING. Logic circuits, control 
circuits, switol'ing, storage, detector, display. 

TRANSMISSION ENGINEERING.Electro-magnetic 
propagation, artennas, wire propagation, wave 
guides. 

COMMUN.CATIONS ENGINEERING. Voice 
studies, data studies, coding and modulation, 
security and 

TEST ENGINEERING. Factory electronic test, 
field service and automatic test equipment 
design. 

TECHNICAL FUBLICATIONS. Instruction book, 
proposal, military and commercial handbook 
writers w,th electronic backgrounds. 

PHYSICIFS. Backgrounds in solid state, elec-
tron physics, and acoustics with heavy empha• 
sis on -nahematics. 

SI-ROMBERG -CARLSON 
A DIVISION OF GENERAL DYNAMICS 
1476 N. GOODMAN STREET, ROCHESTER 3, NEW YORK 



ELECTRONICS: Over, on and under... 

INTERESTED IN 

TRANSISTOR CIRCUITRY? 

Autonetics offers you this chal-

lenge...can you develop original 

techniques in transistor cir-

cuitry, from either a component 

or systems level, for any or all of 

the following systems: 

Inertial Guidance 

Armament Controls 

Flight Controls 

Automatic Checkout 
Equipment 

Production Test Equipment 

Digital Computers 

If you have a BSEE and several 

years of design, research, devel-

opment or test experience in 

transistor circuitry — you can 

pick your field and share in the 

many "first" achievements of 

Autonetics young engineers. 

In addition, we'll provide finan-

cial support for advanced educa-

tion at the many fine universities 
in our area. 

Send your resume to: 

Mr. B. D. Benning 

Manager, Employment Services 

Dept. G-126 

9150 East Imperial Highway 

Downey, California 

Autonetics 
A Division of North American Aviation, Inc. 

ii Membership 

(Continued from page 206A) 

Kahanic, F. P., Arlington Heights, Ill. 
Kahn, E. H., Brooklyn. N. Y. 

Kaminski, A., Glen Head, N. Y. 

Kang, K. J., Lexington, Mass. 
Kantor, P. M.. Massapequa, N. Y. 

Kaye, S., El Monte, Calif. 

Kelley, J. E., Buffalo, N. Y. 
Kent, R. L., Winchester, Mass. 

Kerr, R. B., Princeton, N. J. 
Kietz, E. K., Redwood City. Calif. 

Kilp, J. A., Kansas City. M. 
King, C. M., Needham, Mass. 

King, J. H., Jr., Baltimore. Md. 

King, L S., Bradford, l'a. 
King, R. C., Jackson, Mich. 

Kortegaard, B. L., Lafayette, Calif. 
Kosoris, S., Richardson, Tex. 

Kozuch, M., Nutley, N. J. 
Kripl, J. F., Binghamton, N. V. 
Krumreich, W. A., Gardena, Calif. 
Kurz, W., Kitchener, Ont., Canada 
Lang, D. G., Tripoli. Libya 
Larys, B. A., Woodstock, N. Y. 

Lassiter, E. M., Arlington, Tex. 

Laughton, W. J., Jr., Syracuse, N. Y. 
Laurie, W. H., Manhattan Beach, Calif. 

Lawson, B. V., Elkins Park, l'a. 
Leonardon, G. E., Houston, Tex, 
Lester, R. A., Monroeville, Pa. 

Levatich, J. L., Glencoe, Md. 

Levi, C. A., Lexington, Mass. 
Lockhart, R. J., Holloman AF11, N. Mex. 

Lonnquist, C. W.. Brooklyn, N. Y. 
Luscombe, J. I'.. West Hyattsville, Md. 

/Continued on page 210.4) 

ELECTRONIC 

SYSTEMS 

ENGINEER 
To be responsible for preliminary 

design and systems aspects of new 

secure navigation systems pro-
,rams. Involves theoretical work 

in fields of digital data process-
ing, navigational error analysis 

and computer selection. Experi-
ence desired in the design of ad-
vanced digital and data handling 
systems and/or experience in 
navigation systems design. 

To arrange interview call collect, 
Niagara Falls BUtler 5-7851 or 
end resume to: 

Supervisor Engineering Employment 

BELL AIRCRAFT CORP. 
BUFFALO 5, NEW YORK 

2111111111111111•111111.11111111•111111.1 

METAMORPHOSIS 

See your R&D metamorphose into 

usable hardware. Our Inertial 

Guidance System contracts require 

that we add to our staff. If you have 

3 to 5 years of experience, you 

probably qualify for a position of 

responsibility. Inquire today of Mr. 

C. T. Petrie, Manager, Research & 

Engineering Staff. 

ER LITTON INDUSTRIES Electronic Equipments Division 
Beverly Hills, California 
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"ANTICIPATION ENG 

"Anticipation Engineering" is not a new science at 
McDonnell Aircraft. It's a built-in concept that has created 
a long lineage of aviation "firsts" during the company's 
dynamic 20-year history. 

It was this anticipation that led to initial work on the first 

U. S. manned Space Capsule a full year before the 
competition was announced. Designed to carry a human 

astronaut beyond the atmosphere into orbital space flight, 
the Capsule is an integral part of N.A.S.A.'s Project Mercury. 

All facets of McDonnell engineering and research are 
projected years into the future. Exploration of the 
scientific uses of space vehicles and satellites is just 
one of many such areas of study. 

IVIcDONNEILL AIRCRAFT 

IC ENGINEERS 

SYSTEMS: 

Openings available for Department Managers, Group Leaders and Senior 
Electronic Engineers with a minimum of five years experience. 

Flight Control Systems Infra-red Systems 
Communications Systems Guidance Systems 
Navigational Systems Radar Systems 

Senior Systems Engineers are needed for: 

ADVANCED PROJECTS•DEPARTMENT 

Creative engineers are needed with experience 
and interest in the areas of: 

Establishment of Overall Approach 
Definition of System Requirements 
Definition of Optimum Equipment 
Overall System Integration 

CIRCUIT AND PRODUCT DESIGN: 

Electronic Engineers are needed for assignments 
in the design and development of: 

Electronic Packaging 
Airborne Digital Computers 
Airborne Radar 
Controls Instrumentation 
Electronic Producibility 
Antennas 
Beacons 
Auto-pilots 
Analog Computers 
Checkout Equipment 

RAVNIOND KALETTA 

Supervisor Engineering Employment 

McDONNELL Al 

P.O. BOX 516, SAINT LOUIS 66, MISSOURI 



Engineers and Physicists 

Your talent and time go further 

in Minnesota, land of opportunity 
Send for free booklet 

with all the facts 

Even ii Ott are riot now planning a change in 
employment, you'll be interested in learning why 
it is that our engineers and physicists seem to 
accomplish so mtEdi more than many others. That's 
why we invite you to complete the coupon below 
and send today for all tlte facts about employ-
ment opportunities at the Mechanical Division of 
General Mills. 

Do you ask—have we hit upon extraordinary mo-
tivational formula? NO. Are our people geniuses 
with a super human devotion? Certainly not. But 
they, like you. are talented and creative. They ap-
pricte professional freedom. Challenging, non-
routine assignments in advanced military and in-
dustrial projects. Opportunity to progress accord-
ing to their capabilities. And financial security 
with one of the nation's most stable companies. 

Mr. G. P. Lambert. 

Manager Professional !employment 

Mechanical Division General Mills 
1620 Central Avenue, Dept. P12 
Minneapolis 13. Minnesota 

Name   

Address   

City   Zone Star, 

College    Degree - 

Then too. the, apprcuatc the unhurried, friendly 
way of life in Minneapolis. They spend longer 
evenings with their families because travel to and 
from work is easy. uncongested. Their children 
grow strong and liealthy in a wholesome environ-
ment. And they're educated in fine, trouble- free 
schools with loW pupil- teacher ratio. Many of our 
people live within walking distance of a lake, park 
or golf course. A short drive takes them to some 
of the best hunting and fishing anywhere. 

But we tell you all about this in the free booklet. 
Send for yours today—especially if you'd like to 
move ahead in any of these fields: 

• System Configuration 

• Electronic Circuit Design 

• Micro-wave Development 
• Atmospheric Physics 
• Digital Computer Logic 

• Electronic Product Design 

• Advanced Pulse and Video Circuit 
Development 

• Advanced Inertial Navigational System 
Development 

• Optical and Infra-Red Equipment 
Engineering 

• Electron Optics 
• Nuclear Handling Equipment 

• Balloon Systems and Components 

MECHANICAL I General 

DIVISION Mills 

*advance your career . . . 
by joining HRB-Singer, located in State College, the home of The 
Pennsylvania State University. Excellent opportunities for Senior 
Engineers with RF, electronic systems, missile, or infrared 

experience. Location offers a pleasant atmosphere both in work-
ing and living conditions for the professional man and his family. 

Write in confidence to: 

Personnel Officer 

HRB-SINGER, INC. MIR A •U•SIOIAAV OF TOE SINGER MAISeuFACTuR11110 COMPANY 

science Park, state College, Pa. 

Membership 

(Continued from rage 2(18.4) 

Lywood. W.. New Rochelle. N. Y. 

Marchese, J. F.. Baltimore. .Md. 

Markevitch, B. V.. Redwood City. Calif. 

Masich, A. M., Jr., Winston-Salem, N. C. 
McCarthy. S. E.. Menlo Park. Calif. 

McGuffin. A. L., Whitesboro. N. V. 

McKay. A. R., Palo Alto. Calif. 

Mead. R. C.. Van Nit s. Calif. 

Nickel. R.. Yeadon. l'a. 

Meskill. W. D., San Antonio. Tex. 

Metzger. J. A.. Tucson. Ariz. 
Miller. .1. S., Cocoa Beach. Fla. 

Millican. G. I._ Te\. 

Minter. t;.. South :Milwaukee. Wis. 

Moffitt.  \  . Italy 

Monahan. \V. R.. Pedhanb N. Y. 

Mg tore, M. J., Coo la Beach. Fla. 

Morcott, T.. Palo Aloe. Cali 1. 
Morris, F. M.. Torottut. Out.. Canada 

Mosser. F. Il.. Cocoa Beach. Fla. 
\Ilium,. J. M.. Oak l'ark. 
Mullen, A. I., Villannva, l'a. 

Murray. J. T.. Fairfax. Va. 

Murray. I'. C.. Waltham. Mass. 
Natoli. It.. The Hague. Netherlands 

()sniff. A.. Wantagh. L. L. N. V. 

Page, F. jr., Arcadia. Calif. 
painter, H. 0., Jr., w est Ciaword. Mass. 

Papa. J.. New York. N. Y. 

Payne. R. C.. Shreveport. I.a. 

Pearlman. A. R.. WatertoW n. Nlass. 

Peckover, 1'. A.. Beverly. \lass. 

Pedneau. W. F.. Metairie. La. 

Perkins. T. J.. Palo Alto. Calif. 

Phillip, W. NI.. Dallas, 

Podolski. G. A.. Levittown. 
Poe. W. R.. Las Vegas, Nev. 

Politick. K. G.. Corning. N. V. 

Pradenas. F.. Corte Madera. Calif. 

Pribble, II. A.. Jr., Claremont. 
Pruitt. J. A.. Daldgren, Va. 
Pullara, J. C. Falls Church. V. 
Po..1...zios. J.. Euclid. Ohio 

\.. Peoria. Ill. 
E., Highland Mills, N. Y. 

Raab. I. S.. Haiti lllll re. Md. 

Reagan, J. A.. Albany, N. V. 
Rich. S. F., Hawthorne. Calif. 
Richardson, J. D., Johnson City. N. V. 

Rienzo. J. J. Jr.. Reading, Mass. 
Ring, R. B. Utica. N. Y. 
Rivers. G. D., West Hartford. Conn. 

Roberts. C. G., San Diego. Calif. 

Robinson. W. C.. Haddonfield, N. J. 
Rogers. \V. M. Jr.. Atlanta. Ga. 

Rohret. P. J., Maywood. Ill. 

Roman, J., Seabrook. Md. 
Roselle, R. J., San Francisco. Calif. 
Rosengreen, A., Syracuse. N. Y. 

Rubio, T. C., Menlo Park. Calif. 
Ruotol:i. M., New York, N. Y. 

Rupit. J. A., Kittanning, l'a. 

Sadowski, J. J.. North Dighton, Mass. 
Sampson . I  akewood, Calif. 

Sanderlin, J. C., Huntsville, Ala. 

Sanderson, G. Dayti HI, Ohio 
Schrunk. J. F., Kansas City, Mo. 

Scroggs, J. R., Beaumont, Tex. 
Shaw. A., Chula Vista, Calif. 

Shedd, E. F., Jr., Natick, Mass. 
Shelor, G. M., Winston-Salem, N. C. 

Shiff, M. II., Auburn. Ala. 

Silver. J., Los Altos, Calif. 
Simms, R. L., Jr., Hanover, N. J. 

Skaar, I. G., St. Paul, NU . 
Slack, E. G., Asbury Park, N. J. 
Shwa, R. A., Nutley, N. J. 
Smaller, P., Portola Valley, Calif. 

(Continued on rage 2124) 
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and this is the way the range is run: 

On the Atlantic Missile Range, operation is precise execu-

tion. Here thousands of engineers and scientists, scores of 

corporations, and dozens of government and military agen-

cies work together, in concert, to achieve significant ad-

vances in rocketry and astronautical exploration. 

As prime contractor to the Air Force for operation of the 

Range, Pan American has for the last six years provided 

range planning, supply, maintenance, data collection and 

ground support engineering services — from test concep-

tion to critique — for this team and all its projects. 

Throughout this period, the key to our strong capability 

has been the operational talent of the creative engineers 

and scientists comprising our technical management staff. 

At present, new technical investigations and responsibilities 

create unique opportunities for similarly talented indivi-

duals, particularly those experienced in electronics, quality 

control and facilities engineering. 

If you are one such man, we invite you to investigate 

these openings by addressing MR. J. B. APPLEDORN, Direc-

tor of Technical Employment, Pan American World Air-

ways, Inc., Patrick Air Force Base, Florida, Dept. C-12. 

GUIDED MISSILES RANGE DIVISION • PATRICK AIR FORCE BASE, FLORIDA 
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NO` 

To the ELECTRONIC 

ENGINEER who 

neglected to 

MARRY 
THE BOSS" 

DAUGHTER: 
Don't bother telling us how it happened . . . we almost know. 

It was Spring—or Fall, no matter—and there you were, alone with 

That Other Girl. You couldn't have been thinking of your 

professional future because you'd had to explain to her dad that 

you didn't drive a locomotive. But she was lovely, desirable 

and it seemed unthinkable not to share your breakfast Wheaties with 

her the rest of your days. So, of course, you married her instead 

of the boss' daughter and your father-in-law turned out to be 

a grand guy even though he now tells people proudly that you 

make TV sets or something. 

Which pretty much leaves your career up to you, doesn't it? 

We have some advice for you; we'll not guarantee that it's 

impartial, but check it for logic anyway: Look for a leading 

electronics corporation which is essentially an engineering firm, 

where not only your immediate supervisors but top management will 

be engineers. Being engineers, they're more likely to recognize 

ability and to reward achievement fairly and impartially. 

It figures, we think, that where there's an atmosphere of mutual 

confidence, respect and understanding you'll realize your 

maximum potential at least a little sooner and more surely. 

You may be pretty sure that Bendix, Kansas City, meets the 

specifications outlined above or instead of mentioning them at all 

we'd probably follow the crowd by speaking only vaguely of 

"opportunity" and "challenge." You have criteria of your own... 

measure Bendix with them and let us help you if we may. 

LONG TERM AEC PRIME CONTRACTOR S That girl you did 
" marry will like 
Kansas City. So will 
you and the children. 
Practically everyone 
does. 

Mail brief confidential resume to: MR. T. H. TILLMAN, 

BENDIX, BOX 303-MS, KANSAS CITY, MO. KANSAS CITY, MISSOURI 

villiPende 
AVIATION CORPORATION 

KANSAS CITY DIVISION 

Membership 

(Continued from PUfle I.'. ) 

Smith, C. W.. Amlover. Mass. 
Smith. J. H.. NIellamroo. Fla. 
Somerset. J. It.. II. al Beach. Fla. 

Spinosa. M.. Jr.. . N. J. 
Staluppi, J. I'.. Fairvie,. N. J. 

Stanley. A. G., Great Ncek, I.. 1.. N 

Sieben. L., Cincinnati. Ohio 
Stephenson, C. it.. Jennings. Mo. 

Stern, I.. tendril, N. J.. 

Steward. W. II_ Rochester. N. V. 

Streleckis, J. A., Philadelphia. Pa. 
Suyama. M., Kawasaki. Japan 
Tang. T. T.. Hawthorne. Calif. 

Thiele. I'. 0., Thornwood, N. V. 

Tillery, J. H.. Scott AFIt. 

Tilston. W. V., Scarhoro. Ont., Canada 
Tornquist, ). R.. Nasby Park, Sweden 
Tove, P-A..1"posala. Sweden 

Tynes. J. P., Winston-Salem. N.C. 
Ulrey, H. J.. R. ' iii,.. N.Y. 
Urhanik, E. J.  Royal Oak. Mich. 
Venzke. G. E.. AhlxAsford, Wis. 

vonBreyman. C. E.. Ventura. Calif. 
Waldo. W. A., jr., Jacksonville. Fla. 

Walsh. W. J., Rego Park, N. Y. 

Waltonen. W. W., Panama City. l'Ia. 

Ward. C. F.. Scarborough. Ont., Canada 
Warner, It. P., Las Vegas. Nev. 

Watson. B. W.. Riverton, N. J. 

Weiss, C. H., Orlando. Fla. 
NVeidergaft, C. E.. Montclair, Calif. 

Welley, R. C.. Fort Walton Beach. Fla. 
Wettstein. J. E.. Monte Sereno. Calif. 
Whalen. J. E.. Seattle. Wash. 

White. C. It_ Jr.. Hyattsville, Mil. 

(Continued on page 21-1.1) 

Y. 

Electrical Engineers 

Solid State Physicists 
for wide variety of research 

• 

Advanced degrees and 2-5 years experi-

ence preferred for highly responsible 

positions. Some areas involved are: gen-

eral electronics (controls, guidance, 

servo systems); theoretical solid-state 

physics (transistors and rectifiers, 

"noise" in materials, thin films); reli-

ability programs; digital computer cir-

cuit and logic design and complete 

design; automatic techniques systems 

analysis and use of computers for sys-

tems engineering. Excellent positions 

with ready advancement, good salaries 

and full benefits. You'll enjoy personal 

freedom, opportunity for further educa-

tion, preparation and publication of pro-

fessional papers, many others. 

Write to L. G. Hill. 

BATTELLE MEMORIAL 

INSTITUTE 

SOS King Avenue, Columbus I, Ohio 
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If your career interests are in electronics and missile sciences 

and you possess creative foresight 

Many engineers and scientists who make continuing 
appraisals o' their futures are investigating new professional 
engineering positions with the Orlando, Florida, Division of 
The Martin Company. Our unusual growth record has 
opened many ground-floor opportunities for creative engi-
neers who can manage and staff ambitious new programs. 

Because Martin Orlando has prime responsibility for 5 major 
weapon systems, you are offered many channels for growth. 
Engineers find professional development is faster in the 
creative climate of Martin Orlando's new $20 million plant. 

To help yo ..i make a realistic evaluation of what your part 
can be in the engineering success story at Martin Orlando, 
send for the free bulletin which gives you facts you need 
to reach a rewarding conclusion. Use the handy coupon. 

MAE& IFR TA! N 
CD I=D CD /•• / 

John F. Wallace, Dir. of Employment, The Martin Co., Orlando 12, Fla. 
SEND ME " PORTRAIT OF A MISSLE MAKER" 

Name 

Street 

City Zone State 



E-1 
LINCOLN LABORATORY 

in-zites inquiries from persons 

with superior qualifications. 

SOLID STATE Physics, Chemistry, and Metallurgy 

RADIO PHYSICS and ASTRONOMY 

NEW RADAR TECHNIQUES 

COMMUNICATIONS: 

Techniques 

Psychology 

Theory 

INFORMATION PROCESSING 

SYSTEMS: 

Space Surveillance 

ICBM Detection and Tracking 

Strategic Communications 

Integrated Data Networks 

SYSTEM ANALYSIS 

4 

I 4 

Research and Development 

M.I.T. LINCOLN LABORATORY 

BOX 16 • LEXINGTON 73, MASSACHUSETTS 

Solution to 

high cost of 

recruiting 

Of special interest to small and medium it firm , 
is our complete executive search service. 

We specialize in recruiting high calibre technic:d 
executives, engineers and scientists at all degree 
levels. Our employer clients prefer to pay the known 
cost of our service rather than bear the heavier costs 
of advertising and maintaining their own, full-time 
recruiting staffs. We welcome your inquiry. 

arks A.B6isw er ASSOCIATES 

EXECUTIVE SEARCH SPECIALISTS 

407 AMERICAN BUILDING • BALTIMORE 2, MD. • PLAZA 2-5013 

ELECTRICAL ENGINEERS 
E::cel!ent Opportunities in 4r: Land of Lakes— 
Our need & potential for experienced 
electronic engineers is Unlimited. 

Send Resume to: 
PERSONNEL OFFICE 

SERVO ENGINEERING CORP. 
I315-3rd Ave. So. 

MINNEAPOLIS, MINN. 

• ARebE  

Membership 

C, ItiMied l'01,1 rage 212:1) 

\L'Itite. F. A.. Schenectady. N. V. 

Whitlatch, A. NI.. Jr.. Rio Linda. Calif. 
Williams. C. It.. Stanford. Calif. 
Wilocki. R. L.. Englewood. Colo. 

Wilson. J. S.. Orlando. Fla. 
Wingfield, E. A.. Las Vegas, Nev. 

Winn. W. C.. Milwaukee. Wis. 
Winter. L.. Levittown. Pa. 

Wise. J. A.. 111. White Sands Missile Range. 
N. M. 

Wolf. II. F.. ¡''do Alto. Calif. 
1Volfe. R. G., San Diego. Calif. 

LVood. M. E.. Binghamton. N. Y. 

LVortinatt, T. J.. San Carlos. Calif. 
Wroblewski. B.. Haddonfield. N. J. 

Veamans. W. IL. Irmo. S. C. 
Vorio, R. A.. Collingswood. N. J. 

Yost. N. V.. ('.ainesville. Fla. 
Voting. M. A.. Binghamton, N. V. 
Zryd. R. A., :Montreal. Que.. C811:411a 

Admission to Associate 

Anderson. I). A., Danville. lowa 

Azevedo. J. NI.. Jersey City. N. J. 
Bartholomay. I). R.. Rochester. N. V. 

Bear. A. W.. Dearborn. Midi. 

Merman. B. H.. Los Angeles. Calif. 
Bernard. It.. Skokie. III. 

NI.. Nlilano. Italy 

Branigan. D.. London. Ont., Canada 

Callaway. N1'. M., Jr.. Atlanta, Ga. 
Carson. R. G.. Oklahoma City. Okla. 

Cliapton. R. D.. San Jose. Calif. 

Chase. L. S., South Norwalk, Conn. 
Chastain. 0. J.. 1Vinston-Salem, N. C. 

Cirelli, J. It.. Rochester. N. V. 
Clark. I.. B.. Philadelphia. l'a. 

Conti:Lim. R. L., Dayton, Ohio 
Connerley. T. J.. f.ancaster. Calif. 

Coryell. R. I._ Lombard. Ill. 
Crary. M. M.. M d, Minn. 

Davis..1. I... Palo Alto. Calif. 
Declarrit. V. J.. Jr., Warren, Mick 

Dixon, F. E.. Hempstead. L. I., N. V. 
Djadkov. S.. Praha. Czechoslovakia 
Dolan. II. C.. Aslitiry Park. N. J. 

Elliott. W. F.. \Vilmington, N. C. 
Faxo, E. I... Ludvika, Sweden 
Garcia, J. R., Lynchburg, Va. 

George. I.. G.. New York. N. Y. 
Chose. It. K.. Calcutta. India 

Greenlee. J. A.. Cedar Rapids, lowa 
Gupton, H. S.. Jr.. St. Augustine. Fla. 

Hale. G. K.. Ill. Mount Airy, N. C. 

Heron. D. W., Davis. Calif. 
Johnston. A. M.. it. Burlingame. Calif. 

Juro. E.. Paoli. Pa. 
Kelly. C. R.. Liverpool, N. V. 
Kremko. J. W., Toronto, Ont., Canada 
Lacy. H. R.. Trenton, N. J. 
Landon, R. B.. \\"allingford. Conn. 

Lauts, R. T.. San Francisco. Calif. 

I.ott. J. E.. Toronto. (Int.. Calif. 

Luckey. O. E.. Alameda. ('alif. 
Maddalena. G. G.. Milano. Italy 
NIallon. J. F.. jr... Flushing, L. I.. N. V. 

Marcus. M. G.. Northridge, Calif. 

Mark. D. H., Boston. Mass. 
NIariptis, L. V., :Montreal, Que., Canada 
Mazzantini, I. G., Milano, Italy 

Metcalf, G. L., Pittsburgh. l'a. 

Meters. A. B., St. Paul, Minn. 

Moore, R. J., Lowellville, 
O'Neill. R. J., San Jose, Calif. 
Ophir. 1).. Haifa, Israel 

Ramey. E. H., Jr.. Baltimore, Md. 
Rehaudengo. S.. Milano, Italy 
Rimen. J.. Haifa, Israel 

(Continued on page 21(,.‘1) 
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a. ....   7.- 

RADAR ENGINEERS and SCIENTISTS 

THE 
CORPORATION 

Is Intensifying Its XctiMes 

in the Design an Development of Deanceè 

.1?aèar Systems anè Jechniques 

Engineers and scientists with the ability to pursue independent activity will appreciate 

the opportunities available with The MITRE Corporation. Formed under the sponsorship 

of the Massachusetts Institute of Technology it is the primary function of this non-profit 

organization to provide the required technical support in the area of air defense. 

As this systems responsibility accelerates, broad new areas in the design and development 

of advanced radar systems and techniques are constantly being investigated. MITRE's 

goal is major advances in: 

RADAR TECHNIQUES 

• Low Noise Devices 

• Waveform Modulation 
Techniques 

• Signal Extraction 
Theory 

• Network Theory 

• Delay Lines 

RADAR DEVELOPMENT 

• Electronic Circuit Design 

• Microwave Components 

• Anticlutter Devices 

• Pulse Circuitry 

• Antennas 

• Semiconductor Circuit 
Design 

RADAR SYSTEMS 

• Space Radars 

• Surveillance and 
Tracking Systems 

• Multistatic Systems 

• Advanced System Studies 

• Early Warning Studies 

• Active-Passive Systems 

If you have experience or an interest in one of the above areas, we invite you to address 
your inquiries in complete confidence to: Dana N. Burdette, Personnel Director 

THE MITRE CORPORATION 
244 W OOD STREET — LEXINGTON 73, MASSACHUSETTS 

l e 
• e , . 
5 
5 
15 

e o 

ee 5 

5 
5 , 5 
5 
1 , % 

e 

50 
e e , e 
5 
e e 

% 
e 
e 
e e 
e 
0 , e o 
e 

----e'lqb.e 
t VW•%%%'%%%%NM.M..NN.M..N•NMN•%%%•%%%%‘‘M\%%%%%%%%%%%M.%•%.••%%%%\%%%"•\%%"%•%•NNN•%%%%%%\t‘N•%%\e 

PROCEEDINGS OF THE IRE December, 1959 21 5A 



ENGINEERS — Electrical, Mechanical, Industrial 

WESTERN ELECTRIC 
Is Augmenting 

Its Professional Staff 

Western Electric has openings for men of superior pro-
fessional ability. Present areas of activity that afford 
opportunity to utilize your full technological skills are: 

IT NIKE ZEUS ANTI-MISSILE MISSILE SYSTEM • MISSILE 

GUIDANCE SYSTEMS • ASSOCIATED GROUND CONTROL 

RADAR SYSTEMS • FIRE CONTROL RADAR • UNDERWATER 

DEFENSE SYSTEMS • DIGITAL COMPUTERS • W AVEGUIDES 

AND GYROS • HIGH PRECISION ELECTRONIC COMPONENTS 

AND SOLID STATE DEVICES 

You are invited to discuss with us how your previous 
training and experience can fit you for an important 

career position in one of these engineering areas: 

• Development 

• Project 

• Test Planning 

• Test Set Design 

• Pilot Line Manufacture 

• Tool Design 

• Product Design 

• Standards 

• Technical Publications 

• Field Engineering 

Also Openings For: 

• Technical Writers 

• Engineering Associates 

Positions are available at these Western Electric Locations: 

Winston-Salem, Greensboro and Burlington, North Carolina 
Laureldale, Pennsylvania and Whippany, New Jersey 

For a personal interview in your area or at one of the 
above locations, address your resume to: Mr.T. R. Lannon 

Engineering Employment Manager, Dept. f ;.1. 

Western Electric 
0 MANUFACTURING AND SUPPLY UNIT OF THE BELL SYSTEM 

Lexington Road, Winston-Salem, North Carolina 

la7-11? Membership 

(Continurd from Page 214.4) 

Rufener. R. E.. Alma, Mich. 

Seiter. R. S.. Lynbrook, L. I., N. V. 

Shipman. C. N.. Tucson. Ariz. 

Snyder. F. IL Jr.. Norristown. Pa. 

Spencer. R. W.. Houston. Tex. 

Starrett, W. A.. Angola, hid. 

Stein. J. W.. New Hyde Park, L. I., N. V. 

Story. M. L., Greeneville. Tenn. 

Sutherland. J. E.. Long Beach. Calif. 

Takeda. A. II ...Monterey Park, Calif. 

Vance, T. L.. Bellbrook, Ohio 

Van Soy. C. P., San Francisco, Calif. 

Winn. R.. Las Vegas, Nev. 

Vaselli. I'.. Caracas, Venezuela 

NEWS 
New Products 

These manufacturers have invited PROCEEDINGS 

readers to write for literature and further technical 

information. Please mention your IRE affiliation. 

(Continued jn,le, paue Is. I) 

Power Monitor Diode 
A new power monitor diode, manu-

factured by Microwave Associates, Inc., 
Burlington, )ilass., the NIA-437 ( 1N2771) 
provides an accurate and inexpensive 
method of monitoring power output of RF 
generating devices in the 140 mc to 750 
me range. It is especially suited for com-
munications and TV transmitters, and 
may be coupled directly to a microamme-
ter for an accurate indicatioil of trans-
mitter RF power. 

The MA-437 is a point-contact silicon 
diode with a cartridge construction iden-
tical to the 1N23 series and conforms to 
MIL-E-1 requirements. 

Rectified current through the diode is 
monitored in a standard holder at three 
frequencies: 140, 375, and 750 mc, at input 
power levels of — 2.8, 0, and 3.6 dbm. 
Within this power range, power monitoring 
error is less than 1 db over the given fre-
quency range. At each specific test fre-
quency, the power error is less than 0.5 
db. 

Using the MA-437 in a relatively sim-
ple circuit arrangement enables consider-
able manufacturing economies when com-
pared to the use of bolometer bridges or 
other accurate monitoring standards. 

Output is coupled directly to a dc 
microammeter, which can be calibrated 
directly in units of RF power. All diodes of 
this type number used in accordance with 
the specifications, in well-designed holders, 
obey a law of detection which is repro-
ducible for any MA-437 ( 1N2771) diode 
selected at rantlinn Irons production sam-
plings. 
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RESEARCH SCIENTISTS and ENGINEERS 

with MS, PhD or ScD 

The 

Academic 

Approach to 
Research 

...can it be transplanted to an 
industrial laboratory? 

YES...in its environment of free inquiry and 
in scholarly consideration of the work of quali-
fied colleagues. 

This attainment is the experience of members of 

the Scientific Research Staff at Republic Aviation. 
Here, the initiation of original research is en-
couraged and generous support is provided to 
demonstrate the validity of theoretical concepts. 

A preference exists for theoretical and experi-
mental studies related to the many and varied 
disciplines of aeronautics and astronautics. These 
rover a wide spectrum of scientific research in 
its most active and interesting aspects. 

At the same time, more emphasis is placed upon 
bringing new theories into the realm of feasible 
engineering than would normally be found at an 
academic institution. 

THE PRACTICAL RESULTS OF THIS POLICY 

The fruitfulness of the research environment at 
Republic is evidenced by the advancements and 
developments continually resulting. One well. 
known example is the current research and 
development of the Plasma Pinch Engine ( for 
interplanetary travel) conceived by members of 
the Scientific Research Staff. Other wide-ranging 
research programs concern such subjects as the 
theory of lifting fans, new sophisticated methods 
of structural analysis, advanced electronic sys. 
tems and techniques, space mechanics and nuclear 

physics, among others. 

SCIENTISTS AND ENGINEERS ARE INVITED 

TO JOIN OUR STAFF AS NEW RESEARCH 

CENTER NEARS COMPLETION 

Early in 1960, a new Research Center, including 
7 modern laboratories, will be completed to sup-
port Republic's expanding effort in research and 
advanced development. Existing areas of inves-
tigation are being enhanced and new ones will 
be initiated. 

If your interests coincide with the work of such 
a group and you feel you can contribute to 
progress in any of the physical and engineering 
sciences related to aeronautics and astronautics — 
Republic would like to talk with you. Salaries 

are high, commensurate with talent and expert 
knowledge. 

IMMEDIATE OPPORTUNITIES EXIST FOR 

SCIENTISTS WITH APPROPRIATE RESEARCH 

EXPERIENCE AND ADVANCED DEGREES IN: 

Navigation and 

Guidance Systems 

Communications Systems 

Radiation and 

Propagation ( RF, IR, UV) 

Solid State 

and Thermionic Devices 

Information Theory 

Radio Astronomy 

Write in confidence directly to: 

Dr. Theodore Theodorsen 
Director of Scientific Research 

Al5141EBWM/ACITG'i4 afffie 7—.4tp /iv 
Farmingdale, Long Island, New York 
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WRITE OR 
NEW CATALOG 

New 36 page cata-
log of standard 
and custom-made 
Electronic Comp-
onent Parts. 

CUSTOM. fabrication of 
all insulating materials to 
commercial and Govern-
ment specs. Assembly of 
componen's on printed cir-
cuits, resistor and termi-
nal boards for all micro-
wave and other electronic 
applications. Terminals 
manufmtLred to Military 
and commercial specs. 
Send requirements for an 
immediate quote. 

NATIONAL TEL-TRONICS 
51 ST CASIMIR AVENUE 

ki-ieeteieetedy 
RESISTOR and 

TERMINAL BOARDS 

TERMINALS and 
SUB-ASSEMBLIES 

egie 

/ 

CORPORATION 
YONKERS, N 

One of the Nation's Largest Manufacturers of Custom Terminal Boards and Other Compcncots 
for the Electronics Industry.  

RADIO RESEARCH 
INSTRUMENT CO. 

550 

FIFTH AVE. 

NEW YORK 

JUDSON 

6-4691 

ANTENNA PEDESTAL 
SCR 584-MP 616 

Full azinuth and elevation sweeps. 360 deem« 
in azimuth. 210 degrees in elevation. Accurate 
to I mil, over system. Complete for full tracking 
response. Includes pedestal drives. selsyns, po-
tentiometers. drive motors, control amplidYnee. 
Excellent used coldition. This is the first time 
these pedestals have been . available for purchase. 
Limited quantity in stock for immediate ship. 
ment. Ideal for antenna pattern ranges, radar 
systems, radio astronomy, any project requiring 
Complete description in McGraw-Hill Radiation 
accurate response in elevation and azimuth. 
Laboratory Series, Volume I, page 284 and n400 
209. and Volume 26, page 233. 

SCR584 COMPLETE 
AUTOMATIC TRACKING RADAR 

rupin-te system for missile, aircraft, sate line. 
balloon tracking to altitude of 100 miles or better. 
Housed M own van 20 ft. x 12 It. X It. As new. 
Write us. As new condition. Immediate denverY 
front stock. 

1 MEGAWATT PULSER 
MIT Radiation Lab Model 9 pulser. Sunnite, 
1 megawatt output using 6C21 tubes. Complete 
misittlator 115e 60 Cycle input enclosed in 
single cabinet. Also 22090v power supply fin 
magnetron in second cabinet. As new condition. 
In stock toe immediate delivery. 

F-28/APN-19 FILTER CAVITY 
Jan. spec: Tuneable 2700-2900me. 1.5db max. lass 
at ctr fast over band. Details: Insertion loss call-
able. Single tuned filter tor Ire q cimnnelling in 
radar beacon. Invar center tuning conductor 
si,usi•lengtli. New Z'37.60 ouch. 
WEATHER RADAR. 10 cm Raytheon 275 kw and 
3 cm Westinghouse 40 kw in stock. PPE presenta-
tion. Ideal for weather work by broadcast stations. 
Brand new in original facmry cases. Raytheon 10 
cm $950 each. Westinghouse 3 cm $2200 each. 

AN/CPN-6 X-BAND 
RF POWER SOURCES 

Complete radar beacon instaltarion including 
spares and antennas $1500 'ach. new. 3 ern 
source or 40 kw 111,. Using 2.140 magnetron and 
51/21 maser. 115 volt 69 cycle At input. 

7/a" COAX ROTARY JOINT. 360° rotation high 
tiered gold plated. $72.50. Also in stock 12 ft. 
lengths la" coax R(44. $35.00 each. 

WAVEGUIDE SWITCH. Latest model Aletron 
X-band Itti52 guide. $75 each. 

BROAD BAND BAL MIXER using short slot-
hybrid. Pound type broad band dual balanced 
crystal holder. lx.5 we size. $25.00 new. 

VD-2 PPI REPEATER 
Takes any ratter info and displays on 7" tube 
COMPtlet floor standing comole. Complete rotating 
yoke astir. 115V 60CY AC Pwr. 4, 20, 80, 200 tulle 
ranges. Brand new $385. 

AN/APS-10 3CM. X BAND RADAR 
Complete RP head including transmitter, recreiver„ 
modulator. Uses 2.142 magnetron. Fully descsibed 
On MIT Red. Lab. Series Vol. 1, pas. 616-625 and 
Vol. It, ups. 171-185. $375.00. (' lete X band 
radar system also avail. incl. 360 deg. antenna. 
PPI, sync, pwr supply. Similar to $17,000 weedier 
radar now In use by airlines. 6750 complete. 
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Constant reliability... duplicated in volume 

CLEVITE 
DIODES 

Clevite diodes feature high forward conduct-
ance, fast pulse recovery, fast forward switch-
ing and extreme ruggedness to resist vibration 
and shock and to provide exceptional reliability 

GOLD BONDED GERMANIUM GLASS DIODES 

SILICON GLASS DIODES 

• Fast Switching Type> 
• General Purpose Types 
• Military Approved Types 

TRANSISTORS 
Low thermal resistance, low saturation resistance plus superior 
current gain and high reliability construction make Clevite tran-
sistors your first choice for such applications as power converters, 
audio amplifiers, power supplies and high current switching circuits. 

GERMANIUM POWER TRANSISTORS 

• 2 & 4 II art Audio Types 
• 5 Ampere Switching Types 
• High Power 65 Watt & 15 Amp Types 

Available at leading electronic distributors in principal cities. 

CLEVITE TRANSISTOR 
254 CRESCENT STREET • WALTHAM 54, MASS. 

LP 

SEND FOR 
Short Form Catalog 59 
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PROFESSIONAL CONSULTING SERVICES 

Advertising rates 

Professional Consulting Service Cards. 

I insertion $ 15.00 

12 insertions $120.00 

50% discount to IRE members on 3 or more 

consecutive insertions. 

In IRE DIRECTORY $ 15.00 flat rate. 

1 inch only, no cuts or display type. 

New rate effective January 1960 

1 insertion $25.00 

12 insertions $ 180.00 

50% discount to IRE members on 

3 or more consecutive insertions. 

In IRE DIRECTORY $25.00 flat rate 

Advertising restricted to professional engineer-

ing and consulting services by individuals only. 

No product may be offered for sale, and firm 

rames may not be mentioned in cards 

Transistor Circuits 
ALBERT J. BARACKET 

MS IN EE & Staff 
Development, and design of transistorized and 
standard regulated power supplies; broadcast 
and closed circuit TV camera and synchronizing 
circuitry both military and commercial. 
36 Commerce Road Cedar Grove, N.J. 

CEnter 9-6100 

W. J. BROWN 
& Staff 

Fel.AIEE., M.IEE., Sen.Mem.IRE, 
INTERNATIONAL CONSULTANTS 
35 Years Executive Electrical Engineering 

Experience in U.K. and U.S.A. 
71 Gurley Rd., Stamford, Conn., U.S.A. 
Cables—Browninter Stamford, Conn. 

MARKET DEVELOPMENT* 
A. D. Ehrenfried and associates 

Technical product planning—product and 
market evaluation—market development 
programs—all by graduate engineers. 

•Ref.: 1RE/PGEM paper 

Concord, Massachusetts EMerson 9-5500 

CONSULTING—DESIGN—PROTOTYPES 
Transistor and Magnetic 

Servo Amplifiers 
Toroidal Transformers and Reactors 

6 Richter Court 
E. Northport, N.Y. Andrew I-4488 

H. Eicher E. DaParma 

CLYDE E. HALLMARK 
and associates 

Specializing in Instrumentation—Automatic Con-
trol—Television--General Electronics—Semicon-
ductor & Magnetics Application—Systems Re-
search—Proiect Evaluation. 

ENGINEERING SERVICE—CONTRACT R&D 
New Haven Indiana 

LEONARD R. KAHN 
Consultant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Modulation Theory 

Television Systems 

81 South Bergen Place, Freeport, L.I., N.Y. 
FReeport 9-8800 

J. A. Matthews J. B. Minter 

Consulting Engineers for 
Professional Sound Recording Disk mastering, 
Tape Editing, Dubbing, etc. 

106 Main St. Denville, New Jersey 

OAkwood 7-0290 

LEN MAYBERRY 
ELECTRONICS CONSULTING ENGINEER 

Laboratories and Staff 

• Test Equipment Design • Proposal Writing 
• Product Design • Engineering Assistance 

1 11 South Oak Street ORegon 8-4847 

Inglewood, California 

Telecommunications Consulting Engineers 
"Worldwide Experience" 

V. J. Nexon S. K. Wolf M. Westheimer 
WIRE, CARRIER, RADIO, MICROWAVE, 

TROPO SCATTER 
Feasibility Studies, Terrain Surveys, System De-
sign, Job Supervision, Government Proposals, 
Market Research, Product Planning. 
1475 Broadway, New York 36, N.Y., BRyant 9-8517 

E. M. OSTLUND & associates 
Electronic Engineers 

Radio—Microwave—Carrier— 
Communication—Control— 
Systems and Equipment 

Consulting—Research—Development 
ANDOVER, NEW JERSEY 

Tel: PArkway 9-6635 PEN.). 

NATHAN GRIER PARKE 

and staff 
Consulting Applied Mathematicians 
Research • Analysis • Computation 

Bedford Road • Carlisle, Massachusetts 

Telphone 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 

HAROLD A. WHEELER 
Laboratories and Engineering Staff 

Consultation — Research — Development 
Microwaves — UHF — VHF — VLF 

Antennas and Components 

HUnter 2-7876 Great Neck, N. Y. 

Antenna Laboratory: Smithtown, N. Y. 

DELAY LINE ENGINEERING 
Y. P. Yu, MSEE, PhD, 

and staff 
Specialize in design and development of net-
works for continuously variable time delay, 
step variable time delay and fixed delay. 

249 Terhune Avenue, Passaic, N.J. 
GRegory 2-5622 
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17 FACTS .44N 
about 

ALLEN-BRADLEY 
Hot Molded Composition 

RESISTORS 

Circuit reliability is determined 
by the quality of the components 
and the understanding with which 
they are applied. A-B hot molded 
resistors are universally recog-
nized for their quality and reli-
ability. Here are 17 facts that 
will assist you with your design 
and development work. 

Resistance changes due to 
humidity are temporary, 
but Allen-Bradley resistors 
can be returned to their 
original value by proper 
conditioning or "loading." 

2 Resistance changes due to 
increase in moisture con-
tent are always positive. 

Resistance change due to 
humidity varies with the 
resistance value and is less 
in the lower values. 

Resistance change which 
has occurred due to humid-
ity may be returned to the 
original value by condi-
tioning the resistor at 
100°C for 48 hours. 

5
 Resistors operating at 1/10 
rated wattage load are 
hardly—if at all—affected 
by humidity. 

. .. to assist you in the design of 

more stable, more rel!iable circuits 

6 
7 

8 

9 

11 

Hermetically sealed resis-
tors do not change because 
of humidity. 

Resistance change due to 
"load life" is permanent 
and ultimately negative. 

Resistance change due to 
"load life" can be mini-
mized —on the order of 
1% to 2% in many thou-
sands of hours of service 
by derating the resistor ap-
proximately 50%. 

This same result can be 
attained by limiting the 
maximum operating sur-
face temperature of the re-
sistor under load to 100°C. 

Resistance change due to 
soldering is positive; but 
if the resistor is dry, it 
will return to its original 
value in a matter of hours. 

The temperature character-
istic of the Allen-Bradley 
resistor is positive above 
and below room tempera-
tures between +10°C and 
+80°C ambient. 

The temperature character-
istic of the Allen-Bradley 
resistor is negligible from 
+10°C to +80°C ambient. 

The voltage character-
istic of the Allen-Bradley 
resistor is negative. It is 
less at elevated tempera-
tures than at room am-
bient (+ 10°C to +80°C). 

The voltage character-
istic is less in lov,vdlue 
resistors than in high-
value units—it is linear. 

The voltage character-
istic and the temperature 
characteristic tend to 
cancel one another in an 
Allen - Bradley resistor 
under average operat ing 
conditions where both 
voltage and temperature 
are present. 

The "heat sink" to which 
a resistor is connected 
affects its rating. Resis-
tors operated in parallel 
should be derated unless 
an adequate "heat sink" 
is provided. 

The quality and reli-
ability of Allen-Bradley 
resistors are exactly the 
same regardless of the 
-tolerances" for which 
the resistor is listed. 

Allen-Bradley Cc., 114 W. Greenfield Ave., Milwaukee 4, Wis. • In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 

ALLEN- BRADLEY Quality 
Electronic Components 
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EXTENSIVE DELAY LINE CAPABILITIES 
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Delay Line design at Gray & Kuhn is characterized by units of uniquely high pulse 

fidelity, fast rise times and comparatively low amplitude losses • Operating within 
narrow delay tolerances in relation to cost and size limitation, Gray & Kuhn delay 
lines are in constant use on a variety of electronic, avionic and astronautic applica-
tions • The units above are of the Distributed Constant Phase Corrected type, her-

metically sealed in drawn steel casings for maximum rigidity and humidity resist-
ance • Gray & Kuhn also manufactures Lumped Constant Delay Lines for off-the-
shell shipment, in 36 types, varying in delay time, rise time and impedance B 

TYPE DL-37-10 

COLOR DELAY RISE 
CODE TIME TIME 
Violet Input 
Orange 0.25 us . 11 us Max. 
Yellow 0.5 us . 125 us Max. 
Green 1.0 us . 175 us Max. 
Blue 2.0 us .22 us Max. 
Brown 3.0 us .255 us Max. 
Red Ground 

1175 -1.1 

TE11/21NAlS 

TYPE DL-39-10 
OCTAL 

PIN DELAY RISE 
NO. TIME TIME 
1 Input 
2 0.25 us -±-.03 us .12 us Max. 
3 0.5 us ±-.03 us .125 us Max 
4 1.0 us -±.05 us . 175 us Max. 
5 1.5 al. -±.05 us . 185 us Max 
6 2.0 us -..05 Js .22 us Max. 
7 3.0 us -17.05 us .255 us Max 
8 Ground 

TYPE DL-39-10 

Total Delay 3 us -±.05 us 
Rise Time .255 us 

Yellow Terminal — Input 
Green Terminal — Output 
Red Terminal — Ground 

r inn 
1.625 

GRAY St KUHN 
80 SWALM STREET / WESTBURY, L. I. / N. Y. 

DIVISION OF irnc MAGNETICS CORP. 
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it is expanding its activities 

to explore and bring to engineering 

fruition electric propulsion for space 

vehicles, generation of electricity 

for both ground station and space 

application through MFID, and satellite 

and space vehicle design. 

IF THIS OPPORTUNITY 

INTERESTS YOU. WRITE: 

DR. ARTHUR KANTROWIT2. DIRECTOR 

AVCO EVERETT RESEARCH LABORATORY 

2385 REVERE BEACH PARKWAY 

EVERETT. MASSACHUSETTS 



MEASUREMENTS' 
STANDARD SIGNAL GENERATOR 

FEATURES 
• Three models cover mobile communication bands from 

25 to 480 Mc. 

• Wide deviation with low distortion.. 
• Low spurious residual FM. 
• Accurate output voltage callibration. 
• Operate at fundamental carrier frequencies. 

Measurements' Model 210 
Series of Standard FM Sig-

nal Generators is designed 

for FM receiver measure-
ments in the FM broad-

casting band; for measure-

ments on railroad and auto-

mobile FM radio systems, 

research on FM, multiplex-
ing and telemetering 

equipment. Models are 

available for use within the 

limits of 25 to 480 Mc; for 

example, Model 210-A, 86 
to 108 Mc. 

WRITE FOR BULLETIN 

MODEL 210 SERIES 

Price $ 450.00 

F.O.B. Boonton N.J. 

TYPICAL SPECIFICATIONS: 

FREQUENCY RANGE: Seven standard models in 
the range from 25 to 480 Mc. Tuning ratio of 
1.2 in most models. 

FREQUENCY DEVIATION: Maximum of 25 Kr to 

300 Kr depending on model. 

OUTPUT VOLTAGE: 0.1 to 100,000 microvolts. 

OUTPUT SYSTEM: Mutual-inductarce ottenuator. 

50-ohm source impedance with low VSWR. 

MODULATION: 400 and 1000 cycle internal audio 
oscillator. Other frequencies availab'e. 

MODULATION FIDELITY: Typical frequency devia-

tion response 1 db from d.c. to 50Ke, within 
3 db le 100 Kc. 

RESIDUAL FM: Spurious residual FM 60 db be,ow 
75 Kc deviation in most models. 

POWER SUPPLY: 1 17 v., 50-60 cycles, 45 watts. 

eidena4y_5kvaia-e6. 

MEASUREMENTS 
A McGraw- Edison Division 

BOONTON, NEW JERSEY 
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MYCONS 
TYPE T\\ \I - 

Consistently Dependa 

metallized- dielectric 

New Metallized Mylar` (Type TWMNI) and Mylar-

Paper (Type MTWK) Capacitors by Cornell-Du.bilier. 

Whether you specify miniature metallized capacitors for mil dary or indus-
trial electronic equipment—for critical power-supply filter circuits or bypass 
applications—Cornell-Dubilier's new MYCON metallized capacitors assure 
top performance and dependability. Backed by over 47 years of capacitor 
engineering and manufacturing leadership, MYCONs combine better high-
temperature operation and better insulation resistance with low dissipation 
factor and fault count. Available in a wide choice of mounting styles, 

MYCONs meet the requirements of applicab:e military specifications. For 
complete specifications, write for Engineering Bulletins 190 and 185 to 
Cornell-Dubilier Electric Corporation, South Plainfield, New Jersey. 

•Do Pont Reg. T.M. 

Metallized \I I,, r 

TYPE MTWK - 
Metallized Mylar and Paper Fill 

Specifications and Featurc, 

• Maims from MI odd. to I•2 
mfd. Voltages of 200, .10(), 
600 volt DC Working. 

• Wide useful tentlierature char-
acteristics is it h t I range get 
—55 °C to + 125C. 

• II i rinetirally sealed in minia-
ture tubular metal cases with 
metal-to-metal end-seals. 

• wire lead or a(dder lug 

• Various bracket- mounting, cr 
T }tread ed nee k Ill ou nting 
styles. 

or Fisten !ty epev ,' '' o 

ORNELL- UBILIER 
CAPACITORS 



Plot of cx, or — Am, versus frequency. 

-40 

01 
o 

0 1407-A blEASUiEMEMTS 

-4 
VeVOLTS 

Variation of transistor 
parameters as a function of 
collector voltage. 

Plot of input reactance 
versus input resistance 

Plotel short-circuit output admittance as a function of frequency 

.Some of the 

made with this instrument 

Type 1607-A Transfer Function and lmmittance Bridge 
Frequency Range: 25 to 1500 MC. 
Biasing Provisions: Built-in sor use with external d-c sources. 

Maximum current, 250 ma; maximum voltage, 400 volts 

*Measures he,, he,., I. 1,1„ hab, hiee hob, hoe of transistors di-
rectly, plus any desired short-circuit or open-circuit input, out-
put, or transfer function of eilher active or passive networks. 

*Operates with very low r-f levels on unknown — an essential 
for accurate measurements of transistors and nonlinear devices. 

*The bridge is completely passive — stability of calibration 
dependent only on permanent physical dimensions. 

write for complete information 

Price: $ 1665 

FUNCTION RANGE ACCURACY 

Voltage and current 
ratios (R) 

0-30 2.5(1 + Ali) % + 0.025 

Transimpedance (25,) 0-1500 ohms 2.5(1 -I- e%+ 1.25 ohms 
Transadmittance (Y.') 0-600 mmhos 2.5 (t+e% -I- 0.5 mmho 
Impedance (21i) 0-1000 ohms 2M ( 1 -I-.e)% + 1.0 ohm 

50 

Admittance (T11) 0-400 mmhos 2.0 (1 1-1/)% -I- 0.4 mmho 
20 

GENERAL RADIO COMPANY 
WEST CONCORD, MASSACHUSETTS 

NEW YORK, WOrth 4-2722 

Ridgefield, WHitney 3-3140 
CHICAGO PHILADELPHIA WASHINGTON, D.C. SAN FRANCISCO LOS ANGELES 
Oak Pork Abington Silver Spring Los Altos Los Angeles 

Village 8-9400 HAncock 4-7419 JUniper 5-1088 WHitecliff 8-8233 H011ywood 9-6201 

IN CANADA 
Toronto 

CHerry 6-2171 
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FILTERS 
All types for 
frequencies 
from .1 cycle 
to 400 MC. 

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

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

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

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

700 —, 5/8 x 11/4 x 2" 

15 — BP filter, 20 db at 30 
—, 45 db at 100 —, phase 
angle at CF less than 3° 
from —40 to 4- 100° C. 

LP filter within 1 db to 49 LP filter less than . 1 db 
KC, stable to . 1 db from 0 to 2.5 KC, 50 db beyond 3 
to 85° C., 45 db at 55 KC. KC. 

....- 

î. 

. I 

._._ HIGH Q COILS 
. Toroid, 

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

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

Toroid for printed circuit, CI 
of 90 at 15 KC. 

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

SPECIALTIES 
Saturable reactors, 
reference 
transformers, 
magnetic 
amplifiers, 
combined units. 

.,, 

dieér'e 

RF saturable inductor for 
sweep from 17 MC to 21 MC 

1 
Voltage reference trans-
former 05% accuracy. 

Multi-control magnetic am-
plifier for airborne servo. 

Pulse output to magnatron, 
bifilar filament. 

Precise wave shape pulse 
output, 2500 V. 3 Amps. 

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

PULSE 
TRANSFORMERS 
From miniature 
blocking 
oscillator to 
10 megawatt. 

Wound core unit . 01 micro-
second rise time 

Pulse current tansformer 100 
Amp. 

POWER I 
COMPONENTS es 
Standard and high 
temperature ... 
hermetic, 

...H.5:...*.. 9 

e 

) 

molded, and 
encapsulated. 

,4, .1 - — 

Multi-winding 140 VA, 6 KC 
Power transformer 11/4 x 11/4 
X 1" 

200 C. power transformer, 
400 —, 150 VA. 

400 — scope transformer, 
20 KV output. 

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

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

CABLES: " ARLAB - PACIFIC MFG. DIVISION, 4008 W. Jefferson Blvd., Los Angeles, Cal. 
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The advent of more powerful and sensitive radars has led to novel proposals for studying the 
surface of the moon by radar, as reported in the Correspondence section of this issue: Shown 
on the cover is a 142- foot steerable parabolic antenna, the second largest in the world, located 
in Fraserburgh, Scotland. Built and operated by Stanford Research Institute under contract 
with the Rome Air Development Center, this antenna was used in the moon radar experiments 
reported on page 932. 
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MOST RELIABLE "WRAP-AND-ENDFILL" FILM 

CAPACITORS-

Reliability in a "wrap-and-endfill" at last! . . . 
Sprague Yellow-Jacket Filmite "E" Capacitors. 
The design of these small, lightweight film capac-
itors is based on the most extensive life test data 
for polyester film dielectrics available at the pres-
ent time. These capacitors will withstand a 250 
hour accelerated life test of 150 % of the 85 C 
rated voltage impressed or the equivalent de-
rated 125 C voltage. Not more than 1 failure is per-
mitted in 25 samples tested. 

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

TYPE 158P 

YELLOW-

JACKET® 

CAPACITORS 

for military 

and industrial 

electronics 

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

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

SPRAGUE® 
THE MARK OF RELIABILITY 

SPRAGUE COMPONENTS: 

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

HIGH TEMPERATURE MAGNET WIRE • CERAMIC-BASE PRINTED NETWORKS • PACKAGED COMPONENT ASSEMBLIES 
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ADVERTISEMENT SERIES IV NO. 11 

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

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

Port 1—Unity SWR 
Port 1 to Port 2— 

Band- Pass Response 
Port 1 to Port 3— 

Infinite Isolation 
Port 1 to Port 4— 

Band-Reject Response 

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

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

In this article, Robert L. Sleven of our 
Department of Applied Electronics discusses a 
branch type directional filter and some sur-
prising results of a study program. 

Directional Filters 
fo 

INPUT 

SIGNAL 

(fa, 1b, fc, fd, fe 

Directional 
Filter 
a 

fb 

Directional 
Filter 

Directional 
Filter 

Directional 
Filter 
d 

Figure I. Directional Filter Multiplexer 

PORT 2 

OUTPUT MANIFOLD 

PORT 3 

PORT 1 PORT 4 

INPUT MANIFOLD 

Figure 2. Branch Line Directional Filter 

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

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

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

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

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

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

1/10Me eA;ellenen.bc>ZIOiatey 

A DIVISION OF CUTLER-HAMMER, INC. 

DEER PARK, LONG ISLAND, N. Y. 

Phone MYrtle 2-6100 
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SPRAGUE 
PTA Heel' 

BLUE JACKET 
VITREOUS ENAMEL-PROTECTED, 
POWER WIREWOUND RESISTORS. 

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

KOOLOH M 
CERAMIC INSULATED-SHELL, 

POWER WIREWOUND RESISTORS. 

Send for Engineering Bulletin: 7300-A 

PERMASEAL 
CAST EPDXY HOUSING, 

PRECISION WIREWOUND RESISTORS. 

Send for Engineering Bulletin: 7500 

SPRAGUE RESISTORS 
SPRAGUE 

FILIVIISTOW 
PRECISION CARBON FILM RESISTORS. 

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

MEC-O-MAX 
GLASS-JACKETED HIGH VOLTAGE, 

HIGH POWER RESISTORS. 

Send for Engineering Bulletin: 7200-A 

SPIRAMEG 
HIGH-RESISTANCE SPIRAL ELEMENT 

RESISTORS. 

Send for Engineering Bulletin: 7100 

SPRAGUE ELECTRIC COMPANY 235 Marshall Street North Adams, Mass. 

SPRAGUE COMPONENTS: RESISTORS • CAPACITORS • MAGNETIC COMPONENTS • TRANSISTORS 

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

' THE E GINEER 
VIEWS HOPEFULLY 
THE HITHERTO 
UNAlTAINABLE" 

A MAN WINS A MEDAL...AND 

STRENGTHENS A PHILOSOPHY 

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

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

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

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

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

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

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

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

BELL TELEPHONE LABORATORIES 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT 



To assure a new order 
of reliability 

CRO-MODULE 

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

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

RADIO CORPORATION of AMERICA 
DEFENSE ELECTRONIC PRODUCTS 

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

Guarantee Lifetime Receiver Selectivity 

Uses HERMES CRYSTAL FILTERS 

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

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

Hermes Crystal Filter, Model 
10 M8, measures 234" long 
x 1" wide x lyn" high. 

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

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

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

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

Hermes 
ELECTRONICS CO. 

75 CAMBRIDGE PARKWAY. CAMBRIDGE 42, MASSACHUSETIS 

DEPT. 

Meetings 

with Exhibits 
111111111111111111111111111111111111111111P4IrdieLihno 1,1J11,1,,H 

• 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. 

à 

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

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

May 24-26, 1960 
Seventh Regional Technical Confer-
ence & Trade Show, Olympic Hotel, 
Seattle, Wash. 

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

May 24-26, 1960 
Armed Forces Com lllll nicati llll s & 

Electronics Associai'  Guise  • 
and Exhibit, Sheraton-Park Hotel, 
Washington, D.C. 

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

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

cast and Television Receivers, Grae-
mere Hotel, Chicago, Ill. 

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

June 27-29, 1960 
National Convention on Military 

Electronics, Sheraton- Park Hotel, 
Washington, D.C. 

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

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

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

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

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

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

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

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

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

(Continued on rage 10A) 
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KAY KAY KAY 

A Complete, Automatic Noise Figure Test Set 

Autoi-2i1vode 
AUTOMATIC 

NOISE FIGURE TESTS 
AND GAIN OR LOSS 

MEASUREMENTS 
AT UHF, VHF AND 

MICROWAVE FREQUENCIES 

• Optimum Noise Figure Adjustments 

• Precision Noise Figure Read Out 

• Noise Figure Measurements using other 

type External Noise Generators 

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

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

Transit Time 

SPECIFICATIONS 

as an automatic noise-figure measuring set: 

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

Maximum VSWR Variation during test: 2 parts per 1000. 

Noise Figure Accuracy Including Read Out Error: 

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

20 
noise figure calibration of post amplifier). 

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

Noise Figure Range: 0-18 db. 

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

Input Impedance: 70 ohms nominal. 

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

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

Power Requirements: 117V, 60 cps. 

Dimensions: 93/4" X 191/2 " X 13" 

Weight: 55 lbs. ( approx.) 

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

Cat. Number 790 

Kay Auto-Node is a complete, highly flexible, Automatic Noise 
Figure Test Set designed to obtain simplified, noise fieure meter 
displays for making optimum noise figure adjustments and pro-
vide precision noise figure read-out, noise figure measurements 
using other type external noise generators as well as precision 
measurements of Gain or Loss in components and systems at 
microwave, 1111F and VHF frequencies. 

Kar Auto-Node Automatic Mdse Figure Test Set ieatures a 
small, probe size, temperature modulated resistor as a noise gen-
erator having the following additional characteristic,. 

• Sine wave temperature-modulation at a 10 cps rate with 
:emperature excursions between 300° and 400° K 

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

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

KAY Auto-Node's high-gain, low-noise post amplifier has ex-
cellent noise figure stability, better than 3.5 db ( matched) and 
the gain is sufficient to raise the input noise to a value of 10 
vol:s after final detection. The bandwidth is 2 megacycles and 
the unit is supplied with one of three center frequencies-30, 
tiO or 70 mc. 

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

OTHER KAY NOISE GENERATORS 

Instrument 
cat . yin. 

Frequeocy 
Pane 1.101 

NOM F rune Output Impedance 
Ran.f.e crib) (ohms) 

Price 
If o b factory 

, 240.0 

Heip7-.V,,P 003 A 

Mega - 3000 

5 20 0-16 at 50 unbal 50 75. 150, 30.1. 5365 00 
0.23.8 200 onr, bal. 100. 150. 300, 6Œ. , 

3.503 O.19 
1, 000 0.20 

unbalanced 50 

unbalanced 50 

5.400 

A'ada - r,00•A  10.4030 

_II 'newer 
.11ffla-Y,tfei 

ansar -AideI 2.1000 

1120-..6 500 

0.23.8 Oepending 
on impedance  

015.2208 or lilt 

$365.00 - 

$790.00 

unbalanced as specified 

unbal. nom. 50 
waveguide 

1120.:6.500 15.28 or /58 waveguide 

$1495.00 

$1965.00 

WIrio° to 
0.1 unbalanced 50 $495.00 

Price varies with Mier  lgega.Node. as accessory. 

• Ideally suited tor noise figure measurement in radar :ommunication. 

