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New techniques in evapo-
reting metal films on glass 
have led to high- tempera-
ture ,Dne-per-cen, resistors 
which take full power at 
ambient temperatures up 
to 120 degrees C. The re-
sistive clement is pro-
tected by a high-tempera-
ture silicone vanish. 
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OUR 1 0 MILLIONTH MILITARY UNIT SHIPPED THIS YEAR 

Military Components 
FOR EVERY APPLICATION 

A HUNDRED STOCK UNITS in our catalog B...30,000 special designs 

POWER 

COMPONENTS 

The scope of military power corn. 

ponents produced at UTC ranges from 

500 lb. plate transformers to min-

iaturized 2 oz. units ... hermetically 

sealed and encapsulated ... molded 

types. 

AUDIO 

COMPONENTS 

UTC military audio units range from 

1 ounce subminiatures to high power 

modulation transformers. Standard, 

high fidelity, sub-audio, and super. 

sonic types. 

WRITE FOR UTC CATALOG B 

FILTERS 

UTC filters, equalizers and discrimi-

nators are produced in designs from 

.1 cycles to 400 mc. Carrier, aircraft, 

and telemetering types available in 

standard designs. 

PULSE 

TRANSFORMERS 

UTC pulse transformers cover the 

range from molded structures weigh-

ing a fraction of an ounce to high 

power modulator applications. 

MINIATURIZED 

COMPONENTS 

UTC H-30 series audios are the small-

est hermetic types made. Class A, 6, 

and H power compoients of maximum 

miniaturization are regular produc-

tion at UTC. 

MAGNETIC 

AMPLIFIERS 

In addition to a stock line of servo 

motor magnetic amplifiers, UTC man-

factures z wide variety to customer 

specificaticns. Szturable reactors are 

supplied tor frequencies from 1 

cycle to 4C mc. 

ENCAPSULATED 

UNITS 

8 years of encapsulation experience 
assure maximum reliability in this 
class of UTC material. 

MOLDED 

UNITS 

'ITC molded units range from 1/2 oz. 
miniatures to the 100 lb. 3 phase 
unit illustrated. 

HIGH Q 

COILS 

Unequalled stability is effected 

in UTC high Q coils thru special 

processes and materials. Toroid, 

mu-core, and variable inductors 

are available to military standards. 

... includes complete line of her-
metic audios, reactors, magnetic am-
plifiers, filters, high Q coils, pulse 
transformers, etc. 

UNITED TRANSFORMER CO. 
150 Varick Street, New York 13, N. Y. EXPORT DIVISION: 13 E. 4Cth St., New York 145, N. Y. CABLES. "ARLAB" 



subminiature, metal-clad 

Operate al temperatures to 125°C 

Ns iii10111 Noltage derating 

lir-ithstand dielectric test of twice 

rated voltage 

Insulation resistance higher than 

„HIV other metallized paper capacitor 

Self healing dielectric 

Here are the finest capacitors which the present state 

of the art can produce. 

SPRAGUE e 
• 

metallized paper capacitors 

A complete range 
of ratings and 

sizes, hermetically 
sealed with glass-

to- metal solder-
seals in corrosion-
resistant cases, is 

available in 
numerous mounting 
and terminal styles. 

Write for 
Engineering Bulletin 

224 on your 
letterhead. 

Il 
II 

SPUN 
ISprague Electric Company 

LI 

In the application of stringent quality controls, Sprague 

has gone so far as to metallize its own paper. .. the 

only commercial manufacturer to do this. Thus Sprague 

is the only capacitor manufacturer with complete con-
trol over the end product. And in no other type of 

capacitor does quality in manufacture play so impor-

tant a part in performance. 

Mum 

tumuli 

world's est capacitor manufacturer 

235 Marshall Street North dams, Massachusetts 

Export for the Americas: Sprague Electric International Ltd., North Adams. Massachusetts. CABLE: SPREXINT. 



Type 10Z 
tubular pulse transformer 

Type 15Z 
miniature bathtub pulse 

transformer 

Type 20Z 
drawn-shell bathtub pulse 

transformer 

Type 412 
plug-in pulse transformer 

choose from this complete line of 

NOW YOU CAN CHOOSE from eighteen standard pulse transformers in four major 
construction styles, all in quantity production at Sprague. The standard transformers 
covered in the table below offer a complete range of characteristics for computer circuits, 
blocking oscillator circuits, memory array driving circuits, etc. 

These hermetically sealed units will meet such stringent military specifications as 
MIL-T-27, and operate at temperatures up to 85°C. Special designs are available for high 

acceleration and high ambient temperature operation. In addition, the electrical counter-
parts of each transformer can be obtained in lower cost housings designed for typical 

commercial environment requirements. 

Complete information on this high- reliability pulse transformer line is provided in 
Engineering Bulletin 502A, available on letterhead request to the Technical Literature 

Section, Sprague Electric Company, 235 Marshall Street, North Adams, Massachusetts. 

ELECTRICAL CHARACTERISTICS OF SPRAGUE PUL Fr TRAN S'ORMERS 
Type Turns Pulse Width Rise Time Primary Leokage Repetition tond and 

No. Ratio seconds seconds Inductance Inductance Rate Output 

1021 5:1 0.1 0.04 200 mH 5 mFl 1 to 2 MC 

10Z2 4:1 0.07 0.03 200 mH 20 mH 1 to 2 MC 

10Z3 1:1 0.07 0.03 125 d 12 mH 1 to 2 MC 

10Z4 3:1 0.07 003 160 d 15 mil 1 to 2 MC 

10Z6 4:1 0.1 0.04 200 mH 6 a 1 to 2 MC 

10Z12 1:1 0.25 0.02 200 µH 2 mH 12KC 
10213 1:1 0.33 0.07 240 m H 2 µH 2KC 

10Z14 7:1:1 0.50 0.05 1.2 mH 20 mH IMC 

15Z1 3:1 5.0 0.04 7.5 mH 22 mH 10 KC 

15Z2 2:1 0.5 0.07 6 mH 

15Z3 5:1 10.0 0.04 12 mH 

15Z4 1:1.4 6.0 0.1 16 mH 

20Z1 5:5:1 1.5 0.25 4.0 mH 
Push- Pull 

20Z3 6:1 1 to 4 0.22 18 mH 

20Z4 6 : 1 :1 1 to 7 0.25 55 mH 

2025 3.3:3.3:1 2.4 0.2 
Push- Pull 

20Z6 111 6.0 0.2 

2.8 mH 

15 d 

70 fAH 

15 jaH 

0.3 MH 

0.8 MH 

0.3 MH 

0.2 MH 

90 mH 

41Z1 7:1:1 0.50 0.05 j 1.2 mH 

10 KC 

0.4 KC 

1250 KC 
(max.) 
50 KC 
(max.) 

0.2 MH 50 KC 
(max.) 

20 a 1 MC 

15 volts 
100 ohms 

20 volts 
100 ohms 

20 volts 
200 ohms 
20 volts 
100 ohms 

17 volts 
100 ohms 

100 volts 

50 volts 

25 volts 
10 volts 

100 ohms 
40 volts 

10 volts 

15 volts 
5 volts 

10 ohms 
21 volts 

200 ohms 

22 volts 
400 ohms 

2.5 volts 
6 ohms 

10 volts 
75 ohms 

25 volts 

Typical 
Applications 

?Used in digital computer 
circuitry for 
impedance Smatching and inter-
stage coupling. 
Pulses are of 
sine wave type. 

Blocking Oscillator 

Blocking Oscillator 

Impedance Matching 
Impedance Matching 
and Pulse Inversion 

Blocking Oscillator 

Impedance Matching 

Blocking Oscillator 
Memory Core 
Current Driver 

Current Driver 

Current Driver and 
Pulse I \ersion 

Memory Core 
Current Driver 
Current 
Transformer  

Impedance Matching 

Sprague, on request, will 

provide you with complete 

application engineering serv-

ice for optimum results in the 

use of pulse transformers. SPRAGUE® 
Export foc the Arne,-,cos: Sprague Electric International ltd., North Adorns, Mass. CABLE: SPREXINT 



NEWS-WATTatte 
miniaturized axial-lead wire wound resistor 

This power-type wire wound axial-lead 

Blue Jacket is hardly larger than a match 
head but it performs like a giant! It's a 

rugged vitreous-enamel coated job—and 

like the entire Blue Jacket family, it is 
built to withstand severest humidity per-

formance requirements. 

Blue Jackets are ideal for dip-soldered 
sub-assemblies ... for point-to-point wir-
ing ... for terminal board mounting and 

processed wiring boards. They're low in 

SPRAGUE 

cost, eliminate extra hardware, save time 

and labor in mounting! 
Axial-lead Blue Jackets in 3, 5 and 10 

watt ratings are available without delay 
in any quantity you require. * * * 

SPRAGUE WATTAGE DIMENSIONS MAXIMUM 
TYPE NO. RATING I. ( inches) D RESISTANCE 

151E 3 ' Stz 10,000 I.! 

27E 5 11/4  ', is 30,000 1.! 

28E 10 1 i Vs somoo 

Standard Resistance Tolerance: .1 5% 

WRITE FOR ENGINEERING BULLETIN NO Ill II 

SPRAGUE ELECTRIC COMPANY • 235 MARSHALL ST. - NORTH ADAMS, MASS. 

PROCEEDINGS OF THE ERE. July, 1955, Vol. 43, No. 7. Published monthly by the Institute of Radio Engineers, Inc., at 1 East 79 Street, Vea York 
21, N.Y. Price per copy: members of the Institute of Radio Engineers, one additional copy, $ 1.00; non-members $2.25. Yearly subscription price: to members, 
one additional suk-cription, $9.00; to non-members in United States, Canada and U.S. Possessions $ 18.00; to non-members in foreign countries $ 19.00. 
Entered as second clans matter, October 26, 1927, at the post office at Menasha, Wisconsin, under the act of March 3, 1879. Acceptance for mailing at a 
special rate of postage is provided for in the act of February 28, 1925, embodied in Paragraph 4, Section 412, P. L. and R., authorized October 26, 1927. 

Table of Contents will be found following page 80A 



Above, Bell Laboratories micro-
chemist applies plastic disc in 
heated clamp to relay contact. 

r. 7 , Imprint reveals contours of sur-

face and picks up contaminants, 
if any. Part of portable test set is shown on 
table. Contacts, shown in small sketches, are of 
precious metal fused to base metal. 

Preparing aisc fcr microscopic examination. On-
the-spot examination may reveal acid, alkali, sul-
fur, soot or other poIlLting agents peculiar to 
an area. 

He's fingerprinting" 

a relay contact 

Bell Laboratories microchemists have per-

fected an ingenious new technique for "finger-

printing" relay contacts, the tiny switches on 

which a dial telephone system critically depends. 

Using a portable test set, a chemist makes a 

plastic print of a contact. On-the-spot examina-

tion of the print with a microscope and chemical 
reagents quickly reveals the effects, if any, of 

arcing, friction, dust or corrosive vapors. While 

the chemist studies the print, urgently needed con-

tacts continue in service. Findings point the way 

to improve relay performance. 

This is another example of how Bell Tele-

phone Laboratories research helps to keep your 

telephone system the world's best. 

A microscopic look at disc often provides lead to 
nature of trouble. Unlike actual contact, print 

can be examined with transmitted light and 
high magnification. 

Bell 7dephone .17:boratories 
Improving telephone service for America provides careers 

for creative men in scientific and technical fields 

Here the plastic disc has picked up microscopic 
lint that insulates contact, stops current. (Picture 

enlarged 200 times.) Traces of contaminants are 
identified in microgram quantities. Inert plastic 
resists test chemicals that would damage contact. 

r 

yr 
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NEW VARIAN KLYSTRONS 

ADD SEVEN LEAGUE BOOTS 
to microwave transmission ... 

VA-800 
KLYSTRON 

EXTEND YOUR MICROWAVE HORIZONS ... Write today 
for complete specifications and technical information on the 
new Varian I Kw and W Kw amplifier klystrons . . . data on 

the Varian V-42 and other high power klystrons :s otso avail-
able. Address our Applications Engineerino Deportment or 
contact your nearest Varian representative 

e 
- 44 a ds. 

41r 

Meet Varian's newest klystrons ... a related group of 1 Kw and 10 Kw cw 
amplifier tubes that extend microwave propagation far beyond conven-
tional line-of-sigh' limits. Designed to exacting Varian quality and per-
formance standards, applications for these versatile klystrons include long 
range communication and cw radar or illuminator service .. . available in 

the following types and frequency ranges: 

VARIAN 
TUBE TYPE 

FREQUENCY 
RANGE (MC) 

VARIAN 
TUBE TYPE 

FREQUENCY 
RANGE (MC) 

VA-802 (1 Kw) D 2450-2700 

VA-803 (1 Kw) B 3700-4200 

VA-804 (1 Kw-) B 4400-5000 

VA-805 (1 Kw) 13 5925-6425 

VA-805 (1 Kw) D 6575-6875 

Built for long, trouble-free servke... 
Varian 1 Kw amplifier klystrons offer many advantages for commercial 
transmitter operation. Rugged, integral-cavity design, air-cooled operation, 
wide range tuners and conservatively rated, thoriated tungsten buttons 
prov'cle a life expectancy in excess of 10,000 hours. One power supply 
design can be used for the entire frequency range ... no special r.f. equip-
ment is needed. Other outstanding features include: 

• Low raise, negligible microphonics. 
• High gain — over 50 db ... no intermediate amplifiers required. 
• Standard waveguide output — permits direct coupling. 

• High efficiency and simplicity of installation. 

THE 

MARK OF 

LEADERSHIP 

i( VARIAN associates 
itrlie::))13ALO \\_ ALTO 2, CALIFORNIA 

KLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSC/lLATORS, R.F. SPECTROMET:"RS, MAGNETS, 

STALOS, U H F WATERLOADS, MICROWAVE SYSTEM COMPONENTS, RESEARCH AND D'7-ElOPMENT SERVICES 

PROCEEDINGS OF TIIE IRE. 3A 



PERKIN... HAS A STANDARD POWER SUPPLY FOR YOUR EVERY NEED 
IMMEDIATE DELIVERY!! 

“RKIS 

e  

feWeA Mitee6 

MODEL 

MR 532-15 

5 TO 32 Y. 

@ 15 AMP. 

(CONT.) 

MODEL 

M60 MC 

0 TO 32 V. 

@ 25 AMP. 

(CONT.) 

MODEL 

MR 1040-30 

10 TO 40 V. 

@ 30 AMP. 

(CONT.) 

MODEL 

MR2432-100 

24 TO 32 Y. 

@ 100 AMP 

CONT.) 

PERKIN 
ENGINEERING CORP. 
345 KANSAS ST. • EL SEGUNDO, CALIF. • ORegon 8-1215 or EAstgate 2-1375 

s. 

PERKIN 
TUBELESS!! 

MAGNETIC AMPLIFIER 
REGULATE:D DC 

POWER 
SUPPLIES 

REGULATION: ± 1 % (e) from 5-32V 
DC (b) from 1.5 to 15 amps. (c) from 
105.125V AC. (single phase, 60 cps.) 

RIPPLE: ; % rms @ 32V and full load, 
increases to max. of 2% •ms @ 5V and 
full load. RESPONSE: 0.2 sec. 

METERS: 4 y," AM and VM; 2% accuracy. 
MOUNTING: Cabinet or 19" rock panel. 

FINISH: Baked Grey Wrinkle. 

WEIGHT: 150 lbs. 

DIMENSION: 22" x 17" x 14 1/2 " 

REGULATION: ± 1 % • (a) at 28V DC; 
,rcreases to 2% mos. over the range 
24.32V; does not exceed 2V regulation 
over the range 4-24V DC (b) from 1/10 
full load to full load (c) at a fixed AC 
Input of : 15V. 

RIPPLE: 1 % rms @ 32V and full load; 
2 X rms max. @ any voltage above 4V 

AC INPUT: 115V, single phase, 60 cps. 

FINISH: Baked Grey Wrinkle. 
WEIGHT: 130 lbs. 

DIMENSIONS: 22" x 15" x 14'1/2 " 

REGULATION: ± 1 % (a) from 10 to 40V 

DC lb) from 100 to 130V AC (c) from 3 
to 30 Amps DC. RIPPLE: 1 % rms. 

AC INPUT: 100-130V, 1 phase, 60 cycles. 

RESPONSE: 0.2 sec. METERS: 4 V," AM 
and VM. 

MOUNTING: Cabinet with 19" rack panel. 

FINISH: Baked Grey Enamel. 

WEIGHT: 200 lbs. 

DIMENSIONS: 22" x 15" x 23" 

REGULATION: ± % (a; from ro load 

- to full load. (b) from 24-32V DC. Ic) for 
, 230. tor 460) V -± 10 %. 

. DC OUTPUT: 24-32V @ 100 amps. 

AC INPUT: 230 or 460V ± 10%, 3 
phase, 60 cycles. 

RIPPLE: 1 % rms. RESPONSE TIME: 0.2 sec. 
MOUNTING: Cabinet or 19" rack panel. 

WEIGHT: 250 lbs. 

DIMENSIONS: 25" x 15" x 15" 
•This unit w'll be supplied for 230V AC Input 
unless 460V is specified. 

'p-

__________Iletilings hhihils 

• 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. 

Aug. 24-26, 1955 
Western Electronic Show & Conven-

tion, Civic Auditorium, San Francisco, 
Calif. 

Exhibits: Mr. Mal Mobley, 344 N. La-
Brea, Los Angeles 36, Calif. 

1955 WIESCO.V 
AUGUST 

24 • 25 • 24 

SAN FRANCISCO. CAL FORNIA 

Sept. 12-16, 1955 
Tenth Annual Instrument Confer-
ence & Exhibit, Shrine Exposition 
Hall & Auditorium, Los Angeles, Calif. 

Exhibits: Mr. Fred J. Tabery, 3442 So. 
Hill St., Los Angeles 7, Calif. 

Sept. 26-27, 1955 
IRE Sixth Annual Meeting of the 
Professional Group on Vehicular 
Communications, Hotel Multnomah, 
Portland, Ore. 

Exhibits: Mr. Henry S. Broughall, Gen-
eral Electric Co., 2727 N.W. 29th Ave., 
Portland, Ore. 

October 3-5, 1955 
National Electronics Conference, 
Sherman Hotel, Chicago, Ill. 

Exhibits: Mr. G. J. Argall, c/o DeVry 

Technical Institute, 4141 Belmont Ave., 
Chicago 41, Ill. 

Oct. 3I-Nov. 1, 1955 
IRE East Coast Conference on Aero-
nautical & Navigational Electron-
ics, Lord Baltimore Hotel, Baltimore, 
Md. 

Exhibits: Mr. C. E. McClellan, Westing-
house Electric Corp., Air Arm Div., 
Friendship International Airport, Balti-
more, Md. 

Nov. 3-4, 1955 
Annual Electronics Conference, Kan-

sas City Section, Town House Hotel, 
Kansas City, Kans. 

Exhibits: Mr. Charles V. Miller, Bendix 
Aviation Corp., P.O. Box 1139, Kansas 
City 41, Mo. 

Nov. 7-9, 1955 
Eastern Joint Computer Conference 
(IRE-AIEE-ACM), Hotel Statler, 
Boston, Mass. 

Exhibits: Mr. J. D. Porter, Digital Com-
puter Lab., Sarta Building, M.I.T., 
Cambridge, Mass. 

Nov. 28-30, 1955 
Instrumentation Conference & Ex-

P•ihit, Atlanta Biltmore Hotel, Atlanta, 
Ga. 

Exhibits: Mr. W. B. Wrigley, Engineer-
ing Experiment Station, Georgia In-
stitute of Technology, Atlanta, Ga. 

Feb. 9-11, 1956 
Eighth Annual Southwestern IRE 
Conference and Electronics Show, 
Municipal Auditorium, Oklahoma City, 
Okla. 

Exhibits: Mr. Charles E. Harp, P.O. Box 
764, Oklahoma City, Okla. 

eft 
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• Continuously Tunable Thru 
Video VHF and UHF Frequencies, 

SOKC-950MC Range 

• Sweep Widths to 40 MC 
• Single Dial Tuning 

Used with a standard cathode ray oscilloscope, 
the Kay Calibrated Mega-Sweep will display the 
response characteristic of wide band circuits over 
the frequency range of approximately 50 kc to 
950 mc. It features a calibrated dial indication 
of the approximate output frequency. The cen-
ter frequency of the sweeping output voltage 
may thus be set to an accuracy of about 10%. 
The calibrated „Mega-Sweep is the ideal instru-
ment for use in alignment of amplifiers and fil-
ters ... also as an FM source of wide range for 
instructonal and lib purposes. 

SPECIFICATIONS 

Freq. Range: 50 Ice to 950 me. 
Freq. Sweep: Sawtooth, adjustable to 40 mc. 

Repetition rate, 50 to I00 c/s. 
RF Output: High, approx. 100 mv max. into open 

circuit. Low, 5 mv into open circuit. 
RF Output Control: Microwave attenuator con-

tinuously variable to 26 db. 
Output Waveform: Less than 5% harmonic dis-

tortion at max. output 
Meter: Provides crystal detector current for peak 

output. 
Regulated Power Supply: 105-125 v., 50 to 60 

cps. Power Input, 100 watts. 

Send fcr Catalog 1:0-A 

$495 f.o.b. factory 

14 MAP-E AVENUE PINE BROOK, N. J. 

rhe 

neL7 
CALIBRATED 

„Mega—Sweep 

SG-92/U 

_-ESAW 
SWEEPING OSCILLATORS 

for every application 

KAY 

Mega-Sweep 

Widest range of the Kay line of sweeping 
oscillators. Provides continuous frequency 
coverage up through UHF-TV bands — 
50 kc to 1000 me. Widely used in radar 

system development and in alignment and testing of TV 
and FM systems and components, as well as wide band IF 
and RF amplifiers and filters. Write for Catalog 100-A. 
Price, $465 f.o.b. factory. 

KAY 

111-A CALIBRATED 

dllega-Sweep 

Higher output model calibrated Meet-Sweep, with zero 
level baseline. Higher output facilitates frequency response 
testing of UHF converters or tuners. Wider sweep width 
permits multi-channel response viewing. Zero level base-
line is convenient means of measuring gain of test circuit. 

SPECIFICATIONS 

Frequency Range Output Impedance Output Voltage 
Onto Load) 

1. 10 mc-950 mc 70 ohms unbalanced 0.15 Volts 

2. 450 mc-900 mc 300 ohms balanced 0.3 Volts 

Sweep Width: Continuously variable to approx. 40 mc max. 

Write for Catalog 111-A Price, $575 f.o.b. factory 

KAY 112-A CALIBRATED Aga-Surep 
Same as 111-A, except total frequency range is 800 mc to 
1200 mc. Catalog 112-A. Price, $575 f.o.b. factory. 

PROCEEDINGS OF TIIE 
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TRANSISTORS 
MILLIONS OF lelit111,! 

RAYTHEON IS FIRST AND FOREMOST IN 

- mass production. Raytheon is long past 
the experiment and development stage in 
Germanium PNP Junction Tramistors - for over 
2 years has had the quantitr production and 
quclity con,rol techniques and resources 

- proved reliability in commercial appli-
cation, based on billions of hours of actual field 
performance and a record of success exceeding 
thot of many reliable vacuum tubes 

- range of characteristics. Look at the 
choit. You'll find one or more Raytheon Transis-
tor: that meet your specific requirements, how-
eve' exacting. 

I YPL 

2N112 (CK760) 
2N113 (Clf.761) 

Volts MA 
Cutoff 

77-'4 

Collector 

TYPE 

CK721 
CK722 
CK725 
CK727 

2N63 
2N64 
2N65 
2N106 

N. • .,- . -... --e , 
9.‘ ...e. "pi- _,....-e .„.„....._ e, .._ _.....,...., ,,,. „..... 

LOW FREQUENCY TRANSISTORS -- PLASTIC CASE 

Volts 

-6 
-6 
-6 

-1.5 

Volts 

-6 
6 

-6 
-1.5 

Collector 

Meg. 
ohms 

2.0 
2.0 
2.0 
1.0 

Cutoff 
MA 

6 
6 
6 

mA 

-1.0 
-1.0 
-1.0 
-0.5 

Base Base Max. Alpha 
Current Noise Freq. 
Ampl. Factor Cutoff 

ohms Factor db mc. 

700 45 22 0.8 
350 22 25 0.6 

1500 90 20 1.2 
700 45 12 0.8 

Emitter Max. Temp. 
Junction Rise 
Temp. °C/mW 
OC  

70 0.25 
70 0.25 
7G 0.25 
70 0.25 

LOW FREQUENCY TRANSISTORS - HERMETICALLY SEALED CASE 

Collector 

Meg. 
ohms 

2.0 
2.0 
2.0 
1.0 

Cutoff 
/AA 

Emitter 

-1.0 
-1.0 
-1.0 
-0.5 

Base Base 
Current 
Ampl. 

ohms Factor 

350 22 
700 45 
1500 90 
700 45 

Max. 
Noise 
Factor 
db 

25 
22 
20 
12 

HIGH FREQUENCY TRANSISTORS - HERMETICALLY SEALED CASE 

Emitter 

mA 

Extrin. 
Base 
Resis. 
ohms 

Base 
Current 
Ampl. 
Factor 

Alpha Max. 
Freq. June. 
Cutoff Temp. 
mc. 0C 

Temp. 
Rise 

°C/mW 

Coll. 
Capac. 
guf 

Alpha 
Freq. 
Cutoff 
mc. 

0.6 
0.8 
1.2 
0.8 

Gain 
at at 

455kc 2 me 
db db 

Temp. 
Rise 

°C/mW 

Max. 
Junction 
Temp. 
OC  

85 
85 
85 
85 

0.58 
0.58 
0.58 
0.58 

Rise time. Decay time* 
gsecs psecs 

-6 
-6 

1 
1 

-1.9 
-1.0 

75 
75 

40 
45 

5 
10 

; 85 
85 

0.62 
0.62 

14 
14 

32 18 
33 20 

0.05 
0.04 

0.06 
0.05 

*measured in circuit which will be supplied on request Note: above characteristics are average except where noted 

ere are more - several times more 
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The U.S.Iirmy Ordnance 

fle thinks itself 
to a kill 
with "Brains" 
that rely on 

Nike, as graceful as the 
Greek goddess for 
which she is named, 
locates, pursues and de-
stroys hostile aircraft. 
Nike reaches far be-
yond conventional anti-
aircraft weapons; out-
maneuvers fighters or 
bombers alike — ac-
tually th;nks her way to 
the kill 

From bottom to top: 

Nike blasts off 
Nike reaches full flight 
speed in seconds 

Unerringly, the Nike 
system's electronic 
"brain" takes her to 
the target. 

lug 

RAYTHEON 
RAYT 

dxcellenee in We) be Divi Home Office: 55 Chapel St., Newton 58, Mom, Bigelow 4 

For application information write or ca e cline Office 'ore 9501 Grand Avenue, Franklin Pork ( Chicago), I mois, TUxedo 9-54001 

589 Fifth Avenue, New York' 17, Ne* yprk, Plaza 9-3900 • 622 South la Brea Ave., los Angeles 36, CaRfornia, WEbster 8-2851 

RELIAIII SUBMINIATURE AND MINIATURE TUBES • SEMICONDUCTOR DIODES AD TRANSISTORS • NUCLEONIC TUBES • MICROWAVE TIRES • RECEIVING ANO PICTURE TUBES 

r 

Selection of Western Electric Company as primç con-
tractor for the U. S. Army's Nike guided missile systems 
was logically based on the necessity for supreme reliability 
of manufacture and of consequent performance. 

Selection of Raytheon Subminiature Tubes by Western 
Electric was dictated by that same necessity. A number of 
the subminiature tubes that go into the Nike system's 
superhuman "brain" are Raytheon Tubes. 
No pains were spared, no tests overlooked in securing 

the very finest, most dependable tubes for the Army's 
Nike. Think, then, of your own tube applications and their 
needs whether they be for low microphonics, low power, 
long life, extreme reliability under severe service condi-
tions or a combination of requirements. Will you be satis-
fied with anything less than the best? Specify Raytheon 
Quality Subminiature Tubes. 

RAYTH EON Flat Press Subminiature Tubes 
...the tubes with the SEAL of RELIABILITY 

The long, flat press glass to metal seal is 

aj Raytheon development that reduces 

glass strain, button cracking, lead burn-
ing, lead corrosion and lead breakage. 

Its in- line leads permit easier socketing 

and easier wiring. It is ideal for printed 

circuitry. 

RAYT1DIN 

lee 

, 
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0 METER TYPE 190-A 

0 METER TYPE 260-A 

FM-AM SIGNAL GENERA FOR TYPE 202-B 

SWEEP SIGNAL GENERATOR TYPE 240-A 

RX METER TYPE 250-A 

RF VOLTAGE STANDARD TYPE 245-A 

CTRONIC 
MEASURING INSTRUMENTS 

RX METER: Wide Frequency Band RF Bridge 

Q METERS: Low, Medium, High and Very High Frequencies 

UNIVERTERS: Low, Medium and High Frequency Converters 

SIGNAL GENERATORS: Frequency and Amplitude Modulated For 
Aircraft Navigation, Mobile and TV Receivers. Precision broad band 
sweeps with markers 

SIGNAL GENERATOR CALIBRATORS: RF Voltage Standard in the 
low microvolt range over a wide frequency range 

0 METERS 

Type Freq. Range 0 Range 
Tuning 

Capacity Range 0 Accuracy Price 
260-A 

190-A 
50 kc to 50 mc 
20 mc to 260 mc 

10 to 625 

5 to 1200 
30-450 mmf 

7.5 to 100 mmf 
5% to 30 mc 

7% to 100 mc 
$725. 

$625. 

FM-AM SIGNAL GENERATORS 

Type Freq. Range Output Range 
Modulation 

FM AM Application Price 

202-B 
202-C 
202-D 

54-216 mc 
54-216 mc 

175-250 mc 

0.1 to 200,000 JJV 

0.1 to 200,000 pv 
0.1 to 200,000 Juv 

0-240 kc 0-50% 

0-240 kc 0-50% 
0-240 kc 0-100% 

General 
Mobile 

Telemetering 

$975. 
$1090. 

$980. 

SWEEP SIGNAL GENERATOR 

Type Freq. Range Output Range 
Modulation 

FM AM Markers Price 
240-A 4.5 to 120 mc 1.0 to 300,000 ;iv 1% to , 30% 30% 

Center Freq. 
Crystal & 

Pip. $1375. 

OMNI-RANGE SIGNAL GENERATOR (Crystal Monitored) 

Type Freq. Range Output Range Modulation Application Price 
211-A 88-140 mc 0.1 to 200,000 uv 0-100% am Omni-Range Rcvrs. $1800. 

GLIDE SLOPE SIGNAL GENERATOR 

Type Freq. Range Output Range Modulation Application Price 
232-A 329-335 mc 1.0 to 200,000 sp., 0-100% am Glide Slope Rcvrs. $1500. 

WIDE BAND IMPEDANCE MEASURING EQUIPMENT—RX Meter 

Type Freq. Range R Range C Range L Range Price 

250-A 0.5 to 250 mc 15 to 100,000 ohms 0-20 uuf 0.001 uh-100 mh $1250. 

RF VOLTAGE STANDARD 

Type Freq. Range Calibrated Out. Output Impedance Applicaton Price 

245-A 0.1 to 1,000 mc 0.5,1.0,2.0 mv 50 ohms 
Calibrates 

Signal Gene-ators $315. 

UNIVERTERS 

Type Freq. Range Output Range 
Modulation 

FM AM Accesso..y to Price 
207-A 

207-B 
203-B 

0.1 to 55 mc 

0.1 to 55 mc 

0.1 to 25 mc 

0.1 to 100,000 uv 
0.1 to 100,000 uv 

1.0 to 100,000 ¡iv 

0-240 kc 0-50% 

0-240 kc 0-50% 

1.5 to 30 mc 30% 

202-Band202-C 

202-D 
240 A 

$345. 

$345. 
$345. 

BOONTO iADIO 
BOONTON • NJ U.S.A. 
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NSFORMER 
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SION PROD 4 $ 
a 

Size 15 
1.437„ diameter 

ACTUA-L SIZE 

0 RESOL 
tyyr CS- 1S 

e p 
PRECISION 

a 

Size 10 
.937 diameer 
ACTUAL SIZE 

BuOrd Size 15 
diameter 1.4 A3' T'tj 
AL SIZE 

• 7717-7 
kO TR'ANWITTE 

MK -, M,0 e0,40? 

PE 15CX4 

Size 22 
2 361,, diameter 

ACTUAL SIZE 

ASE[Ts 
N PRECISIOa PRODUCTS 
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From: T. Engineering- & Produc t on 

Sales Deptmen t 

Subject: Size 8 and 22 Synchros 

As promised last Noveb 

mer, our sisze 8 and 22 standard synchros 

are now in production and avai/— 

able for 3 weeks or less 

In deli ver 
addition, we have d the 

to the BuOrd t,ype size 15 tra adde nsmitter 

s TA 

Pe 
11.8 

HERE! 

„.¿`TRANSMInlit,' 

$,01 

, 

HERE • 
Size 8 

.750„ diameter 

ACTUAL SIZE 

Look to erre for }incbro Progress 

CLIFTON PRECISION PRODUCTS CO., INC. 
CLIFTON HEIGHTS PENNSYLVANIA 
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BIG REASONS 
why you 

should own 
this 

oscilloscope 

The Tektronix Type 531 Oscilloscope is far ahead in performance 

characteristics, and is capable of a much wider range of applica-

tions than the ordinary general-purpose laboratory oscilloscope. 