°Pat. Pending 

Write for I CAV ELECTRIC CORIPAIIIIir 
New Kay Catalog I Dept. 1-5, 14 Maple Avenue, Pine Brook, New Jersey CApital 6-4000 

X 

Sc 
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you can put 34,560 of these 

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

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

TYPE NO. TYPE PRIMARY SECONDARY 

SP-4 

SP-5 

SP-7 

SP-11 

SP-13 

SP- 15 

Input 

Input 

Input 

Interstage 

Interstage 

Interstage 

200000 c.t. 

500000 c.t. 

200000 

20000 /30000 

20000/30000 c.t. 

10000/12000 c.t. 

1000 c.t. 

WOO c.t. 

1000 

800/1200 

800/1200 c.t. 

1500/1800 c.t. 

TRIAD TRANSFORMER CORPORATION 

WA DIVISION OF LITTON INDUS TRIE 
4055 Redwood Avenue, Venice, California • 305 No. Briant Stree7, Huntington, Indiana 

A 

<cep Meetings Aiq_1)£_\ 

with Exhibits 

(Continued fnnn page 8A) 

October 10-12. 1960 
National Electronics Conference, 

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

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

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

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

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

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

Exhibits: J. L. Whitlock Associates, 6044 
Ninth St., North, Arlington 5, s'a. 

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

trical Techniques in Medicine 8z. 
Biology, Sheraton-Park I I otel, \\.ili-
ington, D.C. 

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

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

Exhibits: Mr. Gustav Vasen, H. A. Roes 
Co., 2106 Cherry, Kansas City 8. Mo. 

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

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

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

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

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

December 11-14,1960 
Eastern Joint Computer Conference, 

Hotel New Yorker, New York, N.Y. 

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

à 

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

The new Ramo-Wooldridge Laboratories in Canoga Park provide 

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

scientists and engineers seek solutions to the technological prob-

lems of today. The Ramo-Wooldridge research and development 

philosophy places major emphasis on the imaginative contribu-

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

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

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

++ THE RAMO-WOOLDRIDGE LABORATORIES 843 FALLBROOK AVENUE, CANOGA PARK, CALIFORNIA 

e 

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

No Down Time 
Is Normal. . . 

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 

-4  
S*Vfl,wo W415 1:ett"...iftlf It. 

Alfred Electronics Model 504 Microwave Amplifiers, 
in use at Hughes Aircraft Co., Culver City, California 

12.4 kmc. Hughes engineers praise the functional layout 

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

formance. 

In short, Hughes finds the Alfred 504 Microwave Ampli-

fiers good, sound, straightforward reliable instruments. 

We think you will too. 

KEY SPECIFICATIONS—ALFRED MICROWAVE AMPLIFIERS 

General Purpose 
Amplifiers for 
AM, Pulse and 

Phase Modulation 

Model Frequency 
Range kmc 

Gain db Power Out. 
(win) put (min) Price 

505 
501 
503 
504 
549 

1 to 2 
2 to 4 

) 4 to 8 30 db 10 mw 
8 to 12.4 

10.5 to 16 

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

Medium Power 
Amplifiers 

5-6752 1 to 2 
512 2 to 4 

502 
5-6868 

506 

5-542 
510 
509 

5-6996 

2 to 4 
2 to 4 
4 to 8 

4.5 to 7.5 I 
4 to 8 
8 to 12.4 

8.2 to 11 
8 to 9.6 

30 db 
30 db 
20 db 
30 db 
30 db 

27 db 

25 db 
20 db 
27 db 
30 db 

1 w 
1 w Pulsed 

100 mw CW 
1 w 

; 10 w 
{ .5 w 
1 w 
1 w 

100 mw 
.5 w 
10 w 

$2,290 
$1,850 

$1,390 
$2,850 

$2,290 

î3,190 
2,150 
3,150 

$3,590 

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

Low and Medium 
Noise Figure 

Amplifiers 

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

MANY MODELS TO CHOOSE FROM 

The 504 is just one model from the 

industry's most complete line of microwave 
amplifiers. For technical details and a 
demonstration arranged at your 

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

illfRED MIRODICS 
897 COMMERCIAL STREET 

PALO ALTO, CALIFORNIA 5 

DEPT. 86 
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keep an 
accurate 
graphic 
record 

OF RESEARCH, DESIGN, 

TEST DATA 

two channels 

For General Purpose 

DC Recording — Model 320 

For recording two variables 
simultaneously, the Model 320 

provides a versatile, 
transistorized amplifier for each 

input signal. The rugged 2-
channel recorder assembly has 

heated stylus recording on 
two 50 mm wide rectangular 

coordinate channels, 4 
pushbutton chart speeds, and 

6 inches of visible chart. 
The Recorder can be placed 

vertically, horizontally 

or at a 20° angle. 

MODEL 320 SPECIFICATIONS 
Sensitivity: 0.5, 1, 2, 5, 10, 20 mvimm and 
vÍcm 

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

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

ternal monitoring ' scope or meter 
Price: $ 1495 

NEW SANBORN PORTABLE DIRECT WRITING RECORDERS 

FOR IN- PLANT, LABORATORY OR FIELD RECORDING 

(r) 

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

single channel 
MODEL 301 SPECIFICATIONS 

The amplifier section of the Model 301 is an all-
transistorized carrier type with phase sensitive 
demodulator. The power supply and internal 
oscillator circuits are also transistorized. 
Sensitivity: 10 uy rms/div ( from transducer) 
Attenuator Ratios: 2, 5, 10, 20, 50, 100, 200 
Carrier Frequency: 2400 cps internal 
Transducer Impedance: 100 ohms min. 
Calibration: 40 uv/volt of excitation 
Output Connector: for external monitoring 

'scope or meter 
Price: $ 750 

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

Input Resistance: 5 megohms balanced each 
side to ground 

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

Common Mode Rejection: 50:1 most sensitive 
range 

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

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

Model 299A ( without zero suppression) 
$650 

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

Contact your Sanborn Sales-Engineering representative for complete information, or write 

the main office in Waltham. Sales-Engineering representatives are located in principal cities 
throughout the United States, Canada and foreign countries. 

SANBORN ecie COMPANY 
INDUSTRIAL DIVISION 

175 Wyman Street, Waltham 54, Mass. 



1960 INTERNATIONAL IRE CONVENTION 
Record 69,760 Attendance 

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

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

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

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

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



The speaker's table at the Annual IRE Banquet, lbeld in the Grand 
Ballroom of the 1Valdorf-Astoria Hotel. 

A view of some of the exhibits at the Coliseum, topped by the theme of the Radio Engineering Show, " Here Tomorrow 
is Today." There were 856 exhibitors at the Show, with 25.000 items on display. 

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

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

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



IRE News and Radio Notes  

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

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

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

Calendar of Coming Events 
and Authors' Deadlines* 

1960 
Natl. Aeronautical Electronics Conf., 

Dayton-Biltmore and Miami Hotels, 
Dayton, Ohio. May 1-3. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

• DL= Deadline for submitting ab-
stracts. 

(Continued on page 18A) 

BENELUX SECTION TO CONDUCT 

DATA TRANSMISSION SYMPOSIUM 

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

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

FIRST ARMY MARS NET 
PRESENTS MAY SPEAKERS 

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

May 4 "Antenna Panel," W. Offutt, Engi-
neering Manager; L. De Size. 
Group Leader and B. Woodward, 
Engineer—Airborne Instrument 
Labs, Inc., Melville, I.. I., N. Y. 

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

May 18 "Communication Electronic Needs 
of the Future," Dr. J. V. Harring-
ton, Division Head, and Dr. B. Lax, 

Lincoln Lab., Lexington, 
Mass. 

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

NBS HEAD HONORED 
By CIVIL SERVICE LEAGUE 

Allen V. Astin (SM'50-1--54), Director ot 
the National Bureau of Standards, has been 
selected by the National Civil Service 
League as one of the top ten career em-
ployees in the Federal civil service for 1960. 
The Award was presented to Dr. Astin at a 
dinner in Washington, D. C., on March 15. 

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

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

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

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

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

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

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

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

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

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

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

Shock — withstands 100 g's of 6 millisecond duration 

Lightweight — 7 to 10 oz. 

Miniaturized 

Tunable over a broad band 

Flied Min. 
Freq. Frequency Peak Outptut 

Tube or Range Power Mates 
Baud Type Tunable Mc Watts With 

BL-212 Tunable 5400-5900 100 UG699/U 
• BL-243 Tunable 5400-5900 200 UG699/U 
• BL-242 Tunable 5400-5900 400 N 
• BIM-022 Tunable 5400-5900 500 INC 
• 81M-026 Tunable 5400-4900 500 TNC 
• BLM-020 Tunable 5400-5900 700 TNC 
• 8L-245 Tunable 5400-5900 900 INC 
• 81-250 Tunable 5400-5900 150 TNC 
X 131M-003 Tunable 9000-9500 150 INC 
X BLM-014 Tunable 8500-9000 150 INC 
X 81M-012 Tunable 8900-9400 1000 INC 
X BLM-021 Tunable 8900-9400 1000 UG40A/U 
X BLM-024 Tunable 9300-9500 150 TNC 

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

Offices in major cities — A subsidiary of Varian Associates. 

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

(Continued from page 16A) 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

* DI.= Deadline for submitting ab-
stract. 

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

NATIONAL SCIENCE FOUNDATION 

ESTABLISHES ADVISORY PANEL 

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

CORNELL UNIVERSITY 

To HOLD JUNE SEMINARS 

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

Reliability Analysis: Theory and Applica-
tions. 

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

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

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

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

Surveillance Systems 

The eye was man's first instrument of 
surveillance. Its most unique character-

istic is the ability to distinguish mov-
ing objects. 

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

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

Further details about LFE Radar Sur-
veillance Systems may be had by writ-
ing the Vice President of Marketing. 
Ask for Technical Data Digest 
No. 6025. 

LABORATORY FOR ELECTRONICS, INC., Boston 15, Massachusetts 

SYSTEMS, EQUIPMENT & COMPONENTS FOR 

AIRBORNE NAVIGATION • RADAR and SURVEILLANCE • ELECTRONIC DATA PROCESSING • AUTOMATIC CONTROLS • GROUND SUPPORT 



Dr. Edgar A. Sack. Jr. (coder), who received recognition by Eta Kappa Nu as the outstanding young electtica 
engineer of Mc, receives comeatulations rorrt IIKN's President, Albrecht Naeter tie) and Dr. Ernst Weber, 
president of Brooklyn Polytechnic Institute, who delivered the major address of the evening. 

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

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

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

PGPT CALLS FOR PAPERS 

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

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

MARQUETTE UNIVERSITY 
To SPONSOR INSTITUTE 

An Institute sponsored by the Depart-
ment of Electrical Engineering of Marquette 
University will be held on June I and 2, 
1960. The title of the Institute is "Recent 
Advances ill Solid State Devices." The pro-
gram emphasizes High-Power Controlled 
Rectifiers, Application of the Si:icon Con-
trolled Rectifier, Parametric Amplification, 
Tunnel Diode and Applications, Direct En-
ergy Conversion—Thermoelectric Devices, 
Direct Energy Conversion, Solid State 
Maser Amplifiers, Avalanche Devices and 
Solid State "Grown' Circuits. Persons 
highly specialized in their fields will present 
the program. 

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

PGRFI W ILL CONDUCT 
2ND ANNUAL SYMPOSIUM 

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

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

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

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

SUMMER WORKSHOP ANNOUNCED 

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

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

Thursday afternoon, June 23 

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

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

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

Friday morning, June, 24 

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

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

Friday afternoon, June 24 

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

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

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

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

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

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

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

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

Typical field application 
of NF-105 in mobile 

Radio Interference Laboratory 

SPECIFY EMPIRE'S COMPACT AND RUGGED 

NOISE and FIELD INTENSITY METER 
!MODEL NF-105 

• Measures 150 kilocycles to 1000 megacycles ac-
curately and quickly with only one instrument. 

• For measurements in accordance with Specifi-
cations: MIL-I-6181B, Class 1; MIL-S-10379A; 
MIL-I-11683E; MIL-I-11748B; MIL-I-12348A; 
MIL-I-13237; MIL-I-16910A; MIL-I-26600 
(USAF), Category A; F.C.C. Specifications. 

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

• Economical.., avoids duplication. 

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

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

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

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

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

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

DELIVERY FROM STOCK 

The unique design of Model NF-105, with 4 plug-in tuning units, avoids cost:y repe-
tition of circuitry and components common to all frequency ranges, at savings 
in size, weight and cost. Simple to operate, this instrument permits fast and accu-
rate measurements of both broadband or CW signals. Send for our Catalog \'-Go;, 

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

EMPIRE DEVICES PRODUCTS CORP. 
AMSTERDAM, NEW YORK 

MANUFACTURERS OF: 

FIELD INTENSITY METERS • DISTORTION ANA YIERS • IMPULSE GENERATORS 
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MISCELLANEOUS IRE PUBLICATIONS AVAILABLE 

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

Meetings 

Aeronautical and 
Navigational Elec-
tronics Conference 

Electronic Compo-
nents Symposium 

Electronic Computer 
Conferences 

Magnetic Amplifiers 
Conference 

Bio-Medical Elec-
tronics Bibliographie 

Military Electronics 

Reliability and Qual-
ity Control in Elec-
tronics Symposia 

Telemetering Confer-
ence and Symposia 

Publications 
Price 
per 
Copy 

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

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

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

Proceedings of the Joint A1EE IRE ACM Eastern Confer-
ence, held December 8-10, 1954 in Philadelphia, Pa. 

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

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

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

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

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

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

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

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

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

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

Bibliography on Med¡cal Electronics, June 1958 
Bibliography on Medical Electronics, June 1959 
(Supplement #1) 

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

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

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

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

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

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

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

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

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

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

5.00 

3.50 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

3.00 

4.00 

6.00 

4.00 

2.50 
2.50 

5.00t 

5.00t 

4.00 

5.00 

5.00 

5.00 

2.00 

5.00 

5.00 

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

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

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

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

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

"Electrical Engineering Approach to 
Probability and Statistics Instruction for 
Electrical Engineers," Dr. R. J. Schwarz. 
Columbia University. 

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

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

PIDETOGIZAPHY SEMINAR 

To BE I ELD AT M .T. 

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

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

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

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

The program is under the direction of 
Professor Harold E. Edgerton of the De-
partment of Electrical Engineering at M.I.T. 
For further information inquire from the 
Office of the Summer Session, Room, 7-103, 
M.I.T., Cambridge 39, Mass. 
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I85A 500 MC oscilloscope 

now for these important measurements: 

Analyze millimicrosecond pulses 

Measure transistor response time 

Make fractional millimicrosecond 
time comparisons 

Measure diode switching time 

Determine pulse jitter 

Make permanent X-Y plots 

Measure memory-unit switching 

Measure uhf voltage amplitude 

If 185A Sampling Oscilloscope with 
(it 187A Dual Trace Amplifier 

Bright, clear dual pulse presentation on -hp-
185A's big 5" scope face. Top trace show, 
pulse from mercury pulser applied to 2N1387, 
mesa transistor. Bottom trace shows respond-
ing turn-on of transistor. Dip in bottom trace 
at start of turn-on results from capacitance. 
Scope sweep speed is 1 mitsec/cm. 

Brilliant, steady trace of a 2 millimicrosecond 
pulse on the 185A 5AQP cathode ray tube 

6362 face. 

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

output. Time-amplitude calibrators, beam finder, panel similar to con-
ventional scopes. Built-in time and amplitude calibrators. 

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

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

HEWLETT-PACKARD COMPANY 
1026D Page Mill Road, Palo Alto, California, U.S.A. 

Cale "HEWPACK" DAvenport 6-7000 

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

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

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

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

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

subject areas for NEREM 1960 is: Anten-
nas; Circuit Theory; Component S, Pro-
duction Techniques and Reliability; Elec-
tronic Computers; Engineering Nlanage-
ment; Feedback Control Systems; Informa-
tion Theory and Processing; Biomedical 
Electrottics; icrowave Devices—Theory 
and Techniques—Involving Ferrites, Mt;-
sers, Parametric Amplifiers and Ionized 
Media; Military Electronics Including In-
ertial, Infrared and Data- Handling SVS-
terns; Semiconductor Devices and Circuits 
Including Micro-Circuitry and Photo Elec-
tronic Applications. 

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

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

1g22 receiver demonstiated at IRE Section Annual Bano.iet—The operation of the 'Aeriolii Sr. Receiver," a 
We,tinghoth:r Produce., is demonstrated by Captaii W. F. K:rlin, Chairir.Ln of the Northwest Flerida Section of 
the IRE, to Dr. R. L. McFar:an, International President of the IRE. mod General R. II. Warien. Vice Com-
mander. .1PGC. Ralph Coe, ,left.; Section Vice-Chairman. and Harold Iliiinagle (right). Section Secretary-
Treasurer. look on. 

MAY SCHEDULE PLANNED 
By AIR FORCE MARS 

The following is the schedule of the Air 
Force MARS Eastern Technical Net (3295 
kc, 7540 ku, and 15,7:5 kc, on Sundays from 
2 to 4 P.m. EST): 
May 1 "Quality Control Techniques," 

Stei n, Statistical Engineer, 
Riverside Plastics Corp. 

May 8 “ Nledica Electronics in Gastro-:n-
testinal Research, - Dr. J. T. Far-
rar. Chief, Gastro-Neurology Sec-
tion of the Veterans' Hospital of 

New York and R. Bostro:r, Re-
search Engineer. Airborne Instru-
ments Lab. 

May 15 "'Die Evolution of Modern Radar," 
Dr. N. J. Nilsson, Chief. Directorate 
of Contrd and Guidance, Advanced 
1)evelopments Lab., Ro:ne Air De-
velopment Center, USAF. 

May 22 "Ai:- Crew Escape Sy:tems," Dis-
cussion by engineers from Frank-
ford _Arsenal, USA. 

May 29 " Materias,' 1/scussion by engi-
neers from rankford Arsenal, 
USA. 

1960 IRE 7th Region Conference 
OLYMPIC I lui I , SEATTLE W ASH., MAY 24-26, 1960 

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

On May 25 a field trip will be conducted 
to the Transport Division of the Boeing Air-
plane Company, Renton, Wash. This will 
provide views of the following: the factory, 
flight line (radar test), electronic shops ( ra-
dar checkout), electronic mock-up landing 
simulator, computer-1BM 704 (evaluation 
of flight situations), and airplane mock-up, 
both present and future. 

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

Session 1—Opening General Session 

Tuesday Morning, May 24 

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

Speakers: F. S. Holman, Chairman, 7111 
Region Conference, Boeing Airplane Co., 
Seattle, Wash.; R. L. McFarlau, President, 
IRE; R. N. Clark, Univ. qf Washington, 
Seattle; O. G. Villard, Jr., Stanford Univ., 
Stanford, Calif. 

Session 2 

Control Systems I—Performance Criteria 

Tuesday Afternoon 

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

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

"Optimum Performance Criteria with a 

Mitiimum 1.ead System," G. S. Ave/by. 
Westinghou.w Corp., Baltimore, Md. 

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

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

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

Session 3 

Solid State Electronics I—Semiconductors 

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

• Short insertion length 
• Full 60 db attenuation range 
• Minimum insertion loss 
• Compact Tape readout 

• Precision accuracy 

Once again, to meet the present and 
future needs of microwave engineers, 
PRD has produced a completely new 
concept in test equipment. Here is a 
rotary vane attenuator in a radically 

modern package: small, light, rugged 
...and precise— to fill all your needs 
from 3.95 to 40 kmc. The 101 series of 

Broadband Attenuators features a pre-
cise, compact, low-backlash drive and 
easy-to-read tape readout. Levelling 

screws quickly adjust to match trans-

mission line heights. A simple adapter 
is available for panel mounting. 

SPECIFICATIONS: 

VSWR: 1.15 maximum 

Attenuation Range:60 db 

Accuracy: -2:0.1 db or -1-.2%, which-
ever is greater, from 0 to 50 db; 71-3% 
from 50 to 60 db. 

PRD's brand new 
Broadband 
Attenuators 

The table tie DIV indicates maximt.m insert .on loss and dimensions. 

Type No. Freq. Range Max. Inser• Insertion Height Depth 
tion Loss Length 

G 101 3.95 — 5.85 0.5 sib 18?¡ 6?,6 73¡6 

C 101 5.3 — 8.2 0.5 db 1e(6 n'6 73i6 

H 101 7.05 — 10.0 0.5 db 1134 63(6 73(6 

X 101 8.2 — 12.4 0.5 db 9 614 64 

U 101 12.4 — 18.0 0.7 db 7% 5141 6% 

It 101 18.0 — 26.5 0.7 db 75%116 514 6',4 

A 101 26.5 — 40.0 1.0 db 6% 514 6% 

data subject to change without notice 

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

Attenuators contact your local PRD representative, or phone, 

write, or wire: 

PRD ELECTRONICS INC. A Subs.diary of ^iarris•Intertype Coroo-at on 

Fo-merly P•olytechnIc Research 4‘ Development Cc.. Inc. 

Factory and Gener31 Office: 202 Tillery Stseet, Brooklyn 1, New York, Ulster 2-6800 
Western Sales Office: 2639 So. La Cienega Blvd.. Los Angeles 34, Calif., UPton 0-1940 
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British Columbia, Vancouver, Canada. 
"Recent Progress in the Development of 

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

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

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

Session 4 

Control Systems II—Optimal 
Design Techniques 

Wednesday Morning, May 25 

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

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

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

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

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

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

Session 5 

Solid State Electronics II—Solid 
State Energy Conversion 

Session 6 

Electromagnetics I—Radio Astronomy 

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

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

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

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

Session 7 

Control Systems III—Nonlinear and 
Sampled Data Systems 

Wednesday Afternoon 

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

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

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

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

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

Session 8 

Electromagnetics II—Very Large 
Aperture Antennas 

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

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

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

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

Session 9 

Student Prize Paper Contest—IRE 
7th Region Finals 

Wednesday Evening 

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

Session 10 

Engineering Management Symposium— 
Technical Management of 

Large Systems 

Session 11 

Control Systems IV—Biological 
Control Systems 

Thursday Morning, May 26 

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

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

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

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

Session 12 

Electromagnetics III—Arctic 
Ionospheric Phenomena 

"Distribution of Auroral Radar Dis-
turbances in Alaska During the 1GY," R. S. 
Leonard, Geophysical Inst., College, Alaska. 

"Sweep-Frequency Backscatter Studies 
in the Auroral Zone," H. F. Bates, Geophysi-
cal Inst., College, Alaska. 

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

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

Session 13 

Solid State Electronics III—Magnetics 
and Dielectrics 

Thursday Afternoon 

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

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

L. Rimai, Raytheon Co., Waltham, Mass 

Session 14 

Electromagnetics IV—Terrestrial 
Electromagnetic Effects 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

BUSS iises are mode to protect - not to blow, needlessly. 
BUSS malces complete line éf fuses for home, Farm, commercial, 

electronic, electrical, automotive and industrial use. 

560 

TatentlOarrir MAI•IF$ 0.1 
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nual Banquet Tuesday evening, featuring a 
prominent guest speaker and the presenta-
tion of the Barry M. Carlton Award. The 
Washington Chapter of PGM IL will be the 
host at the Keynote Luncheon, with Major 
General Earle F. Cook, USA, Deputy Chief 
Signal Officer, as the speaker. Dr. Edward 
G. Witting, Deputy Director of Research 
and Development, Office of the Secretary of 
the Armv, and chairman of the \Vashington 
Chapter: PGM IL will be the master of cere-
monies at this luncheon. A meeting of the 
Administrative Committee of PGM IL is 
scheduled for Tuesday morning. 

Advance registration fees, which include 
the Conference Proceedings, are $2 for IRE 
members, $3 for nonmembers, and SI for 
students. Deadline for advance registration 
is June 1. At-the-door registration fees will 
be S4 for IRE members, $5 for nonmembers, 
ami Si for students. Tickets for the luncheon 
are $3.50; for the Ladies' Day Breakfast, 
$2; for the buffet 85; and for the banquet, 
$10. Tables seating eight may be reserved 
for the banquet at $80 each. Mr. jack 
Carter, Jansky & Bailey, Inc., 3269 M 
Street, N. \V., Washington 7, D.C., is chair-
man of the Registration Committee. 

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

Monday Afternoon, June 27 

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

Sponsor: Air Research and Development 
Command. 

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

Radar," 1'. W. Cris!, Airborne Instruments 
Lab., Melville, N. Y. 

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

"Instrumentation System for Three-
Dimensional Tracking of Underwater Mis-
siles," C. S. Soliozy and J..11. Formwalt, 
U. S. Naval Underwater Ordnance Station, 
Newport, R. f. 

"ITT Secure Ranging and Communica-
tion System," A. E. Nashman, ITT Labs., 
Nutley, N. J. 

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

"Inertialess Scanning and Tracking 
Radar ( INSTAR)," J. R. Karp, The W. L. 
Maxson Corp., New York, N. V. 

Session 1.2—Satellite Electronics 

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

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

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

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

A. R. Giddis, Phi!co Western Development 
Lab., Palo .411o, Calif. 

"Satellite lonosounder," S. Horowitz, 
A F Cambridge Research Center, Bedford, 
Mass., and L. Humphrey, General Electric 
Co., Ithaca, N. Y. 

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

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

Session 1.3—Microwave Devices 
and Techniques 

Moderator: G. R. Kilgore, Westinghouse 
Electric Corp., Baltimore, .1Id. 

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

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

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

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

"Recent Electrontc Scanning Develop-
ments," J. P. Shelton and K. S. Kelleher, 
Acro Geo Asir() Ciirp., Alexandria, Va. 

"Pram ical St ripline Component Design," 
Hughes Aircraft Co., Culver 

City, Calif. 

Session 1.4—Instrumentation 

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

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

"Multiple High-PRF Ranging," D. H. 
Mooney and W. A. Skillman, Westinghouse 
Electric Corp., Baltimore, Md. 

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

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

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

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

Session 1.5—Noise Effects on 
Precision and Data 

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

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

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

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

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

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

"Precision Frequency Measurement of 
Noisy Doppler Signals," W. A. Dean, Bal-
listic Measurements Lab., Aberdeen Proving 
Ground, .11d. 

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

Tuesday Morning, June 28 

Session 2.1—Communications and 
Data Handling (Confidential) 

Sponsor: Air Research and Development 
Command. 

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

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

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

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

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

"Pacific Missile Range Communica-
tions," S. H. Vogt, Dept. of the Navy, 
Washington, D. C. 

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

Session 2.2—Communications I 

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

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

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

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

"Topology Engineering of Cotninunica-
tion Networks," Dr. K. Ikrath and C. C. 
Comstock, He. U. S. Army Signal Res. and 
Der. Lab., Fort Monmouth, N. J. 

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

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

Session 2.3—Reliability 

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

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

INSURE FAILURE-PROOF PERFORMANCE! 

Only 1 Failure in 7,168,000 Unit-Hours for 0.1 INFO Capacitors * 

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

SUPERIOR FEATURES! 
• Five cose sizes in working voltages and ranges, 

200 WVDC —. .018 to .5 MFD 

400 WVDC — .0082 to .33 MFD 

600 WVDC — .0018 to .25 MFD 

1000 WVDC --, .001 to .1 MFD 

1600 WVDC — .001 to .05 MFD 

SPECIFICATIONS 

• TOLERANCES: ± 10% and ±-20%. Closer tol-
erances available or request. 

• INSULATION: Durez pheroiic resin impregnated. 

• LEADS: No 20 8 8. S (.C32") annealed copper-
weld crimped leads 'or printed circuit cpplication. 

• DIELECTR C STRENGTH: 2 or 21/4  times rated 
voltage, depending upon working voltage. 

• INSULATION RESISTANCE A r 25'C: 
For 05MFD or less, 100,000 megohms minimum. 
Greater than .05 MFD, 5000 megem-microfarads. 

• INSULATION RES STANCE AT 1CO`C. 
For .05MFD or less, 1400 megohms minimum. 
Greater than .05MFD, 70 megobm-microfarads. 

• FOWER F.7.TOR 41 25 C • 
Loy, maximum at 1 KC. 

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

THESE CAPACITORS WILL EXCEED ALL THE ELEC-
TRICAL REQUIREMENTS OF E. I.A. SPECIFICATION 
RS- 164 AND MILITARY SPECIFICATIONS eMIL-C-91A 
AND MIL-C- 25A. 

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

•Regi.stertd Tr,de Mark of DuPont Co. 

...ralbadielfrObW••ebaki 

THE ELECTRO MOTIVE MFG CO. INC 
WILLIMANTIC CONNECTICUT 

Manufadvrors of El-Menem Capacitors 

• melded micn• dipped mica • mica trirr me• • d.ppul pope , 
• tubule' paper • scram c • silvercc mica films • :eramic discs 

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

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

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

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

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

Session 2.4—Antennas 

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

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

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

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

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

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

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

Session 2.5—Ranging, Tracking and 
Reconnaissance 

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

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

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

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

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

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

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

Tuesday Afternoon 

Session 3.1—Guidance and Space 
Technology (Confidential) 

Sponsor: Air Research and Development 
Command. 

Moderator: To be announced. 

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

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

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

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

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

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

Session 3.2—Data Handling II 

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

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

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

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

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

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

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

Session 3.3—Special Electrical 
Components 

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

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

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

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

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

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

Session 3.4—Radar 

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

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

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

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

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

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

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

Session 3.5—Simulation General 

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

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

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

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

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

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

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

Wednesday Morning, June 29 

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

Sponsor: Air Research and Development 
Command. 

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

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

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

"A Periodically-Focused 10 KW Micro-
wave Traveling-Wave Amplifier," O. T. 
Purl and K. W. Slocum, Watkins-Johnson 
Co., Palo Alto, Calif. 

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

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

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

Session 4.2—Communications II 

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

Rocket Communication System," B. J. 
Huffman, Hughes Aircraft Corp., Culver 
City, Calif., and W. F. 0' Neil, C efr N Lab. 
WADD, Wright-Patterson A FB, Ohio. 

"A Long Range Rocket Communication 
System," W. L. Exner and E. R. Gaul, 
Hughes Aircraft Co., Los Angeles, Calif. 
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Electron Tube News 
...from SYLVANIA 

Cool operation sparks 
home-radio sales 

when you design around 

SYLVANIA100-ng 
eiwt ALLAMERICAN FIVE 

CD 

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

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



11e.-

woreit, 
us 

Sylvanio-32ET5 OPERATIONAL CHARACTERISTICS 

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

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

E1 RATED VALUE 

Lb 110 VOLTS 
E02. 1(0 VOLTS 
Eci .- 7.5 VOLTS 
EsG. 5.3 VOLTS (HMS) 

wide, outside "berths" are un-
necessary—designs can be com-

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

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

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

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

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

GENERA)I 

SYSTEM Subseaty of GENERAL TELEPHONE &ELECTRON/OS 



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

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

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

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

Session 4.3—Reliability II 

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

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

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

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

"Understanding and Improving System 
Reliability and Maintainability, Using I n-
forma t ion in Engineering/Environmental 
Malfunction Data Samples," G. H. Allen, 
Raytheon Co., Maynard, Mass. 

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

Session 4.4—Systems Ancillary 
to Missiles 

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

Scoring Devices," IV Ficklin, A. H. Macis-
zewski, J. J. Pakan and K. Ringer, A. R. F. 
Products, Inc., River Forest, Ill. 

"System Integration Factors in V/Stol 
Launched Air-to-Surface I. H. 
Rubaii, International Business Machines 
Corp., Owego, N. Y. 

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

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

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

Session 4.5—Simulation-Electronic 

Moderator: To be announced. 
"Electromagnetic Environment Simu-

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

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

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

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

"ASV Submarine Target, Device 21B12, 
Type 1, "R. H. Dickman, U. S. Naval Train-
ing Device Center, Port Washington, N. Y. 

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

Wednesday Afternoon 

Session 5.1—Instrumentation IV 
—(Confidential) 

Sponsor: Air Research and Development 
Command. 

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

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

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

"A Millimeter Wave Radar System," 
J. M. DeBell, Jr., Allen B. Dulfont Lab., 
Inc., Clifton, N. J. 

"Increased Jamming and Reconnais-
sance Effectivity Through Polarization Di-
versity," E. F. Henry, Melpar, Inc., Falls 
Church, l'a. 

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

Session 5.2—Space Technology 

Moderator: Dr. H. K. Ziegler, Chief 
Scientist, U. S. Army Signal Res. and Dei'. 
Lab., Fort Monmouth, N. J. 

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

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

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

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

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

Session 5.3—Camera Display Devices 

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

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

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

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

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

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

Session 5.4—Vulnerability, Guidance 
and Control 

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

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

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

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

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

"Inertial Accelerometers—Their Nature, 
Character and Limitations," .1/. .1Ianerrr, 
General Precision, Inc., Little Falls, N. J. 

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

Session 5.5—Data Handling 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Radio Frequency Interference (G-27)— 
J. P. McNatil, U. S. Signal Corps., Hdqrs. 
Ft. Monmouth, N. J.; P. 0. Schreiber, 
Technical \Vire Prods., Springfield, N. J. 

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

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

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

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

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

Alamogordo-Holloman (7)—M. W. Jones, 
2302 Willow Dr., Alamogordo, N. Mex.; 
A. F. La Pierre, 1500 Roosevelt Ave., 
Alamogordo, N. Mex. 

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

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

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

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

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

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

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

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

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

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

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

Buenos Aires— Lirio A. Pereyra, 5 de Julio 
369, Vincente Lopez, Argentina; D. \V. 

Gamba, 1337 Charcas, Buenos Aires, 
Argentina. 

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

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

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

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

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

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

PACKAGED TO MEET YOUR 

REQUIREMENTS 

Here five relays, each con:ain-
ing two switches, are Tounted 
on a printed circui: board. 
Thiis assembly may be in-
serted directly into your equip-
ment or encllosed in a flat pack 
container. 

These six switches 
are clustered to 
form the core of a 
single electromag-
netic coil, and en-
cased in a cylindri-
cal steel container. 

ACTUAL SIZE 

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

E 
FITS 
INTO 
YOUR 
DESIGN! 

D 

CLAREED Sealed Contact Reed 
relays put you . . . the designer . . . 
in the driver's seat. They are simple 

in design, flexible in assembly. They 
are packaged and mounted to com-
ply with your mechanical design con-
figuration . . . even on your own cir-
cuit board. CLAREED relays are idea. 

comporents for transistor- drive ap-
plications, computers, cata-process-
ing and other high speed equipment. 
Contacts are hermetically sealed in 

inert gas. Tens of milllions of opera-
tions are assured since contact con-
tamination is completely precluded., 
Hundreds of millions of operations 
are possible when operated up to A 
rated load. 

If you use relays, it will pay you to know 

all about CLAREED an entirely new 

concept in relay design.. Address C. P. 

Clare & Co., 3101 Pratt Blvd., Chicago 45, 

Illinois. In Canada: C. P. Clare Canada 

Limited, Box 134, Downsview, Ontario. 

Cable Address: CLARELAY. Send for 
Bulletin CPC-5. 

CLARE 
When only the best is good enough 



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

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

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

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

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

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

Dayton (4)-1). G. Clute, 4424 Appleton Pl., 
Kettering 40, Ohio; R. J. Framme, 316 
Claranna, Dayton 9, Ohio. 

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

Detroit (4)—L. J. Giacoletto, Ford Motor 
Co., Scientific Lab., Box 2053, Dearborn, 

ich.; II. W. Hale, Dept. of Elec. Engrg., 
Wayne State University, Detroit 2, Mich. 

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

Elmira-Corning (1)—D. F. Aldrich, 1030 
Hoffman St., Elmira, N. Y.; T. G. Keeton, 
611 McDowell Pl., Elmira, N. Y. 

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

Emporium (4)—H. V. Kalmer, Jr., 150 Elm-
wood Ctr., Emporium, Pa.; \V. H. Her-
bert, Sylvania Elec. Prods., Inc., Em-
porium, Pa. 

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

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

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

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

Fort Wayne (5)—T. Major, 5355 Meadow-
brook Dr., Fort \Vayne, bud.; C. F. 
Mason, 15194 Crescent Ave., Fort \Vayne, 
hid. 

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

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

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

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

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

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

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

Avionics Facility, 21 St. & Arlington Ave., 
Indianapolis 18, 111(1.; C. E. David, 6110 
E. 21 St., Indianapolis 18, hid. 

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

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

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

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

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

London (8)—J. A. Fulford, Physics Dept., 
Univ. of \Vestern Ontario, London, Ont., 
Canada; D. Moore, R.R. 3, Dorchester, 
Ont., Canada. 

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

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

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

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

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

Milwaukee (5)—F. J. Loiy, 2258 S. 56 St., 
\Vest Allis 19, Wis.; I. D. I lorgan, 1530 
N. Longwood Ave., Elm Grove, \Vis. 

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

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

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

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

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

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

Northern New Jersey (2)—G. D. Hulst, 73 
\ t . Prospect Ave., Verona, N. J.; .1. G. 

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

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

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

Omaha-Lincoln (5)—R. H. Rails, 5835 
William St., Omaha 6, Neb.; R. A. Strat-
bucker, University of Nebraska, College 
of Medicine, 42 8z Dewey Ave., Omaha, 
Neb. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

HIGH CAPACITY STATIC INVERTERS WITH NO MOVING PARTS 

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

single or polyphase power output. They have no moving parts. There is nothing 
that can get out of adjustment. Electrical characteristics are: High Capacity-
150 to 4,000 volt-amperes. High Efficiency-65 to 90% depending on power and 
control (precision and regulation) required. Accurate Phase Angle Control—to 

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

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

DELCO 
PIONEERING PRECISION PRODUCTS T.-1ROUGH SOLID STATE PHYSICS RADIO 

DiviSi011 of General Motors • 1st INiliana 
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Lane Dr., San Diego, Calif.; E. W. Carl-
son, 2260 Clove St., San Diego 6, Calif. 

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

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

Seattle (7)—L. C. Perkins, Box 307, Des 
Moines, Wash.; H. H. Judson, Jr., 2006 
14 Ave., N., Seattle 2, Wash. 

Shreveport (6)—L. Hurley, 2736 Rose-
mont, Shreveport, La.; E. J. Culling, 3252 
Sarah St., Bossier City, La. 

South Bend-Mishawaka (5)—P. G. Cox, 
R.R.2, 10251 Harrison Rd., Osceola, Ind.; 
El L. Crosby, Jr., 400 S. Beiger St., 
Mishawaka, Ind. 

South Carolina (3)—W. R. Boehm, Charles-
ton Naval Shipyard, U. S. Naval Base, 
Code 210, Charleston, S. C.; H. L. Hunter, 
49 Fort Dr., Rte. 6, N. Charleston, S. C. 

Southern Alberta (8)—R. \V. H. Lamb, 
Radio Sta. CFCN, 12th Ave. & 6th St. E., 
Calgary, Alta., Canada; J. D. Moore, 
Dept. of Transport, 404 Public Bldg., Cal-
gary, Alta., Canada. 

Syracuse (1)—Donald E. Maxwell, 117 

Buffington Rd., Syracuse 10, N. Y.; R. E. 
Gildersleeve, 110 S. Burdick St., Fayette-
ville, N. Y. 

Tokyo—I. Koga, 254 8-Chome, Kami-
Meguro, Tokyo, Japan; F. Minozuma, 16 
Ohara-Machi, Meguro-Ku, Tokyo, Japan. 

Toledo (4)—K. P. Herrick, 2516 Fulton St., 
Toledo 10, Ohio; R. B. Williams, Jr., 5945 
Summit St., Sylvania, Ohio. 

Toronto (8)—R. J. A. Turner, 66 Gage Ave., 
Scarborough, Ont., Canada; G. T. Quig-
ley, Philips Industries Ltd., Vanderhoof 
Ave., Leaside, Toronto 17, Ont., Canada. 

Tucson (7)—A. M. Creighton, Jr., RCA 
Surface Comm. Systems, 2720 E. Broad-
way, Tucson, Ariz.; Ernest L. Morrison, 
Jr., 4557 E. Eastland St., Tucson, Ariz. 

Tulsa (6)—Robert Broding, 2820 E. 39th, 
Tulsa, Okla.; P. M. Ferguson, 1133 N. 
Lewis, Tulsa, 10, Okla. 

Twin Cities (5)—S. W. Schulz, 3132 Fourth 
St., S.E., Minneapolis 14, Minn.; H. D. 
Shekels, 1942 Beechwood, St. Paul 16, 
Minn. 

Vancouver (8)—T. G. Lynch, 739 Edgewood 
Rd., North Vancouver, B. C., Canada; 
H. A. Hoyles, 1846 Beaulynn Pl., West-
lynn Park, North Vancouver, B. C., 
Canada. 

Virginia (3)—Orville R. Harris, 908 Rosser 

Lane, Charlottesville, Va.; Warren L. 
Braun, 901 "C" St., Harrisonburg, Va. 

Washington (3)—J. E. Durkovic, 10316 
Colesville Rd., Silver Spring, Md.; Ben S 
Melton, 3921 Mayfair Lane, Alexandria, 
Va. 

Western Massachusetts (1)—A. K. Hooks, 
Sprague Electric Co., Union St., North 
Adams, Mass.; J. J. Allen, 29 Sunnyside 
Dr., Dalton, Mass. 

Western Michigan (4)—F. E. Castenholz, 
Police Headquarters, Jefferson & Walton 
Sta., Muskegon, Mich.; J. F. Giardina, 
1528 Ball, N.E., R. 4, Grand Rapids 5, 
Mich. 

Wichita (6)—J. W. D. Brown, 808 Go-
verneour Road, Wichita, Kans.; R. F. 
Knowlton, 1200 North Derby, Derby, 
Kans. 

Williamsport (4)—N. C. Peterson, Sylvania 
Electric Products Inc., Special Tube 
Operations, 1891 E. Third St., Williams-
port, Pa.; W. H. Watson, Sylvania Elec-
tric Products Inc., Special Tube Opera-
tions, 1891 E. Third St., Williamsport Pa. 

Winnipeg (8)—R. A. Johnson, Dept. of Elec-
trical Engrg., The Univ. of Manitoba, 
Winnipeg, Man., Canada; H. T. Body, 
Siemens Bros. "Canada" Ltd., 419 Notre 
Dame Ave., Winnipeg 2, Man., Canada. 

Subsections  

Buenaventura (7)—J. E. Bossoletti, 2004 
South " K" St., Oxnard, Calif.; R. L. 
O'Bryan, 757 Devonshire Dr., Oxnard, 
Calif. 

Burlington (5)—P. D. Keser, Box 123, 
Burlington, Iowa; Cleo D. Cherryholines, 
2072 Highland, Burlington, Iowa. 

East Bay (7)—D. O. Pederson, Elec. Engrg. 
Dept., University of Calif., Berkeley 4, 
Calif.; Eugene A. Aas, 2684 Kennedy St., 
Livermore, Calif. 

Eastern North Carolina (3)—W. J. Barclay, 
Dept. of Elec. Engrg., North Carolina 
State College, Raleigh, N. C.; W. J. Speed, 
2718 E. Rothgeb Dr., Raleigh, N. C. 

Fairfield County (1)—J. M. Hollywood, 
Fairfield House, 50 Lafayette Pl., Green-
wich, Conn.; R. Townsend, 60 Du Bois 
St., Darien, Conn. 

Kitchener-Waterloo (8)—George J. Dufault, 
44 Ellis Crescent, North, Waterloo, Ont., 
Canada; C. L. Barsony, 169 Chapel St., 
Apt. 4, Kitchener, Ont., Canada. 

Lancaster (3)—F. S. Veith, 366 Arbor Rd., 
Lancaster, Pa.; J. Evans, 2109 Lyndell 
Dr., Lancaster, Pa. 

Las Cruces-White Sands Proving Ground 
(6)—H. Coleman, Box 1238, Las Cruces, 
N. Mex.; Secretary to be advised. 

Lehigh Valley (3)—Leslie G. McCracken, 
Jr., 1782 W. Union Blvd., Bethlehem, 
Pa.; Joseph H. Volk, 411 Grant St., 
Easton, Pa. 

Memphis (3)—Joseph J. Freymuth, 3205 
Guernsey Ave., Memphis 12, Tenn.; 
Brother I. John Haas, Christian Brothers 
College, Memphis 4, Tenn. 

Merrimack Valley (1)—P. N. Hambleton, 
382 Main St., Amesbury, Mass.; D. D. 
Sagaser, Bell Telephone Labs., 1600 
Osgood St., North Andover, Mass. 

Mid-Hudson (2)—R. R. Blessing, IBM 
Corp., Box 390, Dept. 569, Poughkeepsie, 
N. Y.; R. J. Domenico, IBM Research 
Lab., Poughkeepsie, N. Y. 

Monmouth (2)—C. A. Borgeson, 82 Garden 
Road, Little Silver, N. J.; Paul E. Griffith, 
557 Cedar Ave., West Long Branch, N. J. 

Nashville (3)—Paul E. Dicker, Dept. of 
Elec. Engrg., Vanderbilt University, 
Nashville, 5 Tenn.; R. L. Hucaby, 945 
Caldwell Lane, Nashville, 4, Tenn. 

New Hampshire (1)—W. J. Uhrich, 107 
Tones St., Nashua, N. H.; F. L. Striffier, 
Ponemah Hill Rd., R.F.D.2, Milford, N. H. 

Northern Vermont (1)—L. M. Bundy, 
R.F.D. 1, Shelburne, Vt.; D. M. Wheat-
ley, 14 Patrick St., South Burlington, Vt. 

Orange Belt (7)—G. D. Morehouse, 3703 
San Simeon Way, Riverside, Calif.; W. G. 
Collins, 958 Dudley, Pomona, Calif. 

Panama City (3)—C. E. Miller, Jr., 603 
Bunkers Cove Rd., Panama City, Fla.; 
Robert C. Lowry, 2342 Pretty Bayou Dr., 
Panama City, Fla. 

Pasadena (7)—H. L. Richter, Jr., 4800 Oak 
Grove Dr., Pasadena, Calif.; Bertin N. 

Posthill, 56 Suffolk Ave., Sierra Madre, 
Calif. 

Reading (3)—F. L. Rose, 42 Arlington St., 
Reading, Pa.; Harold S. Hauck, 216 
Jameson PI., Reading, Pa. 

Richland (7)—C. A. Ratcliffe, 1601 N. 
Harrison St., Kennewick, Wash.; P. 
Richard Kelly, 220 Delafield, Richland, 
Wash. 

San Fernando (7)—R. A. Lamm, 15573 
Briarwood Dr., Sherman Oaks, Calif.; 
Jack D. Wills, 6606 Lindley Ave., Reseda, 
Calif. 

Santa Ana (7)—T. W. Jarmie, 12345 Cinna-
bar Rd., Santa Ana, Calif.; R. F. Geiger, 
Aeronutronic, A Div. of Ford Motor Co., 
Ford Rd., Newport Beach, Calif. 

Santa Barbara (7)—C. P. Hedges, 316 Cole-
man Ave., Santa Barbara, Calif.; J. A. 
Moseley, 4532 Via Huerto, Santa Barbara, 
Calif. 

South Western Ontario (8)—W. A. Ruse, 
Bell Telephone Co., 1149 Goyeau St., 
Windsor, Ont., Canada; G. L. Virtue, 959 
Rankin Blvd. Windsor, Ont., Canada. 

Westchester County (2)—M. J. Lichten-
stein, 52 Sprain Valley Rd., Scarsdale, 
N. Y.; Martin Ziserman, 121 Westmore-
land Ave., White Plains, N. Y. 

Western North Carolina (3)—L. L. Caudle, 
Jr., Box 2536, 1925 N. Tryon St., Char-
lotte, N. C., John I. Barron, Southern Bell 
T. & T. Co., Box 240, Charlotte, N. C. 
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Convert 
Invert - AA, 
Changer\AA/wm 
Daven solves your solid-state power supply problems! 

Take advantage of Daven's experience in designing extremely compact, light-weight, high temperature 

units, which can withstand the most severe altitude, shock, and vibration environments. Let us engineer 

solid-state supplies for your missile-borne, airborne, shipborne, underwater or ground support equipment. 

Converters 

• DC input voltage from 6 volts to 230 volts 
• DC output voltage from 1 volt to 15 kilovolts 

• DC output current from microamperes to 100 
amps 

• Dynamic regulation, ripple, stability as required 

Inverters 

• DC input voltage from 6 volts to 230 volts 

• AC output from 20 VA to 2500 VA 

• 60 400-800-1600-2000 cycles per second 

• One, two or three phase, any voltage level 

• Voltage and frequency regulation 0.1% to 
10% as required 

• Output waveform — sine or square wave 

THEDAVEN"-

Frequency Changers 
• 20 VA to 2500 VA 

• Change to or from any of these frequencies: 
60-400-800 — 1600-2000 cycles per second 

• Voltage and frequency regulation 0.1% to 10% 
as required 

W-ite for complete information, including your 
application and requirement data. 

LIVINGSTON, NEW JERSEY 

TODAY, MORE THAN EVER, THE DAVEN STANDS FOR DEPENDABILITY 



NEWS 
New Products 

New Cathode 
Ray Tubes 

Three years of research & development 
in the laboratories of Thomas Electronics 
Inc:, Passaic, N. J., have resulted in a new 
technique in the manufacture of industrial-
military cathode ray tubes used in instru-
ment and radar applications. The develop-
ment, involving new processes, techniques 
and materials, permits the aluminizing of 
cathode ray tubes operating with anode 
potentials of as low as 2 kilovolts. Previ-
ously tubes were aluminized only at high 
voltages greater than 5 to 6 kilovolts. 

Aluminized cathode ray tubes offer 
many advantages, one of which is a sub-
stantial increase in the screen brightness. 
Brightness can now be augmented by as 
much as 90% in low voltage cathode ray 
tubes, resulting in an increase in the writ-
ing rate, which is especially desirable in 
photographic and visual applications. 
Alternatively, the increase in brightnesss 
permits a reduction in the beam current 
for the average display which results in a 
consequent reduction in line width and 
better overall resolution. 

When the faceplate of an ordinary 
cathode ray tube is touched with the hand, 
the effect may be an impairment of the re-
solution of the display, or the display may 
shift its position. These adverse effects are 
eliminated with an aluminized screen, 
since its overall screen potential is made 
uniform by the conductivity of the alu-
minum layer. 

Another advantage is the elimination of 
cathode glow and the back reflection of 
light from the walls of an aluminized cath-
ode ray tube resulting in a marked im-
provement in contrast for photographic 
and visual applications. Other improve-
ments include the reduction or elimination 
of ion burns for magnetic deflection types 
and significantly longer overall tube life 
and reliability. 

The aluminizing development can be 
incorporated into the manufacture of all 
existing JEDEC cathode ray tubes operat-
ing in the range between 2 to 8 kilovolts. 
Prototypes of the 5ADP- and 5AQP-types 
will be made available shortly. 

The first user of one of the low-voltage 
aluminized tubes is Analab Instrument 
Corp. which has worked jointly with 
Thomas in setting the specifications and 
has been evaluating performance of proto-
types for oscilloscope applications. 

In addition to oscilloscope applica-
tions, the tubes are suited for radar dis-
plays and any other display systems re-
quiring the ultimate in light output and 
screen stability. 

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

Pulse Transformers 
And Reactors 

Custom engineered pulse transformers 
and their associated charging reactors are 
now available from Manson Laboratories, 
P. 0. Box 1214, Stamford, Conn. Pulsed 
viewing transformers, mono-and bililar 
types, and transformers for magnetron 
and klystron applications can be produced 
in quantity for circuits rated up to 250 kv. 
Illustrated in photo are two examples of 
this custom engineering: On the left a 
bifilar pulse transformer with recessed 
bellows providing a wide temperature tol-
erance, 30 kv rated output, step up ratio 
1:5, the Bililar Secondary supplies a inag-
netron with 3 amperes heater current. On 
the right; a charging reactor (4.5 henry), 
high "Q," linear over a wide dc current 
range, insulated for operation at 10 kv de 
supply voltage. All components will ineet 
applicable MIL specs when required. 

Inquiries regarding special applications 
and specifications are invited. Brochure 
#XFR260 and data application forms are 
available upon request. 

CGS Laboratories Now 
Trak Electronics 

Elton T. Barrett, president, CGS Lab-
oratories, Inc., Wilton, Conn., announces 
that henceforth the company will carry on 
operations tinder the name of Trak Elec-
tronics Co. The corporate name remains 
unchanged for the present, and the busi-
ness will be conducted under the name 
Trak Electronics Co., Division of CGS 
Laboratories, Inc. 

In announcing the change, Mr. Bar-
rett said: "The principal reasons for the 
change are the adoption of a name by an-
other company similar to our corporate 
naine, a desire to avoid the limitations 
implied by the word 'Laboratories,' and to 
facilitate promotion to the trade mark 
'TRAK,' which already has acceptance in 
the trade." 

Radar Beacon 
Telerad Manufacturing Corp., 1440 

Broadway, New York 18, N. V., announces 
a new, compact radar beacon MODEL 
SRT-3081. The outstanding features of 
this beacon are: 

Environmental conditions—Tempera-
ture: - 54°C to + 125°C. Vibration: 10 to 
100 cps ai 25 G. Acceleration: 50 G. Alti-
tude: 60,000 ft. Shock: 15 G. 

Receiver—Frequency range: 2750-
2950 inc. Bandwidth: 6-12 nie at 3 db 
points 35 tac maximum at 40 db down. 

Triggering sensitivity: - 41 db (min.). 
Interrogation: Single or double pulse. Fre-
quency stability: + 2 inc. Size 1 .1"X2" 
X5r. 

Transmitter—Frequency range: 2750-
2950 inc. Frequency stability: + 2 me. 
Pulse power: 100 watts pail: (min.) Pulse 
repetition rate: 2000 pp. Pulse width: 
0.65 + 0.05 microsecond. Delay: 1.5 micro-
seconds. Range jitter: 0.1 microsecond. 
Size: 2"X3rX7e6". Weight: 3.45 lbs. 
Power supplies available on special order. 

For more detailed information on this 
beacon and other Telerad products that 
embrace the L. S, C, X and N hands, write 
to the firm. 

Connector Catalog 
Automatic Metal Products Corp., 323 

Berry St., 13rooklyn 11, N. Y., has pub-
lished a radio frequency connector guide 
and technical manual. 

Over two years of extensive research, 
development and preparation has gone 
into the production of this coaxial con-
nector volume. 

In addition to the connector illustra-
tions, diagrams, and numerical designa-
tions, this volume will contain technical 
information on the use of connectors, a 
comprehensive section devoted to coaxial 
cables, and complete cable assembly in-
structions for all connectors listed. An 
additional section devoted to Automatic's 
coaxial relays and switches is also in-
chided. 

Further information may be obtained 
by writing to the firm. 

(Cottinucci ii,, page 192A) 
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Creative Microwave Technology 

Published by MICROWAVE AND POWER TUBE DIVISION, RAYTHEON COMPANY, WALTHAM 54, MASS., Vol. 1, No. 9 

NEW RAYTHEON MAGNETRONS FOR A WIDE RANGE OF APPLICATIONS 

Designed for C-band systems  
requiring tunability, the 
RK-7156 magnetron has a min-
imum peak power output rat-
ing of 250 kilowatts over a 
frequency range of 5,450 to 
5,825 megacycles. Applica-
tions include a flight-
tested, revolutionary air-
borne weather radar system. 
The RK-7156 is in quantity 
production. 

* * 

X-band magnetron for air-
borne search radar provides 
one megawatt minimum peak 
power and 875 watts average 

power within a frequency 
range of 9,340 to 9,440 Mc. 
Designated QK-624, this 
pulsed-type tube is liquid 
cooled and should give at 
least 1,000 hours of reli-
able service. 

* * * 

For ground-based and air-
borne radar systems, the RK-
7529 magnetron provides a 
2.0 microsecond pulse of 3.5 
megawatts minimum peak power 
over 2,700 to 2,850 Mc. This 
liquid-cooled tube is in-
terchangeable with other 
fixed- frequency S- band 
tubes operating at similar 
power levels. 

RK -7529 

* * * 

A one kilowatt beaconmagne-
tron the RK-7578 weighs 
only 14 ozs., yet will with-
stand vibrations of 15 G's 
at 20 to 2,000 cycles and 
shock up to 100 G's. It is 

A Leader in Creative Microwave Technology 

mechanically tunable and 
covers the 5,400 to 5,900 
Mc range. 

* * * 

Developed to withstand ex-
treme environmental condi-
tions, the RK-7449 magne-
tron is a lightweight, com-
pact tube with a minimum peak 
power output of 45 kilowatts 
at the operating frequency 
of 24 kmc. The RK-7449 is 
required to withstand re-

peated shocks of 50G. Stable 
operation is guaranteed at 
vibration frequencies up to 
2,000 c.p.s. with 30G ap-
plied. 
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MARCONI 
INSTRUMENTS 
for Precise Measurement 

LOW CAPACITANCE BRIDGE 
Model 1342 
• Capacitance range: 0.002 u,‘F' to 1,111gmF,± 0.2% accuracy. 
• Shunt-resistance range: 1 to 1,000 MQ. 
• Suitable for in-situ measurements. 
• Decade switching and readout. 
• Independent indication of resistive component. 

Capacitances down to 0.002 ,4‘F can be measured with 
speed and precision by means of this three-terminal trans-
former ratio-arm bridge. Its exceptional discrimination and 
stability make it suitable for such applications as the meas-
urement of the temperature coefficient of capacitors or 
changes in tube interelectrode capacitance. The bridge 
measures the capacitance between any two terminals of 
a 3-terminal network and is virtually unaffected by the 
impedance between either of these terminals and the 
third point. Connection to the component under test can be 
made via long leads without affecting measurement accuracy. 
Remote or wired- in components can be measured in-situ 
without the need to disconnect associated circuits. 

20- MC SWEEP GENERATOR 
Model 1099 

Can be used in conjunction with any oscilloscope for direct 
display of video response characteristics up to 20 MC. 
Frequency is indicated by crystal-controlled marker pips, 
and a special circuit provides for differential amplitude 
measurements, enabling relative response to be determined 
with a discrimination better than 0.0IdB. Frequency Swept 
Output: Frequency Range: Lower limit 100 kc, Upper 
limit 20 MC. Output level: Continuously variable from 
0.3 to 3 volts. Output Impedance: 75Q. Time Base: 
Repetition Rate: 50 to 60 cps. Output for c.r.o. X deflec-
tion: 250 volts. Frequency Markers: At 1 MC intervals; 

every fifth pip dis-
tinctive and crystal 
controlled. 

ejl 

SHORT-FORM CATALOG OF MARCONI INSTRUMENTS 
Keeps you up to date. Facilitates the rapid identification of the 
Marconi instrument most suitable for a prescribed purpose. More 
detailed information freely available. 
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Marconi Instruments wide range 

of test equipment covers VLF 

to EHF. The latest short-form 

Catalog is now freely available. 

Model 1064A 2 for MOBILE RADIO 

This FM Signal Generator provides RF outputs of 30 
to 50,118 to 185, and 450 to 470 MC, with FM at one 

fixed deviation and 0-15 kc variable: IF crystal outputs 

at five spot frequencies, (\tak not supplied) and also an 

AF output. High frequency stability, quick warm up 
and accurate FM hase been obtained by use of modern 

semi-conductor components. FM is produced by a 
varactor and the power supply is transistor stabilized 

with zener diode reference. 

MARCONI INSTRUMENTS 

Designers and Manufacturers of 

AM & FM SIGNAL GENERA TORS 

AUDIO & VIDEO OSCILLATORS 

FREQUENCY METERS • VOLTMETERS 

PO WER METERS • DIS TORTION ME TERS 

PELL:, STRENGTH ME TÉRs 

TRANSMISSION MON/TORS 

DEVIATION METERS • OSCILLOSCOPES 

SPEC TRUM & RESPONSE ANALYZERS 

Q METERS & BRIDGES 

Q METER 
Model 1245 

Here for the first time is a 
single Q Meter covering 
the range AF to VHF. 
Frequency Range: 1 kc to 300 
MC. Measures Q : 5 to 1,000: 
accuracy 5% at 100 MC. 
Q Multiplier: x0.9 to x2. 
Delta Q: 25-0-25. Test Circuits: 
separate LF and HF test circuits 
have ranges of 1 kc to 50 MC 
and 20 to 300 MC. Capacitance 
Range: 7.5 to 110 muF with I-0-1 
timF incremental, for either tes! 
circuit; 20 to 500 mi.‘F for LF test 
circuit. Shunt Loss: 12 MQ at 1 
MC,0.3 MO at 100 MC. External 
Oscillators: Model 1247, 20 to 
300 MC. Model 1246, 40 kc to 
50 MC. Model 1101, 20 cps to 
200 kc. 

Ill CEDAR LANE • ENGLEWOOD • NEW JERSEY 
Telephone: LO well 7-0607 

CANADA: CANADIAN MARCONI CO • MARCONI BUILDING • 2442 TRENTON AVE • MONTREAL 16 
MARCONI INSTRUMENTS LTD • ST. ALBANS • HERTS • ENGLAND 

VA 
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SPECIFICATIONS: 

200V 400 cps 3 phase 
200 CFM at 3/4" S.P. 
Weight: 3 lb. 8 oz. 
Ambient: 85 °C 
Life: 5000 hrs. 
Enviionmental MIL-E-54220 
Material MIL-E-5400B 
Class F Insulation 

Our Field Engineers will gladly assist you 
in your cooling problems 

Air-Marine motors and cooling units 

have been designed and tested to 

meet the specifications of both the 

military and industry. 

cuir • marine motors, inc. 
mAR,, 

369 Bayview Ave. 2221 Barry Ave. 
Amityville Los Angeles 
1.1., N.Y. 1. Si California 

in Canada AAE Limited, Weston, Ontario 

WRITE TODAY FOR OUR NEW CATALOG 

IRE People 
1111 1, 1111111111111111111[11111111111111111111111111111111111111111111111111111111111111111111111111i111111111111111111111111111111111Iiii1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111i111111111111i11111111111 

Wayne D. Brodd 54), has beets pro-
moted to the position of advisory engineer 
in the IBM 7070 Engineering Department 
of the IBM Product Development Labora-
tory at Poughkeepsie, N. Y., where he is 
engaged in the New Product Engineering 
effort on the 7070 Unit Record Equipment, 
and system coordination with Endicott 
and Rochester Engineering groups. 

He joined IBM in 1950 as a customer 
engineer trainee at Evanston, Ill. He was 
transferred to Poughkeepsie in 1953 as a 
technical engineer on the 702 input/output 
development and advanced to associate 
engineer in 1955 where he became engaged 
in work on the 774 Tape Data Selector. 
He attained the status of staff engineer 
its 1958, his position until his recent ad-
vancement. 

Mr. Brock' is a graduate of the Uni-
versity of Illinois, Urbana, in 1950 with 
the B.S.E.E. degree. 

Donald W. Burns ( A'56), has been 
inlvaiwed to t he position of technical 
assistant to Arthur J. Hatch, vice presi-
dent and general 
manager of St rom-
›erg-Carlson's Com-
mercial Products 
I ) ivision, according 
to an announce-
ment issued by Mr. 
I latch. St ri 

is a division 
of General I >ynam-
ics Corpora t ion. 

In this new posi-
tion Mr. Burns will 
he responsible for 
development and coordination of a variety 
of technical programs. Prior to this ap-
pointment he was chief engineer its the 
Commercial Products Division. 

Ile has beets with Stromberg-Carlson 
since 1954, whets he joined the firm as a 
staff engineer to the manager of quality 
control in the Radio and Television Di-
\ ision. Subsequently he served as an engi-
neer in the Research Division, as a senior 
design engineer in the Special Products 

;old as chief engineer of the Com-
mercial Products Group in the Special 
Products Division. Earlier he had beets a 
design development engineer with Syl-
vania Electric Products Corporation its 
lb itt,ilo. 

r. Burns attended the University of 
Buffalo and received the B.A. degree in 
mathematics from the University of 
Rochester. He is a member of the Roches-
ter Society for Quality Control, and is 
''hairman of the Committtee on Sound Ap-
paratus of the Electronic Industries Associ-
ation. 

D. A. BURNS 

Roy J. Sandstrom, Bendix Systems 
I)ivision, General Manager, has an-
11011111 .ed the appointment of James A. 
Burns (A'54) as Director of Long Range 
I lanning for the Bendix Systems Division. 
He will fill the position vacated by L. B. 
Young who recently became Assistant 
General Manager of the Division. Mr. 
Burns was formerly Head of Technical 
Planning under Mr. Young. 

As the new Director of Long Range 
Planning, he will direct the Technical 
Planning and Marketing activities of the 
division and will coordinate customer re-
quirements into the preliminary design 
studies as well as preparation and presen-
tation of proposals. He will also integrate 
the capabilities of other Bendix Divisions 
and potential subcontractors into major 
systems investigation. 

lie received the B.S. degree in electri-
cal engineering from the University of 
Michigan, Ann Arbor, in 1952, majoring 
in electronics. After graduation, he joined 
the Willow Ruts Laboratories of the Uni-
versity of Michigan Engineering Research 
Institute where he participated in the 
fields of analog computation, weapons 
systems design and analysis, air defense 
system design, communication equipment 
design and test, and battle area surveillance 
system and equipment design and analysis. 
During this period, he was Project Engi-
neer on systems design for low-altitude 
defense and other weapons systems work. 

In the field of battle area surveillance, 
he served from 1953 to 1957 its various 
capacities on Project Michigan, a triser-
vice program to improve the iiitelligelice 
gathering capabilities of the service. Ile 
was engaged primarily in radar system 
design and analysis, particularly its the 
field of MTI and the processing and dis-
play of radar data. He performed a survey 
of all existing or development radar equip-
ment to establish its application to battle 
area surveillance. In addition, he per-
formed detailed evaluation and test of 
several specific radar systems; particularly 
those employing MT!. 

In addition to his work ill radar, he 
also participated in the establishment of 
requirements for battle area surveillance 
systems, including evaluation and test, 
using television, microwaves, infra rol, 
acoustics, and optical devices as well as 
navigational subsystems of both the 
ground-based and self-contained types. 
In this connection, he performed system 
design involving sensory devices, data 
processing and display techniques, and 
communications. He also participated in 
the test of battle area surveillance and 
intelligence processing equipment in large-
scale Army maneuvers. He was a consult-
ant to the Bendix Systems Division on 
air defense and air traffic control prob-
lems its 1956. and joined Bendix its Janu-
ary, 1957. 

(Canbahed an page .50A) 
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SPACE AGE TV— 

WITH EIMAC 

CERAMIC TUBES 

Lockheed's new miniature TV 

transmitter and camera have 

special significance for a space. 

curious world. They may one 

day help unravel some of the 

mysteries of the unknown as 

they soar through the outer 

reaches of space in a sophisti-

cated sattelite. 

At the heart of the tiny trans-

mitter is an Eimac ceramic let-

rode, the 4CX300A. Eimac 

ceramic tubes can take tough 

assignments like this in their 

,tride, with performance "ex-

tras" that mean outstanding 

reliability. 

Eimac advanced ceramic de-

sign makes possible a compact 

tube capable of maintaniing ex-

ceptional stability. Even under 

conditions of severe shock, vi-

bration and accelerations up to 

20g at frequencies from 20 to 

2000 cycles per second no tube 

damage will result. Rugged, re-

liable power in a small package. 

EITIEL-McCULLOUGH, INC. • San Carlos. Californ4a 

Today, over 40 ceramic tube 

types pioneered by Eimac en-

gineering and research are 

available for use under adverse 

conditions. Whenever you have 

an application that requires 

compact tubes that can take it, 

investigate the many advantages 

of Eimac advanced ceramic-

metal construction. 

PROCEEDINGS" OF THE IRE May, IS 60 
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New TI high- efficiency emitter 
gives you high beta 

germanium power transistors! 

Now minimum and max-
imum betas are guaran-
teed from 20 to 60 at the 
maximum current rating 

of lc = 25 amps in new TI 2N514 series tran-
sistors. New high efficiency emitter makes pos-
sible greatly improved specifications for TI 
2N456, 2N511, 2N512, 2N513, 2N514, and 
2N1021 series alloy-junction germanium power 
transistors. 

60 

40 

20 

o 

2N456- SERIES hFE vs lc 

II 
MAX 

I 

hiE 

I 
GUARANTEED 

I 
I 

GUARANTEEDN BETA SPREAD -1-- TEST 
1 

CONDITIONS 
v cE 
TA 
- -1 

25 
5v 
C GUA 
I # 

-3 -5 

COLLECTOR CURRENT I c IN AMPERES 

-7 

TI gives you design leadership in quality germanium power transistors 

INCREASED BETA 
THROUGH HIGH-EFFICIENCY EMITTER 

Emitter efficiency can be improved by increasing 
the ratio of resistivities between the emitter and 
base region. For example, when a 10 ohm-, 
centimeter resistivity germanium wafer is used 
as the base material, it is advantageous to have 
less than a . 01 ohm-centimeter resistivity emitter 
regrowth region. Since initial doping of the 
germanium crystal establishes base resistivity, 
the ratio can be changed only by varying the 
emitter material. TI utilizes an emitter material 
that results in a lower emitter resistivity and an 
increased emitter efficiency, plus providing the 
higher beta at high currents. 

TEXAS 

Optimum reliability for all TI germanium 

power transistors is assured by ... 100% 

testing ... 100% temperature cycling ... 

100% hermetic seal testing ... continuous 

and intensive quality assurance program. 

Write on your company letterhead for 

germanium power transistor specifications. 

GERMANIUM 

POWER SWITCHING/DEFLECTION CIRCUIT 

TRANSISTORS 

INSTRUMENTS 
INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 

POST OFFICE BOX 312 • DALLAS. TEXAS 



MANIUM POWER TRANSISTORS 

1
 New high current 2N1046-A-B give you 

high frequency/dissipation/voltage 
with high beta! 

New TI 2N1046B 
germanium power 
transistors give you 
10 amp Ic with 

typical 18 mc f T* . . . 130 volt BVcB0 • • - 
guaranteed beta of 10 at 10 amp Ic . . . 30 
watt dissipation .. high frequency, high cur-
rent operating characteristics. The 2N1046 
series alloy-diffused P-N-P transistors provides 
maximum reliability for your core driving, 
hi-fi amplification, and other high frequency 
power applications. 

T* Frequency at which common emitter current gain of 

the device is unity. 

2N1046 B hFE vs le 

50 

TEST CONDITIONS: 
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ce 
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Call on your nearest TI distributor or sales office for immediate 
delivery of TI germanium power transistors including the 1- amp 
2N1038 series and the 3-amp 2N1042 series power transistors. 

I TI GERMANIUM POWER TRANSISTOR CHARACTERISTICS AT .2-5°C -1 
I 

I 

I Type 

Dissipation 
at 25°C 
watts 

Collector r 
to B 

Voltage-v 
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to Emitter 
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BVCE0 
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Voltage-v 
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BVEBO 
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M. lc 

min max 

Collector 
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'co 
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ma v 
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I ZN456A 50 -40 -20 -20 -7 30 (tr Sa so —o.5 -20 0.040 ML 5a 430 
2N457A 50 -60 -30 -20 -1 30 re 5a 90 -0.5 -30 0.040 M 5a 430 Im 
2N458A so —so -40 -20 -7 30 (e. 5a 90 -O. 5 -40 0.040 e 5a 430 kc 
2N1021 50 -100 —so -20 -1 30 «I 5a 90 -0.5 -50 0.040 (e. 5a 430 ke 
2N1022 50 -120 -50 -20 -7 30 q! 5a 90 -O. 5 -60 0.040 01 5a 430 kc 
2N5Il 80 -40 -20 -30 -25 20 re 10a 60 -2 -20 0.025 M. 10a 260 kc 
2N5)1A 80 -60 -30 -30 -25 20 @ 10a 60 -2 -30 0.025 M 10a 260 kc 
2N51113 80 -80 -40 -30 -25 20 «I, 10a 60 -2 -40 0.025 M 10a 260 kc 
2N512 80 -40 -20 -30 -25 20 re 15a 60 -2 -20 0.033 M; 15a 280 kc 
21012A 80 -60 -30 -30 -25 20 (ri 15a 60 -2 -30 0.033 Ci 15a 280 kc 
2N512B 80 -80 -40 -30 -25 20 M 15a 60 -2 -40 0.033 (u 15a 280 kc 
2N513 80 -40 -20 -30 -25 20 (il 20a 60 -2 -20 0.038 (o 20a 300 kc 
2N513A 80 -60 -30 -30 -25 20 re 20a 60 -2 -30 0.038 «, 20a 300 kc 
2N5130 ao —ao -40 -30 -25 20 «, 20a 60 -2 -40 0.038 M. 20a 300 kc 
2N514 80 -40 -20 -30 -25 20 (e 25a 60 -2 -20 0.040 @ 25a 350 kc 
2N514A 80 -60 -30 -30 -25 20 eï 25a 60 -2 -30 0.040 er 25a 350 kc 
2N514B 80 -80 -40 -30 -25 20 M 25a 60 -2 -40 0.040 Ci 25a 350 kc 
2N1038 20 -40 -30 -20 -3 20 er la 60 -I25µa -20 0.150 M la 8.0 kc fr‘e min 2N1039 20 -60 -40 -20 -3 20 M la 60 -I25pa -30 0.150 re, la BA kC Le min 2N1040 20 -80 -30 -20 —3 20 @ la 60 -125a -40 0.150 (4 la 8.0 kc fae min 
2N1041 20 -100 -60 -£0 -3 20 «, la 60 -125pa -11 (z. la ), 8.0 kc fa min 
2N1042 20 -40 -30- -20 -3 20 M 3a 60 -125ma - 

ii.. 8 Ja a 
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-50 -20 —3 20 M 3a 60 -1254 -40 0.162 (q. 3a 8.0 kc tr min 
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8.0 kc fae min 
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NOT 
NEW, 
but 

... proved by millions in use over several years! 

IERC TR type Heat-dissipating Electron Tube Shields are 

still the only effective heat- dissipating tube shield 

designed for retrofitting equipment having JAN bases. 

Present TR's are unchanged from the original version 

introduced — and over the years, nothing has equalled 

their cooling and retention qualities. The greatly extended 

tube life and reliability provided by IERC TR's is 

acknowledged by the entire industry. 

IERC's TR's have been right for the job— right from the 

start. For immediate, increased tube life and reliability— 

retrofit now with IERC TR Shields. 

Free IERC Tube Shield 
Guide, listing TR Shields, 
is available by writing 
Dept. TR for your copy. 

International Electronic Research Corporation 
145 West Magnolia Boulevard, Burbank, California 

(Continued from page 4aA) 

Mr. Burns is a member of Tau Beta l'i, 
Eta Kappa Nu, Sigma Xi and Phi Kappa 
Phi. He has authored several classified 
publications and technical articles in the 
electronics field. 

Jack G. Anderson (A'56) has been ap-
pointed vice president for government re-
lations at Stromberg-Carlson, Vice Presi-
dent and General 
Manager Allan R. 
Shilts has an-
nounced. Strom-
berg-Carlson is a 
division of General 
Dynamics Corpora-
tion. 

Mr. Anderson 
comes to Strom-
berg-Carlson from 
loff man Elect nm-

ics Corporation of 
Los Angeles, where 
he was vice president for marketing. He 
had been with Hoffman since 1954, first 
as manager of Air Force operations and 
later as director of military marketing. 

Front 1942 to 1954 he served with the 
U. S. Air Force in many assignments 
throughout the United States, Europe, 
Africa and the Pacific. He was a major 
when discharged. 

Mr. Anderson attended the University 
of Louisville and received the B.S. degree 
from the USAF Institute of Technology 
in Dayton, Ohio. 

He is a past president of the Dayton 
Wright Chapter of the Armed Forces ('om-
munications and Electronics Association 
and is a member of many other organiza-
tions, including the American Rocket 
Society, lust it ute of Aeronautical Sciences, 
Air Force Association, Air Traffic Gmtrol 
Association, American Ordnatice Ass.wia-
tion, Association of the U. S. Army, and 
the Navy League. 

J. G. ANDERsos 

Ralph J. Bahnsen (S'54-A'55-NI'59), 
has been promoted to the position of ad-
visor). engineer in the Systems Engineering 
Department of Advanced Computational 
Systems at the IBM Product Development 
Laboratory in Poughkeepsie, N. Y. He 
is in charge of analysis work on an ad-
vanced Data Processing System. 

He joined the company in June, 1954 
as a technical engineer working on the 702 
Computer. He was transferred to Kingston 
in 1955 and returned to Poughkeepsie in 
1956, attaining the status of associate 
engineer. He was engaged in the 738 mem-
ory and logical design of an advanced 
data processing system. He became a staff 
engineer in 1958, his position until his 
recent promotion. 

Mr. Bahnsen attended Queens College 
and received the B.E.E. degree front the 
College of the City of New York in 1954. 

Dr. Nicholas A. Begovich (S'41-A'48-
M'58), has been appointed assistant man-

(Continued on page 54A) 
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LEVITE 
TRANSISTOR 

WALTHAM, MASSACHUSETTS 



NEW! 

(CLEVIIT 

S 

ADVANCED DESIGN POWER TRANSISTORS FROM CLEVITE 

Three new lines of germanium power transistors by 
Clevite feature new advances in controlled gain spread, 
fully specified collector-to-emitter voltage characteristics 
and low current leakage - even at maximum voltages 
and high temperatures. 

The new 8 ampere switching series can be used to 
replace the older, more costly ring-emitter types in 3 to 8 
ampere service. 

The new 25 ampere switching type offers excep-
tionally low saturation voltage and is available with 
either pin terminals or solder lugs. 

The new Spacesarer design not only affords im-
portant savings in space and weight, but its significantly 
improved frequency response means higher audio fidelity, 
faster switching and better performance in regulated 

power supply applications. Its low base resistance gives 
lower input impedance for equal power gain and lower 
saturation resistance, resulting in lower "switched-on" 
voltage drop. Lower cut off current results in better tem-
perature stability in direct coupled circuits and a higher 
"switched-off" impedance. 

CLEVITE NOW OFFERS THESE COMPLETE LINES 

Switching Types 

5 ampere 

8 ampere 

15 ampere 

25 ampere 

3 ampere Spacesaver 

All Clevite germanium power transistors are designed 
for low thermal resistance, low base input voltage, low 
saturation voltage and superior current gain. 

Amplifier Types 

2 watt 

4 watt 

2 watt Spacesaver 

FOr 1111(11 (Ind prices or opplicoi ion ossisioore. write for Ifolleiio 60 . . . 

A DIVISION OF 

CLEVITE 
CORPORATION 

I'be!iahiIi I, io volume . . . 

CLEVITE TRANSISTOR 
254 Crescent Crescent Street Waltham 54, Mass. Tel: TWinbrook 4-9330 



ENGINEERING TEAMWORK IN SPACE EXPLORATION 

Engineers and scientists interested in 
a wide range of activities will appreciate 
the advanced nature of research and 
developmert projects under way at JPL. 
These projects include research, basic 
and apphied, in Electronics, Solid State 
Physics. Propulsion, Aerodynamics, 
Structures and Materials and the de-
sign, development and analysis of space 
probes and satellites. Individually re-
sponsible engineers and scientists work 
together as a thoroughly integrated 

team in accomplishing the complete 
objective. 

Programs involve guidance, telemet-
ering, data recording and reduction, 
instrumentation, structures, propul-
sion, materials, solid state physics, 
components, heat transfer problems 
and systems analysis and are constantly 
influenced by continuing JPL space 
exploration research providing individu-
als with challenging assignments in 
almost every phase of engineering and 

o 

science. Staff progress in diverse fields 
of activity is constantly being made. 

Pioneering in basic research, applied 
research and development engineering 
in space exploration proves to be a 
stimulating attraction for engineers and 
scientists with innate curiosity and 
intense interest in the future of space 
exploration. 

More men of this type are needed — 
if you believe you are qualified for the 
JPL team, send in your resume toCay. 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

JET PROPULSION LABORATORY 
A Resecrch Facility operated for the Motional Aeronautics and Space Administration 

PASADENA. CALIFORNIA 

Empioyment opportunities for Engineers and Scientivs interested in basic and applied research in these fields : 

COMMUNICATIONS • MICROWAVE • SERVOMECHANISMS • COMPUTERS • LIQUID AND SOLID PROPULSION 

• STRUCTURES • CHEMISTRY • INSTRUMENTATION • MATHEMATICS • AND SOLID STATE PHYSICS • 
Send professional resume, with full qualifications and experience, for our immediate ccnsideratiort 
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011 
G-20 8 G-21 MINIATURE 

ALL-GLASS 
HC-18/U TYPE 

CRYSTAL 
UNITS 

Possess all of the quality and dependability 
for which the McCoy line of metal encased 
crystal units is famous. 

Cie& tliese advantages: 

Excellent Long-Term 
Stability 

Minimum Aging 

Choice of Leads — 

Pins or Flexible Wire 

Maximum Resistance to 
Shock and Vibration 
30 vector G's from 20 
to 2000 cps — vibration 
100 G's — shock 

True Hermetic Seal 
Altitude is no problem 

Meets new CR-73/U 
and CR-74/U Specs 

Wide Range of 
Frequencies Available 
5000 KC to 
200,000 KC 

Extremely Small Size 

—f7 
.435 

H.530+4'l 

t_104 

.040" 

019 

  . 19 " 
Shown 
actual 
size. 

G-20—Wire leads - 11/2" or specify. 

G-21—Rigid pins - .040 dia. 1/4 " long. 

Pli 

Write today for our free illustrated catalog which includes 
complete listing of military specifications. For specific needs, 
write, wire or phone us. Our research section is anxious 
to assist you. 

ELECTRONICS CO. 
Dept. P-5 

MT. HOLLY SPRINGS, PA. 

Phone HUnter 6-3411 

(Continued from page 5aA) 

ager of Hughes Aircraft Company's 
Ground Systems 
Group, C. Harper 
Brubaker, vice presi-
dent and Group 
manager, has an-
nounced. 

Dr. Begovich, 
formerly director of 
engineering at the 
Hughes plant, also 
will serve as direc-
tor of product line 
operations. 

He developml 
the principle of radar frequency scanning 
which, as incorporated in I lughes' " Fres-
canar, - provides pinpoint t hree-dimensi((ie 
al information (range, lwaring and alti-
tude) using only one antenna, one trans-
mitter aml one receiver. Frescanar is the 
"eyes" of Missile Monitor, an advanced 
mobile air defense developed by Hughes 
for the U. S. Army. 

Joining I Iughes as a research physicist 
in 1948, he has also served as a consultant 
to the weapons system evaluation group 
for the Department of Defense, as a re-
search engineer for the War Metallurgy 
Committee and the \Var Production Board, 
and as an instructor in electrical engineer-
ing at California Institute of Technology. 

N. A. BF:Gm-to-I 

(Continned on page 56A) 

STANDING 
WAVE 
DETECTORS 

—exceptionally accurate 

You get the accuracy that results 
from perfect parallelism between 
slot and waveguide axis ... between 
probe travel and waveguide axis. 
Only 30 seconds needed to equip a 
D-B slotted line to measure adja-
cent frequency bands. Range: 5.8 
KMC to 140 KMC—covered by a 
minimum of units, to stretch your 
budget. Literature on request. 

BONARDI I 

DE MORNAY BONARDI 
780 SOUTH ARROYO PARKWAY • PASADENA, CALIF. 
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Distributed constant delay 
lines • Lumped- constant 
delay lines • Variable de-
lay networks • Continu-
ously variable delay lines 
• Pushbutton decade delay 
lines • Shift registers • 

Ed EXTRA 
Pulse transformers • Me-
dium and low-power trans-
formers • Filters of all 
types • Pulse-forming net-
works • Miniature plug-
in encapsulated circuit 
assemblies 

ESC DEVELOPS 
DELAY LINE WITH 

170 to 1 DELAY TIME/ 
RISE TIME RATIO 
Model 61-34 Perfected 

For Specialized 

Communications Application 

PALISADES PARK, N. J.—An entirely new 

Lumped-Constant Delay Line, with a proven 
170 to 1 delay time /rise time ratio, has been 
announced by the ESC Corporation, Palisades 
Park, N. J. The new delay line, known as 
Model 61-34, was specifically designed for a 
specialized communications application call-
ing for the exceptionally high delay time/rise 
time ratio. 

ESC, the world's leading manufacturer of 
custom built and stock delay lines, is already 
widely recognized in the electronics industry 
for its exceptional engineering advances. In 
October, 1958, ESC broke through an existing 
design barrier and produced a delay line with 
a 145 to 1 delay time/rise time ratio. It had 
been thought, prior to the announcement of 
the Model 61-34, that ESC had reached the 
ultimate in this type of delay line. 

SPECIFICATIONS OF NEW DELAY LINE 
MODEL 61-34 

Delay time/rise time ratio: 170/1 
Delay: 200 usec. 
Rise time: 1.16 usec. 
Attenuation: less than 2 db 
Frequency response: 3 db = 325 KC 
50 taps with an accuracy of -±0.2 usec. at 
each tap. 

Complete technical data on the new unit 
can be obtained by writing to 
ESC Corporation, 534 Bergen Boule-
vard, Palisades Park, New Jersey. 
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PROVEN RELIABILITY-
SOLID-STATE POWER INVERTERS 

over 260,000 logged hours— voltage-regulated, 
frequency-controlled, for missile, telemeter, ground-

support, 1350C all-silicon units available now— 

Interelectronics all-silicon thyratron-like gating elements and cubic-

grain toroidal magnetic components convert DC to any desired number 

of AC or DC outputs from 1 to 10,000 watts. 

Ultra-reliable in operation (over 260,000 logged hours), no moving 

parts, unharmed by shorting output or reversing input polarity. Wide 

input range ( 18 to 32 volts DC), high conversion efficiency ( to 92%, 

including voltage regulation by Interelectronics patented reflex high. 

efficiency magnetic amplifier circuitry). 

Light weight (to 6 watts/oz.), compact (to 8 watts/cu. in.), low 

ripple ( to 0.01 mv. p-p), excellent voltage regulation ( to 0.1%), precise 

frequency control ( to 0.2% with Interelectronics extreme environment 

magnetostrictive standards or to 0.0001% with fork or piezoelectric 

standards). 

Complies with MIL specs. for shock ( 100G 11 misc.), acceleration 

(100G 15 min.), vibration ( 100G 5 to 5,000 cps.), temperature (to 150 

degrees C), RF noise ( 1-26600). 

AC single and polyphase units supply sine waveform output (to 2% 

harmonics), will deliver up to ten times rated line current into a short 

circuit or actuate MIL type magnetic circuit breakers or fuses, will start 

gyros and motors with starting current surges up to ten times normal 

operating line current. 

Now in use in major missiles, powering telemeter transmitters, radar 

beacons, electronic equipment. Single and polyphase units now power 

airborne and marine missile gyros, synchros, servos, magnetic amplifiers. 

Interelectronics—first and most experienced in the solid-state power 
supply field produces its own all-silicon solid-state gating elements, all 

high flux density magnetic components, high temperature ultra-reliable 

film capacitors and components, has complete facilities and know how 

—has designed and delivered more working KVA than any other firm! 

For complete engineering data, write Interelectronics today, or call 

LUdlow 4-6200 in New York. 

INTERELECTRONICS CORPORATION 
2432 Grand Concourse, New York 58, N. Y. 

SEAL PROBLEMS? A CASE 

PROBLEM: 

NFRA! ILTC! RIC required 
development of a rugged. 
compact high current hermetrc 
seal CONTROLLED RECTIFIER 
housing constructed of ma-
tenais and processes to with-
stand temperatures above soft 
solder range- design involves 
5 seals to dissiinita r materials. 

IN POINT 

SOLUTION: 

Mechanical requirement die. 
taled use ot 3 metals: alb,. 
YA 52. OFHC and Gr "A" Ni. 
Braze material selected is 
above 1135°F so that SW, 
sequent brazing 
can be done withnut 
mental effect lane ,- • 
eliminate costly Pru ,., 

CERAMIC TO METAL ASSEMBLIES BY MITRONICS ARE: 

• More precise • More compact • More economical • more durable 

Why struggle with metallizing problems when Mitronics' 
complete engineering facilities are at your disposal. 

It it', phut. u fod hill, 11 , ,Nt11/11 1/111 ,111Illtle ,11 

rnitrObniC irlc• 
1292 Central Ave, Hillside N. J. WAv,', 6-225" 
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Dr. Begovich received the B.S., NI.S. 
and Ph.D. degrees front Called). Ile has 
published papers on high frequency 
vacuum tube theory, electro-magnetic 
radiation problems and radar detection 
theory. 

Carl W. Burrows, Jr., ( NU59 has 
been appointed director of headyldr:ers 
sales at Stromberg-Carl, it I ) i‘ 
General Dynamics 
Copora t ion, ac-
cording to an an-
nouncement by Al-
lan R. Shilts, vice 
president and gen-
eral manager of the 
division. 

Mr. Burrows 
comes to Strom-
berg-Carlson front 
Hoffman Electron-
ics Corporation 
where he was as-
sociated with the military products division 
as director of headquarters sales. Prior to 
this he was with the Bendix-Pacitic Divi-
sion of Bendix Aviation Corporation. 

From 1943 to 1955 he was on active 
duty with the Navy. For two and a half 
years during this time he served as an 
instructor at the U. S. Naval Postgraduate 
School, Monterey, Calif. in communica-
tions and anti-submarine warfare. He 
resigned from the Navy in 1955 as a lieu-
tenant commander. 

He attended Pasadena City College 
and was graduated from the U. S. Naval 
Academy at Annapolis, Md., in 1943. 
Ile is also a graduate of the communica-
tions course at the U. S. Naval Postgradu-
ate School, Annapolis. 

He is a member of the Institute of 
Aeronautical Sciences and the American 
Rocket Society. 

Solomon Charp (A'43—M'44—SIW50), 
has been appointed Manager of Navigation 
and Control Electronic Equipment for 
General Electric's Missile and Space 
Vehicle Department, Philadelphia, Pa. 

He is responsible for three basic func-
tions: investigation of complete navigation 
and control electronic systems; design and 
development of control components such 
as sensors and computers; and the design 
of electronic circuitry. 

He joined the company in July, 1959, 
as a Consultant in radiation and data 
comparison and electronic systems. For 
eleven years previous to that he was a 
member of the research stall. of The Frank-
lin Institute. 
A native of Jersey City, N. J., he 

attended public schools in Philadelphia. 
He graduated front the University of 
Pennsylvania, Philadelphia, in 1940 with 
the B.S. degree in Electrical Engineering 
and received the M.S. degree from that 
university in 1941. 

He was an instructor and research 
a-sociate at the University of Pennsyl-
ania for seven years previous to joining 

C. \V. BURROWS JR. 

56A 
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2N393 

DIRECT COUPLED TRANSISTOR LOGIC FLIP-FLOP 

TYPICAL SWITCHING TIMES: 1,.= 12 rn;asec. 4=15 emesec. 

PHILCO MAT* TRANSISTORS 
are UNIVERSALLY APPLICABLE 

To Ail Logic Circuits Up To 5mc 

0.5V 

OUTPUT I 

IK 

00.100 

22K 

21.353 

(26.100 26.100 

3V 

OUTPUT - 2 

06.100 

+3V i3V 

5 1J 11f E1 RESET 

2211 

DIODE COUPLED TRANSISTOR LOGIC FLIP-FLOP 

TY'ICA_ SV,ITCHING TIMES: tr=-20 nuet. tf=60 m;Lsec. 

• it medium frequency prices 

+1.5V 

PEST1 irr 

RESISTOR COUPLED TRANSISTOR LOGIC FLIP-FLOP 

TYPICAL SWI -CHING TIMES: 40 m,...sec. 4=110 né.sec. 

RESISTOR CAPACITOR COUPLED TRANSISTOR LOGIC BINARY STAGE 

TYPICAL SWJTCHING TIMES : 1,=- 33 meec. tf= 44 rnAsec. 

high frequency performance. 

The Philw 2N393 Micro Alloy Transistor 

(MAT) has proved its complete reliability 

in millions of operating hours in every type 

of computer logic circuit up to 5 mc. It 

combines all the advantages of high fre-

quency performance with low price. The 

2N393 is easily designed into any logic 

circuit and offers the designer these im-

portant advantages: 

Immediately availaWe in 
quantities 1-999 from your 
local Phi/ce Industrial Semi-
conductor Distributor.. 

• High beta • High VBE rating 
• Low saturation voltage • Low lc° 
• High speed • Low hole storage time 

When you can buy so much for so little . . . 
don't settle for less in your equipment. 

The 2N393 is also available in a military version . . . 
Mil 5-19500/77A (Sig.C.) 

Other Philco MATs to Meet Your Special Requirements: 
2N1122 . . . with 11 volt rating 
2N1122A . . . with 14 volt rating 
2N1427 . . . with additional parameter control 

For data sheets, write Department IR 560. 
'Reg. U.S. Pat. Off. 

PH 1 LCE) 
-egilette 6or .Qua4,9 e wrei 

LANSDALE DIVISION • LANSDALE, PENNSYLVANIA 



Measure fractions of a microvolt...approaching the Johnson noise limit... 
with Beckman DC Breaker Amplifiers. These high gain, low drift amplifiers 
are insensitive to vibrations, provide fast response and feed outputs directly 
to standard recorders. This means you can measure dc and low frequency ac 
voltages which were impossible or too tedious with devices like suspension 

galvanometers. A few applications include use with ultra-precision bridge cir-
cuits for measurement of differential thermocouples, nerve voltages,and other 
extremely low voltages. For detailed specifications write for Data File ¶ 1-5-11 

Beckman. 
Scientific and Process tutruments Division «?. 

*Note low noise level...less than .003 microvolt 

kte 

AIRCRAFT TYPE 
TERMINAL BOARDS 

New series of Molded Terminal 
Boards available in three basic 
types—AN, NAS and MS. Special 
compoundings, backing strips and 
hardware on request. 

Gen- Pro Aircraft Type Terminal 

Boards — soon available through 
distributors. Sales and service reps 

in key U.S. cities. Fast delivery. 

WRITE NOW FOR FURTHER DETAILS 

Beekman Instruntenta, !me. 

1500 Fullerton Road, Fullerton, CtlittilMilt 

ALL TYPES 

FROM ONE SOURCE 

Gen-Pro's expanded line enables 
you to order all types of Termi-

nal Boards from a single source; 

standard military, commercial, and 
others for special applications. 

GENERAL PRODUCTS CORPORATION 
Over 25 Years of Quality Molding 

UNION SPRINGS, NEW YORK TWX No. 169 

IRE People 

(Continued from page 56A) 

The Franklin Institute in 1948. 
He has conducted research in naval 

anti-aircraft fire control systems, electro-
mechanics, statistical-type analogue com-
puters, radar reflections, and radar guid-
tnce systems. 

Mr. Charp is a member of Tau Beta 
Pi, Pi Mu Epsilon, Sigma Xi, the Re-
search Society of America, and the MEE. 
He is a member of the Executive Board of 
the Philadelphia Section of the AIEE and 
serves as Treasurer, 1960 International 
Solid State Circuits Conference. 

L. Berkley Davis (SNP53), has been 
elected a vice-president of the General 
Electric Company. He is general manager 
of the ccmipany's 
electronic. compon-
ents division which 
is inside up princi-
pally of the Receiv-
ing Tube Depart-
ment (Owensboro, 
Ky., also site of 
division headquar-
ters): the Cathode 

Tube Depart-
tnen t (Syracuse, 
N. V.); the Power 
Tube Department 
(Schenectady, N. Y.); and the Semiccm-
ductor Products Department (Syracuse, 
N. Y.) 

He was born in Lewisport, Ky., Octo-
ber 27, 1911, and graduated from high 
school there. Ile attended the Engineering 
College of the University of Kentucky at 
Lexington, a member of the class of 1934. 

After starting work in 1934 as an 
engineer with the former Ken-Rad Tube 
astd Lamp Corporation in Owensboro, Ky., 
subsequent advancements placed him in 
charge of tube produis-lion engineering and 
brought hills the position of chief engineer 
for the Ken-Rad Transmitting Tube Cor-
poration. During World War Il he because 
plant manager of the Owensboro Trans-
mitting Tube operation. General Electric 
acquired the Ken-Rnd tube facilities on 
January 2, 1945, and near the end of that 
year Mr. Davis was made manager of the 
Owensboro operations. 

In December, 1949 he was appointed 
general manager of General Electric Re-
ceiving Tube operations, with headquar-
ters in Owensboro. He became general 
manager of the newly-created Electronic 
Components Division of the General Elec-
tric Company in June, 1956, and retains 
this position with his appointment as a 
vice-president of the company. 

L. B. DAvis 

Warren C. Foin (S'53—A'54), has been 
promoted to the position of development 
engineer in the 7080 Engineering Depart-
ment of Advanced Data Systems Develop-
usent at the IBM Product Development 
Laboratory in Poughkeepsie, N. Y. He is 
now project manager, responsible for the 
design of the 113M 7080 Data Processing 
System. 

(t 'on!joined on page (i0A) 
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SUBMINIATURE 

DISCAPS 

ES \E 
SPECIFICATIONS 

POWER FACTOR: 1.5e; Max. (i 1 KC 
(initial) 

WORKING VOLTAGE: 500 V.D.C. 

TEST VOLTAGE (FLASH): 1000 V.D.C. 

LEADS: No. 22 tinned copper (.026 dia.) 

INSULATION: Durez phenolic ( 1/8" max. on 
leads)—vacuum waxed 

STAMPING: RMC—Capacity—Z5U 

INITIAL LEAKAGE RESISTANCE: 
Guaranteed higher than 7500 megohms 

AFTER HUMIDITY LEAKAGE RE-
SISTANCE: Guaranteed higher than 1000 
megohms 

11 el RUT PRODUClç:eS 

RMC Type SM DISCAPS are designed for appli-

cations in compact radios, testing products, com-

munication equipment and other products where 

space is of prime importance. These DISCAPS are 

rated at a working voltage of 500 volts and exhibit 

a minimum capacity change between +10° and 

+85° C. Type SM DISCAPS can be specified with 

the complete assurance of quality and reliability 

that is inherent in all RMC DISCAPS. 

20 

10 

10 

-20 

-30 

-40 

ff, 0 
—o..  

25 30 35 40 

TEMPERATURE •C 

TYPICAL 
CAPACITY VS TEMPERATURE 

Type SM DISCAPS 
25° TO 135C 

50 SS 60 45 70 73 40 

DISCAP 

CERAMIC 

CAPACITORS 

RADIO MATERIALS COMPANY 
A DIVISION OF P. R. MALLORY & CO., INC. 

GENERSL OFFICE: 3325 N. Califcrnia Ave., CFicago 18, III. 

Two RMC Plants Devoted Exclusively to Ceramic Cspacitors 

FACTORIES AT CHICAGO, ILL. AND AlTICA, IND. 
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". . . Where there is no air 

to resist their motions, 

all bodies will move with the greatest freedom." 

SIR ISAAC NEWTON Principles of Natural Philosophy 

Today, almost three hundred years after Newton's Principia 
appeared, man is about to satisfy his centuries-old curiosity 
concerning space "where there is no air." First instruments 
went. Soon man himself will go. 

Prior to man's undertaking sustained space voyages pro-
pulsion systems with efficiencies far exceeding those presently 
available must be developed. 
The scientists and engineers at Electro-Optical Systems 

are in the advanced stages of research and development on 
what may well be a forerunner of practical space propulsion 
systems — the ion engine. 

Other advanced research and development programs in 
areas vital to technological progress in space, military weap-
onry and industry include: 
Energy Conversion Research and Advanced Power Systems 

Heat Rejection in Space 
Molecular Electronics 

Optical Tracking and Guidance 
Space Communications Systems 

Exploding Wire Research 

LOS has professional opportunities for Physir ists. Mathematicians and Engineers. 

E 
ELECTRO-OPTICAL SYSTEMS, INC. 125 NORTH VINEDO AVE. 

s PASADENA, CALIFORNIA 

IRE People 

(Continued from page 58.4) 

Mr. Foin joined IBM in December, 
1950 as a customer engineer and became a 
technical engineer on the IBM 770 in 1954. 
He has subsequently held positions as 
associate engineer and project engineer, 
his position until his recent advancement. 
Prior to his affiliation with the Company, 
Mr. Foin was associated with the Chance 
Vought Division of United Aircraft. 

Mr. Foin received B.S.NI.E. degrees 
from the Universities of New Hampshire 
and Illinois in 1945 and 1947 respectively, 
and the M.S.NI.E. degree front Columbia 
University, New York, N. Y., in 1950. 
Ile is a member of l'i Tau Sigma. 

Steve J. Gadler (SNP59), Col. USAF 
(Ret.), has been elected a Vice President 
of Hitchcock & Estabrook, Inc., Consult-
ing Engineers and Architects. Mr. GacIler, 
who is director of the firm's newly estab-
lished Electronic Division, is a graduate of 
the University of Minnesota in Electrical 
Engineering, is a registered professional 
engineer, and is considered an authority 
in Electronic Communications Systems 
Engineering. 

He was decorated with the Legion of 
Merit for his outstanding contributions 
in the Communications Electronic field 
while he was Director of Electronics for 

(Continued on rage (,-1.4) 

you save 50% on Top- Quality 
Test Instruments 

Hi -Fi • Ham Gear 

KITS AND WIRED 
for professional and home use 

TEST INSTRUMENTS 
battery eliminators 
battery testers 
bridges 
decade boxes 
electronic switch 
flyback tester 
oscilloscopes 
probes HAM GEAR 
signal and cw transmitter 

sweep generators modulator-driver 
tube testers grid dip meter 
transistor tester 
vacuum tube 

voltmeters 
volt-ohm-

milliammeters the world. 
LIFETIME service and calabration guarantee. 
IN STOCK at your neighborhood EICO dealer. 

Send 'law for FREE catalog IRE-5 

RI-FI 
stereo and monaural 
tuners 
preamplifiers 
power amplifiers 
Integrated amplifiers 
speaker systems 

OVER 2 MILLION 
EICO instruments In 
use throughout 

33-00 N Blvd , L. I. C. 1, N. Y 

L-Le/COL: as , praised by the experts 
BEST BUYS IN ELECTRONICS 
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Arnold Poke 77-arefreet 
Cotes me  iediediee tested 

(Wee mere,/ pulse condleions 
7372 C 

Hre's 
technical data on 

ARNOLD 
SILECTRON 
CORES 
Bulletin SC- 107 A 
. . . this newly. 
reprinted 52-page 
bulletin contains 
design information on Arnold Tape Cores wound 
from SilectIon (grain-oriented silicon steel). It 
includes data on cut C and E cores, and uncut 
toroids and rectangular shapes. Sizes range from 
a fraction of an ounce to more than a hundred 
pounds, in standard tape thicknesses of 1, 2, 4 
and 12 mils. 

Cores are listed In the order of their power. 
handling capacity, to permit easier selection to fit 
your requirements, and curves showing the effect 
of impregnation on core material properties are 
included. A valuable addition to your engineering 
files—write for your copy today. 

ADDRESS DEPT. P-5 

The inset photograph above illus-
strates a special Arnold advantage: a 
10-megawatt pulse-testing installa-
tion which enables us to test-prove 
pulse cores to an extent unequalled 
elsewhere in the industry. 

For example, Arnold 1 mil Silectron 
"C" cores—supplied with a guaran-
teed minimum pulse permeability of 
300—are tested at 0.25 microseconds, 
1000 pulses per second, at a peak flux 
density of 2500 gausses. The 2 mil 
cores, with a guaranteed minimum 
pulse permeability of 600, receive 
standard tests at 2 microseconds, 400 
pulses per second, at a peak flux 

density of 10,000 gausses. 
The test equipment has a variable 

range which may enable us to make 
special tests duplicating the actual 
operating conditions of the trans-
former. The pulser permits tests at 
.05, .25, 2.0 and 10.0 microsecond 
pulse duration, at repetition rates 
varying anywhere from 50 to 1000 
pulses per second. 

This is just another of Arnold's 
facilities for better service on mag-
netic materials of all description. 
• Let us supply your requirements. 
The Arnold Engineering Company, 
Main Office & Plant, Marengo, Ill. 

RNOLD 
SPECIALISTS In MAGNETIC MATERIALS 

BRANCH OFFICES and REPRESENTATIVES in PRINCIPAL CITIES 

Find them FAST in the YELLOW PAGES 
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When it comes to SEMICONDUCTORS 
For the most complete line of solid state devices... 

e Westinghouse has perfected the widest selection of rectifiers, 
transistors, and special semiconductor devices available in the 

industry. In Silicon power rectifiers, Westinghouse is the 
acknowledged leader in the field. 

For the most dependable semiconductor devices... 

e Every Westinghouse semiconductor device has been carefully 
designed, manufactured, and thoroughly tested to assure long life, high 

reliability, and excellent stability. 

For true voltage ratings in silicon power transistors... 

e Only Westinghouse 2N1015 and 2N1016 silicon power transistors offer 
true voltage ratings, guaranteed by 100% power testing—means they may be operated 

continuously at the VCE listed provided the power dissipation of the transistor is 
not exceeded. Other conventional power transistors derate the VCE voltage 

under comparable conditions. 

Forney, and unusual ideas in semiconductors... 

e Westinghouse is constantly pioneering in exciting new 
semiconductor devices. Among the latest: a new 50 ampere "TRINISTOR"* 

controlled rectifier; new thermoelectric cooling devices; an extremely 
rapid and sensitive infrared detector. 

For quality, reliability, performance, and availability... 

e Come to Westinghouse! For more 
information call your Westinghouse representative, 

or write directly to Westinghouse Electric 
Corp., Semiconductor Department, Youngwood, Pa. 

• 

YOU CAN BE SURE...IF OT'SW estinghouse 
"Westinghouse Trademark WeStIlIghOU be Semiconductor Department, Youngwood, Pa. 
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SILICON RECTIFIERS 
LOW 
POWER 
REC.. 

1N1217 SERIES 

1N1227 SERIES 

P.R.V. 

50-1000 V. 

50.1000 V. 

Max. DC Current 
at T°C 

Resistive Load 

500 MA 0 110 C. AMB. 

1.6 A K 140 C. CASE 

Max. One 
Cycle 60 

C.P.S. Surge 
Full Load 

15 AMPS. 

15 AMPS. 

Max. Rev. Peak 
Current (a Max. 
Temp. & P.I.V. 

1.5 MA et 150 C. 
JUNCTION 

MEDIUM 
POWER 
RECT. 

1N1341 SERIES 

1N1199 SERIES 

1N1191 SERIES 

1N1183 SERIES 

50-600 V. 

50-600 V. 

50-600 V. 

50-600 V. 

6 A 0. 150 C. CASE 

12 A K 150 C. CASE 

18 A 0, 140 C. CASE 

35 A 0 140 C. CASE 

160 AMPS. 

200 AMPS. 

220 AMPS. 

220 AMPS. 

10 MA 0 190 C. 
JUNCTION 

HIGH 
POWER 
RECT. 

im 

1N1670 SERIES 

1N1396 SERIES 

1N1660 SERIES 

439 SERIES 

50 500 V. 

50-500 V. 

50-500 V. 

50-600 V. 

GERMANIUM TRANSISTORS 

éeett. e›, 

2N59 
2N60 
2N403 
2N614 
2N616 
2N617 

SILICON POWER TRANSISTORS 
2N1015 SERIES-2 AMP. 

2N1016 SERIES-5 AMP. 

70 A 0 150 C. CASE 

160 A 4 125 C. CASE 

240 A 4 125 C. CASE 

240 A (a 125 C. CASE 

1200 AMPS. 

2000 AMPS. 

3000 AMPS. 

3000 AMPS. 

30 MA (q, 190'C. 
JUNCTION 

40 MA Ft 190`C. 
JUNCTION 

50 MA 190'C. 
JUNCTION 

Class Typ cal Operation Maximum Ratings 

Ice° f VC E lc Pc T., 

sa hF. tries V ma mw °C 

AUDIO-PNP 10 100 1.2 20 200 180 85 

AUDIO-PNP 10 70 1.1 20 200 180 85 

AUDIO-PNP 10 33 0.85 20 200 180 85 

IF -PNP 3 5 3 20 150 125 85 

IF -PNP 3 20 9 20 150 125 85 

IF -PNP 3 14 7 20 150 125 85 

Type 

NPN 

hie 
or 
h,. 

10 (V, = 4 V 
I-=2 A) 

fo,mc 

ALPHA CUTOFF 
.300 

Vc.. 
Volts 

30-200 

IC 
Amps 

7.5a 150 

NPN 

50 AMPERE SILICON "TRINISTOR"* 
CONTROLLED RECTIFIER 

I I e r  

¡age 

RECTIFIER 
ASSEMBLIES 

THERMOELECTRIC 
COOLING DEVICES 

INFRARED 
DETECTORS 

Type 

812 

10 (V. = 4 V 
Ic=5 A) 

Breakover 
Voltage 

P., 125°C T., 

ALPHA CUTOFF 
.300 

Reverse 
Blocking 
Voltage 
125°C r, 

TYPICAL 

30-200 

Turn-on 
Time 

7.50 150 

Turn-off 
Time 

50-200 VOLTS 50-200 VOLTS 1.010 SEC. 15-20 ((SEC. 

Standard rectifier assemblies are available in all types of circuit 
configurations, and are designed for either forced airor natural 
convection cooling with a wide range of ratings. Nickel-plated 
copper plates and other materials used in these assemblies 
have been chosen to insure satisfactory performance in corro-
sive atmospheres and high ambient temperatures. 

Two types are available in commercial quantities: WX814 
(2.5 oz.) and WX816 (3.0 oz.). Both types measure about an 
inch and a half square and will find immediate application in 
cooling germanium transistors, infrared detectors, optical sys-
tems, mechanical and electric instruments, laboratory and 
portable medical equipment, and related fields where spot 
cooling below ambient is necessary. 

Noise Equivalent 
Power (NEP) Watts 

TYPICAL LIMIT 
5x10—" 10—' 0 MAX. 

Wave-length 

Response. Microns 

1-12 

Time Constant, 
s SEC. 

TYPICAL LIMIT 
0.1 0.2 MAX. 

The types listed are just a small sampling of the complete line which can be supplied in volume quantities for prompt deliveries. 
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Now Available for the First Time... 

SAGE RESISTORS 
with The Amazing New Moisture-Resistant 

"IMPERVOHM" silicone coating 
WHAT IS "IMPERVOHM"? ... It is a new non-porous silicone encapsul-

ant representing a significant moisture seal "break through," which 
has been developed exclusively for SAGE Characteristic "G" and "V" 
Power Resistors. 

WHAT ARE ITS ADVANTAGES? ... Because of its unusual characteris-
tics attributed to optimum balance of resin and precise filler particles, 
this new coating requires no compromise in offering: 

• Improved heat endurance (-65°C to + 350°C). 

• Superior resistance stability (0.1%) after severe moisture cycling. 

• Availability of all type "S" Resistors as reliable body insulated styles 
(1000 Volts rms min.), 

• New ruggedness in ultrasonic solvent wash not previously available. 

These features signify an insulating achievement unmatched in the 
power resistor field. 

WHERE DO SAGE "IMPERVOHM"-SEALED RESISTORS EXCEL? 
Component and Circuit Design Engineers will be wise to specify SAGE 
in all applications demanding critical sensitiveness to moisture and 
temperature extremes. They will also take advantage of the insulation 
ruggedness these Resistors offer for printed circuit assembly as well as 
for metal chassis contact mounting. Of special significance in all cases 
is long life environment protection. 

YOU PAY NO PREMIUM FOR "IMPERVOHM" PROTECTION ... This 
remarkable coating is now "Standard" on SAGE Resistors—conven-
tionally wound types "S" and "CS" and non-inductively wound types 
"NS" and NCS." 

Write for samples and engineering data 

SAG 
ELECTRONICS CORPORATION 

COUNTRY CLUB ROAD • EAST ROCHESTER, N. Y. 

IRE People 

(Contained tr  page on.-1) 

the Air Defense Command Headquarters 
at Colorado Springs, Colo. 

Ile is the author of many articles on 
technical matters and has several elec-
tronic developments to his credit. Mr. 
Gadler is a member of the American In-
stitute of Electrical Engineers the Mimics-
sota Society of Professional Engineers, the 
National Society of Professic null Engineers, 
the North St. Anthony Park Business 
Men's Association and a Senior member of 
the Institute of Radio Engineers. He has 
been officially commended by the Nor-
wegian and Japanese Governmenis for his 
work in Electronics. 

Dr. Albert C. Hall (A'39-S.M .-1(i-
F'58), director of research and engineering 
for The Martin Company. has been named 
the company's vice 
president of engi-
neering, George I\ I. 
Bunker, chairman 
of the board, has 
announced. 

Dr. I laII was 
elected by the mis-
sile, electronic and 
nuclear firm 's board 
of directors at its 
regular monthly 
meeting last Friday. 
He will make his 

A. C. HALL 

(Continued !Id' 66.-1) 
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•••••••••• DEPENDABLEww 

-FREQUENCY-
--CONTROL-

WITH 

BASSETT 
CONTROL 
CRYSTALS 

for 

• CITIZENS BAND USE 

• AMATEUR and CAP 

• AIRLINE and AVIATION 

• TAXICAB and POLICE 

• MARINE RADIOPHONE 

• MILITARY and MISSILE USE 

plus all other requirements where 
precise and dependable frequency 
control insure successful, economi-
cal operation. 

Available for immediate delivery in any 
type, any frequency, any quantity 

Backed by Over 20 Years Experience 

Complete information and prices on reque.v 
Engineering assistance available 

REX BASSETT, Inc. 
Subsidiary of Savoy Industries, Inc. 

BASSETT BLDG. FORT LAUDERDALE, FLA 
P.O. Box 7127 Phone 11.0gan 6-8416 
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NEW from Ri-IEEM! 

MILLI-
MICRO. 
SECOND 

SWITCHING 
DIODES 

15 advanced types including IN903 
through IN908: IN251 • IN914 • IN916 

RHEEM OFFERS THE INDUSTRY'S 

BROADEST LINE OF SILICON DIODES These new Mill/microsecond Diodes feature: 

RECOVERY TIME 
.004 ,usec. 

VERY LOW CAPACITANCE 
ppf —6 volts 

RHEEM SEMICONDUCTOR CORPORATION 
A SUBSIDIARY OF RHEEM MANUFACTURING COMPANY 

Dept. E4, P.O. Box 1327, Mountain View, Californ a, Phone YOrkshire 8-92L1. Regional Sales Offices: LOS ANGELES, 5150 Wilshire Blvd. • SAN 
FRANCISCO. 327 Moffett Blvd.. Mountain View. Calif. • MINNEAPOLIS, 6519 Nicollet Ave. • DETROIT, 18450 Livernois Ave. • CHICAGO, 1919 N. 

Harlem Ave. • ENGLEWOOD. N. J.. 610 East Palisade Ave. Distributors: NEW JERSEY, Eastern Radio Corp., 312 Clifton Ave., Clifton, New Jersey, 
Phone, G.Regory 1-6600 • CHICAGO, Allied Radio Corp.. 100 Northwestern Ave., Coicago, fl I i rrois, Phone, HAymarket 1-6800 • PHILADELPHIA, 
Almo Barrio Co.. 412-16 N. 6th St.. Philadelphia. Penn., Phone, WA 2 5918 • SAN ERAN- CISCO, Avnet Electronics Corp. of Northern Calif.. 1262 N. 
Lawrence Station Rd., Sunnyvale. Calif. Phone. REgen: 6-0300 • LOS ANGELES, Arnet Corp., 5877 Rodeo Rd., Los Angeles, Calif., Phone, UPton 
0-6141 or VErmont 7-7111 • Westees Electronic:, Corp., 11334 P aya St., Culver City, Calif., Phone, EXmont 1-6201 or UPton 0-4544. 
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IRE People 

1RPAX 
"500 SERIES" 

MINIATURE 

CIRCUIT 
BREAKER 

ACTUAL SIZE 

SERIES 500 

POSITIVE PROTECTION 

Available in series, shunt and relay types, Airpax 
Miniature Magnetic Circuit Breakers are stocked 
in DC, 60 and 400 CPS models. Current ratings 
are from 0.05 to 10 amperes. Trip action can be 
instantaneous or delayed depending on the cir-
cuit requiremert. These Circuit Breakers are also 
available in 2 and 3 gang assemblies, in any 
combination, for interlock-circuit protection. 

Ask for Bulletins B-07 and B-16 

CAMBRIDGE DIVISION 

itIRPAk 
ELECTRONICS 

CAMBRIDGE, MARYLAND 

L 

(Continued front page 6-IA) 

headquarters in Denver, Colo. 
Since joining Nlartin in 1958, his major 

effort has been with the TITAN program. 
Martin is prime contractor for airframe 
design, fabrication and testing of the 
weapon system. 
A leading guidance and control systems 

scientist, he was general manager of the 
Bendix Aviation Corporation's Research 
Laboratories Division, Detroit, before he 
came to Martin as research director. He 
became engineering director for the 
TITAN in January, 1959. 

The new vice president founded the 
Dynainic Analysis and Conti-it' Labora-
tory at the Massachusetts Institute of 
Technology, where he was a faculty mem-
ber for 13 years. 
A native of Port Arthur, Texas, where 

he was born on June 27, 1914, Dr. Hall 
earned the B.S. degree in electrical engi-
neering from Texas A. & M. in 1936. He 
received the M.S. degree in 1938 and the 
D.Sc. degree in 1943, both from Ni.ur. 

He joined the M.I.T. faculty in 1937 
as associate professor of electrical engineer-
ing. Ile founded and became the first di-
rector of the Dynamic Analysis and Con-
trol Laboratory in 1946. 

While at M.I.T., he helped to develop 
missile control design techniques and di-
rected the control system design effort for 
the World War II BAT, the first successful 
Navy air- to-surface guided missile. 

As laboratory director, he supervised 
the development of the first missile simu-
lator. He also was a Nlartin consultant for 
the Navy VIKING high altitude research 
rocket. 

He left M.I.T. Iii 1950 to become as-
sociate director of the Bendix Research 
Laboratories Division. He was named di-
vision technical director in 1952 and gen-
eral manager two years later. At Bendix, 
he directed research and development of 
electronic and hydraulic controls, includ-
ing guidance and control systems for sev-
eral guided missiles and automatic ma-
chine tool controls. 

Ile was a member of the first Automa-
tion Exchange group sent to Russia in 
1955 under the auspices of the American 
Society of Mechanical Engineers. 

Dr. Hall holds the Naval Ordnance 
Development Award and the Eta Kappa 
Nu Outstanding Young Electrical Engi-
neer Award. Ile is a member of Tau Beta 
Pi, Sigma Xi and several engineering so-
cieties. 

Cecil S. Bidlack tV35-V.V39-SNE55), 
of Smith Electronics, Inc. and formerly of 
the National Association of Educational 
Broadcasters has joined the firm of Carl 
E. Smith Consulting Radio Engineers, 
Brecksville, Ohio. He will be responsible 
for consulting work in Television and FM 
broadcast. 
I lis last assignment was with the sister 

firm of Smith Electronics, Inc., where as 

(Continued on page 68A) 
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Other type numbers in the RHEEM Mesa line: 

2N497, 2N498, 2N696, 2N697, 2N656, 2N657, 
2N699, 2N1252, 2N1253, 2N1420 

another RHEEM FIRST! 

NEW 
SILICON MES 
1/2 Ape FAS 
SWITCHIN 
TRANSISTORS 
RT5001 RT5002 RT5003 RT5004 

SPECIFY RHEEM FOR RELIABILITY RHEEM'S new Higb Current Switching transistors feature: 

LOW SATURATION VOLTAGE 
1.5 volts (it 500 mA 

HIGH COLLECTOR CURRENT lamp 
C SWITCHING 
0.1 psec 

RHEEM SEMICONDUCTOR CORPORATION 
A SUBS/GARY OF RHEEM MANUFA CTURING COMPANY 

Dept. E4, P.O. Box 1327, Mountain View, California, Phone YOrkshice 8-9211. Regional Sales Offices: LOS ANGELES, 5150 W ' shire Blvd. • SAN 
FRANCISCO, 327 Moffett Blvd., Mountain View, Calif. • MINNEAPOLIS. 6519 Nicolle: Ave. • DETROIT, 18450 Livernois Ave. • CHICAGO, 1919 N. 
Harlem Ave. • ENGLEWOOD, N. J.. 610 East Palisade Ave. Distributors: NEW JERSEY, Eastern Radio Corp., 312 Clifton Ave., Clifton, New Jersey, 
Phone, GRegory 1-6600 • CHICAGO, Allied Radio Corp., 100 Nort4w..stern Ave., Cticago, Illinois, Phone, HAymarket 1-6800 • PHILADELPHIA, 
Almo Radio Co., 412-16 N. 6th St., Philadelphia, Penn.. Phone, WA 2-5918 • SAN FRANCISCO. Avnet Electronics Corp. of Northern Calif., 1262 N. 
Lawrence Station Rd., Sunnyvale, Calif., Phone, REgent 6-0300 • LOS ANGELES, A met Covp., 5877 Rodeo Rd., Lo. Angeles, Calif., Phone, UPton 
0-6141 or VErmcnt 7-7111 • Westates Electronics Corp., 11334 Playa St., Culver City, Calif., Phone, EXmont 1-620: or UPton C-4544. 

PROCEEDINGS OF THE IRE May, 1960 67A 



E 

Super-Temp 

for Fastest Delivery 
of HIGH TEMPERATURE 

AGNET 
WIRE 

You get the finest . . . fastest from Super-
Temp. Magnet wire insulated with Teflon*, 
silicone or Isonel films. Ranges to + 260°C. 
Mica films with ranges to + 350'C. Complete 
quality control. 

ALSO: Airframe Wire, Hook-up Wire, Tapes 
Coaxial Cables, Miniature & Jumbo Cables 

Teflon or Silicone Rubber Insulations 

• IDUPONT'S TEE RESIN 

SAVertswe WITH S tye 

American Super-Temperature Wires, Inc. 
10 West Canal Street, Winooski, Vermont • UNiversity 2-9636 
General Sales Office: 195 Nassau St.. Princeton. N. J. • WAInut -1-1-150 

A Subsidiary of Naves Industries. Inc. 

Free! Send for 1960 
Catalog. 88 pages of 
valuable data. 

TWT AMPLIFIERS.. 
cee46e eetà€ êemegi 4/41 
a5elearile 

The use of permanent 
magnet focused tubes 
in Menlo Park 
Engineering's microwave 
amplifiers represents a significant 
improvement over units using 
solenoid focused tubes...and 
results in three important 
advantages: 

• Lighter weight 

• More Compact 

• Less power consumption 

TA-29 

Frequency 

• • 

Model No., 

0.5- 1.0 KMC TA-36 

1.0- 2.0 KMC TA-31 

2.0- 4.0 KMC TA-29 

4.0- 8.0 KMC TA-28 

8.2-11.0 KMC TA-20 

10.0-16.0 KMC TA-49 

PLEASE WRITE FOR 

COMPLETE 
SPECIFICATIONS 

MENLO PARK ENGINEERING 
711 Hamilton Avenue Menlo Park, Calif. DAvenport 6-9080 E 

tl 1111 ed ttltie (1(1. -l) 

Supervisor of Systems Engineering he was 
charged with the design of audio and con-
trol circuitry for the Consolidated East 
Coast Facilities sites of the Voice of Amer-
ka at Greenville, North Carolina. With the 
NAEB at Urbana, Illinois, Mr. Bidlack 
served as engineering advisor to the execu-
tive director of the association. 

Mr. Bidlack's affiliations include the 
Society of Motion Picture and Television 
Engineers, the American Institute of 
Electrical Engineers and the Audio Engi-
neering Society. He is a registered Pro-
fessional Engineer in the State of Ohio 
and holds radiotelephone first-class and 
amateur radio class "A" licenses. 

Donald C. Bright (SM'49), formerly a 
division sales manager with Radio Cor-
poration of America, has been appointed 
general manager of 
the new Industrial 
Electronics Divi-
sion of Hoffman 
Electronics Corp. 

Before joining 
Hoffman, he was 
with RCA nine 
years and most re-
cently was manager 
of government con-
tracts and sales for 
its \Vest Coast mis-
sile and surface ra-
dar division in Los Angeles. 

Mr. Bright's earlier experience included 
assignments as chief engineer of Liberty 
Manufacturing Co., Youngstown, Ohio; 
chief of the radio control section for the 
U. S. Air Force, Wright Field, Dayton, 
Ohio; and sales engineer with Westing-
house. 

I). C. BRIGHT 

Earl H. Flath, Jr., \' I NU54), has 
joined Tellico Eke trI I I u li\ i,ion of 
Tone() Aircraft Corporation a›1 senior 
scientist to plan de-
velopments in the 
fields of radiation, 
antennas and mi-
crowave systems. 

He was gradu-
ated front Southern 
Methodist Univer-
sity with honors in 
1943 and received 
the M.S. Degree 
from the Univer-
sity of Cincinnati. 
He also studied at 
the University of Maryland. 

He served as an electronic scientist 
with the Naval Research Laboratory and 
as senior aerophysics engineer with Con-
vair prior to joining Chance Vought in 
1952. With the latter company, he served 
in various supervisory positions in the 
fields of antenna development and elec-
tronics systems design, and finally as engi-

(Continued on page 72.4) 

E. H. FLATII, JR. 
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MEDIUM POWER. Look into the 

Raytheon 1N253 arid the new 

1N2512 seriEs. 

Raytheol diffused junction ( upper photo) gives utmost 

uniformity, highest performance, greatest reliability. 

Compare with irregular fusion junction ( below). 

For reliable power . . . 

Depend on diffused 
Here are reliable Raytheon diffused junction silicon 
rectifiers spanning the complete semiconductor power 
spectrum! 
Raytheon manufacturing success in diffused junction 

rectifiers has long provided fast recovery, low forward 
voltage drop and extreme uniformity of device charac-
teristics. Outstanding mechanical design and produc-
tion under stringent quality control result in rectifiers 
with excellent ratings and characteristics. Utmost re-
liability is assured by constant life and environmental 
testing beyond the most stringent requirements of 
Mil 19500B, over the guaranteed temperature range of 
—65°C. to + 165°C. 
Of special interest in low current applications of the 

1N536 series are the excellent reverse recovery, fast start 

••. 

HIGH POWER. Note the all- new 

Raytheon 1N248A, 1N1191A 

and 1N1195 series. 

junction rectifiers! 
and fast rise of Raytheon diffused junction rectifiers. 

In the four amp range, the Raytheon 1N2512 series 
features low reverse current and is available in three 
package styles: with insulated stud, stud connected to 
anode, or stud connected to cathode. 

In the higher current range, the new Raytheon dif-
fused junction silicon rectifiers offer ratings up to 22 
amps ( at 150°C. ) —plus the important advantages of low 
forward voltage drop and high efficiency, for excep-
tional regulation in power applications. 

Further information on all these reliable Raytheon 
rectifiers is given on the following page. Semiconductor 
Division, Raytheon Company, 
215 First Avenue, Needham 
Heights 94, Massachusetts. 

RAYTHEON SEMICONDUCTORS 



Raytheon diffused junction silicon rectifiers 

11111•11111111011111111" 

LOW CURRENT SERIES. The 

fast reverse recovery, low cur-

rent Raytheon rectifiers. Fea-

ture both fast start and fast 

rise. Temperature range 

—65'C. to 165°C. 

Type 

Ave. Rectified 

Current 

25°C 

111r7-
Reverse Corent (Max.) 

150°C in A at rated P. I.V. 

P. I.V. mA mA 25°C • 150°C 

1N536 
1N537 
1N538 
1N539 
1N540 
1N1095 
1N547 

50 
100 
200 
300 
400 
500 
600 

750 
750 
750 
750 
750 
750 
750 

250 
250 
250 
250 
250 
250 
250 

2 400 
2 400 
2 300 
2 300 
2 300 
2 300 
2 300 

MEDIUM CURRENT SERIES. 

Workhorse of the Raytheon 

rectifier line. High efficiency 

and stability. Insulated or non-

insulated stud, standard or 

reverse polarity. Temperature 

range —65' C. to — 165`C. 

Ave. Rectified 

Current 

Reverse Current 
(max.) ell at 
rated P. I.V. 

Cathode Anode INSULATED P. I.Y. 30°C 150 °C 

to Stud to Stud Stud Volts amps. amps. 25 °C 150°C 

1N2512 1N2512R 1N2518 100 4.0 1.0 2.0 250 
1N2513 1N2513R 1N2519 200 4.0 1.0 2.0 250 

1N2514 1N2514R 1N2520 300 4.0 1.0 2.0 300 
1N2515 1N2515R 1142521 400 4.0 1.0 2.0 300 
1N2516 1N2516R 1N2522 500 4.0 1.0 2.0 350 

1N2517 1N2517R 1N2523 600 4.0 1.0 2.0 400 
1N253 95 1.0* 100* 
1N254 190 0.4* 100* 
1N255 380 0.4* 150* 
1N256 570 0.2* 150* 

'At 135 C. 