O THE TYPE 531 EXCELS in vertical- amplifier 

characteristics— with the Type 53B Plug-in Pre-

amplifier it offers accurately calibrated sensitivity to 

0.05 v/cm from dc to 10 mc, 0.035-µsec risetime... 
to 0.005 v/cm from 5 cycles to 9 mc, 0.04-psec rise-
time. 

O THE TYPE 531 EXCELS in sweep characteristics 

—Miller-runup circuitry generates linear sweeps in 
the extremely wide range of 0.02 psec/cm to 12 

sec/cm (600,000,000-to-1 ratio), with 24 accurately 

calibrated sweeps from 0.1 psec/cm to 5 sec/cm. 
5x magnifier is accurate on all ranges. 

e THE TYPE 531 EXCELS in triggering facilities 

—offering amplitude-level selection, automatic trig-
gering, and 30-mc sync in addition to all standard 
triggering modes. 

New 16- page booklet contains full specific°. 
tions on the Type 531 and Type 538, as well 
as all Plug- In units and other Oscilloscopes 
in the Type 530 Series. 

Please call your Tektronix Field Office or 
Representative, or write direct for free copy. 

0 THE TYPE 531 EXCELS in writing character-

istics—new Tektronixerecision metallized crt with 

10-kv accelerating potential provides high brightness, 

improved focus, and excellent linearity. (Recorded 

writing rate exceeds 175 cm/psec). 

0 THE TYPE 531 EXCELS in versatility—Quick 

change plug-in preamplifiers and inherent oscillo-

scope capabilities combine to convert the Type 531 

to applications normally requiring separate highly-

specialized instruments. Available plug-in units pro-

vide for dual-trace... low-level differential ... wide-

band differential...and micro-sensitive applications 

in addition to wide-band high-gain applications. Cur-

rent development work promises greatly-extended 

capabilities through new designs in plug-in units. 

Type 531 Oscilloscope—$995 

Type 53B Unit—$ 125 

prices f.o.b. Portland ( Beaverton), Oregon 

Tektronix, Inc. 
P. O. BOX 831B, PORTLAND 7, OREGON 

CYpress 2-2611 • Cable: TEKTRONIX 

lo-' 
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deerrecte 

Gi.ecledMissik 

Jet Aircraft 

T-38 Sky Sweeper 
Self-Aiming 

Anti-Aircraft Gun 

Atomic Submarine 
U.S.S. NAUTILUS 

Main Plant, Flushing, N Y. 

,n0D110111 — — - 
Ss 

FROM GUIDED MISSILES 

TO ATOMIC SUBMARINES... 

FILTRON PROVIDES EXACTLY THE FILTER THEY NEED 

1 Electrical Test 

2 Shielded Laborotory 
Measurements 

3 Screen Roam 
Interferente Testing 

4 Environmental 
Testing 

5 Attenuation Ted 
Consoles 
leer MIL-STD 220) 

From the best equipped Radio Interference Laboratories in the world—staffed with the most expe-
rienced Radio Interference Engineers, tomorrow's electric and electronic components and systems 
are made "Radio Interference Free" today. 
FILTRON's exceptional facilities are available for the Radio Interference testing AND filtering of your 
equipment to meet Military Radio Interference Specifications. 
Combining engineering facilities, application experience, and manufacturing ability, Filtron compe-
tently handles RF interference problems from start to finish. 
FILTRON's four plants, with complete production facilities—capacitor manufacturing, coil wirding, 
metal fabricating and stamping, tool and die department, assembly division— 
are producing more RF interference filters than ever before. 
FILTRON—the most dependable name in RF Interference Filters—is the choice 
of engineers, manufacturers, and military and commercial laboratories the 

world over. 

Send for our free 20-page RADIO INTERFERENCE FILTER CATALOG. 

let.,1'11(C1 
- 

e— 

INC., FLUSHING, LONG ISLAND, NEW YORK 
PLANTS IN FLUSHING, NEW YORK, AND LOS ANGELES, CALIFORNIA 



Flexibility in Application 

Versatility in design... 

packaged 
analog-digital 
converters 

Shaft Position to Digital Converters features 
reliability, long life, non-ambiguity and speed 
makes these converters ideal for computers or 

data handling systems where serial read-out is 
preferred. Librascope converters transmit infor-
mation at almost any rate desired up to 1 mc and 
in some cases above, and may be multiple time-
shared, holding extra circuitry to a minimum. 
All units quickly adjustable, syncro-mounted. 

Available in Binary, Gray code or Binary deci-
mal code as shown in chart below. Special units 
may be designed to your order. 

Write for catalog information. 

BINARY 

BINARY 

CODED 

DECIMAL 

*SPECIAL 
UNITS 
AVAILABLE 

MODEL . 

7 digit 

13 digit 

17 digit 

19 digit 

0-2000 

0-3600 

0-20,000 

0-36,000 

RESOLUTION PER 

INPUT SHAFT REV. 

Precision gearing 
Shaft Speed: 120 rpm continuous 
Operating temp: — 55° C to -I-75° C 
Shock and Vibration: up to 15 G, 5 to 500 cps. 

Engineers, physicists and mathematicians 

interested in challenging California careers, 
contact Mac McKeague, Personnel Director. 

RESOLUTION 

OVER FULL RANGE 

1 part in 128 

1 part in 8192 

1 part in 131,072 

1 part in 524,288 

1 part in 2000 

1 part in 3600 
1 part in 20,000 

1 part in 36,000 

1 part in 256 

DIMENSIONS 

DIAMETER X LENGTH 

Hie Expectancy: Function of lead current. 
For 13 digit unit @ 2 ma. per brush, life approx. 
5x10$ breaks or makes at approx. 120 rpm. 

A SUBSIDIARY OF GENERAL PRECISION roulreeEnii CORPORATION 

FEATURES: 

• Unique, staggered double 
brush pick-off system. 

• Reads out serially into 
eelays or single or multiple 
scan matrices. 

• Analog-digital or digital-

analog operation 

• May be time-shared 

• Syncro-mounted. 

• Associated circuitry can be 
designed to fit your 

cata-handling problems. 

IBMSCOPE 
COMPUTERS. COMPONENTS AND CONTROLE 

LIBRASCOPE, INC. • 808 WESTERN AVENUE • GLENDALE, CALIFORNIA 
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AUDIO RUGGED 
SERVICE 

¡cal Cannon Connect°. 

esigned for Patting 

Connect safely with 

Cannon under all 
moisture conditions 

Splash Proof • Potting Connectors • Watertight 

Protection against moisture is becoming more and 

more important. You'll find a wide variety of 

moisture-proof connectors in the Cannon line ... connactors 

that solve a wide range of moisture problems 

...from those where only minimum protection 

is required to those where potting of connectors is 

needed to give maximum safety and 

performance. Certain Cannon connectors 

are even designed for complete 

submersion in such 

applications as underwater 

geophysical exploration. 

Potting connectors in the AN 

Series include 12 designs, each 

in 16 sizes, in both plugs and 

receptacles, with pin or socket 

contacts, in the CA group. Potting 

may be applied, also, to the " K" 

miniatures, specials and other types. 

Othe moisture-proof connectors in the AN 

Series include the popular AN- E, OA (Ordnance), 

special aircraft AF and F types. 

For "average" moisture resist'ance, the XKW and 

BRS Series are recommended. 

Where complete watertight protection is needed, 

you may select from the heavy-duty W Series 

in three AN insert sizes. They may be submerged. 

2E (Signal Corps type) is available as a 

moisture sealed power connector. 

Our engineers are available to help you with your 

moisture protection or potting problems. Write TODAY! 

first in 

connectors 
UNDER 
WATER 

CANNON PLUGS 
CANNON ELECTRIC COMPANY, 3209 Humboldt Street, 
Los Angeles 31, California. 
Factories in Los Angeles; East Haven; Toronto, Canada; 
brdon, England. Representatives and distributors in 
all princ pal cdies. 



205G-1 
TRANSMITTER 

Mee VHF Communication Equipment 

from aza/ed Research and Development in d 
Single sideband's spectrum and power economies offer a solution for many of today's 

communication problems. The effects of selective fading and interference due to multipath 
transmission are minimized through suppression of the carrier and concentrating 

the r-f power in the intelligence carrying sidebands. Both frequency spectrum space is conserved and 
the probability of adjacent channel interference reduced by the narrower bandwidth requirements 

of SSB communications systems. An extensive research and development program at 
Collins has produced equipment having optimum performance characteristics to realize the 

full advantages of SSB. Exciters and receivers utilize stabilized master oscillators 
slaved to a precise frequency standard. Transmitters are easily tuned, 

efficient and reliable. Channeling facilities incorporate the Collins Mechanical 
Filter for sideband selection. Typical of Collins equipment available 

for single sideband communication circuits are: 

50P-1 RECEIVER 
The SOP-  fixed frequency communication receiver consists of 

an RF amplifier using high Q circuits, first and second i-f 

amplifiers and mixers. The 250 kc i-f output feeds accessory 
equipment for recovering the RTTY and voice signals. Maxi-
mum rejection of adjacent channel interference together with 
minimum inter- modulation and cross modulation is provided. 
When used with the Collins 708B- I Stabilized Master Oscillator 

and Collins 40K- I Frequenoy Standard, the total frequency error 
is maintained at less than one part in 100 million ( 0.000001%) 

making possible better utilization of spectrum space and at-
tainment of better signal-to-noise ratio by allowing bandwidth 

requirements to be reduced to a minimum. 

205G-1 TRANSMITTER 

The new Collins 205G-1 Communication Transmitter has many 
outstanding features. Linear operation with low distortion permits 

multiplex RTTY and/or voice operation with minimum cf interference 
between channels. The transmitter is manually tuned for fixed fre-

quency operation. Only four tuned circuits are employed and each 
covers the 30 to 60 mc frequency range. All sub- units and compo-

nents are accessible from the front of the cabinet. 

FREQUENCY RANGE: 30 to 60 mc. 

TUNING: Manual over 7. 2.5% range. 

TYPE OF EMISSION: A1, A3b, or teleprinter signals. 

POWER OUTPUT: 20 kw carrier or peak envelope powe-. 

OUTPUT IMPEDANCE: 52 ohms with up to 2 to I SWR. 

DRIVE REQUIREMENTS: 0.5 watt at carrier frequency at 52 ohms. 

SSB DISTORTION: 3rd order distortion products at least 30 db below 
one tone of a two-tone test signal at 20 kw P.E.P. 

HARMONIC OUTPUT: 2nd harmonic is at least 35 db down. 

FREQUENCY RANGE: 20 mc to 50 mc. 

OUTPUT FREQUENCY: 250 kc i-f output. 

AMBIENT TEMPERATURE RANGE: 0 to 50 degrees C. 

SIZE: 31/2" high, 17 1/4" wide, and 7" deep. 

MOUNTING: Relay rack. 

POWER INPUT: Supplied by external type 426B- I power supply 
— 50 watts. 

Complete terminal equipment for generalized data trans-

mission including teletypewriter using synchronou; detection 
techniques is also available to provide a fully integreted system. 

Write for additional information. 

COLLINS RADIO COMPANY U CEDAR RAPIDS, IOWA 

261 Madison Avenue, NEW YORK 16, NEW YORK 

1200 18th st. N.W., WASHINGTON, D. C. 
1930 Hi- Line Drive, DALLAS, TEXAS 

2700 W. Olive Avenue, BURBANK, CALIFORNIA 

COLLINS RADIO COMPANY OF CANADA, LTD. 
74 Sparks Street, OTTAWA, ONTARIO 
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by Plf 

for ANY 
climatic condition 

411111r 4J11.• 

For full information on available raengs 
and sizes request catalog J-8 or send 
details on your particular applications to 

Pyramid Type CT Ceramic Case Tubular Paper 
Capacitors 

The Pyramid version of the CT capacitor has been par-
ticularly engineered to be adaptable to any customer's 
requirements. Particular emphasis has been placed on 
resistance of Pyramid's CT's to high humidity; with-
stand 20 cycles of the RETMA humidity test. Non-induc-
tive extended foil section assembly in the highest grade 

ceramic (steatite) tube. Tinned leads are firmly 
imbedded and the unit is permanently sealed 
against moisture or humidity. End seals can-
not soften or melt even at more than 85'C 
operating temperature. 

^004 -147e.. ',. • 

- de 

Sales Engineering Department _Capacitor Division 

PYRAMID ELECTRIC COMPANY 
1445 Hudson Blvd., North Bergen, N. J. 



'Designed tor Application" 

Delay Lines and Networks 

The James Millen Mfg. Co., Inc. has been 
producing continuous delay lines and lump 
constant delay networks since the origination 
of the demand for these components in pulse 
formation and other circuits requiring time 
delay. The most modern of these is the distrib-
uted constant delay line designed to comply 
with the most stringent electrical and mechani-
cal requirements for military, commercial and 
laboratory equipment. 

Millen distributed constant line is available as 
bulk line for laboratory use and in either flexible 
or metallic hermetically sealed units adjusted 
to exact time delay for use in production 
equipment. Lump constant delay networks may 
be preferred for some specialized applications 
and can be furnished in open or hermetically 
sealed construction. The above illustrates sev-
eral typical lines of both types. Our engineers 
are available to assist you in your delay line 
problems. 

WHEN WRITING TO ADVERTISERS PLEASE MENTION-PROCEEDINGS OF THE I.R.E. July, 1955 



Direct, automatic 
power readings 

SPECIFICATIONS 

Power Range: 5 ranges, front panel selector. Full scale readings of 
.1, . 3, 1, 3 and 10 mw. Also continuous readings from —20 to + 10 
dbm. (0 dbm = .001 watt). Power range may be extended with 
attenuators or directional couplers in microwave system. 

External Rolometer: Frequency range depends on bolometer mount. 
Bolometers can operate at resistance levels of 100 or 200 ohms 
and can have positive or negative temperature coefficients. Any dc 
bias current up to 16 ma is available for biasing positive or nega-
tive temperature coefficient bolometers. Dc bias current is con-
tinuously adjustable and independent of bolometer resistance and 
power level range 
Suitable bolometers are: 
Instrument fuses: -hp- G-28A 1/100 amp fuse: 
Barretters: Sperry 821, Narda N821B or N610B, PRD 610A, 614, 

617 or 631C. 
Thermistors: W. E. D166382 and 32A3, V. E. Co. 32A3, 32A5, 

Narda 333, 334. 
Accuracy: 5% of full scale reading. 
Power: 115/230 y ± 10%, 50/1,000 cps, 75 watts. 
Dimensions: Cabinet Mount: 73/g" wide, 111/2 " high, 121/4 " deep. 

Rack Mount: 19" wide, 7" high, 121/2 " deep. 
Weight: Net 20 lbs. Shipping 32 lbs. ( cabinet mount). 
Price: $250.00. 

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

CW or pulsed power 

Wide frequency range 

No calculations 

Assured accuracy 

Operates with wide 
variety of bolometers 

New! -hp- 430C 
Microwave Power Meter 

Here is the newest, finest, most dependable source of 
instantaneous microwave power readings available to-
day. The new -hp- 430C gives you power readings di-
rect in db or mw and completely eliminates tedious 
computations or troublesome adjustment during op-
eration. The instrument measures either pulsed or CW 
power on either waveguide or coaxial systems. Opera-
tion is entirely automatic, stability is extremely high, 
and the meter may be used with a wide variety of 
bolometer mounts having either positive or negative 
temperature coefficients. The broad nominal measur-
ing range can be extended to higher powers by means 
of directional couplers and attenuators. 

For measurements of CW or pulsed power, -hp- 430C 
uses either an instrument fuse, barretter or thermistor 
as a bolometer element. Operation may be at either 
100 or 200 ohms. Power is read direct in milliwatts 
from 0.02 to 10 mw, or in dbm from — 20 to + 10 dbm. 

HEWLETT-PACKARD COMPANY 
3341D PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U. S. A. 

Cable "HEWPACK" 

FIELD REPRESENTATIVES IN ALL PRINCIPAL AREAS 

ELECTRONIC MEASURING INSTRUMENTS 

PROCEEDINGS OF THE I.R.E. futy, 1935 17A 



NEWS and NEW PRODUCTS 
July 1955 

Digital-Analog Computer 
Wang Laboratories, 37 Hurley St., 

Cambridge, Mass., announces design and 
production of the "WEDILOG," a new 
electronic digital-analog differential com-
puter, with applications in aeronautical 
design, trajectory problems, process con-
trol, dynamic systems analysis, etc. 
Although it is a digital computer, 
"WEDILOG" operates on the principle of 
functional simulation, using numbers in-
stead of voltages. Designed for problems in 
the physical sciences and engineering, this 
computer will solve linear and non-linear 
ordinary and partial differential equations, 
integral equations, and simultaneous dif-
ferential and algebraic equations. 
"WEDILOG" combines the simplicity of 
problem set-up of the DC analog com-
puter with the accuracy and resolution of 
a full scale digital computer. The machine 
resolution is five decimal digits. All num-
bers are handled as true number with sign. 

The basic "WEDILOG" computer is 
made up of a combination of several types 
of computation units operated from a cen-
tral control. The problem, itself, deter-
mines the number and types of units and 
how they are " patched" together. Unitizcd 
construction of these computation units 
enables easy expansion of the basic com-
puter, as more comprehensive problems 
arise. Outputs are available as electric 
typewriter tabulations, multiple channel 
recordings, on plotting boards, or on punch 
cards. In addition, all variables are indi-
cated by neon lights, readable at all times. 

Ham Tube Catalog 
Tube Div. Radio Corp. of America, 415 

S. 5th St., I larrison, N. J., has just brought 
out a completely revised edition of the 4-
page folder " Headliners for Hams." 

This folder covers 45 popular RCA 
"Hams" types—oscillators, amplifiers, fre-
quency multipliers, voltage regulators, 
thyratrons, rectifiers, oscillograph types 
for test equipment, and camera tubes for 
use in amateur telecasting. 

"Headliners for Hams" contains a tube 

These manufacturers have invited PRO-

CEEDINGS readers to write for literature 

and further technical information. Please 
mention your I.R.E. affiliation. 

line-up chart for amateur transmitters; 
operating conditions for class C amplifier 
and oscillator, modulator, and frequency-
multiplier service; single-sideband tube 
data; and latest "Ham" ratings on popu-
lar receiving-tube types. 

Members can obtain copies of " Head-
liners for hams" from local RCA Tube 
Distributors, or direct from Commercial 
Engineering, Tube Division, Radio Cor-
poration of America, Harrison, N. J. 

Oscilloscope Pre-Amplifier 
The new VS-61 A oscilloscope pre-

amplifier developed by Volkers & Schaffer 
Mfg. Corp., Box 996, Schenectady, N. Y.. 
is a highly sensitive, dual input, adding or 
differential amplifier, having substantially 
less than 1 µV RMS noise. It incorporates 
the latest results in low-noise amplifier-
research. Volkers & Pedersen have shown 
(1955 IRE National Convention) that 
transistors, contrary to general experience 
and opinion, are inherently less noisy than 
vacuum tubes, if suitable operating param-
eters are selected. The resulting new 
"Hushed Transistor Amplifiers," having 
less than 1 et" RMS noise over a frequency 
band of 60 kc, provides the input stages of 
the VS-61 A. Additional amplification is 
provided by vacuum tubes. 

The amplifier has a stage selector 
switch which provides a choice of either 
straight vacuum tube amplification (maxi-
mum gain 10, input impedance 100 K, fre-
quency response 2 cps to 250 kc) or com-
bined transistor and vacuum tube 
amplification (available maximum gains 
200 and 1000, input impedance 1 K, fre-
quency response 2 cps to 60 kc). All fre-
quency responses are given for the 3 db 
down point. The maximum noise with 
straight tube operation is 5 1.4\7 RMS over 
the full 250 kc pass-band and with tran-
sistor and tube operation usually much 
less than 0.5 µV RMS over the full 250 kc 
pass-band. 

Power Supply 
The new Model UHR-240 regulated 

power supply developed by Krohn-Hite 
Instrument Co., 580 Massachusetts Ave., 
Cambridge 39, Mass., provides up"to 
ampere of direct current at 0-5007volts 
with 0.001 per cent regulation and less 
than 100 microvolts of ripple. The stabili-
zation for ± 10 per cent change in line 
voltage is better than 0.003 per cent. 

The dc and low frequency impedance is 
less than 0.005 ohms. The ac impedance is 
less than 0.05 ohms in series with 0.1 micro-
henry (4 inches of wire). Transient re-
sponse is 0.001 millisecond. Typical ten 
hour drift is 300 ppm plus 20 millivolts. 

The ultra-high regulation applies over 
the entire operating range. For line 
voltages between 105 and 125 volts, the 
full maximum current can be drawn con-
tinuously at any output voltage. 

There is an additional 0-150 volt, 0-5 
ma negative supply with 0.05 per cent 
stabilization and less than 2 millivolts of 
ripple. A 5-13 volt, 0-2.5 ampere dc 
heater supply with less than 20 millivolts 
of ripple is included in addition to two 
independent 6.3 volt ac, 10 ampere heater 
supplies. 

The two 34 inch front panel meters are 
ruggedized and hermetically sealed. 

Dimensions are 174 wide, 9 high, and 
151 inches deep—also available for rack 
mounting. Price is $550.00, f.o.b. factory. 

Nylon Screws & Nuts 
Weckesser Co., 5261 N. Avondale 

Ave.. Chicago 30, Ill., has available from 
inventory 10 stock items of screws and 
nuts of molded black nylon. 

IL 
NYLON SCREW 

METAL 

-•-- INSULATION 

METAL 

These non-magnetic, non-corrosive, 
light weight screws and nuts come in sizes 

and VI. 

(Continued on page 2a.4) 
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OUTPUT POWS'S. METERS 
e imexceiaed accitetcley 1% I /tee« 

have many applications 

rePE Op./82 

1Mpedance Range: 2.5 
()lees to 20.n 000 obles. Ee-
Mains eses etially tesistise 

°vet h que cy 

na tange of 

30 to 1. to S 
0.000 cps. Accura 

Powet 'flange:0.1 mur. 
--,--elo. 
watts in steps ot OA msg. 

Indicating Meter.  VI 

Cali-

leated horn 0 to SO Milli-
ts arid hoe 0 to wat db. lee. leer. •14ill 

Metes Multiplteit 
change teading ot indi-
cating Mete' by tatios ot 

ltl, 10:1, 100:1, ot 

decibel teading by -AO, 
ke. 

Impedance .Range: 2.5 
ohms to 20,000 ohms. Re-
mains essentially resistive 
over frequency range of 
30 to 10,000 cps. Accuracy 

Power Range: 0.1 milli-
watts to SO watrs  of 0.1 znilliwatts M steps. 

Indicating Mete 
watts r: Cali-brated 

and 0 to 7 d 
Irom I to d0 

Zero level: lmw ec bels. 

Meter Multiplier: 
the power 
indicating readinqExtends of the 
o 1 meter from  0.1x t .000x 
the db r scale value, or 
to +30 . dkoeading from —10 
2 db. . in slops of 

The DAVE N Output Power Meters are designed to mea-
sure the actual power delivered lol an audio signed 
system to a given load. Hswever, because of the char-
acteristics si the cirouil ti-.ey are admirably suited to 

other applications, namely. 
1. Oeterm%notion of Cnorocteristic Impedance e an A.C. 

2. Effects of Load Vaeat.cn on a Signai System. 
3. Transmission Une Equaiization Measurements. 

Source. 

4. Measieement of lusertion Loss in Multi- channel Miler 

and otter compter circuits. 
S. Filter and Transformer Measurements. 
6. Radio Receider Measurements. 

The equipn-.ent shown on this page is built to DAVENS 
well-laiown standards +Di precision. Please write for 
more detailed data. Let our engineering department 

help you en specific roblerns. 

TYPE OP-962 

Chatactetistics sintilat to 
OP-961, except that tt can 
taeobore up to 100 watts. 
Impedance Range: 40 se-
lected impedances be-

tween 2.5 and 20,00vet 
0 ohms. 

Accuracy -_`-- 21. co 
quency range 30 to 10,000 

Power Ran: 01 raw to ge  cycles. 

in 0.1 m 100 watts w steps. 
Range may be er.tended 
below 0.1 mw by use 

of 

°sterile amplifier. 
Indicating Metes-. Ca. w 
btated horn ei att to 1 
watt and hoe —10 to + 10 
db. *Leto level-. leer. 
Metes Multiplier. Extends 
range oi metet ftorn 0.01 
to 100 titnes scale leading. 

THE VEN 
195 CENTRAL AVENUE • NEWARK 4, NEW JERSEY 



MEASURE NOISE AND 
FIELD INTENSITY FROM 
150 1W TO 1000 MC-

WITH ONE METER! 
Quickly • Accurately • Reliably 

TA/NF•105, 
ISO NC 20M( 

12/NF-105: 
200-400MC 

T3/NF.105: 
400-1000MC 

Noise and Field Intensity Meter 
Model NF- 105 
(Commercial Equivalent of ANARM-11 

Empire Devices Noise and Field Intensity Meter Model 
NF- 105 permits measurements of RF interference and 
field intensity over the entire frequency range from 150 
kilocycles to 1000 megacycles. It is merely necessary to 
select one of four individual plug-in tuning units, depend-
ing on the frequency range desired. Tuning units are 
readily interchangeable...can be used with all Empire 
Devices Noise and Field Intensity Meters Model NF- 105 
now in the field. 

Each of the four separate tuning units employs at least 
one RF amplifier stage with tuned input. Calibration for 
noise measurements is easily accomplished by means of 
the built-in impulse noise calibrator. With this instrument 
costly repetition of components common to all frequency 
ranges is eliminated because only the tuners need be 
changed. The same components ... indicating circuits, cali-
brators, RF attenuators, detectors and audio amplifier, 
and power supplies.., are used at all times. 

Noise and Field Intensity Meter Model NF- I05 is accu-
rate and versatile. It may be used for measuring field in-
tensity, RF interference, or as an ultra-sensitive VTVM. 
A complete line of accessories is available. 

Additional information and literature upon request 

Visit us at 252 Instruments Avenue, at the I.R.E. Show 

NEW YORC—DIgby 9-1240 • SYRACUSE—SYratuse 2-6253 • PHILADELPHIA-
SHerwooel 7-9080 • BOSTON—WAltham 5-1955 • WASHINGTON, D. C.—DEtatut 
2-8000 • DETROIT — 8Roadway 31900 • CLEVELAND — EVetween 2-4114 
DAYTON—FUlten 8794 • CHICAGO—COtumhus 1-1566 • DENVER—MAin 3-0343 
FORT WORTH—WEbstei 8811 • AL8UOUEROUE 5-9632 • LOS ANGELES—REpublic 
2-8103 • CANAOA: MONTREAL—University 6-5149 • TORONTO—WAInut 4-1226 

HALIFAX 4.6487 • EXPORT NEW YORK—IALltray Hill 2-3760 

EMPIRE DEVICES 
PRODUCTS CORPORATION 

38-15 BELL BOULEVARD • (TAYSIDE 61 • NEW YORK 

manufacturers of 

FIELD INTENSITY METERS • DISTORTION ANALYZERS • IMPULSE GENERATORS • COAXIAL ATTENUATORS • CRYSTAL MIXERS 

These manufacturers have invited PROCEEDINGS 
readers to write for literature and krther technical 
information. Please mention your I.R.E. affiliation. 

(Continued from rage RA) 

An advantage of these screws is that 
they are insulators in themselves, and re-
quire no insulating sleeves, bushings or 
washers. 

The nylon is the hardest grade and it 
may be used to 250°F. It resists weathering 
and degrading effect due to ultra-violet 
light because of the black dye impregna-
tion. 

New Crystal 

A new frequency control 'wit has been 
introduced by the James Knights Co., 
Sandwich, III. It is named ;he "Then 
mystal," and represents the integrated 
packaging of crystal and oven to provide 
stability and environmental control within 
limited price range. 

The JK Thermystal oilers the following 
performance data: higher ment factor; 
vacuum enclosure increases Q of crystal; 
calibration accuracy; 1 cycle 0.0001 per 
cent; temperature stability; 30 to 900 kc 
0.0001 per cent, 1000 kc to 150 mc 
0.00005 per cent. Oven temperature varies 
less than 1°C over ambient range of 
—55°C to +85°C, secular stabi:ity; Less 
than 0.001 per cent per year. Crystal is 
specially processed and sealed in glass en-
closed vacuum; low oven power; 6.3 volts 
at 1.5 ampere maximum. The thermostat 
cycles less than 3 times per minute at room 
temperature. The unit stabilizes in less 
than 10 minutes when turned on at 
—55°C. 

(Continued on page 1.15/1) 
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Raytheon — World's Largest Manufacturer of Magnetrons and Klystrons 

Charact f eristics o 
MAGNETRON 
OSCILLATORS 

Characteristics of 

KLY STRON 

OSCILLAT°RS 

Characteristics of 

SPECIAL PURPOSE 

TUBES 

TECHNICAL 

INFORMA TioN 

_ 

'TECHNICAL 

INFORMATION 

TECHNICAL 

INFORMATION 

Cxzeeetze- frt" 

RAYTHEON MANUFACTURING COI* 

reicRovovE et) POWER TUBE OPERATIONS—MI:TWA 54, 

now 
available 

NEW Consolidated Data Booklets 

for Raytheon Magnetrons, 

Klystrons and Special Tubes 

WRITE FOR YOUR COPIES 

These valuable free data booklets, which we 
will be glad to send you, list most of the prin-
cipal unclassified types manufactured. They 
give maximum ratings, typical operating 
values, frequency ranges, and power levels. 
Indispensable to every engineer's file. 

Raytheon is the world's largest producer of 
CW and pulse magnetrons, available in either 
fixed or tunable designs. A compact, efficient 
source of microwave power, magnetrons are 
being used in a growing number of applica-
tions. 

Raytheon klystrons, which can be tuned me-
chanically or thermally, fit the widest range 
of requirements from 550 to 60,000 Mc. 

The special tubes include backward wave 
oscillators, square law tubes, storage tubes 
and others. 

Write today for your data booklets—or tele-
phone WAltham 5-5860. There is no obliga-
tion, of course. 

Excellence in 

Electronics 

RAYTHEON MANUFACTURING 

COMPANY 

Microwave and Power Tube Operations, 

Section PL- 31, Waltham 54, Mass. 

Raytheon makes: Magnetrons and Klystrons, Backward 

Wave Oscillators, Traveling Wave Tubes, Storage 

Tubes, Power Tubes, Receiving Tubes, Transistors 



What's New in Mnemonics? 

The news is that the magnetic-core 
memory has emerged from the com-
puter laboratory and has been in cus-
tomer use for approximately a year, 
passing all tests with flying colors. This 
new development has been pioneered 
by Remington Rand with the Univac 
Scientific—the first installation of a com-
mercially available computer that suc-
cessfully uses magnetic-core storage. 

Electronic Computer Department, Room 1744 

/ 
,JJ 

e`\''IC5See,,e: 

e 
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J_J # _J e- F=1- 1. / 1 1 
/ I..1) e Ib b I! 

) -1,b4 

Mnemonics, says Webster, is "the art 
of improving the efficiency of the 
memory." And, as far as electronic com-
puters are concerned, Remington Rand 
has clearly established its leadership in 
this art. 

Illustrated above is a single plane of 
core storage, each of which holds 4,096 
binary bits of information. Planes are 
wafer thin, and a stack capable of 

iresiœnettirez_. Mime 

The Univac Scientific Computing System 

.̀ remembering" 147,456 bits would 
measure only 13 inches in depth. The 
speed, economy, and reliability of this 
magnetic-core memory are now avail-
able in the new Univac Scientific Models 
1103A and 1103B. 
For the latest information about 

the Remington Rand magnetic-core 
memories or about the Univac Scientific,. 
write, on your business letterhead, to 

DIVISION OF SPERRY RANI) CORPOPAI ON 315 Fourth Avenue, New York 10, New York 
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• 6394 TWIN TRIODE 

Similar to 6336 except 26.5 
colt heaser instead of 6.3 volt 
heater. 

advance-designed yesterday 
• 

industry-wide 
use today! 

AMPLIFIERS • REGULATORS • INERT GAS 
AND MERCURY RECTIFIERS • MERCURY, 
INERT GAS AND HYDROGEN THYRATRONS 

CHATHAM 
SPECIAL-PURPOSE 

TUBES 

STANDARD TYPES DIRECT FROM STOCK 

PLUS SPECIAL DESIGNS BUILT TO REQUIREMENTS' 

Chatham specializes in the development of general and 
special purpose tubes for both electronic and industrial 
applications. Many of the tubes originally developed by 
Chatham to fill a specialized need, now number among the 
most widely used tubes in the industry. For complete infor• 
illation on Chatham tubes— either stock items or types built 

to your requirements— call or write today. 

• 3628 RECTIFIER 

Rugged half-wave Xenon filled 
rectifier. Operates in any posi-
tion. Ambient temperature 
range — 75 ° to + 90 °C. In-
verse peak anode voltage 
10,000, average current . 25 
amps. F:lament 2.5v., 5 amp. 