HIGH CURRENT SERIES. The 

heavy current family of re-

liable Raytheon rectifiers. 

Features low forward voltage 

drop, high efficiency, excep-

tional regulation. Tempera-

ture range-65' C. to + 175°C. 

-11111111.11.0111.11111111111111111111111111 

Type P. IV. 

Ave. Rectified 

Current, Amps 
J 150°C. 

Reverse Current 
(Max.) at Rated 

P. IV., mA 

inD 150°C. 

1N248A 50 20 5 
1N249A 100 20 5 
1N250A 200 20 5 
1N1191A 50 22 5 
1N1192A 100 22 5 
1N1193A 150 22 5 
1N1194A 200 22 5 
1N1195 300 18 10 
1N1196 400 18 10 
1N1197 500 18 10 
1N1198 600 18 10 

Your local authorized Raytheon Distributors 

carry in-stock inventories for immediate delivery. 

SEMICONDUCTOR DIVISION g'iz'IT,U,`,,):;' 
SILICON AND GERMANIUM DIODES AND TRANSISTORS • SILICON RECTIFIERS • CIRCUIT•PAKS 

ENGLEWOOD CLIFFS, N. J., LOwell 7 4911 (Manhattan Phone. Wisconsin 7 6400) • BOSTON, MASS., Hillcrest 4 6700 • CHICAGO, ILL., NAtional 5-4000 • LOS ANGELES, 

CAL., NOrmandy 5 4221 • ORLANDO, FLA., GArden 3 0518 • SYRACUSE. N. Y., GRanite 2-7751 • BALTIMORE, MD., SOuthfield 1 0450 • CLEVELAND. O., Winton 1 7716 

SAN FRANCISCO, CAL., Fireside 1-7711 • CANADA: Waterloo. Ont, SHerwood 5-6831 • GOVERNMENT RELATIONS: Washington. D.C., MEtropolitan 8.5205 
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Output wave shapes under varying input and load conditions. Sola Catalog No. 23-13-150 used in this test. 

Sola's moderate-cost static-magnetic 
voltage regulator has sine-wave output 

Sola now offers sinusoidal output in every standard-type 
regulator with no price premium. This development — 
a result of major design and production innovations — 
greatly widens the field of use for static-magnetic voltage 
regulation. The new standard sinusoidal design is now 
ideal for use with electrical and electronic equipment 
requiring a regulated input voltage with commercial sine 
wave shape — especially where harmonic-free supply 
had previously been too costly. The sinusoidal output 
also contributes to ease of selection and ordering, since 
this Sola stabilizer is virtually universal in application. 

The Sola Standard Sinusoidal Constant Voltage 
Transformer provides output with less than 3% rms 
harmonic content. It automatically and continuously 
regulates output voltage within -.±1% for line voltage 
variations of ±- 15%. Average response time is 1.5 cycles 
or less' The new line includes nine stock output ratings 
from 60va to 7500va. 

Besides the improved electrical characteristics, these 
units are substantially smaller and lighter than previous 
models. Size and weight reductions were accomplished 
without any loss of performance or dependability. 

With the Sola Standard Sinusoidal Constant Voltage 

Transformer you also get all the proved benefits of a 
static-magnetic regulator. It is simple and rugged. 
There are no tubes . . . no moving parts . . . no replace-
able parts. Maintenance and manual adjustment are 
not necessary. 

Its current-limiting characteristic protects against 
shorts on the load circuit. It is available in step-up and 
step-down ratios, allowing substitution for conven-
tional, non-regulating transformers. These units can be 
used in any electronic or electrical application requiring 
a regulated sinusoidal power source where the peak 
power demand does not exceed the capacity of the con-
stant voltage transformer. Circuit design formulae 
based on sinusoidal wave shape are directly applicable. 
Custom units to specific requirements are available in 
production quantities. 

SOLA ELECTRIC CO. 

Write for Bulletin CVS 

A Division of 

Basic Products 

Corporation 

4633 West 16th Street Chicago 50, Illinois 
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CLIMATE CONTROL EXPERIENCE: 

PRESSURIZATION 
DEHYDRATION 

Look to Eastern Industries for the advanced 
pressurization/dehydration packs required 
by the avionic and ground support systems 

of tomorrow. Whenever a precisely con-
trolled flow of dehydrated air is required, 

Eastern design and production experience 
team up to create compact, lightweight, 

reliable subsystems. Characteristics and 

performance range of existing units: 

Characteristics and performance range of 

existing units: 

 Atm 

capacities: up to 1.5 FT3/Min. free air 

operating temperatures: from —67°F to 
+150°F, 100% R.H. 

operating altitudes: from 10,000 ft. to 

50,000 ft. 

weights: from 8 lbs. to 115 lbs. complete 

Smaller packs feature replaceable chem-
ical dehydrator elements — the larger 

subsystems are available with auto-

matic reactivating dehydrators. 

Let us quote on your next pressuriza-

tion/dehydration requirement. In the 

meantime, write for full information on 
the entire line of Eastern aviation 
products. Send for Bulletin 360. 

a wide range of units for specialized air control 

EASTERN 
  INDUSTRIES 

INCORPORATED 
100 SKIFF STREET 

HAmDEN 14, CONN. 

IRE People 

(Cm:Homed from rage 68,4) 

'leering branch manager in charge of 
electromagnetic products. 

Mr. Math holds memberships in sever-
al professional societies, including the 
..\merican Institute of Electrical Engineers, 
"Fexas Society of Professional Engineers, 
Sigma Tau and Eta Kappa Nu. 

R. Karl Honaman (.V23-SNI'44), Di-
rector of Publication at Bell Telephone 
Laboratories, retired on March I af-
ter Bore than 40 
years of Bell Sys-
tem service. 

Since 1945 he 
had diret•ted all 
public relations ac-
tivities of Bell Lab-
oratories, including 
press relations, em-
ployee information, 
advertising, tech-
nical and personnel 
magazines, techni-
cal libraries, and 
community relations. 
A native of Lancaster, l'a., he received 

the 13.S. and M.S. degrees from Franklin 
and Marshall College in 1916 and 1917, 
respectively. 

R. K. HONAMAN 

(Continued mi rag, 764) 

Owen Type 210 A 
TRANSISTOR TEST SET 

Self-contained for measurement of 

"H" parameters, beta, and Icbc, of all 

small transistors. A standard 

of the industry. $550. 

Other sets for power transistors, 

portable use, etc. 

wen 
ABORATORIES INC 

55 BEACON PL • PASADENA. CALIF. 
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TUNG-SOL/CHATHAM 6080 FAMILY 
All fit the same socket... 

But which fits your application 
Like most circuit designers, you're probably often confronted 
with a wide choice of tubes which meet the electrical re-
quirements specified by your design. But depending on other 
factors, such as the kind of environment in which the tubes 
are expected to operate, your choice may be limited. 

Consider the Tung-Sol/Chatham 6080 tube family, for 
example. The 6080, the 6080WA, the 6080WB and the 
prototype 6AS7G all fit the same socket. The electrical 
ratings of these series regulator tubes are the same. Would 
you know which to specify for your power supply? The 
differences are vital. Knowing them can make all the dif-
ference in the ultimate reliability of your design. 

If economy in original component cost is paramount and 
size not a factor, then the 6AS7G may be your choice. If 
size is a factor, the smaller 6080 would be used. The 6080WA 
is the right tube if more closely controlled characteristics 
are important, if environmental conditions are severe, and 
if greater assurance of long life is needed. Where the tube 
is expected to operate under high ambient temperatures and 

severe vibration, and if many tubes are to be operated in 
parallel, then the 6080WB is best. 

Of this you can be sure: Tung-Sol will recommend the 
"best" tube for your particular requirements. Once you 
have specified a Tung-Sol tube for your application, you'll 
be gratified by the superior performance and the highest 
operational reliability all Tung-Sol components provide. 
Every Tung-Sol tube is the product of the highest manu-
facturing standards and unexcelled quality control. 

Full technical details on the Tung-Sol/Chatham 6080 
family are also available to you on request. 

And if you would like prompt and able assistance in 
selecting the correct tube for your application, get in touch 
with Tung-Sol tube experts. They'll be glad to study your 
design and recommend the tubes best for you. Tung-Sol 
Electric Inc., Newark 4, N. J. TWX:NK193 
Technical assistance is available through the following sales offices: Atlanta, 
Ga.; Columbus, Ohio; Culver City, Calif.; Dallas, Texas; Denver, Colo.; 
Detroit, Mich.; Irvington, N. J.; Melrose Park, Ill.; Newark, N. J.; Phila-
delphia, Pa.; Seattle, Wash. Canada: Toronto, Ontario. 

TUNG-SOL 
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Here is Francis Alterman, Manager of General Mills 
Digital Computer Laboratory, checking one of our newest. 
computers which he helped design. General Mills com-
puters, both analog and digital, are being used in missile 

guidance, bombing and navigation systems, automatic 
surveying and in industrial control. In future space travel, 
computers will help control navigational systems of space 
vehicles and will process data gathered in outer space. 

General Mills engineers work today 

General Mills has been producing computers 
for nearly 20 years. Exciting new concepts 
in high speed magnetic tape units, ultra- high 
precision analog to digital converters and 
optical keyboards are examples of continuous 
developments in our over-all computer 
program. We work to improve reliability, 
increase speed, cut cost. 

Our research activities cover broad areas in 
physics, chemistry, mechanics, electronics 

and mathematics. Some of the studies rep-
resentative of these activities are: ions in 
vacuum, deuterium sputtering, dust ero-
sion, magnetic materials, stress measure-
ments, surface friction and phenomena, 
trajectory data and infrared surveillance. 

In our engineering department, current 
projects include: specialized inflatable vehi-
cles and structures, airborne early warning 
systems, micro wave radar test equipment, 



Mars seen from one of its moons illustration from book written for General Mills by Willy Ley. 

to help you explore space tomorrow 

antennas and pedestals, infrared and optics, 
inertial guidance and navigation, digital 
computers—and many other activities. 

Our entire manufacturing department is 
geared to produce systems, sub-systems and 
assemblies to the most stringent military 

requirements. Our people have a wealth of 
experience in complex military projects. 

Write for free booklets: ( 1) Complete research, 
engineering and manufacturing capabilities 
of the Mechanical Division (2) New booklet 
on General Mills computers. 

MECHANICAL DIVISION 
1620 Central Avenue, Minneapolis 13, Minnesota 

To wider worlds—through Intensive Research • Creative Engineering • Precision Manufacturing 

(Genera) 

Mills 



4ircraft missiles, too, use 

(PERIODIC PERMANENT 
MAGNET AMPLIFIERS 

Impressive savings in weight, space, and 

power have been effected by Huggins in a 

series of TWT's which substitute periodic 

permanent magnets for focussing solenoids. 

This adds greatly to aircraft and missile 

applications for TWT's. 

r/Jggins produces the industry'5 most complete line of 

PM focussed amplifiers 

Frequency 10 Milliwotts 1 Watt ' Pulsed 

250-500 mcs 

.5- 1 kmc 

1- 2 kmc 

2- 4 kmc 

4- 8 

8-11 

10-16 

kmc 

kmc 

kmc 

HA- 51 

HA- 36 

HA- 31 

HA- 29 

HA- 28 
HA- 20 

HA- 49 

'4Ce‘ 

monutacure 
devcoprner 

encpncerinresearch 1"7 
ci 

desicin 

HA- 30 

HA- 35 

HA- 21 

PA- 6 

PA- 8 

PA- 9 

Send for a copy of our " Engineering 
News" containing environmental infor-
mation on this line. Catalogues and 

OGGINS LABORATORIES, INC. price lists are also available. 

1..ABoer 
—"1st 

999 East Argues Avenue • Sunnyvale, California 

REgent 6-9330 

IRE People 
E 

(Conlinued from page 72A) 

He began his telephone career in 1919 
with the Development and Research De-
partment of the American Telephone and 
Telegraph Company in New York. For the 
next 20 years his work dealt principally 
with the protection of telephone circuits, 
and a number of patents were granted to 
him for inventions in this field. As Assist-
ant Protection Development Engineer, he 
transferred with his group to Bell Labora-
tories in 1934. 

At the beginning of World War II, and 
at the request of the Army and Navy, Bell 
Laboratories instituted its School for \Var 
Training to instruct military personnel in 
radar and related developments. Mr. 
Honaman organized the school and served 
as its director until 1945. More than 4,000 
officers and men were trained during this 
period and extensive text material was pre-
pared for the program. At the end of the 
war, the school had a faculty of almost 100 
members. 

After the war, he was appointed Direc-
tor of Publication, with responsibility for 
all publication and public relations pro-
grams of Bell Laboratories. 

From October, 1954 to January, 1956, 
he was on leave from Bell Laboratories to 
serve with the Federal Government. Dur-
ing the first part of this period he was Con-
sultant to the Secretary of Commerce, and 
organized and sen ,.d as Director of the 

(1 'H! • page MA 

c, G. E. WARNER e 
MANAGER 

Engrave them all yourself 
with 

Ignmemji 
It's tracer-guided 

for unskilled 
labor. 

Visit Booth 92 
IRE.-1.S.A. 
Tech. Exhibit  

Write for catalog TM-1 

new herm 
ENGRAVING MACHINE CORP 

154 WEST 14TH ST.,NEW YORK 11, N Y 
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Standard types of Alite high 
voltage bushings are available in 
various sizes and configurations. 

INSIDE LOOK AT ALITE-

Fact- packed, illustrated 

Bulletin A-40 gives vital 

technical data and product 

information. Write today. 

ALITE DIVISION 

12F-1 

In all phases of planning for ceramic-to-metal seals— 
from design to finished assembly—you can rely on 
ALITE for the know-how and "do-how" required to 
produce highest quality ceramic-metal components 
for critical applications. 

High alumina Alite is the ideal material for making 
rugged, high performance hermetic seals and bushings. 
It has superior mechanical strength, high temperature 
and thermal shock resistance, plus reliable electrical 
characteristics. Our complete high temperature 
metalizing and bonding facilities assure delivery of 
the finest seals available—mass-spectrometer tested 
for vacuum-tightness. 

Please contact us for valuable performance data 
and information regarding ceramic-to-metal 
applications . .. no obligation. 

rrville, Ohio 

New York Office 

60 East 42nd St. 
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COMMUNICATION 

MEASUREMENT 

NEWS 
Another Example of ROHDE & SCHWARZ Contribution to Precise Measurement. 

Standard Time Systems  

• Combine high precision crystal clocks 
with carefully designed auxiliary units for 
time measurement and distribution. 

• Are the most versatile and practical equipment 
for use in observatories, standard time institutes, 
hydrographie observatories, geodetic institutes, 
and all operations where precise time 
measurements are needed. 

• Can be supplied in several models differing 
in size and facilities. 

• 21 years experience in crystal chronometry. 

• Write for detailed 8 page brochure CAA. 

111 Lexington Ave., Passaic, New Jersey 
Telephone: PRescott 3-8010 

4Routo le 4 

Write for 
New Catalog 

36-page catalog describes 
complete line of Rohde & 
Schwarz precision elec-
tronic measuring and 
testing equipment. 
Write for your free 
copy of Catalog-MT. 

ROHDE 8£ SCHWARZ 

Cable Address: ROHDESCHWARZUSA 
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GUDELACE BALLANTINE'S MODEL 305A VOLTMETER 

is engineered measures peak, or peak to peak 

for 
problem-free 
lacing 4,e0 

It's no accident that Gudelace is the 

best lacing tape you can buy. Excellence 

is engineered into Gudelace. A sturdy 

nylon mesh is meticulously combined 

with the optimum amount of special 

microcrystalline wax. Careful selection 

of raw materials and superior methods 

of combining them give Gudelace out-

standing strength, toughness, and sta-

bility. Gudelace is the original fiat lacing 
tape which distributes stress evenly over 

a wide area. It is engineered to stay flat; 

it will not stretch out of shape when 

pulled. Gudelace's nonskid surface pre-

vents slipping, eliminating the too-tight 

pull that causes strangulation and cold 

flow. Durability and dependability make 

Gudelace your most economic buy— 

with no cut insulation, fingers, or feelings. 

Write for Data Book with specifica-

tions on Gudelace and Gudebrod's com 

plete line of braided lacing tapes ann 

dial cords—Temp-Lace, Stur-D-Lace, 

and Gude-Glass. 

GUDEBROD 
BROS. SILK CO., INC. 

Electronic Division 
225 West 34th Street, New York 1, N.Y. 

Executive Offices 
12 South 12th Street, Philadelphia 7, Pa. 

ULSES 
as short al:LS PS 

AT PULSE RATES AS LOW AS 5 pps 

... VOLTAGES OF 1 my TO 1000 y 

Also measures 

Complex Waveforms 
having fundamental of 
5 cps to 500 kc with 
harmonics to 2 me. 

Accuracy 
is 2% to 5% OF 
INDICATED 
VOLTAGE, depending 
upon waveform aid 
frequency. 

Scale 
is the usual Ballantine 
log-voltage and linear db, 
individually hand-
calibrated for optimum 
precision. 

Input Impedance 
is 2 meg, shunted by 
10 pf to 25 pf. 

Price: $395. 

THIS "A" MODEL is the result of improvements 
and new features AFTER 11 YEARS OF MANU-
FACTURING THE VERY SUCCESSFUL MODEL 305 

Write for brochure giving many more details 

— Since 1932 — 

BALLANTINE LABORATORIES INC. 
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 GC/AC 
INVERTERS, CALIBRATORS, CALIBRATED WIDE BAND AF AMPLIFIER, DIRECT-READING CAPACITANCE METER, OTHER ACCESSORIES. 
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TELREX LABORATORIES 
Designers and Manufacturers of 

COMMUNICATION ARRAYS 

FOR THE ARMED FORCES 

and Commercial Service 

"TRI-BAND " 
MODEL 

XCYST 
111420 

Rotatable 

52 ohm 
Single-

Transmission-
Line Array 

Power rating-

1.5 Kw.,100°,'. A.M. 

Specifications: 

(Higher ratings 
available) 

Gain 11Mc.-8.0 db, F/B 24 db, E-Plane B-W 1/2Power-66' 
Gain 14MC.-8.4 db, F13 24 db, E-Plane B-W 1/2Power-60' 
Gain 20Mc.-8.6 db, F/B 24 db, E-Plane B-W 1/2Power-56* 
Wind surface- 13.36 sq. ft. Load at 100 mph.- 423 lbs. 
Turning radius- 23 ft. Container size-12"x12"x14' 
Antenna weight- 160 lbs. Shipping weight 200 lbs. 
Antenna rated design with 1/2" radial ice- 110 mph. 

For information or 
to order, phone 

PRospect 5-7252 
or write 

Department Sc. 

quick-disconnect 

or permanently connected 

Calibrated for 
easy assembly to 
specifications and 
center frequency 
of your choice. 
Custom Quality 
construction 
throughout. Sug-
gested rotator for 
above - Telrex 
Model 500-RIS. 
Also available: 
Over 172 off-the-
shelf fixed or ro-
tatable high-per-
formance arrays. 
7Mc. to 600Mc. 
Mono, Duo, Tri 
and Multi- band 
individuálly fed 
or single line 
feed, and me-
dium to extra 
heavy duty rota-
tor- indicator con-
trol systems, ro-
tated masts, and 
towers. 

• Telrex is 
equipped to design 
and supply to 
our specifications 
or yours, Broad-
band or single 
frequency, fixed or 
rotary arrays for 
communications, 
FM, TV, scatter-
propagation, etc. 

• Consultants 
and suppliers 
to communication 
firms, universities, 
propagation 
laboratories and 
the Armed Forces. 

Communication and TV Antennas 

eI rex LABORATORIES, 
ASBURY PARK 25, NEW JERSEY, U.S.A. 

MODULOW 
terminal block 
with snap- in, sprrig-loaded contacts 

True versatility in a terminal 

block. 30 modules (2 or 4 

tier) per foot. Twist of a 

screwdriver transforms 
quick-disconnect contacts to 

permanent connections. 

EILORNIDIF 
"trade mark 

For complete information, write: OMATON DIVISION, BURNDY-Norwalk. Connect 

59-2 

LINE REGULATION: Less than 5.0 millivolts 

LOAD REGULATION: Less than 5.0 millivolts 

RIPPLE AND NOISE: Less than 200 ev rms 

SERIES CONNECTED: 0-72 volts, 0-1.5 amperes 

OUTPUT CONTINUOUSLY VARIABLE 

REMOTE ERROR SENSING 

AUTOMATIC OVERLOAD PROTECTION 

CONVECTION COOLING: No moving parts 

PRICE: $580.00 

1--123_RRISON 1_..23.1BCDR.Arr CDRIM S. INC. 
45 INDUSTRIAL ROAD • BERKELEY HEIGHTS, NEW JERSEY • CR 3-9123 

IRE People 

(Continued from page 764) 

Office of Strategic Information. Front 
April to December, 1955, he was Deputy 
Assistant Secretary of Defense, having re-
sponsibility for the public affairs activities 
of the Defense Department. 

He was awarded the 1956 Alumni Cita-
tion of Franklin and Marshall College for 
"outstanding contributions to the greater 
community." In 1958 he received the Cen-
tennial Medal of Seton Hall University. 

He is Chairman of the Committee for 
Engineering Inforntation Services, an En-
gineers Joint Council sub-committee for 
cooperation with the National Science 
Foundation. 

He is a Fellow of the American Associa-
tion for the Advancement of Science and 
of the American Institute of Electrical 
Engineers. He is a past president of the 
New York Electrical Society. Ile is also a 
member of the American Management 
Association, The Society for the Advance-
ment of Management, Public Relations 
Society of America, Public Relations So-
ciety  of New York, The Commerce and 
Industry Association of New York, The 
New Jersey State Chamber of Commerce, 
The American Ordnance Association and 
the Armed Forces Communications and 
Electronics Association. 

He is a director of the Rand Develop-
ment Corporation, Cleveland, Ohio, of 
Floating Floors, Inc., New York, N.Y., 
and of the New Jersey Council on Eco-
nomic Education. 

Nir. Holmium' was a member of a dele-
gation which visited Moscow in 1958 to 

discuss trade relations with the Soviet 
Union. In 1959 he visited a number of 
countries of Western Europe, where he 
discussed industrial and technological 
problems. 

Ark Engineering Company, established 
in July 1952 as a sole proprietorship un-
(1er the direction of Albert R. Kall LV-19-
M'55), announces 
its incorporation a-
of January I. 1960 
under the name 
of Ark Electronics 
Corporation. Titi  
main activities of 
the company, as 
before, are consult-
ing engineering spe-
cializing in the field 
of radio interfer-
ence studies and 
tests, interference-
susceptibility studies of complex weapons 
and communications systems, custom lil-
ter development and production, and cus-
tom electromagnetic shielding design. The 
personnel and policies of the company re-
main the same. Mr. Kall has been elected 
president; other executive positions will be 
announced at a later (late. 

A. R. K.‘1.1. 

E. H. Lockhart ( A'53—M'56) has been 
elected Vice-Pn•--ident of R. O. Roberts 

( Cora In twel i, page I) 
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Engineering hints from Carborundum 

Correct techniques 
of Km' .m) 

KOVAR is an iron-nickel-cobalt alloy with thermal expansion 
characteristics essentially matching those of several hard 
glasses. It is the ideal material for making high-quality drawn 
shapes required for vacuum- or pressure- tight glass-to-metal 
seals in equipment such as electron tubes and semi-conductors. 
KOVAR has deep drawing qualities similar to cold-rolled 

steel. Satisfactory results are assured by observing a few simple 
precautions: 

1. On the initial draw, punch radius should be a mini-
mum of four times the material thickness. Reduce 
successively on re-draws. 

2. Inside radii at the corners on the final draw sUould 
be not less than the thickness of the metal. 

3. Sharper radii, if absolutely essential, should be pro-
duced by a subsequent coining operation. 

4. Hold-down pressures in drawing should be kept to a 
minimum to insure metal flow from the outside 
rather than stretching. 

For permanent vacuum and 
pressure- tight sealing • count on 

prOdlleii011 

N ( 11.11W 11 Shapes 

Obviously, to prolong tool life and simplify production, 
maximum permissible tolerances should be allowed. More 
detailed information on deep drawing of KOVAR alloy is sup-
plied in Technical Data Bulletin 100 EB11. 
Carborundum maintains large stocks of KOVAR alloy in a 

wide variety of sizes and forms. This alloy can be welded, 
brazed, soldered and plated with other metals. It can be either 
oxide bonded to hard glass or brazed to metallized-ceramic 
insulators. Technical service is available to help you solve 
processing and application problems. Contact The Carborun-
dum Company, Refractories Division, Dept. P-50, Latrobe 
Plant, Latrobe, Pa. 

FIND OUT ABOUT KOVAR - 

WHERE IT IS USED AND WHY 

Bulletin 5134 gives data on composi-
tion, fabrication techniques and appli-
cations. Send for your free copy today. 

CARBORUNDUM 
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Catching Up with a Slippery Equation 

What goes on when two moving surfaces are separated by a fin] of oil? 

Simple question? Maybe, but engineers and mathematicians have 
been trying to answer this classic question of lubrication ever since 

Osborne Reynolds neatly stated the problem in equation form hack in 1886. 

Unfortunately, analytical methods for solving Professor Reynolds' 
partial differential equation worked only for unrealistic oil bearings, 

bearings with widths approaching zero or infinity. And approximate 

methods were crude, requiring a complete recalculation for each slight 
change in the bearing. 

Recently, mathematicians at the General Motors Research Laboratories 
came up with the most versatile and efficient method of solution 
yet made. Their analytical method for solving the two-dimensional 

Reynolds' equation applies to all finite journal hearings — as well as 
other hydrodynamic bearings — with no assumptions or approximations 
about boundary locations. The new method uses a long-neglected energy 
theorem recorded by Sir Horace Lamb instead of the force relationship 
tried by Reynolds and others. 

Besides being a valuable contribution to the theory of lubrication, this 
work has its practical side: namely, accurate, serviceable design 

curves for engineers. At GM Research, we believe delving into both 

the theoretical and applied sides of a problem is important to progress. 
It is a way of research that helps General Motors fulfill its pledge 
of "more and better things for more people." 

General Motors Research Laboratories 
Warren, Michigan 

Hydrodynamic analyses have 

led to specific answers about 

bearing operation. Shown 

here are the oil pressure 

distribution (main illustration) 

and load-carrying 

capacity for a non-rotating 

journal with a 

reciprocating load. 

10,000 

Load 100 

Capacity L/D= 

Only curve previously available. 

0.01 0.1 

1- Eccentricity 

LID = 1.0 

L/D = 0.1 

1.0 
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Up-to-the-minute news about transistors 

pj- NO EXTRA COST WITH BENDIX 

NEW DRIVER TRANSISTORS 
SWEEPING THE FIELD 

Extra-versatile Bendix 
units beat high costs, 
design limitations 
over wide front 
Called the " workhorse of the 
transistor industry," the new 
Bendix* Driver Transistor series 
is winning the nod from more and 
more engineers daily. These men 
find it the answer to audio fre-
quency and switching applications 
requiring extra performance with-
out extra cost. 

Here is a special device for use 
where reliability, versatility, and 
low cost are primary requirements. 
The Bendix units combine higher 
voltage rating and high current 
gain with more linear current 
gain characteristics for low distor-
tion and more efficient switching. 

They're now in high production 
for rapid delivery in JEDEC TO-9 
packages. 
NEW BENDIX SEMICONDUCTOR 

CATALOG on our complete line of 
power transistors, power rectifiers, 
and driver transistors available 
on request. Write SEMICONDUCTOR 
PRODUCTS, BENDIX AVIATION COR-
PORATION, LONG BRANCH, N. J. For 
information about employment 
opportunities write personnel 
manager. *TRADEMARK 

SISTOPIZED LIGHT FLASHER  

I 5 K 

tOC 
— 

too 4t 

APPLICATION, PERFORMANCE DATA INDICATE BROAD USAGE 

TYPE 
Vce 

NUMBERS 
Vdc 

MAXIMUM RATING 

lc Pc Tj 

mAdc mVif °C 

T storage 

°C 

TYPICAL OPERATION 

life tab V , ,Sat) 

lc= III mAdc lc = 100 mAdc 
lb= 10 mAdc 

2N1008 —20 
2N1008A —40 
2N100813 —60 
2NI176 — 15 
2N1176A —40 
2N1I7613 —60 

300 
300 
300 
300 
300 
300 

400 
400 
400 
300 
300 
300 

85 
85 
85 
85 
85 
85 

—65 to +85 
—65 to +85 
—65 to +85 
—65 to +85 
—65 to +85 
—65 to +85 

90 
90 
90 
65 
65 
65 

1.2 mc 
1.2 mc 
1.2 mc 
1.2 mc 
1.2 mc 
1.2 mc 

0.15 Vdc 
0.15 Vdc 
0.15 Vdc 
0.15 Vdc 
0.15 Vdc 
0.15 Vdc 

Ideal for such applications as 

TRANSISTOR DRIVER • AUDIO AMPLIFIER ( CLASS A OR 13) 
POWER SUPPLY • SERVO CONTROL • AUDIO OSCILLATOFI 
MOTOR CONTROL • RELAY DRIVER • POWER SWITCh 

ENGINEERS KNOW the new Bendix Driver Transistor line-up meets an uiusually 

wide ronge of circuitry applications. Bendix Applications Engineering Department 
suggestions on circuitry problems ore helpful, too. 

SEMICONDUCTOR PRODUCTS 

Red Bank Division 
LONG BRANCH, N .1. 

AVIATION CORPORATION 

West Coast Sales Office: 
117 E. Providencia Avenue, Burbank, California 

Midwest Sales Office: 
2N565 York Road, Elmhurst, Illinois 

New England Sales &lice: 
4 Lloyd Road, Tewksbury, Massachusetts 

Export Soles Office: Bendix International Division, 
205 E. 42nd Street, New York C7, New York 

Canadian Affiliate: Computing Devices of Canada, Ltd., 
P. O. Ben 508, Ottawa 4, Ontario, Canada 
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Simplified block diagram of Model CF-1. Amplitude and phase input functions are plotted on graph paper for 
presentation. Integration is observed on a dc oscilloscope. Absolute magnitude is recorded on any S-A Series 
121 or APR 20 Antenna Pattern Recorder with a logarithmic response. 

3600 RPM 

6(0 

FUNCTION 
GENERATOR 

PHOTO 
ELECTRIC 
READER 

• 

PULSE POSITION 
TO 

VOLTAGE 
CONVERTER 

PULSE POSITION 
TO 

VOLTAGE 
CONVERTER 

1111 
INTEGRATOR 

ELEE O L CSTRZI C" R  

nul<os 

u. • ed 

Aftà).1f ( Hh i[u' • 

FOURIER 

A INTEGRAL 
COMPUTER 

—1• ler tj • 

- 

WsIn[ux • 610] Os 

r  1000 CPS 

 ... CHOPPER 
ANO 

FILTER 

,ccoces .. CHOPPER 
FILTER ER 

4.45. 
PHASE 
SHIFT 

fl W66466 • .2q 

01 0 
s- LOIS 

05-4015 

DC OSCILLOSCOPE 

A sophisticated solution to the vexing problem of solving bounded 
Fourier integrals quickly and accurately, Scientific-Atlanta designed 

the Model CF-1 especially for the antenna design engineer. 

The computer has broad general application including determination of 
the far fields of aperture antennas from the distribution of the field 

in the aperture, the far fields of arrays from the magnitude and 
phase of the currents in the elements, the frequency spectra of voltage 

pulses, and other physical problems involving Fourier transforms 
and their inverse transforms over finite limits. 

-4S• 
PHASE 
SHIFT 

A SERIES 121 OR 
APR 20 RECORDER 

Model CF-1 

PRICES 

Model CF- 1 

Fourier Integral 

Computer... $9,000 

Model APR 22 

Antenna Pattern 

Recorder ( logarithmic 

response) ... $4,300 

Consult your nearby S-A engineering representative for more information. Or you 
may write directly to the factory for complete specifications. Address Dept. 86. 

SCIENTIFIC-ATLANTA, INC. 
2162 PIEDMONT ROAD, N.E. • ATLANTA 9, GEORGIA 

Tel. TRinity 5- 7 2 9 1 4 
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IRE People 

(Continued from page 80A) 

Company, Inc., Santa Fe Springs, Calif. 
A veteran of 

over 20 years with 
the electronics in-
dustry, he most 
recently was vice-
president of Ra-
diatronics Incorpo-
rated, Van Nuys, 
Calif. He has also 
had engineering and 
management experi-
ence with Hughes 
Aircraft Company, 
Stanford University 
Microwave Laboratory, Iainos Sci-
entific Laboratory, Univer,-ity of Cali-
fornia Radiation Lal)oratory, and Gen-
eral Electric Comp:illy. 

He has been active in the \Vestern 
Electronic Manufacturer's Association for 
many years, serving on the Membership 
Committee in 1955, Greeters Committee 
Chairman 1956, Program Chairman 1957, 
and as a Director in 1958 and 1959. 

Mr. Lockhart served as Registration 
Chairman for the 1958 Wescon, and is 
Vice-Chairman of the All Industry Lunch-
eon Committee for the 1960 Wescon. His 
affiliations include the Aircraft Electrical 
Society and AFCEA. 

E. H. LOCKHART 

(Continued on page 108A) 

ROBOTEC® 

SEMICONDUCTORIZED 
VOLTAGE REGULATED 

POWER SUPPLIES 
. . . electronically cuts off output in 

less than 30 microseconds with over-

load or short circuit. Permits safe con-

tinuous operation into dead short. 

Models up to 100 volts and 10 am-
peres. Write for literature RI. 

iv.Power Design ¡Re  1700 SHAMES DRIVE 
WESTBURY, NEW YORK 

EDgewood 3-6200 

DC Millivoltmeter capacitance Bridge 

Wide-Range 
Self-Contained 

Precision 
Inductance Bridge 

MODEL 63A PRICE $1500 

Inductance Range: .002 Microhenry to 1.1 Henries. 

Series Resistance Range: .002 Ohm to 110K Ohms. 

Built-in I to 100 KC Oscillator — Detector. 

No Fals€ or Sliding Nulls. 

ALSO MANUFACTURERS OF THESE FINE INSTRUMENTS 

,pene eaSZ  
e 

es • 

RF Distortion Meter UHF Grid Dip Meter 

Boonton ELECTRONICS Corp. 
Morris Plains, New Jersey • Phone: JEfferson 9-4210 
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A pulse transformer. Wire wound in careful coils. Metals, magnetic materials and dielectrics 

combined in careful ratios, spacings and dimensions. The result: a device with precise param-

eters— pulse shape, rise, fall times, ripple, backswing, overshoot, life. What sets this one apart? A 

unique thing—Carad capability. Capability gained in designing and building hundreds of special 

pulse transformer types to exact specifications. Weights from ounces to hundreds of pounds. 

Ratings from 10 volts to 500 kv. None of these extremes are considered limits at Carad. For 

pulse transformers of any type you will find it worth your while to investigate Carad capability. 

CAPAD CORPORATION 2850 Bay Road • Redwood City • California 
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FROM Transifron...INDusTRy's BROADEST LINE OF 

C110-0 ODES 
MICRO- MINIATURIZATION POSSIBLE NOW! 

YES — FASTEST DIFFUSED SILICON MICRC-DIODES AVAILABLE. They 

combine advanced diffusion techniques with ex-

tremEly small size, to provide milli-micro-second 
switching speeds, excellent static, forward and 

inverse characteristics. 

YES — ONLY SERIES OF H,GH QUALITY MICRO-REGULATORS. Series 

of 8 diffused-silicon micro-regulators provides stable 
voltage regulation and reference sources previously 

found only in considerably larger devices. Ex :ellen; 
dynamic resistance character sties. 

YES — BASIC FAMILY OF MULTI-PURPOSE MICRO-DIODES. Series of 

3 high quality diffused-silicon micro-diodes provides 

voltage ratings up to 200 volts, current rating up to 

50 milliamperes. May be considered for switching 

applications. Exceptional static, forward and inverse 

characteristics. 

YES — EVEN A MICRO-STABISTOR. 

This diffused-silicon stabistor is the micro-ccunter-

part of Transitron's universally-known SG-22. 

All of these new micro-diodes are COMPLETELY 

COMPATIBLE with present circuitry . . . provide 

the same excellent performance as larger Transitron 
diodes in 1/10th the space! Here is your chance to 

micro-miniaturize circuits TODAY! 

VERY FAST SWITCHING MICRO-DIODE 

TYPE PIV Er@ 5MA 
RECOVERY 
TIME 

TMD-50 50V 0.75V 4 nuasac 

FAST SWITCHING MICROMIODE 

TYPE Ply 
RECOVERY 

Ef @, 2C 5- A TIME 

TMC-24 
TMD-25 
TMD-27 

50V 
100V 
200V 

0.85V 0.3 Asec 
0.85V 0.3 µSec 
0.85V 0.3 pSeC 

SILICON MICRO-REGULATOR 

VOLTAGE 
TYPE (a, 5MA 

POWER Mire 
Q1) 25"C 

TMD-01 5.1V 
TM D-03 6.2V 
TMD-07 9.1V 

100 MW 
100 MW 
100 MW 

HIGH CONDJCTANCE MICRO -DIODE 

TYPE PIV Ef @ 100 MA 
POWER RATING 

@j25`1"; 

TAID-41 
TM 0-42 
TMD-45 

50V 
100V 
200V 

1.0V 
1.0V 
1.0V 

100 MW 
100 MW 
100 MW 

SI ICON MICRG-STABIS—OR 

TYPE 
DYNAMIC 

Ef(q) 1 MA RESISTANCE 

TM D-40 0.55V 60 OHMS 

For further information, 
write for Bulletins: 

PB-71A (High Conductance), PB-71B (Fast Switching), 

PB-71C (Very Fast Switching), PB-71D (Stabistor), 

PS-71E ( Regulators); AN 1358A Application Notes. 

See Transitron ot the AFCEA Show, Booth 157-158 

Tra n5itron 
electronic corporation • wakefield, massachusetts 

T. 

"Leadership in Semiconductors SEE YOUR LOCAL AUTHORIZED TRANISITRON DISTRIBUTOR FOR QUANTITIES FROM 1-999. 



you want to 
make 0.1% strain, 

temperature, and 
other measurements 

... rescue microvolt 
signals from 
volts of noise... 

Consider a KIN TEL 
Differential DC Amplifier 

The KIN TEL 114A virtually eliminates ground loop 
problems...amplifies microvolt level signals in 
the presence of volts of common-mode noise. 
Input is isolated from output and both are com-
pletely isolated from chassis ground. Common-
mode rejection is 180 db for DC, 130 db for 
60 cps with up to 1000 ohms input unbalance. 
Equivalent input drift <30, input resistance 
5 megohms, output capability 10 volts at 10 ma, 
gain 10 to 1000, bandwidth 100 cps, gain sta-
bility 0.1%. There's no better way to measure 
strain, temperature and other phenomena to 
very high accuracies. Price: 114A $875, single 
amplifier cabinet $ 125, six amplifier module $295. 

Representatives in all major cities 

KIN TEL 
01,1 1 0 N 0 

t, 0 -r 

5725 Kearny Villa Road, San Diego 11, California 

Phone: BRowning 7-6700 

Industrial 
Engineering Notes 
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AIR TRAFFIC CONTROL 

The Federal Aviation Agency hopes to 
have air traffic control on a semi-auto-
matic basis by 1963 and fully automatic 
"as soon as possible thereafter," FAA 
Administrator E. R. Quesada said .Speak-
ing at a meeting of the National Society 
of Professional Engineers, Mr. Quesada 
said a 400-engineer staff is working on 
R&D connected with modernization of the 
airways and that one of the most pressing 
projects is the automation of the air 
traffic control system. Automation has, 
he said, "terrifically far-reaching implica-
tions. The key to the project is the de-
velopment of an air traffic control Data 
Processing Central that will remove many 
of the controller's bookkeeping chores and 
give him more tinte to analyze traffic situ-
ations and make control decisions. - The 
Central's "most spectacular" function will 
be in probing, detecting, and predicting 
conflicts, he continued. It will warn of 
any unsafe situation and automatically 
suggest corrective alternatives. Present 
plans call for the Central to be controlling 
the New York, N. Y., area's air traffic in 
1963, with systems to follow at Cleveland, 
Washington, Chicago, Los Angeles, and 
Oakland. Other plans for airway modern-
ization call for increased installations of 
radar and other electronic equipment; im-
proving the communications systems and 
the aeronautical weather service; and de-
veloping new control procedures, the ad-
ministrator said. 

ENGINEERING 

Standards on resistors and capacitors 
have just been published by the American 
Standards Association. Publication 115 
applies to fixed resistors of types other 
than wire-wound, with a rate dissipation 
not exceeding 2 watts and a rated resist-
ance value between 10 ohms and 10 
megohms, suitable for use in circuits where 
high stability properties are essential. 
Publication 116 applies to fixed capacitors 
with a dielectric of mica with the elec-
trodes directly deposited on the mica sheets 
and intended for use in telecommunication 
receiving equipment and for similar appli-
cations in other electronic equipment. 
Copies of these publications are available 
from ASA Headquarters 70 E. 45th St. 
New York, N. Y., $3.20 per copy. . . . A 
two-part report of Air Force-sponsored 
research into magnetic amplifier circuits 
has been published for sale to industry 
through the Office of Technical Services, 
U. S. Department of Commerce, Wash-
ington 25, D. C. 

* The data on which these NOTES are based 
,\ ere selected by permission from Weekly !Wore 
i-sles of February 23 and March 7, 1960, published 
by the Electronic Industrie. Association, whose 
helpfulness is gratefully acknowledged. 

LITARY ELEcTitoNIcs 

The Army has shown members of the 
press a device which can, it was claimed, 
perform many of the functions of electronic 
devices—without electricity or moving 
parts. The device is a "pure fluid ampli-
fier." The unit demonstrated by its inven-
tors, scientists of the Army's Diamond 
Ordnance Fuze Laboratory in Washington, 
resembled a block somewhat larger than a 
pack of playing cards. It was airtight, ex-
cept for tiny apertures, and contained 
passageways. Attached to a source of 
pressurized gas or liquid, the device can 
amplify, digitalize, remember, feedback, 
and compute, the scientists said. The 
new device "makes possible a whole new 
class of amplifiers, computers, logic circuits 
and control systems, and will bring auto-
mation and control more into industrial 
and personal life," its developers said. 
The "revolutionary" system will not re-
place the electronics industry, they de-
clared, but in some specialized applica-
tions it "will do things better and more 
reliably than electronic systems." "Pure 
fluid amplifying and computing elements 
will take a place in hydraulic and pneu-
matic systems similar to the position that 
the vacuum tube and transistor occupy in 
the field of electricity," the scientists said. 
The amplifier works by injection into 
the internal passageways of one strong 
stream of gas or liquid and a second, 
weaker stream which displaces or redirects 
the main flow. The idea for the system is 
an old one—"an overlooked one," its de-
velopers said. Fluids in motion have been 
used in many applications, such as hy-
draulic systems, windshield wipers and 
autopilots. But those systems have moving 
parts. The advantage of the pure penu-
matic device is that it has none. Thus, the 
inventors claimed, it is trouble-free to an 
astonishing degree, easy to make and 
maintain, and as rugged as its few com-
ponent materials are. It can operate, for 
example, in white heat. The inventors said 
a unit could be produced for 2/10ths of a 
cent which would do the work of a vacuum 
tube costing 50 cents. A unit the size of a 
pea with an aperture 5/1000ths of an inch 
in diameter was displayed. It was said 
that the size of the device could be ad-
justed to fit almost any applications "up 
into the horsepower range." The prime 
advantage is the speed of the device. "They 
will never compete with electronic systems 
for very high speed applications," the 
scientists said. The pure fluid amplifier 
will be described in an engineering hand-
book now being prepared by the Army and 
in a series of technical papers to appear in 
trade magazines. A full technical report 
will be issued later. 

(Continued pape 92.4) 
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PUTTING MAGNETICS TO WORK 

Open your eyes to new amplifier designs! 
See how to combine tape wound cores and transistors 

for more versatile, lower- cost, smaller amplifiers 

Tie tape wound cores and transistors into a magnetic-
transistor amplifier, and open your eyes to new design 

opportunities. 

To start with, these are static control elements—no mov-
ing parts, nothing to wear or burn out. Next thing you 
find is that you reduce components' size—your amplifier 
is smaller and costs less. That's because between them 
the core and the transistor perform just about every cir-
cuit function ... and then some. 

For instance? The core has multiple isolated windings. 
Thus you can feed many inputs to control the amplifier. 
The core also has a square hysteresis loop, and thus acts 
as a low loss transformer. That means you save power. 
In addition, the core can store and remember signals— 
so time delay becomes simple. 

There's no need for temperature stabilization, either. 
The transistor acts only as a low loss, fast, static switch— 
and in this function it has no peer. 

How do you want to use this superb combination? As a 
switching amplifier—or a linear one? In an oscillator? 
A power converter (d-c to d-c or d-c to a-c)? You'll have 
ideas of your own—and if they involve tape wound cores, 
why not write us? Ours are Performance-Guaranteed. 
Magnetics Inc., Dept. P-81, Butler, Pennsylvania. 

IHRGIlETICS 
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NEW BORG MICRODIALS ADD RICHNESS AND STYLE 

TO CONTROL PANELS AND INSTRUMENTS 

Now from Borg, originator of famous Microdials, comes 

a fresh, new concept in turn-counting dial appearance 

. . . Series 1360 Microdials. These new Borg Microdials 

were specially developed to add style and color to elec-

tronic control panels and equipment. Available in five 

smart models of red, gray and black color 

variations. Colors are inlays of colored plastic 

. . . will never wear, scale or rub off. Quality 

mechanical features such as smoothness of action . . . 

absence of noise . . . fewer ambiguities in reading and 

setting assure accurate, reliable performance. Contoured 

brake arms lock settings in place, but do not interfere 

with reading and setting. Catalog data sheet BED-A137 

gives complete color combinations and specifica-

tions. See your Borg technical representative or 

distributor, or let us put him in touch with you. 

BORG EQUIPMENT DIVISION 

Amphenol- Borg Electronics Corporation 

Janesville, Wisconsin 

Micropot Potentiometers Turns- Counting Microdials • Sub- Fractional Horsepower Motors • Frequency and Time Stondards 
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OHMITE 
RESISTORS 

THE EXACT RESISTOR YOU NEED—WHEN 
YOU NEED IT— FOR EVERY INDUSTRIAL 
AND MILITARY REQUIREMENT 

Fixed ... adjustable ... tapped ... noninductive ... precision 
metal film and encapsulated wire-wound . . . thin type . . . 
high-current—practically any resistor you need, you can find 
in the Ohmite line. 

ORLD'S LARGEST STOCK FOR IMMEDIATE DELIVERY—Chances 
VV are Ohmite's huge stock of several million resistors in 
more than 2000 sizes and types contains a unit that fits your 
requirements. Many types are also available through Elec-
tronic Parts Distributors located across the Nation. 

YOUR CUSTOMERS KNOW THE VALUE OF OHMITE QUALITY— 
When a purchaser sees Ohmite resistors in a piece of 

equipment, he knows that equipment is designed and built 
for dependability. 

OHMITE ENGINEERING ASSISTANCE ASSURES THE RIGHT UNIT— 
Selecting the right resistor for the job is sometimes a 

tough problem. Why not call on Ohmite application engi-
neers to help out. Take advantage of their specialized skills 
and background. 

Write on Company Letterhead for 
Catalog and Engineering Manual 58 

.XIAL 

FIXED RESIbTDU, 

PO WE 

ENCAPSULA TED 
PRECISION 

METAL 
FHA 

PRECISION 

BROWN 
DEVILS, 

nivtoommt 
ADJUSTABLE 
RESIS TORS 

THIN RESISTORS 

rd/ 

:,-:APSUIATE:, 

,zpe .der 

MOLDED 
POWER 

PRECISION 

OHMITE. Quality Components 
OHMITE MANUFACTURING COMPANY 

3617 Howard Street, Skokie, Illinois 

RHEOSTATS • RESISTORS • TAP SWITCHES 

RELAYS • R.F. CHOKES • TANTALUM CAPACITORS 

VARIABLE TRANSFORMERS • GERMANIUM DIODES 

PROCEEDINGS OF THE IRE May, 1960 91A 



RUIDS PUZZLING YOU? 
NETWORKS 

MAG AMPS 

DELAY LINES 

SATURABLE 

REACTORS 

CONTACT 
PINS 

TERMINALS 

0 - 0—) 

JACKS 

FRICTION 
CONTACTS 

Gz0=2 

Advanced engineering, complete industry liaison and exclusive 

specialization in toroidal components are all part of a continuing 

program at C-A-C. Our unique equipment—designed and built 

by C-A-C—enables us to produce quality toroids of all types 

in high volume for fast delivery. 

Always Specify C-A-C Toroids 

COMMUNICATION 

ACCESSORIES 
COMPANY Lee's Summit, Missouri 

309 

also PRINTED CIRCUIT 
MINIATURE PARTS 

Contact pins, terminals, ¡ acks or 

any small tubular parts. Maximum 

Vs" diameter x PA" length. 

Send sketch for quotations. 

Send for Multi.Swage or 
Bead Chain Drive Catalogs! 

MINIATURE 
PINS 

c0=0= 

c9= 

QUALIFIED 
BEAD CHAIN 

oo 
No. 3-3/32" Dia. 

CeCinCe 
No. 6- 1/8" Dia. 

000 
No. 10-3/16" Dia. 

No. 13-- 1/4" Dia. 

THE BEAD CHAIN MFG. CO. 

  Industrial  ReIDE 
Engineering Notes 

(Centiefffed tr,m t 

PRoposu. 

EL\ has submitted to the Labor De-
partment its proposed definition of the 
Electronic Equipment Industry and urged 
that it be used in the upcoming survey 
preliminary to a \\*a Ish-llea ley ‘vage deter-
mination for the industry. The El:\ pro-
posal defines the industry in terms of 
classes of products it manufactures, and 
limits the categories to those that are 
specincallv electronic. It is intended to re-
place a more general definition proposed 
earlier by the Labor Department which 
identifies the industry as devoted to 
" the manufacture of electrical ap-
paratus and sub-assemblies therefor in-
volving the use of electronic tubes and/or 
solid state semiconductor devices." In a 
statement accompanying its definition, 
El.\ pointed out that the proposal would 
eliminate the possibility of including prod-
ucts of other electronic industries already 
covered by Walsh-llealey wage determi-
minations, such as the electronic com-
ponents and the tube and semiconductor 
industries. The definition proposed by 
El.\ is " The manufacture of electronic 
equipment for the purpose of this survey, 
is defined as that industry which manu-
factures any of the following classes of 

pgje 
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An achievement in 
deferseauiectronics 

*it 
;lb 

NEW THERMODLASPC RECORDING DISPLAY ACHIEVES 

Detection to Projection 
in Less than a Second 

Large-screen display of radar signals can be recorded and pro-
jected in less than a second. This advanced technique in in-
formation display is an example of one application of the new 
thermoplastic recording system developed by General Electric. 

The grainless, thermoplastic film eliminates processing delays 
and permits, with higher resolution, much greater enlargement 
than is practical with high-speed photographic film. Target 
delineation is also significantly improved by optical filtering used 
to increase the signal-to-noise ratio. 

Now undergoing final development in General Electric's Elec-
tronics Laboratory, the "thermoplastic display" is expected to 
find maximum application in the high-speed radar systems of the 
future. 176-03 

Progress ifs Our Most important Product 

GENERAL ELECTRIC 
DEFENSE ELECTRONICS DIVISION 

HEAVY MILITARY ELECTRONICS DEPARTMENT 

SYRACUSE, NEW YORK 



— the time-tested standard of the resistor industry 

Evanohme 
RESISTANCE ALLOY 

— for resistors and precision instruments 

Wherever exceptional stability over a wide tem-
perature range is essential, EVANOHM is the 
accepted standard of performance. This high-
reliability resistance alloy provides high specific 
resistance, low temperature coefficient, low ther-
mal EMF to copper. EVANOHM is especially 
recommended for use in resistors, aircraft in-
struments, for guided missiles, rockets and 
other precision equipment. Available in bare 
wire, enamel, formvar, polyurethane, silk, 
cotton, nylon and glass insulation. Write for 
complete electrical and mechanical data and 
recommendations on your specific application. 

*Patents 2,293,8'8-2,638,425 — Tradename Registered 

ti 2 

1 
e 
.21 

.1.'0 -50 30 10 tO 30 50 70 90 1E) 130 
TEMPERMVRE 1N.C' 

Percent change in resistance of an idea sample 
oil Eyelet.. Normal producton material (.002" 
and finer) is supplied within the range = 10 ppm (--e to 25 C. and 25 to 125'0 referred tie 25'C.) 

WILBUR B. DRIVER CO. 
Main Office: NEWARK, N. J. — Tel. 1-11Jrnboldt 2-5550 

Branch Offices and WarehoLses in Principal Cities. Manufacturing Plants: 1875 McCarter H'way, 
Newark 4, N. J.; 2734 Industrial Way, Santa Maria. Calif. Canadian Wilbur B. Driver Co., Ltd., 

Rexdale (Toronto). Subsitiary: Western Gold and Platinum Co., 525 Harbor Blvd., Belmont, Calif. 

1 
// 

VK 20 
432,000 parts 
per cu. ft. 
Dimensions: 
.2" x .2" x .1" 

VK 30 
192,000 parts 
per cu. ft. 
Dimensions: 
.3" x .3" x . 1" 

TM. 

mi ature 

CERAMIC CAPACITORS 
• Decimal dimensioned case 

• Max. volumetric efficiency 

• Contiguous flush-mount 
• 47-10,000 mmf 

• 200 vdc without derating 

• — 55°C to 150°C operation 

"VK" capacitors are designed with square 
precision molded cases in only two sizes 
and a single standard 0.2" lead spacing 
for all values. Continuous life and envi-
ronmental testing, plus 100% tests for 
Dissipation Factor, Insulation Resistance, 
and Capacitance guarantee that each 
"VK" capacitor in your circuit will per-
form as predicted. 

ALSO UNCASED 

FOR COMPLETE 

ASSEMBLY 

ENCAPSULATION 

Same electrical characteristics as stand-
ard "VK" series. Each unit coated with 
a resilient protective compound. Dimen-
sions: 47-100 mmf, . 100" square; 120-
270 mmf, . 130" square; 330-1000 mmf, 
.150" square; 1200-3300 mmf, .250" 
square; 3900-10,000 mmf, .265" square. 
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WITH ANY INSTRUMENTATION... 

CUBIC Digital systems 
speak for themselves 

An uncluttered, human-engineered front panel and internal engineering and construction demon-

strate to the eye that Cubic's is the superior digital instrument. Proof of this superiority is in the 
operation ... and side by side in independent evaluations of many instruments, Cubic again and again 
provides the instrumentation that is specified. 

Any phenomenon of science which can be converted 
to a usable DC Vo!.tage can be measured with the 
Cubic 4 or 5-digit Voltmeter ( Models V-41, V-51) 
powered by the Model C-1 Control Unit. Addition 
of an AC Converter ( Model AC-1, manual ranging; 
Model AC-2, automatic ranging) or a Model PA-1 
Preamplifier extends the systems capabilities to the 
measurements of AC voltages or lower level DC 
voltages. 

Precise resistance measurement is possible with the 
0-41 and 0-51 4 and 5-digit Ohmmeters, powered by 
the C-1 or C-2 Control Unit. 

Multiple input channels may be sampled rapidly and 
accurately with the Model MS-2, a single unit for 
scanning up to 100 points, or the MS-1, AS-1 Master-
Auxiliary combination for scanning up to 1000 points 
with multiples of out, two, four or five-wire inputs. 

U13IC 

Voltage ratio measurements are made with the R-41 
and R-51 4 and 5-digit models operating only as 
Ratiometers or with the VR-41 and VR-51 models, 
which operate both as Ratiometers and Voltmeters. 
Measurements can be permanently recorded with 
the addition of a PC-Series Printer Control Unit, 
provid:ng input for any quality printer on the market. 

AND NEW FROM CUBIC.. . the Talking Meter, 
instrumentation that really does speak for itself, in-
strumentation that provides a new dimension in 
"readout," measurements or other parameters re-
ported to the ear by a clear human voice. 

Years-ahead engineering, factory production techniques inspired by pride in the 

end result, careful quality control and reliability testing . . . all these factors make 

Cubic's the truly fine instrumentation ... Digital Systems that speak for themselves. 

CORPORATION 
INDUSTRIAL DIVISION 

5575 Kearny Villa Roa, San Diego 11, Califo,nia 
Electronic Engineering With a Dimension for the Future 

MORE THAN "HARDWARE," CUBIC 

OFFERS FINE *RECISION INSTRU-
MENTATION AT MODERATE PRICES. 
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transistor and crystal diode tester... 

AND WHY IT WAS CHOSEN BY 

CURTISS-WRIGHT... 

THE PROBLEM: 
Curtiss-Wright needed an accurate and 
reliable transistor tester, for field 
testing and maintenance of their 
transistolzed Propeller Synchronizer 
and its associated equipment. 

THE SOLUTION: 
After evaluating available test instruments, 
the PRECISION Model 960 was chosen 
on the basis of its design suitability, 
reliability and low unit cost. 

-nprehensive test sot 
designed for oconomizai, 
practical and reliaD e 
checking of transistors 
and crystal diodes • 
specialized c rcuitr; and 
operating patamete-rs 
have been engineered in 
cooperation with 

leading sernic-:: - • manufacturers • self-comained A: 
power supply eumulates the necessity ' or batteries • 199.95 

< t 

PRECISION 

Perhaps you, too, have a production-line 
or servicing problem that can be solved by 
the PRECISION Model 960... 
If so, you will be interested to learn that 
the Model 960, and all other PRECISION 
test instruments, are available to you now 
for a free trial... in your plant ... under 
actual ope;ating conditions . . . without 
obligation. 

For complete information ... plus a copy 
of the comprehensive, new PRECISION 
test instrument catalog, write on your com-
pany letterhead to: 

PRECISION Apparatus Co., Inc. 
70-31 84th Street. Gleiclaie 27, long Island, N. Y. 
Export: 458 Broadway, hew York 13. New York 
Canada: Atlas Radio Corp, Ltd., 50 Wingold Ave.. Toronto 19 

eil»110.7111«, 

GCA Display 

PPI 

(el 

Elevation 
Scope 

Character Display 

A YOKE FOR ANY SCAN 
to your Specifications 

%IF 
Composite Display: 

Hor zo Altitude A rport 

.011111.11\ 

eligh 

WWI 
11111.3110e 

Off Centered Precision 
Sector Scan Linear Sweeps 

All ek 

Loran 

O Scope DF Scope 

COMPLETE LINE of deflection yokes for every 
military and special purpose—in production quan-
tities or custom designed to your exact require-
ment. 

For engineering assistance with your display 
problems, call on your nearest 

SYNTRONIC YOKE SPECIALIST today: 

New York Area: Jules J. Bressler Co. 
Phone: N.Y., OXford 5-025$; N.J., UNion 4-9577 

Philadelphia Area: Massey Associates 
Phone: MOhawk 4-4200 

Washington-Baltimore Area: Massey Associates 
Phone: GRarite 4-2071 

Indianapolis: Joe Murphy 
Phone: Victor 6-0359 

Los Angeles: Ash M. Wood Co. 
Phone: CUrniberland 3-1201 

svntronic 
INSTRUMENTS, INC. 

100 Industrial Road, Addison, Illinois 
Forie• Klngswood 3-6444 
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WHAT 
HAS 
THE 
7182 
S BAND MAGNETRON 
IN 
COV VON 
WITH 
THIS 
CAT? 

A good question! According to legend, a cat has nine lives— some-

thing that has yet to be proved. The 7182, on the other hand, has a 

proved life 8 to 10 times greater than any similar S-Band magnetron. 

The 7182 retains its remarkable stability and reliability during 

a life of 10,000 hours, and is one of a series of magnetrons now in 

production providing peak powers of 5 MW. These magnetrons 

operate at voltages and current densities usually associated with 

magnetrons rated at a fraction of the power output. 

A parallel development in L-Band ensures that attainments in 

this field equal the phenomenal successes already achieved with 

S-Band magnetrons. 

'ENGLISH ELECTRIC 
Agents throughout the World 

PROCEEDINGS OF THE IRE May, 1960 
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BASIC 
BUILDING 
BLOCKS 444-1 

FROM KEARFOTT 

20 SECOND 
SYNCHRO 
This syr.chro, just one of a 
broad line offered by 
Kearfott. provides the 
extreme accuracy required 
in today's data trans-
mission systems. Kearfott 
synchro resolvers enable 
system designers to achieve 
unusual accuracy without 
the need for 2-speed servos 
and elaborate electronics. 
By proper impedance, 
matches up to 64 resolver 
control transformers can 
also operate from one 
resolver transmitter. 

TYPICAL 

CHARACTERISTICS SIZE 25 

Control 
Type Resolver Transriitter Transformer 

Pad Number Z5161-001 Z5151-003 

EKCI:. Volts 
(Max.) 115 90 

Frequency (cps) 400 400 

Primary Imped. 400/80° 8500/80° 

Secordary Imped. 260/80° 14000/80° 

Transform. Ratio .7826 1.278 

Max. Error fr. E.Z. 20 sef onds 20 seconds 

Primary Rotor Stator 

Write for complete data. 

Tachometers 

BASIC 
BUILD,ING 
BLOCKS 
FROM KEARFOTT 

PRECISE 
ANGLE 
INDICATOR 
Consisting of an angle po-
sition indicator, motor and 
servo amplifier, this small, 
versatile, rack panel mount-
ed unit provides angular 
position indications for 
laboratory, production and 
field use. Input signals pro-
portional to unknown ang-
ular position of synchro de-
vice being measured are re-
solved as an error voltage, 
which is amplified and used 
to drive an internal servo 
loop to null. Counter mech-
anism then provides direct 
visual readout of angular 
position. 

TYPICAL 

CHARACTERISTICS 

Input Signal: S„ S2, and S, of 
external synchro transmitter. 

Repeatability: Within 0.6 minute 
in either a clockwise or coun-
terclockwise direction for any 
angular position. 

Readability: 0.5 minute through 
full range from zero to 360° 
Rotation is continuous. 

Accuracy: -± 6 minutes in the 
standard unit. Other accuracies 
available on request. 

Sensitivity: 0.5 minutes maximum. 
Slewing Speed: Phase sensitive, 

180° in 7 seconds. 
Input Voltages: 115 volts, single 

phase, 400 cycles, 23 VA max. 
Size: Standard Rack Mounting.— 

let" x 91/2 " x 81/2 " 

Write for complete data. 

Ferrites 

BASIC 
BUILDING 
BLOCKS 
FROM KEARFOTT 

FLOATED RATE 
INTEGRATING 
GYROS 
Specifically designed for 
missile applications, these 
Kearfott miniature gyros 
operate efficiently at 
unlimited altitudes. Their 
outstanding accuracy and 
performance make them su-
perior to any comparably-
sized units on the market. 
Hermetically sealed within 
a thermal jacket, these gy-
ros are ruggedly designed 
and completely adaptable 
to production methods. Per-
formance characteristics 
that are even more precise 
can be provided within the 
same dimensions. 

TYPICAL CHARACTERISTICS 

Mass Unbalance: 
Along Input Axis: 1.0°/ hr 
maximum untrimmed 

Standard Deviation (short term): 
Azimuth Position: 0.05°/hr 
Vertical Position: 0.03°/hr 

Drift Rate Due to Anisoelasticity 
Steady Acceleration: 

.015° / hr./g2 maximum 
Vibratory Acceleration: 

.008°f hug' maximum 
Damping: 

Ratio of input angle to 
output angle is 0.2 

Characteristic Time: 
.0035 seconds or less 

Weight: 0.7 lbs. 
Warm-Up Time: 

10 minutes from —60°F 
Life: 1000 hours minimum 

Write for complete data. 

KEARFOTT DIVISION 

GENERAL PRECISION INC. 
1.n.v.LE   NEW 

Mids.:es! Office. 23 W. Calendar Ave., La Grange, Ill. 
South Central Office: 6211 Denton Drive, Dallas, Texas 

West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 

Engineers: Kearfott offers challenging opportunities in advanced component and system development. 
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DELCO 
50 AMP 
HIGHER CURRENT THAN EVER BEFORE FOR MILITARY AND COMMERCIAL USE 

2N1518 2N1519 2N1520 ' 2N1521 2N1522 2N1523 

Maximum Collector Current (Amps.) 25 25 
I 

35 35 59 50 

Maximum Collector to Base Volts, 
Emitter Open, Max lc° 4ma 50 80 50 80 5,3 80 

Minimum Open Base Volts 
(1- Amp. Sweep Method) 40 60 40 60 43 60 

Maximum Saturation Volts at 
Maximum Collector Curent 0.7 0.7 0.6 0.6 0.5 0.5 

Gain at lc at 15 Amps. 15-40 15-40 17-35 17-35 22-45 22-45 

Minimum Gain at Maximum 
Collector Current 12 12 12 12 12 12 

Thermal Resistance Junction 
to Mounting Base ( C/Watt) 0.8 0.8 0.8 0.8 C.8 0.8 

Newark, New Jersey 

1180 Raymond Boulevard 

Tel: Mitchell 2-6165 

Characteristics at 25'C Maximum Junction Temperature 95'C 

Chicago, Illinois 

5750 West 51st Street 

Tel: Portsmouth 7-3500 

A new family of high current transis-

tors featuring the 50-ampere 2N1522 

and 2N1523. Two 25- and two 35-

ampere types round out the line. All 
thoroughly tested and completely re-

liable. Available in production quanti-
ties. Call or write your nearest Delco 

Radio sales office for full product in-

formation and applications assistance. 

DELCO 
RADIO 

Division of General Motors 
Kokomo, Indiana 

Santa Monica, California 

726 Santa Monica Boulevard 

Tel: Extrook 3-1465 

Detroit, Michigan 

57 Harper Avenue 

Tel: TRinity 3-6560 
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advancement 
in instrument 

design 

SEALED 
RUGGEDIZED 
PANEL METERS 

HERMETICALLY SEALED ... GLASS-TO- METAL 

MIL 21/2 " ( MR215) and MIL 31/2 " (MR3 6) sizes. 

Also I 1/2 " Ruggedized and 41/2" Sealed 
Models. ua, ma, amp, mv, volt, kv, ac rectifier 

types for voltage, decibel and VU measure-
ment. Standard ranges. Bulletin on request. 
Marion Instrument Division, Minneapolis-
Honeywell Regulator Co., Manchester, N. H., 

U.S.A. In Canada, Honeywell Controls Limited, 

Toronio 17, Ontario. 

Honeywell 
P,ONeeNINo rène euTuNe 1111 l irte eked ' 

•wennm SINCE I•ef 

SyNTRON 

POWER RECTIFIERS 
Silicon and Selenium 

Reliable Performance 

SYNTRON RECTIFIER DIVISION 
SUBSIDIARY OF LINK BELT COMPANY 

242 Lexington Ave. Homer City, Penna. 

CAPITOL 
RADIO 

NG 
INSTITUTE 

Advanced Home Study and Residence Courses 
in Electronics, Automation and 

Industrial Electronics Engineering Technology 

ile,piceel molr ire, II  shirty or 
Nilemd Cntalo!; by writiny In: Dept. 

Pioneer in Electronics Engineering Instruction 
Since 1927 

ECPD Accredited 
Technical Inglitute 

Curricula 

3224 16th St., N. W. Washington 10, D. C. 
A pprnc,1 i;,;, 

"A' IIMIERI 
flithltsl MORS 

For 

Demonstrating and 

Iesting Auto Radios 
'Wets-roe OR VIBRATOR OPERATED 

6 Volt or 12 Volt! 

New Models ... Designed lting 

or tes D.C. 

Electrical Apparatus on Regular N.C. tines. — 

Equipped with FullMave on y Disc Interlerence. 

lype 

Recliner, Assuring Noiseless, e Lo • 
Free OPetation and Extremng 

Life and Reliability. 

TYPE 

610C•ELIF 

620C.ELIT 

INPUT 
A.0 Volts 
$O Cycles 

110 

110 

0.C. OUTPUT 

VOLTS 

I 6 

12  6 12 

16 20 40 

12 1 
10 20 r 

AMPERES 

Cont. Int. 

10 201 

HIP 
WT-

22 

USER 
PRICE 

$49.95 

33 $66.95 

SEE YOUR JOBBER OR WRITE FACTORY 

y NEW MODELS N. NEW DESIGNS /NEW LITERATURE 
. • A 13.11'uy Lie,natou • DC AC Inieoers • Auts Radio Vibrators 

AMERICAN TELEVISION & RADIO CO. 

2.edatity Pladedet., ei•ote 193/ 

SAINT PAUL 1, MINNESOTA, U. S. A. 
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Itt SIMMS 
••••t, 

TOP WU MEETING' 
IN , 1 a 

NATION'S CAPITAL 
'Washington, D.C., April 4 th 

(AFCEA). The Armed Forces in, 
Communications and Electronics p, , 
Association will hold its 14th Na-  
tional Convention and Exhibit in 
the nation's capital on May 24-26. inn` 

Because the Convention is a contmott 
ground meeting place, it affords you 
the perfect opportunity to get to know 
• most important members 

• e a 

This bulletin is news for you 
if you're looking for big military contracts 
The annual AFCEA National Convention and Exhibit 
really is a top level meeting, where you join the upper 
sales echelons as your own ambassador, and introduce 
your products in the most strategic of all areas. 

Here you mingle with the cream of the electronics and 
communications industry, and the top representatives 
of the Armed Forces and government. Your firm and its 
products will be on display for a large, exclusive audi-
ence of market V.I.P.'s — all of whom are prospective 
customers. 

Because the Convention is a common ground meeting 
plaee, it affords you the perfect opportunity to get to 
know the most important members of the Armed Serv-
ices and your industry. 

You meet with military purchasers and manufacturing 
colleagues; personal contact with those in the know 
keeps you up to date on the latest needs and projects of 
the military, as well as current industry research and 
developments. 

The Exhibit is a must for manufacturers who want to 
sell in the most profitable of all markets. It serves as a 
big, bright showcase which attracts buyers from all over 
the country, and you as an exhibitor identify yourself in 
the most practical way as being a supplier in the market. 
Remember, almost all of the viewers of your display are 
prospective purchasers. A good, working display makes 
the contacts for you, and can mean on-the-spot sales! 

The AFCEA Convention and Exhibit are both held in 
Washington's Sheraton-Park Hotel, where for three 
days you are kept busy and stimulated by: 

Panel discussions which feature carefully-pre-
pared professional papers on timely military-
electronics subjects, presented by well-known 
engineers and scientists. 

Interesting speeches on significant themes, 
given by famous military and industry per-
sonalities. 

A tour, conducted by the U.S. Army, through a 
large military installation. 

Banquets, receptions and luncheons which pro-
vide still more occasions for profitable contacts. 

And, of course, the 94 displays set up in the 
exhibition hall of the famous hotel. 

"Communications and Electronics—the arm of control, 
the voice of command," is the theme of AFCEA's 1960 
Convention and Exhibit. The Exhibit will reflect the 
amazing progress this young industry is making; 
wouldn't you like to show what your own firm has 
accomplished ? 

As a service to each exhibitor advertising in SIGNAL, 
the official publication of the AFCEA, a free ad in the 
exhibit listings of both SIGNAL and the official program 
is offered. Such wide advertising coverage gives added 
sales impact. The May issue of SIGNAL gives full cover-
age to the AFCEA Convention and Exhibit. In itself an 
"Exhibit in Print," this issue will be out in advance of 
the big event, spotlighting your products and serving 
to direct visitors to your display at the Exhibit. The 
issue will be indispensable as a guide to this year's Con-
vention and Exhibit, since it will contain a complete list 
of exhibitors and the products to be displayed, as well 
as advance data about all technical papers, meetings, and 
other special activities. 

For a complete and effective, year-round sales program that will make 
you a front-rank competitor in this $4 billion market, inquire about 
AFCEA's profitable package plan. 

OFFICIAL JOURNAL OF AFCEA 

Wm. C. Copp & Associates 
72 West 45th Street, New York 36, N. Y. 

Murray Hill 2-6606 

BOSTON • CHICAGO 
MINNEAPOLIS • LOS ANGELES • SAN FRANCISCO 



Now Check these Proofs of Reliability... 
12,000-hour life tests... 

long term in-circuit performance... 
RCA-2N404 

Time— Thousands of Hours 

‘eariaticir in h„ during a 35.mw life test at 55 C 

The transistor that helped build an industry 
...designed, built and introduced by RCA... 
chosen by top manufacturers for the finest 
computers...the RCA-2N404 has set new stand-
ards of reliability for transistorized computers 

Outstanding new achievements of operating reliability, long life, 
and stability are being made by the RCA-2N404 germanium 
p-n-p medium-speed switching transistor. Stringent long-term 
life tests and dynamic in-circuit performance checks, both at 
maximum ratings, provide additional proof of the bedrock re-
liability of the RCA-2N404. 

Here are the results: 
(1) Representative samples of the RCA-2N404 computer tran-
sistor have now passed 12,000 hours of operating life at maxi-
mum ratings. The curves at the right show the remarkable 
stability of transistor parameters over this exceptional time 
period. 

(2) Samples from every lot of RCA-2N404 transistors are 
tested at maximum ratings for 1,000 hours. During 1959, al-
most 6,000,000 transistor testliours at 85°C junction tempera-
ture were logged. 
Why not call your RCA Field Representative today for the 
full story on the RCA-2N404 and the RCA-2N404 designed to 
meet military specification MIL-T-19500 20 USAF. For tech-
nical information write RCA Commercial Engineering, Section 
E-35-NN, Somerville, N.J. 
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Variation in hre during 12,000 hours storage file test at 85*C 

Maximum 

Median 

Minimum 

Variation in 'coo during 12,000 hours storage life test at 85'C 
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  Time—Thousands of Hours   

Maximum 

Median 

Minimum 

2 3 4 5 6 7 8 9 10 11 
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Variation in Ica° during a 35 mw life test at 55 C 

Maximum 

Median 

Minimum 

2 3 4 5 6 7 8 9 10 11 12 

  Time—Thousands of Hours   

RADIO CORPORATION OF AMERICA 
SEMICONDUCTOR AND MATERIALS DIVISION SOMERVILLE, N. J. 

ANOTHER WAY RCA SERVES YOU THROUGH ELECTRONICS 

East, 744 Broad St., Newark, N. J., HUmboldt 5-3930 • Fortheast: 64 "A" St., Needham Heights 94, Mass., HIlIcrest 4-7200 • East Central: 714 New Center Bldg., Detroit 2, Mich., 

TRinity 5-5600 • Central: Suite 1154, Merchandise Mart Plaza, Chicago, III., WHifehall 4,2900 • West: 6355 East Washington Blvd., Los Angeles, Calif., RAymond 3-8361 • Southwest: 

7905 Empire Freeway, Dallas 7, Texas, Fleetwood 7-8167 • &on 224 N. Wilkinson Street, Dayton, Ohio, BAldwir 6-2366; 1625 " 6" Street, N.W., Washington, D.C., District 7-1260 

AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 
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Section Publications. The 
issuance, in March, 1960, of a 
new edition of the " Manual for 
IRE Section Publications" re-

calls again the local Section phase of IRE "information 
processing." Poles and Zeros tossed a bouquet ( Roses to Ve 
Editors) to the Section publications in April, 1959. It can now 
report a little over a year later, not only that old standbys are 
flourishing but also that two new infants are born. The new 
additions are the " Denshi Tokyo" and "The Benelux Bridge" 
of the Tokyo and Benelux Sections, respectively. We wish the 
newcomers well and trust that they will take their rightful 
place in the sun. Sections that contemplate a publication 
venture should acquire a copy of the Sections Publication 
Manual; it is filled with pertinent and helpful information. 

Feedback. The Editor of any publication receives mail 
front readers containing both constructive criticism, and de-
structive diatribe. Fortunately, the distribution of mail ( to 
this Editor, so far) is weighted on the constructive side. Every 
letter has received, or is receiving, attention front the Editorial 
Board. Occasionally, the sequence of correspondence is in it-
self helpful. On two successive days letters were recently re-
ceived. The first letter suggested that all issues of the PRO-
CEEDINGS should be "Special Issues" and contain only ma-
terial of general interest ( twelve per year—what would we 
call them?). The same correspondent suggested that specific 
interest material be published in the TRANSACTIONS. The 
second letter deplored the use and existence of the TRANSAC-
TIONS and, the writer felt, all material should be published in 
the PROCEEDINGS. Perhaps the present plan is the compromise 
which meets the need of most people! 

Another correspondent struck a most responsive chord. He 
made an impassioned plea for the use of a consistent set of di-
mensional units for all PRocEEmmis papers. A glance through 
several issues of the PROCEEDINGS validates his protest. As 
engineering writers we are certainly careless about dimen-
sionality. In a given paper, on occasion, the same author 
mixes the English and the metric systems. This carelessness 
does not contribute either to smooth reading or to ease of 
continuity of interpretation. Without entering into the larger 
question of the ultimate adoption of the metric system in the 
United States (see. for example, page 584 of the April, 1959 
issue of the PRocEF.Dis(;s), it does seem that at least for scien-
tific and technical articles, uniformity would be advantageous. 
Since the MKS system has been officially adopted, and all 
college and university text books have accepted the system, 
why not use it consistently in all engineering writing? 

Another letter to the Editor has pointed out certain in-

consistencies, to be deplored, in the use of abbreviations. 
Wh it excuse is there, queries this communicator, for the 
small case "m," as an example, in " mc" as an abbreviation for 
megacycle and in "ms" as an abbreviation for millisecond? 
This complaint recalls the interesting article by Arnold P. G. 
Pet.'-son, in the TRANSACTIONS ON ENGINEERING WRITING 
AN SPEECH, for December, 1959, in which he suggests a 
rational system for naming the prefixes for both positive and 
negative powers of ten, and he associates with each a sug-
gested symbol. These suggestions avoid the difficulty quoted 
above by using capital letters as symbols, for positive values 
of the exponent of ten, and lower case letter symbols for the 
negative exponent. 

These rambling comments, engendered by recent corre-
spondence, emphasize the necessity for such a Professional 
Group as that on Engineering Writing and Speech; it be-
hooves all IRE authors to make use of the opportunities this 
Professional Group offers for the improvement of their liter-
ary efforts. The Editorial Board is presently considering the 
revision and subsequent reissuance of the IRE document 
titled " Information for Authors." This brief document might 
well be supplemented ultimately by a more complete "style 
manual" produced in cooperation with the PGEWS. 

Aftermath. Poles and Zeros in March took notice of the 
1960 International Convention and Radio Engineering Show. 
In those comments attention was called to the Panel Session 
"Electronics—Out of This World" and now that the conven-
tion is history one reflects that much of it was "out of this 
world." To this observer a small sample of such reflections 
might be listed thus: opening ceremonies at the Coliseum 
cotr.acted Pioneer V, already 1,449,000 miles from earth and 
going away at the rate of 6,000 miles an hour; components 
so minute that their containers must be labeled "This Box Is 
Not Empty;" solar powered electric automobile ( 1912 model), 
which prior to the convention operated in Central Park; 
the announcement of a search for intelligence coming from 
outer space at distances so great that the initiators may have 
been extinct for milleniums; passive satellite balloons ten 
stories high; eyes and brains too tired to take in more; possible 
clues to the diagnosis of muscular disease based on new 
ability to measure extremely weak high frequency electrical 
signals; miracles of microminiaturization—a one hundred 
tube digital computer the size of a cigarette box; the im-
plantation of electronic equipment in the human body for 
periods up to five years; the use of electronic devices for 
preuatal diagnosis; etc., etc.; the largest attendance of 
all time totaling 69,760, exceeding 1959 by 15 per cent.— 
F. It, Jr. 
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Ferdinand Hamburger, Jr. ( A'32-M'39-SM'43-F'53) 
was born in Baltimore, Md., on July 5, 1904. He received 
the degrees of Bachelor of Engineering in 1924, and Doctor 
of Engineering in 1931, from The Johns Hopkins Univer-
sity, Baltimore, Md. He was a Charles A. Coffin Fellow in 
1930-1931. 

During the period between the undergraduate and 
graduate degrees he participated in a program of dielectric 
research at The Johns Hopkins University. In 1931 he was 
appointed instructor in electrical engineering, in 1947 pro-
fessor of electrical engineering, and in 1954 chairman of the 
Department of Electrical Engineering, and in addition, in 
1958 Director of the Radiation Laboratory of The Johns 
Hopkins University. He served as chief test engineer for 
Bendix Radio Division from 1942 to 1945, while on partial 
leave of absence from the University. He has acted as con-
sultant for the Research and Standard Section, Bureau of 
Ships, Navy Department; U. S. District Court; RCA. and 
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others. He has served as Research Contract Director of a 
number of research investigations supported by the De-
partment of Defense at The Johns Hopkins University. 

Dr. Hamburger was IRE Regional Director of the Cen-
tral Atlantic Region in 1950-1951, and a Director-at- Large 
in 1959. He has served on the Nominations, Appointments, 
Policy Advisory, and Education Committees. He has been 
a member of the Editorial Board since 1956 and was Vice 
Chairman in 1958-1959. He was IRE representative at The 
Johns Hopkins University from 1941 to 1955. He was 
largely responsible for the formation of the Baltimore Sec-
tion of the IRE in 1939 and its reorganization in 1944; he 
served as its Chairman in 1940-1941. 

He is a Fellow of the American Institute of Electrical 
Engineers and is presently serving as Vice Chairman of its 
Instrumentation Division. He is a member of Sigma Xi, 
Tau Beta Pi, and Eta Kappa Nu, and is a registered Pro-
fessional Engineer in the State of Maryland. 
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Scanning the Issue 
Some Notes on the History of Parametric Transducers 

(Mumford, p. 848)—One would be hard put to lid me a subject 
which has caused more excitement in recent years than the 
parametric amplifier. What started as a small flurry of article 
writing a few years ago has since grown to near blizzard pro-
portions. Well over 100 papers have been written on this sub-
ject in the last two years alone. Yet the parametric principle 
has been with us for many decades. Zenneck and Alexanderson 
described magnetic frequency doublers and magnetic ampli-
fiers to IRE audiences 44 years ago. Indeed, this subject can 
be traced as far back as 1831 to Faraday's observations of the 
double period oscillation of surface waves of liquids. The his-
tory of the development of parametric principles and devices, 
from 1831 to the present, is briefly summarized in this excel-
lent review of the subject. The chronology presented here, 
supported by 200 selected references, is little known and will 
do much to help readers orient in their minds the recent rash 
of new amplifiers having a common underlying principle. 

Low-Noise Tunnel-Diode Down Converter Having Con-
version Gain (Chang, et al., p. 854)—A new and important use 
has been found for a device which is currently one of the most 
talked about components in the electronics field. As reported 
last July in the PROCEEDINGS, the tunnel, or Esaki, diode is 
a semiconductor device with negative resistance characteris-
tics which give it exceptional high-frequency low-noise ampli-
fication capabilities. It is now shown that the nonlinearity of 
this negative resistance characteristic can be used for low-
noise high-gain frequency conversion—from a high frequency 
to a lower frequency. This down-conversion capability is most 
significant. Although good up-converters have been developed 
recently, there is at present no mixer device capable of down-
conversion that does not exhibit either a conversion loss or a 
poor noise factor. Thus the tunnel diode becomes the first de-
vice which can convert UHF or microwave signals to a lower 
frequency with low noise and conversion gain. 

Noise Limitations to Resolving Power in Electronic 
Imaging (Coltman and Anderson, p. 858)—In recent years an 
increasingly large segment of the electronics profession has 
become concerned with the recognition of patterns on tele-
vision and other cathode-ray-tube displays in the presence 
of noise. The study presented here of the limiting effects of 
noise on image resolution will be of fundamental interest to 
this group of readers. The authors show that the resolution 
limit can be accurately predicted in quantitative terms from a 
knowledge of noise power per unit bandwidth and the sine 
wave response of the system. 

Packaged Tunable L-Band Maser System (Arams and 
Okwit, p. 866)—A maser normally requires cumbersome and 
highly precise supplementary equipment which limits its use 
to laboratory and a few other special types of installations. 
This paper describes a tunable maser system that has been 
packaged into a sufficiently compact form to make it suitable 
for field operational use without detriment to its low- noise 
performance. This "reduction to practice" of one of the im-
portant new developments in electronics will be of wide inter-
est, especially to radio astronomers because its frequency 
range makes it suitable for studying the Doppler shift of the 
21-centimeter hydrogen line in receding galaxies. 

Cadmium Sulfide Field Effect Phototransistor (Bocke-
muehl, p. 875)—Cadmium sulfide has previously achieved 
fame as a photoconductive material. The author has now ex-
tended its utility by fabricating a cadmium sulfide transistor 
and obtaining useful power gain from it. This represents the 
first time that field effect amplification has been reported for 

any material in which virtually all the carriers are generated 
photoelectrically. Although CdS will never compete with ger-
manium for general transistor applications, this work opens 
the door to many novel photocircuit functions which are not 
practicable with conventional circuit elements. 

The Optimum Formula for the Gain of a Flow Graph, or a 
Single Derivation of Coates' Formula (Desoer, p. 883)— 
During the seven years since the first paper on the subject 
appeared in the PROCEEDINGS, signal flow graphs have become 
a popular and useful tool for analyzing a wide variety of 
engineering problems. This paper provides an important re-
finement of this tool—a new and simpler derivation of the 
gain formula for flow graphs. It has the added blessings of 
being a self-contained discussion of the subject and, in the 
author's words, being so simple "that even seniors can grasp 

A Broad-Band Cyclotron Resonance RF Detector Tube 
(Turner, p. 890)—A novel method of detecting RF signals 
has been developed which utilizes the spiral motion of elec-
trons as a tunable system which will become resonant when 
the frequency of spiraling is the same as that of an incoming 
signal. The tube is in essence a complete TRF receiver (less 
video amplifier) within one vacuum envelope. Its rapidly vari-
able tuning and wide bandwidth ( 10 to 1) will make this de-
velopment of considerable interest to engineers concerned 
with microwave systems for search, analysis and reception of 
signals over wide frequency ranges. 

Anomalies in the Absorption of Radio Waves by Atmos-
pheric Gases (Straiton and Tolbert, p. 898)—This paper will 
be of great interest to anyone concerned with propagation 
above 10,000 megacycles. The authors have gathered the re-
sults of recent propagation measurements in the millimeter 
range to shed new light on losses due to atmospheric absorp-
tion. They find that the measured losses in this relatively new 
part of the spectrum do not entirely agree with the losses pre-
dicted by classical theory developed over a decade ago, espe-
cially with respect to losses due to water vapor. 

Interaction Impedance Measurements by Propagation 
Constant Perturbation (McIsaac and Wang, p. 904)—This 
paper is concerned with a technique for measuring the inter-
action impedance characteristics of microwave circuits by 
determining the change produced in the propagation constant 
when a rod is inserted in a waveguide. The technique is 
broadly applicable to various types of microwave structures, 
such as slow wave structures for traveling-wave tubes, and 
the results developed here will no doubt be regarded as a 
primary reference on the subject. 

Taylor-Cauchy Transforms for Analysis of a Class of Non-
linear Systems (Ku, Wolf and Dietz, p. 912)—Since this paper 
is a companion to the paper that follows, the discussion of both 
papers have been combined below. 

Laurent-Cauchy Transforms for Analysis of Linear Sys-
tems Described by Differential-Difference and Sum Equa-
tions (Ku and Wolf, p. 923)—This and the companion paper 
that precedes it describe a novel type of transform for solving 
problems described by linear and nonlinear differential and 
difference equations. The first paper, on Taylor-Cauchy trans-
forms, deals with continuous nonlinear processes, while the 
second paper, on Laurent-Cauchy transforms, deals with dis-
crete processes. They provide engineers with another tool of 
considerable usefulness in the analysis of a variety of physical 
systems. 
Scanning the Transactions appears on page 965. 
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Some Notes on the History of Parametric Transducers* 
W. W. MUMFORDt, FELLOW, IRE 

Summary—This paper summarizes briefly the chronology of the 
development of parametric transducers. The early works of Michael 
Faraday (1831), F. Melde ( 1859), and Lord Rayleigh (1883) are cited 
as mechanical examples and the pioneering work of L. Kuhn, 
J. Zenneck, E. F. W. Alexanderson and R. V. L. Hartley are cited as 
electrical examples. A very brief résumé of selected contributions 
follows, dating from the work on H. Q. North's diodes in 1945 to the 
present flurry of excitement beginning in 1954, created by the de-
velopment of the Signal Corps-Bell Laboratories Task 8 varactor 
diodes. A list of 200 selected references is included. 

T
HE recent interest in amplifiers which derive their 
gain from variable reactance circuit elements 
stems chiefly from the development of low-loss 

variable-capacitance diodes. There are two reasons for 
this interest. One reason is the fact that such amplifiers 
have low noise and the other is that the diodes are ex-
pected to have extremely long life. Either one of these 
properties is adequate justification for the excitement 
currently rampant throughout the world concerning the 
exploitation of this " new" type of amplifier, but, with 
two good reasons readily apparent, this excitation is 
doubled. . 

Mystery seemed to invade the thoughts of people 
when the scientists announced this new type of ampli-
fier which was called a variety of names, such as: 
"Parametric Amplifier," " Reactance Amplifier" and 
"MAVAR" (Modulator Amplifier by Variable React-
ance)). Some of this mystery could have been avoided 
had the modern men known or mentioned that the prin-
ciple underlying the mechanism whereby electrical am-
plification was effected was an old principle. This prin-
ciple may be broadly stated thus: The energy of an oscil-
lating system may be increased by supplying energy at a 
frequency which differs from the fundamental frequency of 
the oscillator. One mechanical illustration of this prin-
ciple is the simple pendulum. The child in the swing 
learns that he can "pump up" the amplitude of the 
oscillation of the swing by lowering his center of gravity 
on the down swing and raising it on the up swing. He 
thus "pumps" at twice the frequency of the swing. Who 
knows when this was invented? Could it have been in 
prehistoric times by a monkey swinging by his tail from 
the branch of a tree? 

Faraday, Melde and Lord Rayleigh have published 
observations and calculations concerning this principle. 
Quoting Lord Rayleigh, " Faraday, . . . with great in-
genuity and success (upon examining) . . . the crispa-
tions upon the surface of water which oscillates ver-
tically, arrived at the conclusion experimentally that 

* Original manuscript received by the IRE, November 17, 1959; 
revised manuscript received, February 1, 1960. 

1. Bell Telephone Labs., Whippany, N. J. 
' These three names are considered herein to be synonymous and 

to apply to any device which derives its gain from the pumping of a 
variable reactance. 

there were two complete vibrations of the support for 
each complete vibration of the liquid. Crispations (may 
be) observed upon the surface of liquid in a large wine 
glass or finger glass which is caused to vibrate in the 
usual manner by carrying the moistened finger round 
the circumference. All that is essential to the produc-
tion of crispations is that the body of liquid with a free 
surface be constrained to execute a vertical vibration. 
Faraday's assertion that the waves have a period double 
that of the support has been disputed, but it may be 
verified in various ways." Faraday's work was pub-
lished in 1831 and Lord Rayleigh verified his conclu-
sions sixty years later, also with considerable ingenuity. 
The double period oscillation of the water is not readily 
proven by casual observation. 
The following example of the principle, reported by 

Melde in 1859, is, however, readily observed and under-
stood. Quoting again from Lord Rayleigh, " Perhaps the 
best known example is that form of Melde's experiment 
in which a fine string is maintained in transverse vibra-
tion by connecting one of its extremities with a vibrat-
ing prong of a massive tuning fork, the direction of mo-
tion of the point of attachment being parallel to the length 
of the string. Under these circumstances . . . the string 
may settle down into a permanent and vigorous vibra-
tion, whose period is the double of that of the fork." 
Lord Rayleigh analyzed and experimented with this 
and other similar mechanical phenomena in 1887. This 
led to analogous experiments with electrical circuits. 
The electrical principle is readily understood by the 

following simple explanation. Suppose that we have a 
capacitor formed by two metal plates separated by air. 
Assume that a charge exists on the capacitor. The plates 
will be attracted to each other because of the equal and 
opposite charges so that to separate the plates requires 
work. Upon separating the plates, say to twice the origi-
nal distance, the capacitance will be reduced to half its 
original value and, hence, the voltage must be twice the 
original value, since the charge upon the plates remains 
the same. The electrostatic energy, however, has been 
doubled, since it is proportional to the square of the 
voltage and directly proportional to the capacitance. 
The energy required to separate the plates now appears 
as electrostatic energy in the capacitor. 
Now suppose that the capacitor is combined with an 

inductor to form an oscillating circuit. The voltage on 
the capacitor will reach a maximum value twice each 
cycle. Now if, on each half cycle, the capacitance is de-
creased when the voltage is maximum and increased 
when the voltage is zero, net energy will be imparted to 
the oscillations since no electrical energy is used to re-
store the capacitor to its original value when the voltage 
is zero. 
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Similarly, it is apparent that energy could be im-
parted to the circuit had the inductance been varied in 
the appropriate phase. This electrical principle was ex-
panded to include frequencies other than the two-to-one 

ratio and the resulting device was used successfully in 
radio telephone communication between Berlin and 
Vienna prior to World War I. This was described by 
L. Kühn in 1915. Prof. J. Zenneck, E. F. W. Alexander-
son and R. V. L. Hartley pioneered with theoretical and 
experimental contributions within the next few years. 
Alexanderson called these devices " Magnetic Ampli-
fiers," a name which remains with us today. The objec-
tive then was to modulate a continuous wave arc trans-
mitter by means of a nonlinear inductance or saturable 
reactance. Here the voice currents constituted the sig-
nal, and the carrier was the pump. The resulting side-
bands were radiated, together with the pump (or its har-
monic in some cases). 

I quote the following front a paper delivered by 
E. F. W. Alexanderson at an IRE meeting in New York 
City on February 2, 1916: 

The name "Magnetic Amplifier" has been given to a device for 
controlling the flow of radio frequency currents because this name 
seems to describe its function when it is used for radio telephony 
better than would any other. As the same device can be used for a 
variety of other purposes, the above name may in some cases not 
seem too appropriate. However, the essential part of the theory that 
will be given refers to the amount of amplification which is possible 
of attainment and the methods of securing a higher ratio of amplifi-
cation than would be given by the device in its simplest form.... 

The ratio of amplification is proportional to the ratio between 
the frequency of the radio current and that of the controlling current. 

(This conclusion was verified by R. V. L. Hartley and 
subsequently by Manley and Rowe.) 

Alexanderson, in the discussion, also suggested am-
plification of incoming signals by cascaded stages of up-
conversion, rectification and up-conversion, etc. The 
name of Alexanderson's device withstood the rigors of 
time. Currently, however, we recognize its radio fre-
quency version as a type of parametric amplifier, re-
actance amplifier, or MAVAR. 

In Alexanderson's magnetic amplifier, the chief inter-
est resided in the mode of operation in which the input 
signal was in the voice frequency band and the useful 
output power was taken in some radio frequency band. 
Thus it was a modulator or up-converter. 

Alexanderson presented curves to show that negative 
resistance effects could exist. Quoting again from his 
1916 paper: Under some conditions "instability and 
generation of self-excited oscillations" can exist. "This 
is a condition that must be avoided for telephone con-
trol; whereas it may have useful applications for other 
purposes." (One useful application, pointed out by 
Eugene Peterson in 1930, was the negative resistance 
straight-through amplifier, in which the negative re-
sistance effect was enhanced by the suppression of fre-
quencies higher than the pumping frequency.) 

Louis Cohen, in a communicated discussion of the 
paper, said: 

It appears to me that the fundamental principle ... will find its 
application to other problems in connection with radio frequency 
circuits. One that suggests itself immediately is the amplification of 
incoming signals. 

Alfred N. Goldsmith pointed out the advantages of 
Alexanderson's magnetic amplifier over the direct-cur-
rent-controlled frequency doubler employed by Kühn. 

Lee De Forest commented that the magnetic amplifier 
was far more practical as a high-power modulator than 
the ensemble of over 500 audion amplifiers used to ob-
tain 11 kw at Arlington by the Western Electric Com-
pany. " No one can say, however, that the situation will 
not be altered very materially in one, two or three years 
after we learn how to build oscillions for large power 
outputs, say 5 or 10 kw each. That will create a very dif-
ferent situation." 

Thus, there appears to be very old prior art on 
MAVAR, both as modulator and amplifier. How-
ever, the interest in magnetic amplifiers as radio fre-
quency modulators subsided quickly with the advent 
of the high-power vacuum tube modulators. The "dif-
ferent situation" predicted by Lee De Forest in Febru-
ary, 1916, did, indeed, come to pass. 

In the 1920's and '30's, interest developed in sub-
harmonic oscillations in electrical circuits containing a 
variable reactance. These "parametric" oscillations 
could exist at any one of f/n frequencies, where n is the 
subharmonic fraction of the fundamental frequency. In 
1954 Von Neumann and Goto independently recognized 
that a phase ambiguity existed in the subharmonic 
oscillations and that this ambiguity could be utilized in 
logic circuits. Goto calls this device a "parametron." 
About thirty years after the pioneering work of 

Kühn, Zenneck, Alexanderson, and Hartley on inductive 
reactance modulators, interest developed in capacitance 
reactance modulators at microwave frequencies. The 
failure of reciprocity in some crystal converters ob-
served in the middle 1940's by L. Apker of General 
Electric Co., Schenectady, N. Y., and R. N. Smith of 
Purdue University, Lafayette, Inc., and the peculiar 
behavior of welded contact germanium diodes made by 
H. Q. North of General Electric Co., Schenectady, 
N. Y., was interpreted to mean that the contact capac-
ity varied with bias. H. C. Torrey of the Massachusetts 
Institute of Technology Radiation Laboratory, Cam-
bridge, Mass., gave a thorough discussion of the theory 
of nonlinear capacity converters. 

M. C. Waltz and R. V. Pound at the MIT Radiation 
Laboratory observed negative IF conductance when 
units like North's were used. Pound gave many inter-
esting details about measured power and gain and also 
measured negative IF conductance. Ile obtained a 10-
db gain and reasoned that such a receiver should have 
a better noise fikure than that of a conventional con-
verter which has conversion loss. He was unable, how-
ever, to achieve this. 

In 1948, A. van der Ziel and, in 1949, V. D. Landon 
also derived the MAVAR gain relationships; the former 
also pointed out the low-noise figure possibilities. 
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In 1952, C. F. Edwards observed nonreciprocal be-
havior in converters when he used R. S. Ohl's bom-
barded silicon diodes which exhibited variable capaci-
tance as well as variable resistance characteristics. This 
observation again triggered a sequence reminiscent of 
the North diode sequence of the 1940's in which Apker, 
Smith, Pound, and Waltz reported the experimental re-
sults and Torrey, van der Ziel, and Landon derived the 
theory. Corresponding names for the early 1950 se-
quence are Ohl, Edwards, Manley, and Rowe. 

However, in neither of these sequences was a very 
low-loss variable capacitance diode available and hence 
the gain was limited and the noise figure was not es-

pecially good. 
In 1954, the United States Signal Corps sponsored a 

project at Bell Telephone Laboratories, Murray Hill, 
N. J., to develop semiconductor devices. In the second 
interim report of this now famous "Task 8," A. E. Baka-
nowski published his derivation of the nonlinear capac-
itor as a mixer. The work of Bakanowski, Cranna and 
Uhlir led to the discovery of a technique for making 
low-loss units. 
The technique of making low-loss silicon diode varac-

tors or varicaps advanced rapidly and interest in these 
new units began to expand. 

In the meantime, H. Suhl discovered that variable 

reactance in the microwave range was obtained in fer-
rite materials when properly excited by a pumping fre-
quency. He proposed using this effect to obtain para-
metric amplification and discussed suitable materials in 

the paper published in 1957. M. T. Weiss verified Suhl's 
proposal experimentally. 
M. E. Hines and II. E. Elder succeeded in demon-

strating gain and oscillations in a reactance amplifier 
which used silicon varactors and suggested several mi-
crowave circuits for up-converters and negative resist-
ance amplifiers. Their work stimulated activity in mi-
crowave applications of "varactor" diodes.2 

In 1957, Heffner and \Vade considered theoretically 
the noise, gain and bandwidth of parametric amplifiers. 

Early in 1958, the low-noise properties predicted by 
theory were verified experimentally at the Bell Tele-
phone Laboratories at 6000 mc by Uenohara and at 380 
mc by Engelbrecht. Salzberg at Airborne Instruments 
Laboratory, Mineola, N. Y., and Heffner and Kotzebue 
at Stanford University, Stanford, Calif., also achieved 
low-noise performance working at 1 mc and 1200 mc, 
respectively. 
Miyakawa in Japan, Cullen in England and Tien and 

Suhl in America considered the amplification and fre-
quency conversion in propagating circuits in which the 
variable reactors were distributed along a transmission 
line while Bloom, Chang and Wittke of RCA Labora-
tories, Princeton, N. J., took up the theory of parametric 
amplification and discussed the new approaches to am-

2 It should be pointed out that, unknown to Hines and Elder, 
Kita and Fujii in Japan had been successful in demonstrating gain 
and oscillations at microwave frequencies independently while work-
ing with variable capacitance diodes in 1954. 

plification of microwaves. Bloom and Chang also dis-
cussed the case of low frequency pumping. 

R. S. Engelbrecht at Bell Telephone Laboratories de-
signed a traveling wave UHF parametric amplifier using 
varactor diodes and achieved over 200-mc bandwidth 
at UHF with 8 to 10 gain. Measurements indicated an 
"astronomy" noise figure of one db, corresponding to a 
"radar" noise figure of about 3.5 db. (This compares 
favorably with the best commercially available vac-
uum tube, whose noise figure is about 5 db.) 

In the meantime, Adler of Zenith, Chicago, Ill. 
(in June, 1957), suggested a novel principle of signal 
amplification using a pumped electron beam, and 
Bridges (in February, 1958) suggested and constructed 
a parametric amplifier using the variable reactance of a 
floating drift tube klystron. LouiseII and Quate discussed 
the capabilities of this type of amplifier, and Adler 
demonstrated that the conclusions concerning the low-
noise capabilities were indeed correct. He achieved a 
noise figure capability of 1.4 db, of which 0.4 db repre-
sented the loss in the input coupler. 
The development of the vacuum tube in Alexander-

son's time curtailed the interest in radio frequency par-
ametric transducers. Thirty or so years later, the inven-
tion of the transistor then diminished the interest in 
vacuum tubes. But the interest in radio frequency 
parametric transducers was resurrected by the develop-
ment of the low-noise variable capacitance diode, and 
this resurrection, in turn, has stimulated the interest in 
vacuum tubes as parametric transducers. 
What is the next cycle in this see-saw pattern? 
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Low-Noise Tunnel-Diode Down Converter Having 
Conversion Gain* 

K. K. N. CHANGt, G. H. HEILMEIERt, STUDENT MEMBER, IRE, AND H. J. PRAGERt 

Summary—This paper describes the use of the new tunnel diode 
in a down converter. An experimental UHF circuit converting from a 
signal frequency of 210 mc to an intermediate frequency of 30 mc 
is used to illustrate the feasibility of this new converter. Conversion 
power gain of 22 db with less than 3 db noise has been achieved with 
gallium arsenide diodes. The circuit analysis proceeds from the basic 

nonlinear resistance of the tunnel diode I-V characteristic. Equations 
are developed for conversion gain, bandwidth and noise figure. From 

these equations, criteria are derived for the choice of diode character-
istics and circuit parameters to obtain optimum performance. 

INTRODUCTION 

T
HE low-noise, high-gain, conversion of a high-fre-
quency signal to a lower-frequency signal has not 

  been possible with previous mixer devices. Ordi-
nary crystal mixers, which make use of the nonlinearity 
of their positive resistance, exhibit a conversion loss and 

a poor noise factor. The recently introduced parametric 
converters, which operate on a nonlinear capacitance or 
inductance basis, have achieved good noise factors with 
up-conversion gain. The parametric down converters, how-
ever, have poor noise factors. For such down converters, 
it is found that the excess noise factor (i.e., the noise 
factor minus unity) varies roughly as the ratio of the 
input frequency to the output frequency. Thus, for a 
ten-to-one frequency down-conversion, the noise factor 
is around 10 db. Because of this frequency dependence, 
it is almost impossible to convert a microwave frequency 
into a low intermediate frequency with a reasonable 
noise factor by parametric converters. 
The purpose of this paper is to report on a down con-

verter using a tunnel diode (Esaki diode' ,2) as the non-
linear resistance element. The fact that the negative re-
sistance characteristic of a tunnel diode can be utilized 
to achieve low-noise amplification has already been 

demonstrated.3 It is now shown that the nonlinearity of 
this negative resistance characteristic can be used for 
frequency conversion. Since the nonlinearity of a resist-
ance, not a reactance, is utilized for frequency conver-
sion, the noise factor is independent of the ratio of the 
input frequency to the output frequency. Thus, by using 
a tunnel diode, a low-noise down converter with con-

version gain has been achieved. 

* Original manuscript received by the IRE, December 14, 1959; 
revised manuscript received, February 16, 1960. This research was 
sponsored in part by the Electronic Res. Directorate, AF Cambridge 
Res. Center, under Contract AF 19-(604)-4980. 

RCA Laboratories, Princeton, N. J. 
I L. Esaki, "New phenomenon in narrow Ge p-n junctions," 

Phys. Rev., vol. 109, p. 603 (L); 1958. 
H. S. Sommers, Jr., "Tunnel diodes as high-frequency devices," 

PROC. IRE, vol. 47, pp. 1201-1206; July, 1959. 
3 K. K. N. Chang, "Low-noise tunnel diode amplifier," PROC. 

IRE, vol. 47, pp. 1268-1269; July, 1959. 

ANALYSIS 

The converter circuit to be analyzed is shown in Fig. 
1, which also establishes the notation to be used in the 
following analysis. The three tank circuits which reso-
nate at cob the input signal frequency; co2, the difference 
frequency; and co3 = oh -Fw2, the local oscillator fre-
quency, are coupled together by the tunnel diode. 
The analysis proceeds in a manner entirely similar to 

that for the small signal nonlinear reactance case.4 The 
I-V characteristic of the tunnel diode ( Fig. 2) at the 
operating point P can be represented by a quadratic 
relation: 

= GOV —  V2. 

TUNNEL DIODE 

I F. OUTPUT 
to2 

12 

Fig. 1—Schematic diagram of converter circuit. 

V(mv) 

Fig. 2—Tunnel-diode I-V characteristic. 

(1) 

An operating point in the positive resistance region is 
chosen for reasons to be discussed later. The currents at 
the three frequencies are: 

Ii = + — s V2 * 173 

/2 = 17 2(«C2 iT32) — 9 171* V3 

/3 = 1703) — 9 171 V2 (2) 

' S. Bloom and K. K. N. Chang, "Theory of parametric amplifica-
tion using nonlinear reactances," RCA Rev., vol. 18, pp. 578-593; 
December, 1957. 
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where 

-• = G1 -1- Go ± GO 

• = G2 ± GL ± GO 

• = G3 —I— Go 

T 1W Wi 31 = coiCi — 
toi 

(cos — co coii 
B2 = CO2C2 

CO2 ‘03 
(3) 

The small signal analysis neglects the effect of the non-
linear interaction on the local oscillator current. Hence, 
V1 V2 is neglected in the third equation of ( 2). 
In (3), GI, G2 and G3 are the loss conductances of the 

respective circuits. These loss conductances consist of 
the circuit and the tunnel diode ohmic losses. The ca-
pacitances, CI and C2, similarly consist of the circuit and 
tunnel diode capacitance, CD. 

A. Conversion Power Gain 

The conversion power ratio under matched conditions 
is defined as 

V22Gz 
gc =   (4) 

/12 

4G„ 

Solving ( 2), one obtains 

= 49' V32GuG L 

[_  GIG! — 921/22112 
(5) 

Eq. (5) is a general expression for the conversion 
power ratio. When Go is positive, the ratio can be either 
greater or less than unity, depending on the I-V charac-
teristic of the nonlinear conductance. In order to obtain 
a conversion gain (i.e., Vg.> 1) with a positive Go, it 
follows from (5) that 

= 

Since 

in Fig. 2) must exhibit a maximum value, and that the 
local oscillator voltage 173 must be sufficiently large so 
that it swings the current below the value of the current 
at the operating point. In the case of an ordinary crystal 
detector, the I-V characteristic exhibits no such maxi-
mum and ( 1) and (8) can never be satisfied simul-
taneously. It is important to note that (8) can be satis-
fied when the operating point is chosen in the region 
where V< VA and where Go is positive. 

For the region V> VB, (8) still applies. In this region, 
however, the diode current is due to minority carriers 
and so it is probably not suitable for high frequency 
conversion. 

For the region VA < V< Vg, the Go is negative and 
stable biasing becomes critical. It is difficult to find a 
stable operating point without having the device break 
into spurious oscillations, because of the large voltage 
swing of the local oscillator. 

In order to normalize the conversion power ratio (5), 
let: 

92 v,i2 
x — 

co2C2 
QL =   

GL 

Qi = 

= 

G1 
CO2C2 

gc= é_Q, QL\ e. 

\QI Q2 

V3 
2 — 

Go 

1 f(G.-1- Gi)(GL + G2) 
Go + GI ± G2 + Go (1 

VG!, ± 1G0 > 2 

Gu V GL 

when GO is positive, (6) is satisfied if 

9V3 
— > 1. 
Go 

(7) 

(8) 

Eq. (8) is the necessary condition for gain. This equa-
tion shows, together with ( I), that the I-V character-
istic whose origin is at the operating point (such as P 

9 2 V39\ 1 

GO2 L V G G° G0 L 

Eq. (5) then becomes 

4X 
ge = (1 _ )02 

> 1. (6) 

(15) 

B. Bandwidth 

Assuming that the half-power frequencies are near 
the resonant frequency, the following approximation 
can be made: 

i 
= coiCi ( co — — co 2(Cti Wi)CI (16) 
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(C0/3 — 
B2 = W2C2   

CO2 

4/2 E. (2) can 
2(04 — WW2. (17) 

coa — 

By defining the relative bandwidth as B2=àfi/f2 and 
defining 

and 

one obtains 

(18) 

(19) 

then be written as: 

I gi = I V1G1 - v,*v, 12 

19'2 12 = 1 V2G2 — 12 

1312 = IV3G3 — VI V2 12. 

From the definition for the noise figure, one obtains 

(24) 

Pin Nout 1 1 I I72 2GL 
F  —=— X0ot — • (25) 

"out Nio g‘, kToàf gekToàf 

[2c(1 — X) — ( 1 -I- c)2] V[2c(1 — X) — ( 1 + c) 212 4c2(1 — X)2 
512 =   

2C2 
(20) 

After solving (24) for I V2I2 and substituting, (25) be-

comes 

[ T G. G1 (GL± G2 ± Gel 
F = 1+ — — ± ±  

To Go Go G9-62 
1 

] 2(/1 -I- g, - 1) 

-gc 

For the case of high gain, i.e., X=1, ( 20) becomes 

1 — X 1 2[v/1 -I- — 1] 
5.1 

1+ c 1+ c gc 

and the voltage gain-bandwidth product is 

1 1 
vg., B1 ' 

(21) 

(22) 

C. Noise Figure 

The noise figure can be found by considering the cur-
rents in (2) to be due to the thermal noise sources of the 

circuits: 

1911 2 = 4kAf(GoTo+GiT -1-G,T) 

I g2 2 = 4kAf(GLT -FG,T) (23) 

where 

k= Boltzmann's constant, 
To—reference temperature (290°K), 
T= ambient temperature, 
G,=equivalent shot noise conductance of the tunnel 

diode, 
G,=e1-0/2kT, /0 = dc current of the tunnel diode, and 

Igj = equivalent noise currents. 

EXPERIMENTAL RESULTS 

(26) 

An experimental circuit based on Fig. 1 and using co-
axial lines has been built. The operating frequencies 
were fi -= 210 mc, f2=30 mc, and f3=240 mc. Repre-
sentative results are shown in Table I, and compared 
with computed values. 

Figs. 3 and 4 show typical curves of the I-V charac-
teristic of the germanium and gallium arsenide tunnel 
diodes that were used in the experiments in Table I. 
The germanium diode had a peak current of 35 ma at 
62 mv; its operating point was chosen at 18 ma and 29 
mv yielding a positive Go=0.42 mho. The gallium ar-
senide diode had a peak current of 23.6 ma at 100 mv; 
the operating point was at 20 ma and 60 mv with a 
positive Go = 0.20 mho. 

To complete the calculations according to ( 15), (22), 

and (26), it is necessary to know the values of certain 
circuit parameters. For the case of the experimental 
circuit of Fig. 1, the following values were measured. 
The values of X were chosen to give agreement with 
measured gain ratios. 

Germanium Diodes: X=0.43 c= 0.1 (21=100 Go= 

GI, =4 mhos GI G AO G,A 20/0 0.36 mho: 
Go = 0.42 mho. 

Gallium Arsenide: X=0.88 c= 0.1 Q2=100 Go= 
GL=4 mhos G1 =G2 0 Ge=0.40 mho G0=0.21 

mhos. 
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TABLE I 

Diode Power Gain Band xidth Noise Figure Sensitivity 

Germanium 
Gallium arseni(1e* 

Measured Computed Measured Computed Measured Computed Measured 

1.5 i.tv 
0.25 µv 6.0 db 

22.7 db 
6.0 db 
22.7 db 

0.9 inc 
0.15 ntc 

0.6 mc 
0.26 Inc 

5.2 db 
2.8 db 

4.4 db 
3.8 db 

* The gallium-arsenide diode is an experimental sample developed 13) A. ‘Vheeler of the Advanced Development Group of RCA Semi-

conductor Division, Somerville, N. J. 

25 
ma 
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I 15 
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G,42 mhos 

20 40 60 80 100 120 40 160 mv 
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Fig. 3—Germanium tunnel diode. 

DiscussioN 

It is noted from Figs. 3 and 4 that the operating 
points for the diodes were chosen at a region where the 
slope of the I-V characteristic is positive. These operat-
ing points were established by the initial dc current from 
the bias supply and the rectified RF current of the 

local oscillator. 
Conversion gain will result for positive Go when the 

requirements of ( 1) and (8) are met simultaneously (see 
Fig. 5). 173 will be larger than Go when the RF voltage 
swing of the local oscillator is large enough to drive 
across the peak of the I-V curve and into the negative 
slope region until the instantaneous values of the cur-
rent are smaller than the dc current at the operating 

point. 
However, any appreciable voltage swing into the 

negative slope portion will make the system unstable, 
particularly when the negative slope is very steep. For 
this reason, it is more difficult to obtain high gain with 
germanium diodes, where the negative slope is much 
steeper, than for gallium arsenide. Had it not been for 
this stability problem, the germanium diodes would 
have yielded the same low-noise figure as the gallium 

arsenide diodes. 

25 — 

rno 

20- G°=.21mhos 

1 

o 

60 
!III 

810 100 120 140 160 mv 

V 

Fig. 4—Gallium arsenide tunnel diode. 

1.0 

Fig. 5—"Normalized" conversion power ratio. 

Further consideration of (22) and (26) will show the 
theoretical approach to optimum bandwidth and noise 

figure ( Figs. 6 and 7). For improved bandwidth, the pa-
rameter c should be made small and the circuit's Q values 
should also be made small. Since Ust =wiCirGi, this im-
mediately suggests that the circuit capacitances and 
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—••• 

Fig. 6—Gain times bandwidth vs circuit Q for various 

-Q-'2 cut 
C = =- — • 

Qt ‘02 

especially the diode capacitance CD should be made as 
small as possible. For a similar reason, G, should be 
made larger than G to yield a low-noise figure. 
The possibility of obtaining conversion using a lower 

pump frequency is to be noted. In this case, the non-
linearity of the diode characteristic could be used to 
produce the desired harmonic of the lower pump fre-
quency for mixing. It is also noted that the possibility 
of making the diode-pump circuit self-oscillatory exists. 
Thus, direct down conversion can be obtained without 
a separate local oscillator. 

o 
15-- 

T r 1 + ko  1 
NOISE FIGURE F • 1+ To LO ko + ( Ku + Ok0) kL + Ito I 

G5 ke Ge 
ke • G9 0 • — • • — 
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Fig. 7—Noise factor as a function of diode and 
circuit conductances. 

1.0 

CONCLUSIONS 

The present experiments have demonstrated that the 
tunnel diode can be utilized as a low-noise, high-gain 
down converter in the UHF range. It seems feasible to 
extend the operating frequencies into the microwave 
region. The diodes for such applications should be de-
signed with as low a capacitance as possible. The associ-
ated circuits, and especially the input circuit, should 
have high conductance and low Q's in order to realize 
optimum bandwidth and noise figures. 

Noise Limitations to Resolving Power 
in Electronic Imaging* 

J. W . COLTMANt AND A. E. ANDERSONt 

Summary—A theoretical derivation, verified by experiment, 
shows that the maximum visible line number of a displayed bar pat-

tern is directly proportional to the signal-to-white-noise ratio. The 
constant of proportionality and the effect of finite screen boundaries 

have been experimentally determined. It is found both theoretically 
and experimentally that the masking effect of white noise depends 
only on the noise power per unit bandwidth, and is independent of 
the upper frequency limit of the noise spectrum, provided that this 
exceeds the frequency limit set by the eye. 

These results can be used together with the aperture response of 
any imaging system to predict in quantitative terms the resolution 
limit as a function of the signal and noise levels. As an example, the 
theorems postulated are used together with the measured amplitude 
response function of the 5820-image orthicon to obtain a universal 
resolution vs signal-to-noise ratio curve for beam-noise-limited 
tubes of the image orthicon type. The predicted performance is in 

* Original manuscript received by the IRE, November 17, 1959. 
t Westinghouse Res. Labs., Pittsburgh, Pa. 
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which system noise interferes with image resolution. In 
the first section, there are derived, from pure scaling 
arguments, some completely general relationships be-
tween visual image detectability and noise intensity. 
These relationships are then particularized to the case 
of television presentation, and some experimental data 
in verification of the theory are presented. In the second 
section, it is shown how deterioration of the signal for 
fine patterns, together with the previously established 
demands on signal-to-noise ratio, combine to set a quan-
titative limit on resolving power. 

NOISE CONSIDERATIONS 

A. Signal-to-Noise Ratio Required for Detection of an 
Image 

The ability of the eye to distinguish a pattern in a 
noisy signal has been previously investigated" for 
cases in which the noise was assumed to result from the 
quantum nature of the signal itself. The formulation is 
ordinarily in terms of pattern contrast and population 
of events (light or X-ray quanta) giving rise to the noise. 
In the case being treated here, and indeed in essentially 
all cases of television presentation, one deals with a dif-
ferent situation, where there is an additive noise inde-
pendent of the signal strength, and the final image con-
trast, brightness, and magnification can be adjusted at 
will by the observer. This paper establishes image de-
tection limits which are independent of these last named 
quantities. Limiting resolutions are expressed solely by 
the signal-to-noise ratio as measured at some critical 
point in the system. 

It is possible to derive certain relationships between 
image detail and signal-to-noise ratio required without 
recourse to any experiment. The argument which fol-
lows is not restricted to television-type displays, but, 
subject to the postulates given, applies to any display 
whatever. 

This thought experiment is best conducted by first 
postulating a viewing screen, infinite in extent, produc-
ing light at an average brightness B, which fluctuates 
in time and space. Let the nature of this fluctuation 
correspond to "white" noise, that is, the light flux 
L per steradian from any area A has an average value 
AB and is distributed in a Gaussian fashion with a 
standard deviation aL—mVAB. (This kind of " noisy" 
illumination is typified, for example, by an area emitting 
light in the form of uniform flashes, randomly distrib-
uted in time and space.) No particular value of m need 
be assumed, i.e., it is permissible to subtract a constant 
value Bo from the average brightness or to change the 
gain of the system, provided that the occurrence ( mathe-
matically speaking) of a negative value of light flux is a 
very rare event in any area of practical interest. 

' A. Rose, "Sensitivity of the human eye on an absolute scale," 
J. Opt. Soc. Amer., vol. 38, pp. 196-208; February, 1948. 

2 J. W. Coltman, "Scintillation limitations to resolving power," 
J. Opt. Soc. Amer., vol. 44, pp. 234-237; March, 1954. 

A viewer stands before this screen, and an operator 
superimposes on the noisy background described above 
a signal image of specified form and size. The operator 
then slowly reduces the signal strength until the image 
is no longer visible to the observer. During this process, 
the observer is free to change his viewing distance, add 
or subtract a constant brightness Bo (subject to the con-
dition mentioned above) and change the "gain" of the 
system, which operates on both the signal and noise 
alike. These are the operations known as "contrast en-
hancement" in a television system. Eventually, a value 
of signal will be reached which no longer permits the 
image to be distinguished in the noise, in spite of opti-
mum adjustments on the part of the viewer. This is the 
threshold signal for the particular image and noise 
chosen, which we call Condition I. 
Now three changes are made. The operator makes the 

image larger by a factor g, while the signal strength is 
left constant. He also increases the strength of the noise 
m N/A B by a factor g, to gniN/ A B. The viewer meanwhile 
is asked to increase his viewing distance by the same 
factor, g, and to leave all other parameters fixed. This 
is Condition II. 

It is evident that the signal image is unchanged as far 
as the viewer is concerned; the increased viewing dis-
tance exactly compensates for the increase in pattern 
size, while the average apparent brightnesses, being in-
dependent of viewing distance, are fixed. What about 
the apparent fluctuation? This is unchanged also. In 
Condition I, an area A on the screen is projected to 
some area A' on the observer's retina. Under Condition 
II, this same element A' encompasses an area g2A on 
the screen, because of the increased viewing distance. 
The operator has also changed the strength of the noise 

by a factor g, so that the standard deviation in the light 
flux per steradian corresponding to the area A' is now 
gm V g 2 A B -2- 

g m-VAB. The solid angle subtended by the 
observer's pupil is, however, less by a factor g2, so we 
find that the fluctuation in brightness for any area A' on 
the observer's retina is exactly as in Condition I. 
Thus, the visual effect received by the observer in 

Condition Il is identical in all respects to that of Con-
dition I. Since Condition I was an optimum as far as 
viewing distance, gain, and background brightness were 
concerned, then Condition II must also be an optimum, 
and represents again a threshold. Referring back to the 
changes made by the operator at the screen, we infer: 
The strength of white noise required to mask an image 

signal is directly proportional to the linear size of the 
image. 

Because it is assumed that the viewer can change at 
will the gain, background brightness, and viewing dis-
tance, it is apparent that only the signal-to-noise ratio 
is important in determining the threshold. We may thus 
restate the results: The signal-to-white-noise ratio re-
quired for detection of an image is inversely proportional 
to the linear dimension of the image. 

A corollary of the above may also be inferred from the 
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same argument: The optimum viewing distance for detec-
tion of an image in white noise is directly proportional to 
the image size. 

B. Signals and Noise in Television Displays 

In deriving the theorems of Section II-A, noise was 
specified only by the constant m in the expression 
mN/A B and the image size by a linear dimension. In the 
television case, it is more convenient to measure the 
signal and noise in the electrical channel prior to con-
version to a pattern, and to use for a standard of length 
the width of the frame of the picture. For convenience in 
the derivations which follow, it is assumed that the 
light produced on the kinescope face is directly propor-
tional to the impressed signal. While this is not the case 
in practice, the threshold signals with which we deal are 
small, and since the "gamma" of the kinescope acts on 
signal and noise alike, the effect of the kinescope non-
linearity is equivalent, in the first order, to a simple 
change in system gain. 
Assume a television image of a vertical sine wave bar 

pattern, having enough lines showing in the picture so 
that the effect of the finite frame size may be ignored. 
The theorem proposed states that the threshold signal-
to-noise ratio is inversely proportional to the linear di-
mension of the image, or proportional to the number of 

lines N per cm. 

Nthreshold = 

(screen signal) 
const   lines/cm. ( 1) 

screen noise! 

In ( 1) the screen noise is measured by the brightness 
fluctuation on some small area of the screen. It remains 
to relate this fluctuation to the noise impressed on the 
scanning beam. 

Let the scanning beam current be io and let it fluctu-
ate with a noise of rms value in, measured over the band-
width Af. Consider an area A on the picture, small com-
pared to the frame size but large enough to contain 
several resolution elements. In a time t larger than 
several frame times, there will be deposited in this area 
a total charge q = (A /A 0)iot, where A o is the frame area, 
or, more accurately, an extended frame area which takes 
account of the blanking and return times of the scans. 
This value of q will vary due to the fluctuation in i, but 
the fractional variation will be much smaller than that 
of i, because there are many samples of the beam cur-
rent going to make up q. In measuring the noise current 
over a bandwidth Af, we have effectively sampled the 
beam current by collecting charge over short times 1/2Af 

in duration. In measuring q, however, the beam spends 
a time (A/A 0)! in the area A, so that q contains 
(A/A 0)2Aft independent samples of the beam current. 
The fractional variation in q compared to that in the 
beam is reduced by the square root of this number. Thus 

dq/q = (2) 

The screen signal is related to q by a modulation 
factor which is the same as that for the beam current. 
Therefore 

screen signal /signal 
  = (2Aft A / 0)"2   
screen noise noise 

(3) 

where both the signal and noise in the right-hand mem-
ber are measured as currents or voltages in the electrical 
channel. It should be emphasized here that Af is not 
necessarily the bandwidth of the system, but represents 
merely the frequency interval over which the noise was 
measured. It will be recognized that for white noise, the 
noise is directly proportional to N/Af, so that N/At/noise 
is a constant independent of the bandwidth chosen, and 
is a measure of the spectrum level of the noise. 

Combining ( 1) and (3), 

(signal 
Nunesicin = const (2Aftil/Ao) 1/2   

noise )• 
(4) 

If the width of the displayed picture is W cm, the 
number of lines per picture is NW, and if A o is replaced 
by HW/e„eo, where H is the height and ep and eo are 
the sweep efficiencies, then (4) can be written as 

(A teoevAf) 1/2 signal 
(5) Nunes/picture = k   

R noise 

where R is the aspect (height to width) ratio. Note that 
only this factor and the sweep efficiencies enter; the ex-
pression is independent of the number of scanning lines 
or the frame rate of the system. 

It will be noted that in the derivation of ( 2) it was re-
quired that the minimum sample area A extend far 
enough to encompass several independent samples of in; 
i.e., in terms of the television scan it must be several 
times wider than the resolution element set by the band-
width. If the pattern detail is sufficiently large so that 
the eye can integrate over such an elemental area with-
out decreasing the pattern contrast, then (5) can be ex-
pected to hold. 
Now, if the noise in question arises, as is usually the 

case, from a white noise source located prior to the 
bandwidth-limiting circuits of the system, the noise cur-
rent is itself proportional to -N/Af. Eq. (5) in this case 
implies that the threshold value for signal recognition is 
independent of the system bandwidth. 
The requirement on the sample area A noted above, 

and the use of an integrating time t larger than the 
frame time, is essentially equivalent to assuming that 
the eye, and not the system, sets the bandwidth. Since 
it is probable that the eye does not curtail the band-
width sharply, pattern detectability may decrease some-
what as the bandwidth is gradually increased over the 
minimum required. Eventually, however, pattern de-
tectability will become constant and independent of 
further increases in bandwidth. 
The fact that the spectrum level of white noise re-
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quired just to perceive the noise itself is independent 
of the noise bandwidth, is discussed by Mertz.' In that 
work, he finds a square "sampling area" for the eye of 
about 5 minutes of arc in linear dimension; this is con-
sistent with the optimum viewing distance indicated in 

Fig. 3. 

C. Experimental Determination of the Visibility Thresh-
olds for a Bar Pattern 

To test the relationships derived in the previous sec-
tion, an experimental investigation of the visibility of 
sine wave bar patterns was carried out using a television 
monitor displaying accurately-measured sine wave sig-
nals and white noise. It should be noted that television 
kinescopes do not, in general, respond linearly (in light 
flux) to the voltage applied to the grid, so that we depart 
in this respect from the conditions postulated in the 
theory. For small signals and noise, this lack of linearity 
is of no consequence, as it merely introduces an extra 
gain in the system. For large signals, the noise will no 
longer be Gaussian. The extent of the departure from 
theory is left for experimental determination. 
A block diagram of the equipment is shown in Fig. 1. 