• 4B32 RECTIFIER 

Ruggedly built, half- wave 
Xenon filled rectifier. Ambient 
temperature range — 75 ° to 
+90 °C. Inverse peak anode 
voltage 10,000, average anode 
current 1.25 amp. Filament 5v., 
7.5 amp. 

• VC- 1258 MINIATURE 

HYDROGEN THYRATRON 

for pulse generation. Handles-
.10 kw peak pulse power. 

• 6336 TWIN TRIODE 

for voltage regulation. Features 
high plate dissipation, hard 

glass envelope. 

5594 XENON THYRATRON 

Operates over wide ambient 
temperature range — 55°C to 

+90 °C. 

Chatham Eîectrons 
DIVISION OF GERA CORPORATION—LIVINGSTON, NEW JERSEY 
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for equipment 

which demands the 

finest paper tubulars 

Leading manufacturers specify 

the industry's finest paper tubular capacitor 

r... the Scangeamo 

For critical applications such as hi-fi 

equipment, computers and other elec-

tronic gear . . . applications which re-

quire exceptionally high insulation 

resistance and unusual stability at high 

MOISTURE RESISTANCE 

Sangamo paper tubulars are molded 
in Humiditite, the remarkable plastic 
molding compound which gives them 
moisture resistance properties far 
superior ( 10 to 15 times greater) than 
any other molded tubular capacitor. 

Because the Telechief outperforms other paper tubulars in all of these areas, you can be 
sure that here is a paper tubular which will deliver long, trouble-free capacitor life. 

temperatures, your best bet is a 
Sangamo Telechief. 

It is the molded paper tubular which, 
tests by leading manufacturers show, 
outperforms all other paper tubulars 
in . . . 

HIGH TEMPERATURE 

OPERATION 

The resistance qualities of Humiditite 
also make Telechief the winner over 
other paper tubulars in this depart-
ment. (Tests show top performance in 
temperatures up to 125° C.) 

HOLDING RATED CAPACITY 

The exclusive Sangamo solid dielec-
tric impregnant enables the Telechief 
to hold its rated capacity under all 
conditions.., makes it a really 
rugged paper tubular. 

ELECTRIC COMPOL 

MARION, ILLINOIS 
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In 1816, Eliphalet Remington was dissatisfied with the 
old inaccurate squirrel gun, which consistently spoiled 
his attempts to win a shooting match. He determined 
to build a gun which would meet the specific needs of 
precision marksmanship. The weapon he produced 
achieved such remarkable results that the ensuing de. 
mand for similar models created a great industry. 

... SOUGHT BY MANY 
Seeking to overcome the deficiencies in many of today's standard electronic 

devices, engineers at Airborne Instruments Laboratory created the devices 

shown here. Though developed for use at AIL, their adaptability for many 

applications has resulted in a wide demand by manufacturers and users of 
electronic equipment. Thus, production and sales have become important 

areas of operations at Airborne. 

Send for complete information on these and other advanced devices, now 

in production or available soon. 

AIRBORNE 
'INSTRUMENTS 
LABORATORY 

160 OLD COUNTRY ROAD, MINEOLA, L. I., N. Y. 

Polar Pattern 
Rezording Syster 

Rectangular Coordinate 
Recording System 

Microwave 
Crystal Test Set 

Prec non 
Attenuator 
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MAGNETIC TAPE RECORDING 

helps Road-Test Timken Truck Axles 

An Ampex Model 306 Recorder 

programming axle- test dynamometers 

at Timken- Detroit. 

Magnetic tape recordings are now being used to duplicate rugged 
road-tests at the Timken-Detroit Axle Division of the Rockwell 
Spring and Axle Company, Detroit, Michigan. A four hour tape 
cycle is made of actual road surface and driving conditions . . . 
then played back through torque and speed dynamometers — 
repeated 'y — until a -est axle breaks down. 
Result: more realistic aid efficient testing — berer axles for 
today's trucks, buses and trailers. 

WHY TIMKEN CHOSE AMPEX 
Timken engineers requ red a recording and playback medium that 
could give near-perfect reproduction of the original road test 
phenomena . . . and would playback indefinitely without 
introducing errors through wear and speed irregularities. They 
found that the Ampex F-M recorder best met these exacting 
requirements. Its extreme stability of tape motion, precise timing 
and consistent accuracy produced laboratory " road-test- results 
within 1% of actual conditions. 

LET AMPEX STUDY YOUR REQUIREMENTS 
Ampex manufactures the most complete line of magnetic recorders 
for complex and sensitive automation, communication and 
data-handling systems. Why not let Ampex application engineers 
determine what magnetic tape recording can do for you? 

For further information, send for our 16-page illustrated bulletin, " Data Recording, Machine Control 
and Process Regulation." Contact your nearest Ampex representative or write to Dept. G-189/. 

AMPEX 
CORPORATION 

ANOTHER APPLICATION BY THE INSTRUMENTATION DIVISION OF 

AMPEX CORPORATION • 934 CHARTER STREET, REDWOOD CITY, CALIFORNIA 

Branch Offices: New York; Chicago; Atlanta; San Francisco; College Park, Maryland : Washing•on D.C. area). 

Distributors. Radio Shack, Boston; Bing Crosoy Enterprises, Los Angeles; Southwestern Engineering & 
Equipment, Dallas and Houston; Canadian General Electsic Company, Canada. 
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RMC 
I 00 

RMC ÇO047 

DISCAP 

CERAMIC 

CAPACITORS 

ea* mite% 
for printed wire circuits 

RMC DISCAPS, 

Wedg-loc... The exclusive wedge leads on these DIS-
CAPS lock securely in place on printed circuit assemblies 
prior to the soldering operation. There is no possibility of 
the capacitors becoming loose or falling out and the soldered 
connection is always uniform. 

Available in capacities between 2 MMF and 20,000 MMF, 
Wedg-loc DISCAPS can be furnished in temperature com-
pensating, by-pass, and stable capacity types. Suggested 
hole size is a .062 square. 

Plug-in RMC plug-in DISCAPS are designed to sim-
plify production line problems on printed circuits. Leads are 
No. 20 tinned copper (.032 diameter) and are available up 
to 1 in length. Plug-in DISCAPS are manufactured in 
temperature compensating, by-pass, and stable capacity 
types and include the mechanical and electrical features 
that have made standard DISCAPS the favorite of leading 
manufacturers. 

Write today on your company letterhead for expert engineering help on 
any capacitor problem. 

RADIO MATERIALS CORPORATION 
GENERAL OFFICE: 3325 N. California Ave., Chicago 18, III. 

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 

Two RMC Plants Devoted Exclusively to Ceramic Capacitors 

PROCEEDINGS () I. THE I.N.E. 



Introducing. 
the Eimac 

4X250B 
Radial- beam power tetrode 

• Higher Power 
• Easier Cooling 
• Longer Life 
4X250B,. new, superior radial- beam power 

tetrode by Eimac — originators of the famous 

4X 1 50A — is now available. Unilaterally inter-

changeable with the 4X1 50A in practically all 

applications, this amazing new bantam for mod-

ulator, oscillator and amplifier application from 

low frequencies into UHF, offers these advantages: 

HIGHER POWER— Electrical advances per-
mit an increased plate dissipation rating of 250 

watts, plate voltages to 2000 volts and doubled 

plate power input capabilities of 500 watts. 

EASIER COOLING — Development of the 

Eimac integral- finned anode makes cooling so 

easy that only one-third the air- pressure and one-

half the cubic feet of air are required. Forced air 

is unnecessary during standby periods. 

For further details contact 

our Technical Services 

Department. 

•• 

ACTUAL SIZE 

LONGER LIFE—A newly designed, highly 

efficient oxide cathode and increased tempera-

ture tolerances, coupled with Eimac-developed 

production and testing Techniques encble the 

4X25013 to meet the most critical standards. New 

techniques in grid production, high vacuum out-

gassing and product evaluation are among the 

features that insure uniform incomparable quality 

and more hours of top performance. 

The small, rugged, versatile 4X250B is now avail-

able for existing sockets or sockets of yet-to•be-

designed equipment demanding optimum quality 

and performance. 

TYPICAL OPERATION 
per tube, frequencies to 175m c) 

4X250B radial-beam power tetrode 

Class C CW Class C Class AB 

FM Phone AM Phone RF Linear 

D-C Plate Voltage 20flOv 
D-C Screen Voltage 25Dv 
D-C Grid Voltage -90v 
Zero Sig D-C Plate Current — 
D-C Plate Current 2511ma 
D-C Screen Current 
D-C Grid Current 
Peak RF Grid Voltage 
Driving Power 
Plate Power Input 
Plate Power Output 

1500v 2003v 
250v 350v 
-100v -60v 
- 53nno 
200mo 253sna* 

12ma 10mo 5ma* 
22ma 23ma Oma* 
114v 125v 60v* 
2.5w 2.9w 
500w 300w 500w- * 
430w 240w 325w* 

*Maximum Signal 

EITEL-McCULLOUGH, INC. 
SAN BRUNO • CALIFORNIA 

The World's Largest Manufacturer of Transmi-Ing Tubes 
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Ate' 

JECAJEL ffl 

PCYNATM 

No single piece of radio equipment 

can equal the antenna for ecoisomically 

increasing effecfive power. 

One of the less expensive components in a radio 

communications installation is the antenna. Yet 

the antenna, which usually represents less than 

ten per cent of the total equipment cost, can 

multiply the effective power of every transmit-

ter in the system several hundred per cent. 

Equally true, a poorly 

designed or inappropriate 

antenna can waste the 

power produced by the 

costly equipment behind it. 

In planning a new system, 

selection of the proper 

antenna often will allow a 

Manufacturers of 

the UNIPOLE, 

' High Gain, 

Corner Reflector, 

Parabolic and Vag( 

Antennas 

lower power transmitter to 

achieve desired signal range. For existing 

systems, the use of a higher gain antenna will 

reduce "dead spots." 

Andrew is a pioneer in designing and developing 

antennas. We make over 30 standard types for 

microwave, broadcast and mobile communica-

tions Special models or adaptions of standard 

models are readily made to order. 

Write or phone Andrew for a dollars-and- cents 

evaluation of the type of antenna that can give 

your installation the greatest bargain in power. 

CORPORATION 

363 EAST 75th STREET CHICAGO 19 

OFFICES: NEW YORK • SOSTON • LOS ANGELES TORONTO 
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New Mallory Cardboard 

Tubular Capacitors 

... premium performance 

at no increase in cost 

]Never before has quality like this been built into 
cardboard tubular electrolytics. At no increase in 
price, this new series developed by Mallory offers 
you a combination of features unique in this type 
of capacitor: 

Minimum size, high ripple current ratings, low RF 
impedance . . . obtained through use of genuine 
fabricated plate anodes. 

Long life, high stability temperature rating up to 
75°C ... due to fabricated anode and etched cathode. 

Low leakage current. 

Low-resistance tab-to-lead wire connections . . . 
welding ends danger of intermittent or high resis-
tance connection. 

Low moisture loss . . . cartridge is foil wrapped; wax 
impregnated cardboard tube is sealed with wax at 
both ends. 

High dielectric strength, exceeds U.L. requirements, 
due to unproved low-moisture absorbent separators. 

Rugged, flexible leads . . . covered with plastic insu-
lation rated for 105° C, have U.L. approval. 

The new series comes in single, dual, triple and 
quad sections, with leads all coming from one end 
or from opposite ends of the cartridge. A complete 
choice of voltage and capacity ratings is available. 

For technical data, write or call Mallory today. A 
Mallory capacitor engineer will be glad to consult 
on your circuit requirements, to suggest possible 
cost-cutting simplifications based on Mallory's 
long experience in all types of applications for 
electronic components. 

Parts distributors in all major cities stock 

Mallory standard components for your convenience. 

Serving Industry with These Products: 

Electromechanical— Resistors • Switches • Television Tuners • Vibrators 

Electrochemical— Capacitors • Rectifiers • Mercury Batteries 

Metallurgical— Contacts • Special Metals and Ceramics• Welding Materials 

Inside of the rase is this foil-wrapped cartridge. Tabs are 

welded to the leads, to prevent intermittent connections. 

- 

MALLORY 
P. R. MALLORY & CO, Inc. 

P. R. MALLORY & CO., Inc.. INDIANAPOLIS 6, INDIANA 
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Variable width — width of each of 5 
pulse can be ad¡usted independently. 

Variable oelay—dalay between each of 
5 pulses can be adjusted independently. 

CC lE MODULATED MULTIPLE-PULSE 
MICRCWAVE SIGNAL GENERATOR 

Model B 

- 

• II 
L.. 

Pulse-time modulation— input provided 
in each of 5 pulse channels for external 
pulse-time modulation. 

Variable repetition rate— repetition rate 
of each group of pulses can be varied. 

POLARAD 
°Q. •„,, RE 

CODE MODULATED 

MULTIPLE-PULSE 

MICROWAVE 

SIGNAL GENERATOR 

Model B 950-10,750 mc 

Generates multi-pulse modulated carrier 
for beacons, missiles, radar... provides 5 independently 

adjustable pulse channels, 4 interchangeable r-f oscillator 
heads, precision oscilloscope, self-contained power supplies 

... all in one integrated mobile instrument. 

The Polarad Model B is an essential instrument for testing beacons, missiles, radar, navigational 
systems such as DME, Tacan, H. F. Loran, etc., where multi-pulse modulated, microwave frequency 
energy with accurately controlled pulse width, delay, and repetition rate is required for coding. 

A fully integrated self-contained equipment with these features: 

Four Interchangeable Microwave Oscillator 
Units — all stored in the instrument ... each 
with LEVI-DIAL control...precision power 
monitor circuit to maintain 1 mw power output 
reference level ... keying circuit to assure 
rapid rise time of modulated r-f output... 
non-contacting chokes. 

Five Independently Adjustable Pulse Channels 
—each channel features variable pulse width 
and delay; has provisions for external pulse. 
time modulation. 

Precision Oscilloscope with Built- In Wide Band 
RF Detector for viewing the modulation en-

SPECIFICATIONS: 

Frequency Range: 
Band 1 ... 950 to 2400 mc 
Band 2 ... 2150 to 4600 mc 
Band 3 ... 4450 to 8000 mc 
Band 4 .. . 7850 to 10,750 mc 

Frequency Accuracy ... -± 1% 
RF Power Output ... 1 milliwatt maximum (0 DBM) 
Attenuator: 

Output Range ... 0 to — 127 DOM 
Output Accuracy ... ± 2db 
Output Impedance ... 50 ohms nominal 

RF Pulse Characteristics: 
a. Rise Time . .. Better than 0.1 microsecond 

as measured between 10 and 90% of maxi-
mum amplitude of the initial rise. 

b. Decay Time ... Less than 0.1 microsecond 
as measured between 10 and 90% of maxi-
mum amplitude of the final decay. 

c. Overshoot ... Less than 10% of maximum 
amplitude of the initial rise. 

AVAILABLE ON EQUIPMENT LEASE PLAN 

velope and accurately calibrating the r-f pulse 
width, delay, and group repetition rate. 
Equipped with built-in calibration markers. 

Self- Contained Power Supplies—Model B 
operates directly from an AC line through an 
internal voltage regulator. The coded multi-
pulse generator is equipped with an elec-
tronically regulated low voltage DC supply. 
Klystron power unit adjusts to proper voltage 
automatically for each interchangeable band. 

Contact your Polarad representative or write 
to the factory for detailed information. 

Internal Pulse Modulation: 
No. of Channels . .. 1 to 5 independently on 

or off 
Repetition Rate . .. 40 to 4000 pps 
Pulse Width ... 0.2 to 2.0 microseconds 
Pulse Delay .. ..0 to 30 microseconds 
Accuracy of Pulse Setting. .. 0.1 microsecond 
Minimum Pulse Separation ... 0.3 microsecond 
Initial Channel Delay .... 2 microseconds from 

sync. pulse 
Internal Square Wave ... 40.4000 pps (sepa-

rate output) 
Pulse Time Modulation: 

Frequency . .. 40-400 cps any or all channels 
Required Ext. Mod.... 1 volt rms min. 
Maximum deviation . . -1.-0.5 microsecond 

Power Input (built-in power supply) 105/125 V. 
60 cps 1200 watts. 

FIELD MAINTENANCE SERVICE AVAILABLE 

THROUGHOUT THE COUNTRY 

ELECTRONICS CORPORATION 43-20 34th STREET, LONG ISLAND CITY I, N. Y. 

REPRESENTATIVES: • Albuquerque • Atlaeta • Baltimore • Bayonne • Bridgeport • Buffalo • Chicago • Dayton • Fort Worth • Los Angeles • New York 
Newton • Philadelphia • San Frarcisco • Syracuse • Washington, D. C. • Westbury • Winston-Salem • Canada, Arnprior, Toronto— Export: Roche International Corporation 
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ELECTRONIC COMPONENT 

OF_SYNTHANE HAS DURABILITY,  DIMENSIONAL STABILITY,-_-

DIELECTRIC STRENGTH 

Although this sturdy end plate will fit into the palm 01 
your hand, it has in combination all the dielectric strength, 

the physical properties, and the printability the customer 

requires. It's made of Synthane, a laminated plastic, the 

same material used in hundreds of other electrical, me-
chanical, and chemical applications. 

•110 

SYNTHANE CORPORATION, 8 River Road, Oaks, 

F lease send my copy of the Synthane catalog. 

Name  

Title  

Company  

Aadress  

City Zone State  

The blue print for this part calls for accurate machin-
ing, the punching of twenty holes of various shapes 

and sizes, and printing or engraving in three different 

colors. .Synthane delivers finished parts exactly as specified, 

ready for the production fine. The customer gets them 

promptly without problems of tooling up, waste, or rejects. 

If you need components with many properties in com-

bination, you will want to know more about Synthane lam-
inates and the Synthane fabricating service. Send in 
the coupon for the full story. 

-'SYN-11-1ANe 
LAMINATED PLASTICS 

SYNTHANE CORPORATION • OARS, PENNSYLVANIA 
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In magnetrons, too 
CRUCIBLE PERMANENT MAGNETS 

provide maximum energy. 
In designing magnetrons for radar systems — 
or any very high-frequency oscillator applica-
tion — you can be sure of a consistently higher 
energy product with Crucible alnico magnets. 
This means more power from a minimum size 
magnet! 

Crucible alnico permanent magnets are 
made to meet practically any size requirement 
from a fraction of an ounce to several hundred 
pounds. And they're sand cast, shell molded 

CRUCIBLE 

. minimum size 
or investment cast to the exact size, shape, 
tolerance and finish you need. 

Crucible has been one of the largest pro-
ducers of permaynt magnets since the de-
velopment of alnico alloys. Its unsurpassed 
magnet experience is backed by over 50 years 
of fine steelmaking. That's why the best solu-
tion to magnet problems starts with a call to 
Crucible. Crucible Steel Company of America, 
Henry W. Oliver Building, Pittsburgh 22, Pa. 

first name in special purpose steels 

Crucible Steel Company of America 
o 3 \ PROCEEDINGS OF TI1E I.R.E. July, 19.55 



Mighty midget "tunes up" for major performance 

This miniaturized CST-50 variable ce-
ramic capacitor outperforms capacitors 
several times larger. C.T.C.'s unique de-
sign includes a tunable dement which vir-
tually eliminates losses due to air dielect ric. 
This results in wide minimum to maximum 
capacity range of 1.5 to 12 MMFD. 

This tuning sleeve is at ground potential 
and can be locked firmly to eliminate un-
desirable capacity change. Each CST-50 is 
provided with a ring terminal with two 
soldering spaces. 

This is but one of a versatile family of 
C.T.C. ceramic capacitors of this type, 
built to C.T.C.'s quality control production 
standards for guaranteed performance. 

All C.T.C. components — standard or 
custom — are subject to this precision 
manufacture. Other C.T.C. components 
include coil forms, coils, terminal boards, 
terminals, diode clips, insulated terminals 
and hardware. C.T.C. engineers are glad 
to consult on your component problem. 
Write now for sample specifications and 

34 .\ WHEN ‘VRIT1NO TO 

prices to Sales Engineering Department, 
Cambridge Thermonic Corporation, 456 
Concord Ave.. Cambridge 38, Mass. On 
West Coast, contact E. V. Roberts, 5068 
West Washington Blvd., Los Angeles 16 
or 988 Market St., San Francisco, Calif. 

C.T.C. Capacitor Daia: Metallized ceramic forms. 
CST-50, in range 1.5 to 12.5 MMFDs. 
CST-6, in range 0.5 to 4.5 MMFDs. 
CS6-6, in range 1 to 8 MMFDs. 
CS6-50, in range 3 to 25 MMFDs. 

CST-50-D, a differential capacitor with the top half 
in range 1.5 to 10 MMFDs and lower half in 
range 5 to 10 MMFDs. 

CAMBRIDGE THERMIONIC CORPORATION 

makers of guaranteed electronic components, 
custom or standard 

ADvEnTI s Ens l'!.F.A.SE .N1 ENTION—PROCEED/NGS VF THE I.R.E. 
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IRV-OHM POWER RHEOSTATS 
are more and more in demand and 

there are many reasons. These 
include finest quality, better service, 

and delivery; UL approval; variety from 
25 watts up; fairest prices; AND TRU-OHM 

expedites for YOU ... TRU-OHM ships on time 

We invite your inquiry. 

Fitnri.you received our latest catalog? WRITE TODAY! 

Morsel Engineering 

& Mfg., Inr 

Oèterol totes few 2800 N. Milivau ee venue, Chicago 18, M. 
Factory Hunt.ngton. irAsano 

-Largest producers of wi•e-wound resistors in the U.S.A.' 

Adjustobie Resistors. *FconoOrp -Res•stors 

P.WCEEDINGS OF THE I.R.E. July, 1955 



Other Jeffers Products 

ceramic capacitors • disc capacitors 

high voltage condensers • capristors 

Other Speer Products 

for the Electronics Industry 

anodes • contacts • resistors • iron cores 
discs • brushes • molded notched' coil forms 
battery carbon • graphite plates and rods 

' Patented 

Jeffers Electronics Division 
Speer Carbon Co. 
Du Bois, Pennsylvania 

Other Divisions: Speer Resistor, International Graphite & Electrode 

All wound up 
trying to make your own 

R. F. Choke Coils? 

Standardize on Jeffers 

save time, labor 
and expense 

Now you can stock a wide range of R. F. choke coils 

just as you do resistors, capacitors and 
other similar components. 

Jeffers Electronics is ready to deliver to you a 
complete line of R. F. choke coils with the widest 
range of inductance values available. No longer 
do you have to waste time, labor and money on slow, 
tedious hand assembly from miscellaneous forms, 
wires and coatings. 

Instead you receive a standardized product from 
Jeffers, completely assembled and ready for use. 
Coils that are well made, too. Insulated copper wire 
instead of bare wire for windings ... husky, molded 
jackets instead of those fastened by glue. All 
windings are soldered to leads . . . shorted 
end-turns completely eliminated. 

Why not give Jeffers R. F. choke coils a try on your 
next order? Write today for our specification sheets. 

\ \ I I I \ \\ I I I \ I \ I! I I I,' • I I \ \I \ I I \ 
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DIPPED MICA PERFORMANCE CAPACITOR WITH PARALLEL LEADS *PEAK P 
ideal for new atured designs 

and pri ed w 
ntiring circuits 

MEETS ALL HUMIDITY, TEA4PERAYURE AND 
ELECTRICAL REQUIREMENTS OF 

MIL-C-5 Specifications! 

- 

TEST IT AND COMPARE! 
• El-Menco's Dur-Mica DM20 costs even 

less than our famous molded mica capacitors. 
• Provides greater versatility— wider applications. 
• Tougher phenolic casing assures longer-life 
and greater stability through wide ranges in 
temperature. 

• Parallel leads simplify application in transistor 
and sub-miniature electronic equipment including 
printed circuits for military and civilian use. 

For Extreme Miniaturization Use Our DMI5 

DMIS— Up to 510 mint at 300 vCCve 
Up to 400 mmf at 500 vCCw 

Available in I25 -C operating temperature. 
Minimum capacity tolerance available -21. 1/2% 
or 0.5 mmf (whichever is greater). 

Elillenco 
eaa 
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For your special requirements — we are pleased to offer 
information and assistance. Write for free samples and 

«o- catalog on your firm's letterhead. 

' 

THE ELECTRO MOTIVE MFG. CO., INC. 
WILLIMANTIC CONNECTICUT 

• molded mica • mica trimmer 
• tubular paper • ceramic 

Arco Electronics, Inc., 103 Lafayete St., New York, N. Y. 
Exclusive Supplier To Jobbers and Dealers in the U.S. and Canada 

PROCEEDINGS OF THE I.R.E. /955 



ALLEN-BRADLEY QUALITY COMPONENTS 

for PRINTED CIRCUITS 

FIXED MOLDED RESISTORS 

Stable characteristics, uniform size, accurate lead wire 
dimensions, special uniform solder coating of leads, and 
mechanical strength are essential requirements for com-
ponents used for printed circuit applications. It is on 

these features that the Quality reputation of Allen-Bradley 
molded resistors was established. Made in 1/10, l/2, 1, 

and 2 watt sizes, meeting all applicable RETMA and 
MIL- R- 11A specifications, and rated at 70C ambient 
temperature, these resistors do not require the deroting 

usually necessary on plastic board assemblies. 

CAPACITORS 

Type CE and Type DS ceramic 
capacitors are available for 

printed circuit assemblies in all 
commercial characteristics. These 
units were developed for op-
eration at above normal am-
bients and are impervious to 

moisture. 
Type DS resin-enclosed capac-

itors have o new lug adapted 
for insertion in a round hole. 
The lug is so designed as to 
properly space the capacitor 

above the printed board. 

--“4011011111. 

Mell•IIRAOLOY 

/L4:•5 

Carton 

packaging 

(Standard) 

Allen-Bradley Co. 

114 W. Greenfield Ave. 

Milwaukee 4, Wis. 

SMALL POTENTIOMETERS 

Allen-Bradley Type GP and Type T 
adjustable molded resistors ore 
designed for printed circuits where 

quality— not price— is the . mpor-

tent requirement. 
They are available in res...tance 

values from 100 ohms to 5 meg-
ohms in standard tapers. 

pe GP Both are rated at Y2 watt. 
The Type GP potentiometer i$ 

'h inch in diameter and is sup-

plied with gold-plated 
The Type I potentiometer is 1 

inch in diameter and has rourd, 

solder-cooted leads. 

0114ER MINIATURE COMPONENTS 

Type FT feed-th ru and Type SO 
stand-off discoidal capacitors in-

corporate the maximum pe form-
once characteristics together with 
extreme ruggedness and smcel 

Type FT size. They are available in Mono-
ard nominal values from 5 to 

1,000 mmt. Allen-Bradley Type FC Ferri-Cap 

feed-th' u filter is a new, unique 
device consisting of a discoidal 

Type FC feed-thru capacitor combined with 
ferrite material to provide iiternal 
impedances in series with both 
ends of the feed-thru e;ectrade. 

Investigate these truly supe-ior 

miniature components. 

COMPONENT PACKAGING 

To keep step with the automatic trends of 
industry, small components, such as the 
molded fixed resistors and the ceramic 
capacitors, are now offered by Allen-
Bradley in reel packages wherein the 
components are attached to a pressure-
sensitive tape, ideally adapted for auto-
matic assembly or preassembly operations. 

/ 

ALLEN-BRÁ/ RAD LEY 
g  \„.., il 

RADIO & iELEVISION C(10jMPONENTS 

Reel 

packaging 

(Special) 

In Canada 

Allen-Bradley Canada, Ltd. 

Galt, Ont. 
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no ketchup needed 

When a predestined steer meets a dedicated chef ... man, that's steak! 

If steer or chef is bad (and double trouble if both) ... ketchup can't help. 

Now comes the commercial. 

Take the best available materials (sifted by unrelenting research). 
Season with the same inventiveness used by Dr. A. O. Beckman to develop 

the precision potentiometer in 1940 (we've never switched brands). 

Add assembly-line economies without compromising quality. Test and 

retest in the industry's most complete lab. Inspect a dozen times 

(too many cooks can't spoil this broth). Pack well. Ship on schedule. 

Man, that's a H E LI POT precision potentiometer .... no ketchup needed! 

Po 
536 * REG. U.S. PAT. OFF. 

it first in precision potentiometers 
Helipot Corporation' South Pasadena, California 

Engineering representatives in principal cities 

a division of BECKMAN INSTRUMENTS, INC. 

BECKMAN 

Helipot makes precision potentiometers... 
linear and non-linear ... in the widest choice 
of rises, mounting styles and resistances. 

Many models are stocked for immediate 
shipment...our engineers will gladly adapt 

standard models to your requirements... 

or design entirely new H E LI POT * precision 

potentiometers for you. 

For information and specifications... 

write for data file 702. 

PROCEEPINGS TIIE I.R.S. 39A 



Industry's first full year 

performance warranty on all 

transistors announced by 

General Electric 
MADE POSSIBLE THROUGH PROVED PERFORMANCE 

IN RIGID LIFE TESTS 

NOW, IN ADDITION to the recently announced 

price reductions, General Electric provides 

a full year warranty on its complete line of 

transistors—the first warranty of its kind in 

the Semiconductor industry. 

CONTINUOUS QUALITY checks and life tests 

in G.E.'s laboratories and plants, and in the 

field, have proved conclusively the perform-

ance superiority and longer life of the G-E 

transistors. In tests requiring operational 

stability at temperatures up to 85°C for thou-

sands of hours, G-E transistors have sur-

passed every specification. The full year war-

ranty is your assurance of this performance. 

IN THE LAST 12 MONTHS the list of important 

manufacturers who have swung over to G-E 

Semiconductor Products in radio, communi-

cations, and other electronic equipment has 

increased at a startling rate. Why not profit 

by their successful experience? Now is the 

time to use all of the many advantages of-

fered by General Electric Semiconductors in 

the production of your equipment. Especially 

in view of their recent reductions in price 

and the new Performance Warranty. For 

additional information, write today to: 

General Electric Company, Semiconductor 

Products, Section X5273, Electronics Park, 

Syracuse, New York. 

Progress /s Our Most Impar/am' Product 

GENERAL ELECTRIC 

WHEN WRITING TO ADVERTISERS PLEASE MENTION PROCEEP/NGS THE 



WHEN 

SPECIFICATION'S 

CALL FOR 

GLASS-TO-METAL SEALS 
-CONSULT 

-à 

Ask hermetic seal specialists for a quick, 

economical solution to your design 

problems involving glass-to-metal seals. 

E-I specialization and standard designing 

means your specifications can be fulfilled, 

in most cases, by low cost catalog items. 

E-I offers fast delivery in reasonable 

quantities on seals developed for practically 

every type of electronic and electrical 

termination. Call, write or wire E-I, today! 

HEADQUARTERS 

FOR -

COMPRESSION SEALS 
MULTIPLE HEADERS 
SEALED TERMINALS 
CONDENSER END SEALS 
THREADED SEALS 
TRANSISTOR CLOSURES 
MINIATURE CLOSURES 
COLOR CODED TERMINALS 

— offering 8 important advantages including cush-
ioned glass construction, design standardization, 
high dielectric strength, miniaturization, vacuum tight 
sealing, vibration resistant, super durability, maxi-

mum rigidity, etc. 

ELECTRICAL INDUSTRIES 

PATENT PENDING— ALL RIGH1S RESERVED 

One dependable source 
for all hermetically sealed 

terminal requirements! 

giriui». eye,slenfreex 61eCtetOttiftà reiooedic. • 44 SUMMER AVENUE, NEWARK 4, NEW JERSEY 



This 
is just 1/2 the story.. 

the new CORE MAGNET MECHANISM 

by ROLLER-SMITH 
master instrument makers 

. .. outperforms conventional mechanisms of much greater 

weight in a wide variety of applications ... yet it's 

rugged and "tops" in dependability. 

Combining improved efficiency and performance with miniaturization, Roller-

Smith's new Core Magnet Mechanism is an outstanding achievement . . . a 

precision, self- shielding movement that can be counted upon to increase the 

prestige of your product through consistently excellent operation. 

But furnishing this fine 
Core Magnet Mechanism is only half 

the Roller-Smith story! 

Just as important to you is our ability to furnish the designing skill 

necessary to incorporate it into your own equipment. The Roller-

Smith engineering staff, headed by world-renowned experts 

and backed by the finest in research and development 

facilities, will be glad to assist you in arriving at the 

most practical solution. 

JvuttAunitnt (DLot 
CORPORATION 

1825 WEST MARKET STREET Ce BETHLEHEM, PENNSYLVANIA 

Precisioa Products Sinc• 1908 

12 \ 

See these and other outstanding Roller- Smith products featuring the "new-look" at booth 111, WESCON Show. Civic Auditorium, San Francisco, Aug. 24-26, 1955 
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INCREASE 

CIRCUIT RELIABILITY 

WITH TI - RADELL 

deposited carbon 

RESISTORS 

newest line of precision components 

from Texas Instruments 

For precise resistance values under extreme 
operating conditions, design with RADELL 

deposited carbon resistors — now manufac-
tured by Texas Instruments. With resistance 
tolerance held to ± 1%, Texas Instruments 
RADELL resistors provide exceptional sta-

bility plus a wide range of resistance values. 

Like all TI components, they are manufac-
tured to exacting instrument standards. 

Texas Instruments RADELL resistors are 

mass-produced in three lines and in 312, 1, and 

2 watt sizes. Resistance values range from 25 
ohms to 30 megohms. 

WRITE for Bulletin No. DL-C 539 giving 
detailed specifications of all three lines 
of Texas Instruments RADELL resistors. 
Your best source for precision compon-
ents, TI also manufactures a complete 
line of subminiature transformers as well 
as custom capacitors, delay lines, special 
transformers and other reliable electronic 
components. 

ACTUAL SIZE RESISTORS SHOWN 

Hermetically sealed line — designed 
for extreme conditions of moisture 
and temperature. Specially treated 
ceramic shell effectively seals out 
moisture and air, resists abusive hand-
ling, and assures complete insulation. 

MIL-Line —designed for the broad 
field of military applications. Exclu-
sive multi-layer coating provides en-
vironmental protection substantially 
equal to hermetic sealing throughout 
low and middle ranges of resistance. 
NIIL-Line resistors more than meet 
NIIL-R-10509A specifications. 

Industrial-Line — differs from MIL-
Line series only in type of coating. 
Industrial line resistors provide close 
tolerances for military, instrument and 
industrial applications where less 
extreme humidity conditions are en-
countered. Typical applications in-
clude computers, test equipment, 
communication and control systems. 

TEXAS INSTRUMENTS 
INCORPORATED 

6 0 0 0 LEMMON AVENUE DALLAS 9, TEXAS 

PROCEEDINGS OF TIIE IRE. July, 1955 43.‘ 



IBM selects DU MONT TYPE 329* as test 
oscillograph for their new type 702 computer 

DU MON 

When IBM Corporation, world's largest manu-

facturer of computer equipment, produced their 

new Model 702, an essential phase of the proj-

ect involved selection of a cathode-ray oscilla-

graph to go into the field with each computer 

as standard test equipment. Requirements were 
strict. 

IBM's approach to the problem was to conduct 

side-by-side evaluation with other competitive 

instruments. On the basis of actual perform-
ance, they selected the Du Mont Type 329 
as their test oscillograph. 

What are some of the primary reasons why 

IBM decided on the Du Mont Type 329? 
Excellent sensitivity—either d.c. or a.c. coupled. 
Precisely calibrated sweeps with movable notch 

magnification—ideal for making accurate meas-

urements. Brightness—adequate for display of 

very fast pulses. Synchronization simplicity— 

the Type 329 "locks in" on almost any type 
of signal. Stability—the trace remains steady 

as a rock despite power line fluctuations, etc. 
Reliability in service—calibration adjustment 

requires no extra test gear and is a simple 
one-step process. And virtually any tube may 
be replaced without special selection. 

Another factor contributing to the selection of 

the Type 329 was the well known Du Mont 
Field Service Organization, which assures that 

regardless of where in the United States the 
equipment is used, swift, competent service 

facilities are in the immediate vicinity. 

If you have instrumentation requirements, 

Du Mont facilities are always available for 
discussion and recommendations. Write us 

today for complete information on the Type 

329, or on any problem you may have relat-
ing to cathode-ray instrumentation. 

-"Modified slightly for IBM's application." 

ALLEN B. DU MONT LABORATORIES, INC. • TECHNICAL SALES DEPARTMENT 

760 Bloomfield Avenue, Clifton, New Jersey 
44 WHEN WRIT; \:(; 11'() .\1'\ \ \ 1 11) 
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Watertightness for a condenser is one of the 
most important prerequisites for good ser 
vice and long life. 

In equipment intented for long service and on 
which safety cf the users depends (as in air-
craft applications for instance) one cannot be 
satisfied with NEARLY watertight condensers, 
STATISTICALLY tested by a couple of thermal 
cycles in moist atmosphere. 

The watertightness of EACH STEAFIX conden-
ser has been tested by immersion in water 
under vacuum, followed by measurement of 
insulation resistance, thus giving to the user an 
absolute guarantee of long life and good 
service. 

In advance of all standards now in use STEAFIX 
obtains watertightness of its condensers by the 
use of new molding mcrerials and of techniques 
covered by patents which are its exclusive pro-
perty. 

Resisting time and weather, STEAFIX conden-
sers give you perfect service for the minimum 
price. 

STEAFIX capacitors resist time und weather 

eee 

•00,,eo P\i,5 
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Societe Anonyme au capital de 65.000.000 de Francs 

17, RUE FRANCCEUR, PARIS 18* - FRANCE 

TÉL. MONtmartre 02-93 
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Tests show two CATHALOYS 
most versatile cathode materials 

New alloys from Superior Tube 

simplify selection, prolong tube life 

Now the engineer's job of selecting the right cathode alloy for 
practically any electron tube can be a simple choice between two 
new CATHALOYS from Superior Tube. 

CATHALOY 132* is an active alloy characterized by rapid activation, 
high emission level throughout life, absence of interface impedance, 
and very low sublimation. These remarkable advantages are the 
result of using aluminum in place of silicon or magnesium as the 
reducing agent. The addition of a small percentage of tungsten 
also makes A-32 approximately 50% more shock resistant than 
cathodes without tungsten. Thus A-32 is suitable for virtually 
any active alloy application, including ruggedized tubes. 

CATHALOY P-50 is a passive alloy of carefully controlled analysis 
that is commercially available in WELDRAWNt cathodes as well as 
Lockseam.$ It can be made in WELDRAWN form because of its 
capacity to take much more severe reductions in cold drawing 
without rupture than other grades of passive alloys. P-50 is 
identical in composition with the well-known ASTM Grade 21. 
The important difference is in the method of melting which im-
proves the uniformity and completeness with which deoxidation 
is accomplished. All heats are tested in Superior Tube's laboratory 
before being approved for production. 

Ask for complete technical reports on both these new CATHALOYS. 
Write Superior Tube Co., 2506 Germantown Ave., Norristown, Pa. 

*Patent applied for TTM Reg. U.S. Pat. Off., Superior Tube 

CATHALOY A-32-3750 psi Tungsten-free cathode alloy-2500 psi 
50% STRONGER. High temperature tensile testing machine proves 
Cathaloy A-32 approximately half again stronger than tungsten. 
free cathode alloys. 

ON TEST. Laboratory photo of test diodes used in Superior Tt.be's 
electronic laboratory. Under exhaustive tests, the new Cathaloys 
display performance characteristics not present in other alloys. 

:Manufactured under U.S. patents Mau. Cathaloy is a trademark of Superior Tube Co., Reg. U.S. P. Ofl. 

WELDRAWN PASSIVE ALLOY. Typical uses for Cathaloy P-50 are in 
Weldrawn cathode sleeve shown at right and in disc cathode 
shank at ieft. Heretofore, passive alloys have not been commer-
cially availaole for these applications. 

eSeeeer•tev. 
The big name in small tubing 

All analyses .010" to W' 
OD. Certain analyses in 
light walls up to 21/2" OD. 

-16.\ wiiEN wRITING To ADVERTISERS PLEASE MENTION- PROCEEPI:VG.,.. L-.1: THE I . R.E. 



so many buyers insist on 

reehecCae eetanúcs 

because ... AlSiMag is manufactured 
under strict quality control from the best 
materials available. 

because ... Precision tolerances and su-
perior workmanship are matters of routine 
with AlSiMag. 

because... Thoroughly trained Re-
search and Engineering Staffs are available, 
without charge, to help with customer's de-
sign and application problems. 

because ... AlSiMag represents the net 
result of over 53 years of specialized experi-
ence in the technical ceramics f eld. 

because ... With A'SiMag, you can be 
sure of receiving as many parts as you want 
—when you want them. Four large plants 
house an abundance of the most up--o-date 
mixing equipment, high-capacity presses, 
die ana tool shops, huge kilns, skilled man-
power. 

Your own exper'ence will add many more reasons. 
specify AlSiMag on your next order for precision 
pressed or extruded ceramics . . . see how easy your 
buying job can become! 

)54TH YEAR OF CERAMIC 

LEADERSHIP CORPORATION 

AMERICAN LAVA CHATTANOOGA 5, TENNESSEE I 
A Subsidiary of 

Minnesota Mining and Manufacturing Company \ 

Branch offices in these cities (see your local telephone directory): Cambridge, Mass. • Chicago, Ill. • Cleveland, Ohio • Dal as- Houston, Texas • Indianapolis, 

Incl. • Los Angeles, Calif. • Newark N. J. • Philadelphia- Pittsburgh, Pe. • St. Louis, Mo. • South San F-ancisco, Calif. • Syracuse, N. Y. • Tulsa, Okla. 
Canada: Irvington Varnish & Insulator Div. Minnesota Mining g, Mfg. of Canada, Ltd., 1390 Bur hngton Street East, Hamilton Ontario, Phone Liberty 4-5735. 



The most 

valuable 

reference 

work 

in the 

world 
• for the electronics engineer 

• for buyers of component parts 

• for users of electronic equipment 

• for anyone who must 

FIND FACTS FAST 
The IRE Directory contains full information on 3000 firms manufacturing products or furnishing services 

in the radio-electronic field, brought up-to-date every year. 

Arranged efficiently and logically, the way an engineer thinks, for simple 

location of any product or service-

675 specific products and services, arranged under 

99 major headings in 

4 great groups 

• Communications 

• Components 

• Controls and Instruments 

• Materials and Services 

USE YOUR IRE DIRECTORY . . . IT'S VALUABLE 

1955 edition coming September 15. 

THE INSTITUTE OF RADIO ENGINEERS 
1 East 79th Street, New York 21, N.Y. 
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The important load isolation functions of Unilines are 
now available to designers and users of microwave sys-
tems and test equipment operating in the S-Band. 

New, inherently rugged mechanical designs permit safe 
operation at substantial peak and average powers. Cas-
cade Research has designed these units to optimize iso-
lation-to- insertion loss-ratio. Specicl techniques have 
made possible a reduction in size and weight of the in-
tegral permanent magnets. As in all Unilines, no exter-
nal power source is required. 

These Unilines can also be furnished as an integrated 
part of a microwave circuit and may include such ele-
ments as directional couplers, hybrid junctions, twists, 
bends, mixers and crystal holders. Unilines with even 

I ••-•`...`-•• i•••-••••••• • .. ... ya uem, 11,••• vuuci utc•civpincals. 

' 

28-32D 

.. • 

SL- 132 

.........tio+ .i. 

..• 

SL-133 H-28-32 MODEL 28-32A 28-32B 28-32C 

FREQUENCY RANGE 2.8-3.2 KMC 2.8-3.2 KMC 2.8-3.2 KMC 2.8-3.2 KMC 2.0-2.4 KMC 2.0-2.4 KMC 2.8-3.2 KMC 

FORWARD ATTENUATION 
(TYPICAL) 

1.6 DB 1.2 DB 0.8 DB 0.4 DB 1.0 DB 1.0 DB 0.4 DB 

REVERSE ATTENUATION 
(TYPICAL) 

27 DB 20 DB 13 DB 6 DB 20 DB 20 DB 10 DB 

V.S.W.R. (TYPICAL) 1.2 1.2 1.2 1.2 1.2 1.2 1.15 

AVER.TRANSM'TTER POWER 
INTO V.S.W.R OF 2:1 50 WATTS 50 WATTS 50 WATTS 50 WATTS 50 WATTS 50 WAT TS 150 WATTS 

PEAK POWER 
INTO V.S.Vi.R. OF 2:1 150 KW 150 KW 150 KW 150 KW 200 KW 200 KW 150 KW 

WAVEGUIDE SIZE RG-48/U RG-48/U RG-48/U RG-48,4.1 RG-105 /U RG-48/11 

WAVEGUIDE FLANGES UG-53/U UG-53/U UG-53/U UG-53/U COAX TYPE 
N OUTPUT UG-437.AU UG-53/U 

APP-ICATIONS 
LOAD ISOLATION: Will provide substantial isolation be-ween 

source and load with negligible loss in transmitted power. 

ELIMINATES LONG LINE EFFECTS present where antennas ore 
located remotely. 

REDUCES PHASE DISTORTION by elintinatin multiple reflections. 

PROVIDES SMOOTHER TUNING, grea•ly reduces mismatch pre-
sented to a magnetron by the antenna, eliminates tendency of mag-
netrons to lock on some frequencies or foil to operate on others. 

SMOOTHS OUT POWER VARIATIONS WITH TUNING: Magnetron 
power output to Uniline is maintained a- maximum despite changes 
in line parameters due to changes in frequency. 

KLYSTRON, OSCILLATOR-AMPLIFIER BUFFER: Addition of 
Uniline between oscillator and amplifier con mapeedly reduce pos-
sible pulling ond power inconstancy. 

CASCADE 
ESEARC 
ORPORATION 

53 VICTORY LANE, 
LOS GATOS, CALIF. 

WRITE FOR DETAILED 
TECHNICAL LITERATURE 

VISIT US IN BOOTH 155. .. WESCC N....AUGUST 24, 25, 26, SAN FRANCISCO. 
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LOWER 

YOUR SET 

COSTS 

WITH THIS 

LOWE Ft-PRICED 

DEPENDABLE 

SPEAKER 

A line of 
speakers 

designed for peak 
performance. Break 
off or cast magnet 
may be used. 

IF ow priced only because 
-«À of unusually efficient 
manufacturing techniques. 

produced under rigid 
▪ quality control. Metal 
stampings completely 

manufactured in our own Tool, Die and Punch Press Depart-
ments. Exceptionally thorough final inspection. 

plugs, transformers and/or brackets to your 
▪ specifications. 

L ower your set costs with this dependable speaker. Write for furth er in-
formation TODAY. 

OTHER HEPPNER PRODUCTS: 
Ion Traps, Centering Devices, Fly-
Back Transformers and Focomags. 

Representatives: 

WILLIAM I DUNCAN, JR., 3451 N 10th St, Philadelphia 40, Penna. • RALPH HAFFEY, R.R. 1, 
U.S. 27, Coldwater Rd., Ft. Wayne 8, Indiana • IRV M. COCHRANE CO., 408 S. Alvarado St., Los 
Angeles, Calif. • JOHN J. KOPPLE, 60 E. 42nd St., New York 17, N Y. • BEN H. TOLLEFSON, 144 
Collingsworth Drive, Rochester 10, N. Y. 

HEPPNER 
MANUFACTURING COMPANY 

ROUND LAKE, ILLINOIS 
(50 Miles Northwest of Chicago) 
Phone: 6-2161 
Specialists in Electro-Magnetic Devices 

Richard P. Gaunt (M'53) has joined the 
Lockheed Missile Systems Division as a 
member of the research staff. Mr. Gaunt 
has been associated 
for many years with 
the CalTech Jet 
Propulsion Labora-
tory where he was 
a Senior Research 
Engineer in charge 
of a missile systems 
group. 

He has worked 
in the design and 
development of the 
guidance system for 
the Corporal mis-
sile concentrating in the design of special-
purpose analog computers and differential 
analyzers. 

Mr. Gaunt was born in Mount Vernon, 
N. Y. and received the B.S. in Physics from 
Brown University in 1948. His hobby is 
music and at the present time he is studying 
modern jazz piano. He is a member of the 
Beta Theta Pi fraternity, the IRE and 
Sigma Xi. 

R. P. GAUNT 

Stuart L. Bailey, President of Jansky 
& Bailey, Inc., Washington, D. C. 
recently announced the election of 
Delmer C. Ports 
(A'38-SM'45),Chief 
Engineer, to the 
position of Vice-
President. 

Mr. Ports re-
ceived the B.S. de-
gree in Electrical 
Engineering at the 
George Washington 
University and the 
M.S. degree from 
Ohio State Uni-
versity. 

As an engineer for Jansky & Bailey, 
which he joined in 193(i. Mr. Ports was 
first engaged in antenna design and in-
stallation projects and in wave propaga-
tion studies. He also worked in the devel-
opment of high frequency measuring tech-
niques and equipment. 

With the advent of World \Var II, he 
took part in a number of research projects, 
sponsored by the Office of Scientific Re-
search and Development, related to an-
tenna characteristics, propagation phe-
nomena and communication systems. He 
was in charge of programs to develop tech-
niques and measure characteristics of high 
frequency antennas and supervised re-
search which experimentally isolated some 
of the factors affecting propagation in the 
high frequency and very high frequency re-
gions. 

During this period Jansky & Bailey 
established a laboratory io measure com-
munication systems in use by the military. 
Mr. Ports assumed the responsibility for 
this work. 

He is a member of the American Insti-

D. C. PORTS 

(Continued on pogo 52A) 
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Type HG Relay 

interest yo ? 

Type HGP Relay 

• CLtaway view of HG Relay showing how 

wick action keeps the mercury at the 
contacting surfaces continuously replenished. 

New CLARE Mercury-Wetted Contact Relays meet ALL rerluilrenents 
of today's high-speed switching devices 

• If you design high speed switching machines or devices 
which demand accuracy and dependability of the highest 
order, you should know ALL about the new CLARE Mercury-
Wetted Contact Relays. 

CLARE Type HG and HGP Relays offer a combination of high 
speed, high current- and voltage-handling capacity, and ex-
traordinary uniformity of performance over very long periods. 

The relays consist of a magnetic switch, hermetically sealed 
in a high pressure hydrogen atmosphere in a glass capsule, 
and a coil, enclosed in a steel vacuum-tube-type envelope 
which has a standard medium-sized octal base. Platinum con-
tact surfaces are continually wetted with mercury by means 
of a capillary connection to a mercury reservoir below the con-
tacts. Type HGP Relays can be factory-adjusted to provide 
either biased or polarized operating characteristics. 

For complete information on the new CLARE Type HG and 
HGP Mercury- Wetted Contact Relays, contact your nearest 
CLARE representative or address C. P. Clare & Co., 3101 
Pratt Blvd., Chicago 45, Illinois. 

Send for CLARE Sales Engineering Bulletin No.120 

FIRST 
in the 
industrial 
field 

CLARE Type HG and HGP Relays 

are built to meet 

the exacting requirements for— 

Computing mach ses Servo- mechanisms 
Sorting machines Relay amplifiers 
Tabulating machines High-speed keying relays 
Totalizers Signaling devices 

Ali kinds of nigh- speed switching devices 

 •   

Oestanding features of 

CLARE Type HG and HGP Relays 

ELECTRICAL FEATURES 
LONG LIFE: Conservative life expectancy of 
over a billion cperations when operated within 
ratings. 

HIGH SPEED: Give consistent performance 
at speeds up ta 60 operations per second. 

HIGH CURRENT—and voltage-handling ca-
pack,/ ( up to 5 amperes, and up to 500 volts). 

UNIFORMITY: Operating time varies by only 
aboLt 0.1 millisecond under constant drive 
conditions. 

NO CONTACT BOUNCE 

MECHANICAL FEATURES 
• Small chassis space required 

• Convenient plug-in mounting 
• Environment-free 

• Tamperproof 

• High sensitivity 

• Maintenance-free 

• Na contact wear 

• Adjustment cannot change 



RHEEM ELECTRONIC 

EQUIPMENT FOR 
OUTSTANDING QUALITY 

RHEEM SUBMINIATURE 

VOLTAGE REGULATOR 

Model REL-11 

Specifications 

Size  1-3/4" x 2-5/16" x 4-3/8" 
Weight  14 ounces 
Output Voltage  Any nominal voltage from 135 to 235 volts, 

adjustable range -1-10% of the nominal voltage 
Current  Up to 200 milliamperes 
Ripple Reduction Factor  5x 10-4 
Output Impedance .. Will not exceed 2 ohms from 1 cps to 200,000 cps 
Regulation  Within .05% for load variations of -1-25% 

and input variations of -1-20% 
Minimum DC Input Voltage  Equal to 100 volts greater than 

the regulated output voltage 

AIRBORNE POWER SUPPLY 

REL-14 (- 1, - 2, - 3) 

Special Features 
•Size 7" x 7" x 
Weight 14 lbs. 
•REL-14-2 and RE L 14-3 have 
slightly larger dimensions. 

ELECTRICAL CHARACTERISTICS 

—1 
Regulated output 
Voltage 
Current 
Ripple 
Impedance 
Regulation 
Unregulated output 
Voltage 
Current 
Power requirement 
Input voltage 

Input current 

150 V DC 
150 ma 
5 MV rms 
2 ohms 
0.5% 

250 V DC 
100 ma 

27 V DC 
-1-10% 
5 amps 

—2 —3 

150 V DC 150 V DC 
250 ma 300 ma 
5 MV rms 5 MV rms 
2 ohms 2 ohms 
0.5% 0.5% 

250 V DC 250 V DC 
100 ma 200 ma 

27 V DC 27 V DC 
+10% +10% 
10 amps 14 amps 

RHEEM AIRBORNE 

POWER SUPPLY 

Model REL-16 

Specifications 
Input 115 V, 400 cycle, single phase 
Regulated Output 150 V, dc at 200 ma 
Regulation Within 0.05% for Load Variations 

of + 25% and input variations of + 20% 

Ripple  5INV rms 
Output Impedance Will not exceed 2 ohms 

from 1 cps to 200,000 cps 
8-3/4" x 2-5/16" x 34/8" Size 

Weight 2 lbs., 13 ounces 
Environmental Operation Meets existing aircraft and missile 

environmental specifications of vibration, 
temperature, acceleration, shock and altitude. 

MIN 

RHEEM 
Instrumentation 

Units are: 

... Designed to operate under the most rigorous environ-

mental conditions and to meet the most exacting specifi-

cations required by modern systems. 

...Designed to fulfill the demands of industries for in-

creased performance fiom existing instrumentation units. 

... Designed for compactness, simplicity, and versatility, 

and for integration into existing systems. 

... Designed and built with components of the highest 

qua'ity for lasting accuracy and dependability. 

for complete information on these and other units or on 

specialized electronic design problems, contact: 

RHEEM 

Manufacturing Company 

Government Products Division 

9236 East Hall Road, Downey, California 

You Can 
Rely on... 

(Continued from page 50.4) 

tute of Electrical Engineers, and an associ-
ate member of the Acoustical Society of 
America. He serves on a number of techni-
cal and professional committees including 
the Committee on Antennas and Wave-
guides, Standards Committee, Joint IRE-
AIEE Committee on High Frequency 
Measurements, Commission Six of Inter-
national Scientific Radio Union, and 
Administrative Committee of IRE Pro-
fessional Group on Antennas and Propaga-
tion. Mr. Ports is a member of Sigma Xi, 
Eta Kappa Nu, and Sigma Tau. 

F. Stanley Atchison (A'53—SM'53) has 
been appointed Technical Director of the 
U. S. Naval Ordnance Laboratory, Corona, 
California. He suc-
ceeds Ralph A. 
Lamm who is join-
ing the staff of Ben-
dix Aviation Cor-
poration. 

Dr. Atchison 
was born in Mis-
souri and received 
the Ph.D. in phys-
ics from the State 
University of Iowa 
in 1942. Joining the 
staff of the National 
Bureau of Standards in 1942 as a physicist 
in the Ordinance Development Division, 
he worked on proximity fuzes and went 
to the Mariana Islands as technical ad-
visor to the Army Air Force during their 
first use of proximity fuzed bombs at the 
invasion of Iwo Jima. Dr. Atchison was 
subsequently put in charge of the Missile 
Intelligence Section, where he was con-
cerned with the design of electronic sys-
tems for guided missile control. He moved 
to California in 1951 when the National 
Bureau of Standards established its Corona 
Laboratories, and directed a special re-
search project on developments for elec-
tronic computers. Last year he was ap-
pointed head of the Physical Science De-
partment, which is engaged in research in 
physics, chemistry, and electronics. 

Dr. Atchison is president of the Sigma 
Xi Club at the University of California at 
Riverside and a member of the American 
Physical Society. 

F. S. ATcHisoN 

•:* 

The TelAutograph Corporation has 
recently appointed R. G. Leitner (SM'53) 
to the post of Chief Engineer. In his new 
position, Leitner will direct the develop-
ment of TelAutograph communication 
systems and also the company's expanded 
program into automation, nucleonics, and 
electronic instrumentation. 

Mr. Leitner formerly served as Chief 
Research Engineer for Packard Bell Com-
pany, and prior to that time in a similar 

(Continued on page 54A) 
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STANDARD ... 

on the ultra- modern 

DOUGLAS DC-7C 

BENEFITS NEVER BEFORE POSSIBLE 

•no annoying ear-popping 

•simple controls — automatic, reliable 

•far less maintenance 

No sensor contacts or filters to clean. 

*completely electrical 

No complex tubing. 

•lower cost 

•lighter weight 
As much as 60% lighter! 

»easily retrofitted in 
any existing aircraft 

•particularly adaptable to future 

high performance air transports 

new KOLLSMAN KS-54 cabin pressure control system 

DOUGLAS chose the new Kollsman KS-54 

Cabin Pressure Control System for their new 

DC-7C's because of the many decided advan-

tages it offers over the other existing systems. 

LIVING-ROOM COMFORT IN THE CABIN .. . There is no 
annoying ear-popping because cabin pressure is held 
practically constant under cruising conditions. Even 

when cabin pressure is changing, the rate of change 
is so smoothly controlled that the actual change of 
pressure is unnoticable. 

as used by 
American Airlines 
Braniff International Airways 
British Overseas Airways 
KLM Royal Dutch Airlines 
Northwest Airlines 
Pan American-Grace Airways 
Pan American World Airways 
Sabena 
Scandinavian Airlines System 
Swissair 
United Air Lines 
Western Air Lines 

PEACE OF MIND IN THE COCKPIT . .. When the controls 
are set, the system is fully automatic and thoroughly 

reliable — especially so because of the simplicity of 
the Kollsman design. 

NO WORRY IN THE MAINTENANCE SHOP . . . The com-

ponents are simple and rugged, proven dependable 
and require a minimum of maintenance. There are 
no sensor contacts or filters to clean, no complex 

tubing to worry about. 

WRITE for special folder giving full technical details 

on the new Kollsman KS-54 System, or ask to have 
a sales engineer visit you. 

kollsman INSTRUMENT CORPORATION 
 •) 

110•16 45th AVE, ELMHURST. NEW YORK • GLENDALE, CALIFORNIA • SUBSIDIARY OF SiafIdaid COIL PRODUCTS CO. INC. 
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PULSE-
FORMING 
NETWORKS 
are Custom-Made 

a eY 

See Us 
in Booth 504 

WESCON Show 
Aug. 24-26 

e Pulse-Forming Networks are custom-made to 
precise specifications at ESC! Just one of 

many, illustrated above is the No. 11-54 Dual 
Pulse-Forming Network which forms two .6 

p.sec pulses at 12 ohms impedance and 500 
Volts DC Working. All ESC Pulse-Forming Net-

works are designed to meet MIL Specs. 

Write for data on ESC Networks 

and complete, new catalog. 

CORPORATION 

534 Bergen Blvd., Palisades Park, New Jersey 

CAPITOL 
RADIO 

INSTITUTE 
! Advanced Home Study and R3sidence 
1 Courses in Practical Radio- Electronics 

and Television Engineering 

Requeet your free Home Study or 
Resident School Catalog by writing to: Dept. 26-B7 

Pioneer in Radio Engineering Instruction Since 1927 

Accredited 
Technical 
Institute 
Curricula 

3224 16th St, N. W. Washington 10, D. C. 
Approved for Veteran Training 

Broadband 
Amplifier 

• Increases oscilloscope and voltmeter sensitivity 

• Amplifies short pulses without objectionable 
distortion 

• Drives high-speed electronic counters 
• Makes ultrasonic delay line measurements 

This New London Broadband Amplifier features 

a maximum gain of approximately 60 db over 

the entire 15 Kc-50 mc frequency range. Rise 

time is approximately 0.010 m:croseconds. 

Write for catalog 

MODEL 160 

NEW LONDON 
INS RUMENT 

inpant 
82 Union Street 

New London 7, Conn. 

(Continued from page 52.4) 

position at Lear, Incorporated. He was 
chairman of the 1952 Western Electronic 
Show and Convention and has been a Di-
rector of the West Coast Electronic Manu-
facturers Association as well as Vice-Chair-
man of the Los Angeles Council. 

About 200 of his associates joined in a 
luncheon this spring at the Naval Re-
search Laboratory to honor Samuel D. 
Summers (SNI ' 50 ), consultant to the Elec-
tronics I ) ivision, who is retiring from Civil 
Service. 
A native of Hornbeak, Tenn., Mr. Sum-

mers attended Memphis State College; 
he received the Bachelor of Science in Ekc-
trical Engineering from the Tri-State Col-
lege in Angola, Indiana. He did graduate 
work at the Massachusetts Institute of 
Technology and the University of Michi-
gan and received the Master's degree in c.c. 
from the University of Maryland. 

He was an instructor in electrical en-
gineering at Tri-State College in 1923 and 
later became a professor at the school. For 
three years, he was head of the Electrical 
Engineering Departmmt. From 1925 to 
1931, Mr. Summers was an electrical en-
gineer with the Commonwealth & South-
ern Corporation at Jackson, Michigan, 
where he designed electrical power sta-
tions and tra nsm issitin lines. 

During World War II, Mr. Summers 
served as an electronics officer in the Navy, 
and was assigned to the Naval Research 
Laboratory as a member of the Aviation 
Electronics Service Unit. Ile joined NRI. 
as an advisor on problems relating to naval 
electrical and electronics applications in 
1945. 

Mr. Summers is a member of the Amer-
ican Institute of Electrical Engineers. 

The following transfers and admissions 
were approved and are now effective: 

Transfer to Senior Member 

Basore, B. L.. 2405 Parsifal, N. E., Albuquerque. 

N. Mex. 

Bindner, J. T., 550 Federal Office Bldg., Seattle. 

Wash. 

Boehm, W. R., Norfolk Naval Shipyard, Ports-

mouth, Va. 

Brown, J., 4804 Lackawanna St., College Park. Md. 

Bull. W. A., 16465- 21 Ave., S.W., Seattle 66, 

Wash. 

Cahn, S. L., 7712 Danvers St., Downey, Calif. 

Chandler, J. F., 7309 W. Touhy Ave., Chicago 31, 

Cowl, E. M.. 45 Overlook Rd., Cedar Grove, N. J. 

C1 ,11tillIf ell Olt page 56A) 
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revolutionary ALUMINUM CORE BOX' construction 
withstands HIGH TEMPERATURE • VACUUM IMPREGNATION 

HEAVY WINDING STRESSES • SHOCK and VIBRATION 

This is a development which calls for immediate changes in 
purchasing specifications for Tape Wound Cores, because intro-
duction of the Aluminum Core Box means designing your toroids 
around four important new advantages: 

I. Use of an aluminum core box means the new Magnetics, Inc. 
tape wound cores will withstand temperatures of at least 450° F. 

2. Because of the unusual seal provided by forming the aluminum 
over the silicone glass seal, true vacuum impregnation of your 
coils is now possible. Varnish cannot penetrate the core box and 
affect magnetic properties of the tape. 

3. The strong aluminum construction absolutely prevents deflec-
tion of the core box when coils are wound—a distortion-free 
construction which means no change of magnetic properties. 

4. Cushioned with an inert material, the tape winding in the core 
box is protected against vibration and shock. In most cases it is 
so completely minimized that it is no longer a problem. 

Because of the many advantages of these new Magnetics, Inc. Tape 
Wound Cores, it will pay you many times over to specify "Alumi-
num Core Boxes" on your next order. 

tPATENT PENDING 

Immediately available in 109 stand-

ard sizes, using all commercially 

available magnetic materials. 

ALL e34 Amente_( ea eneezew 

For full details, write for 

Bulletin TWC-200 

Catalog TWC-100 

I7111GRETICS inc. 

DEPT. 1-21, DUELER. PENNSYLVANIA 
PROCEEDINGS OF THE I.R.E. July, 1955 



wh ee  
the element calls 

for PRECISION 

How SECON Fine Wire is used in 
critical Government end-use items 
SECON'S HIGHLY ENGINEERED FINE 

WIRE IS BEING USED TO MEET CRITICAL 

SPECIFICATIONS BY MANUFACTURERS 

OF IMPORTANT DEFENSE AND MILITARY 

END-USE ITEMS. 

Precision Wire-Wound Potentiometers 

In supplying precious metal alloy 
wire for these, Secon not only con-
forms to the physical and electrical 
characteristics on the manufacturer's 
specifications, but also winds a proto-
type potentiometer from each melt, 
which is tested for life, noise, and other 
characteristics which cannot be speci-
fied on the wire. Roundness of so small 
a magnitude that it cannot be measured 
is a carefully controlled characteristic 
which receives Secon's continuous at-
tention. 

Direct-Heated Cathodes in 

Electronic Vacuum Tubes 

Wire and ribbon for use here are in-
dividually prepared for each manu-
facturer to insure satisfactory opera-
tion. Secon sets aside the melts until 
the manufacturer has ascertained the 
emission and life characteristics of the 
melt. Approved Secon melts are then 
used exclusively to supply the manu-
facturer who made the tests. 

Electra-Plated Odd Wire for 

Electronic Vacuum Tubes 

Precious metals used for these are 
carefully selected for purity. Only high 
purity gold, rhodium, silver and others 
are employed. 

Strain Gauge Wires 

These are most carefully selected, in 
both precious and base metals. Samples 
of Secon melts are tested by the manu-
facturer of the strain gauge for tem-
perature coefficient of resistance, gauge 
factor, and other important character-
istics. To insure uniformity, Secon sets 
aside approved melts for the exclusive 
use of the manufacturer who made the 
tests. 

New Wire Products for Semi-

Conductors, Transistors, Diodes, 

Crystals 

Developed through special research 
for application in these fields, the new 
products include: 

Gold: fine gold in purities up to 
99.99%; and doped gold alloys. 