Noise 
Diode 

Sine Wove 
Oscillator 

Sync. 84 
Sweep 
Generator  

Amplifier 

RMS 
Meter 

Attenuotor 
0-50db 

Adder 
Circuit 

Amp 

II 
r‘/ 
Display 

Fig. 1—Arrangement for displaying measured signals and noise. The 
synchronized sine wave oscillator produced a vertical sine wave 
bar pattern of variable intensity on the display, while a fixed 
measured white noise was superimposed. 

The noise source was a temperature-limited thermionic 
diode, operating into a high-gain video amplifier. The 
amplifier characteristic was such as to give a noise power 
uniformly distributed within + 1 db from a few kilo-
cycles to about 4.5 mc, with a rapid drop-off to a few 
per cent at 5.5 mc. The total curve could be approxi-
mated by a rectangular distribution extending to 5.0 mc. 
A coherent sine wave oscillator generated a sinusoidal 
bar pattern variable over the entire frequency band. An 
rms milliammeter with response flat to 8 mc was used 
to measure either the noise or the signal, which were 
then mixed and fed to the display kinescope. An attenu-
ator was provided in the oscillator circuit to reduce the 
signal to any desired value. Brightness and contrast 
could be controlled on the monitor after the signals were 
measured and mixed. 

3 P. Mertz, " Perception of television random noise," J. Soc. Mo-
tion Picture and Television Engrs., vol. 54, pp. 8-34; January, 1950. 

The experimental procedure was to seat the subject 
before the television screen at a chosen distance, select 
a bar pattern of the desired number of lines (the number 
of line pairs per picture was taken as the number of 
cycles of the oscillator between blanking pulses, not all 
of which were visible on the screen because of masking) 
and set the noise and signal power equal by means of the 
noise meter. Correction was made for blanking periods, 
so the signal-to-noise ratios quoted represent those dur-
ing the active period. The signal attenuator was then 
set to a value near the threshold of pattern visibility. 
The subject was asked whether or not he could discern 
the presence of the pattern, and after a "yes" or " no" 
response, the attenuator was reset to a neighboring 
value. At each condition, some 18 to 24 responses were 
requested, the attenuator being varied at random among 
three or four settings separated by 2 db. The setting (or 
interpolated setting value) at which the observer re-
sponded "yes" 50 per cent of the time was taken as the 
threshold of visibility. In almost all cases, a clean divid-
ing line could be made, a typical situation being that in 
which six out of six responses were "yes" at 20 db, three 
out of six were "yes" at 22 db, and all were "no" at 
24 db. Signal-to-noise ratios used in this paper are based 
on current rather than power, so that a 2-db step repre-
sents a 26 per cent change in signal current. 

While an unequivocal result could usually be obtained 
in a single test, it was evident that an individual's 
threshold for a given set of conditions wac not constant, 
but could vary by 50 per cent or more with time. Varia-
tions among individuals were also apparent. The 
amount of data taken was limited, and conditions of 
surround brightness, time interval between tests, etc., 
were not carefully controlled, so that the data presented 
here do not constitute a definitive study of this particu-
lar visual parameter. They suffice, however, to demon-
strate the relationships derived above, to provide a nu-
merical value of the constant k in (5), and to outline the 
area of validity of the theoretical treatment. 

D. Experimental Results 

Since the theory presupposes an optimum viewing 
angle for a given pattern, an attempt was made to es-
tablish this angle. With a fixed pattern, a single subject 
was tested at viewing distances ranging from 1- to 7 
meters. Several repeats at two meters were taken to 
check for uncontrolled shift of the threshold. Evidence 
of a considerable shift is given in Fig. 2, where threshold 
attenuator settings are plotted, not against distance, 
but against order number of the trials. The circled 
points are all for two meters. The points are labeled 
with the distance. In an attempt to extract some infor-
mation, it was assumed that the threshold shift was 
gradual, and could be represented by the dotted line 
through the two-meter points. Deviations from this line 
by the other points were taken as representing a dis-
tance effect. 
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Fig. 3—Relative threshold as a function of viewing distance. Data 
are taken as the departure of points from the curve of Fig. 2. 
The extreme broadness of the optimum is evident. 

The results are plotted in Fig. 3. There is some sug-

gestion of an optimum near 1.5 meters, where one line 
pair subtends about 10 minutes of arc, but the most 
striking result is the broadness of the distribution. The 
effect of changing distance over a range of 30:1 is hardly 
outside the experimental error in determining the 
threshold. Thus, in succeeding tests, the subject as-
sumed viewing distances roughly proportional to the 
pattern line width, but no attempt was made to control 
this factor rigidly. 
The results of a series of runs using varying numbers 

of line pairs (cycles) per picture are given in Fig. 4. The 
solid line drawn with a 45-degree slope demonstrates the 
expected proportionality between line number and 
signal-to-noise ratio. It is of great interest to note the 
extremely small signal-to-noise ratios required, clearly 
showing the great extent to which integration takes 

place in the eye. From the position of this line and the 
5.0-mc bandwidth used, we can evaluate the constant in 
(5) and write: 

Nthreshold = 615 V.Ctf • (signal/noise), (6) 

where Af is measured in megacycles, and N is line pairs 
per picture width. 
The earlier work on scintillation limited square wave 

bar patterns by Coltman° can be reformulated in terms 
of signal-to-noise ratio by calculating the noise power 
which the scintillations would generate in a circuit of 
bandwidth af, and taking account of blanking times and 
picture aspect ratio. When this is done, we arrive at the 

expression: N= 640 Viàf • (signal/noise), which is in good 
agreement with (6). The constant in both cases is inde-
pendent of the number of scanning lines and frame 
times, but will depend on the aspect (height to width) 
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Fig. 4—Threshold signal-to-noise ratio as a function of number of 
cycles of the sine wave bar pattern displayed. The linear relation-
ship extends over two decades, and departure is observed only for 
very small line numbers. 

ratio and the fraction of the time spent in blanking, in 
the manner expressed by (5). 

It is clear that while the scaling argument predicts a 
straight-line relationship over all values, the finite size 
of the screen will introduce departures for large line 
spacing. In order to determine the shape of the curve 
for very low numbers of line pairs per picture, a separate 
experiment was run. Here, the displayed picture was 
left fixed, and a series of cardboard aperture masks were 
employed to vary the number of lines seen by the 
observer. 
The results, plotted in Fig. 5, show that the observer 

probably uses no more than seven line pairs in making 
an identification. As the number which he is permitted 
to see is decreased, the signal required rises rapidly, 
being greater by a factor of four when only one line pair 
is presented. The curve of Fig. 5 was used to draw the 
dotted lower portion of the curve of Fig. 4 by applying 
to the extension of the straight line the measured in-
crease in signal required. A lower limit to the threshold 
signal-to-noise ratio for the largest complete sine wave 
pattern which can be shown is thus found to be about 
1/300, where the noise is measured over 5 mc. 
A fourth experiment was made to demonstrate the 

effect of bandwidth. A capacitor was arranged to be 
switched across the input circuit so as to reduce the 
bandwidth from 5 mc to about 600 kc. The total inte-
grated noise power was thereby reduced by a factor of 
7.6, and the rms noise current by a factor of 2.8. An U-
nite pattern, whose frequency was so low as to be essen-
tially unaffected by the bandwidth change, was dis-
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Fig. 5—Effect of frame limitation on signal-to-noise ratio required. 
These data were used to extend the curve of Fig. 4 to low line 
numbers. 

played. Threshold measurements were taken while the 
capacitor was switched in and out at random intervals. 
It was found that the observer required 25 per cent less 

signal when the narrow bandwidth was used. While the 
shift was not zero, it was small compared to the large 
factor in noise current. This indicates that the over-all 
bandwidth was being set primarily by the eye, though 
it was still being affected somewhat by the system. A 
more carefully arranged experiment with sharp cutoff 
filters and optimum viewing distance for the observer 
would delineate more clearly the manner in which the 
eye can ignore high frequencies when looking for a low-
frequency pattern. 

III . ESTABLISHING THE RESOLUTION LIMIT 

The theoretical and experimental information pre-
sented in Section II establishes the signal-to-noise ratio 
required to perceive a given line number. In many types 
of imaging systems, it is possible to determine by calcu-
lation what signal-to-noise ratio will be obtained, and 
this is also a function of line number. With these two 
pieces of information, one can determine quantitatively 
the resolution limit—the line number which can no 
longer be perceived by the eye as a function of the in-
put conditions and system parameters. A few cases 
which represent basic situations are discussed below. 

A. Noise Independent of Signal 

The signal current in the information channel will, 
of course, be a function of many system parameters. In 
particular, as a result of finite scanning apertures, elec-
tron-optical aberrations, etc., the signal response will 
diminish for fine patterns. It is convenient to describe 
this effect by the sine wave response function,4 which 

J. W. Coltman, "The specification of imaging properties by re-
sponse to a sine wave input," J. Opt. Soc. Amer., vol. 44, pp. 468-471; 
June, 1954. 
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gives the relative signal strength as a function of the 
space frequency of a sine wave test pattern. Such a re-
sponse curve for a typical image orthicon is plotted as 
the upper curve in Fig. 6. The intercept at a signal-to-
noise ratio of 0.22 is arbitrarily chosen for an example. 
The value is maintained essentially unchanged for low 
line numbers, and is called here the coarse-pattern sig-
nal-to-noise ratio. At higher line numbers the signal 
(and therefore the signal-to-noise ratio) diminishes as 
shown. Also plotted in Fig. 6 is the previously derived 
curve of Fig. 4 which establishes for each line number 
the threshold of signal-to-noise ratio. The abscissa of 
the intersection of the two curves gives the resolution 
limit corresponding to the coarse-pattern signal-to-noise 
ratio chosen. 
By making a series of such choices, the curve of Fig. 

7 is derived, which gives the resolution limit as a func-
tion of the coarse-pattern signal-to-noise ratio. The 
curve approximates over a decade a direct proportion 
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between signal-to-noise ratio and resolution limit; it 
drops rapidly at the lower end due to the inability of the 
finite picture to display enough lines, while at the upper 
end it flattens out as the effects of finite focal spots re-
duce the available signal. 

It should be noted that these curves assume an elec-
trical channel of flat response and wide bandwidth. The 
5-111c band over which the noise is measured is used only 
to establish a numerical value for the signal-to-noise 
ratio. Both noise (assumed white) and signal may ex-
tend well beyond this limit. 

For an image orthicon operated at low light levels, the 
noise is essentially fixed, so that the signal-to-noise 
scale can be replaced by a properly established scale of 
scene illumination. The conversion factor will be a 
function of the photo-surface response, the optics used, 
and the object contrast, but the shape of the curve will 
remain fixed. Experimental confirmation is afforded by 
some data taken by Hannam5 on two image orthicons 
employing different target materials, giving the ob-
served resolution as a function of illumination. These 
data have been plotted in Fig. 8 with the illumination 
scale shifted for each tube to obtain the best fit to the 
theoretical curve. Considering the semi-subjective na-
ture of such measurements, the agreement is satis-
factory. 
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Fig. 8--Comparison of experimental and calculated 
resolution for two image orthicons. 

B. Noise a Function of Signal 

Optical imagining systems will finally be limited in 
detectivity by the quantum noise inherent in the light 
itself. The relationship between highlight illumination 
and resolution limit will no longer have the form of 
Fig. 7, since the noise is a function of the signal strength. 
The case of a signal pattern of 100 per cent contrast 
and a pickup system where no noise is introduced other 
than that associated with the quantum nature of the 
light represents the ultimate in detectivity. The coarse-
pattern signal-to-noise ratio now becomes proportional 
to the square root of the signal itself. Rather than work-
ing in terms of a signal-to-noise ratio which remains to 
be measured on the particular equipment at hand, the 

results can be generalized by employing as an inde-
pendent variable the number of quanta registered per 

6 H. J. Hannam, "Development of New Thin Film Targets for the 
Image Orthicon," U. S. ERIN., Fort Belvoir, Va., Third Quarterly 
kept., Contract DA-44-009 ENG-3652. 

unit time. This number will be directly proportional to 
the illumination on the scene, the constant of propor-
tionality being determined by the effective size of the 
optical aperture and the dimensions and quantum ef-
ficiency of the receiving photosurface. 

Let n be the number of photoelectrons ejected per 
second from the entire photosurface when it is uniformly 
illuminated at the level corresponding to the highlight 
scene brightness. If a sine wave pattern of 100 per cent 
contrast is then used as a test object, the peak-to-peak 
signal current during the scan is nelehe„ where e is the 
electronic charge and eh and e„ the horizontal and verti-

cal scan efficiencies. The corresponding rms signal cur-
rent is ne/Vgehe,.. The average current i, which is just 
half of the peak current, gives rise to an rms noise current 
equal to V2eiàf. The signal-to-noise ratio during the 
active portion of the scan is then: 

SNR = Vn/8ehevAf. (7) 

In order to use the curves of Fig. 6 and Fig. 7, the 
values of 4fvv 5 X 106 and ehe,== 0.79 corresponding to the 
test conditions are substituted, to yield 

SNR = 1.80 X 10-4 Viz. (8) 

The validity of this procedure may be questioned for 
values of n such that less than one impulse is received 
in a half-cycle of the upper frequency of 5 mc. It is 
necessary again to point out that the 5-mc bandwidth 
assumed for the calculation of Figs. 6 and 7 is an ar-
bitrary means of specifying the noise power per unit 
bandwidth of a white noise spectrum. Because the eye 
integrates in time and space, ( 7) is a valid transforma-
tion factor for relatively small values of n, even though 
it does not predict the result which would be obtained 
by measurement in the electrical channel with a wide-
band noise meter. The correctness of this argument is 
borne out by the visual experiments by Coltman,2 which 
show that the relationship (6) is followed for values of 
n at least as low as 1000 per second. 

Using (8) and the curve of Fig. 7, it is possible to cal-
culate the performance of a hypothetical imaging system 
whose optical fidelity is the sanie as that of the image 
orthicon, but which has no noise other than the inherent 
shot effect of the initial photoelectric surface. The rela-
tion between the resolution limit and the photoelectron 
emission rate for this case is shown as curve 1 of Fig. 9. 
It is extremely broad and extends to the remarkably low 
limit of about 400 flashes per second. 

In practice, complete freedom from extraneous noise 
is an ideal rarely to be expected. For example, at room 
temperature, thermionic emission from the photo-
electric surface will contribute a fixed electron emission 
rate which should be included in i in calculating the 
signal-to-noise ratio. If no is the fixed emission rate 
which must be added to the rate n/2 due to the signal, 
we obtain as a modification of (8) the expression 

SNR = 1.8 X 10-4   • (9) 
Vn 2no 
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Fig. 9—Calculated resolution limits for cases where noise originates 
solely in the photocathode of an image orthicon type tube. 

The effect of a fixed background emission of 104 
electrons per second is illustrated by curve 2 of Fig. 9. 

C. Effect of Contrast Reduction 

While a 100 per cent contrast test pattern makes a 

convenient test object for specifying system perform-
ance, the scenes to be viewed in practice may often 

have relatively low contrast values. Contrast is defined 
here in terms of the highlight brightness, i.e., for a 
sinusoidal test pattern, as follows: 

C — Benin)/BmaX• 

In the case where the noise is independent of the signal, 
loss of contrast simply means a corresponding loss of 
signal, so that the curve of Fig. 7 retains its shape while 
the scale of illumination is appropriately altered. Thus, 
in going from a 100 per cent to a 10 per cent contrast 
test pattern, the illumination must be increased by a 
factor of 10 to achieve the same resolution. 
When the noise is due purely to the shot effect in the 

photosurface, a loss of contrast is attended by a similar 
loss of signal, but an increase of illumination to counter-
act this loss will also increase the noise. By a procedure 
similar to that used in the derivations of ( 7) and (9), a 
general expression is obtained which takes account both 
of fixed noise no and contrast C, both referred to the 
maximum emission rate n due to the light alone, as 
follows: 

nC  
SNR = 1.8 X 10-4   • (10) 

N/n(2 — C) 2no 

Curve 3 of Fig. 9 shows the relatively drastic effect of 
contrast reduction in the case of quantum noise only. A 
reduction of contrast from 100 per cent to 10 per cent 
now requires for compensation not ten times the illumi-
nation but 190 times. It will be appreciated, however, 
that the quantum noise is always present, and that the 
fixed noise case represents merely the situation where 
the additive noise is so large that it swamps out the 
quantum noise. When no>>n, (10) reduces to the case 
where the signal-to-noise ratio is directly proportional 
to the illumination and the contrast. 

D. Effect of Integration in Time 

The integration time of the eye is generally accepted 
to be approximately 0.2 second, a value which can be 
determined by comparing still photographs taken with 
various exposure times with impressions received of live 
pictures of noisy material. While this was not done 
quantitatively in the above work, some remarks on the 

expected effect of time integration may be appropriate. 
In a conventional television pickup system, light is 
collected for a time r ( 1/30 second) before the informa-
tion is scanned off and presented. If this time is length-
ened to T the signal may be enhanced (in a properly 
operating storage medium) by a factor T/r. If the noise 
arises solely in the subsequent system, it need not be 
presented to the eye during storage, and the visual 
signal-to-noise ratio is improved by a similar factor. 

In the case of noise arising solely from the photo-
electric shot noise, the situation is quite different. As 
long as the frame time is short compared to the integra-
tion time of the eye (0.2 second) the visual signal-to-
noise ratio will be independent of the frame time or the 
duration of the individual flashes. Integration by storage 
means or by a long persistence phosphor will be effective 
only if it extends the integration time beyond that of the 
eye. The exact effect of added integration can be calcu-
lated only through a convolution of the decay character-

istic of the eye with that of the storage system employed. 
However, a rule-of-thumb frequently employed in con-
volution processes indicates that the effective total inte-
gration time will approximate the square root of the 
sum of the squares of the two individual times. Thus 

the illumination required to achieve a given resolution 
will vary as 

1(T/0.2)2 + 11- 1/2, 

where T is the system integration time in seconds. For 
values of T much less than 0.2 second, the illumination 
required is independent of T; for large values it is in-
versely proportional to T, so that the product of the 
illumination and the time, i.e., the exposure, is constant. 

CONCLUSIONS 

For imaging systems whose output is viewed by the 
eye, and which are limited by white noise, the resolution 
limit can be predicted from a knowledge of two parame-
ters, the noise power per unit bandwidth, and the sine 
wave response of the system. Because the demands on 
signal-to-noise ratio increase linearly with the line num-
ber, and the sine wave response usually falls off with at 
least the square of the line number, the resolution limit 
varies only slowly with signal input. The range of object 
illumination over which the resolution is appreciably 
varying may extend over several decades. In specifying 
the performance of systems designed to operate in the 
noise-limited region, it is thus highly desirable to give 
the entire resolution vs illumination curve, since neither 
the large-object detection limit nor the resolving power 
in the absence of noise (the two most frequently used 
characteristics) is a well-defined quantity. 
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Packaged Tunable L-Band Maser System* 
F. R. ARAMSt, SENIOR MEMBER, IRE, AND S. OKWITt, ASSOCIATE MEMBER, IRE 

Summary—A low-noise tunable L-band maser system is de-

scribed. The maser uses a pink ruby crystal oriented at 90° and is 
tunable from 850 to 2000 mc. The voltage-gain bandwidth product 

is as high as 37.5 mc at a liquid helium bath temperature of 1.5°K. 
An L-band circulator has been developed for use with the maser. 
It has an insertion loss of 0.3 db, operates over a 200-mc frequency 

range at L-band, and determines the usable tuning range of the 
circulator-maser system. The maser and circulator have been pack-

aged into an operational unit that includes all auxiliary components, 
and has a system noise factor of 0.5 db (35°K). Electrical and mechan-

ical features of the system are described and performance data are 
given. 

I. INTRODUCTION 

HE low- noise characteristic of the three-level 
solid-state maser amplifier has stimulated the in-

  terest of workers in a number of fields where the 
ultimate in receiver sensitivity is required. Radio astron-

omers, for example, are particularly interested in using 
a maser as a preamplifier for a 21-cm interstellar hydro-
gen-line receiver. Because of the Doppler shift in the 
frequency of the hydrogen line in receding galaxies, an 

L-band maser amplifier, which covers 1420 mc and tunes 
down in frequency-, is of great practical interest. A 
packaged tunable maser system is described that tunes 
over a 200-mc frequency range at L-band. 

Fixed-frequency L-band masers have been operated 
using chromium-doped potassium cobalticyanide.' 
Furthermore, gadolinium-doped hydrated lanthanum 
ethyl sulfate with cerium impurity" and chromi u in-
doped aluminum oxide (ruby) had given satisfactory 
operation at higher microwave frequencies. Ruby was 
chosen for our maser, because of its excellent physical, 

mechanical, and chemical characteristics, even though it 
had not previously to our knowledge been used as a 

* Original manuscript received by the IRE, August 19, 1959; re-
vised manuscript received, December 21, 1959. This work was sup-
ported by the U. S. Department of Defense, and was presented at the 
1959 l'GMTT Symposium, Ilarvard University, Cambridge, Mass.; 
June 2, 1959. 

f Airborne Instruments Lab., Cutler- Hammer, Inc., Melville, 
L. I., N. Y. 
' J. O. Art man, N. Bkwmbergen, and S. Shapiro, "Operation of a 

three-level solid-state maser at 21 cm," Phys. Rev.. vol. 109, pp. 
1392-1393; Februan 15. 1958. 
" S. Antler and N. McAvoy, "21-centimeter solid-state maser," 

Phys. Rev., vol. 110, pp. 280-281; April, 1958. 
" H. E. D. Scovil, G. Feher, and II. Seidel, "Operation of a solid-

state maser," ¡'lys. Rev., vol. 105, pp. 762 - 763; January 1, 1957. 
G. Makhov, C. Kikuchi, J. Lambe, and R. W. Terhune, "Maser 

action in ruby," Ph vs. Rev., vol. 109, pp. 1399--1400; February IS, 
1958. 

6 R. W. DeGrasse, E. O. Schulz-Duliois, and H. E. Scovil, 
"Three-level solid-state traveling wave maser," Bell Sys. Ted,. J., 
vol. 38, pp. 305-334; March, 1959. 

6 T. H. Maiman, "Solid-state masers—design and performance," 
Prot:. NS/A-A /WC conf. on Molecular Electronics, Washington, 
D. C.; November 13, 1958. 

J. A. Giordmaine, L. E. Alsop, C. H. Mayer, and C. H. Townes, 
"A maser amplifier for radio astronomy at X-band," PROC. I RE, vol. 
47, pp. 1062-1069; June, 1959 

material for L-band maser operation. Its characteristics 
include favorable "zero- field" splitting of the energy 
levels, good crystal line width, favorable relaxation 
times, low dielectric loss, machinability to accurate 
dimensions, resistance to (-racking upon repeated tem-
perature cycling, chemical inertness, and availability. 

1 t was found" that L-band maser operation using ruby 

could be achieved, and satisfactory gain-bandwidth 
products obtained. In our design we placed emphasis on 
the feature of tunability. A tuning range from 850 to 
2000 mc was obtained. Since a low-loss four-port L-band 

circulator was not available, such a unit, having a 200-
mc frequency range for use with the maser, was de-
veloped. 9 

The maser and circulator were then packaged with 
the necessary auxiliary equipment to form a complete 

low-noise L-band preamplifier having a system noise 
factor of 0.5 (lb (35°K). 

I l. S1STENI DES( RIPTION 

A schematic diagram of 
Fig. 1. The signal received 
the four-port circulator 
maser; the amplified signal 
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Fig. 1—Schematic diagram of maser system. 

8 F. R. Arams, S. Okwit, and A. Penzias, " Maser ;action in ruby 
at 21 cm," BO. Amer. Phys. Soc., ser. 11, vol. 4, p. 21; January 28, 
1959. 

9 F. R. Arams, G. Krayer, and S. Okwit, "Low-loss S- and L-
band circulators," 1959 IRE NATIONAL CONVENTION RECORD, pt. 3, 
pp. 126-133. 
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port and is directed by the circulator to the second stage. 
A low-pass filter having a cutoff frequency of 4000 mc 
is placed at the output of the maser system to prevent 
feed-through of pump power into the receiver. At this 
location, the filter will not adversely affect system noise 

factor. 
A matched load is connected to the fourth port of the 

circulator. This load can be refrigerated if it is necessary 
to reduce its noise contribution caused by antenna mis-
match (which reflects load noise into the maser). 
The maser cavity (which is described more fully in 

Section III) is located near the bottom of a 2-inch inner 
diameter stainless-steel double Dewar flask. The inner 
portion of the Dewar flask is filled with 21. liters of liquid 
helium, which is allowed to enter the maser cavity. One 
charge of liquid helium yields approximately 16 hours 
of operation. The outer jacket of the Dewar flask is filled 
with liquid nitrogen to reduce liquid helium evaporation. 
The Dewar flask is constricted at the bottom to a 21-
inch outer diameter to keep the dimensions of the maser 
electromagnet to a minimum. The maser electromagnet 
employs a 5-inch diameter pole-face and provides a mag-

netic field that is homogeneous within + 5 gauss out of 
2000 gauss over the volume occupied by the ruby 

crystal. 
Liquid level indicators are provided for the refriger-

ants. These use three carbon resistors connected in 
parallel and located at various heights in the Dewar 
flask. Liquid levels are displayed on two ammeters. A 
relay-actuated warning light indicates when a new 
charge of liquid helium is required. 
The X-band pump power circuitry (shown in Fig. 2) 

consists of 1) a Varian X-13, 100-mw, klystron with a dial 
mounted on its tuning shaft that is directly calibrated 
in frequency, 2) an isolator that helps to stabilize the 
klystron by protecting it from load variations, 3) a vari-
able attenuator that allows for pump power level adjust-
ment, and 4) a 20-db bidirectional coupler to sample the 
pump output that is detected and displayed on a micro-
ammeter (this monitors the pump power level). The 
power reflected from the maser cavity is also sampled by 
the bidirectional coupler, detected, and fed to an oscillo-
scope to permit observation of the maser cavity reso-
nance. For this purpose, the klystron is frequency-
modulated using sawtooth modulation from the klystron 
power supply. A reaction frequency meter is included to 
permit accurate determination of pump frequency. 

III . TUNABLE MASER CAVITY DESIGN 

For maser operation, it is desirable that the cavity 
containing the paramagnetic material (ruby) be reso-
nant at both the signal and pump frequencies. Further-
more, it is desirable that 1) these two cavity resonances 
be independently tunable, 2) the tuning be accomplished 
from the top of the Dewar flask while the cavity is in 
the liquid helium, and 3) the cavity coupling at the 

signal frequency be adjustable so that gain and band-

width can be varied during operation. 
The cavity design used, which meets all of these re-

quirements, is shown in Fig. 3. This structure has the 
additional feature of simple mechanical design for 
making the required tuning and coupling adjustments. 
The signal-frequency mode consists of a quarter-

wavelength TEM-mode resonator.' This resonator is a 
thin-rod center conductor between parallel ground 
planes provided by the broad walls of a small X-band 
waveguide. This type of structure has the advantages 
that 1) resonant wavelength is proportional to rod 
length, 2) cavity coupling remains reasonably constant 
with frequency, and 3) the RF magnetic field distribu-

tion over the paramagnetic material remains essentially 
unchanged while the cavity is tuned. Because the TEM 
mode is dominant, the problem of spurious responses is 
minimized. A tuning range of more than one octave is 
obtained simply by varying the length of the center-
conductor rod. The rod length is reduced by a factor of 
about three because of the high dielectric constant of the 
ruby. This is desirable at L-band to keep physical di-
mensions small. The unloaded Q of this structure is 550 
at room temperature and increases to 1100 at 4.2°K. 
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Fig. 2—Schematic diagram of X-band pump power supply. 
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The waveguide region not occupied by the rod is be-
yond cutoff for the signal frequency. Therefore, a con-
tacting plunger located in this region can serve as the 
tuning element for the X-band pump resonance (which 
operates in a TE 107 mode) without affecting the L-band 
resonance ( Fig. 3). The X-band pump power is loop-
coupled into the cavity, through the backplate of the 
X-band tuning plunger, by means of a coaxial line 
having a bead-supported center conductor. Such a line 
has an X-band dissipative loss of only a few tenths of 
a db, has a much smaller cross section compared with 
waveguide, and the coupling remains reasonably con-
stant over a broad tuning range. The X-band cavity is 
conveniently tuned from the top by a tuning rod di-
rectly connected to the tuning plunger. All low-tempera-
ture moving joints (except where electrical contact is 
required) consist of metal-to-teflon bushings. 

Two factors were considered in choosing the 0.086-
inch diameter of the L-band tuning rod: 1) the diameter 
should be as small as possible to minimize its effect on 
the X-band resonant frequency, and 2) the diameter 
dimension should yield a high unloaded Q at the L-band 
signal frequency. Measurements showed that the X-
band resonance goes through a cyclical variation of only 
+3 mc when the L-band resonance is tuned. The X-
band tuning plunger is, as previously stated, in a region 
beyond cutoff for the L-band mode. Thus, the two 
resonances are independently tunable. 

The coupling to the L-band mode is accomplished by 
means of a loop that penetrates into a thin slot in the 
ruby. The loop is oriented in a plane parallel to the 
broad waveguide dimension to minimize coupling to the 
X-band pump resonance. The coupling is variable from 
the top of the Dewar flask by means of a micrometer 
head that moves the L-band coaxial line in the vertical 
direction. This varies the penetration of the coupling 
loop into the maser cavity. Two other micrometer 
heads located at the top of the Dewar flask are used to 
tune the L- and X-band cavity resonances. The cavity 
assembly and the superstructure are shown in Figs. 4 
zuld 5, respectively. 

1V. NI ASER PERFORMANCE 

The relationship bet ween the pump and signal reso-
nant frequencies of the cavity and the external magnetic 
field required for maser operation are determined by the 
inherent quantum-mechanical properties of the para-
magnetic crystal. These quantum-mechanical properties 
(energy levels, RF transition probabilities, and relaxa-
tion times) are strongly dependent upon the external 
magnetic field II and the angular orientation O between 
the external magnetic field and the crystal C'-axis. 

Best L-band maser performance was obtained for an 
angular orientation O of 90° at high magnetic fields 
(H--.2000 gauss). The energy level diagram for ruby 

Fig. 4—Maser cavity assembly. 

Fig. 5—Cavity superstructure. 

when O is equal to 90° is shown in Fig. 6. It shows four 
(low-lying) energy levels, since Cr+++ in Al2O3 has a spin 
S = 3/2. The L-band signal transition and X-band pump 
transition that were used are betwecn levels 1 and 2, and 
levels 1 and 3, respectively. The high- field 90° operating 
point is attractive on theoretical grounds because the 
calculated signal and 1)111111) transition probabilities are 
high.loat At this operating point, the signal transition 
probability is maximum when the microwave signal 
magnetic field is nearly perpendicular to the external 
magnetic field and parallel to the ruby C-axis. This con-
dition is realized to a fair degree in our design, since the 
ruby crystal that we utilized had its C-axis oriented in a 
plane parallel to the broad face of the X-band wave-
guide, and at 60° to the L-band tuning rod (see Fig. 3), 
and the signal magnetic field is elliptically shaped for 
slabline TEM mode employed. 

'0 W. S. Chang and A. E. Sieginan, "Characteristics of Ruby for 
Maser Applications," Electron Devices Laboratory, Stanford Uni-
versity, Stanford, Calif., Tech. Rept. 156-2, Figs. 14 and 15; Sep-
tember 30, 1958. Also, J. Weber. "Masers," Rev. Mod. Phys., vol. 31, 
pp. 681-710; July, 1959. 

11 E. O. Schulz-DuBois, H. E. D. Scovil, and R. W. DeGrasse, 
"Use of active material in three-level solid-state masers," Bell Sys. 
Tech. J., vol. 38, pp. 335-352; March, 1959. 
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Fig. 6—Energy levels utilized for L-band maser. 

Measurements of the voltage-gain bandwidth product 

at high magnetic fields were made at liquid helium bath 
temperatures of 4.2°K and 1.5°K. The results of these 
measurements are listed in Table I. 
Table I shows that a voltage-gain bandwidth product 

of 37.5 mc was measured at 1750 mc for a temperature 
of 1.5°K. Thus, for a half-power bandwidth of 3.75 Inc, 
a gain of 20 db will be obtained. Furthermore, operation 
was also obtained at an operating temperature of 4.2°K, 
where a voltage-gain bandwidth product as high as 20 
mc was measured. 
The gain-bandwidth products measured were used to 

calculate the effective magnetic Q. For such calculations, 
Fig. 7 and (3) (Appendix I) can be used, under the con-
dition that the cavity unloaded Q is much greater than 
the external Q. The effective magnetic Q calculated at 
1200 mc (Table I) is 140 and 210 for operation at 1.5°K 
and 4.2°K, respectively. The magnetic Q is approx-
imately constant over the L-band region. There is a 
deterioration in magnetic Q at the low-frequency end 
that is probably due to cross-relaxation effects.'2 The 
pump power that was required varied between 5 and 
150 mw for the various measurements. 
A four-level experiment was also performed for O equal 

to 90° at high magnetic fields. Here, pumping was done 
between levels 1 and 4, with the signal transition again 
between levels 1 and 2. Maser operation at a liquid 
helium bath temperature of 4.2° K was readily obtained 
at frequencies from 850 to 1750 mc (Table I l). However, 
the measured voltage-gain bandwidth product did not 
show the expected improvement of greater than 100 
per cent (assuming equal relaxation times between all 
levels) over the three-level arrangement. This may have 
been due in part to the limited pumping power available 
from the 20-kmc klystron that was used. Of the 50 mw 

12 N. Bloembergen, S. Shapiro, P. S. Pershan, and J. O. Adman, 
°Cross-relaxation in spin systems," Phys. Rev., vol. 114, pp. 445-459; 
April 15, 1959. 

TABLE I 

SUMMARY OF L-BAND MASER PERFORMANCE (THREE-LEVEL 
OPERATION) 

Liquid 
Helium 
Bath 

Tempera-
ture 
(°K) 

Voltage-Gain 
Voltage- Bandwidth 

Signal Gain Product 
Fre- Bandwidth Determined Pump 

quency Product from Frequency 
(mc) Measured External Q (Inc) 

(me) Measurement 
(me) 

Magnetic 
Field 

(gauss) 

4.2 
4.2 
4.2 
4.2 
4.2 
1.5 
1.5 

2000 
1815 
1200 
1010 
850 
1750 
1200 

20 
11 
9 

22 
13 
12 

37.5 37.5 
19 20 

12,150 
11,860 
10,950 
10,700 
10,460 
11,795 
10,845 

* Not measured. 
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Fig. 7—Relationship of external Q to gain-bandwidth product and 
magnetic Q for cavity maser [when the cavity unloaded Q(9„) 
is much greater that the external Q(Q)l. Curve A: Correction 
factor, due to finite gain, on gain-bandwidth product determined 
from external-Q measurement. Curve B: Relationship of external 
Q to magnetic Q as a function of gain. 

TABLE II 

SUMMARY OF L-BAND MASER PERFORMANCE (FOUR-LEVEL 
OPERATION) 

Liquid Helium 
Bath 

Temperature 
(°K) 

Signal 
Frequency 

(mc) 

Voltage-Gain 
Bandwidth 
Product 
Measured 

(me) 

Pump 
Frequency 

(mc) 

4.2 
4.2 
4.2 

1750 
1005 
855 

13 
6 
5 

21,750 
19,180 
18,420 

available from a Raytheon QK306 klystron, only an 
estimated 10 mw reached the maser cavity. This power 
level was insufficient to saturate the 20-kmc pump 
transition, which has a low calculated transition proba-
bility.'° 
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For convenient reference, we have plotted the energy 
levels in ruby in a manner that is particularly suitable 
for three-level tunable maser operation [ Fig. 8(a) and 
8(b)1. By plotting pump frequency as a function of 
magnetic field, with angular orientation O and signal 
frequency as parameters, the variation in pump fre-
quency and magnetic field for a given signal tuning 
range are readily determined. The region of operation 
used in our maser is indicated by a heavy line in 
Fig. 8(b). 

This form of plotting the energy levels brings out an 
interesting and useful point, namely, that the ruby 
crystal can be readily oriented to 90° by varying the 
crystal orientation until the dc magnetic field required 
for resonance absorption is maximized. As Fig. 8(b) 
shows, this alignment technique can be applied to either 
the pump or signal transition. 

V. Low-Loss Cittut-LivroR 

This is a four-port circulator having an insertion loss 
near 0.3 db and isolations greater than 23 db over a 
200-tnc frequency range. 9 Fig. 9 shows the circulator. 
Electrically, it consists of dual 90° non-reciprocal phase-
shift sections connected to two hybrids. 13 Our unit used 
strip-transmission-line hybrids with transitions to a 
MgMnAl-ferrite-loaded L-band waveguide, which was 
reduced in height to one inch to keep the electromagnet 
dimensions at a minimum and to reduce the ferrite ma-
terial requirements. 

The strip-transmission-line hybrids are shown in de-
tail in Fig. 10, with the top ground plane removed. The 
ring hybrid is equivalent in its operation to the wave-
guide folded tee, and the other hybrid is equivalent to 
the waveguide short-slot hybrid. The use of the strip-
transmission-line hybrids results in reasonable physical 
size. 

VI. PACKAGE DESCRIPTION AND PERFORMANCE 

A. Description of Package 

The over-all maser system is housed in two standard 
relay cabinets ( Fig. 11). The smaller cabinet contains the 
maser cavity structure, stainless-steel Dewar flask, and 
maser magnet. The larger cabinet contains the associ-
ated auxiliary equipment, including (from top to bot-
tom in Fig. 11): 

1) oscilloscope to view either the pump or signal fre-
quency cavity resonance and to observe and opti-
mize maser action; 

2) current-regulated power supplies to drive circu-
lator and maser electromagnets; 

IS C. L. Hogan, "Elements of non-reciprocal microwave devices," 
PROC. IRE, vol. 44, pp. 1345-1368; October, 1956. 

0 BO' 

0-C MAGNETIC FIELD IN GAUSS 

(a) 

0-C 1.11enT. fl..0 II. GAUSS 

(h) 

Fig. 8—Frequency relationships for three-level ruby maser as a 
function of magnetic field and angular orientation. (a) Upper 
three energy levels. (b) Lower three energy levels. 



1960 Arams and Okwit: Packaged Tunable L-Band Maser System 871 

(a) 

Coggf M, . REGVL MED 
pOwEg • uPPL.E 
FOR MAGNETS 

Pule., POWER 
CIRCultElv • 

PuME gtvg/ROM 
POWER ,PPLI 

L.». LEVEL 
IMERCATORS 

Fig. 11—Packaged maser system. 

Fig. 9—Low-loss L-band circulator. 

(b) 

Fig. 10—Strip transmission line hybrids used in L-band circulator. (a) 180° 3-db hybrid. (b) 90° 3-db hybrid. 
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Fig. 12—Pump power circuitry. 

3) pump power circuitry, including klystron, isolator, 

variable attenuator, frequency meter, bidirectional 
coupler, and detectors (shown in detail in Fig. 12); 

4) klystron power supply; and 
5) liquid level indicators for the refrigerants. 
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The circulator (which cannot be seen in Fig. 11) is 
located in the rear of the larger cabinet and is connected 
to the maser by a low-loss strip transmission line having 

11-inch ground-plane spacing. The input to the maser 
system consists of 1-inch coaxial line. 

B. General Perfornzance 

The maser is easily tuned to any operating frequency 
over the 200-nie range by adjusting the dc magnetic 
field, the pump frequency, and the t WO cavity reso-

nances. All the adjustments necessary for tuning the 
maser to a specific operating frequency have been cali-

brated. The signal-frequency cavity-resonance adjust-
ment can be set to any specified frequency within +2 
Inc with the calibrated micrometer head. One of the 

required adjustments, the dc magnetic field, is critical 
and requires tine tuning. The other two adjustments 

(pump cavity resonance and pump frequency) are not 
critical; maser operation can be obtained with the pump 
cavity resonance and pump frequency detuned as much 
as 75 inc. 

The angular orientation O of the ruby-loaded maser 
cavity with respect to the dc magnetic field is not criti-
cal. .\ laser operation has been obtained, without serious 
degradation in gain-bandwidth product, at angular de-
viations of several degrees from 90° throughout the tun-
ing range. ('onsequently, controls for fine-tuning the 

alignment of the maser cavity were deemed unneces-
sary. A mechanical feature ensures that the maser 
cavity structure is correctly oriented when it is inserted 
into the system. 

C. System Noise Temperature 

Noise-temperature measurements were made on the 
maser system using the technique described in Appendix 

I. The noise generators used for the measurement con-
sisted of two matched loads—one at room temperature 

and one at liquid nitrogen temperature (Appendix II). 
A series of measurements, made with the maser operat-

ing at high gains, yielded a noise factor of 0.5 + 0.1 db, 
which is equivalent to a noise temperature of 35°K. 

The main contributing noise sources are: 

1) The dissipative losses of the circulator and input 

coaxial feed lines; these give a noise temperature 
of approximately 28°K (0.4 (lb). 

2) The second-stage amplifier and other components 
at the output of the maser having an over-all 
noise factor of 7.2 db ( 1230°K). The amplifier con-

sists of a balanced mixer utilizing 1N21EMR crys-
tals and a 30-mc IF amplifier. Its measured noise 
factor was 6.6 db. With a net maser system gain 
of 23 db, this contribution is 6.15°K. 

3) The maser signal frequency spin temperature, 
which is calculated to be 1.5°K, for a bath tem-
perature of 4.2°K, assuming equal idler and signal 
spin-lattice relaxation tintes. 

Thus, good correlation is obtained bet ween the calcu-

lated and measured noise temperatures. 

D. Maser Saturation Characteristics 

A saturation curve that was measured on the maser 

system is shown in Hg. 13. As can be seen, the gain 
drops 3 dl) at a power output of — 35 dbm. This yields a 
dynamic range of 68 db for a post- receiver bandwidth 
of 1 flic. 

Susceptibility of the maser to nearby CW signals is 

shown in Hg. 14. The power level of the interfering 
signal, at which the maser gain drops 3 db at its center 
frequency, is plotted as a function of the frequency of 

the interfering signal. The shape of the measured re-
sponse can be closely determined from the frequency re-
sponse of the active maser cavity. The measurement was 
made with a three-cavity filter between the maser and 

the second .; tage receiver to ensure that the interference 
effect measured was primarily due to the maser proper. 

The filter had a 3-db bandwidth of 15 me and an inser-
tion loss of 25 db at 15 me from center frequency. 

It is essential that the input level of interfering signals 
be kept below the microwatt range ( Figs. 13 and 14). 

To insure this, it is desirable to use a preselector cavity 

and /or passive ferrite limiter that has its limiting 
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threshold at microwatt power levels." These can be 
placed in the low temperature bath to minimize their 
noise contribution. The relatively low saturation power 
level (and relatively long recovery time) of the ruby 
maser is a result of the relatively long spin-lattice relaxa-
tion time of the idler transition, which (for O equal to 
90°) is in the tens of milliseconds at 4.2°K. Future 
masers will show marked improvements in saturation 
level and recovery time by using new materials or "im-
purity-doped" ruby to reduce the idler relaxation time. 
To prevent maser saturation effects due to the local 

oscillator in the second-stage receiver, a balanced mixer 
should be used. A balanced mixer provides a local-
oscillator isolation of 30 db, which, in combination with 
the circulator isolation and maser cavity selectivity, is 
more than sufficient to prevent maser saturation effects 
due to local-oscillator power leakage. 

E. Gain Stability 

The results of a number of stability measurements at 
a helium bath temperature of 4.2°K and a maser gain 
of 22 db yielded a long-term peak-to-peak drift of + 0.55 
db, and a short-term peak-to-peak stability of ± 0.1 to 
+0.2 db over a period of several hours. These figures 

represent the fluctuations of a complete receiver with 
the maser front end fed by a standard signal generator. 
Hence, a portion of the output variation must be as-
cribed to parts of the measurement setup rather than 

the maser. 
Turbulence in the liquid helium appears to be respon-

sible for some of the short-terni gain variations observed 
in the maser. This effect is reduced by the use of poly-
foam loading of the microwave structure. The fluctua-
tions are also significantly reduced by reducing the 
helium bath temperature below the X-point (2.2°K), 
where the liquid helium becomes a superfluid. 
The parameter having the greatest detrimental effect 

on long-term gain stability was found to be the maser 
magnetic field, which is controlled by a current-
regulated power supply. This is evident when it is noted 
that the regulation must be substantially better than 
the magnetic line width of the ruby, which is about 1 
per cent of the external magnetic field that was used. 
The electromagnet is designed to permit maser opera-
tion over the entire 850 to 2000 mc tuning range of the 
cavity. Improved stability can be obtained by using a 
permanent magnet employing an adjustable mechanical 
shunt or bucking coils for tuning, since a variation in 
magnetic field of about 6 per cent is needed to cover the 
200 mc tuning range of the maser system. 

VII. CoNcLusioN 

It can be concluded that a cavity maser can be satis-
factorily operated over frequency bands greater than 

one octave. In packaging such a maser together with a 
circulator for field operational use, the usual 12-inch 
diameter laboratory magnet and other highly precise 
supplementary equipment have been eliminated without 
detrimental effect on gain-bandwidth product, noise 
figure, and other system parameters. The resulting 
equipment is reasonably compact and easily operated by 
semi-skilled personnel. 

APPENDIX I 

TECHNIQUES FOR MEASURING MASER GAIN-

BANDWIDTH PRODUCT 

The voltage-gain-bandwidth product was determined 
by two methods. In the first method, gain and half-
power bandwidth were measured directly, using the 
setup shown in Fig. 15. Maser gain is measured by not-
ing the increase in generator output required to main-
tain a constant output meter reading when the maser is 
disconnected from the circuit and replaced by a short-
circuit at point A of Fig. 15. 

In the second method, the external Q of the maser 
cavity was measured with the pump power and mag-
netic field turned off. The voltage-gain bandwidth 
product Gu2B can then be calculated since, for the condi-
tion of high gain (Gw>>1), it is approximately 

2f Ging 
Qe 

where f is the signal frequency and Q, is the external Q. 
The more exact expression" for Q,.»Q, is 

2f  G./2  G./2B- r (2) 
Qel_ Gu2 1J • 

The bracketed term in ( 2) s the correction factor on the 
approximation. It is plotted in Fig. 7, and is seen to 
be less than 10 per cent for gains greater than 20 db. 

For comparison with theoretical computations of 
maser performance, it is desirable to determine Q„„ the 
magnetic Q, which is a measure of the negative resist-
ance introduced by the paramagnetic maser material. 

(1) 
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Fig. 15—Measurement setup for maser gain and bandwidth. 

14 R. W. DeGrasse, "Low-loss gyromagnetic coupling through 14 J. O. Artman, "The Solid-State Maser," Proc. Symp. on Role 
single crystal garnets," J. Appl. Phys., vol. 30, suppl. 4, pp. 155.S— of Solid-State Phenomena in Electric Circuits, Polytechnic Inst. of 
I56.S; April, 1959. Brooklyn, Brooklyn, N. Y., sec. 3, p. 77; April, 1957. 
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The magnetic Q is related to Q. by the expression 

Q, - 
- =  

Q „, GII2 + 

and is plotted in Fig. 7. Obviously, for high 
gains. The correction factor is less than 20 per cent for 
gains greater than 20 (lb. 

APPENDIX II 

0) 

MEASUREMENT OF SYSTEM NOISE TEMPERATURE 

Of the several methods used for the measurement of 
noise temperature. 16 the Y-factor method appeared to 
be most satisfactory for low noise temperatures. In this 
method, the output noise power of the receiver, when 
the input source resistance is at a high temperature T2, 
is compared with the output noise power of the receiver 
when the input source resistance is at a lower tempera-
ture T1. The ratio of these two noise powers is called the 
Y-factor, which is related to the noise temperature, Te, 
by the expression 

T2 — 7'1 
T, =   Tt. 

— 1 
(4) 

The accuracy with which Te can be determined depends 
upon how accurately T1, T2, and Y are known. 

Fig. 16 shows the experimental arrangement used for 
the noise measurement. The available noise power from 
the two loads (one maintained at a liquid nitrogen 
temperature of 77.3°K, and the other at room tempera-

ture) is alternately coupled to port 1 of the circulator 
through a coaxial switch. These noise powers are directed 
by the circulator into the maser (port 2) and from the 
maser into a second-stage amplifier consisting of a mixer 
and an AIL Type 130 Test Receiver. The Y-factor is 
then accurately determined by using a precision cali-
brated attenuator that is part of the AIL Type 130 
l'est Receiver. 

It is estimated that the absolute temperature of the 
two loads can be determined to within + 1°K and that 
the Y-factor can be measured to within + 0.5 per cent. 

'I M. Wind, "Handbook of Electronic Measurements," Micro-
wave Res. Inst., Polytechnic Inst. of Brooklyn. Brooklyn, N. Y., 
ch. 13; 1954-1955. - 

WATCHED LOAD 
(ROOM TEMPERATURE 

[qOAXIAL 
 SWITCH 

MATCHED LOAD 
LIQUID NITROGEN 
TEMPERATURE) 

SECOND-STAGE 
AMPLIFIER 

LOW-PASS 

FILTER 

NARROW- BAND 
30-MC FILTER 

SECOND DETECTOR 

LOCAL 
OSCILLATOR 

MIXER 

30-MC I-F 
PREAMPLIFIER 

PRECISION 
ATTENUATOR 

30- MC 
POST AMPLIFIER 

AIL TYPE 130 
PEST RECEIVER 

Fig. 16—Measurement setup for maser system nMse temperature. 

Application of these errors to a variational form of (4) 
yields a calculated over-all measurement accuracy of 
better than + 3°K. 

In measuring low noise temperatures, the following 
precautions were taken. 

1) The two noise generators (ambient temperature 
load and the liquid nitrogen load) were well 
matched. 

2) Linearity measurements of the second-stage am-
plifier were made over a 40-db range. The linearity 
was found to be within ± 0.05 db. In addition, the 
bandwidth of the second stage was made narrower 
than that of the first stage, to eliminate band-
width corrections from the noise-factor measure-
ment. 

3) The over-all receiving system was tested for spuri-
ous responses. Since broad-band noise sources were 
used, all spurious responses must be known to re-
duce the measurement data accurately. All spuri-
ous responses were found to be negligible. 
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Cadmium Sulfide Field Effect Phototransistor* 
R. R. BOCKEMUEHLt 

Summary—The experimental evaluation of cadmium sulfide 

field effect transistors indicates that, although the material does not 
compete with germanium for general transistor application, useful 
power gain was achieved and certain advantages exist for CdS in 

phototransistor applications. Many unique circuit functions can be 
performed by the device. The active electronic properties vary 
greatly with the intensity and wavelength of incident light, and with 
photoconductivity quenching infrared radiation. Voltage gains greater 
than 500, mutual transconductances up to 20 i.anho and input resist-
ances near 100 megoluns have been observed. Electron-hole pairs 
are generated photoelectrically in the highly pure, single crystal 
CdS. The holes are virtually immobile and form a space charge when 

an applied electric field removes the mobile electrons from a region. 
Modulation of the space charge boundary by application of a poten-
tial to one terminal of the device produces modulation of the con-
ductance between two other terminals and signal amplification re-
sults. Attempts to correlate the illumination sensitivity of the termi-
nal characteristics with theoretical field effect parameters indicates 
the carrier distribution in the crystal is complex and varies with illu-
mination wavelength and quenching intensity. 

INTRODUCTION 

group 11-V1 compound semiconductors have 
potential advantages as specialized electronic 
components with transistor configurations. For 

example, the utility of photoconductive materials may 
be extended when fabricated as a transistor. Further-
more, transistor configurations facilitate observation of 
additional material properties and mechanisms which 
may extend theoretical understanding of semiconduc-
tors. The group II-VI compounds are not expected to 
compete with elemental or group III-V compounds as 
general-purpose transistor materials, inasmuch as those 
studied possess a prohibitively low carrier mobility, or 
low band gap, or high " intrinsic" carrier concentration.' 
The study of group II-VI transistors is important, how-
ever, on the basis of improvement of understanding and 
utilization of specialized properties, particularly photo-
electric properties. 
Cadmium sulfide was selected for transistor experi-

mentation because its properties are probably the best 
known of the II-VI compounds and because it is avail-
able in sufficiently pure, single-crystal form.' The rela-
tively low mobility of CdS 200) requires an exces-
sively thin base layer in a junction transistor configura-
tion. However, the unipolar field effect transistor con-

* Original manuscript received by the IRE, October 22,1959. 
t Res. Labs., General Motors Corp., Warren, Mich. 
I D. A. Jenny, "The status of transistor research in compound 

semiconductors," Paoc. IRE, vol. 46, pp. 959-968; June, 1958. 
2 D. R. Boyd and Y. T. Sihvonen, "Vaporization-crystallization 

method for growing CdS single crystals," J. Appt. Phys., vol. 30, pp. 
176-179; February, 1959. 

figuration permits practical device dimensions even 
though mobility is relatively low. 
The field effect transistor was first given detailed con-

sideration by Shockley.' 'Modulation of the conductance 
of a unipolar semiconductor slab is achieved by apply-
ing an electric field, perpendicular to the current flow, 
creating a space charge region which effectively reduces 
the conducting cross section of the slab. In practice, the 
transverse field is applied through an intimate, but non-
carrier-injecting contact such as a p-n junction. Applica-
tion of the transverse field through an insulating medi-
um does not produce an appreciable space charge in the 
semiconductor slab because of trapped charges which 
develop on the slab surface.' 

Experimental field effect transistors have been fabri-
catoi from Ge4 and Si,' and the effect has been observed 
in 1nP and GaAs.6 However, no previous observation of 
lick! effect amplification has been reported for any 
group II-VI compound, nor for any material in which 
virtually all of the carriers are generated photoelec-
trically. 

FAttsicATIoN 

The experimental field effect phototransistors were 
cut from thin single-crystal plates with a special air-
abrasive cutting machine to dimensions of 3 mm X3 mm 
square. Thickness was not modified and ranged from 
0.15 to 0.5 mm in various units. The thin CdS crystal 
plates were grown by the vaporization-crystallization 
method by Boyd and Sihvonen.2 The placement of the 
contacts is illustrated in Fig. 1. The contact nomencla-
ture is consistent with that proposed by Shockley.' The 
gate contact is vacuum deposited copper, a few hun-
dredths of a micron thick. The necessary rectifying char-
acteristic is obtained by heating at 400°C for ten min-
utes in room air. The gate contact is transparent and 
back resistance is greater than 10 ohms. The formation 
of the rectifying junction is similar to that described by 
Reynolds, el al. ;7 however, the presence of air was found 
to be necessary during the heating process. 

3 W. Shockley, "A unipolar ' field effect' transistor," PROC. IRE, 
vol. 40, pp. 1365-1376; November, 1952. 
' G. C. Dacey and I. M. Ross, "Unipolar field effect transistor," 

PROC. IRE, vol. 41, pp. 970-979; August, 1953. 
G. L. Pearson, " High impedance field effect silicon transistors," 

Phys. Rev. vol. 90, p. 336; April, 1953. 
• A. Herczog, R. R. Haberecht, and A. E. Middleton, " Prepara-

tion and properties of aluminum antimonide," J. Electrochem. Soc., 
vol. 105, p. 535; September, 1958. 

D. C. Reynolds, L. C. Greene, and L. L. Antes, " Properties of a 
cadmium sulfide photo-rectifier," J. Chem. Phys., vol. 25, pp. 1177-
1179: December, 1956. 
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The ohmic source and drain contacts were prepared 
by electroplating indium from an indium fluoroborate 
solution after the gate contact heat treatment. All sur-
faces were cleaned and etched in FIC1 before contact ap-
plication. Leads were connected to contacts with silver 
conducting paint. The units were mounted first on 
special printed circuit boards, and later in standard 
transistor headers with transparent cover as shown in 
Fig. 2. 

GATE 

SOURCE 

DRAIN 

Fig. I Field effect phototransistor terminal relationship and com-
mon source connection. Source and drain are ohmic; gate is diodic 
and semitransparent. 

(a) 

Fig. 2—Cadmium stilli(le field effect phototransistors. (a) Mounted 
for detailed evaluation. (b) Mounted in transparent transistor 
header. 

TERM! NA L CHA RACTERISTICS 

The penetration of the space charge layer into the 
semiconductor slab, and the resulting decrease in the 
slab conductance is determined by the magnitude of the 
reverse bias voltage across the gate junction. Consider-
ing the grounded source terminal configuration, Fig. 1, 
the gate bias voltage is the difference between the po-
tential applied to the gate terminal and the potential in 
the semiconductor slab. The latter is a function of the 
drain terminal potential. Thus, the slab conductance is 
a function of both gate and drain potentials. 
The drain terminal voltage-current characteristic at 

various values of gate voltage (common source) is 
shown in Fig. 3. A "constant" current region of opera-
tion exists when the gate-to-drain potential difference is 
sufficient to cause the thickness of the space charge layer 
to approach that of the slab. This bias voltage is desig-
nated "pinch-off" voltage V. An increase in drain volt-
age above the V. value alters the space charge distribu-
tion in such a manner to keep the pinch-off current es-
sentially constant. The gate potential determines the 

value of the pinch-off current; thus an active gate-to-
drain mutual transconductance G„, exists. The mutual 
transconductance, together with the high dynamic out-
put impedance of the device, permits a large voltage 
gain to be realized. Furthermore, the high gate terminal 
impedance of the device permits useful current and pow-
er gains to be realized. 
The terminal characteristics of the field effect photo-

transistor are dependent on the carrier density within 
the slab, which is determined by the intensity and wave-
length of the incident light excitation. Therefore, these 
characteristics vary greatly wit h illumination param-
eters. 

Typical characteristics of a unit when illuminated 
with an incandescent lamp at an intensity of the order 
of 200 foot-candles are as follows: 

Pinch-off current ( V, 0): 200 µa, 
Pinch-off voltage: 30 volts, 
Mutual transconductance: 20 µmho, 
Short circuit current gain: 400, 
Open circuit voltage gain: up to 1000, 
Output impedance (resistive): up to 50 meghoms, 
Input impedance: 20 to 100 megohms depending on 

load resistance. 

A finite gate-to-drain resistance exists which produces 
feedback resulting in the dependence of input imped-
ance on load resistance and of output impedance on 
source resistance. 

Several experimental phototransistors were operated 
in a temperature range from — 50°F to 150°F with a 
negligible change in terminal characteristics when il-
luminated with an incandescent lamp. However, a con-
siderable temperature dependence was observed when 
illuminated with monochromatic wavelengths greater 
than 5300 angstroms. 

Frequency response varies greatly with operating con-
ditions but extends from dc throughout the audio range. 
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High-frequency attenuation results from the junction 
capacity of the gate and from stray capacities in the 
drain circuit in conjunction with the high dynamic drain 
impedance. 

Puorwt,EcTRIc. CHARACTERISTICS 

The pinch-off current of the cadmium sulfide field ef-
fect phototransistor is much more sensitive to illumina-
tion intensity and wavelength than are the other elec-
trical parameters of the device. The photoconductivity 
of cadmium sulfide exhibits a sharp peak between 5100 
and 5200 A. The wavelength dependence of pinch-off 
current of the transistor, and the photocurrent when 
connected as a two-terminal photoconductor is shown in 
Fig. 4. Under certain operating conditions, the pinch-off 
current has been observed to be proportional to the 
square of the illumination intensity. Sensitivities of the 

8 M. BalkalISLI aid k. I) \\. ildron. " internal photoeffect and 
exciton diffusion in u,illinhitiii ( nd / in( sultidus. - l'hys. Rev., vol. 112. 
pp. 123-125; October I. 1958 
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order of 10-8 amperes per foot-candle squared have been 
observed with incandescent illumination. 
The pinch-off current is also very sensitive to infrared 

quel cliing wavelengths. Certain discrete wavelengths 
in t he 1- micron region, when applied in combination 
with excitation wavelengths, cause a reduction in the 
conductivity of cadmium sulfide and produce other ef-
fects which sharply reduce the pinch-off current. This 
wavelength dependence of the pinch-off current and 
two- terminal photocurrent is shown in Fig. 5. Pinch-off 
current sensitivities of the order of 1 ma/i.tw/cm2 have 
been observed. The variation of pinch-off current and 
two-terminal photocurrent with infrared quenching in-
tensity is shown in Fig. 6. The pinch-off current is many 
times more sensitive to infrared quenching intensity 
than is the two- terminal photocurrent. 

9 R. II. Hube, " Infrared quenching and unified duseription of 
photocomluctivity phenomena in cadmiu stIlruh.;Li -clunide," Phys. 
Rev., vol. ,),), pp. 1105-1116; August, 1955. 
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FIELD EFFECT PARAMETERS 

Field effect theory in a photoconductor differs in de-
tail from that in a doped semiconductor, although gen-
eralizations common to both cases can be derived. The 
parameters used in deriving theoretical relationships are 
common to both cases but some which are constant in 
doped semiconductors are variables when photoconduc-
tors are considered. 

The electrical characteristics of a field effect transis-
tor are dependent on the physical dimensions and the 
bulk properties of the semiconductor slab. The impor-
tant dependent and independent parameters are sum-
marized: 

V„ = pinch-off potential, volts, 
I„=, pinch-off current, amperes, 
a = thickness, cm, 
c = width, cm, 
L = length, cm, 
p = charge density, coulombs/cm', 
k = dielectric constant, farads/cm, 
µ = carrier mobility, cm2/volt-second. 

The following relationships are based on the gradual 
approximation defined by Shockley.3 The potential 
within the semiconductor slab V(y), the field E, and 
the charge density p(y) are related by Poisson's equa-
tion: 

— d2V(y)/dy2 = dE,/dy = p(y)/k, ( 1) 

where (y) is the distance from the gate surface. The in-
duced charge is contained in the spaee charge layer and 
an increase in junction bias voltage increases the total 
space charge by extending the boundary of the space 
charge layer. The relationship between bias voltage and 
space charge layer thickness is dependent on the man-
ner in which the space charge is distributed in the ma-
terial. However, considering a general charge density 
distribution, the pinch-off potential can be derived from 
(1) in the following form: 

V, = (p0a2/2k)[D], (2) 

where [Do] is a function of the charge distribution, and 
po is the charge density at y O. 

Inasmuch as a potential gradient exists in the direc-
tion of current flow (x), the potential in the conducting 
channel and the resulting space charge boundary are 
both functions of (x), the distance from the source con-

tact. Therefore the current density in the conducting 
channel is a function of (x). Furthermore, if free carrier 
distribution in the conducting channel is a function of 
(y), the conductivity u(y) and the current density J will 
be a function of (y): 

J(x, y) = Exu(y). (3) 

Integration of (3) over suitable limits yields pinch-off 
current, 

1„ = (a3cppo2/6kL)[D1], (4) 

when the gate-to-source voltage equals zero. 

The bulk conductance of the semiconductor slab 
with no space charge layer is 

Go = (c/L) f a u(y)dy = (poacu/L)[D,], 
o 

(5) 

where [D„] is another function of carrier distribution. 
The mutual transconductance Gm of a field effect 

transistor with zero bias between gate and source termi-
nals is theoretically equal to the bulk conductance Go 
of the slab. 

The portions of ( 2), (4), (5) which are in parentheses 
are independent of the charge distribution. The brack-
eted portions are dependent on charge distribution and 
are always dimensionless. The distribution functions 
will generally include the thickness parameter (a). The 
distribution functions for an exponential charge distri-
bution are derived in the Appendix. 

FIELD EFFECT IN A PHOTOCONDUCTOR 

The principal differences encountered in considera-
tion of field effects in a photoconductor and in a doped 
semiconductor result from the differences in the mech-
anisms which determine the space charge distribution 
and the carrier distribution in the material. In the anal-
yses made by Shockley and by Warner, et al.," semi-

conductor materials such as Ge and Si were sufficiently 
activated with donors or acceptors to permit minority 
carriers to be neglected. The application of an electric 
field which removes the majority carriers from a region 
creates a space charge in that region with polarity oppo-
site to that of the removed carriers. The distribution of 
the charge density in the space charge region is equal to 
the difference between donor and acceptor density in 

that region. Furthermore, the distribution of the carrier 
density in the conducting channel is equal to that of this 
activation density in the channel. 