Aluminum: fine aluminum wire in four 
grades: ( 1) 2S aluminum, 99% 
pure; (2) EC grade aluminum, 
99.4% pure; (3) 99.97% pure alumi-
num; (4) special high purity 
aluminum, 99.99% pure. 

Whisker Wires: in base metals as well 
as hard platinum alloys, with close 
tolerances on straightness and hard-
ness in all types. 

Lead-in Wires of a great variety such 
as tinned copper wire or ribbon. 

Secan specializes in the development, re-
search and production of special alloys 
and pure metals, processed to very 
small diameter wire—in all shapes— 
round, oval, flat, ribbon, grooved—for 
highly engineered applications in elec-
tronics, instrumentation, ordnance, 
aviation, nuclear physics, atomic en-
ergy, guided missiles, automotive in-
dustry, and other fields. 

Close tolerances and controlled specifica-
tions can be held on many important 
characteristics such as: resistance, 
tensile strength, elongation, surface ap-
pearance, special spooling, purity, 
torque, linearity, composition, cross 
section, weight per unit length, uniform 
plating, dependable insulation, tempera-
ture coefficient of expansion and re-
sistance, and strain sensitivity. 

Secon end-products include: 

• Fine Wire drawn to 0.0003" 
diameter 

• Ribbon rolled tu 0.0001" in 
thit kness 

• Electro-Plated Wire and 
Ribbon 

• Special Solder 

• Enameled and Insulated 
Wire 

• Pirani Gauge Wire 

• Electric Primer Ignition 
Wire 

• Galvanometer Sumpenmiun 
Strip 

• Etched Wire 

• Precision Potentiometer 
Wire 

• Transistor Wire 
Components 

• Electronic Vacuum Tube 
Wire Components 

• Experimental Melts 

Secon invites you to discuss your metal-
lurgical problems with its Research and 
Development Department. 

Write for Pamphlet P-7. 

SECON METALS CORPORATION 
7 Intervale Street, While Plains, N.Y. 

WHite Plains 9-4757 

(Continued from page 54A) 

Day, R. G., Constantia. N. Y. 
Durkovic, J. E.. 10316 Colmille Rd., Silver Spring, 

Md. 
Flynt, E. R., Engineering Experiment Station, 

Georgia Institute of Technology, Atlanta. 

Ga. 
Galloway. W. C., 5215 Pritchard St., Seattle 6 

Wash. 

Gray, R. D., 868 Lewis Ave.. Sunnyvale, Calif. 

Griffin, W. F., 10 McMaster St., Bath, N. Y. 
Hammond, S. B., Engineering Hall. University of 

Utah, Salt Lake City, Utah 
Hudek, V. R., 3600 White Oak Rd., S.E., Cedar 

Rapids, Iowa 
Jackson, T. T., 54 Woodcut La., Rosyln Heights, 

L. I., N. Y. 

King. H. E.. Court F-31-C2. Stadium Ter., Cham-
paign. Ill. 

Kortman. C. M., 13536 Ottoman St., Pacoima, 

Calif. 
Lambert R. D., Jr., Box 55, R.F D. I, Columbia, 

S.C. 
Lebacqz, J. V.. Electronics Research Laboratory. 

Stanford University, Calif. 
Lippert, G. R.. 6013 Ackley Rd., Parma 29. Ohio 
Martin, D., 1818 Kimberly Rd., Silver Spring. Md. 
McMillan, R. E., R.F.D. 2, Palls Rd., Clinton, 

N. Y. 

Naylor, R. W., 55 Highview Cres., Toronto 10, 
Ont., Canada 

Noorland, M., 126# N. Flores St.. Los Angeles 48, 
Calif. 

Petrillo, S. E., 35 Pinckney Rd., Red Bank, N. J. 

Pride. E. W., 370 E. Benwood St.. Covina, Calif. 

Pritchard, R. L.. 2153-A Daisy La., Schenectady 
9, N. Y. 

Ralston, G., 182 Franklyn Rd.. Trenton. N. J. 

Riggs. J. H., 255 Grimsby Rd., Kenmore 23, N. Y. 
Roberts, W. G. F.. 274 Ryebank Rd., Chorlton-

Cum-Hardy, Manchester 21, England 
Rothe, H., 14A Ulm-Soeflingen, Rehweg 20, 

Germany (U. S. Zone) 
Rubio. J. M., Ayacucho 1147, Burnos Aires, Argen-

tina 
Schentes. M. J., 480 Crestwood Ave., Apt. 39, 

Hackensack, N. J. 
Schwan, H. P., Moore School ol Electrical Engi-

neering, Universtty cf Pennsylvania, 

Philadelphia 4, Pa 

Showers, R. M., Moore School d Electrical Engi-
neering, 200 S. 33 St., Philadelphia 4, Pa. 

Walling, G. P., 721 Golfview Rd., Dayton 6, Ohio 
Welch, C. M., 1001 Organ View Dr., Las Cruces, 

N. Mex. 

White, W., 251 Ivan Ave., Hamilton, Ont., Canada 
Williams, H. M.. 1114 Marian Dl., Alexandria, Va. 
Wilson, L. D.. 1220 E. Mt. Pleasant Ave., Phila-

delphia 19. Pa. 
Wilson, R. D., 315 Phillips Hall, School of Electri-

cal Engineering. Cornell University. 
Ithaca, N. Y. 

Yeagley, F. W., 3203 Bevelly Dr., Austin, Tex. 

Admission to Senior Member 

Affel, H. A., Jr., Philco Corp., 4700 Wissahickon 
Ave., Philadelphia 44, Pa. 

Applegate, J. A., 640 Summer St, Burlington, Ia. 
Applegate, I. D., Department 861, Western Elec-

tric Co., Inc. Winston-Salem, N. C. 
Benecke, H. O., R.F.D. 3, Doylestown, Pa. 

Biggar, R. A., H. C. Johnson Agencies, Inc., III 

Mt. Hope Ave., Rochester, N. Y. 
Brooks, H. B., 4068 E. Paseo Grande, Tucson 12, 

Ariz. 
Caraway, J. B., 620 Sunset Ave., Evansville, Ind. 

Chope, IT. R., 1083 Sells Ave., Apt. E, Columbus 12, 
Ohio 

Cope, J. E., 13 Cavendish Ave.. Cambridge, 

England 
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ITJcILEs 

subminiature 

germanium point-contact 

A greater range of diode characteristics—this is what the 
vigorous and continuing Hughes program of research and development 

means to you. For instance, you can spell out your requirements 
for germanium diodes in terms of your particular circuit application. 

Frequently, you will find that there is a Hughes type in the 
extensive line that matches those requirements with just the right 
characteristics. If not, a special type, tested to meet your exact 

requirements, can be supplied readily. 

The Hughes line of semiconductors is 
being steadily expanded. New germa-
nium and silicon devices, including 
transistors and power rectifiers, now 
under development, are being readied 
for commercial production. Watch for 
their release. Meanwhile, whenever your 
equipment design ca'Is for subminiature 
germanium diodes, be sure to specify 
Hughes. With extraordinary records of 
failure-free service, they arc first of all 
... for RELIABILITY! 

Listed below are a few of the more popular types, 
arranged for quick and easy selection, according to 
forward and reverse characteristics. More detailed 
specifications are given in pertinent data sheets. 

WORKING 
INVERSE 
VOLTAGE 

FORWARD CURRENT 
(Milliamperes) 

30 200mA ® — 20V 

3-5 5 10 20 50 100 150 200 

HI) 2152 

40 10mA ® — 10V 0:128* 

60 
509A ® — 50V 
1008A ® — 50V 
500mA ® — 50V 
850mA ® — 50V 

1N1I6 
1N90 
1N126* 

1N117 
1N95 

1N118 
1N96 

HI) 2167 
HD 2166 
HD 2155 

Hi) 2173 
111) 2174 
111) 2162 

HI) 2160 
HD 9171 
HD 2172 

80 

508A ® — 50V 
100mA ® — 50V 
125mA (4) — 50V** 
2.50mA ® — 50V** 
2.508A @ — 50V 
500µA ® — .50V 

1N67A 
1N89 

1N191** 
1N192** 
1N198* 

1N99 
1N97 

1N100 
1N98 

HI) 9151 
HD 2168 

HD 2169 

HI) 2150 
HI) 2163 

HD 2175 

HD 2158 
111) 2157 

HI) 2159 

100 

180µ1 ® — 90V 
500mA ® — 100V 
6259.1 (0) — 100V 
300mA ® — 50V 
50mA ® — 50V 

IN68A 
I N197* 
HI) 9051 

HI) 2170 HI) 2165 
III) 2154 

III) 2161 

150 500mA ® — 150V I N5511 

*JAN Types. 1N198 only high-temperature tested at 75°C 
**Computer Types. Special recovery tests. 1X191 and lti192 tested for hack current at 55°C. 

All Hughes diodes are presently packaged 
m the famous one-piece, fusion-sealed glass 
envelope, impervious to moisture and to 
external contamination. Maximum dimensions, 
standard glass envelope: 
Length, 0.265 inch; Diameter, 0.105 inch. 

T_T 0- 1.1 

Aircraft Company, Culver City, California 

SEMICONDUCTOR SALES DEPARTMENT 

o Xew York Chicago 
Los Angeles 
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New Bi-Directional 

Power Monitor 

25 to 1,000 mc 

10 to 500 watt 

Only 2 plug-in 
elements 

MODEL 164 

Quickly measures incident or reflected power, 
simplifies matching loads to lines 

New Sierra Model 16 I is a compact, versatile, bi-directional monitor for inter-
mittent or continuous measuring of incident or reflected power, or convenient and 

precise matching of loads to lines. The instrument offers unequalled measuring ease 
and economy, since only two plug-in elements are required for coverage of all fre-
quencies 25 to 1,000 mc and wattages 10 to 500 watts. Two plug-in elements 
cover, respectively, 25 to 250 mc and 200 to 1,000 mc. Both have 4 power ranges: 
10, 50, 100 and 500 watts. Accuracy is -1- 5% full scale. No auxiliary power is re-
quired to operate the instrument. 

Because of its compact size and wide range, Model 164 is ideal for portable ap-
plications ( mobile, aircraft, etc.) as well as laboratory use. It is supplied in a 
sturdy carrying case (one or both plug-in elements supplied as ordered) and both 

meter and directional coupler may be removed from the case for remote monitor-
ing. The monitor may be equipped for most connectors normally employed with 
50 ohm lines. A twist of the wrist selects incident or reflected power, or any power 
range, without requiring removal of power. No exchange of plug-in elements is 
necessary to read low levels of reflected power. 

TENTATIVE SPECIFICATIONS 

Power Ranges: 10, 50, 100 and 500 Frequency Ranges: 25 to 1,000 mc. Two plug-

watts full scale direct reading. In cluilint,, 

Low Frequency Element: 25 to 250 mc. 
Accuracy: :I- 5% of fell scale. 

High Frequency Element: 200 to 1,000 mc. 

Insertion VSWR: Less than 1.08. Impedance: 50 ohm coaxial line. 

Data subject to change without notice. 

3317 

Sierra Electronic Corporation 
San Carlos 2, California, U.S. A. 

Sales representatives in major cities 
Manufacturers of Carrier Frequency Voltmeters, 
Wave Analyzers, Line Fouit Analyzers, Directional 
Couplers, Wideband RF Transformers, Custom 
Radio Transmitters,VHF-UHF Detectors, Variable Im-
pedance Wattmeters, Reflection Coefficient Meters. 

Menthenhip 

(Continued from page SGA) 

Crisp, R. F., 2709 N. Carey, Pomona, Calif. 
Fortin, R. C., Mountain Shores, Lake llopatcong, 

N. J. 

Francis. C. J., 1800 K St., NW.. Washington 6, 
D. C. 

Gaul, E. R., 479 Burwell St.. Akron 3, Ohio 
Godfrey. E. R., Airborne Instruments Laboratory, 

Inc., 160 Old Country Rd, Mineola, L. I., 
N. Y. 

Hendrickson. C. C., Prospect Pk., Emporium, Pa. 

Herron, J. R., 2112 El Molino Ave., San Marino, 
Calif. 

Kerr hoer, R. M., Electrical Engineering Depart-

ment, Kansas State College, Manhattan, 
Kans. 

Langguth, P. 0., 17 Allen Ave., Fort Monmouth, 
N. J. 

Lawson, A. A., 4640-13 St.. N., Arlington 7, Va. 
Lof, J. L. C., University of Connecticut, Storrs. 

Conn. 
Longacre, A., University of Elinois Urbana, Ill. 

Lord, D. S., 2120 Strand, Manhattan Beach, Calif. 

Meola, R. R., 40 Lafayette Ave., East Orange, N. J. 

Morris, J. M., 24 Murphy Rd., Deerhurst. Wilming-
ton 3, Del. 

Moyer, D. F., Moraine Products Division, General 

Motors Corp., 1420 Wisconsin Blvd., 
Dayton 1, Ohio 

Papoulis, A., 85 Livingston St., Brooklyn 1, N. Y. 
Pattie. J. F., 250 Hillcrest Rd., Needham 92, Mass. 
Patrusky, N., 10420 Seventh Ave., Inglewood, 

Calif. 
Reynolds, C. W., Western Electric Co., Inc., 

Winston-Salem, N. C. 
Rice, G. D., 52 Castle Acres Dr., Webster, N. Y. 

Schwartz, E. B., 1815 N. 72 St., Wauwatosa 13, 
Wis. 

Speer, J. G.. 1109 Harvard St., Santa Monica. 
Calif. 

Stuermer, E. H., Bos 3355. Lowell, Ariz. 

Wegman, R. S., 4372 Le Bourget Ave.. Culver City. 
Calif. 

Admission to Member 

Adams, W. C., 1.341 W. Kildare St., Lancaster, 
Calif. 

Babcock, L. V., 3241 E. Woodland Ave., Fort 
Wayne, Ind. 

Barnes, D. B., 6 Wright's La., Glastonbury, Conn. 

Bess, T. J., Jr., 214 W. Ilortter St., Philadelphia 
19, Pa, 

Bickelhaupt, M. hi.. Jr., 1633 Genesee St., Utica 
3, N. Y. 

Bradley, M. R., 345 N. Edison St., Arlington 3, Va. 
Burkholder, C. C., 6107 Tesuque Rd., El Paso, 

Tex. 

Casey, K. T., 208 Ilillcrest Manor Ct., Utica, N. Y. 
Cohen, H., 289 Conklin Ave., Hillside 5, N. J. 

Collier, W. W., 7300-18 Ave.. Hyattsville. Md. 

Crivello, A. A.. Sr., c/o Frequency Standards, Inc., 
Box 504, Asbury Park, N. J. 

Cullman, F. A., 37 Interlaken Rd.. Orlando, Fla, 
Cummings. D. G., 903 Dexter La., Alamogordo, 

N. Mex. 
Davis, H. P., Bellvue Ave., K:ngsville, Md. 

Dierken, K. C., 8309 Barnslel, Los Angeles. Calif. 
Dillon, J. R., Board #4, OCAFF, Fort Bliss, Tex, 

Dutton, F. L., Sr., Twin Pines Rancho, 125 Hurl-

burt, Glastonbury, Con. 
Ellis. B. J., 3810-39 St.. NW., Apt. A- 12I, Wash-

ington 16, D. C. 
Fricke, V. S., 21 Charlesbank Rd., Boston 58. Mass. 

Gilbert, D. F., 323 William St., Apt. C. Fairborn, 
Ohio 

Giuffrida, J., 70 Broadway. Ilaverh,11, Mass. 

Goodykoontz, J. R., Hughes Aircraft Co., Los 
Angeles 45, Calif. 

(Continued on page 60A) 
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Now! 

International 

Germanium Junction 

Power Diodes! 

Highest rectification efficiency... Minimum leakage... 

Operating temperature range — 55' C to + 75° C 

Broa: application range... 

 tIm   

International Rectifier 

HERMETICALLY SEALED ENVELOPE 

GLASS TO 

METAL SEAL 

WELDED 

CONSTRUCTION 

Provides post- No solders or 
tive resistance fluxes used. 

to moisture, Increases 
humidity, salt reliability, 

spray and lengthens life, 
corrosive îprevents 

atmospheres. contamination. 

 fr rilli_e.   

,a. 

,11111„.   

Now avaihable in Standard JET1C 1N91, 1N92 aid 1N93 types. 
For Diodes to meet your special nequirements, consult our Semiconductor Division. 

CORPORATION. 

EXECUTIVE EFFICES: 1E21 E. [GRAND AVE., EL SEGUNDO, CALIFORNIA • e HONE OREGON 8-6281 

New YON. Office, 501 Madison Avenue, Phone PLaza 3-494Z • Chicago Office: 205 West Wacker •Drive, Phone FRanklin 2-3889 

In Canada: Atlas Radria Corp., Ltd., 50 Wingold Ave. W., Toronto, Ontario • Phone RUI 1-6174 

WORLD'S LARGEST SUPPLIER OF INDUSTRIAL WALL IC RECTIFIERS 
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PRESET INTERVAL GENERATOR 

DIGITAL 

o 
0 

O 0 0 0 
o 0 0 
O 0 0 0 

• 00 0 6 

à4111, 

clo 

3 

MODEL 564 
PRESET INTERVAL GENERATOR 

The "PIG" will — 
• GENERATE DELAYS 
• GENERATE PULSE BURSTS 
• GENERATE VOLTAGE GATES 
• MEASURE TIME INTERVALS 

EXACT DIGITAL 
SEI ECTION 

NO CALIBRATION 
REQUIRED 

SINGLE RANGE, 
100,000 STEPS 

*—* 
• :AAA_ MIMI MAW_ 

A'= 
• • • • 

• Internal 1 megacycle crystal oscillator time base 
• Accepts any external time base up to 1 megacycle 
• Fast reset---recycles in 50 microseconds 
• Independent and simultaneous outputs 
• Preset counter up to 1 megacycle 

For complete information, write or call 

POTTER INSTRUMENT COMPANY, INC 
115 Cutter Mill Road . Great Neck, N. Y. 

SIGNAL GENERATOR 
Model TF-801B 

Frequency Range: 10-500 Mc 

Engineers throughout the 

world rely on Marconi in-

struments for accuracy, 

versatility, reliability. 

A NEW Marconi 

signal generator 
featuring: — 

MARCONI—Since 1897 

make no 
mistake... 

• Longer Oscillator Tube life 

• High Output-2 Volts, down to 0.1AV 

• Low F.M. ensured by tuned amplifier 

• 50 Ohm output from piston attenuator. 

calibrated in volts, dB and cBm 

• Internal modulation 0-90% metered 
• External Modulation from D( to 3 Mc 

max. 

• Capacity coupled, contactless coil 

, turrets 

Write for specificatioas 
Our NEW address: 

MARCONI 
INSTRUMENTS 

44 New St., New York 4, N. Y. 
HAnover 2-0197-8 

(Continued from page 5M) 

Griswold. T. W., Hughes Air.zraft Cu., Bldg. 106, 
Culver City, Calif. 

Hartley, R. R., Box 115, R.F.D. I. Cheswick, Pa. 

Hermann, P. J., 354 Firwood Ave., Cuyahoga Falls, 
Ohio 

Hodgson, R. W., 3406 W. Washington Blvd., Los 
Angeles 18, Calif. 

Humphreys, R. A., R.F.D. 1, Emporium, Pa. 
Hurt, F. W., Navy 961, Box 39, FPO, San1Frasu is-

co, Calif. 
Hynes, W. J., 21 Waverly Pl. Utica, N. Y. 

James, J. E.. 18 Langley Dr., Greenville. S. C. 
Jameson, B. W., 34 Farwell St.. Natick, Mass. 
Johnson, G. 0., 29 Upland Rd., West Concord, 

Mass. 

Jones, E. E., 407 Lincoln Ave., S.W.. Glen Burnie 
7. Md. 

Kostashuk, S. S., 26 MacDonald Gardens, Belle-
ville. Ont., Canada 

Kuefler, P. M., 10421 Fifth Ave., Inglewood 4, Calif. 

Larkin, J. D., 77 Fairbanks St., Brighton 35, Mass. 
Little, D. R., 319 Highland Rd., Ithaca, N. Y. 

MacDowell, J. E., S. State Rd., Galion, Ohio 
May, F. D., 517 E. Harding St., La Grange Park, 

Molyneux, M., Jr., Southern Bell Telephone and 

Telegraph Co., Wilmer St., Anniston, Ala. 
Morton, W. B., Sr., Pennsylvania Power and Light 

Co., Allentown, Pa. 
Panagos, P., 3 Palmer Square, Princeton, N. J. 

Parsons, A. N., 74. John St., Weston, Toronto 15, 

Ont.. Canada 
Patterson, M. A., 11047 Louise Ave., Granada 

Hills, Calif. 

Pitman, G. R., Jr., 2696 Stratford Ave., Cincinnati 
20, Ohio 

Price, G. W.. 30 Church St., Rm. 1420, New York 8, 
N. Y. 

Reak, D. L., 2027 W. Fairmount Ave., Phoenix, 
Ariz. 

Reynolds, F. N., Box 296, Melbourne, Fla. 

Rodgers, P. S.. 1611 N. Bryan St., Arlington, Va. 
Ryan, L. J., Department 635. F.E F., Western 

Electric Co.. Chatham Road Plant, Win-
ston-Salem. N. C. 

Shumate, C. L., 431 W. Ave. .1-9, Lancaster, Calif. 
Smith, R. L., 2314 S.W. 13 St., Miami 45, Fla. 

Stoddart, H. F., Atomic Instrument Co.. 84 Massa-
chusetts Ave.. Cambridge 39, Mass. 

Stott, P. E., 83 Park St., Arlington, Mass. 
Stoughton, M. D., Bell Telephone Laboratories. 

Murray Hill, N. J. 
Straw, L. J., 19 S. West St., Carlisle, Pa. 

Sylvia, L. M., 93 Fort St.. Fairhaven, Mass. 
Thatcher. F. F., II, 846 E. River Rd., Shreveport, 

La. 
Tomner, S. J. A., Lillavagen 43 VIII, Stockholm, 

Johanneshov, Sweden 
Van Valkenburgh, R. A., 6813 Williamsburg Blvd., 

Arlington 13, Va. 
Wells, R. J., Lansdale Tube Co., (' laurels Rd., 

Lansdale, Pa. 

Wetzler, C. E., 61-17 Roosevelt Ave., Woodside 77, 
L. I., N. Y. 

Wilcox, W. R., 812 E. Coolidge St., Long Beach 5, 

Calif. 
Wirth, H. J., 3419 Newell St., San Diego 6, Calif. 
Woelgesy. J. D., 3920 Bronx Blvd.. New York 66, 

N. Y. 

Transfer to Member 

Abbey, K., 1116 Savoy St., San Diego 7, Calif. 

Adams, E. W.. Jr., Woodland Rd., Brookside, 
N. J. 

Addison, W. G., 7639 Eastlake Ter., Chicago 26, 

Aiello, W. P., 4439 A Fairwcy Dr., Los Alamos, 
N. Mex. 

(Continued on page 62A) 
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latest result of RADIO RECEPTOR research 

Now... HIGH TEMPERATURE 

RECTIFIERS in the LARGER 

CELL SIZES up to 5"x 6" 

(to operate without 

derating at 125 ° C.) and... 

RADIO RECEPTOR high temperature rectifiers when first 

introduced less than three years ago were expensive and 
limited to 3" x 3". Now intensive research has brought the 

cost down and the cell sizes UP. That means the field is 

wide open for their use in many applications once considered 

prohibitive because of size and price. 

At 12 5' C. these rectifiers have a minimum life of 500 
hours without derating and at normal temperatures their 
span is almost indefinite...They can be hermetically sealed 

without derating, too. 

That's why RRco. high temperature rectifiers are selected 
more and more for military and special industrial require-
ments by such blue-chip companies as Aeronautical Division 
of Minneapolis-Honeywell. Motoro:a Inc., Hamilton Stand-

ard Division of United Aircraft and many others. 

If you have one of those -tricky" applications where high 

temperature rectifiers are needed, take advantage of RADIO 
RECEPTOR'S continuing research and development in this 

field. Write now for full details about these as well as em-

bedded rectifiers to section P-5. 

We also manufacture transistors 
and silicon and germanium diodes 

AT REDUCED COST! 

Also 
available in 

cartridge type 

AMBIENT TEMPERATURE 
125° C 
100° C 
85° c 

POTENTIAL LIFE WITHOUT DERATING 
500-1000 hours 

1500-2590 hours 
2500-4000 hours 

CELL 
TYPE 

CELL 
SIZE 

(Inches) 

CONTINUOUS DC AMPERES 

SINGLE PHASE 
MAX. 

REVERSE 
RMS VOLTS 
PER CELL Half Wave 

Bridge or 
Center Tap 

X 1/4 (Diam.) .005 .010 24 
Y 1/2 x 1/2 .025 .050 24 
1 % X 1146 .065 .130 24 
M 1 x 1 .075 .150 24 
P 16 X 13(6 .150 .30 24 
CI 114 x 114 .30 .60 24 
S 2 x 2 .50 1.0 24 
U 3 x 3 1.2 2.4 24 
W 4 X 4 2.25 4.5 24 
T 414 x 6 3.35 6.7 24 
H 5 x 6 4.0 8.0 24 

Semi-Conductor Division 

RADIO RECEPTOR COMPANY, INC. 
In Radio and Electronics Since 1922 

SALES OFFICES: 251 WEST 19TH STREET, NEW YORK 11, N. Y., WATKINS 4-3633, FACTORIES IN BROOKLYN, N. Y. 
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RADIO INTERFERENCE 
• and FIELD INTENSITY* 
• 

• measuring equipment 

Stoddart NM-30A • 20mc to 400mc 
e Commercial Equivalent of AN/URM-47 

• 

PRINTED CIRCUITRY... Modern printed circuits offer many advantages over con-
ventional wiring, lighter weight, more compact units and freedom from many of 
the troubles normally encountered in conventionally-wired electronic equipment. 
Vibration becomes even less of a problem with printed circuits, adding to the many 
portable features already available with Stoddart equipment. 

ADVANCED DESIGN ... Specialized engineering and modern production techniques 
have produced one of the most advanced instruments for the accurate measurement, 
analysis and interpretation of radiated and conducted radio-frequency signals and 
interference ever manufactured. Designed to laboratory standards, rugged, and 
with matchless performance, the versatile NM-30A is an outstanding example of 
modern instrumentation. Its frequency range includes FM and TV bands. 

SMALLER SIZE ... A wider frequency range and higher standard of performance 
is incorporated into an equipment whose size is one-third that of any similar equip-
ment ever manufactured. 

SENSITIVITY... Sensitivity range.. from one to ten microvolts- per - meter, depending 
upon frequency and antenna in use. 

APPLICATIONS ... Field intensity surveys, antenna radiation pattern studies, inter-
ference location and measurement for checking radiation from virtually any 
mechanical or electrical device capable of generating or radiating radio-frequency 
signals or interference. 

Stoddart RI- F1* Meters cover the frequency range 14kc to 1000mc 

VLF 
NM-10A, 14kc to 250kc 
Commercial Equivalent of 
AN/URM-613. Very low frequen-
cies. 

HF NM-20B, ISCke to 25mc 
Commercial Equivblent of 
AN/PRM-1A. Self-contained 
batteries. A C. supply optional. 
Includes standard broadcast 
band, radio range, WWV, and 
communications frequencies. 
Has SEO. 

UHF 
NM-50A, 375mc to 1000mc 
Commercial Equivalent of 
AN URM-17. Frequency range 
includes Citizens band and 
UHF color TV- band. 

STODDART AIRCRAFT RADIO Co., Inc. 
6644-C Santa Monica Blvd., Hollywood 38, California • Hollywood 4-9294 

(Continued from page ul.l ) 

Allen, J. A.. 2042 Milton Ave_ Neptune. N. J. 

Anderson, A. E., 1054-34 St N.E. Cedar Rapids, 

Iowa 

Anderson, A. B.. Bell Telephone Laboratories, Inc., 

Whippany, N. J. 

Anderson, W. L., 1404 Jonathan Pl., Falls Church. 

Va. 

Anthony. I. B., 35 Shepard Ave.. West Englewood, 

N. J. 

Appleman, C. G., 5413 W. Montana St., Milwaukee 

15. Wis. 

Argall, G. J.. 2113 N. Keystone Ave., Chicago 39. 

Arnold. T. G., Jr., 808 Neartop Dr.. Nashville 9, 

Tenn. 

Aron, S., 621 Cedar Ave., CollingFwood, N. J. 

Atlee. R. V., 50 Doyer Ave., White Plains, N. V. 

Auerbach, A. A., 8828-195 P!.. Hollis. L. 1.. N. Y. 

Austin. C. S., 712 East St.. Walpole. Mass. 

Baer. T. M., Baer Trading Cxmapany. 52 Vail St., 

New York 5, N. 

Bairos, C. A., 1225-28 St., -Ñicramento IC, Calif. 

Balamuth, I... Cavitron EqMpment C,,rpi ration, 

42-26- - 28 St., Long Island City. N. V. 

Balogh, J., 1046 Lorraine Dr., Ft anklin Square, 

Banks. R. B., 10613 N.E. 14. Bellevue, Wash, 

Bardfield, M. L.. 4 Brinsley St.. Boston 21, Mass. 

Barney, K. IL, 165 Peachtree La.. Rodyn heights, 

Bartley, \V. P., 103 Kristin Rd.. North Syracuse, 

N. Y. 

Bassett, E. D., 114 Maple Rd., Longmeadow 6, 

Mass. 

'Mulch, E. L., 46.3 West St.. New York, N. Y. 

Baum, R. V.. 1718 E. Ranch» Dr., Phoenix. Ariz. 

Beck, K. IL Jr., 532 Penn St., Newtown, Pa. 

Beck, L., 414't.\ Buckingham Rd., Loi Angeles 8, 

Calif. 
Beck, R. J., 17 Larchdell Way, Mountain Lakes. 

N. J. 

Bellville, W. II_ 626 W. Beaver Ave., State College, 

Pa. 

Bernstein, S., General Electric Company, Schenec-

tady, N. Y. 

Berthold, R. V., 186-40-139 Ave., Springfield 

Gardens, L. I., N. Y. 

Biberman, L. S., 5427 Momgotne,y Ave., Phila-

delphia 31, Pa. 

Bickford, W. J., 254 Beal Rd Waltham 54, Mass. 

13iltz, F. J.. Box 32. Glen Lake. Mimi. 

Bitner. R. E., 245 Churchill Rd., West Englewood, 

N. J. 

Black, II. L., 122 South Erie, Wichita Kans. 

Black, J. R., 1133 Forest, Ann Arbor, Mich. 

Black, T. L., General Electric Company, 600 Maine 

St., Johnson City. N. V. 

Blackburn, J. F., 45 Hay Rd.. Blemont 78, Mass, 

Blank, S., 1009 Fairview Ave.. Takoma Park 12, 

Md. 

lilasbalg. II., Radiation Labctratory. 1315 St. Paul 

St., Baltimore, Md. 

Blewett, J. P., Brookhaven National Laboratory, 

Upton. L. I.. N. Y. 

Blumenthal, E. I., 2029 Spring Mill Rd., Consho-

hocken, Pa. 

Boesen, G. F.. 1032 W. Lois ive.. Park Ridge. Ill. 

liogdanoff. A. G., 742 Charlton Dr., Concord. Calif. 

Bondy. M., 248 N. Walnut et., E. Orange. N. J. 

Bonner. M. K.. 41 E. 42 St., New Vork 17, N. V. 

Bordewisch, J. E., 4001 E. T1-. id. Dayton 3, Ohio 

Boyd, R. C., Bell Telephone Laboratories. Inc., 

463 West St., New York. N. V. 

Boyens, R. D., 39 Maple La.. Emerson, N. J. 

Boyer, J. L., 1419 Brinton Rd.. PiUsburgh 21, Pa. 

Brett, C. F., Technical Institute of College of 

William & Mary, Norfolk. Va. 

(Continued on hue 64,4) 
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If you want a compact, wire-

wound resistor for your tough 

jobs, specify Ohmite axial-lead • 
resistors. These power-type units 

are designed to stand up under 
high temperatures. All parts— 
core, resistance wire, vitreous-

enamel coating, and terminal 

hands— are "thermally bal-

anced" to expand and contract 
as a unit. Terminals remain 
firmly anchored, cracking is 

eliminated, and moisture can-

not enter the resistor. 

goe-yinitioeuey 

1 

axial-lead 

vitreous-enameled resistors 

18 SIZES — 3 to 15 WATTS* 
3/16', 1/4 and 5/16 diameters-1/2" to 1-3/4 lengths 

f 

*The rating for any one size is determined by the maximum operating tem-
perature as specified by Underwriters' Laboratories, RETMA, or MIL-R-268. 

OHMITE RESISTORS HAVE 

BALANCED THERMAL EXPANSION 

2 I a. 1 
Provide perfect and per- its thermal expansion Ex clus.ve Ohmite formula 
momently stable electrical closely matches all other thermally matches core, 

connections, materials in the resistor. terminals, and wire. 

Write for Bulletin 147 

3617 Howard St., Skokie, Illinois (Suburb of Chicago) 

CM Milli   
RHEOSTATS RESISTORS RELAYS TAP SWITCHES 



DO YOU 
USE 

Current Regulator 
L Tubes? 

Victoreen production of 
current regulators ranges 
over hundreds of ratings 
from 0.15 ampere to 5 
amperes, with threshold 
voltages from 1.5 volts to 
35 volts. These units are 
produced in the follow-
ing tube sizes: T-3; T-
51/2 ; T-61/2 ; T-9; T-11; 
ST-12; ST-14; ST-16. 

Our engineering staff is available to assist you. 

Victoreen can supply cur-
rent regulator tubes in a 

wide range of values to 
meet the exact requirements 

of your application. The 
exceptionally fine regula-

tion of current and wide 
latitude between the thres-
hold voltage and maximum 
voltage, is an indication of 
their remarkable perfor-
mance. If you use current 

regulators, write for Bulle-
tin 3018. 

The Viclateen Instuuneni Co. 
COMPONENTS DIVISION: 3813 Perkins Ave., Cleveland 14, Ohio 

(Continued from page 62A) 

Brown, I., 606 Magnolia Ave., Glen Olden, Pa. 
Brown, R. K., Department of Electrical Engi-

neering, Rm. 2501. E. E. Bldg., University 

of Michigan. Ann Arbor, Mich. 
Brown, W., 243 Juniper St., Park Forest, Chicago 

Heights, Ill. 

Brown, W. J., Box 531, Myrtle Beach, S. C. 

Budd, W. E., 683 Hamilton La., Santa Clara, Calif. 
Burge, F. L., 1573 Penistone Dr., Birmingham, 

Mich. 
Burk, P. 0., 5505 Silver Ave., S. E., Box 8155, 

Albuquerque, N. Mex. 

Byars, W. F., 2328 N. York St., Owensboro, Ky. 

Canavan, T. P.. 139 Park Ave.. Yonkers, N. Y. 
Capen, E. B., 3 Warren Ave., Bedford, Mass. 

Carlson, P. N., 233 N. Lansdowne Ave.. Lansdowne, 
Pa. 

Carman, F. C., Radio Station XUTA, KUTV, 
179 Motor Ave., Salt Lake City. Utah 

Carrell, R. M., 256 White Horse Pike, Audubon, 
N. J. 

Cary, H. IL, 815 N. Hidalgo Ave.. Alhambra, Calif. 
Casabona, A. M., 28 Carline Dr., Clifton, N. J. 
Cassutt, R. J., 5216 E. Falls View Dr., San Diego 

15, Calif. 

Chalmers. E. D., 4300 N. Kilpatrick Ave.. Chicago. 
HI. 

Chudd, R. G.. 263 N. Garfield Ave., Mundelein, 

Clark, F. J., 3456 Carmona Ave., Los Angeles 16, 
Calif. 

Clarke, L. G.. Stanford Research Institute, Stan-
ford. Calif. 

Claassen, F. S.. 140 West St., Rm 1816. New York 
7. N. Y. 

Clary, W. T., Jr., 39 Dekalb Pl. Morristown, N. J. 
Cohen, L. R., 229 Croyden Rd., Syracuse, N. Y. 

Collins, E. IL. Development Laboratory. Weyer-

haeuser Timber Company, Longview, 
Wash. 

Coomes, P. S., 515 E. Highland ive.. Owensboro, 
Ky. 

Coughlin, J. J., Dykeman St., Pawling, N. Y. 

Cox, N. W., 339 Brimfield Rd., Wethersfield, Conn. 

Creusere, M. C.. Box 516, China Lake, Calif. 
Curtis, C. W.. 607 Dianthus St., Manhattan Beach. 

Calif. 
Czeropski, W. P.. Jr., 7434 N. Odell. Chicago 31, 

Darne, F. R.. 7807 Garland Ave., Takoma Park 12, 
Md. 

Dasher, G. J., Department of Electrical Engineer-

ing, Georgia Institute of Technology, 
Atlanta, Ga. 

Davey, J. R., Bell Telephone Laboratories, Inc., 
Whippany, N. J. 

Davis, O. R., 403 Tustin Ave.. Newport Beach. 
Calif. 

Davis, R. W.. 3412 Moraga Blvd_ Lafayette, Calif. 
Davis, R. F., 195 Broadway. New York 7. N. Y. 

Dawson, A. W., Electronic Sales Department, 

Corning Glass Works, Corning. N. Y. 
Decker, D. D.. 1720 E. Crystal Ct., St. Louis 14, 

Mo. 
Decker. R. H.. 2588 Westwood Northern Blvd., 

Cincinnati 11, Ohio 
DeHaan, R. F., 3606 Cumberland. Berkley, Mich. 

DeRemer, K. R.. Princeton Junction, N. J. 

Dickon, A. J., Meadow Lane, Belin, Conn. 
Dikmen, B., 820-24 E. Sixth, Tulsa, Okla, 

Dinning. J. R.. 8521 Mammoth. Van Nuys, Calif. 
Dlouhy, G. J.. Box 221, Stu. OIL pet., Aberdeen 

Proving Grounds. Md. 
Doel, D.. 1928 S. E. Risley Ave., Portland 22. Ore. 

Dorwart, R. J., 4422 E. 65 St., Seattle 15, Wash, 

Dowds, H. M., Pupin Laboratory. Rm. 207, 538 W. 
120 St., New York 27, N. Y. 

Downsbrough, G. A. Boonton Radio Corporation, 
Boonton, N. J. 

(Continued on page 66A) 
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immommommummilikaelie' 

CBS 

AC TUAL SIZE 

34 Years of 

Glass Technology 

and Skill 

in Tube Manufacturing 

is Your Assurance 

of Stability 

in CBS Glass Diodes 

Here's why CBS diodes have uniformly stable elec-
trical characteristics. 

1. During manufacture, mechanical pressure of each 
catwhisker on its crystal is the same. 

2. This pressure is locked in permanently by rigid 
glass-to-metal seals. 

3. Humidity and contamination are sealed out . . . 
stability is sealed in. 

4. CBS glass diodes are rugged. Repeated bending of 
leads will not break glass. 

CBS-Hytron's Commercial Engineering Department will 
recommend the best in diodes, or tubes, for your applications 
upon request. 

Ask for data on CBS Glass Diodes 

Gold bonded computer .... silicon uhf .... video detector 
and harmonic generator ... and general purpose diodes 

. all available in the new CBS subminiature line. 

Quality products through ADVANCED-ENGINEERING 

ENLARGED 

9 TIMES 

CBS - HYTRON, Danvers, Massachusetts ... A DIVISION OF COLUMBIA BROADCASTING SYSTEM, INC. 

PROCEEDINGS OF 7' 11E I.R.E. July, 1955 tL5A 



NEW UHF MEGACYCLE METER 
With the Widest 

Frequency Coverage 

in a Single Bond 

FEATURES 

• Excellent coupling sensitivity. 

• Fixed coupling point. 

• Small grid current variation 

over band. 

• Calibration point every 10 Mc. 

• Uses split- stator tuning con-
denser with no sliding metal 

contacts. 

• Standard camera socket for 
tripod fixtures. 

• Octagonal case for convenient 
positioning. 

• Useful in television transmit-

ting and receiving equipment. 
I MODEL 59 UHF 

SPECIFICATIONS 

FREQUENCY RANGE: 430-940 Mc in a single band 

FREQUENCY ACCURACY: * 2% (Individually calibrated) 

OUTPUT: CW or 120-cycle modulation 

POWER SUPPLY: 117 volts, 60 cycles, 30 watts 

DIMENSIONS: Oscillator Unit 45/s" x 21/2 " 

Power Unit We" wide x Ws" high x 71/2 " deep 

AN/APR-4 LABORATORY RECEIIVERS 
Complete with all five Tuning Un.ts, covering the range 38 to 
4,000 Mc.; wideband discone and other antennas, wavetraps, 
mobile accessories, 100 page technical manual, etc. Versatile, 
accurate, compact—the aristocrat of lab receivers in this 
range. Write for data sheet and quotations. 

We have a large variety of other hard-to-get equipment, in-
cluding microwave, aircraft, communications, radar; and labo-
ratory electronics of all kinds. Quality standards maintained. 
Get our quotations! 

NEW TS-I3/AP X-BAND SIGNAL GENERATORS, with manual, 
$575.00 T-47A/ART-I3 Transmitters, $450.00 H-P, Boon-
ton, G-R, Measurements, and ot-er standard items in stock; 
also nucleonic equipment. 

ENGINEERING ASSOCIATES 
434 PATTERSON ROAD DAYTON 9, OHIO 

CONDENSER SPECIALISTS SINCE 1923 f 

ELECTROLYTIC & PAPER TUBULAR 

CONDENSERS 
For A.C., D.C. Sets - Phonographs etc. 

• 

COSMIC CONDENSER CO. 
853 WHITTIER ST., BRONX 

N. Y. 

performance 
quality 
price 

Phone LU 9-3360 

(Continued from page 64A) 

Dunphey, H. B., 198 Oakmont Dr., Marietta, Ga. 
Eddleston, J. H., Butler Rd., R.F.D. 3, New Lon-

don, Ohio 
Edmonson, J. W. E., 71.4 Frost National Bank 

Bldg., San Antonio, Tex. 

Ekparian, J., 19281 Rodney Dr., Los Angeles 27. 
Calif. 

Ellis. C. R., 205 Oakdale Dr.. Syracuse, N. Y. 
Emmel, L. L., 15 Dayton Ct., Springfield, N. J. 

Emmerling, E. J., 5211 Ralph Ave.. Cincinnati 
38, Ohio 

Engman, G. E., 34 Florissant Ave.. Saxonville. 
Mass. 

Ennis, A. G.. 1706 Summit Pl., NT.W.. Washington 
9, D. C. 

Erstad. J., Powder I lorn Wilton, Conn. 

Essler, W. 0., 803 Eighth Ave., R.R. I, Iowa City, 
Iowa 

Evans, C. L., 440 Herberr St., West Hempstead. 

L. I., N. Y. 
Fahnestock, R. J., 2907-C S. Sepulveda Blvd.. W. 

Los Angeles 64. Calif. 
Farber, E. R., 4217 W. North Ave., Milwaukee, 

Wis. 

Farley, J. E., 2204 W. Granville. Chicago, Ill. 

Fee, D. R., 125 E. Clinton Ave., Apt. 6B, Bergen-
field, N. J. 

Ferguson, R. E., 1315 S.W. 162 St., Seattle 66. 

Wash. 
Fernald, O. H., 21 Mayfield Pl., Metuchen, N. J. 
Fink. E. J., Eastman Kodak Co., 50 W. Main. 

Rochester, N. V. 
Fink, J. 11., 26 Hudson St., Bath N. Y. 
Fisher, E. H., Box 25, Guilford, Conn. 

Fisher. S., 26 Palmer Ave.. Croton on-Hudson, N. V. 

Fisher, W. W., 6 Blair Ct.. South River, N. J. 
Fishman. G. N., 338 Carle Rd., Westbury, L. 

N. Y. 

Flato, M., 8519 Milford Ave., Silver Spring, Md. 
Flynn, W. J., 85 Valley Rd.. Levittown, L. I., N. Y. 

Flynt, E. R.. Engr. Exper. Sta., Georgia Institute 
of Technology, Atlanta, Ga. 

Forcier, R. A., Box 657, Benson, Ariz. 
Forsman, M. E., 902 Symons, Richland, Wash. 
Foss, F. A., R. D. 6. Binghamton, N. Y. 

Foundas, G. J., 448 Park Dr., Boston IS. Mass. 
Franke, II. C., 463 West St., New York 14, N. V. 
Franks, C. V., 1302 Pennelwood, Toledo 14, Ohio 

Frater, G. A., 2850 N. 83 St., Mi!waiikee 10, Wis. 
Fratianni, S. V., 129 Galveston PI , S. W., Washing-

ton 24, D. C. 

Fricke, R. H., RCA Victor Div., Bldg. 10-5, Cam-
den. N. J. 

Friedland, R. J., 533-19 Ave., Seattle 22, Wash. 
Frisch, F. W., 418 Kelby St.. Fort Lee, N. J. 
Fry, \V. I 1.„1 \Vestminste7 Rd., Hicksville, L. I.. 

N. V. 

Fulton, A. S., 461-29 Pl.. Manhattan Beach, 
Calif. 

Gabrielson, H. C., 6820 Delaware Ave., La Mesa, 
Calif. 

Garfinkel. A. R., 113-14-2 Rd., Apt. 4J, Forest 
Hills 75, L. I., N. V. 

Garratt, P. M., 42 Edward St., Amsterdam, N. V. 
Gatti, W., 58-51-217 St., Bayside 64, L. I., N. V. 

Gault, W. E., Gardner, Kans. 
Geiss, G. K., Jr., 50 S. Munn Ave., Apt. 322, East 

Orange. N. J. 

Gerber, I. B., 739 Boylstor, St., Boston 16, Mass. 
Gerych, W. E.. 8937 Springfield Blvd., Queens Vil-

lage, L. I., N. V. 

Gessert, E. C.. Jr., 4810 W. 70 Tern, Prairie Village 
IS, Kans. 

Getsinger, W. J., 215 North St., Watertown, Conn. 
Girouard, L. O., Jr., 12434 Foothill Blvd., San 

Fernando. Calif. 

Gisser, D., 7 Briarwood Rd.. Loudonville, N. Y. 

Godfrey, R. M., 3610 Erby Ave.. Houston 23, Tex. 
Godley, P. F., Jr.. 33 Kingwood Dr., Great Notch. 

N. J. 

(Continued on page 68A) 
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... with the easiest-to-solder leads on the market 
(even for printed wiring techniques) 

... stocked for prompt delivery 

... at rock-bottom cost 

PHENOLIC TYPES... 
Molded of dense, low-loss Bakelite. 
Stocked for immediate delivery in over 
15 standard sizes with securely-anchored 
axial or hairpin leads. 

IRON TYPES... 
Molded of high-resistance powdered iron 
in standard grades Cl F and Z25. Ready 
for immediate delivery in 20 standard 
sizes. Other types on special order. 

PHENOLIC-with-IRON 

INSERT TYPES... 
Combines the high-Q of iron types with 
the high resistance of phenolic. Stocked 
with 2, 3, and 4 hairpin leads in grades 
GIF and Z25 

ANY, St. Marys, Pa. 

37 standardized Stackpoie Molded Coil Form types 
cover practically the entire range of today's requirements 

for r-f coils, chokes, and other low-loss inductors. They 

pave the way to real economies in smaller assemblies, 

point-to-point wiring and an absolute minimum of sol-

dered connections. And, speaking of soldering, Stack-

poie forms solder firmly and surely at the touch of an 

iron . . because all leads are hot tin-dipped right up to 

the body of the form. 

FREE PLASTIC REFERENCE CHART 
. gives dimensions, grades and specifications 

in handy form. Write for your copy today. 

Electronic Components Division STACKPOLE CARBON COM 

In Canada: Canadian Stackpole Ltd., 550 Evans Ave., Etobicoke, Toronto 14, Ontario 

PROCEEDINGS OF THE I.R.E. July, 1955 \ 



WESGO... for the best 
vacuum tube ceramic 

WESGO AL- 300 
a very Inn alumina ceramic 
Non-gassing at elevated tempera-

tures • Extremely high strength • 

Very low loss at all frequencies • 

Vacuum tight • Very high bond 

strength to a "moly-manganese" 

metallized coating • Can be supplied 

in most shapes to precise dimen-

sional tolerances. 

• 

Visit Us 
lt Booth 104-Wescon 

WESTERN GOLD & PLATINUM WORKS 
589 BRYANT • SAN FRANCISCO 7, CALIF. 

SHOPPING FOR 

(LOW COST 
/5A S Sa Bieeb 

Nothing on the market today excels 
the low priced Class B protection • 

of Varflo Tubing and Sleeving 
Flexible Varflo is solvent-, oil-, moisture-, flame-, and fungus-resistant. 
Passes the NEMA heat endurance test of 15 minutes at 225°C. Will not 
lose dielectric strength when subjected to severe handling, bending and 
twisting. Has good shelf life. 

Available in Grades A-1 and B-1 tubing 
and Grades C-1 and C-2 sleeving. Let us 
help you with your problem. Describe 
it in a letter—no cost, no obligation. 

Send for free folder containing description 
and samples of VARFLO Tubing and Sleeving. 

(Continued from page 56A) 

Goetz, J. L., 1314-K Ave., N.E., Cedar Rapids, 
Iowa 

Gonzalez, V. M.. 135 Broad Ave., Leonia, N. J. 
Gooch, J. D., 202 E. Thompr,on, Urbana, Ill. 

Gould, R. G.. 959 A-25 St., Santa Monica. Calif. 

Grace, D. J., Applied Electronics Laboratory, 

Stanford University, Stanford, Calif. 
Graham, J. M., Victor Adding Machine Company, 

• 3900 N. Rockwell, Chicago 18, III. 
Graham, R., Jr., 21 Campbell Dr., Eatontown. 

N. J. 

Grantham, R. B., 415 Greenwood Ave.. Topeka, 
Kans. 

Grass, J. W., 1654 Michigan Ave., Palo Alto, Calif. 
Gray, F., 18081-20 Ave., N., St. Petersburg, Fla. 

Green. N. H., 221 Ilarri.:on Ave., Hasbrouck 

Heights, N. J. 
Greenwood, R. VV., 114 Cadwalader Ave., Elkins 

Park, Pa. 

Greig, J. H., 26 E. Eighth St., New York, 3 N. Y. 

Grisetti, R. S., 67 Root St., New Hartford, N. Y. 
Hackett, F. J., Box 371, Carman, Man., Canada 
Hackley. R. A.. RCA Laboratories, Princeton, N. J. 

Haeseler, P. R., R.D. 44, New Brunswick. N. J. 
Ilagelbarger, D., R.D. 2, Janes St.. Morristown, 

N. J. 

Ilanime, R. D., Box 277, New Canaan, Conn, 
Ilancock, W. L., Box 446, Mesilla Park, N. Mex. 
liandly, E. J., 87 Hunnewell St.. Needham 94. Mass. 
I lanley, R. J., 514 Indiana St., Vallejo, Calif. 

Hansen, II. W.. Jr., 1500 Floyd, Sunnyvale, Calif. 

Harman, W. A., 145 Walter Hayes Dr.. Palo Alto, 
Calif. 

Harmon, C. J., 7860 Gail Dr., Cincinnati 36. Ohio 
Harris, H. H., 5506 S. Kingthighway, St. Louis 9, 

Mo. 

Harris, L. A., Electrical Engineering Department, 

University of Minnesota, Minneapolis, 
Minn. 

Harris, R. V., Perkins-Elmer Corp., Danbury Rd., 
Norwalk. Conn, 

Harvey, F. K., Bell Telephone Laboratories, Inc., 
Murray Hill. N. J. 

Hautzik, R. M., 19 Maida Rd.. Stephenville 
Metuchen. N. J. 

Hayden, E. C., 709 W. Nevada St., Urbana, Ill. 

Heard, B. E., Western Electric Co., Dept. 641, 
Winston-Salem, N. C. 

Henry, J. H., Operations Resear•-h Office, 7100 

Connecticut Ave., Chevy Chase, Md. 

Herrman, R. F., 49 Bennington Dr., Rochester 
16, N. Y. 

Hirst, W. B., Jr., 308 E. 40 Norfolk, Va. 
Illavka, L. F., 1261 Poplar Ave., Baltimore 27, Md. 

Ilochdorf, M., TVA Power Supply Division, Pow-
der Bldg.. Chattanooga, Tenn. 

Hochman, S., 912 N. 63 St.. Philadelphia, Pa. 

Hoffman, P. A. 514 Piccadily Rd., Baltimore 4, Md. 
Hogan, E. V., Jr., 40 Pearl St., New Hartford, N. Y. 

Ilogan, W. D., 303 Walden St., Cambridge 38, 
Mass. 

Holden, G. R., 715 Greer La., Palo Alto, Calif. 

Hollis. J. S., 4956 Hildon Cir., Chamblee, Ga. 

Holmes. W. R.. 1680 Monte Vista St., Pasadena 4, 
Calif. 

Hornby, D. A., 11q. ADC, Ent. AFB, Colorado 
Springs, Colo. 

Horton, E. J. 2222 S. Santa Anita Ave., Arcadia. 
Calif. 

Houser, W. G.. 524 W. Pugh St., State College. Pa. 

Huge, H. M., Lorain Products Corporation. Lorain, 
Ohio 

Huggler, L. R., 3934 Dalewood Ave., Pittsburgh 
27, Pa 

Hulbert, S. G., 6852 Colorado Ave., La Mesa, 
Calif. 

Humphrey, J. G., 117 Richfield Blvd., Mattydale 
11, N. Y. 

Hunter, N. E., Paston-Hunter Co., 609 Demong 
Dr., Syracuse 6, N. Y. 

(Continued on page 70A) 
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FREED MINIATURE PULSE TRANSFORMERS 
USED IN UNIQUE BLOCKING OSCILLATOR CIRCUIT CAN PASS UP TO 

200,000 PULSES PER SECOND. 

Freed Miniature Pulse Transform-

ers are being used in a novel 

blocking oscillator circuit which 

produces sharp pulses at repeti-

tion rates up to 200,000 pulses per 

second. With the circuit constants 

shown, an output pulse of two 

microseconds duration, 65 volts 

amplitude con be obtained with a 

p.r.f. of 20,000. The rise time ob-

tained with the FREED MPT-8 is 

less than 0.05 microsecond. This 

fast repetition rate circuit can be 

triggered with either a sine or a 

square wave, and requires a driv-

ing voltage of anywhere from one 

to fifty volts. The bias voltages 

need not be obtained from a low 

impedance supply. If a negative 

pulse output is required, the 

FREED MPT-7 transformer pro-

vides a tertiary winding for this 

purpose. 

0.01 UF 

o 
TRIGGER 
INPUT 

àe 
o 

3308 

- I 5 0 V. ,r) 
o 

-I 50V. 

11 

+150 V. 

MPT -8 

1/2 I2 AT 7 

EOUT 

HERMETICALLY SEALED PULSE TRANSFORMERS 
for use in blocking oscillators, low level interstage 
coupling, and modulator outputs. Made in accord-
ance with MIL-T-27 specifications. These pulse trans-
formers are designed for maximum power, efficiency 
and optimum pulse performance. Balanced coil 
structures permit series or parallel connection of 
windings for turn ratios other than unity. Pulse 
characteristics, voltages and impedance levels will 
depend upon interconnections made. 

cutalog 
Number \Nine:igloo 

Pulse oltage Pulse Duration 
1: I olts Vlicrosecor cis 

Test Voltage Characteristic (:ase 
Doty Ratio KV.. RN1S Impedance Ohms Sire 

I Blocking  
interstage r.,upling. 0.25/0.25/0.25 0.2-1.0  

— 11IPT- 2 Blocking oscillator or 
interstage .025/0.25  0.2-1.0  

myr- .4 Blocking oscillator or 
interstage 1.1111111i»g• 

MPT- 4 - — Blocking oscillator or 
interstate 

SI Pl- 5 Blocking oscillator or 
interstate coupling. 

NIPT - 6 Blocking oscillator or 
interstage congaing-

1MPT- 7 — Blocking oscillator, 
interstage coupling or 
low power output. 0.7/0.7/0.7 

81PT- 8 — Blocking oscillator 
interstage coupling M. 
low power output. 0.7/0.7  

81P1'--- 9 — Blocking oseillator. 
interstage coupling or 
low power output. 1.0/1.0/1.0 

N1PT-10 Blocking oscillator, 
interstage coupling or 
low power output. 

111pT-Il—  Blocking oscillator. 
interstage coupling or 
low bower output. 

MPT-12 

1.0/1.0 

0.5/0.5/0.5 0.2-1.5 

5-2.0 

0 5-2.0 

.004 

.11(1-1 

.0(12 

117 

0.7 2511 

1.0 2511 

1,21-12 

PM- 12 

TOM- 18 

.002 1.0  250 _ DM- 18 

.002 1.0   500 DM-12 

.002 1.0 roo Dm-12 

0.5-1.5 

0.5-1.5 .002 

1.0/1.0/1.0 

0.7-3.5 .002 

0.7-3.5 .002 

1.0-5.0 .002 

1.5 200 DM-18 

1.5   200 DM-1.8 

2.0  200 PM-18  

2.0   200 1/61-18 

2.0 500 1)51-01 

Blocking oscillator. 
intenstage coupling or 0.15/0.15 
low power output. 0.3/0.3 0.2-1.0 .004 0.7 700 PM-8 

Se41,1) ielievuncdikiet aid Cala1459, 

FREED TRANSFORMER CO., INC. 

OTHER FREED PRODUCTS 
TRANSFORMERS 

• High Fidelity 
• High L • Miniature 
• High evel Pulse Transistor 

Q Toroids  • Power • Hi 

• Slug- Tuned 
• Heremeticall 

Sealed Y 
• Step-down 
• Magnetic 

Amplifiers 

g Q Reactors 
• High Temperature 
• Miniature Audio  

• Charging Reactors 
• Sub-Miniature 
• Precision Reactors 
• Precision Filters 

INSTRUMENTS 

• Comparison and Limit Bridges 

• Low Frequency Indicators 
• Incremental Inductan 
• Universal Bridges ce Bridges 

• Hull Detectors and V.T. Voltmeters • Power Supplies 
• A.C. Bridges and Accessories 
• Differential Voltmeters 
• Harmonic Distortion Meters 
• Wide Band Amplifiers 
• Decade Amplifiers 

• Decade Inductors 
• Decade Capacitors 
• blegohmmeters 
• Filters 
• Magnetic Voltage Regulators 

1720 Weirfield St., Brooklyn ( Ridgewood) 27, N. Y. 



WE MAKE ALL TYPES OF 

SINCHOS 
adwetulog., dad 
What's your pleasure in synchros? High tem-
perature? High frequency? Linear? Corrosion. 
resistant? Whatever your needs, we either already 
have a type to fit them ... or can build a special 
type for you. 

Fine precision synchros have been one of 
our specialities for over twenty years . . . with 
more E-P synchros in use today than any other 
make. 

Write, wire or call us for information on 
standard and special types . . . prices . . . and 
deliveries. ECLIPSE-PIONEER DIVISION, BENDIX 

AVIATION CORPORATION, TE7TERBORO, N. J. 

Echve - 
Pioneer 

DIVISION 

'Low 
AVIATION CORPORATION 

West Coast Office: 117 E. Providenc:a, Burbank, Calif. 
Bendix International Division, 205 E 42nd St., New 

• Export Sales: 
York 17, N. Y. 

(Conttnued Irom page 68A) 

Hurt, A. B., Jr., E. I. du Pont dc Nemours & Co., 

Kinston, N. C. 

Hutchison, P. T., Electrical Engineering Depart-

ment, Georgia Institute of Technology, 
Atlanta, Ga. 

Hyman, A., 1020 Park Pl.. Brooklyn 13, N. V. 

Inami, F. K., 1855 Elm St.. Livermore. Calif. 

Ingram, J. J.. 3625 Country Club Rd., R.E.D. 2, 
Johnson City, N. Y. 

Jackson, B. B., 54-B Rowe St., China Lake, Calif. 

Jacob, F. C., 631 D St., Davis, Calif. 

Jacobs, O. B., 20 Hamilton Rd., Morristown, N. J. 

Jenny, D. A., Box 481, Princeton. N. J. 

Jervis, E. W.. Jr., Business Machines Division, 

Electronics Corp. of America, 10 Potter 

St., Cambridge 42, Mass. 

Johannesen, J. D., Overlook Trail, Morris Plains, 
N. J. 

Johns, N. II., 76 Westville Ave., Danbury, Conn, 

Johnson C. W., 747 James St., Apt. 524 Syracuse, 
N. V. 

Johnson, C. V., Box 507, R.F.D. 3, Annandale, Va. 

Johnson, E. W...1r., C-206 Faircloth Dr.. Winston-

Salem, N. C. 

Johnson. L. R., Rnt. 2123„32 Avenue of Americas, 

New Yo rk 13, N. Y. 

Johnson, M. C., 937 N. Washington St., Naperville, 

Joiner, J. B., 2621-30 St.. Lubbock, Tex. 

Jones, C. T., 327 Trust Co. of Georgia Bldg., 

Atlanta 2, Ga. 

Jones. M. A., 34 Nutley Ave., Nutley 10, N. J. 

Jurow, S., 115 Ronni Dr., East Meadow. L. I., N. V. 
Kalb. H. N.. 265 Minna St., San Francisco 3, Calif. 

Kall, A. R., Ark Engineering Co, 431 W. Tabor 

Rd., Philadelphia 20, Pa, 

Karsh. Il., 601 Lemon St., La Habsa, Calif. 

Kaufmann, II. W., Box 123, Mort Clare. Pa. 

Kelly. J. M., Armour Research Foundation. Physics 

Research, 55 E. 33 St., Chicago 16, III. 

Kennedy. II. D., 123 Tanoak Dr, Menlo Park, 
Calif. 

Kelb, A. J., Western Electric . Co., 220 Church St., 

New York 13, N. Y. 
Kelley. J. J.. 174 Center St., Chatham. N. J. 

Kelly, I. E., R.F.D. 7, Burlington, N. C. 

Kelso, R. J., 14 Sadler Rd.. Bloomfield. N. J. 

Keppert, G. D., 740 N. Broadw:iy, km. 520 G, 

Milwaukee 2, Wis. 

Ketchum. J. R.. Aero Division, Minneapolis-

Honeywell, 2600 Ridgway. Minneapolis 
13, Minn. 

Khan, A. J., c/o Cable & Wireless, Ltd., Manama, 

Bahrein Island, Persian Gulf 

Kinne, C. B., 264 E. Hemlock St., Oxnard, Calif. 

Kirk, D., Jr., Churchville, Pa. 

Klemer, B. II.. 36 Lenox Ave.. Providence 7. R. I. 
Klopfenstein, L. R., Portage. Ohio 

Kocan, J., 58 Bradford Ave.. Little Falls. N. J. 

Kohler, T. R.. Philips Laboratories, Inc., Irvington. 
N. Y. 

Kohn, S. A., 605 Clay Ave., Scranton 10, Pa. 

Krafft. W. R., 7 Jessica P.., Whitesboro, N. V. 
Krowl. G. W., 227 Wynnwood Ave.. Tonawanda, 

N. V. 

Kunz, K. S.. 14 Bryon Ave., Ridgefield, Conn. 

Kutner, N. II., 145 Kingwood Rd., Bridgeport, Pa. 
Lake, C. J., General Electric Co., 140 Federal St., 

Boston 1, Mass. 

Lamar, R. E.. 42 Wooley St . Southampton, I.. I., 
N. V. 

Lanciani, D. A., 22 Baxter Ter., West Medford 55, 

Mass.Lawrence,M: J., 715 Clayton Ave., El Cerrito, 

Calif. 

Lebowitz, R. A., 388 Avenue S, Brooklyn 23, N. V. 

Lee, G. M., Central Research Laboratories, Red 

Wing, Minn. 

Lee, R. H., Navy Electronics Laboratory. San 

Diego. Calif. 

Leibowitz, R. C., 215 Audrey La., Glass Manor, 

‘Vashington 21, D. C. 

(Continued on Mgr 
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At the Mass. Institute of 

Technology 

Laboratory th. e effect 

- arfi let 'such os cuttin 
• 

tool g•ornatry, tpe 

and feeds, and tool material 

ore m•asurec on.: recorded, 

using o dynamometer and 

Sanborn two- channel System. 

Such records for vorrous lath 

operations, ac wel as man 

other rutting operctIons, pr 

vide valuable insight into t 

whole metal : sitting pro 

• ft r> 

hese typical two- to 32-chan-
nel applications of Sanborn 

oscillographic recording sys-
tems give an indication of the 
tremendous scope of this versa-
tile equipment. Elsewhere, San-
born 1-, 2-, 4-, 6- and 8-channel 
systems and components are 
used in meteorological research 
... quality control programs... 
instrument and machinery field 
testing. 

At Moore Produ input and response o' 

or, a pneumatic instrument 

widely used on dinph-acrr top- work valve, 

and power cylinders, ore recorded on a San 

bore two- channel System. Impulses from o 

pne.tinc tic sine wave g•narctor, of frequenciec 

as high as 20 cps, ci -e fed through c transduce: 

to one channel, with valse stem response re-

comed by the seccnd charnel frcm o straits 

gage pickup. 

Flexibility of Sanborn de-
sign permits interchangeable 
amplifiers and preamplifiers to 
meet individual recording re-
quirements with greater over-all 
efficiency and economy. Other 
Sanborn features include iskless 
recording in true rectangular 
coordinates, high torque galva-
nometer movement, time and 
code marking, and numerous 
chart speeds. 

...from 

lathe cutting 

forces 

to telemetered 

t data... 

SANBORN 

Oscillographic 

RECORDING 

SYSTEMS 

prove their 

versatility 

At Edwards Air Force Bose, California, this 

U. S. Air Force telemetering van received and 

iecorded information transmitted from various 

pickups and transducers in the new delta wing 

Convair TF-102A during flight. Photos of van 

interior show eight Sanborn four- channel re-

cording sr tams in rear, and close-up of four 

of the systems. Thus equipped, the van could 

receive data which would affect the design and 

performance of the YF-102A, a faster- than-

sound, all-weather interceptor built by the Con-

vair Division of General Dynamics Corporation. 