In an insulating photoconductor, however, electron-
hole pairs are generated photoelectrically. In CdS and 
other n-type photoconductors, free holes produced by 
pair excitation are captured quickly by imperfection 
centers." The resulting free hole mobility and lifetime 
have extremely low values; the holes can be assumed to 

be immobile in a first-order approximation. Application 
of an electric field to illuminated CdS, which removes 
the free electrons from a region, creates a positive space 
charge in that region in the form of trapped holes. 

10 R. M. Warner, W. H. Jackson, E. I. Doucette, and H. A. 
Stone, "A semiconductor current limiter," PROC. IRE, vol. 47, pp. 
44-56; January, 1959. 
u R. H. Bube, "Photoconductivity of the sulfide, selenide, and 

telluride of zinc or cadmium," PROC. IRE, vol. 12, pp. 1836-1850; 
December, 1955. 
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Inasmuch as the space charge and carrier distribution 
in a doped semiconductor correspond directly to the ac-
tivation distribution, these values can be evaluated and 
applied to field effect equations. Furthermore, the dis-
tribution functions do not have first-order dependence 
on external parameters. In a photoconductor, however, 
the space charge and carrier distribution is an inter-
dependent function of illumination intensity and wave-
length, crystal inhomogeneities and electric field. The 
distribution functions are not only difficult to predict 
but also vary greatly with external parameters. 
The carrier density in a photoconductor is equal to 

the rate at which the free carriers are generated per unit 
volume (excitation density) times the mean carrier life-

time in the conduction band before recombining with a 
hole. The carrier density distribution within the pho-
toconductor slab is dependent on the distribution of the 
excitation density and on the manner in which the car-
riers may diffuse or drift from their generation sites. The 
excitation density at a particular point is proportional 
to the rate at which light is absorbed at that point. The 
light intensity distribution is a function of the incident 
light intensity Jo and the absorption coefficient a and is 
related by Lambert's law: 

./(y) = Jo exp (— ay), (6) 

where (y) is the distance from the illuminated surtace. 
The excitation density f(y) is proportional to the rate of 
absorption: 

f(y) = — dJ(y)dy = Jua exp (— ay). (7) 

The absorption coefficient a is a function of wavelength8 
and may vary over a range from 10 to 104 cm-'. Thus il-
lumination wavelength is important in determining the 
excitation density distribution. 

Because of their very short lifetime as a carrier and 
low mobility, the generated holes do not drift an ap-
preciable distance from their point of generation. The 
drift may not be entirely negligible at illumination 
wavelengths which yield a very high absorption coeffi-
cient, inasmuch as all of the carriers may be generated 
in an extremely narrow region near the surface. In addi-
tion, exciton diffusion lengths in CdS have been reported 
to be of the order of one cm and exciton production has 
been found to exceed pair production at certain wave-
lengt hs.8 Excitons maydiffuse into unillu initiated regions 
of the crystal and dissociate into electron-hole pairs, 
thereby influencing charge distribution. 

Carrier lifetime is probably nonuniform throughout 
the crystal, especially in the presence of infrared 
quenching radiation. Near-infrared radiation in the 
0.89- and 1.35- micron regions cause a reduction of the 
photoconductivity of CdS, as shown in Fig. 5, by effec-
tively reducing the carrier lifetime. A mechanism has 
been proposed whereby the infrared shifts the popula-
tion density of certain recombination centers with a re-

suiting increase in recombination rate.9 The quenching 
effect is a function of the ratio of quenching intensity to 
excitation intensity.' Most excitation radiation is ab-
sorbed in relatively short distances in the crystal, while 
the absorption of the infrared quenching radiation is 
very slight. Thus, the ratio of quenching to excitation 
wavelengths increases with distance (y) from the illumi-
nated surface, and the free carrier lifetime may be ex-
pected to decrease with (y), with a corresponding de-
crease in free electron and trapped hole density. The in-
fluence of quenching radiation on the charge distribution 
may be great and would account for the significantly 
greater effect of infrared on the pinch-off current than 
on the two-terminal photocurrent as shown in Figs. 5 
and 6. The two-terminal photocurrent is proportional 
to the bulk conductance of the semiconductor slab. The 
bulk conductance (5) is proportional to the area under 
the charge distribution curve, independent of its shape, 
while the pinch-off voltage and current are extremely 
sensitive to the distribution characteristic. 

All of the factors discussed so far affect the charge 
distribution in a perfectly homogeneous semiconductor 
slab. Additional factors exist in a practical device. For 
example, the carrier lifetime, mobility and infrared ef-
fects may be significantly different at the crystal sur-
face than in the interior of the slab, effecting a charge 
distribution discontinuity near the surface. Further-
more, inasmuch as the gate is formed by heating a cop-
per contact, the copper is diffused a small but finite dis-
tance into the crystal. The excitation density, carrier 
lifetime, mobility, infrared effects and the resulting 
charge distribution will be different in this "doped" re-
gion than in the bulk of the slab. 

EXPERIMENTAL CORRELATION 

Qualitative correlation of the experimental results 
with theoretical relationships is possible if an assump-
tion of the charge distribution is made. Quantitative 
correlation is not possible because of incomplete knowl-
edge relating the many factors which influence the 
charge distribution. Because of the exponential decrease 
of light intensity within the crystal, a simple first as-
sumption is that the charge distribution decreases ex-
ponentially with distance from the illuminated surface. 
Then, if the gate surface is illuminated, 

p(y) = Po exp (— my), (8) 

where m is a factor which represents the combined ef-
fects of all the mechanisms producing the exponential 
reduction. With this distribution, the distribution func-
tions in (2), (4), ( 5) are, as derived in the Appendix, 

[D „Jo = (2/m 2,2)(e,, mae, _ 1), (9) 

[Di jG = (3/2m3a')[(2ma 3)e-'2"a` — 4e-" -F 11, (10) 

[D.] = ( 1/ma)(1 — e—a). (11) 
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If the surface opposite the gate junction is illuminated, 
the charge distribution is reversed: 

p(y) = po exp m(y — a), (12) 

= (2/m 2a 2) (ma + etria 1) , (13) 

[No = (3/2maa3)[(2ma — 3) ± 4e-ma — e-2ma]. ( 14) 

Inasmuch as the bulk conductance is proportional to the 
area under the p(y) curve, [D5] is not dependent on 
which surface is illuminated. 
The ratio of the pinch-off current with opposite sur-

face illuminated to that with the gate surface illumi-
nated is equal to the ratio of the corresponding distri-
bution functions: 

(4)0/(4)c = [Dt]o/[ptlo• (15) 

Pinch-off current ratios were obtained experimentally 

at several illumination wavelengths and quenching in-
tensities. When the illumination was changed from the 

gate side to the opposite side, the illumination intensity 
was adjusted to yield a common value of bulk conduct-
ance. This partially compensates for the reduction of in-
tensity by the semitransparent copper gate. Pinch-off 
current ratios in the range from 1 to 4 were observed, in-
dicating a variation in the value of (ma) from 0 to 3.1. 
Thus, a qualitative variation of the charge distribution 
with both illumination wavelength and quenching in-
tensity is indicated. 

The measured value of pinch-off current ratio is sub-
ject to error inasmuch as the semitransparent gate re-
duces the effective incident illumination on only that 
portion of the surface beneath the gate. When illumi-
nated from the gate side, the relative intensity is greater 
on the end portions than beneath the gate. However, 
when illuminated from the opposite side, the incident 
intensity is uniform over the entire surface. Inasmuch as 
the portions of the slab outside of the gate region act as 
degenerative feedback resistances,4 the resulting feed-
back ratio will also change with direction of illumina-
tion. For this reason, the measured values of the pinch-
off current ratios will be slightly lower than the ratios 
of their distribution functions. 

The distribution functions [Di]c and [D„] from ( 10) 
and ( 12), are plotted as a function of (ma) in Fig. 7. The 
experimentally obtained relationship between pinch-off 
current and two-terminal photocurrent as a function of 

infrared quenching intensity, Fig. 6, is qualitatively 
similar to the theoretical curves, Fig. 7. The similarity 
between the experimental and theoretical curves indi-
cates that the assumed exponential distribution may 
not -differ greatly from the actual distribution and that 
the exponent (m) increases with infrared quenching in-
tensity. 
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Fig. 7—Theoretical relationship be ween distribution function and 
the exponent (ma) with exponei tial charge distribution, for A) 
pinch-off current with gate side illuminated, B) two-terminal 
photocurrent. 

PRACTICAL APPLICATIONS 

The unique characteristics of field effect phototran-
sistors allow them to perform new and combined circuit 
functions which are not practicable with conventional 
circuit elements. Furthermore, they are solid state de-
vices having the small size, high efficiency and rugged-
ness common to semiconductor components. 

Direct connection of the gate-to-drain terminals 
yields a two-terminal current limiter similar to that de-
scribed by Warner, et al.,'° but whose limiting current 
is a function of light intensity. Because of its high ratio 
of dynamic-to-dc impedance, the device can be applied 
to conventional two-terminal photoconductor circuits 
(i.e., bridges and (lividers) and produce a considerably 
greater output voltage change for a given supply voltage 
than would a simple two- terminal photoconductor. Fur-
thermore, the dependence of pinch-off current on the 
square of the light intensity has particular advantage 
in detecting small changes in relatively large light levels. 
When connected in a conventional photocell circuit, 

application of suitable signals to the gate will perform 
switching and modulating functions. A reference volt-
age can be applied to the gate terminal which will deter-
mine the light intensity required to produce a particular 
output current for use in illumination control systems. 
Furthermore, suitable feedback networks between the 
gate and drain terminals can be used for frequency or 
temperature compensation, or for arbitrary shaping of 
the device characteristics. 
Inasmuch as the field effect phototransistor has use-

ful power gain, it can be used as an oscillator or as a sig-
nal amplifier. Phase shift oscillators employing one pho-
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totransistor have been constructed whose amplitude is 
a function of light intensity or which will oscillate only 
within a narrow range of incident light intensity. Signal 
amplifiers have been made which have light dependent 
gain, and which can be gated on or off with light inten-
sity. Neon lamp relaxation oscillators using the cad-
mium sulfide transistor in place of the conventional re-
sistor produce a very linear, constant amplitude saw-
tooth signal whose repetition rate can be varied with 
gate voltage and light intensity. 

Unusual circuit functions can be performed by the de-
vice when signal information is contained in both the 
light modulation and gate voltage. For example, if the 
device is connected as a marginal oscillator, a discrete 
output occurs when the incident light intensity is modu-
lated at the oscillator frequency. Furthermore, if the 
light modulation frequency is the same as that of the 
gate signal, synchronous phase discrimination results. 
Other specialized circuit functions can be performed by 
circuits which include two or more field effect photo-
transistors or by combining with other active circuit 
elements. The combination of this amplifying photo-
conductive device with electroluminescent devices may 
extend the utility of photoelectric circuits." 

PRACTICAL LIM I TATIONS 

The CdS field effect transistor does not compete with 
conventional junction transistors or vacuum tubes for 
general amplification applications. The major difficul-
ties encountered in design of practical circuits using the 
device result from the relatively low mutual trans-
conductance and high output impedance. 
The mutual transconductance with zero gate voltage 

is approximately equal to the bulk conductance of the 
semiconductor slab, (5), and is a function of the carrier 
charge density, mobility and slab dimensions. Carrier 
density is the only parameter sufficiently flexible to per-
mit a significant increase in transconductance. In-
creasing carrier density by a factor of 10 will increase 
Gm by that factor but will also increase pinch-off voltage 
by 10, pinch-off current by 100 and quiescent power dis-
sipation by 1000. This results in impractical values for 
pinch-off current and voltage, and the power dissipation 
and electric field in the semiconductor slab may reach 
destructive limits of the material. Thus, Gm is limited to 
values of the order of 10 µmho in a CdS field effect 
transistor. 

Both the output and input resistances of the CdS 
transistor are higher than are normally encountered 
with junction transistors and vacuum tubes. Efficient 
coupling to other active circuit elements is difficult and 
its advantageous use as an amplifying element is limited 
to low-frequency applications requiring high impedance 

't S. K. Ghandhi, " I'hotoelectronic circuit applications," Iheoc. 
IRE, N•ol. 47, pp. 4-11; January, 1959. 

levels (i.e., photomultiplier or ion chamber signal 
amplification). 

Improvement of the practical amplification charac-
teristics can be achieved by increasing the carrier mo-
bility of the slab material. This requires selection of a 
different material and would ultimately lead to an ele-
mental or a group l I I -V compound semiconductor. How-
ever, CdS is very likely the best material for phototran-
sistor application. 

APPENDI X 

more general mathematical formulation is required 
to derive field effect equations for exponential charge 
distribution than is necessary for uniform" or linear 
graded'" distributions. If the charge distribution is 
known, a relationship 17„=_1(h) can be derived from the 
gate potential as a function of the thickness of the space 
charge layer. Subsequent operations are simplified if the 
relation h = g(V„) can be found. This can be done for the 
uniform or linear graded case but is not possible for the 
exponential charge distribution case. 

With exponential charge distribution of the form, 

p(y) = po exp (— my), (16) 

the field in the y direction is assumed to be zero in the 
conducting channel (h <y <a) using Shockley's gradual 
approximation." 

Ey = ( I/ K) f p(y)dy = 0 at y = h 

= — (Po/ mk)(e--me — e--"). (17) 

The maximum field E,, required to pinch-off the con-

ducting channel (h = a.) exists at y = 0: 

E„ = (— po/mk)(1 — (18) 

The potential in the space charge region 
to the gate voltage Y at y = 0: 

V(y) = — f Eydy = V„ at = 0 

v(y) is equal 

= (Po/ m2K)(1 — eld — mye-") V,,. (19) 

With finite channel current, the potential in the con-
ducting channel is a function of x, the distance from the 
source. The potential V(x) cannot be derived directly 
for the exponential case but can be solved for V(h) where 
h is a function of x: 

V(h) = V(y) at y = h 

= (po/m2K)(1 — e-" — mhe-"'h) V„. (20) 

With a gate-to-source potential If„, a finite space charge 
layer thickness II, will exist at x=0. Furthermore, 
V(h)=0 at x=0, so from (20), 

Va (po/m21()(e-..ff. -F milge-"  — 1). (21) 
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The space charge layer thickness HD at the drain end of 
the channel (x=L) is related to the gate voltage and the 
drain voltage VD: 

Vg— VD = (— po/M2K)(1 — e-mHD — MHDe-mHD). (22) 

The potential V„ required to pinch off the conducting 
channel is equal to Vg— VD at //D =a: 

V, = (po/m2K)(1 — e-""' — mae-e"). (23) 

The current in the conducting channel is constant at 
all values of x. The charge density represented by the 
free electrons in the conducting channel is assumed to 
be equal to —p(y) in that region. The immobile holes 
generated in that region do not contribute to the channel 

conductivity. Additional free electrons forced into the 
conducting channel by the transverse field are rapidly 
distributed throughout the conducting system of the 
circuit and do not contribute significantly to the steady 
state channel current. Although the channel current is 
not a function of x, the current density J in the channel 
is a function of both x and y because of its dependence 
on h(x) and p(y): 

-1(x, y) = — EritP(Y). (24) 

The channel current is obtained by integrating (24) 
and inserting the slab width c and the relationship 

—dV(x)/dx: 

I = ci.i(dV/dx) f a p(y)dy 
h 

= (cppo/m)(e-eh — e-e")(dV/dx). (25) 

Then, by substituting d1i(x)/dx=(dV/dh)(dh/dx) where 
(dV/dh)=(pok/h) exp ( —mh) from (20), 

cmpo2f  ilO 
/f dx =  (he-2eh — he-e(a+h))dh. (26) 

mK H' 

At pinch-off, HD = a and with zero gate voltage, 
//s =O. The current I„ existing with these conditions is 

= (cppo2/.1m3KL)[(2ma 3)e-2" — 4e-e" + 1]. (27) 

The mutual transconductance from gate to drain is 

Gm = (al /av„) = (al /aHs)(avg/aiis)-1 

+ (a I / 1 0)(01T 0)-'. (28) 

The partial derivatives are obtained from (21), (22), 
(26): 

Gm = (cppo/mL)(e-eHs — 

The bulk conductance of the slab is 

(29) 

a 

Go = (oc/ L) f p(y)dy = (cppo/mL)(1 — e-e"). (30) 

Note that with zero gate voltage, (118 = 0), and with 
VD= V p, (HD = a), then Gm= Go. 
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The Optimum Formula for the Gain of a Flow Graph 
or a Simple Derivation of Coates' Formula* 

C. A. DESOERt, SENIOR MEMBER, IRE 

Summary—Starting from the definition of a determinant and us-
ing a few of its elementary properties, this paper gives an independ-
ent derivation of the optimum formula for the gain of a flow graph. 
Thus, a simpler path is shown to Coates' important result. This paper 
is self-contained, so that no previous knowledge of flow graphs is re-
quired. For motivation, the reader is referred to some well known 

papers and books. 

I. INTRODUCTION 

1V1ASON'S signal flow graphs" constitute a very useful tool for analysis of engineering problems, 
linear problems especially. The reason for their 

popularity and usefulness is that they display in a very 
intuitive manner the causal relationships between the 
several variables of the system under study. Many 
people have successfully used flow graph ideas in various 
fields.'-° Therefore, the publication of Mason's second 
paper' giving a systematic method for writing down al-
most by inspection the gain of a linear system was an 
important addition to the flow graph literature. Pres-
ently the state has been reached where a great many 
engineering schools include signal flow graphs in one of 

their senior courses.5 
More recently, C. L. Coates3 has shown that Mason's 

general gain formula is not the simplest expansion and 
has given a rigorous and lucid derivation of a new gain 
formula that is optimum in the sense that, in general, 
1) no cancellations can occur between common factors 
of the numerator and denominator, and, 2) no cancel-
lation can occur among the terms of the algebraic sums 
of the numerator and of the denominator. 

* Original manuscript received by the IRE, August 10,1959; re-
vised manuscript received, December 7,1959. This research was sup-
ported by the U. S. Air Force, through the Air Force Office of Scien-
tific Research, Air Research and Development Command. 
t Dept. of Elec. Engrg., University of California, Berkeley, Calif. 
S. J. Mason, "Feedback theory—some properties of signal flow 

graphs." PROC. IRE, vol. 41, pp. 1144-1156; September, 1953. 
2 5. J. Mason, "Feedback theory—further properties of signal 

flow graphs," PROC. IRE, vol. 44, pp. 920-926; July, 1956. 
C. L. Coates, "Flow Graph Solutions of Linear Algebraic Equa-

tions," G. E. Research Lab., Schenectady, N. Y., Kept. No. 58-RL-
1997; October, 1958. Also IRE TRANS. ON CIRCUIT THEORY, vol. 
CT-6, pp. 170-187; June, 1959. 
' F. E. Hohn, "Elementary Matrix Algebra," The MacMillan Co., 

New York, N. Y.; 1958. 
6 David K. Cheng, "Analysis of Linear Systems," Addison Wesley 

Publ. Co., Reading, Mass.; 1959. 
6 O. Wing, "Ladder network analysis by signal flow graph. Ap-

plication to analog computer programming," IRE TRANS. ON CIRCUIT 
THEORY, vol. CT-3, pp. 289-294; December, 1956. 

7 W. H. Huggins, "Signal flow graphs and random signals," 
PROC. I RE, vol. 45, pp. 74-86; January, 1957. 

8 L. A. Zadeh, "Signal flow graphs and random signals," Paoc. 
IRE, vol. 45, pp. 1413-1414; October, 1957. 
• O. Wing, "Cascade directional filter," IRE TRANS. ON MICRO-

WAVE THEORY AND TECHNIQUE, Vol. MTT-7, pp. 197-201; April, 
1959. 

The purpose of this paper is to present an independent 
derivation of Coates' formula. The author's hope is that 
this derivation is so simple that even seniors can grasp 
it!" The only required background is the definition of a 
determinant. For the reader's convenience, this defini-
tion and the properties of determinants used in the 
derivation are listed in the Appendix. 

For further background, motivation and examples, 
the reader is referred to the literature.'-" The present 
paper is self-contained in that it can be read independ-
ently of Mason's and Coates' papers.'-3 
A word about the organization of the paper: There is 

a difference between Mason's and Coates' procedure for 
drawing the flow graph of a linear system. The differ-
ence, however, is very slight. The first five sections con-
stitute an independent derivation of Coates' formula; 
they use exclusively Coates' procedure for associating a 
flow graph to a system of equations. Section VI I dis-
cusses the difference between Mason's signal-flow 
graphs and Coates' flow graphs; it shows how, given one 
of them, the other may easily be obtained. 

II . THE SET OF EQUATIONS AND ITS 
ASSOCIATED FLOW GRAPH 

Our purpose is to solve by topological methods the 
set of linear algebraic equations 

Eakisi — bk = O (k = 1, 2, • • • , n). (1) 

To this set of equations we shall associate a .flow graph 
which is defined as follows: 

Definition 1—A flow graph is a set of weighted 
oriented branches which connect at nodes. That is, 
each branch has a positive direction and a weight, the 
branch gain. 

The flow graph associated with (1) has n nodes and one 
source node. The case n = 2 is illustrated in Fig. 1. The 
process of associating a flow graph to a set of equations 
is as follows: 

1) To the source node is associated an input variable 
that is taken to be unity. 

2) To each of the other nodes is associated one of the 
variables xi, x-2, • • • , ecB of the set. 

10 Some school will insist that the word "seniors" be replaced by 
"sophomores." More power to them! 
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NODE 0 

22 

Fig. 1— Flow graph for the case of 2 equations x‘ith 2 unknowns. 

3) Each node is labelled by one of the integers from 
1 to n such that the node labelled k is associated 
with xk. The source node is labelled O. 

4) If aik00, there is a branch directed from node k 
to node j with gain a jk. 

5) If bk 00, there is a branch connecting the source 

node 0 to node k. This branch is directed from 0 to 
k and its branch gain is —bk. 

This process describes how one goes from the equa-
tions to the graph. The reverse process, to obtain the 
equations from the graph, is very simple. 

Consider Fig. 1 and concentrate on node 1. In order 
to write the equation associated with node 1, first con-
sider all the branches coming into node 1; they are an, 
al2 and —b1. The equation is obtained by equating to 

zero the sum of the products of their branch gains times 
the variables these branches originate from, viz: 

on x1-1- ap.x2 — b1.1 = O. 

Physically, we may think of these nodes as high gain 
operational amplifiers whose feedback loop is open. Be-
cause, in that case, if the output voltage is in the linear 
range of the amplifier, the sum of the currents into the 
input node must be very nearly zero. 
At this stage an important point should be brought 

up. It is clear that to every set of equations such as ( 1) 
corresponds a flow graph and conversely. If, however, 
the order in which the equations appear in ( 1) is 
changed, the corresponding flow graph changes in a non-
trivial manner. For example, to the set of equations 

ax 2 ax3 = 
fyxi + sa-3= 

71X2 = b2 

corresponds the flow graph of Fig. 2. 
Rearranging them as follows, we get a new set of equa-

tions 

= 

Ex' ± 71.1.2 = b2 

(XX2 Ir3X2 = 

and the flow graph of Fig. 3. 

Fig. 2—Flow graph of the system ( 2). 

3 

Fig. 3—Flow graph of the system ( 3). 

Thus, once a system of linear homogeneous algebraic 
equations, such as ( 1), has been ordered in a fixed way, 
there is a one-to-one correspondence between the equa-
tions and the flow graph. 

III . ALGEBRAIC SOLUTION OF (I) 

If the matrix of the coefficients of the xi's in ( 1) is 
nonsingular, the solution is given by 

EAklbk 

k=1 

XI = 

where 

A 
(/ = 1, 2, • • • , n) (2) 

à is the determinant of the coefficient matrix (ail 
Ala is the cofactor of the element of the kth row and 

/th column. 

In the following we shall devise a topological method for 
evaluating A and products of the form bkAki• 

IV. TOPOLOGICAL EVALCATION OF à 

In order to evaluate A by topological means, we re-
quire a few topological ideas; hence we define: 

G to be the flow graph of the system ( 1), where the 
equations are taken in the order in which they ap-
pear; 

Go to be the flow .graph obtained from G by deleting 
the source node O. 

Definition 2—.1 connedion of the flow graph G is a 
subgraph of G such that 

1) each node of G is included, 
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2) each node has only one branch terminating to it 
and one branch originating from it. 

Definition 3—A directed loop is a connected subgraph 
whose branches b1, b2, • • • , bi can be ordered in such 
a way that 

1) The tip of bk is the origin of bk+i (k = 1, 2, • • • . 
l-1). 

2) The origin of b1 is the tip of ht. 
3) Each node along the directed loop is encountered 

only once. 

Thus, a directed loop is precisely what is meant by a 
loop in the ordinary language. Fig. 4 illustrates the con-
cept. Fig. 5(a) shows a flow graph G and Fig. 5(b) its 
five connections. It is clear that a connection is either a 
directed loop or a collection of nontouching directed 
loops (they are nontouching because of 2) in definition 2). 

In addition, we shall need this definition: 

Definition 4— The connection-gain of a connection of G 
is the product of the branch gains of the branches of 
that connection. It is denoted by C(G). 

The first link between the determinant à and the flow 
graph G is obtained by referring to the definition of a 
determinant :4 

à = E (sen P)aii,a2i, • • • a„i„ 

where the summation is taken over all the n! permuta-
tions P i2, • • • , in) of the integers, 1, 2, • • • , n 
and (sgn P) is + 1 or — 1 depending on whether the per-
mutation P is even or odd." 

Lemma 1: A product appears in (3) if and only if it is a 
connection-gain C(Go) of the flow graph Go. 

Proof: Recall that Go is the graph G with the source 
node O deleted. Consider a particular product H in the 
sum (3). Let H' be the set of all branches whose gain 
appear in the product Since 11 is a product of 
factors akik, with k running from 1 to n, there is one and 
only one branch of H' that terminates at each of the n 
nodes of Go. Since j,, i2, • • • , i„ is a permutation of 
1, 2, • • • , n, there is one and only one branch of 
originating from each node of Go. Hence it is a connec-
tion of Go. 

Conversely, given an arbitrary connection of Go, since 
it contains by definition one branch terminating in each 
of the nodes of Go and one branch leaving each one of 
the same nodes, then its connection-gain can be writ-
ten as 

ali,a2i2 • • • an, 

where i,, i• • • , i„ is a permutation of the numbers 
1, 2, • • • , n. Hence, it will appear as one of the products 
of the expansion (3). 

n The Appendix lists the three properties of determinants that 
will be used later. 

(1) ( c ) 

Fig. 4---(a) Example of a directed loop. ( b) This is not a directed 
loop; when traversing the loop in the positive direction, node 3 is 
encountered more than once. (c) This is not a directed loop be-
cause it is not a connected subgraph. 
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Fig. 5—(a) Flow graph associated with the matrix A. (b) The five 
connections of the flow graph shown in Fig. 5(a). 

Thus by simply listing all the connections of Go, as is 
done on Fig. 5, one obtains all the terms of the sum (3). 
The question of the signs remains. First let us make two 
rather obvious statements: 

Statement 1—If, in a determinant, such as the one of 
the matrix A, any two rows are interchanged and the 
corresponding columns are also interchanged, the 
value of the determinant is not affected. (See Ap-
pendix, Property 3.) 

Statement 2—Consider the system of equations ( 1) 
and its associated flow graph G. Suppose any two 
equations, say the ith and the kth, are interchanged 
and also the two variables located in the correspond-
ing columns (i.e., xi and xk): then to the resulting set 
of equations ( 1') corresponds a new flow graph G'. A 
little thought will show that G and G' are identical 
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except for an interchange of the labels of the ith and 
kth node. 

The method required for specifying the sign of each 
term of (3) is obtained by the following reasoning: 

Consider again a particular product II of the sum 
(3) and its associated connection of the graph Go. 
[J'is a collection of directed loops; for simplicity let us 
assume that H' consists of three nontouching directed 
loops having respectively n, 222, n3 nodes. Clearly, 

-F n2 d- n3 = n, since all nodes of Go are included. 
As a consequence of Statements 1 and 2 we can, with-

out affecting any of the terms of the determinant expan-
sion ( 3), relabel the nodes of H' so that along the first 
directed loop of rp as it is traversed in the positive 
direction one traverses the nodes 1, 2, • • • , ni in that 
order; and similarly for the other two directed loops. 
The branch gain product of the first directed loop is then 

ain,a2ta32 • • • Note that that the factors of this product are ordered so that 

their row subscripts occur in their natural order as re-
quired by (3). Hence, the sign assigned to II is that 
assigned to the permutation, defined by the column 
subscripts: 

1, 2, 3, • • • , ni — 1; ni ± 172, n1 + 1, • • • ( ni + n2 — 1); 

(n, + n2 + n3), (ni ± n2 ± 1), • • • (ni + n2 4- 173 — 1). 

To rearrange this permutation in the natural order, 
(ni— 1) ± ( n2 — 1) -I- (n3 —1) = n-3 interchanges between 
adjacent symbols are required. Hence, the sign of the 
permutation is (- 1)n-3 = ( — 1)n( — 1) +3. Note that 
there are three directed loops- in the product H. it is 
clear that if the connection H' had L directed loops the 
sign would have been (— 

Thus, we obtain the general 

Theorem 1: The determinant A of the system ( 1) can be 
evaluated from its .flow graph G by the formula 

à (— 1)" E (- 1) L PC(GO) p (4) 

where 

L„ is the number of directed loops in the pth connec-
tion. 

C(G0) „ is the connection gain of the pth connection. 
Go is the flow graph G with the source node 0 deleted. 
The summation of the connection gains C(Go) is taken 

over all connections of Go. 

Example: The determinant of the matrix associated 
with the graph of Fig. 5. From the graph G of Fig. 5, we 
obtain the matrix 

an a12 a13 

O a22 
A = 

an O a33 

O a42 a43 

O 

a° 441 . 

From the five connections of G shown on the figure, 

det A = — (1,2(12043a:a anama42a24 

a22a4413a31 ana22a33a44. 

This expansion can also be obtained by :\ ason's method, 
but his general formula will give 25 terms which will 
eventually reduce to the five listed above. 

alia2:0142a24 ' 

V. EVALUATION OF THE NUMERATOR OF (2) 

The numerator of (2) is a sum of terms all having the 
same form. Consider one of them in particular; say, 
àkrbk. In other words, we are going to evaluate the nu-
merator of ( 2) assuming that there is only one branch, 
with gain —bk, connecting the source node 0 to the rest 
of the graph, as shown on Fig. 6(a). Since we know how 
to evaluate an nXn determinant by topological means, 
let us note that Ak/bk is equal to the determinant ob-
tained by replacing the /th column of A by a column of 
zero except for the element of the kth row, which is bk. 

o 
O 

bk 
o 

o 
o 

t /th column 

kth row 

This determinant will not change if all the elements of 
the kth row, with the single exception of bk, are replaced 
by zero. The result is the determinant A'. 

à' = 0 0 • • • 

O 

(*) 

0 bk 0 • • • 0 

o 
O 

1' /th column 

kth row 

In order to evaluate A' by topological means, let us note 
that the flow graph G' associated with à' is obtained 
from Go by: 1) deleting all branches leaving node / (the 
node with which the variable xi, being sought, is asso-
ciated); 2) deleting all branches coming into node k; 
and 3) adding the branch bk oriented from node / to 
node k. This operation is illustrated on Figs. 6(a) and 
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an 

(b) 

Fig. 6—(a) Flow graph G. (b) Flow graph G' obtained from G by de-
leting all branches leaving node I, deleting all branches coming 
into node k and adding branch bk oriented from ittlde / to node k. 

6(h). From (4), 

bkàki = à' = (- 1)" E (- 1)LTC(G'), 

where 

C(G'), is the connection gain of the rth connection of 

G' 
L, is the number of directed loops of the rth con-

nection. 
The summation is taken over all connections of G'. 

In order to interpret this result in terms of the graph G, 

let us define as follows: 

Definition one-connection from p to q of a flow 
graph G is a subgraph of G which includes all the nodes 

of G, and such that 

1) no branch terminates at p and only one branch 
of the subgraph originates from p, thus: 

1, 

2) no branch originates from q and only one branch 
of the subgraph terminates at q, thus: 

3) all other included nodes have exactly one incom-
ing and one outgoing branch. 

An example of a set of one-connections is shown on Figs. 
7 and 8. It is apparent from Fig. 8 that, in general, a 
one-connection is a forward path together with sonic 

directed loops. 
Consider Fig. 6(b). Each one of the connections of G' 

3 

Fig. 7—Flow graph associated with the set of equations (6). 

G22 

4 

0 
a44 

a22 

4 

(1/41.) 
044 

3 

Qclls 

042 

4 

a 2 4 

024 

Fig. 8—The one-connections from 0 to 3 of the flow graph of Fig. 7. 

includes the branch bk because it is the only branch that 
leaves the /th node. In each one of these connections let 
us remove the origin of branch bk from node / and place 
it at the source node 0 where it was originally in graph 
G. Finally, let us change the branch gain from bk to 
—.bk. In each case the resulting configuration is a one-
connection from 0 to 1 of flow graph G. Since by displac-
ing the branch bk one directed loop has been "opened," 
the number of directed loops in the one-connections of 

G is one less than that of the original connections of G' ; 
this will result in a change of sign which will cancel the 
one caused by the change of sign of the branch gain bk. 
Consequen tly, 

bkàki = à' = (- 1)" E (- 1)4c(G;0 - 

where 

C(G: 0-1), is the one-connection gain (i.e., the prod-
uct of the branch gains) of the ath one-
connection from O to I of the flow graph 

G. 
L. is the number of directed loops in the eth 

one-connection. 

The summation is taken over all one-connections 
from 0 to of G. 
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VI. GENERAL FORMULA 

In general, there is more than one branch connecting 

the source node to the rest of the graph; obviously, in 
such cases the individual contributions of each such 
branch must be summed and the result takes this form: 

Theorem 2: In order to solve .for the variable xi defined by 
the set of equations 

(k = 1, 2, • • • , n) (1) 

1) Set up the associated flow graph G as specified in 
Section II. 

2) Draw all the connections of the flow graph Go 
(=graph G with source node 0 deleted) and list 
their connection gains: C(Go)t, C(G0)2, • • • 

3) Draw all the one-connections from the source node 
O to the node / of the graph G and list their one-
connection gains: C(G; C(G; 0- 02, • • • 

4) 

where 

E (- 1)L.c(G; O - 1), 
.r, = 

E (- 1)L»c(c.), (5) 

L,= number of directed loops in the crth one-
connection from O to / of the flow graph G. 

L»= number of directed loops in the pth connec-

tion of Go. 
the summations are taken over all connections 

and one-connections from 0 to / of graphs 
Go and G respectively. 

Example: Consider the system of equations, 

ianxi ans2 ai3x3 = 

a22X2 4- a24x,1 = 

a33x3 = 

a42x2 = a43x3 = O. 

(6) 

Let us solve for x3. The graph G is shown on Fig. 7. All 
the connections of G are listed in Fig. 5(b). The one-
connections from 0 to 3 of G are shown on Fig. 8 Then, 
by (5), we have 

X3 = 

where 

b3ana22a 4 4 — b3alla42a24 bla31a22a44 4- biana24a42 

à 

A = - ap2a24a43a31 anana42a24 — ana33a4D224 

— az2a44amaa. 

The general expression (5) calls for two important 
comments. 

Comment 1—In general, there can be no cancellation 

of terms in the algebraic sums of either the numerator 
or the denominator of (5). 

The reason for this is quite obvious: Since each term is 
a connection gain (a one-connection gain) of a connec-
tion (one-connection) distinct from all the other connec-
tions (one-connections) there can, in general, be no can-
cellations; for it would imply the existence of special 
relationships between the gains of various branches. 
There is, however, one simplification that any en-

gineer worth his salt would instinctively take advantage 
of. Suppose x1 is to be computed and suppose there are 

some node variables xki, xk„ • • • , xk that have no 
effect on r1, then these nodes may be deleted from the 
graph when x1 is computed. 

This idea can be expressed precisely if the following 
definition is introduced: 

Definition 6 :1 forward path from p to q of the flow 
graph G is a connected subgraph whose branches 
b2, • • • , bi can be ordered such that 

1) the tip of bk is the origin of bk+1 
1-1) 

2) each node of the forward path has only one 
branch terminating to it and one branch orig-
inating from it, with the exception of p and q 
which, respectively, have only one branch orig-
inating and terminating to them. 

A forward path from p to q can be obtained from each 
one-connection from p to q by deleting from the one-
connections all the directed loops. 
The second comment takes the form 

(k = 1, 2, • • • , 

Comment 2—When solving for x1, delete from the 
graph G all the nodes xki, xk„ • • • , xk„, which have 
the property that there is no forward path that con-
nects each one of them to xi. 

Example: Consider the system 

ails' ar2x2 

auxi. a22x2 

= 0 

a32X2 a33x3 a34x4 = 

a43X3 a4414 = 0. 

The corresponding flow graph is shown in Fig. 9. It is 
obvious in this simple example, from the graph and 
from the equations, that the variables x3 and x4 may be 
disregarded in solving for x1; also, there is no forward 
path from 3 to 1 and from 4 to 1. 
A straightforward analysis shows that if the nodes 

xk, • • •xk„, are not deleted, all the connection gains and 
the one-connection gains of (5) will have a common 
factor which will cancel from numerator and denom-
inator. This leads to the very important conclusion that, 
provided the precaution of Comment 2 is taken into ac-
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4 

Fig. 9— I I ration of a flow graph that has no forward 
path from nodes 3 and 4 to node 1. 

count, Theorem 2 gives the optimum gain formula for a 
flow graph. 
Thus, the following important conclusion is readied: 

Given the problem of solving ( I) by topological meth-
ods then, provided the Comment 2 is taken into ac-
count, the expression given in Theorem 2 is the simplest 
expression for the solution in ternis of the bk's and ai;s. 

V E RELATIONSHIP BETWEEN SIGNAL-FLOW 
GRAPHS ( ASON) AND FLOW GR.  PHS (( OATES) 

The process of association of a flow graph (( oates) 
to a set of equations has been described in detail in Sec-
tion 11. For reference let us note that the equations are 
written 

= bk (k = 1, 2, • • • , n) (1) 

where 

aki is the gain of the branch, directed from j to k, 
connecting node j to node k, and 

—bk is the gain of the branch connecting the source 
node to node k. 

Mason,2 on the other hand, writes his equations thus: 

E g,.-1x1 = .rk bk (k = 1, 2, • • - , n) (7) 
where 

gk is the gain of the branch, directed from j to k, 
connecting node j to node k, and 

—bk is the gain of the branch connecting the source 
node to node k. 

Simply by looking at the equations we can see clearly 
that ( 1) and ( 7) will be identical if and only if 

gki = aki if k j and gkk — 1 = akk. 

This gives the following rules: 
I) To obtain a flow graph (Coates) from a given sig-

nal- flow graph ( Mason), simply subtract one from the 
gain of each existing self loop and to each node of the sig-
na!-flow graph devoid of self loop, insert one with gain 
—1. 

2) To obtain a signal- flow graph ( Mason) from a flow 
graph (Coates), add unity to the gain of each existing 

self loop and to each node of the flow graph devoid of 
self loop, insert a self loop of gain + I. 

Physically, we can interpret both graphs in terms of 
analog computer concepts: 

A. Signal- How Graphs 

Node variables xi: potential of node j with respect to 
ground. 

Gain gki: admittance of the branch connect-
ing j to k, thus gkix; is a current 

entering node k. 
Node: electronic summing amplifier: its 

output voltage is equal to the sum 
of the input currents: 

Pi 

Egkix, — bk • 1. 

Note that this summing amplifier 
does not invert the sign as is usu-
ally the case with analog computer 
amplifiers. 

B. Flow Graphs 

Node variables xi: potential of node j with respect to 
ground. 

Gain aki: admittance of the branch connect-
ing j to k. 

Node: operational amplifier with its feed-
back loop open; thus if the output 
voltage xk is in the linear range, the 
sum of the input currents is neg-
ligibly small in view of the high 
gain of the amplifier; hence 

Eak,s, — = O. 

APPENDIX 

By definition, the determinant' of a matrix A is 

det A = à = E (sgn P)ali,a2,., • • • a„ in 
I. 

where l'/P denotes that the summation is taken only 
over the n! permutations j1, j2,• • • , i„ of 1, 2, • • • , n 
and (sgn I') is + 1 or — 1 depending on whether the per-
mutation j1, j2, • • • , j,, is even or od(l. 
The key properties that are used in the paper are the 

following: 
1) The interchange of any two adjacent symbols of a 

permutation changes the permutation into one of the 
opposite parity. 

2) Exactly one element from each row and one ele-
ment from each column appears in each terni of the ex-
pansion of A. 

3) If any two parallel lines (rows or columns) of A are 
interchanged, the determinant of the resulting matrix is 
—det A. 
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A Broad-Band Cyclotron Resonance RF 
Detector Tube* 

FRANKLIN M . TURNERt, MEMBER, IRE 

Summary—A tube is described which utilizes the cyclotron mo-
tion of electrons to provide a resonant system which is tuned by 
variation of the magnetic flux density. The amplitude of the cyclotron 
motion depends upon the relationship of the applied signal frequency 

and the electron cyclotron frequency; at resonance, the amplitude is 
maximum. Resonance is detected by shooting the spiraling electrons 
through a honey-comb type mesh grid; the current intercepted by 

the grid is greatest at resonance and is proportional to the RF signal 
power. 

The tube is a complete TRF receiver (less video amplifier) within 
one vacuum envelope. The resonant frequency is a linear function of 
solenoid current; the tube can be tuned over a wide frequency range 
(at least 10:1) with a single control. The characteristics of the device 
have been investigated for resonant frequencies from 65 to 650 mc; 
the sensitivity and 3-db RF bandwidth can be varied within limits; 
typical signal sensitivity is — 45 dbm (500-kc video bandwidth) with 
a 4-mc 3-db RF bandwidth. 

The measured characteristics and the theoretical predictions are 
in reasonable agreement. 

INTRODUCTION 

A\ electron beam, a static magnetic field parallel to 
the beam, and a perpendicular RF electric field 
may be combined to form a resonant system 

which can be tuned electronically over a wide frequency 
range. The application of this resonant system to the de-
tection and frequency determination of RF signals had 
been explored by several investigators'-' and some 
tubes were constructed at Stanford University“ prior 
to 1950. The sensitivity of these tubes was extremely 
poor, but it was nevertheless encouraging enough to 
support further efforts. From 1950 to 1954, tubes with 
much improved sensitivity were developed. Until re-
cently, information concerning these tubes could not 
be widely disseminated due to security restrictions. 

* Original manuscript received by the IRE, August 4, 1959; re-
vised manuscript received, December 14, 1959. The work described 
here was sponsored by the U. S. Air Force under contract AF 33(600)-
27784, with Stanford University. This work is also based on previous 
research made possible through support extended to Stanford Uni-
versity by the U. S. Air Force, U. S. Army Signal Corps, and the 
U. S. Navy (Office of Naval Research, Bureau of Aeronautics, and 
Bureau of Ships). 
t Stanford Elect. Labs., Stanford University, Stanford, Calif. 
J. Weber, "Some Notes on Indicators for Non-Scanning Radio 

Receivers," Internal Memorandum, Navy Dept., Bureau of Ships, 
Washington, D. C., September 6, 1946. 

2 S. F. Kaisel, "Analysis of a Proposal for a Non-Scanning Radio-
Frequency Spectrum Analyzer," Electronics Res. Lab., Stanford 
University, Stanford, Calif., N6onr 25107; September 1, 1947. 
' W. A. Harman, "An Electron Optical System for a Non-Scan-

ning Radio-Frequency Spectrum Analyzer," Elec. Engrg. thesis, 
Stanford University, Stanford, Calif.; 1948. 

4 S. F. Raised, "An Investigation of Non-Scanning Techniques 
for RF Spectrum Analysis," Electronics Res. Lab., Stanford Uni-
versity, Stanford, Calif., Tech. Rept. No. 15, N6onr 25107; August 
30, 1949. This was also a Ph.D. dissertation under the same title. 

6 E. C. Stelter, " Radio Frequency Circuits for a Non-Scanning 
Ultra-High-Frequency Spectrum Analyzer," Elec. Engrg. thesis, 
Stanford University, Stanford, Calif.; 1954. 

The cyclotron resonance detector tube, or cyclon 

detector tube, as it is sometimes designated, is essen-
tially a nonamplifying resonant system followed by a 
detector; the resonant frequency of the system is the 
"cyclotron frequency"; the detector is a grid through 
which an electron beam is shot. 
The cyclotron frequency is determined by the magni-

tude of the static magnetic field in which the electron 
beam is immersed. In one type of cyclotron resonance 

tube (the Spanatron) developed at Stanford,6-" the 
magnitude of the static magnetic field is made to vary 
spatially, in a known manner, across a sheet electron 
beam so that electrons in different sections of the beam 

have different resonant frequencies. The other, histori-
cally more recent, type consists of a pencil electron beam 
immersed in a uniform static magnetic field. Both types 
utilize the same basic phenomena. In the Spanatron, 
however, the frequency of an unknown signal is ob-
tained by determining (with a detector grid) the section 
of the sheet beam that is in resonance with the unknown 
signal. Signal frequency is determined in the pencil 
beam tube by adjusting the magnitude of the uniform 
static magnetic field until resonance is indicated. This 
paper is concerned with the latter type of tube. 
A photograph and a functional schematic representa-

tion of the cyclotron resonance detector tube to be 
described is shown in Figs. 1 and 2. A pencil electron 
beam is directed between the inner and outer conductors 
of a 50-ohm coaxial line. When an RF signal is applied 
to the coaxial line, an alternating electric field perpen-
dicular to the beam is excited. If the RF frequency and 
the cyclotron frequency are nearly equal, the mutually 
perpendicular RF electric field and the uniform static 
magnetic field will cause individual electrons to spiral 
about axes parallel to the beam. The path radius of the 
spiralling electrons will be greatest when the RF fre-

6 W. G. Worcester, "All-Metal Spanatron Tube and Magnet," 
Electronics Res. Lab., Stanford University, Stanford, Calif., Tech. 
Rept. No. 21, Nonr 22510; August 1, 1954. 

7 M. M. McWhorter, "Performance of a Cyclotron-Detector 
Microwave Spectrum Analyzer Tube (Spanatron)," Electronics 
Res. Lab., Stanford University, Stanford, Calif., Tech. Rept. No. 22, 
Nonr 22510; August 8, 1954. 

W. H. Kohl, "Construction of a Sealed-Off, All-Metal Cyclotron 
Resonance Tube," Electronics Res. Lab., Stanford University, Stan-
ford, Calif., Tech. Rept. No. 23, Nonr 22510; August 15, 1954. 
° L. A. Roberts, "The Extension of the Design for a Non-Scan-

ning Microwave Intercept Receiver," Electronics Res. Lab., Stanford 
University, Stanford, Calif., Tech. Rept. No. 1, N6onr 25132; May 15, 
1951. This was also a Ph.D. dissertation under the same title. 

'° W. G. Worcester, "An Investigation of Electrical Detection 
Methods for a Non-Scanning Microwave Spectrum Analyzer," 
Electronics Res. Lab., Stanford University, Stanford, Calif., Tech. 
Rept. No. 2, N6onr 25132; February 15, 1952. This was also a Ph.D. 
dissertation under the same title. 
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quency, as viewed by an observer moving at the axial 
velocity of the electrons, is equal to the cyclotron fre-
quency. To detect the spiral motion of the electrons, the 
beam is passed through a grid which is composed of 
many honeycomb-like cells ( Fig. 3); some electrons are 
captured by the grid. If the path radii of the spiralling 
electrons are relatively small, most of the beam will 
pass through the detecting grid to the collector. If the 
path radii of the electrons are increased, fewer of the 
electrons in the beam will reach the collector. Thus, a 
current whose amplitude is sensitive to the path radii 
of the electrons may be obtained either from the detect-

ing grid or front the collector. 
The characteristics of a detecting grid were first in-

vestigated by Roberts" and Worcester ;"•" Stewart sub-
sequentiv completed a statistical theory of detector 

Fig. I Cyclotron resonance detector tube. Over-
all dimensions, 14 X 1 n inches. 
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Fig. 2—Cyclotron resonance detector tube, functional schematic. 

Fig. 3—Honey-comb detecting grid. Hexagonal cell diameter 
and depth. approximately 10 mils. 

" Subsequent to his work at Stanford, Worcester and his asso-
dates at the Engrg. Exp. Sta., University of Colorado, Boulder, have 
continued the study of cyclotron resonance, with particular emphasis 
on the Spanatron." Tech. Repts. 1-7, Nonr-1147-01, describe their 
work during the 1953-1958 period. 

grid behavior. Stewart12-'5 also proposed and built cyclo-
tron resonance detector tubes utilizing a coaxial line 
interaction structure. The tubes described here are re-
finements of Stewart's early models. 

In the following portions of this paper a simplified 
analysis of the energy transfer from the RF electric 
field to the spiralling electrons will be presented, the 
mechanical details of the tube will be outlined, and the 
electrical characteristics, both predicted and measured, 
will be discussed. The theory of the detecting grid is 
presented elsewhere; only the observed characteristics 
of one particular grid are reported here. 

DESCR I PTION OF CYCLOTRON RESONANCE 
DETECTOR Tu RE 

This section describes the mechanical details of a 
cyclotron resonance detector tube and typical opera-
tional procedures. 

Construction of the tube is not difficult; many of the 
parts can be purchased commercially and those requir-
ing fabrication are not complex. The tube is rugged, re-
liable, and simple to operate. 
A major component of the tube is the 10-inch coaxial-

line interaction structure. It is nonmagnetic stainless 
steel tubing; the inside diameter of the larger tubing is 
0.36 inch, while the outside diameter of the smaller tub-
ing is 0.15 inch. The outer coaxial cylinder is supported 
within the glass envelope by two support rings. Each 
support ring contains three synthetic sapphire balls 
(one of which is spring-loaded) which bear against the 
glass envelope. The tubing forming the inner coaxial 
conductor is supported at the gun end of the tube by an 
Aquadag coated glass bead. The glass bead, visible in 
Fig. 1, serves not only as a mechanical support, but also 
as the 50-ohm termination for the coaxial line. 
The external RF connection to the tube is made at a 

coaxial Kovar seal near the collector. A short section 
of internal coaxial transmission line connects the inter-
action structure to the Kovar seal. RF is brought in at 
the collector end of the tube, not only to reduce the over-
all diameter of the tube, but also to keep the magnetic 
Kovar as far from the beam as possible. 
A standard RCA cathode-heater assembly with a flat 

0.12-inch oxide-coated cathode button provides the 
electron source. Both the anode and the detecting grid, 
which are mounted perpendicular to the beam, are of 
the type shown in Fig. 3. These grids, made available 

il J. L. Stewart, "The Analytical Theory of Cyclotron Resonance 
Video Detectors and Mixers with Examples," Electronics Res. Lab., 
Stanford Unversity, Stanford, Calif., Tech. Rept. No. 17, N6onr 
25123; September 25,1952. This was also a Ph.D. dissertation under 
the saine title. 

13 J. L. Stewart, "The Theory of Cyclon Detectors and Mixers," 
Electronics Res. Lab., Stanford University, Stanford, Calif., Tech. 
Rept. No. 19, N6onr 25132; April 10,1953. 
" J. L. Stewart, " New Cyclon Detectors," Electronics Res. Lab., 

Stanford University, Stanford, Calif., Tech. Rept. No. 23, N6onr 
25132; June 26,1953. 

Is J. L. Stewart, " Electron flow through small tubes with mag-
netic focusing," J. Ape Phys., vol. 24, pp. 1236-1240; September, 
1953. 
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through the courtesy of Varian Associates, have a cell 
diameter and depth of approximately 0.010 inch. 

Typical applied potentials and resulting currents are: 
coaxial interaction structure, zero volts dc (outer con-

ductor grounded); useful cathode voltage range, —3 to 
—15 volts; cathode current, 50-60 µa; collector current 
(in the absence of RF), 5-15 Ma; dc collector potential, a 
few volts above ground (not critical); detecting grid, 
ground potential. 
The beam voltage at which the tube is to be operated 

is chosen on the basis of RF bandwidth and sensitivity 
considerations (see Figs. 8 and 9); the anode potential 
is set one volt positive with respect to the cathode, and 
the tube's position in the magnetic field is adjusted to 
secure maximum collector current in the absence of a 
signal. A slight spatial re-alignment of the tube in the 
magnetic field, and adjustment of the anode potential, 
may be required to obtain maximum sensitivity when a 
test signal is applied. 
The required magnetic field was generated by a wire-

wound solenoid 161 inches in length and 41 inches in 
outside diameter. A reasonable amount of care must be 
exercised during construction of the solenoid to obtain 
winding uniformity. At a cyclotron frequency of 650 mc 
(232 gauss), the solenoid dissipated approximately 40 
watts; a 1-ma change in the solenoid current varied the 
cyclotron frequency 3 mc. 

DETECTION OF SPIRALLING ELECTRONS 

The most satisfactory method discovered so far for 
detecting spiralling electrons is a honey-comb grid of the 
type shown in Fig. 3. It appears from geometrical con-
siderations that, as a first approximation, the probabil-
ity of electron interception by the detecting grid would 
be directly proportional to the radius of the electron's 
helical path. Observations indicated that this was not 
true; grid detection is more complicated than one might 
suspect. Consideration of the random phenomena cre-
ated by the electrostatic field near the grid, and by 
thermal factors, suggested that a statistical approach 
to the problem might be fruitful. Both Worcester'" and, 
more recently, Stewartn.'"5 have analyzed detecting 
of grid behavior from a statistical viewpoint. Both 
these analyses correctly indicate that the change in 
intercepted current will be nearly proportional to the 
square of the signal-induced radius under small-signal 
conditions. That this is so may be inferred from Fig. 6 
and (9). The actual sensitivity realized by the detecting 
grids is within a few db of that which is theoretically 
possible according to Stewart's analysis. For more de-
tails on the theoretical behavior of the honey-comb 
grids, the reader is referred to the references cited. 

Theoretically the signal is negative at the detector 
grid (grid intercepts electrons) and positive at the col-

lector; thus, it would seem, one would have a choice of 
video signal polarity. In practice, however, some detec-
tion occurs in the interaction structure; i.e., some elec-
trons spiral into the conductors of the RF transmission 

line. Near the lower frequency limit of the tube de-
scribed, the detected signal at the grid may change 
polarity—due to interception of electrons in the interac-
tion structure. Since the polarity of the signal at the 
collector is always the same, it was used rather than the 
grid signal. 

ENERGY TRANSFER MECHANISM 

An electron entering the coaxial interaction structure 
with only an axial velocity would, in the absence of an 

RF signal, follow a straight-line trajectory parallel to 
the beam axis. However, should the electron acquire a 
velocity component transverse to the axial magnetic 
field, due to thermal emission effects, the RF field, or 
from any cause whatsoever, the electron trajectory will 
not be a straight line. The electron will instead spiral 
about a line parallel to the beam axis; in addition to its 
axial velocity, it will have acquired an angular velocity. 
Thus, the electron trajectory may be visualized as a 
helix of constant pitch with an axis parallel to the static 
axial magnetic field. The number of revolutions the 
spiralling electron completes each second (the cyclotron 
frequency) is uniquely determined by the magnetic 
flux density. 

If the frequency of the RF field, as viewed by an ob-
server moving at the axial velocity of the electron, is 
equal to the cyclotron frequency and if the phase rela-
tionship of the spiralling electron and the RF field is 
optimum, the electron will continuously gain energy 
from the transverse electric field. The radius of the 
spiralling electron will continuously increase as the 
electron moves through the interaction structure. If the 
observed RF frequency differs from the cyclotron fre-
quency, the electron gains less energy, its path radius 
is less, and the current intercepted by the detector grid 
is less. Hence, the spiralling electrons form a resonant 
system. It is the purpose of the ensuing analysis to de-
termine the characteristics of this resonant system. 

In order to simplify the analysis, the terminated co-
axial line structure used in the actual tube is replaced 
by a lossless, terminated parallel-plate transmission 
line in which all fringing fields are neglected. The 
parallel-plate structure and assumed coordinate system 
are shown in Fig. 4. The RF electric field is entirely in 
the y direction and independent of the x coordinate; the 
uniform static magnetic field is in the +z direction only. 
A partial list of the symbols used follows (inks units are 
used unless otherwise noted). 

B = axial magnetic flux density, 
e= electronic charge, 
= instantaneous RF electric field 
= E0 cos(cot d-Oz +0), 

Eo= maximum value of RF electric field, 
m = electron mass, 

u0=z-directed electron velocity, 
v= RI; phase velocity, 
a= RF phase constant, 
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de = phase angle relating value of RF electric field 
and angular position of electron at 1=0, i.e., 
—Eoe cos ct, is force acting on electron at t = 0, 

w= angular frequency of RF input (co = 27rf), 
w,.=cyclotron angular frequency (co, = 27rf,), 
co, =angular frequency of RF input viewed by mov-

ing electron, and 
r = electron transit time through interaction space. 

Neglecting the effects of other electrons, i.e., space 
charge, it is well known that an electron having a 
velocity component perpendicular to a static magnetic 
field will, under equilibrium conditions, perform a circu-
lar motion having an angular velocity: 

co, = 2/rf, 
e 
B 

where f.= cyclotron frequency in cps. 
The incremental energy gained by the orbiting elec-

tron from the RF electric field (see Figs. 4 and 5) is: 

(1117 = F. ds = — Even°, cos co.t dl. 

R-F In 

F 
V 7 7 z 7 z 1— 

E 

y 

/ / 

(1) 

E 

f" I 

)..>Electron orbit 

GB 

Cgthode Collector 

(á) (b) 

Fig. 4—Parallel-plate interaction structure, side and end views. 

F=- E e Y 

d (Wct) 

Fig. 5—Electron force diagram. 

Since the energy of a spiralling electron is 

W = peir2coc2, 

then 

d1V = mrwc2dr. 

(2) 

Eliminating dW from ( 1) and (2), 

E, Eo 
dr = — cos co,.1 dl = — cos (wl c/0 cos wet di. (3) 

The electron enters the interaction structure at z=t 
=0. The z coordinate of the electron is z=uot, so that 
13z=co/v(uot). Eq. (3) may be written 

where 

Eo 
dr = — cos (cot/ -I- 0) cos cu.! dl, (4) 

à 140 
Wk = (1 4- --). 

V 

If the amount of energy absorbed by the electron is 
small, E0 can be assumed constant. Integrating (4) over 
the time interval 0 to r, where r is the electron transit 
time, one obtains 

r = 
Eor (sin (we — — (1,) ± sin 

2B (wc — Luc)T 

sin (cod- ± 
ro 

(CO, ± WI> 

= ro . 

wkr + — sin d)) 

(5) 

In this equation, 

r = total electron path radius at t=r, 
ro= initial electron path radius prior to electronic 

interaction, and 
rs = component of electron path radius due to elec-

tronic interaction with RF field. 

The absolute magnitude of (5) is taken since a negative 
value of r has no physical significance. 

If the assumption is made that (wc-i-wk)>>10),.—cok I , 
(5) can be written 

f 
Eor 

2B 

Acor 
sin — 

2 Acor 
cos (q5 — — + 2n7r) ro 

2 Acor 

2 

n = 0, 1, 2, • • •, and Aco = co, — cok. (6) 

Application of the assumption noted invalidates (6) 
near the zeros of the (sin Acor/2)/(Awr/2) term. The 
equation can be used, however, to describe the maxi-
mum value of ri as a function of the pertinent vari-
ables. 

Presumably all values of 95 are possible in an actual 
tube so that the maximum possible electron path radius 
as a function of Acor is observed by the detecting grid. 
This radius is 

r = 

Acor 
sin — 

Eor 2 

2B Aurr 

2 

+ fo (7) 
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Maximum radius is obtained at [Ica -= 0; resonance, there-
fore, occurs when co,. = cok, i.e., when 

.1.„= f(1 (8) 

The factor ( 1 -1-uo/v) represents the increase in the sig-
nal frequency (f) as "seen" by the electron due to the 
Doppler effect. If the RF wave on the parallel-plate 
transmission line were a standing-wave rather than a 
traveling-wave, resonance would occur at f 
The electron path radius at resonance is 

r„, = 
Eor 
— - ro 
2B 

(9) 

Taking the ratio of ( 7) and (9) gives the relative 
electron-path radius with respect to the resonant radius. 
Assuming that the initial radius r„ is small compared to 
the signal induced radius, this ratio becomes 

— = 
r„, 

àcor 
sin   

2 

àcor 

2 

(10) 

Both experimental and theoretical considerations 
indicate that the detecting grid output varies as the 

square of the electron path radius. Squaring ( 10), there-
fore, gives the relative response curve of the device as 
the signal frequency varies. If the signal frequency is 
held constant, and the magnetic field (cyclotron fre-
quency) is varied, the response curve is given by the 
square of ( 10) provided &o/resonant angular frequency 
«1 

Eq. ( 10) has decreased to 0.707 of its maximum value 
when cor/2 = 1.39; the 3-db bandwidth is, therefore, 

au, 2.78 
= — (11) 

ir TT 

Since the energy transferred to a resonant electron is 
given by Im(Eor/2B)2cor2, the power transferred to a 
beam is 

e (Eor) 2 
Pc = I 

8 
(12) 

where I= beam current, and Pr= power transferred to 
the beam. 

It will be noted from the preceding analysis that the 
resonant electron path radius is proportional to the 
product of the peak value of RF field and electron 
transit time [see (9)]. Once one has decided upon an 
interaction structure, the peak value of the transverse 
electric field is fixed for a given signal power input. 
Transit time, however, can be controlled by adjustment 
of the beam voltage. 

Increasing the electron transit time (decreasing the 
beam voltage) decreases the signal power required to 

attain a given resonant radius, and at the same time, de-
creases the 3-db bandwidth [see ( 11)1. As one might 
suspect, there is a practical limit as to how far the 
transit time may be increased. Experimentally, the 
minimum useful beam voltage has been determined to 
be approximately 3.5 volts for the 10-inch coaxial- tube 
line. This corresponds to a minimum 3-db bandwidth 
of about 4 mc. The 3-db bandwidth, as indicated by 
(11), has been found to be essentially independent of 
the resonant frequency, at least over the 10:1 frequency 
range investigated. Similarly, the power coupled to the 
beam at resonance is independent of frequency. Eq. ( 12) 

also indicates that the frequency range over which 
power can be satisfactorily coupled to the beam is de-
termined only by the frequency characteristics of the 
interaction structure. 

In arriving at ( 10), which describes the relative elec-
tron path radius, it was assumed that all values of cir 
are possible because the time-relationship of electron 
entry and the peak RI: field is random. Some electrons 
will, therefore, always acquire the maximum possible 
energy as the signal frequency varies about the cyclo-
tron frequency. The response for off-resonance fre-

quencies would, under these conditions, decrease in 
relative amplitude at the slowest possible rate; i.e., the 
response given by ( 10) has the worst possible selectivity 
for this resonant system. 

One is therefore led to inquire as to the possibility 
of obtaining a more selective response characteristic. 
Such a possibility exists; for ct, =0, ( 10) becomes: 

— = 
r„, 

sin tkor 

Ator 
(13) 

where r„, is given by (9). The 3-db bandwidth obtained 
for cl)=- 0 is exactly one-half of that given by ( 11). 

CHARACTERISTICS OF THE CYCLOTRON RESONANCE 
DETECTOR TUBE 

The tube responds to CW, AM, and FM signals; for 
convenience, however, pulsed signals were generally 
used in determining the characteristics described in this 
section. 