CA -AlOG AND TECHNICAL DATA 

AVAILABLE ON REQUEST 

SANBORN 

COMPANY 

INDUSTRIAL DIVISION 

CAMBRIDGE 39, MASS 
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NEW 
TRANSISTORIZED 
CLAMPED FLIP-FLOP 

Here's a clamped flip-flop that can 
answer your need for subminiature 
plug-in binary elements in computer 
applications. Sprague's new Type 
20005 combines a proven circuit 
with a new concept of printed cir-
cuitry developed by Sprague. 

Power and space requirements of 
the transistorized 200(25 are about 
one-third less than conventionally 
wired tube flip-flop circuits. De-
signed for high reliability applica-
tions, this bistable circuit includes 
two junction transistors, two input 
diodes, and four clamping ciodes. 

The entire unit, encapsulated in a 
plastic jacket for humidity resist-
ance, measures only 1'," x x 

Complete information on the 
Type 20005 is provided in Engi-
neering Bulletin 801, available on 
letterhead request to the Technical 
Literature Section, Sprague Electric 
Company, 235 Marshall Street, 
North Adams, Massachusetts. 

Performance Characteristics 

Repetition Rate 

Fall Time 

Rise Time 

Input Impedance 
(pulse) 

Output Impedance 
(pulse) 

Trigger Pulse 

Output Voltage 

Load Current 

Power 
Requirements 

Operating 
Temperature 

40 kc max. 

8 iisec to resi,tive load 

2 i.sec 

3500 ohms 

3500 ohms 

12 volts of . 5 i,sec dura-
tion min. 1,, 40 kc/sec. 

20 volts peak to peak 
(unit clamped al —20 
and 0 volts) 

2 ma of current may be 
drawn without destroying 
clamped levels 

—60 volts 1,, 10 ma 
—20 volts 1,, 2.5 ma 
• 10 volts (n 8 ma 

• 40 C ambient max. 
(limited by transistor tem-
perature chalacteristieil 

SPRAGUE 

FOUR-CHANNEL OPEN-WIRE 
CARRIER-TELEPHONE SYSTEM. 

This is a high-grade long-haul system compatible 

with three-channel type C, 0A-11 FC and 

0A-12 FC systems. The fourth toll- grade channel 

has been obtained by advanced filter and 

oscillator-network design without changing the 

frequency allocation or degrading the per-

formance of the three carrier channels or of the 

physical circuit. Transmission in one direction is 

in the band 3.4 kc to 15.65 kc, and in the other 

direction in the band 17.95 kc to 31.4 kc. On 

copper conductors repeater sections average 

200 miles, and high-grade circuits several 

thousand miles in length can be maintained 

under all climatic conditions. 

Type AN FCC- 10 Carrier-Telephone Terminal manufactured 
for the U.S. Army Signal Corps. This terminal includes regu-
lated-tube rectifiers, d-c telegraph composite sets, line pro-

tectors, operator's telephone set, 4-wire terminating sets, v-f 
signal converter type CV-399 FCC, and all accessories to form 

a complete packaged 4-channel terminal. It is moisture- and 
fungus-proofed, and meets all applicable MIL specifications. 
It is a-c operated. 

RADIO ENGINEERING PRODUCTS 
1080 UNIVERSITY STREET, MONTREAL 3, CANADA 

Telephone: UNiversity 6-6887 Cable Address: Radenpro, Montreal 

MANUFACTURERS OF CARRIER-TELEGRAPH, CARRIER-TELEPHONE AND BROAD-BAND RADIO SYSTEMS 

• 

• 

DIRECT TEMPERATURE MEASUREMENT UF TO 

3700°F 
• 
• 

SINCE 1901 

• 

• 

• 

• IRIDIUM vs. RHODIUM IRIDIUM 
• THERMOCOUPLE WIRE 

The only thermocouple material which • 

may be used at these very high rem- • 

peratures in an oxidizing atmosphere. 

Ductile wire made possible by high 

purity and our advanced melting and 

drawing techniques. 

e Output: Over 10 milivolts at 3700° F 

Uniform • Reproducible • 
• 

Specialists in the 

142(4,41.44ete-
• • • • 

• 
• 

• 

• 

• 

Write for List of Products 

World's Largest 

Capacitor Manufacturer 
SIGMUND COHN ei°"Ur9i"‘ and CORP.• Producers of Small Wire 
121 South Columbus Avenue • Mount Vernon, N. Y. 
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(Continued from page 70A) 

Leicester, J. F.. III, 10267 Newville Ave., Downey. 
Calif. 

Len, R. G., c/o Richard G. Len Co., 2 Lafayette 
Pk., Lynn, Mass. 

Lenoir, S. P., Jr.. 1100 Dan Johnson Rd.. N.E., 

Atlanta, Ga. 
Lewis, J. R., 16 N. Broadway, Apt. 0-1, White 

Plains, N. Y. 
Leydorf, G. E., Electrical Engineering Department, 

U. S. Naval Academy, Annapolis, Md. 
Liebe11, E., 125 Lenox Rd., Brooklyn 26, N. Y. 
Linvill, J. G., Electronics Research Laboratory. 

Stanford University, Stanford, Calif. 

Littlejohn. H. C.. 275 Massachusetts Ave., Cam-
bridge 39, Mass. 

Logan, W. L., 310 N. Sixth St., Fort Smith. Ark. 
Logue, J. C., International Business Machines, 

Engineering Laboratory, Poughkeepsie. 

N. Y. 
Loop, D. M., 9566 Mayne St., Bellflower, Calif. 
Lord, N. W., Applied Physics Laboratory. Johns 

Hopkins University, 8621 Georgia Ave.. 
Silver Spring, Md. 

Lovell, J. A., 96 Shields Ave., Williston Park, L. I., 

N. Y. 
Luebben, R. G., 3238 Clairemont Dr.. San Diego 

17, Calif. 
Luedtke, A., Box 4, F.C.C., Powder Springs, Ga. 

Lustig, H. E., 196-35-53 Ave., Flushing 65, L. I., 

N. Y. 
Lutz, B. C., Physics Department, University of 

Delaware, Newark. Del. 
Lynn, J. C., 2912 Browne Dr., Garland, Tex. 

MacDowell, K. M., 280 Waltham St., West Newton 

65, Mass. 

Maggio, T., 407 E. Linden St., Rome, N. Y. 
Makowski, J. J., 4940 W. Vollmer Ave., Milwaukee 

15, Wis. 
Malone, W. C., Jr., 8071 Mountain Blvd., Oakland 

5, Calif. 
Mantey. W. F., Box 682, R.F.D. 3. Orlando, Fla. 

Marcus, D. H.. 1052 Rosedale Rd., Valley Stream, 

L. I.. N. Y. 
Marquardt, J. A., Data Engineers, Inc.. 4608 N. 

Ravenswood Ave., Chicago 40, Ill. 
Marsh, R. F., Electrical Engineering Department, 

Norwich University. Northfield, Vt. 
Matheson, R. M., Princeton Junction, N. J. 
May, E. L., Box 182, R.F.D. 1. Pasadena. Md. 

Mayer. R. H., 9B Oak Grove Dr., Baltimore 20, 

Md. 
Mayo, R. D., 8475 Allentown Rd., S.E., Washington 

22. D. C. 

Maze, R. 0., 1851 Roselawn Ave., St. Paul 13, 

Minn. 
McBrair. H. C., 20 Bowers Rd., Caldwell, N. J. 
McCann. T. A., Bell Telephone Laboratories, 

Whippany, N. J. 
McCormick, J. E., 2718 S. Holmes, Springfield, Ill. 
McCulley, C. R., Jr., 1611 Frederica St., Owens-

boro, Ky. 
McKendry, J. K., General Precision Laboratory, 

63 Bedford Rd., Pleasantville, N. Y. 
McMahon, J. H., 3307 N. Underwood St., Falls 

Church, Va. 
McWhan, B., Bell Telephone Laboratories. 3F 205. 

Whippany. N. J. 
Mealey, K. L.. 555 Indianapolis. Fresno 4, Calif. 
Merrithew. R. F., 312 Wellesley Rd.. Syracuse 7, 

N. Y. 
Merritt, R. P.. Mechanical Engineering, Oregon 

State College, Corvallis, Ore. 
Merwin. R. E., 13 S. Randolph Ave., Poughkeepsie, 

N. Y. 
Meyerhoff, A. J., 200 N. Wynnewood Ave., Apt. 

B-203, Wynnewood, Pa. 

Mihalik, J. J., 166 Lake Ave., Clifton. N. J. 
Miller, A.. 91 Walnut Hill Rd., Brookline. Chestnut 

Hill 67. Mass. 

Miller, C. M., 603 Linda Lou Dr., San Antonio, Tex. 
Miller, F. G., 17534 Lanark St., Northridge, Calif. 

(Continued on page 75A) 

STABLE 
at 

1201; 

DESATINO CURVE FOR HIGH AMBIENT TEMPERATURES 

20 40 50 10 IS 20 IM IS He 
AMBIENT TEMPERATURE IN DEGREES CENTIGRADE 

Pyou need a 1% resistor that 
is stable at high ambient tem-

perature and humidity, we would 

like you to test free samples of 
our newly developed POLYOHMS. 

They exceed all MIL-R- 10509A 

specifications as you can see from 

the comparison table below. Note, 
for example, that they take full 

power at ambient temperatures 

up to 120 °C instead of only 40 °C. 
Thus, they are ideal for use in 

aircraft and guided missiles. The 
same fact, of course, will result 

in much longer life when they are 

operated at lower temperatures. 

TABLE OF 

ACTUAL SIZE 
(2 WATTS) 

... new 

POLYOHM 
1% RESISTOR 

4.10 —takes full power at 
am ient temperature three 
tines that specified by 
MIL- R- 10509A 

—exceeds all other 
MIL- R- 10509A specifications 

POLYOHMS are well suited to 
replace bulky, expensive and 

highly inductive wire-wound 
resistors. 

The resistor will remain well with-

in its 1% tolerance even under the 
stringent moisture test which 

allows a 5% change. Its temper-

ature coefficient is always lower 

than both the R and X char-

acteristics. 

POLYOHMS are manufactured in 

1/2 , 1, and 2 watt sizes with facili-
ties controlled by the Signal 

Corps. They are presently avail-
able only for government end use. 

Please request samples on com-

pany letterhead. 

TEST RESULTS 

TEST 
MIL-R- 10509A 

Allowable change 

POLYOHM Test Results 

(Median Value) 

Temperature cycling 1% .03% 

Low temperature exposure 3% .08% 

Short time overload .5% .03% 

Load life @ 40°C — 1000 hrs. 1% .2% 
@120 °C — 1000 hrs. — .5% 

Temp. coef. pprni °C (spec.X) ± 500 — 150 
(spec.R) ± 300 —150 

Moisture resistance test 5% .3% 

Ike 
- - 

202 TILLARY ST. 

BROOKLYN 1, N.Y. 

Telephone 

Ulster 2-6800 

RESEARCH 
& DEVELOPMENT CO • INC 

.11idu est Sales Office: 

1 SO. NORTHWEST HWY., PARK RIDGE, ILL. — TAlcot 3-3174 
Wesrern Sales Office: 

737-41, SUITE 7, NO. SEWARD ST., HOLLYWOOD 38, CAL. • HO 5-5281 
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MORE STAYING POWER 

FOR YOUR 

TEST SET DOLLAR 

LABORATORY 

ACCURACY 

... FIELD-SERVICE 

RUGGEDNESS 

Buy right today and know you're • eady for 
tomorrow's requirements. Hlycon test instru-
ments defeat obsolescence by anticipating — 
and sapassing — future standards of quality. 
In addition to the three basic instruments 
shown, the Hycon line will soon include a 5" 
oscilloscope, sweep generator, and color bar/dot 
generator. Write the factory or contact your Local 
parts jobber for additional product information. 

Convenience at unprecedentec low cost sums up 
this rugged, serviceable instrument. Hycon plus 
features include: 21 ranges (28 with peak-to-
peak scales); large 61/2 " meter; 3% accuracy 
on DC and ohms, 5% on AC; frequency response 
to 250 mc with accessory crystal probe. .Fest 
probes stow inside case, ready to use. 

Ideal for production-line testing and lab-
oratory work, this new VTVM provides 
direct readings without interpolation. Fea-
tures illuminated digital scale with decimal 
point and polarity sign; 12 ranges (AC, DC, 
ohms); frequency response to 250 mc with 
auxiliary probe; accuracy: 1% on DC and 
ohms, 2% on AC. Cuts multiple scale confu-
sion and learning curve error. 

MOD, • 

ALL INSTRUMENTS 

IN MATCHING. 

BENCH- STACKING CASES 

Designed for both field serv-
icing and laboratory require-
ments. Features high deflec-
tion sensitivi:y (.01 viin rns); 
4.5 mc vertical bandpass; flat 
± 1 db; internal 5% calibrating 
voltage. Small, compact — but 
accurate enough for the most 
exacting work. Special flat face 
3" CRT provides undistorted 
trace edge to edge. 

ye.« Mfg. Company 
2961 East Colorado Street 

Pasadena 8, California 

'here accuracy counts" 

GO NO-GO MISSILE TEST SYSTEMS • AERIAL CAMERAS 

BASIC ELECTRONIC RESEARCH • AERIAL SURVEYS 

ELECTRONIC TEST INSTRUMENTS • ORDNANCE 

ELECTRONIC SYSTEMS 

1), 

America's most 
complete line 

giLeU2 
ROTARY 
POWER 
SUPPLIES 
ROTARY POWER 

IS BEST 
The " clop- clop" or 
'Old Bess'' gave 
Grandma's buggy ride 
more vibration than the 
smooth Rotary Power 
of today's modern au-
tomobiles. ROTARY 
POWER is best for mo-
bile radio, too . 
and for all DC to AC 
conversion ... smoother 
. . . more dependable 

DC TO AC CONVERTERS 

For operating tape re. 
corders, dictating mo-

b' chines, amplifiers and 
other 110- volt radio. 

audio devices from DC or storage batteries. Used 
by broadcast studios, program p-oducers, exec-
utives, salesmen and other field workers". 

DUO-VOLT GENEMOTORS 

The preferred power sup-

ply for 2- way mobile radio 
installations. Operates 
from either 6 or 12- volt batteries. Carter Gene-
motors are standard equipment in leading makes 
of auto, aircraft, railroad, utility and marine 
communication, 

CHANGE-A-VOLT DYNAMOTORS 

Operates revolt mobile radio 
sets from 12- volt automobile 
batteries .. also from 24, 32 
and 64- volt battery power. 
One of many Carter Dynamo-
tor models. Made by the 

60e world's largest, exclusive man-
ufacturer of rotary power sup-
' plies. 

BE SAFE . . . BE SURE . . BE SATISFIED 
AC can be produced by revers-
ing the flow of DC, like throw-
ing a switch 120 times a sec-
ond. But ROTARY converters 
actually genevate AC voltage 
from an alternator, same as 
utili•y stations. rhot is why 
ROTARY power is such clean 
AC, so dependable . . essen-
tial for hasfi-free operation of 
recorders from DC power. 

MAIL COUPON for ilhostrated bulletin 
with complete mechanical and electrical 
specifications and performance charts. 

Carter Motor Co., Chicaço 47. 

CARTER MOTOR CO. 
2645 N. Maplewood Ave. 
Cbrcago 47, Illinois inulq@ui 

-• 

1 

Please send illustrated literature containing cam- II 
plebe information on ri Carter "Custom" Con. 
verters and D Dynamotor Power Supplies 

NAME   

Address   

City  State   
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Ilembership 

(Continued from page 73.-1) 

Miller, R., 172 Elizabeth Ave.. Trenton 10. N. J. 

Miller. R. IT., Poly•Scientilic Corp., Box 723, 

Blacksburg, Va. 

Miller, T. W., 50 Linden St., Norwalk, Conn. 

Mindes. A. S.. 17 Spear I.a., Denville. N. .1. 

Mirkin, M.. 365 Niagara St., Park Forest, Ill. 
Moline. J. C., Box 922, Eau Gallic., Fla. 

Mooney, D. II., Jr., 1912 Malt rayera Rd., Glen 

Burnie, Md. 

Moore, II. A., RCA Laboratories. Riverhead, I.. 1., 

N. Y. 
Mozenter, M. J., 1331 E. Upsal St.. Philadelphia 

38, Pa. 

Mundell, K. C., .34 Overbrook Rd., Baltimore 18, 

Md. 

Munkasey, P. F., 809 E. Broad St., Falls Church, 

Va. 

Nagy, J., Jr., 21 Dean Ter., I Tnion, N. J. 

Nelson. F. A., 3415 Bryant St., Palo Alto, Calif. 

Neuman, G. J., Blue Mountain Rd., Norwalk, Conn. 
Nicolosi. J. P.. 1657- - 75 St., Brooklyn 4, N. V. 

Nienaber, F. Jr., 64 N. Greenview, Mundelein, Ill. 

Nishball, J. L., 594.4 W. 84 St., Los Angeles 45, 

Nitschke. N. E.., 175 Washington Ave., Saugerties. 

N. Y. 
Nolan, C. A., Box 538-1. R.F.D., 1, Portland 10. 

Ore. 

Norman, F. H., RCA Laboratories, Princeton. N. J. 

Okonski, C. B., 2110 Clinton St., Buffalo, N. Y. 

Oleyar, M., Jr., 429 Cortland Ave.. Syracuse 5. N. Y. 

Olson. K. A.. 3437 Blaisdell. S., Minneapolis 8. 

Minn. 
Orlowski, J. S., 127 Furman St., Trenttin, N. J. 

Ost. S. B., 30 Lefferts Ave.. lirmtklyn 25, N. Y. 

()stroll', C. W.. 1214 E. 64 St., Seattle 5. Wash. 

Owen, E. R., E. 1. du Pont de Nemours & Co., Inc., 

Photo Products Department. Nemours 

Bldg., Wilmington 98, Del. 

Paneyko, M., Fairfield 3, Conn. 

Pasquier, C. J., 949 Wye Dr., Akron, Ohio 

Peterkin, E. W.. 406 Woodland Dr., S.E., Washing-

ton 21, D. ( 7. 

Peterson. D. \V., 8 Ramdon Rd. Princeton, N. J. 

Pichetto, P. B.. 414 Rucker Pl. Alexandria, Va. 

Pickholtz, L., 1439 Denniston St., Pittsburgh 17, Pa. 

Pierson, J. E., 3204.q Euclid, Lynwood, ('alif. 

Plotkin. M.. Brookhaven National Laboratory, 

Upton. L. I., N. V. 

Poarch, M. F., Weiss Rd., R.F.D. I. Allendale, N. J. 

Pahl!, B. A.. 1/1 Pleasure Rd.. Lancaster. Pa. 

Pollock, A. Box I, Portland, Conn. 

Pollack, II. W., 16 Helen Ave., Plainview, L. I.. 

N. Y. 

Polyzou, J., 25 I ludson St., Nutley. N. J. 

Pourte, G. E., 60 Letitia La., Haddonfield, N. J. 
Porter, E. A., 154 Florence Ave., Denville, N. J. 

Price, L. R., 1405 Breda Ave., St. Paul, Minn. 

Rabin, G. C., 73-11--210 St., Bayside, L. I., N. Y. 

Radnor. R. R., 283A Vinton St., Melrose, Mass. 

Randolph, R. C., 7708 Aldea, Van Nuys. Calif. 

Rau, F. J., 1015 Uvilla St., Pittsburgh 20. Pa. 
Rawitz, 11., 1012 Johnston Ave., Wantagh, L. I., 

N. Y. 

Reber, J. II., Box 37, Melbourne Beach, Fla. 

Reeves, J. F., 667 Rockaway St., Staten Island 7, 

N. Y. 

Reichert, I). G., Alumni Memorial Hall, Box 2088, 

Johns I Iopkins University, Baltimore, Md. 

Rentier. G. W., 51 Bellevue St., Dorchester 25, Mass. 

Reynolds, G. E., Jr., 15 S. Orion, Clearwater, Fla. 

Ribe, M. I..„15 Robin Rd., Ru malin. N. J. 

Riceman, S., 70 \ Vallingford Rd.. Brighton 35, Mass. 

Rich. E. M., 71 Columbia Rd., Rockville t'enter, 

L. I., N. Y. 

Richards. R. K., 349 South Rd., Poughkeepsie, 

N. Y. 

Rittersbacher, J. E., 5639 Holt Ave.. Los Angeles 

56, Calif. 

for this new terminal 
construction if you want 

SEALED 
IMMERSION- PROOF 85-100 ° C. 

TWIST- PRONG ELECTROLYTICS 

TWIST TERMINALS 

PRONGS, -.-

MOUNTING 
RING 

ANODE 
RISERS ......... . 

SECTION 

LAMINATED 

BAKELITE 

/ RUBBER 

HIGH 
PURITY 

; ALUMINUM 
1 STUD 

Note the new cover design for Aerovox 
twist-prong electrolytic capacitors. 
It embodies several highly desirable 

features not found in conveni ional twist' 
prong units, such as: 

All- in-one phenolic disk and sealing rubber. 
Greater basic strength than with separate 
layers of phenolic ard rubber heretofore used. 

Lead connection through stud to terminal, 
produces excellent seal against moisture. 

Design flexibility of terminal-stud construction 
allows greater size and shape variation of 
terminal ends. Especially desirable with "printed" 

circuitry. Greater dimensional uniformity. 

Permits standardization of mounting. 
Completely nterchangeable with all other types. 

No internal contact between cissimilar 
materials— high puriiy aluminum throughout. 

GET THE FACTS! 

Let us give you the significant details, 
and then let us quote on your requirements for 
these superior twist-prong electrolytics. 

AEROVOX CORPORATION 
NEW BEDFORD, MASS. 

HI- Q DIVISION, OLEAN, N.Y • CINEMA ENGINEERING CO., BUR• 
BANK. CALIF. • ACME ELECTRONICS, INC., MONROVIA, CALIF. 
• HENRY L. CROWLEY B. CO.. INC., WEST ORANGE N.J. 

In Cens440 AMOVOX CANA0A ITD. elanaltee, Ont 7011110 ADOMISS: 740 Wheal* A.., lindierd, Mom 

Export: Ad. Auriemo, Inc., 89 Brood St., New York, N. Y • Cable: Auriema, N. Y. 
(Continued on page 76..1) 
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FROM 
STOCK 

A complete range of 

MIL-T-27 units is 

available for quick 

delivery from your 
Chicago Standard 
distributor. 

• POWER 

• FILAMENT 

• BIAS 

• CHOKES 

• AUDIO INPUT 
3 frequency ranges 

• AUDIO OUTPUT 
3 frequency ranges 

• PULSE 

Iti 
HERMETICALLY 

SEALED 

TRANSFORMERS 
tha. meet the full 

requirement; of 

Power 
Fi la ment 

Chokes 

• MS ( Military Slandard) 
Power, 

Fi la me nt 

• 400 CYCLE 

Ask for the free CHICAGO catalog, listing detai:ed 
electrical and physical specifications on all these trans-
formers. Available from your electronic parts distributor 
or from Chicago Standard Transformer Corporation. 

CHICAGO STANDARD TRANSFORMER CORPORATION 
ADDISON AND ELSTON • CHICAGO 18, ILLINOIS 

Export Soles. Roburn Agencie, Inc., 431 Greenwich Street, New York 13, N.Y. 

(Continued Ir.,. Page i5A) 

Robinson, J. G., 248 Moore St., Princeton, N. J. 

Rockwood, C. H.. 2316 Harrison St., Evanston, III. 
Rogell, P. S., 135 Berkley La., Horseheads. N. V. 

Rose, H. E., R.F.D.. Kresson Rd., Haddonfield, 
N. J. 

Ross, B. R., 69 Tieman Pl.. New York, 27, N. Y. 
Roth, W., Rich-Roth Laboratories. 1240 Main st., 

Hartford 3, Conn. 

Rotman, W., 8 Chiswick Rd.. Brighton, Mass. 

Rourke. C. R., 68 Teresa Ave., Yonkers 4, N. V. 
Rubinstein, H. W., Sixth Ave & Beach St., Grafton, 

Wis. 

Russell, D. H.. 36 Seitz Dr.. Bethpage, L. I., N. Y. 
Russo, L. J., 1209 Colson Rd., Woodlyn. Pa. 

Rypinski, C. A.. Jr.. 14851 Greenleaf St., Sherman 
Oaks. Calif. 

Ryscuck, J., 213 Kentucky Ave., Ingleside, Norfolk 
2. Va. 

Sabine, L., 1555 W. Oak Ave., St. Paul 13, Minn. 

Salerno, J.. 150 Hancock St., Everett 49, Mass. 
Sanders, M.. 210 Silver Hill La., Stamford. Conn. 

Sarkissian, II. H., 1138 Chautauqua Ave.. Pacific 
Palisades. Calif. 

Saunders, E. R., Jr., R.F.D. 2, Gaithersburg, Md. 

Saunders, H. 0.. Jr., Rm. 2238, 195 Broadway. 
New York, N. Y. 

Saxe, R. E., 4408 Allerton Blvd., Fort Wayne, Ind. 

Schacher, D. L., 35-04 High St.. Fair Lawn, N. J. 
Schaefer, E. J., Engineering Research Institute. 

University of Michlgan, Ann Arbor, Mich. 
Schafer, R. H., Longcorse La., Pat& Pa. 

Schaffner, G., 7205 N. Damen Ave., Chicago. Ill. 
Schairer, N. .1.. 1339 Wisconsin Ave.. NW., Wash-

ington 7, D. C. 

Schlang. A.. 1654 Greenway Blvd.. Valley Stream. 
L. I.. N. Y. 

Schlegel, R. A.. 4237 Union St., Apt. 9-A, Flushing 
55, L. 1., N. Y. 

Schmidt, L. D., 69-30B-186 La.. Apt. 3A, Fresh 
Meadows 65, L. I., N. Y 

Schneider, R. J., 424 E. Young St., Box 143, Wilson, 
N. Y. 

Schulman. M., 247 Elm Ave., Chula Vista, Calif. 
Seamans. J. 0., Alcott Rd., Concord, Mass. 

Searle, C. L.. 316 Highland St., Weston 93, Mass. 
Senstad, P. D., Mayo Clinic. Section on Engineer-

ing, Rochester, Miln. 

Shannon, W. W., Happy Canyon Ranch. Santa 
Ynez, Calif. 

Shaper, H. B., 1075 Stewart Ave.. Garden City, 
L. 1., N. Y. 

Sharman, H. M.. 552 Page St., San Francisco 17. 
Calif. 

Shepherd. L. P., 25 Bluejay La., Levittown, L. I.. 
N. Y. 

Sheridan, C. J., 4427 Duneden Ave., Cincinnati 36, 
Ohio 

Shirley, R. C., 2514 Radcliffe Ave.. Roslyn, Pa. 

Shoemaker, W. E., 821 Tulane, N.E., Albuquerque. 
N. Mex. 

Shortley, W. M., Southern Bell Telephone & 

Telegraph Co.. Phoenix Bldg., Engineering 
Department, Birmingham, Ala. 

Shottenfeld, R.. 85-77 Chevy Chase St., Jamaica 

32, L. 1., N. Y. 

Shubert, N., 13525-52 Ave.. S., Seattle 88, Wash. 
Shucker, S., 6306 Sylvester St.. Philadelphia 40. 

Pa. 
Shumway, N. R., 158 Pine Tree Dr., N. Syracuse, 

N. Y. 

Sicuranza, C. A., 20 Ballad La., Hicksville, I.,. I., 
N. Y. 

Siekanowicz, W. W., 50 Chestnut St., East Orange, 
N. J. 

Silverman, B.. 947 James St.. Syracuse 3, N. Y. 

Simons, B. H., Bell Telephone Laboratories Inc.. 
2B-284, Whippany, N. J. 

Sinnott, J., 65 Jester La.. Levittown, L. I., N. Y. 

76A WHEN WRITING TO ADVERTISERS 

(Continued or. page 78A) 

PLEASE MENTION—PROCEEDINGS OF THE I.R.E. Jody, 1955 



Polar Recorder and 
POLINEAR RECORDER 
ruggedly built, 
portable, for 
laboratory 
and field 
use. 

MODEL 
PR and 
P for FR 

BEAM PATTERN PLOTTING 
of antennas, microphones, 

loudspeakers, ultrasonic devices; 

FREQUENCY RESPONSE RECORDS 
of microphones, loud speakers, filters, ampli-
fiers, and television circuits. 
Both recorders can be furnished with circuits for 
ac or ac-dc signal recording. Chart size 81/2" x I l". 
Convenient linkage to oscillators, analyzers, rota-
tional devices, test-turntables. 

The POLAR RECORDER PR has selsyn-driven rotary 
movement; the POLINEAR RECORDER PER has 
polar and linear synchronous-driven turntable. 
Descriptive literature available. 
Designers and Manufacturers of Graphic Recorders 

SOUND APPARATUS CO. 
Stirling, New Jersey 

Western Representative: ELECTRONIC SALES ASSOCI-
ATES, 7405 Melrose Ave., Los Angeles. 
Southern Representative: RICH ELECTRONICS, INC., 
212 Northwest 8th Ave., Miami, Fla. 

AN CONNECTORS 

RF CONNECTORS 

BLUE 

RIBBON 

CONNECTORS 

SUBAh•nam 
4te) 

AMERICAN PHENOLIC CORPORATION 
Chicago 50. Illinois 

In Canada AMPHENOL CANADA LTD., Toronto 

ÑERE tISI 
High Capacity 

tub 

a new line of 

Mill 

111F, 
CERAMICONSp 

SMALL SIZE — EXCELLENT CHARACTERISTICS 
FOR TRANSISTOR CIRCUITRY 

—>i 

ACTUAL 
SIZE 

2 

STYLE 892 II 1 STYLE 893 STYLE 896 

By employing basically new methods of construction, ERIE is 
able to offer high capacitance Ceramicons in small size for tran-
sistor and other miniaturized circuitry. 
Rectangular in shape — for the most capacity in the smallest 
space — these new ERIE Plate Ceramicons are made in sizes 
and capacitance ranges through 0.1 mfd. as listed below. They 
have a generous 200 volt rating. Write for data sheet giving com-
plete specifications. 

Samples are available in the following values: 

Style MFD Style 
892 .0022 ± 20% 896 
892 .0033 ± 20% 896 
892 .0047 ± 20% 896 
893 .0068 ± 20% 896 
893 .01 2-- 20% 896 

896 

MFD 
.015 ' 20% 
.022 20% 
.033 20% 
047 80% 

0.1 
.068 -- 20% 

*20 

5 0 

20 
••.c 

11. 

TYPICAL TEMPERATURE CHARACTERISTICS 

A 

B 

—10 0 0 ,20 *30 *40 *50 +60 * 70 ,80 90 

TEMPERATURE IN DEGREES CENTGRADE 

A. For capacities .0022 thru .033 MFD. B. For capacities .047 they 0.1 MFD. 

SPECIFICATIONS 
TERMINALS   --;22 (.025) Hot Tinned Copper Leads 
VOLTAGE RATING 200 volts D.C. at 85°C 

LIFE TEST  400 volts D.C. 1000 hours at 85°C 
FLASH TEST 600 volts D.C. 
POWER FACTOR 2.5% Mau. ot 1 volt RMS I Kc. 
SEAL     Phenolic Dip Coating, Wax Impregnated 

ERIE ELECTRONICS DIVISION 
ERIE RESISTOR CORPORATION 

Main Offices and FacionEs ERIE, PA. 
Manufacturtng Subsidlaroes • 

HOLLY SPRINGS MISSISSIPPI • LONDON, ENGLAND • TRENTON, ONTARIO 
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Minicture Gang Tuned 
Filters and Preselectors 

These new filters and preselec-
tors feature a wide tuning range, 
single shaft tuning, Tschebycheff 
response and extremely compact 

design. They ore usable over 
wide temperature ranges and 
can be furnished hermetically 
sealed. 

Components manufactured by 
Frequency Standards ore the ac-

cepted standard of accuracy in 
the field of microwave frequency 

measurement and control. Engi-
neering, design and manufac-
turing facilities are available for 
the solution of problems involv-

by 

FREQUENCY 
STANDARDS 

ing frequency measurement, fre-
quency stabilization, frequency 
control and discriminatioi. Con-
sult Frequency Stardards engi-
neers on your reqLirements for 

preselectors, oscillator 
ccvities, AFC cavities and fre-
quency meters fcr special ap-
pl cations. 

• TYPICAL SPECIFICATIONS FOR PRESELECTORS AND FILTERS 

Tuning Range (KMC) 1.2-1.5 

Bandwidth (MC) 10±-2 
Insertion Loss (db) 
(4 sections) 

Coupling TYPE N TYPE N TYPE N WAVEG WOE 

4.8-5.3 8.5 9.6 

10 -172 10±2 

.≤ 2.0 <2.0 .≤ 2.0 

Write tor new Catalog containing complete 
informction on Microwave Filters, Preselec- tors and Frequency Meters including com-

ipletely self-contained rield Test Equipment. 

Please address 
inquiries to BOX 504 A 

(Continued from page 764) 

Skalski, W. A., 280 Carlton Ave.. East Rutherford' 
N. .j. 

Skeeters, R. N., 103 B Blue Ridge Rd., China Lake, 
Calif. 

Skehan, J. W., RED., 1, Erskine Rd., Stamford, 
Conn, 

Smeltzer, J. C.. 3023 E. Ocean Blvd., Long Beach 
3, Calif. 

Smith, A. H., 1418 W. 26 St., Sioux City, Iowa 

Smith, C. B., 408 Lexington Dr.. Woodmoor, Md, 
Smith, E. J., Polytechnic Institute of Brooklyn, 

55 Johnson St., Brooklyn 1, N. Y. 

Smith, G. F., 7240 McCool Ave., Los Angeles 45, 
Calif. 