The relative amplitude of detected RF pulses as a 
function of the peak RF power input is shown in Fig. 6. 
The detection is square law over the region where the 
slope of the curve is one, i.e., over a power input range of 
20 db. Saturation occurs at approximately 1/10 of a 
milliwatt; the input RF power dynamic range is ap-

proximately 35 db. The data for Fig. 6 were taken at 
resonance with a beam voltage of 4.0 volts at an RF 
input frequency of 230 mc. The detector characteristic 
observed at other frequencies ( 100 and 500 mc) is not 
significantly different from that shown in Fig. 6. 
The relative response curve for the tube is shown in 

Fig. 7; the solid curve represents the actual response, 
while the dashed curves are the envelopes of the two the-
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Fig. 7—Cyclotron resonance relative response curve. 

oretical response characteristics obtained from ( 10) and 
(13), assuming the detector grid responds to the square 
of the relative electron path radius. Due to the assump-
tion noted in connection with (6), only the envelope of 
the theoretical responses (curve through maximum 
values of I r/r„,1 2) is shown in Fig. 7. The outer dashed 
curve is (10) squared and represents the envelope of the 
response one would expect to obtain: the inner, more 
sharply resonant, dashed curve is shown merely to indi-
cate a more desirable response which is, at least the-
oretically, obtainable. Inspection of Fig. 7 shows that 
the agreement between experiment and theory is rea-
sonable, but by no means perfect. Assumptions in-

volved in the analysis and the experimental error prob-
ably account for the discrepancy. 
The characteristic shown in Fig. 7 is typical of the 

response curves observed for resonant frequencies 
greater than 100 mc. In the region of 100 mc and below, 
the response becomes noticeably asymmetric for reasons 
not clearly understood. 
The selectivity of the resonant system is not particu-

larly impressive: the 30-db/3-db bandwidth ratio is 
only about 14. One obvious means of improving the 
selectivity is to provide RF pre-selection ahead of the 
tube. For operation over an extensive frequency range, 
as well as for ease in tracking, the pre-selector also prob-
ably should be a device which utilizes the cyclotron 
resonance phenomena. Perhaps a device patterned after 
the Cuccia electron coupler's." but with wide-band 
transmission line input and output interaction-struc-
tures—would be an effective pre-selector. 
The 3-db RF bandwidth as a function of beam volt-

age is shown in Fig. 8. The solid curve is plotted from 
measured data; the clashed curve is calculated from 
(11). The electron transit-time required for substitution 
in (11) was calculated on the basis of a 10-inch interac-
tion length and an average axial velocity, /in, given by 
the relation Imih,2= e V, where V is the cathode voltage. 
The predicted and measured curves are nearly parallel 
for beam voltages greater than 3.5 volts, thus, at least 
qualitatively, providing verification of ( 11) in this 
region. 
The abrupt change in the general trend of the solid 

curve in Fig. 8 at beam voltages of 3.5 volts and less is 
correlated with a similar change in the sensitivity-beam 
voltage characteristic (see Fig. 9). 

Since the electron path radius at resonance is propor-
tional to the transit time [see (9)], it is to be expected 
that sensitivity will decrease with an increase in beam 
voltage. In Fig. 9 the tangential signal sensitivity for a 
1-µsec pulse (500-kc video bandwidth's) is plotted as a 
function of beam voltage. At beam voltages of 3.5 volts 
and less, the general trend of the curve is reversed: in 
this region the tube also becomes acutely sensitive to 
minor changes in operating conditions. It is customary, 
therefore, to operate the tube at a beam voltage of four 
or even five volts when maximum sensitivity is desired. 

The sensitivity-beam voltage characteristic is es-
sentially independent of frequency, at least over the 65-
650-mc range examined. The ordinate (sensitivity) will 
change with resonant frequency. The shape of the curve 
and of the abscissa, however, remain intrinsically un-
changed. 

16C. L. Cuccia, "The electron coupler—a developmental tube for 
amplitude modulation and power control at ultra-high frequencies— 
Part 1," RCA Rev., vol. 10, pp. 270-303; June, 1949. 

17 C. L. Cuccia, "The electron coupler—a developmental tube for 
amplitude modulation and power control at ultra-high frequencies— 
Part II," RCA Rev., vol. 14, pp. 72-99; March, 1953. 

18 The post-detection (video) amplifier bandwidth must be chosen 
so as to amplify the detected modulation with satisfactory fidelity. 
This bandwidth will in turn affect the video amplifier noise and there-
by the minimum detectable RF signal. 
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500-ke video bandwidth. 

The wide frequency range over which the cyclotron 
resonance detector tube can be operated is indicated in 
Fig. 10. The resonant frequency was varied by changing 
the current in the solenoid windings; no other adjust-
ment was made. The sensitivity gave no sign of decreas-
ing above 680 mc; data were not taken at higher fre-
quencies because of solenoid dissipation. The sensi-
tivity shown in Fig. 10 is for an RF bandwidth of 5 mc 
(5-volt beam) and for a 1- sec pulse (500-kc video band-
width). 
The poor sensitivity of the tube at the lower fre-

quencies appears to be due primarily to beam trans-
mission difficulties. At 56 mc, for example, the axial 
magnetic flux density required for resonance is only 
about 20 gauss. The useful low-frequency limit for these 
tubes %vould appear to be about 65 mc; operation near 
this low frequency limit requires that the solenoid be 
carefully shielded from the earth's magnetic field. 

RI ,- pre-amplification can be used to improve upon 
the basic sensitivity of the cyclotron resonance tubes. 
Low-noise, wide-band distributed amplifiers have been 
employed to obtain tangential signal sensitivities of 
—90 to — 95 dbm over wide frequency ranges. 
One of the unusual features of these tubes, possibly 

unique, is the electronically variable RF 3-db band-
width. Fig. 8 would indicate that one need only vary 
the beam voltage to attain a desired 3-db bandwidth. 
It is true that the beam voltage controls the band-
width, but usually a slight adjustment of anode voltage 
(and possibly of the tube's spatial alignment) is re-
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Fig. 10—Tangential signal sensitivity vs resonant frequency, 
500-ke video bandwidth and 5-me RF bandwidth. 

quired to obtain maximum sensitivity following a 
change in the beam voltage. At most, the adjustments 
would take a few minutes; it might, however, be useful 
if one were able to change the bandwidth rapidly. This 
can be accomplished by distorting the axial magnetic 
field so as to achieve an effect analogous to staggered 
tuning. 
The interaction structure of the cyclotron resonance 

tube and the magnetic field in which the tube is im-
mersed are analogous to a resonant circuit which is 
tuned by varying the magnetic flux density. If the mag-
netic flux density over one-half the length of the inter-
action structure is different from that of the other half, 
the situation is analogous to that of two tuned circuits 
of different resonant frequencies connected in series. 
(In bandpass-amplifier theory, this combination would 
be called a "staggered pair.") Perhaps the simplest way 
to achieve a staggered magnetic field is to add a second 
winding to the solenoid which is wound clockwise for 
half the length of the solenoid and counter-clockwise 
for the remaining half. A current flowing in this winding 
will produce, ideally, an axial magnetic field which adds 
to the main field over one-half the length of the solenoid 
and subtracts from the main field over the other half. 
Since the added winding need only produce a magnetic 
field on the order of one or two gauss, the additional 
power required is negligible. 
With the proper current flowing in the additional 

solenoid winding, a response curve with three peaks is 
obtained (see insert of Fig. 11). This response is nearly 
independent of the resonant frequency, as long as the 
beam voltage and the current in the additional winding 
remain unchanged. To change from the response of Fig. 
7 to the three-peaked response of Fig. 11, one need only 
throw a switch to send a predetermined current through 
the additional winding. If the beam voltage is changed 
by more than 10 per cent, it is necessary to adjust the 
value of this current to obtain maximum results. 

In Fig. 11 the 3-db bandwidths for the uniform and 
staggered magnetic fields are compared. The bandwidth 
is increased by a factor of approximately 3 ( theoreti-
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Fig. 11 3-db RF bandwidth vs beam voltage, 
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cally, 2.8) when the magnetic field is staggered. The in-
creased bandwidth is acquired at the expense of sensi-
tivity; the reduction of sensitivity (see Fig. 12) varies 
between 3 and 5 db depending upon the beam voltage. 
The cyclotron resonance tubes are relatively immune 

to damage by high RF powers. Permanent damage is 
most likely to occur first at the terminating resistance. 
A small change in the value of the coaxial line termina-
tion is not detrimental. However, a large VSWR on the 
coaxial line would narrow the frequency range over 
which satisfactory sensitivity could be obtained. RF 
power of a magnitude far less than that which could 
cause any possible physical damage does, however, pro-
duce undesirable spurious responses. 

If the RF input is sufficient to saturate the tube, that 
is, if it is greater than — 10 dbm, spurious responses---
which have no apparent relationship to the applied sig-
nal frequency—appear over a wide frequency range. 
These responses are at least 30 clb below the peak of the 
main response and are easily identifiable. A second type 
of spurious response—which may have more serious 
consequences--is observed when the input power ex-
ceeds approximately — 20 dbm. This response occurs 
when the cyclotron frequency is approximately half of 
the signal frequency: its amplitude is also at least 30 
(lb below the main response, but the shape of its re-
sponse-curve appears to be very similar to that of the 
main response ( Fig. 7); hence, it can be mistaken for a 
weak legitimate signal. 
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CONCLUSIONS 

The idealized and simplified theory of energy transfer 
presented in this paper—along with the results from an 
analysis of detecting grid behaviorn—is sufficient to 
predict many of the characteristics of a cyclotron 
resonance detector tube. 

The cyclotron resonance tubes are characterized by 
an extremely broad frequency range (at least 10:1) 
over which operation is possible. Resonance may be 
electronically varied; tuning is linear and may be ac-
complished either with a single manual control, or by 
periodic variation of the solenoid current (automatic fre-
quency scanning). The sensitivity, RF bandwidth, dy-
namic range, and selectivity of this device should prove 
adequate for many purposes. 
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Anomalies in the Absorption of Radio Waves 
by Atmospheric Gases* 

A. W . STRAITON t, FELLOW, IRE AND C. W . TOLBERT t, SENIOR MEMBER, IRE 

Summary—This paper summarizes recent measurements of the 
attenuation of radio waves by atmospheric gases and compares the 
measured losses with those predicted by Van Vleck. Reasonably 
good agreement has been noted between the predicted and measured 
losses for oxygen, but the measured loss for water vapor is consider-

ably in excess of that predicted. Various factors which may influence 
this discrepancy are discussed. 

I NntopttcrioN 

/N two classic papers in 1947, Van Vleck" evaluated the experimental evidence available on the absorp-
tion characteristics of atmospheric gases and pre-

dicted the magnitude of the attenuation of radio waves 
due to oxygen and water vapor. These papers have 
served as the starting point for most subsequent work 
in the field and the numerical predictions have been 
used frequently to estimate propagation losses. 
The absorption of energy from a radio wave by 

atmospheric gases is due to the transition from one 
molecular rotation energy level to another caused by 
the electromagnetic wave. For gases at very low pres-
sures, this energy change is associated with a very nar-
row band of frequencies. For increased pressures, the 
energy is absorbed over a wider range. The frequency 
dependence of microwave absorption was given by Van 
Vleck and Weisskopr and the Van Vleck-Weisskopf 
equation as given in the Appendix has been the most 
commonly used means of predicting atmospheric losses. 
Two critical constants are involved in each energy 

level transition. The first of these is the frequency asso-
ciated with the energy transition. This may be deter-
mined from a knowledge of the energy levels or from 
direct measurement. Since the energy differences are 
very small for absorption lines in the microwave spec-
trum, the error involved in taking the difference of two 
nearly equal values is large. For this reason, direct 
measurement of resonant frequency is preferable where 
possible. 
The second critical number is the line breadth con-

stant associated with the frequency spread of the ab-
sorption. This value should be determined by direct 
measurement for the most reliable results. 

* Original manuscript received by the IRE, August 11, 1959; re-
vised manuscript received, December 14, 1959. This work was 
sponsored by the Office of Naval Research under Contract Nonr 
375(01). 
1. Electrical Engineering Research Lab., University of Texas, 

Austin. 
J. H. Van Vleck, "The absorption of microwaves by oxygen,* 

Phys. Rev., vol. 71,pp. 413-424; April 1, 1947. 
2 . H. Van Vleck, "The absorption of microwaves by uncoil-

dens&I water vapor," Phys. Rev., vol. 71, pp. 425-433; April 1,1947. 
3 J. H. Van Vleck and V. F. Weisskopf, "On the shape of collision-

broadened lines," Rev. Mod. Phys., vol. 17, pp. 227-236; April-July, 
1945. 

VAN VLECK'S CHOICE OF LINE BREADTH CONSTANT 

At the time of Van Vleck's papers, no propagation 
test had been made through the actual atmosphere in 
the millimeter wavelength region, and only a very few 
quantitative data were available in the centimeter re-
gion. On the basis of infrared studies, it had been possi-
ble to establish the molecular energy levels and the fre-
quencies associated with their differences. 
Oxygen losses in the millimeter spectrum result from 

the interaction of the magnetic moment of the 02 mole-
cule with the electromagnetic field. Transitions to the 
ground state occur with corresponding wavelengths 
grouped around 0.5 cm, and with one transition wave-
length at 0.25 cm. In addition, nonresonant or Debye 
absorption provides a continuous spectrum of loss. 

For line breadth constants of 0.05 or greater, the lines 
in the 5-mm wavelength band blend together to form a 
single line. On the basis of measurement of oxygen 
losses near 5 mm in waveguides by Berringer,4 Van 
Vleck concludes that the appropriate line breadth con-
stant should be 0.02 cm-1 at one atmosphere. The losses 
calculated, using this constant, were plotted in Fig. 1. 
The attenuation curve is somewhat irregular at the first 
peak but the details are masked by the log-log scale. 

Measurements by Lamont' of oxygen losses around 5 
mm through the actual atmosphere were found to be 
adequately explained by the use of the line breadth of 
0.02 cm-i. Laboratory measurements by Strandberg, 
et al.,6 on pure oxygen and oxygen- nitrogen mixtures 
agreed with a line breadth constant between 0.015 and 
0.02 cm-1. 

For water vapor, one line occurs near 1.35 cm and one 
at 1.63 mm. In addition, there are a vast array of lines 
in the near millimeter region. Ghosh and Edwards1 have 
listed 588 of these absorption lines. Of these, 149 with 
significant line strength have wavelengths between 0.05 
and 1.0 mm. The direct measurement of the line breadth 
constant has been possible only for the 1.35-cm line. 
Van Vleck concluded, on the basis of resonant cavity 
measurements by Becker and Autlers at Columbia Uni-

4 E. R. Beringer, "The absorption of one-half centimeter electro-
magnetic waves in oxygen, Phys. Rev., vol. 70, pp. 53-57; _I uly, 1946. 

H. R. L. Lamont, "Atmospheric absorption of microwaves,* 
Phys. Rev., vol. 74, p. 353; August, 1948. 

6 M. W. P. Strandberg, C. Y. Meng, and I. G. Ingersoll, "The 
microwave spectrum of oxygen," Phys. Rev., vol. 75, pp. 1525-1528; 
May, 1949. 

7 S. N. Ghosh and H. D. Edwards, " Rotation Frequencies and 
Absorption Coefficients of Atmospheric Gas," Geophys. Res. Direc-
torate, AF Cambridge Res. Ctr., Bedford, Mass., Rept. No. 82; 
March, 1956. 

G. E. Becker and L. H. Antler, "Water vapor absorption of 
electromagnetic radiation in the centimeter wave-length range," 
Phys. Rev., vol. 70, pp. 300-307; September 1 and 15,1946. 
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Fig. 1—Attenuation due to oxygen at one atmosphere. 

versity, that this line breadth constant should be ap-
proximately 0.1 cm-'. The assumption was made that 
this line breadth constant was the same for all water 
vapor lines and the spectral distribution of the water 
vapor losses was calculated. This theoretical attenua-
tion as a function of frequency is shown in Fig. 2 for the 
line breadth constant of 0.1 cm-' and also for a line 
brffldth constant of 0.27 cm-'. 

DIFFICULTIES IN DIRECT TRANSMISSION 
Loss MEASUREMENTS 

It is rather surprising that there are very few reports 
in the technical literature of quantitative measurements 
of absorption by atmospheric gases on actual transmis-
sion paths. Dicke's9 radiometric measurement of the 
sun at 1, 1.25 and 1.50 cm provided estimates of the 
water vapor loss, but required a knowledge of the water 
vapor distribution with height which can only be ap-
proximated. 
The problem in millimeter measurements has been 

the lack of generators of sufficient power to make actual 
transmission tests. In recent years, however, improve-
ments in millimeter techniques have extended the range 
over which propagation measurements could be made, 
and data are available at a good many frequencies. 

9 R. H. Dicke, R. Beringer, R. L. Kyhl, and A. B. Vane, "At-
mospheric absorption measurements with a microwave radiometer," 
Phys. Rev., vol. 70, pp. 340-348; September 1 and 15, 1946. 
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Fig. 2—Water vapor attenuation for 7.5 g/m3. 

In addition to the equipment problems, there are a 
number of difficulties encountered in the propagation 
tests that require them to be made with a great deal of 
care. 
The general procedure for making the tests is to ob-

serve the signal level on a number of days and to plot 
this signal strength as a function of water vapor content 
in the atmosphere. The slope of this line provides the 
water vapor losses and the ordinate or y-axis intercept 
provides the oxygen loss. 

Inhomogeneity in the water vapor content is known 
to exist both on small and large scales. In practice, the 
water vapor concentration is measured at both ends of 
the path and compared to data available from the U. S. 
Weather Bureau. The process of time averaging of the 
measurements and the use of many samples gives a 
measure of the variation of loss with water vapor con-
centration which is felt to be quite reliable. 

Another annoyance in the measurement is the fact 
that considerable scintillation in the signal level may 
occur. The magnitude of these fluctuations is greater 
than can be explained by variations in the mean water 
vapor density and therefore must be attributed to re-
fraction effects. The signal chosen as representative of a 
given sampling period is the mean level. 
A third problem in propagation measurements is the 

presence of precipitation along the path. Care must be 
taken that the absorption measurements are made at a 
time when the atmosphere is free of rain or solid, par-
ticulate matter. 
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SUMMARY OF RECENT MEASUREMENTS 

During recent years, improvements in generators 
and components have made possible a number of ab-
sorption measurements through the actual atmosphere. 
Such measurements have been made by Bell Telephone 
Laboratories" at wavelengths in the 5- to 6- min region 
and at 4.3 and 3.7 nun. Similar measurements have been 
made by The University of Texas Electrical Engineer-
ing Research Laboratory at wavelengths in the range 
from 1.2 to 1.7 cm, at 8.6 mm, 4.3 mm, 3.35 mm, 
2.15 mm, and at a number of wavelengths in the region 
from 2.5 to 3 mm." The results of all these measure-
ments have been plotted on Figs. 1 and 2 for compari-
son with the Van Vleck curves. 
The points plotted on the log-log curves tend to give 

the impression of a closer agreement between the meas-
ured and theoretical values than actually exists. Some 
details of the spectrum will be considered later. 
From Fig. 1, it is seen that the agreement between 

the measured and calculated values of absorption for 
oxygen are reasonably good, but for reasons pointed 
out later, care should be exercised in extrapolating the 
data to points very far from the frequencies at which 
they were measured. 
• From Fig. 2, it is seen that the water vapor losses are 
consistently larger than those predicted by Van Vleck 
for a line breadth constant of 0.1 cm-l. These deviations 
will be discussed in greater detail in the following sec-
tions. 

RESIDUAL EFFECT OF SCHNIILLIMETER WATER 
VAPOR LINES 

In those sections of the microwave spectrum far re-
moved from a water vapor absorption line, the attenua-
tion is primarily controlled by the skirts of the submilli-
meter lines. This effect is shown in Fig. 3.'2 The line 
numbers are in the order of increasing frequency. It is 
noted in the frequency range from 50 to 130 kmc that 
the first 12 lines make a relatively small contribution to 
the total absorption and that line numbers 21 through 76 
make approximately the saine contribution as the first 
20 lines. 
The curves of Fig. 3 are based on the assumption that 

the line breadth constant is 0.1 cm-' for all of the lines. 
Recent evidence has indicated that the line breadth 
may vary from line to line. Such variations could cause 
the attenuation curve to rise much more rapidly with 
frequency than is shown in Fig. 3. 

1" " Millimeter Wave Research- Final Report," Bell Telephone 
Laboratories, New York, N. Y., ON R Contract 687(00), kept. No. 
24261-15; May, 1955. 
" C. W. TeAbert, A. W. Straiton, and J. H. Douglas, "Studies of 

2.15 MM Propagation at an Elevation of 4 EM and the Millimeter 
Spectrum," Elec. Engrg. Res. Lab., The University of Texas, Austin, 
kept. No. 104; November 1, 1958. 

12 W. E. Patterson, "Absorption of Microwaves of Millimeter 
Wavelength by Atmospheric Water Vapor," Master's Thesis, The 
University of Texas, Austin; June, 1957. 
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Fig. 3-Calculated water vapor absorption for 7.5 g/m" for ed,/c = 0.1. 

All of the water vapor loss measurements made prior 
to September 1958 could be approximately accounted 
for by the expediency of increasing the line breadth 
constant for the infrared residual lines from 0.1 to 0.27 
cm-'. 

Recent measurements at The University of Texas, 
however, have uncovered several anomalies which have 
thrown out this simple panacea. These newer measure-
ments are described in the following sections. 

L\SUREMENTS AROUND THE 1.35-CM LINE 

In spite of the fact that the frequency of the 1.35-cm 
line has been known with precision for some time, quan-
titative measurements of the magnitude of its absorp-
tion through the actual atmosphere are very scarce. For 
this reason, data were recently taken by the Electrical 
Engineering Research Laboratory at a number of wave-
lengths in this region." 
These recent data are plotted in Fig. 4 together with 

the three points reported by Dicke, et a1.9 The curve is 
plotted on a linear basis for one gram of water vapor per 
cubic meter instead of for the standard atmosphere con-
dition of 7.5 grams. Neither the Van Vleck-Weisskopf 
curve for the 0.1 cm-' nor for the 0.27 cm-' line breadth 
constant adequately represents the measured data 
even in the vicinity of the absorption line. 

13 C. W. Tolbert, A. W. Straiton, and C. O. Britt, " Propagation 
Studies Between 18.0 and 25.5 KMCS," Elec. Engrg. Res. Lab., The 
University of Texas, Austin, Rept. No. 110; July 10, 1959. 
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MEASUREMENTS IN THE 2.5 TO 3.0-mm REGION 

Water Vapor Losses 

The University of Texas has recently completed a 
series of measurements in the wavelength region from 
2.5 to 3.0 111111.'4 Sufficient data were taken to obtain the 
slope of the water vapor line at frequencies of 100, 
104.75, 110, 113 and 117.5 kmc, and these five points 
are shown in Fig. 2. Two anomalies are seen from these 
data. In the first place, the level of the attenuation is 
approximately 50 per cent higher than would be indi-
cated by the Van Vleck-Weisskopf equation even for a 
line breadth constant of 0.27 In the second place, 
the loss at 110 kmc is greater than the loss at the other 
four frequencies. Although no water vapor line has been 
predicted at 110 kmc, the increased attenuation at this 
frequency indicates that such a line may exist. 

In addition to the five frequencies at which sufficient 
data were taken to obtain the water vapor slope, one or 
more soundings were made at 23 other frequencies in 
this region. The data were adjusted to the 7.5-grams-
per-cubic- meter atmosphere by using a water vapor 
line slope obtained by interpolating between the values 
measured at the five frequencies. This may be done 
with some confidence since the correction applied was a 
function of the deviation from the standard atmosphere 
condition. The attenuation adjusted to the standard 
atmosphere is then shown in Fig. 5. 

Oxygen Losses 

From the shape of the smooth curve drawn through 
the higher frequency points, an oxygen absorption line 
may be fitted. It was found that a line with a resonant 
frequency of 118.75, a maximum attenuation of 1.7 

14 C. W. Tolbert, C. O. Britt, and J. H. Douglas, " Radio Propaga-
tion Measurements in the 110 to 118 KMCS Spectrum," Elec. 
Engrg. Res. Lab., The University of Texas, Austin, IZept. No. 107; 
April 15, 1959. 
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Fig. 5—Attenuation adjusted to standard atmosphere. 

dbr'km and a line breadth constant of 0.05 cm-' would 
give the measured shape. 
The line breadth constant at this frequency had been 

found by Anderson, et al.,'5 to be 0.12 cm-1 at one at-
mosphere by laboratory methods. These measurements 
were made at a temperature of 190° K. A temperature 
correction to 300° K may be made using the line breadth 
as inversely proportional to temperature as measured 
by Hill and Gordy,t6 but the corrected value is still con-
siderably greater than that determined by the propaga-
tion measurements. 
A similar discrepancy exists around the 5-mm lines. 

Artman and Gordonn determined a line breadth of 
0.049 cm --1 from laboratory measurements on pure 02 
and 02-N2 mixtures. Propagation measurements by 
Bell Telephone Laboratories and The University of 
Texas have indicated that the line breadth constant 
should be nearer 0.02 cm-1.10,18 

Losses Due to Rare Gases 

The data in the region from 100 to 106 kmc were 
found to be erratic with day-to-day variations which 
did not correlate with the water vapor density changes. 
It was therefore felt that these losses were due to some 
of the rarer gases in the atmosphere such as N20, NO2, 
SO2, and 03, which have resonant frequencies in this 
general area. These irregular losses were about 0.2 
db/kin during the measurement period. 

15 R. S. Anderson, C. M. Johnson, and W. Gordy, " Resonant ab-
sorption of oxygen at 2.5 millimeters wavelength," Phys. Rev., vol. 83, 
pp. 1061-1062; 1951. 

IR R. NI. Hill and W. Gordy, "Temperature dependence of the 
line breadth of oxygen," Phys. Rev., vol. 91, p. 222; July 1, 1953. 

"j. O. Artman and J. I'. Gordon, "Absorption of microwaves by 
oxygen in the millimeter region," Phys. Rev., vol. 96, pp. 1237-1245; 
December 1, 1954. 
" C. W. Tolbert, J. H. Douglas, and C. O. Britt, " Measured Ab-

sorption of Millimeter Wavelengths by Oxygen at Partial Atmos-
pheric Pressures," Elec. Engrg. Res. Lab., The University of Texas, 
Austin, Rept. No. 100; May 15, 1958. 
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CHANGE IN ATTENUATION WITH PRESSURE 

High elevation measurements have been made by 
The University of Texas at wavelengths of 8.6," 4.3" 
and 2.15" mm. These data were taken over paths be-

tween mountain peaks in Colorado with elevations 
from 12,000 to 14,000 feet. Losses due to water vapor 
were measured at all three wavelengths and the loss 
due to oxygen was measured at 4.3 mm. The oxygen 
losses at 8.6 and 2.15 were too small to measure with 
accuracy. The results of these measurements are shown 
in Table I. 

Wavelength ( nun) 

TABLE _ 

Attenuation in dl/km 

Water Vapor ( 1g/m3) Oxygen 

8.6 
4 . 3 
2.15 

0.03 
0.10 
0.12 

0.22 

It is generally assumed that at the resonant frequency 
the loss for the same concentration of the absorbing gas 
will be the saine regardless of the total pressure of the 
atmosphere. It is also assumed that the line breadth 
constant is proportional to the total pressure. 
The losses for the higher altitude may be calculated 

from the Van Vleck-Weisskopf equation by adjusting 
the line breadth constant for the pressure change start-
ing with line breadth constants at one atmosphere of 
0.27 cm-1 for water vapor, and 0.02 cm-' for oxygen. 
Losses calculated on this basis were found to agree rea-
sonably well with the measurements. 

In the light of recent anomalies at 1.35 cm and 2.6 

mm, however, it would be expected that additional 
anomalies may be found at high altitudes for other 
wavelengths. The use of the Van Vleck-Weisskopf 
equation for higher altitudes should then be limited to 
the part of the spectrum in which the measurements 
were made. 

DISCUSSION OF DEVIATION OF MEASURED AND 
PREDICTED ABSORPTION VALUES 

In trying to fit the measured points with the Van 
Vleck-Weisskopf line broadening equation, we find that 

the use of a single line breadth constant is inadequate. 
The data may be approximately fitted by introducing a 
number of line strength and line width constants. In so 
doing, however, the equation loses much of its simplicity 
and utility. Some of the relationships that account for 
the anomalies will be discussed in this section. 

19 C. W. Tolbert and A. \V. Straiton, " Radio Propagation Meas-
urements Between Pike's Peak and Mount Evans at a Wavelength of 
8.6 Millimeters," Elec. Engrg. Res. Lab., The University of Texas, 
Austin, Rept. No. 77; September 30, 1955. 

2° C. W. Tolbert and A. W. Straiton, "Radio Propagation Meas-
urements Between Pike's Peak and Mount Evans at a Wavelength of 
4.3 Millimeters," Elec. Engrg. Res. Lab., The University of Texas, 
Austin, Rept. No. 88; November 22, 1956. 

Variation of Line Breadth Constant _from Line to Line 

Benedict and Kaplan" point out that there is consid-
erable theoretical and experimental evidence that the 
line width for the various water vapor lines is different 
depending on the rotational states involved. With the 
imposing array of lines which influence millimeter ab-
sorption, the absorption-frequency curve could take on 
a wide variety of shapes. The general effect would be 
that of haying a greater increase in absorption with 
frequency as the shorter millimeter wavelengths are ap-
proached. This has been the general trend in the meas-
ured water vapor loss since the ratio of the measured 
losses to those predicted by Van Vleck vary from three 
to ten as the frequency goes from 35 to 140 kmc. 

Possibility of Unpredicted Lines 

The measurements in the 100- to 118-kinc range indi-
cated that a water vapor line occurs at 110 knic. Al-
though no line has been predicted at this frequency, it 
would not be surprising if one did occur because of the 
very complex nature of the water vapor transitions. 
An alternate explanation of the water sensitive loss 

at 110 kmc is that an isotope of FI.0 or another of the 
rarer gases in the atmosphere would vary in concentra-
tion in proportion to the water vapor density. There is, 
however, little theoretical justification of the increased 
attenuation on this basis. 
The effect of some of the rarer gases was observed 

in the 100- to 106-kmc region where erratic losses of ap-
proximately 0.2 db/km were noted. These losses did not 
vary in proportion to the water vapor concentration, 
but changed inconsistently from day to day. This is the 
only region where these effects could be noted, although 
they might be expected at other frequencies to a lesser 
amount. 

Nonlinearity of Water Vapor Absorption 

Water vapor absorption curves as a function of water 
vapor concentration as measured by The University of 
Texas and by Bell Telephone Laboratories have shown 
a tendency to increase faster with water vapor concen-
tration than at a straight line rate. The range of water 
vapor concentration and the variability of the result 
have made it difficult to determine the exact devia-
tion from a straight line. 

If such nonlinearity does exist, it must be due to the 
fact that H20-H20 molecular collisions have a much 
greater effect on line broadening than do 1120-Air colli-
sions. Becker and Autler estimate a ratio of 5 in the 
cross section of the H20- H20 collision as compared to 
the H20-Air collision. 

21 W. S. Benedict and L. D. Kaplan, "Calculation of line width in 
H2O-N2 collisions," J. Chem. Phys., vol. 30, pp. 388-399; February, 
1959. 
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Limitation on Van Vleck-Weisskopf Equation 

As pointed out by Van Vleck,2 an explanation of the 
deviation of theoretical and experimental determina-
tions of atmospheric absorption could result from limita-
tions of the Van Vleck-Weisskopf equation in the far 
wings. The validity of this equation when the line 
widths are in the same order of magnitude as the 
resonant frequency has been • questioned. 
On the high-frequency side of the absorption lines, 

the Van Vleck-Weisskopf equation predicts that the 
loss will approach a constant. This is known to break 
down in the infrared region, but the extent of its validity 
is difficult to predict. 
The Van Vleck-Weisskopf equation is based entirely 

on the broadening of the absorption lines by collisions of 
the molecules. Other factors which affect line broaden-
ing include Doppler broadening, saturation broadening, 
and radiation broadening. Each of these effects has 
been discussed by Rogers." Although these other broad-
ening factors are generally considered to be negligible, 
the possibility of their making a significant contribution 
should not be overlooked. 

CoNcLustoNs 

Measurements of the absorption of microwaves by 
the atmosphere have indicated that theoretical predic-
tions of the losses are not entirely satisfactory. Oxygen 
losses in the vicinity of the absorption lines may be ex-
plained satisfactorily by the proper choices of the line 
breadth constants. The line breadth constants are, 
however, lower than those predicted on the basis of 
nonpropagation-type laboratory measurements. 
The measured water vapor losses are consistently 

higher than predicted. No single line breadth constant 
will satisfactorily explain the experimental data. 

It is felt, therefore, that the extension of experimental 
absorption data to frequencies, pressures, or mixture 
ratios considerably different from those used ill the 
measurement programs should be avoided. 

APPENDIX 

VAN VLECK-W EISSKOPF EQUATION 

If a single spectral line, remote from all others, is 

" T. F. Rogers, "Factors Affecting the Width and Shape of At-
mospheric Microwave Absorntion Lines," AF Cambridge Res. Ctr., 
Bedford Mass.; October, 1951. 

considered, the attenuation in decibels per kilometer of 
an incoming electromagnetic wave is given by 

[106 logia e]872Npv2 I i.tjj, 12e— Wj/kTS 

3ckTGP 

where 

7=absorption coefficient, in decibels per kilo-
meter 

c =speed of light 2.9979 X10" cm per second 

k= Boltzmann's constant 
=1.3802565 X10-16 erg per degree Kelvin 

p = partial vapor pressure of the absorbing gas, 
in mm of Hg 

P = total pressure of the atmosphere, in mm of 
Hg 

T= temperature of the atmosphere, in degrees 
Kelvin 

G = rotational partition function of the absorbing 
gas (dimensionless) 

N= number of molecules per cubic centimeter in 
the atmosphere 

=9.66 X1018XP/T 
-= frequency of the incoming electromagnetic 
wave, in cycles per second 

= the energy of the absorbent lower rotational 
state J, in cm --' 

1-4Jr 12=square of the dipole moment matrix element 
associated with the absorbent rotational 
transition inclusive of the static dipole 
moment and weighting factors (dimension-
less) 

S= the modified structure factor 

Ay 

(P.r.r — 02+ (3n,)2 (mu, +02+ (AO 2 

where 

Av = absorption line half-intensity half-width, in 
cycles per second 

rjr, =the center or resonant frequency of the ab-
sorbent rotational transition J---)J', in cycles 
per second. 

As used throughout this paper, the line breadth con-
stant is taken as .Civ/c with the unit of cm—'. 
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Interaction Impedance Measurements by 
Propagation Constant Perturbation* 

P. R. McISAACt, ASSOCIATE MEMBER, IRE, AND C. C. WANG, FELLOW, IRE 

Summary—The perturbation in the complex propagation con-
stant of a lossy, nonreciprocal, periodic waveguide produced by the 
insertion of a rod, which may be cylindrical or periodic, parallel to 

the waveguide axis is developed. The application to the experi-
mental determination of the interaction impedance and electromag-
netic field distribution of waveguides is presented, together with 
the approximations which are applicable. The perturbation formulas 
for three particular classes of circuit—lossless, reciprocal, cylindrical 
circuits; lossy, nonreciprocal, cylindrical circuits; and lossy, non-
reciprocal, periodic circuits—of interest for traveling wave tubes and 

other extended interaction microwave tubes, are derived and the 

limitations discussed. Explicit interaction impedance relations for 
these circuits in terms of the phase constant perturbation, caused by 
a cylindrical or periodic rod, are given. 

I. INTROIn CT1ON 

p
It1( I UR RATION techniques have proved to be 
useful for determining experimentally the elec-
tromagnetic field distributions both in resonant 

microwave structures, such as klystron cavities, and 
propagating structures, such as slow wave circuits for 
traveling wave tubes. In particular, the determination 
of the interaction impedance Z=E2/2j32S of traveling 
wave tube circuits is readily accomplished using per-
turbation measurements (S is the total power on the 
circuit, 0 is the propagation constant, and E is the peak 
longitudinal electric field strength at the position where 

the electron beam will be located). The techniques for 
using a resonated section of the circuit (resonated using 
shorting plates) and obtaining the interaction im-
pedance from a measurement of the change in resonant 
frequency of the section caused by the insertion of a 
small dielectric or metallic bead are well known." One 
formulation of the relationship between the perturbing 
bead parameters, the change in the resonant frequency, 
and the electromagnetic fields in the resonant section 
which has a close relation to the treatment presented 
here has been given by Casimir.2 There have been many 

* Original manuscript received by the IRE. August 14, 1959; re-
vised manuscript received December 21, 1959, 

School of Electrical Engrg., Cornell l'iliversity, Ithaca, N. Y.; 
formerly at Sperry Gyroscope Co., Great Neck, N. Y. 

Sperry Gyroscope Co., Great Neck, N. V. 
E. Nalos, " Measurement of circuit impedance of periodically 

loaded structures by frequency perturbation," [' Roc. IRE, vol. 42, 
pp. 1508-1511; October, 1954. 

2 C. C. ‘Vang and P. R. Mc Isaac, " Impedance Measurements 
Using Perturbation Techniques," paper presented at Conf. on Elec-
tron Tube Res., Michigan State University, East Lansing; June, 
1955. 

H. B. G. Casimir, "Theory of Electromagnetic Waves in Reso-
nant Cavities," Philips Res. Repts., vol. 6, pp. 162-182; June, 1951. 

others as wel1. 4-7 Of course, the converse procedure of 
using the change in resonant frequency and Q of a 
standard cavity to investigate the dielectric and mag-
netic parameters of small samples of material intro-

duced into the cavity is also well known. 
For stability reasons, most traveling wave tube cir-

cuits are intentionally made somewhat lossy. These 
lossy circuits are not amenable to the resonant section 
technique because of their low Q and the resulting dif-
ficulty in measuring the resonant frequency accurately. 
In addition, there has been some interest in recent years 
in using ferrite loaded circuits to obtain nonreciprocal 
attenuation properties, and these circuits are not readily 
adapted to conventional resonant section perturbation 
techniques because of the nonreciprocity. Therefore, 
measurement techniques which are applicable to propa-
gating circuits and use the perturbation of the propaga-
tion constant by a bead or rod to determine the electro-
magnetic field pattern and the interaction impedance 
are necessary. Of course, the propagation constant per-
turbation and the resonant frequency perturbation 
measurements are complementary and closely related. 
For example, measurements on a propagating circuit 
might be made by determining the change in applied 
frequency necessary to hold the propagation constant 
unchanged when a perturbing object is inserted. How-
ever, attention will be confined here to constant fre-
quency measurements in which the propagation constant 
is perturbed. 

Measurements of the interaction impedance of slow 
wave circuits using the technique of the perturbation of 
the propagation constant are, of course, not new.2 Kino8 
has given a derivation of the propagation constant per-
turbation caused by a dielectric or metallic rod in a 
lossy, periodic, reciprocal system using normal mode 
techniques. Lagerstrom9 has considered lossless, peri-

J. C. Slater, " Microwave Electronics," D. Van Nostrand Co., 
Inc., New York, N. Y.; 1950. 

5 W. W. Hansen and R. F. Post, "On the measurement of cavity 
impedance," J. App.!. Phys., vol. 19, pp. 1059-1061; November, 1948. 

6 L. C. Maier, Jr., "Field Strength Measurements in Resonant 
Cavities," Res. Lab. of Electronics. M.I.T., Cambridge, Mass., 'FR 
No. 143; November 2, 1949. 

7 L. B. Mullett, " Perturbation of a Resonator," Atomic Energy 
Res. Est., Ministry of Supply, Harwell, Berkshire, Eng., G/R 853; 
February, 1952. 

8 G. S. Kino, " Normal Mode Theory in Perturbed Transmission 
Systems," Electronics Res. Lab., Stanford University, Stanford, 
Calif., 'FR No. 84; May 2, 1955. 

9 R. P. Lagerstrom, " Interaction Impedance Measurements by 
Perturbation of Traveling Waves," Stanford Electronics Labs., Stan-
ford University, Stanford, Calif., TR No. 7; February 11, 1957. 
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odic, reciprocal systems and analyzed in some detail the 
effects of perturbing rod size as well as periodic rods. The 
treatment here will be applicable to lossy, periodic, non-
reciprocal structures and is based on a field theory ap-
proach which gives a direct derivation of an exact 
relationship and facilitates the evaluation of approxi-
mations convenient for measurements. The derivation 
is basically analogous to Casimir's' treatment of lossless 
resonant cavities, but is a generalization and adapta-
tion applicable to lossy, periodic, nonreciprocal, propa-
gating structures. Several related treatments are also 
of interest. Goubaut° has discussed the perturbation 
of the input impedance of an electromagnetic system 
caused by the insertion of a test body, while Redfield" 
has considered the perturbation of the admittance 
matrix of an electrodynamic system. Auld" has de-
veloped a related perturbation theorem for the scatter-
ing matrix at a junction. 

II. DERIVATION OF BASIC EQUATIONS 

Consider a waveguide of arbitrary cross section which 
is periodic with period L in the direction of propagation 
z and which has a single frequency wave propagating in 
the z direction. It is assumed that only one of the possi-
ble modes of the structure is excited. By Floquet's 
theorem, the fields in the waveguide may be written as 

Ei(x, y, z, t) = E0(x, y, z)eiwt-roz 

EEon(x, y)eiwt—(ro-Fi2.n.z, 

¿((x, y, z, = Ho(x, y, z)ei.1- ro. 

= y)ejtal-(ro+ j2irn I L)z 

(la) 

(lb) 

where the propagation constant ro=a0+j,30 is complex 
for a lossy waveguide. Note that Eo and Ho are periodic 
in z with period L, while the space harmonic field ampli-
tudes Eo„ and Hon are independent of z. If the wave-
guide is cylindrical rather than periodic, all the Eo„ and 
Hon for n 00 are zero. 
Now let a rod be inserted into the waveguide parallel 

to, but not necessarily coinciding with, the z axis. The 
"rod" may be either uniform in cross section, or be 
periodic in z with period L, e.g., a series of beads spaced 
at intervals equal to L. Hereafter, the term "rod" will 
refer to either of these configurations unless explicitly 
stated to the contrary. The final fields after the insertion 
of the rod will be 

IS G. Goubau, "Zur Ausmessung elektromagnetischer Felder mit-
tels Testkórpern," Hochf requenz. und Elecktroak., vol. 62, pp. 73-76; 
1943. 
n A. G. Redfield, "An electrodynamic perturbation theorem, with 

application to non-reciprocal systems," J. Appt. Phys., vol. 25, pp. 
1021-1024; August, 1954. 

12 B. Auld, "The synthesis of symmetrical waveguide circu-
lators," IRE TRANS. ON MICROWAVE THEORY AND TECHNIQUES, VOL 
MTT-7, pp. 238-246; April, 1959. 

Ef(x, y, z, t) = [E0(x, y, z) Ei(x, y, z) -0.04-ri). 

= E [Eoo(x, y) -I- Eb,(x, y) ]eiwt-cro+ri+izromz 

11.t(z y, z) = [Ho(x, y, z) 1-11(x, y, z)lewt-(4-"Vg 
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(2a) 

= E [Hon(x, y) -I- H in (x, jeiw I—( 1'o-Fri-Fawn L)z (2b) 

It is assumed that only a single mode of the perturbed 
system has been excited, with a propagation constant 
110-Fri=ao-Fai-kj(130+01), and that this mode has a 
field distribution which is roughly similar to that of the 
original mode. 
From Maxwell's curl equations, 

✓ X E0 — Po(k X Eo) = — jwBo, (3a) 

✓ X Ho — ro(k X Ho) = jcoDo, (3b) 

✓ X El — (r. + ri)(k + Ei) — ri(k x E.) 

= — jwBi, (3c) 

✓ X HI — (r0 + ri)(k x Hi) — ri(k x H.) = jwDi, (3d) 

where k is a unit vector in the z direction. By multiply-
ing (3c) and (3d), respectively, by Ho* and E0* (* de-
notes complex conjugate), combining, and using a vec-
tor identity, 

Eo* • V X HI — Ho* • V X Ei = — v • (E0* X HI Ei X Ho*) 

— V X Ho* + Hu V X Eo* 

— rik• (Eo X Ho* + E0* X Ho) — (Po -I- Ti)k 

• (E1 X Ho* Eo* X Hi) jw(E0* • Di + Ho*• BO. (4) 

After multiplication by exp ( — 2a0z) and utilization of a 
vector identity, integration over one period of the wave-
guide, and the application of Gauss' theorem, there 
results 

r1 flf,k • (Eo X Ho* -F El)* X Ho)e--2«edv 

r'fff, 
k • (Eo* X H1 + E1 X Ho*)e-'«ozdv 

=iwfff.(E0* • Di — Do* • Ei Ho* 

• Bi — Bo* • HI)e-2a0edv 

Hn • ( Eo* X H1 ± E1 X H0*)e-2«ozàa. 
A 

(5) 

Here V denotes a volume corresponding to one period 
• the waveguide, A denotes the surface area enclosing 
this volume, and n is a unit vector normal to this sur-
face, directed outward. Any currents present in ma-
terials with finite conductivity are included in the elec-
tric displacement vectors Do and DI by having the 
imaginary part of the dielectric constant include the 
conductivity as well as the dielectric loss term. 
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We note that Do = Ê0 and Bo = Ho, where L, and 
Ai are the dielectric constant and permeability of the 
material in the waveguide prior to the insertion of the 
perturbing rod. These, in general, will be functions of 
position within the waveguide and complex to account 
for losses. The circumflex indicates that these may be 
tensor quantities, as is, for example, the permeability 
of a ferrite material. Also, in all regions external to the 
perturbing rod, DI -- ti•Ei and Bi = Ai • Hi. Since it is as-
sumed that the rod is inserted only into regions which 
were previously empty, (5) may be rewritten as 

fff, k • ( E0 X H0* + E0* X Ho)e-2«ozdv 
fff k•(E0* X H, E1 X FL,*)e-2atedv 

(t0E,,* • P moH1,* • M)e-2«ozdv 

iCO ff f [E0* • (î1E1) — E0)* + Ho* 

• ( ii i • Hi) — Hi • (A • Ho*le-2ao'dy 

ff 1-1-(E1,* X HI Ei X 110*)e-2«02da, (6) 

where P=D1/€0— EI and M=Eihio—H1 are the polari-
zation and magnetization of the rod. &V denotes the 
volume of one period of the rod and V— & V denotes the 
volume of one period of the waveguide exclusive of the 
rod volume. Eq. (6) is an exact expression relating the 
change in the propagation constant to the fields and the 
rod parameters. The first integral on the left is recog-
nized to be four times the time average power in the z 
direction of the original unperturbed circuit integrated 
over a length in the z direction equal to one period of 
the structure. Thus, the first term on the left can be put 
in the form, 

fff k • (ED X H0* E0* X Ho)e-2"edv 

z+L 

= 4r, f so(z)dz, (7) 

where So(z) represents the time average power in the z 
direction. So(z) is, of course, real so that by taking the 
real and imaginary parts of (6), expressions for al and 
fli can be obtained. 
The integrals in (6) are taken over one complete 

period of the structure; this is precisely defined for the 
z direction, but is somewhat vague for the transverse 
directions. For structures with enclosing, perfectly con-
ducting walls, it suffices to integrate over the volume en-

closed by the walls. In this case, of course, all the fields 
external to the region enclosed by the walls are zero. For 
open boundary structures, e.g., an unshielded helix, the 

fields exist out to infinity, and one must integrate out to 
infinity in the transverse directions. For structures with 
imperfectly conducting walls, the fields will again extend 
out to infinity in the transverse directions. Those fields 
external to the walls are clearly negligible when the 
waveguide walls are made of the usual metals. However, 
to cover all possible cases here, we will integrate out to 
infinity in the transverse directions, but we recognize 
that for many important cases the contribution from the 
fields external to the waveguide walls will be completely 
negligible. By integrating out to infinity, the surface 
integral of (6) may be simplified because the fields will 
go to zero at infinity for structures that propagate a 
mode carrying finite power in the z direction. Thus, in 
all cases there will be a contribution to the surface inte-
gral possible only over planes that are normal to the 
z axis. 

Using this simplification, (6) may be written as 

z+L 

4r, f So(S)A 

riff f k • (E(,* X H1 + EI X Ho*)e-2"ozdv 

(€0E0*•P • M)e-2*Pdv 

f ff [Eu* • (é,• E,1 — E0)* 
V-61' 

— (1 — 

• (Ai • Hi) — H, (• Ho)*je-2«edt, 

fA,. 

fe-2a0 9 e-20roz 

•(E,,* X //1 Ei X Ho*)da. (8) 

Here A, represents the waveguide cross section at z =z 
or z = z -FL (the cross section at these two points is the 
sanie because of the periodicity). As noted above, A, 
may extend out to infinity. It should be observed that 
the equality in (8) is independent of the value of z 
chosen. 

III. APPLICATION TO INTERACTION 
IMPEDANCE MEASUREMENTS 

Eq. (8) is the basic equation with which we will deal. 
As it stands, it is too cumbersome to be useful in prac-
tice, but in many cases of interest, approximations can 
be made which render it useful for the experimental 
measurement of the interaction impedance. ln order to 
determine what approximations are valid and their im-
plications, several special cases will be examined in some 

detail. 

A. Lossless, Reciprocal, Cylindrical Waveguides 

In this case a=0, the dielectric constant and perme-
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abi:ity are real scalars, and since only the fundamental 
space harmonic fields exist, each of the integrands in 

• (8) has the same z dependence, exp ( — 2a0z), and the 
integration over z may be omitted. di is found by adding 
(8) to its complex conjugate. 

e, — 

the components of the polarization and magnetization 
in the rod to the components of the initial electric and 
magnetic fields at the rod location through the use of 
the effective electric and magnetic susceptibilities xc and 
X. of the rod material and the effective depolarizing and 

ff," [E (E • P Eo•P*) mo(Ho* • M Ho•M*)]da 

8S0 ff k• (Eo* X H1 ± E0 X HI* ± EI X Ho* + El* X Ho)da 

8.4 denotes the cross section of the perturbing rod which 
is cylindrical. 

It will be observed that, so far, no restrictions have 
been placed on the constancy of the power before and 
after the rod insertion. Naturally, di is independent of 
the power level, but the individual integrals in (9) will 
vary with the power. For convenience, we will arbi-

trarily demand that the power level be kept constant 
throughout the measurements. That is, 

So = So ± Si, (10a) 

= 0, (10b) 

where S1 is the change in power, 

1 
= — f fA,k o•(E XH*±Eo*X111-FEIXHo* 
4  

± El* X Ho ± E1 X H1* ± El* X Hi)e-2a9'da. (11) 

Therefore, 

ff,, k• (Ei X Hi* ± El* X Hi)e-2a°eda 

=-ff k• (E0 X Hi* Eo* X Hi Ei X Ho* 

± El* X Ho)e-2aozda. (12) 

It should be noted that ( 12) is general and holds for 
lossy, nonreciprocal, periodic waveguides as long as the 
power is held constant. 

a, = 

(9) 

demagnetizing factors for the rod geometry. This use 
of geometrical factors implies that the rod cross section 
is at least elliptical. The polarization and magnetization 
components are given by Pz = xeEoz/(1 
111z=x,oHoz/(1±N„,zx,o), etc., where N,z, N„,z are the 
effective depolarizing and demagnetizing factors for 
fields in the x direction. With the assumptions above, 
N, and are given by the static values for an elliptic 
body. When several field components are simultane-
ously present, then each will separately produce a per-
turbation whose magnitude depends on the N value for 
the particular direction. The geometry of the rod may 
be adjusted to emphasize or minimize the perturbation 
caused by the field in any particular direction by con-
trolling the N values. 
The assumption that the fields in the rod are essen-

tially uniform over the cross section means that the inte-
grand in the numerator of ( 13) is independent of posi-
tion in the rod. Finally, by assumption 2), it is seen that 
the second term in the denominator will be small com-
pared to 4S0. Letting the subscript r refer to the value 
of the fields at the rod location, the change in the propa-
gation constant is approximately given by 

th co(5.1 

r „xe  I 2 
E0 I"X ":  I H 

0 III Li ± X 1 ± 
, (14) 

4So 

which is the customary expression. 

f LA 0 0 [E (E * • P Eo• P*) go(llo* • M Ho- M*)]da 

8.90 - H 

A«. 

k• (Ei X III* + El* X 111)da 

This expression, which is exact, can be simplified by 
making two assumptions about the perturbing rod's 
parameters. 1) The rod's cross-sectional dimensions are 
small compared to the waveguide dimensions and the 
wavelength of the propagating wave. 2) The combined 
effect of the perturbing rod's dielectric constant, perme-
ability, and cross-sectional area is such that, external to 
the rod, the perturbation of the fields is small. These 
assumptions imply that 1011 «go. 
As a consequence of these assumptions, we can relate 

(13) 

It has also been tacitly assumed that the rod itself is 
lossless. If the rod were lossy, then one or both of xe, 
x„, would be complex and ( 14) would change slightly. 
Also, al could be written down by subtracting (8) from 
its complex conjugate. For cases where the fields are not 
uniform over the rod cross section so that using the 
static values of N, and AT„, is not justified, correction 
factors may be obtained by examining the integral in 
the numerator of (9) for particular cases (Lagerstrom9 
has discussed correction factors in some. detail). 
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Eq. (14) indicates that, by using dielectric rods for 
which x. = 0, or metallic rods so shaped as to emphasize 

the effective Xe relative to the effective x„„ the interac-
tion impedance can be obtained by measuring eo, al, and 
the rod parameters. 

1 E0 1,2 20,  
— 

2a02S0 eoxe  
co(302SA 

1+ Nex, 

(15) 

Eq. ( 15) also holds for lossless, reciprocal, periodic wave-
guides if the rod is cylindrical and inserted at a location 
where only one of the space harmonic fields has an ap-
preciable magnitude. In this case, the impedance is that 
of the particular space harmonic, and E0 should be re-
placed by E0„ in ( 15). 

B. Lossy, Nonreciprocal, Cylindrical Waveguides 

Again, since only the fundamental space harmonic 
can exist, all of the integrands of (8) have the same z 
dependence so that integration over z may be omitted. 
Eq. (8) now reduces to 

4l'iS0(z) -F 1I ff k•(E0* X H, + E, X Hole-2'orda 

= iw jf i(E,,Eo * • P ;201-10*•M)e-2«oda 

-Li- if A,6A 1E0* • ( îi • EI) — E1.(ii•E0) * 

Ho*•(pi•Hi) — HI• (z, • Ho)* le-2auda. (16) 

Inasmuch as the most important sources of nonrecipro-
cal effects at microwave frequencies are ferrite materials, 
rt, will be taken as a tensor but will be regarded as a 
scalar. Therefore, in the last integral of ( 16), 

E„* • (i',• EI) — • E0)* = ED* • Ei (E, — E, * ) • (17) 

tribution to el will be negligible, although the contribu-
tion to al may be significaht. 
The situation regarding the magnetic field terms of 

the last integral in ( 16) is somewhat more complex. In 
general, there can be a contribution to ,31 from these 
terms even in the lossless case because of the off-
diagonal elements of the permeability tensor. Thus, it 
is not clear in the general case what the relative mag-
nitude of the contribution to al from these terms will be. 
However, there is one important class of ferrite loaded 
waveguide structures about which more may be said. 
If the magnetic fields within the ferrite are circularly 
polarized in a plane perpendicular to the direction of 
the applied dc magnetic field, then the effective perme-
ability tensor becomes diagonal.I3 If we assume that the 
perturbing rod is so located that the perturbed field is 
also circularly polarized in the ferrite, then 

Ho* (Ai • HI) — H,• (Pi • H0)* = Ho* • Hi(Pep — Mcp*), (18) 

where ;.i.„ represents the effective permeability in this 
case. This is the same form that occurred in ( 17) so that 
the remarks made there apply here as well. It is reason-
able to assume that, in the more practical cases where 
the fields are not exactly circularly polarized but are 
nearly so in the ferrite, the contribution to el of the term 
in ( 18) will still be negligible. This case, where the fer-
rite is located in a circularly polarized microwave field, 
is the one of most practical importance and most wide-
spread use in traveling wave tubes. 

In the more general situation of arbitrary polarization 
of the fields in the ferrite, the contribution to e, of the 
tensor permeability terms will be small if the perturba-
tion is such that the change in the field energy stored 
within the ferrite associated with the off-diagonal per-
meability elements is small compared to the total change 
in field energy stored in the whole structure. 

Assuming, then, that the above discussion is applica-
ble, and introducing the two assumptions made in 
Section III, 

ri x, *i, Mo [( 

4S0(z) 2 Lk1 .Vex,) (1 ± .V,•xe I E°1 '± 2 1 + X.x,„) + ( 1 -1-r;mx„,)1 
tioir2}., 

‘,05:1e--2«o Eft 1--(_  x„ x„  
E I 2 ± ri   at = 

4S0(z) 2 L‘.1 + x„x,/ \ + x,x,) 2 IA1 .V„,x„,) (1 ill I 4   ri or 
jcoe-2.‘or 
„0m , fiA ,._6,4[(Ei — Ei*)(E0* • El Eo• Ei*) (g,p — gcp*)(H0* + Ho • HI*) jda. 8,3  

Eo* • EI will he real in the lossless case and not far dif-
ferent for the usual range of traveling wave tube at-
tenuation. (o, _ o*) will be nonzero only in regions 
where there is lossy dielectric material or material with 
finite conductivity. Since (ei—ei*) is pure imaginary, 
(17) will be nearly pure imaginary. Therefore, its con-

(19a) 

(19b) 

The expression for e, is in a form similar to ( 14) so that 
the remarks made there about the application to inter-
action impedance measurements apply here as well. 

11 D. Polder, "On the theory of ferromagnetic resonance," Phil. 
Mag., vol. 40, pp. 99-115; January, 1949. 



1960 McIsaac and Wang: Interaction Impedance Measurements 909 

401 
Z (20) 

002,5A  \ 

The expression for al reveals several interesting 
points. Under certain circumstances, a lossy rod may be 
used to make interaction impedance measurements by 
noting the change in attenuation of the structure when 
the rod is inserted. For this to be possible, the effective 
value of 

relative to 

 \ _xf.;  

\ I + Noczi 

(1 ± .V„,x„,) 

( X 

1 + X X  tef 

lossless region. If this sanie rod were inserted along one 
of the waveguide walls, then al might be positive since 
the percentage of the total field energy in the lossy 
region might increase. 

C. Lossy, Nonreciprocal, Periodic Waveguides 

For periodic structures it is necessary to retain the 
integration in z over a complete period of the waveguide 
since En, El, Ho, 1/1, etc., are periodic functions of z. 
S0(z) will no longer vary as exp (- 2anz) although it is 
still true that S0(z+L) differs from S0(z) by exp ( — 2aoL). 
The z dependence of S0(z) will depend on the distribu-
tion of the lossy material in the waveguide. The discus-
sion in Section III, B relative to the contribution of the 

dielectric loss terms and the tensor permeability to a, 
and al applies to the periodic structure as well. There-
fore, utilizing this and the assumptions made in Section 
III, A, (8) may be reduced to the following pair of equa-
tions for 01 and al, 

*1 —2no., C06.1 z+L 

- 1+ N,X, 1+ ,XY1 EI el* ±  42° R 1 NnaXD + ± NniXn1) ° • H°  e  f r2"K  )+( 

fz+L E ri  
, k 2  L\11-x.;.,x,) 

4 f z+L Se(z)dz 

Po r   
E• E0* -F 2 L(1±X.,x.) ( X'»1+. He *x.) 1 H o•  

4 f z+ So(z)dz 
z-F L 

.¡W i f, f — e,.)(Eu• E. ± Eo) (mrp — bizp*)(Ho•Hi* HI.H0*)1e-2aozdadz 
tz-a.1 

8 f z+L S °WA" 

must be large and the structure must either be originally 
low-loss and reciprocal, or the rod geometry and place-
ment be such that the contribution to al from the last 

integral of ( l9b) be negligible. Under these conditions, 

4«, 
Z (21) 

[C ±x.eVex) ± 

a, may be either positive or negative in general, de-
pending on the field distribution relative to the lossy 
regions before and after inserting the rod. For example, 
if a lossless, high dielectric constant rod is inserted along 
the center of a waveguide with lossy walls, then a, will 
be negative because the rod causes an increased percent-
age of the total field energy to be concentrated in the 

ita- iso't. X, 

, (22a) 

(22b) 

Each of the fields En, Ho, is made up of an infinite set 
of space harmonics. Because of the attenuation factor, 
exp ( — 2a0z), the space harmonic fields are not orthog-
onal over the interval L so that cross-product terms of 
the space harmonics will appear in the integrals if En 
and Ho are replaced by En. exp (—j2rnz/L) and 
Ho„ exp ( —j2rnz/L), respectively, Therefore, the propa-
gation constant perturbation 0, will be, in general, a 
measure of an averaged field in the rod. 

If only one space harmonic field has an appreciable 
amplitude at the rod location, then a cylindrical rod 
that perturbs primarily the electric field 

 >>  
1 ± Noce 1 + Nmx. 
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may be used. This leads to 

coSA 

8ao fz+ L 2 So(z)dz 
e 

• R 1 ± .V,x,) (1 + " r • 
Xe Xe E I 2 

(1 _ e-2e,o9e-20,0: 

(23) 

It is easily seen that if ao approaches zero, (23) ap-
proaches ( 14) (with x„, = 0). If only a single space har-
monic field is assumed to be present everywhere in the 
structure, then (23) approaches ( 19a) (with x„, = 0). 

In some periodic circuits, So(z) will still vary as 
exp (- 2a0z) so that (23) will simplify to ( 19a) in these 
cases. This is true, for example, for a helix inside a glass 
envelope with the lossy material distributed uniformly 
around the circumference. It would not be precisely true 
for a helix supported by lossy rods, but the discrepancy 

On= 00+27rn/ L. Thus, a cylindrical rod is an adequate 
perturbation for a lossy glass enclosed helix as well as a 
lossy rod supported helix if the measurements are made 
on the helix axis where only the fundamental space har-
monic field exists. 

In regions where several space harmonics have ap-
preciable amplitudes, a periodic array of beads may be 
used to determine Zo. It will probably be necessary to 
use beads whose geometry is such as to cause an aniso-

tropic perturbation in order to determine the field along 
a particular direction of interest. One effective arrange-

ment is to use an array of needle shaped beads. For large 
length-to-diameter ratios, these will cause a perturbation 
when there is a component of field parallel to the long 
dimension but relatively little perturbation for com-
ponents perpendicular to this direction. If the bead 
length as well as the cross section is small compared to a 
wavelength, then the field inside each bead is uniform 
and (22a) becomes 

coS o• .• Voe-2«0:" e° Xe Xe  ) 1(EE0*) 
2 1 ± N,xe) (1 ± 

4 f z—FL So(z)dz e 

is probably not large. However, for the normal range of 

traveling wave tube attentuation, aoL will be small 
enough that 

1 — e-2°" 
  L 

2ao 

to a good approximation. Then (23) becomes 

e-2«° E0 

4 1 
fz+L 2 So(z)dz 

CC ±x.e„,„)+ C,   

(27) 

where z' denotes the position of the bead in the period 
of the structure under consideration. 517,, is the volume 
of one bead. (E0* • En) may be written as 

(24) (Eo• Eo*),, = EEP • — 0,„*e—i27 ( n—ne)z, IL (28) 

Eon 1,.2. (25) 

This relates 01 to the average power in one period of the 
structure. For lossy, periodic circuits, the quantity 

1 z+ L 

Le—a°2 
So(z)dz/Le- 2ceoz 

is the proper average value of power to insert into the 
interaction impedance formula, so that 

(26) 

co5/16n2EoR  
1 + N.A.) +  \1 + Noce 

where Zo is the interaction impedance of the nth space 
harmonic, recalling that only the nth space harmonic 
has an appreciable amplitude at the rod location, and 

/It 

which displays the periodic nature of this term. If (31 is 
measured as a function of head position, z', as the peri-
odic array of beads is moved through one complete 
period of the structure, then Z„ can be determined. The 
plot of ei vs., is sec„ from (27) and (28) to be given by 
a product of an exponential function exp ( — 2aoz') and 
a periodic function (Eo • E0*)e. After extracting the ex-
ponential portion, the remaining periodic curve can be 
Fourier analyzed to determine the amplitudes of the 
space harmonic fields. From this, of course, the inter-
action impedance can be calculated. 

IV. CoNcLusioNs 

General relations for the perturbation of the real and 
imaginary parts of the propagation constant of lossy, 
nonreciprocal, periodic waveguides by a perturbing rod 
placed parallel to the axis have been developed. The rod 
may be either cylindrical or periodic, and lossless or 
lossy. Approximate formulas valid when the perturba-
tion is small are readily obtained if the rod cross section 
is small compared to the wavelength so that the fields 
may be considered uniform, or nearly so, inside the rod. 
The application of the propagation constant pertur-

bation formulas to the measurement of the interaction 
impedance of propagating structures can be made, and 