Smith, II. A. P., 3763 Blanche St., Pasadena, Calif. 
Smith, M. R., Minneapolis Honeywell Regulator 

Co., Marine Equipment Division, 1121 
Westlake Ave., N. Seattle 9, Wash. 

Smith, R. T., 20 lligh St., Lynn, Mass. 

Snadyc, A. M., 282 Ackerman Ave., Clifton, N. J. 
Snegoski, J. J., 2111 W. 67 St. Minneapolis 23, 

Minn. 

Soderholm, L. IL, 4210 Everett, Lincoln 6. Nebr. 

Somerville. A„ 1483 Henrietta St., Birmingham. 
Mich. 

Soroka, B., 5341 Cordelia Ave., Baltimore is, Md. 
Sparf, W. IL, 211 E. Highland Ave., Villa Park, Ill. 

Spellman. F. C., 24 %Vest Dr., Plandome, L. L. N. Y. 
Spence. II. W., 338 Carter St., Aberdeen, Md. 

Spencer, G. R., c/o Philco Corp., Church Rd., 
Landsale, Pa. 

Spilula, R. W., R.F.D. 7, Winston-Salem, N. C. 
Spuhler, H. A., Electrical Engineering Department. 

Texas Technological College. Lubbock, 
Tex, 

Stampalia, I. J., Jr., 17439 Fourth Ave., SW., 
Seattle 66, Wash. 

Stoj, F. R., 121 Passaic St., Passaic, N. J. 
Stone. L. N., 1111 N. 11 St., Corvallis, Ore. 

Stott. R. F., 400 Grand Ave., S. Pasadena. Calif. 

Strong. J. J., Jr., 10 Jorathan Ave., Hicksville. 
L. 1., N. Y. 

Stutt, C. A., 449 Mystic St Arlirgton 74, Mass. 
Sumpter, P. B., Box 481, Long Branch. N. J. 

Sutton. W. R.. 16730 Gilmore St.. Van Nuys, Calif. 
Swank, W. B., 2310 Bellevue Ave.. Syracuse 4, N. Y. 
Taffet, M. S.. 31 Elliott Rd., Great Neck, L. I., 

N. Y. 

Taylor. C. L., 2301 N. York. Owensboro, Ky. 

Tejada-Flores, L. H., 861 Euclid Ave., Pasadena 5. 
Calif. 

Terry, C. B., Air Associate, Inc., 511 Joyce St., 
Orange. N. J. 

Thomasson, H. B., 2331 N. Richmond St., Arling-
ton 7, Va. 

Thompson, C. E.. Box 89, Canyon, Tex, 
Thompson, R. T., 119 S. Elm, Palatine, Ill. 

Thorne, C. M., Box 2283. R.F.D. 4, Bremerton, 
Wash. 

Thorpe, R. A., 2615 Pershing Ave., Richmond, Va. 

Tingley, F. T., Clemson Agraliltural College. 
Clemson, S. C. 

Treston, P., 1114 Raymere Ave., Wanamassa, N. J. 
Tucker, F. L., 275 Massachusetts Ave., Cambridge 

39, Mass. 

Turner, J. L., 30 Frances St, Needham 92, Mass. 

Tuttle, J. B., 918 Dexter La., Alamogordo. N. Mex. 

Tveit, T. J., 1907 Arizona Ave., Rockford, Ill. 

Tyler, E. M., 775 Love Ia.. E. Greenwich, R. I. 
Tyminski, W. V., 426 Passaic Ave., Nutley, N. J. 

Udelson, B. J., 10102 Georgia A,•e.. Silver Spring, 
Md. 

Unger, J. W., 43 Sycamore La., Middletown. Pa. 
Van Duyne, J. P., 137 Young Ave., Cedar Grove, 

N. J. 

Van Rosenbergh, W., 84 Linden St., Malverne, 
L. I., N. Y. 

Van Zant, R. R., 5214 W. 72 Ter., Prairie Village, 
Kans. 

(Continued On page 5.≥.4 ) 
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ONE IN UNIT—no associated amplifiers and 

compensators needed because of the small variation in 

transformer ratio and phase shift with varying input voltage. 

EXCEPTIONAL ACCURACY:± 2 min. null spacing, ±3 
min. interaxis error, 0.05% max. amplitude error. 

COMPACT—weighs only 5.87 oz. 
• 0-16V 400 CPS input voltage range. Special units may be 

designed for higher input voltages. 

• 740/79° input impedance. 

• Available with 1 and/or 2 input or output windings. 

• Transformation ratio: (S/P) .955 ± 015. 

• Phase shift: 4°30' ± 30'. 

• Max. static torque (oz.in.2): . 5. 

SIZE 15 DESIGN- COMPENSATED 

precision resolver 

Write for complete information on Type 3D-2348 today. For your 
special applications, send detailed design requirements to help us 

to help you faster. 

Other products include Actuators, AC Drive Motors, DC Motors 

for Special Applications, Motor-Gear-Trains, Servo Torque Units, 
Low Inertia Servo Motors, Synchro Differentials, Two-Phase Ref-
erence Generators, Tachometer Generators and Motor Driven 

Blower and Fan Assemblies. 

Actual Size. Type 3D-2348. 

MANUFACTURING CO, 

AVIONIC DIVISION 

RACINE, WISCONSIN 

Your Rotating Equiprrent Specialist 
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are RCA-developed 

The top 10 on this totem pole are the tube industry's "highest-
volume" entertainment receiving-type tubes designated for 
initial equipment sockets in the first quarter 1955*. RCA 
originally developed and sponsored 7 of these 10 (plus the 
basic type 6SN7-GT). And subsequently, RCA improved 
them all. This is tube leadership—the criterion of progress 
in tube quality. 

Today, few electronic manufacturers can point to as long and 
continuous a record of engineering accomplishments in 
attaining superior tube quality as RCA. Take, for example, the 
improvements in popular types like the RCA-6AU6,-6CB6, 
-12AU7, and-1B3-GT ... improvements that make top-flight 
designs even better for your modern circuit needs! 

Backed by its superior system of "progressive" quality-
control, RCA is "mass-producing" high-quality receiving tubes 
having remarkably high uniformity of characteristics and 
dependability. Why not take advantage of RCA's extensive 
manufacturing facilities—and discuss your present and future 
tube requirements with your RCA Field Representative. 

IVING-TYPE TUBES 

*RETMA Report 
for first three 
months of 1955. 

RADIO CORPORATION of AMERICA 
ELECTRON TUSES HARRISON, N.I. 
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Howard Vollum 
DIRECTOR, 1955 

Howard Vollum was born on May 31, 1913, in 
Portland, Oregon. He attended Columbia Univer-
sity in Portland from 1931 to 1933, transferring to 
Reed College in 1934. In 1936 he received the 
B.A. degree in physics from the latter school. 
Upon graduation from college, he spent the next 

few years servicing and installing home, auto, and 
aircraft radios and constructing electronic devices. 

From 1940 to 1941 he was Supervisor of Radio 
Project, NYA, in Portland. Mr. Vollum served as 
an officer in the U. S. Army Signal Corps from 

1942 to 1946. His first two years in service he 
spent at ADRDE, in Malvern and Christ Church, 

England, working on coast artillery fire control 
radar. He was awarded the Legion of Merit for 
this work. For the next two years he was stationed 

at the Evans Signal Laboratory in Belmar, New 
Jersey, in charge of a subsection concerned with 

the use of radar by ground forces. As a result of 
this contribution, the Oak Leaf Cluster was added 
to his award. 

In 1946 Mr. Vollum helped to found Tektronix, 
Inc., of which he is now President. Mr. Vollum is 
known for his work on the development of the 

cathode-ray oscilloscope. In recognition of his 
achievements, Portland University awarded him 
an honorary Sc.D. degree in 1953. 

Mr. Vollum became a Senior Member of the IRE 
in 1950, and received the Fellow Award in 1955, 

"for his contribution to the development and 
manufacture of electronic laboratory instruments." 
In 1954 he was Chairman of the Portland Section. 
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Changes in the IRE Dues Structure 
J. D. RYDER, PRESIDENT 

Because of the breadth of the electronics field, 
including as it does most aspects of electrical engi-
neering and many areas in physics, the IRE has 
become one of the large and well-respected profes-
sional engineering societies of the world. As such, 
W. R. Hewlett, our president in 1954, believed it 
undesirable that our organization should have so 
many qualified professional members in the Asso-
ciate grade of membership, and therefore unable 
to vote and participate fully in IRE activities. At 
the March, 1955, meeting of the Board of Direc-
tors, certain changes were made in the membership 
and dues structure of the IRE, which it is hoped 
will channel new members more directly into mem-
bership grades properly representative of their 
professional qualifications. 

For many years the IRE dues pattern has pro-
vided for annual dues of $ 10 for the first five years 
of Associate membership, all other dues being $15 
per year. This arrangement has furnished in the 
past, a financial incentive to initial application at 
the Associate, or non-professional level, and nor-
mal human inertia, or reluctance to fill out and 
file transfer blanks, has kept many professionally-
qualified members there. It would seem more 
desirable, however, that a potential member's pro-
fessional qùalifications, and not a favorable dues 
condition, should determine his initial grade of 
IRE membership, and this the new dues structure 
aims to provide. 

While other engineering societies are finding the 
going difficult and are raising dues, the IRE re-
mains in strong financial condition, and it seemed 
inadvisable and unnecessary to adopt the obvious 
possibility of eliminating the $10 initial Associate 
dues level. Accordingly, the Board of Directors has 
adopted the reverse policy and has ruled that for 
all new members elected after July 1, 1955, re-
gardless of grade of membership, the annual dues 
shall be $ 10 for the first three years of member-
ship, after which the dues rise to the present maxi-
mum level of $ 15 annually. This will represent a 
dues reduction for new elections as Members or 
Senior Members. It is hoped thereby that new 
applicants will enter in the grades for which they 
are qualified, and thus will strengthen the IRE 

through increase of qualified professional member-
ship. 

Several other changes have been made in the by-
laws governing membership. Age limits have been 
eliminated in all grades, the Board feeling that 
anyone who has achieved the required professional 
standing should be permitted the privileges of that 
standing, irrespective of age. It has also been 
pointed out that the Associate grade requires 
merely "an interest in radio," whereas the gradu-
ate of an accredited four-year school who has spe-
cialized in radio, electrical engineering, or allied 
studies certainly has progressed beyond mere inter-
est in radio. This fact has been recognized through 
bylaw changes allowing such graduates to enter 
as, or transfer to Member level, the lower profes-
sional grade, by granting of three years of profes-
sional credit for the four school years instead of 
the previous two year credit. IRE Student Mem-
bers graduating from such curricula will hence-
forth transfer to Member instead of Associate 
grade, upon expiration of Student Member status 
on graduation. 

It should be noted that the changes in dues 
structure are to affect only new members elected 
after July 1, 1955, and do not apply to members 
admitted before that time. Thus :\ ssociates elected 
prior to that date will continue their five years at 
the rate of $ 10, whereas Associates, Members, or 
Senior Members elected after July 1, 1955, will 
have three years at the new rate. To newly elected 
Members and Senior Members the revised plan 
represents a slight reduction in dues. 

It seems desirable to reemphasize the feeling of 
the Board that the strength of the IRE depends on 
sufficient numbers of professionally qualified mem-
bers. and that it is of great importance for every 
member to be in the highest membership grade for 
which he is professionally qualified. To this end. 
Section Membership Chairmen stand ready to aid. 
It is also suggested that every Associate and Mem-
ber study page 5 of the 1954 Directory to deter-
mine if he has the qualifications necessary to a 
higher membership grade. Such transfer can be of 
much value to each individual and to the IRE in 
furthering its professional responsibilities. 
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Frequency Aging of High-Frequency 
Plated Crystal Units* 

A. W. WARNERt, MEMBER, IRE 

The following paper was procured and recommended for publication in the PROCEEDINGS 
by the Professional Group on Ultrasonics Engineering.—The Editor 

Summary—The frequency aging of high-frequency crystal units 
is explained in terms of residual contamination, which may be a 
partial molecular layer. Experimental data are given on methods de-

signed to reduce frequency aging to a minimum. 

T
HE ALLOWABLE change in frequency of a 
crystal unit with time is often specified in parts in 
102 per month, and for the more precise frequency 

standards is specified in parts in 108 per week. These 
tolerances are several orders of magnitude beyond those 
required of other standards used in communications 
measurements. To maintain and improve such toler-
ances requires the application of a high degree of skill 

and engineering ingenuity. It is the purpose of this arti-
cle to show the relationship betweeen various fabrication 
methods and frequency aging, and to present typical 
frequency aging data on plated AT crystal units in 

metal and glass enclosures. 
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8 0 3 6 9 12 15 18 21 24 27 30 
DAYS 

Fig. 1—Aging record at 70 degrees C. of a CR32 type crystal unit' 
44 megacycles, fifth overtone, enclosed in an HC6 metal holder. 

The resonant frequency of a crystal unit is determined 
by its mechanically vibrating section, consisting of the 
quartz plate, electrodes deposited on its two major faces, 
and to some extent the mounting or support wires.' At 
sufficiently high frequencies, or with specially contoured 
quartz plates,2 the mounting can be effectively divorced 
from the vibrating system, leaving a part of the crystal 
plate and its associated metal electrodes as the &e-

* Original manuscript received by the IRE, April 6, 1955. 
Bell Telephone Laboratories, Inc., Whippany, N. J. 
R. A. Sykes, " High-frequency plated quartz crystal units," 

PROC. IRE, vol. 36, pp. 4-7; January, 1948. 
2 A. W. Warner, "High-frequency crystal units for primary fre-

quency standards," PROC. IRE, vol. 40, pp. 1030-1033; September, 
1952. 

quency determining elements. Any change in the elastic 
constants or the mass of these elements will cause a 
change in frequency. 
The aging of typical AT crystal units can be best 

explained by the transfer to or from the quartz plate of 
material other than quartz or electrode metal. This is 
not to say that aging cannot be caused by loss of quartz 
from the surface and by migration within the metal 
electrode, but with present-day methods of etching 
quartz and the use of noble metals for electrodes, aging 
from this source is much less prevalent than from 

contaminants. 
Fig. 1 shows the aging record at 70 degrees C. of a 

44-megacycle, fifth-overtone, CR32-type crystal unit 
enclosed in the commonly used metal LIC6 holder. The 
aging is two parts per million per month for the first 
month of operation. This aging rate is about normal for 
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Fig. 2—Aging record at 70 degree C. of a contaminated metal 
enclosed crystal unit, 15-mc, third-overtone. 

the CR32 type of crystal unit. The downward direction 
of the aging curve is attributed to the slow transfer of 
contamination to the crystal plate from the inner walls 
of the metal enclosure. This assumption seems reasona-
ble in view of the fact that the quartz crystal plate and 
its gold electrode can be cleaned more effectively than 

can the metal enclosure. 
Fig. 2 shows the aging record of a similar crystal, 

except that additional contamination, probably solder-
ing flux, is present. This is surmised from the fact that 
the unit failed to pass a test for low vapor content. The 
aging rate is four times as bad and, since the direction 
of frequency change is reversed upon exposure to room 
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8 

temperature, it is evident that equilibrium is a function 
of temperature. Although this crystal unit might even-
tually age at an acceptably low rate, any change in 
temperature, such as an oven shut down, would start a 
new aging cycle. 
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Fig. 3—Aging record of metal enclosed, 89-mc, seventh-overtone 
crystal units at 70 degrees C. 

Fig. 3 shows the aging record of a group of three 89-
mc, seventh-overtone crystal units in metal holders at 
70 degrees C. At this frequency the quartz plate is less 
than half as thick as that of Fig. 2, yet no aging is ap-
parent within the error of measurement, + 1 part per 
million. These units were baked for 24 hours prior to 
assembly. Fig. 4 shows the aging record of two third-
overtone crystal units made in the laboratory, with 
great care taken in the cleaning and sealing methods. 
The aging is about 1 ppm for the extended period of four 
months, five to ten times better than the crystal in 
Fig. 1. 
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Fig. 4—Aging record of two third-overtone laboratory-made 
crystal units, metal enclosed. 

In view of the foregoing experiments, it was reasoned 
(1) that a glass enclosure, with a smooth surface which 
can be easily degassed and cleaned, should be superior 
to a metal enclosure, and (2) that by the use of glass, 
aging rates low enough for primary frequency standard 

use might be achieved. To demonstrate this a group of 
crystal plates having a large frequency determining 
dimension, 10 times that of the crystal unit in Fig. 1 
were tried, first in evacuated HC6 metal enclosures and 
then in glass bulbs. The frequency measuring equip-
ment was improved to measure parts in 108 rather than 
106. Using a 25X expanded frequency scale, it can be 
seen in Figs. 5 and 6 that in the metal enclosure the fre-
quency aging is slightly erratic and downward, and in 
the glass enclosure it is uniform and upward. The con-
clusions reached from this experiment were (1) that the 
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Fig. 5—Aging record of 5-mc, fifth-overtone crystal units in 
HC6 metal enclosures, at 60 degrees C. 
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Fig. 6—Aging record of 5-mc, fifth-overtone crystal units in 
T5-1/2 glass bulbs, at 60 degrees C. 

glass enclosure was contaminated less than the crystal 
plate surface, which is apparently losing mass to its sur-
roundings, and (2) that for further improvement of 
frequency aging the crystal plate surface should now be 
improved. 
The next experiments were performed on polished 

quartz plates. It was reasoned that a smooth surface 
would not only have less surface area, but also could be 
more easily cleaned. The contaminants are not im-
bedded in tiny crevices and can be removed by rela-
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tively short exposures to cleaning agents. Fig. 7 shows 
the aging record of the polished crystal plates in glass 
enclosures. These are twice as good as the unpolished 
plates and are uniform, but the indications are still that 
the crystal plate is not entirely free of contamination. 
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Fig. 7—Aging record of polished 5-mc, fifth-overtone crysta 
units in glass bulbs, at 60 degrees C. 

This was investigated further in an aging test de-
signed to show the relative amounts of contamination 
removed by various processes. Referring to Fig. 8, 
crystal units number 5 and 6 were made as in the pre-
vious experiment. Crystal unit number 4 is a similar 
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Fig. 8—Aging record of various polished 5-mc, fifth-overtone crysta 
units in glass bulbs at 60 degrees C. with a 24-hour 100 degrees C 
bake at intervals. 

unit that had been through the previous aging test. 
Crystal units 1, 2, and 3, were made in the same manner 
as units 5 and 6, except that they were vacuum baked 
in a special apparatus just prior to final sealing. During 
the aging test the crystals were removed periodically 
and exposed to a temperature of 100 degrees C. for 24 

hours. It will be seen that the vacuum baking technique 
had the effect of removing about 80 per cent of the re-
maining contamination, making the crystal unit much 
less susceptible to frequency changes due to temperature 
interruptions. 

Fig. 9 shows the aging record of a group of five 
crystal units made in accordance with the above princi-
ples; that is, smooth surfaces and maximum removal of 
contamination. The average aging of the five units is 
nearly zero, the maximum excursion 10 parts in a billion 
in 30 days. 
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Fig. 9—Aging record at 75 degrees C. of crystal units baked 
20 hours at 140 degrees C. 

From these data one can conclude empirically that the 
mechanism of frequency aging of high-frequency crystal 
units is one of transfer of mass to and from the crystal 
plate. The rate of transfer and the degree of permanence 
after transfer will be a function of the vapor pressure 
of the contaminant and the degree of adherence, which 
may be molecular, chemical, or mechanical, between the 
contaminant and the electrode material. For this reason, 
it is not likely that any degree of permanence would be 
achieved by stabilizing a contaminated crystal after 
sealing, as by heat cycling and the like. Also, it is proba-
bly not possible to predict an aging curve, since the 
equilibrium reached at any given operating condition is 
not likely to repeat itself. 
The relationship between contaminant and frequency 

change may be clearer if one calculates the mass in-
volved. A change in frequency of 1 part in 109 in the 
crystal units of Fig. 9 requires a change in mass at the 
surface of 2 X 10-4 micrograms per square centimeter. 
If this mass were, for example, an oil film having a 
density of 1, it would be only two hundredths of an 
angstrom thick. Since a molecular layer is at least 4A 
thick, this represents only a partial molecular layer. 

It should be recognized, however, that a high degree 
of frequency stability is obtainable from crystal units 
mounted in the widely used HC6 metal enclosure, i.e., 
1 part in 106 for the first month of operation with con-
tinuing improvement as long as operating conditions are 
unchanged. Where frequency stability greater than this 
is required, as in primary frequency standards, the 
cleaner glass-enclosed crystal units are preferable, de-
spite their larger size. 
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Some Gyrator and Impedance Inverter Circuits* 
B. P. BOGERTt 

Summary—The use of feedback amplifiers to provide impedance 
inversion is considered. If the proper types of feedback connections 
are used, and the input and output impedances of the amplifier and 
its gain are chosen suitably, the input impedance of the circuit will 

be approximately proportional to the reciprocal of the load imped-
ance. The approximation may be improved by the insertion of 
negative impedance elements to compensate for the residual im-
pedances in the inverter. When this is done, the circuit exhibits 
gyrator properties. Experimental verification of one of the circuits, 
using high quality stable amplifiers, gave a range of impedance in-
version of two decades. 

/
T IS THE purpose of this paper to discuss some 
'feedback amplifier circuits which act as impedance 
inverters and as gyrators. The gyrator' may be con-

sidered to be a two terminal-pair circuit which has the 
property that the phase shift for transmission in one 
direction differs by 180 degrees from that for transmis-
sion in the other direction, over a broadband of fre-
quency.' This is a consequence of the fundamental 
property of a gyrator, which is that the transfer im-
pedance z12 be R, zu be —R, and that zu and z22 be zero. 
Another property which follows from the above is that 
of impedance inversion. If, as a starting point, we con-
sider circuits capable of impedance inversion, it is possi-
ble to arrive at some active circuits for gyrators. 
We consider the relation between the input impedance 

and the load impedance of amplifiers with external feed-
back connections of specified types. By using the proper 
feedback connections, and by suitable choice of amplifier 
input and output impedances and gain, the circuit ap-
proximates an impedance inverter. The residual imped-
ances may be corrected by addition of negative imped-
ance elements, and the resulting circuits possess the 
properties of a gyrator. Since the gyrator circuits so ob-
tained employ active elements, their over-all stability is 
an important consideration. 

Consider first the fourpole shown in Fig. 1(a). The 
input impedance Zin when an impedance ZL terminates 
the output is given by the expression 

Zin = Z11 
Zi2Z21 

Z22 ± ZL 

In order to make an impedance inverter, we must 
have zu = z22 = 0, and zuzu negative real. If we cannot 
strictly realize the first condition, we should have, in the 
impedance range of interest, 

Z22 « ZL (2) 

* Original manuscript received by the IRE, December 1, 1954; 
revised manuscript received, March 10, 1955. 
t Bell Telephone Labs., Inc., Murray Hill, N. J. 
B. D. H. Tellegen, "The gyrator, a new electric network ele-

ment," Philips Res. Rep., vol. 3, pp. 81-101; April, 1948. 
2 W. Nonnenmacher and F. Schreiber, "Der zweidrahtverstârker 

als gyrator and als vierpol zur herstellung ungewanlicher schein- 3 R. B. Blackman, "Effect of feedback on impedance," Bell Sys. 
widerstânde," Frequenz, vol. 8, pp. 201-204; July, 1954. Tech. Jour., vol. 22, p. 276 (F ig. 4); October, 1943. 

and 

z11 « 
ZI2Z21 

ZL 
(3) 

Consider now the circuit of Fig. 1(b). It consists of an 
amplifier having an input impedance Z1, a passive out-
put impedance Z2 and open circuit gain k. The output is 
fed back into the input using a series connection at the 
output end and a parallel connection in the input circuit. 

e t Fee -, 1.= 
(a) (b) 

(c) (d) 

Fig. I—(a) Basic fourpole with current and voltage conventions. 
(b) Impedance inverter circuit. (c) Alternative form of circuit of 
Fig. 1(b). (d) Grounded emitter transistor stage. 

If the output circuit is terminated in an impedance 
the input impedance Zin is: 

ZI(Z2 + ZL) 
Zin =   

Zi(k ± 1) ± Z2 ± ZL 

If we make 

and 

then 

Zi(k + 1) -I- Z2 = 0, 

Z2 >> ZL 

Z1Z2 Z' 
= — 

ZL ZL 

which has the desired property. This circuit is easily 
recognized as a form of feedback amplifier,' but its ac-
tion as an impedance inverter does not appear to be 
particularly well known. 
An alternative circuit is obtained by interchanging 

the feedback leads and replacing k by —k. This circuit 
is shown in Fig. 1(c), which makes it evident that we are 
dealing with the ordinary reactance tube circuit, except 
that for operation as an impedance inverter, the phase 
shift in the amplifier must be zero when Z1 and Z2 are 

resistances. Thus we are led to consider the use of a 
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transistor, using the circuit shown in Fig. 1(d). This cir-
cuit is essentially the grounded emitter transistor cir-
cuit, and the input impedance of such a stage is given in 
terms of the transistor constants as:4 

re(r. — re)  
R = re+ rb+ (8) 

re + r. — rm + RL 

and, looking from the output end: 

re(r„, — re) 
Ro = re + r„,+  (9) 

re + rb+ R, 

If we employed a transistor having the idealized 
properties ro—>0; re— P.m-4); re-40 and oo such that 
rer,,, = R2, then a good impedance inverter could be made 
by using a grounded emitter transistor stage. 

It is convenient to regard these circuits as feedback 
amplifiers, and to characterize them in terms of the feed-
back connections at the input and output. The circuit 
we have been discussing is parallel connected at the in-
put and series connected at the output. It will be de-
noted by PS. Let us see how other circuits behave as 
regards impedance transformations. We consider, in 
order, the series-series (SS), series-parallel (SP), parallel-
series ( PS), and parallel-parallel (PP). Using the sym-

L, 

PS 

r 

ir J  

efz ke 

Fig. 2—General forms of feedback amplifier circuits discussed. 
SS = series-series; SP = series-parallel; PS= parallel series; PP 
= parallel-parallel. First letter refers to input feedback connec-
tion, second letter to output feedback connection. Meaning of 
amplifier symbol shown. 

bols and conventions shown in Fig. 2 we have for the 
impedance transformations: 

SS: Z. = ( 1 — k)Z1 + Z2 + ZL = a + ZL (10) 

Z1Z2 + ZL[Zi(1 — k) + Z2] Z1Z2 + aZ 
 (11) 
Z2 + ZL 

Zi(Z2 + ZL) ZI(Z2 + Z L) 
(12) 

Z1(1 — k) + Z2 + ZL a ZL 

Ze2ZL  Z1Z2ZL 

Z1Z2 ZL[Z1(1 k) + Z2] = Z1Z2+ otZL 

where a = Z1(1 —k) ±Z2, and is assumed real. 

4 R. L. Wallace, Jr. and W. J. Pietenpol, "Some circuit properties 
and applications of n-p-n transistors," Bell Sys. Tech. Jour., vol. 30, 
pp. 530-563 Legs. (34) and (37)1; July, 1951. 

SP: Z. — 

PS: Z. 

PP: Z,„ — (13) 

Inspection of ( 10) and ( 13) show that it is impossible 
to obtain impedance inversion with the SS and PP feed-
back connections. We have already discussed the PS 
connection so it remains to consider the SP circuit. For 
good inversion we need 

Z2 « Zr, 

in which case 

Z, = Z, = R, k 

(b) 

PS 

(d) 

a = 

Z1Z2 
Zin = 

ZL 

(c) 

PS 

e) 

(14) 

(15) 

Fig. 3—(a) Ideal cathode follower type impedance inverter. (b) Gyra-
tor formed from SP inverter circuit with addition of series re-
sistance —R in output lead. (c) Gyrator formed from SP inverter 
circuit with addition of shunt resistance —R across input. (d) Gy-
rator formed from PS inverter circuit with addition of shunt re-
sistance —R across output. (e) Gyrator formed from PS inverter 
circuit with addition of series resistance —R in input lead. 

A possible circuit is shown in Fig. 3(a), which involves 
the use of an ideal cathode follower.' The impedance to 
be inverted is placed from cathode-to-ground and the 
inverted impedance appears from cathode-to-grid.' 

For the SP and PS cases we have for the fourpole 
impedance matrix: 

SP: 114 = 

PS: 11 zll = 

a —Z2 

Zi — a Z2 

Z1 —Z1 

a 

The admittance matrix in each case is 

SP: 113/11 = 
Y1 Vi 

af Y2 a' 

(16) 

(17) 

(18) 

6 J. Shekel, "The gyrator as a 3-terminal element," PROC. IRE, 
vol. 41, pp. 1014-1016; August, 1953. 

If the circuit of Fig. 3(a) is redrawn to bring into evidence the 
combination of the internal feedback of the cathode follower stage 
and the external SP feedback under discussion, a differently appear-
ing circuit results, which consists of a grounded cathode stage with an 
impedance Z1 connected between the grid and plate. Although the 
circuit now appears to belong to the PP family, this is not strictly the 
case, since the external feedback path has other than zero series im-
pedance. Zero series impedance in feedback paths is a somewhat arbi-
trary limitation for the types of feedback circuits under discussion. 
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PS: IH = 

where 

a' Y2 

— Yi Y2 
(19) 

YI = 1/Z2, Y2 = 1/Z2, and a' = Y2(1 — Yi. (20) 

Examination of ( 10) through ( 13) shows that the ex-
pression a = Zi(1— k) +Z2 enters into each equation in 
a rather fundamental way. It is not difficult in a prac-
tical experimental circuit to satisfy the condition a =0 
(which implies a' = 0). It must be noted if a ≤ 0 the 
circuit is potentially unstable,' so that generally, a must 
be small but greater than 0. If we neglect a we have, 
from ( 11) and ( 12) 

and 

Z1Z2 
SP: Zin = (21) 

Z2+ ZL 

ZI(Z2 + ZL) 
PS: Zin 

ZL 

while the matrices ( 16) and ( 18) become 

SP: IIzI = 
Z2 

and III = 

and ( 17) and ( 19) become 

Zi —Zi 

PS: 114 = 11 Z2 0 
and III = 

(22) 

(23) 

(24) 

If we consider the SP z-matrix, we see that if an im-
pedance —Z2 is placed in series in the output circuit, we 
have a perfect impedance inverter, and if Z1= Z2 = R, 
and k = 2 (so that a = 0), we have 

1O — R RO 
(25) 

which defines a gyrator. In addition, we can make a 
gyrator if an admittance — Y, is shunted across the in-
put terminals, with 171= Y2 = 1/R, so that 

0 1/R 

—1/R 0 
(26) 

which is the admittance matrix corresponding to (25). 
These circuits are shown in Figs. 3(b) and 3(c). In the 
same way, a gyrator can be made using the PS circuit 
by either shunting — Y2 across the output terminals or 
by inserting — Z1 in series with an input terminal, as 
shown in Figs. 3(d) and 3(e). 

It is interesting to note that in both SP and PS 
circuits, to correct for the residual zu or z22 (which ever 
occurs), the series negative impedance is placed on the 
"P" or parallel feedback side, and the shunt negative 
admittance is placed on the "S" or series feedback side. 

7 A "potentially unstable" circuit is here defined to be one which, 
by proper passive termination, may be made to oscillate. 

Thus, when Zi= Z2 = R, and k= 2 (a = 0), the SP and PS 
circuits can be regarded as identical except for a reversal 
in amplifier direction. 

Since these circuits involve active elements, problems 
of stability are important. If we suppose that the ter-
minations are passive, but otherwise arbitrary, the cir-
cuits must remain stable. In the first place, the condition 
that a=0 is the boundary between stable and poten-
tially unstable operation, as has been mentioned. In 
addition the negative resistances used to make the 
gyrators must be of the proper stability type. The series 
negative resistances must be open-circuit stable and the 
shunt conductances must be short-circuit stable.8 The 
range of impedance seen by the series negative resistance 
runs from R to co, while the range of admittance seen 
by the shunt negative conductance runs from 0 to 1/R. 

Experimental confirmation of one of these circuits 
was made, using the circuit of Fig. 3(e). The amplifiers 
used were of a design having accurately controlled input 
and output impedances (600 ohms) and were very 
stable. To obtain the negative resistance of — 600 ohms, 
an SS circuit was used with Z1= Z2 = 600 ohms, ZL = 0, 
and k = 3 [see ( 10)]. The theoretical gain setting cor-
responding to k=3 is 9.54 db and the actual one used 
was 9.8 db. 
A measure of the stability of the amplifiers used is 

given by the fact that the negative resistance obtained 
by the SS circuit referred to varied by less than 5 ohms 
from day to day. This resistance variation corresponds 
to a gain variation of approximately 0.04 decibel. 
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Fig. 4— Measurements of I Z,„I vs RL of an impedance inverter cir-
cuit of PS type with series resistance —R in input lead [Fig. 3(e)] 
R=600 ohms. 
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Measurements of Zin versus RL at 400 cps were made 
using a Technology Instrument Company Type 310A 
Z-Angle Meter, the results of which are shown in Fig. 4. 
The inversion was very good over a two-decade range 
40 ≤ RL _≤ 4,000 ohms. The angle of Zin was less than 10 
degrees for 80 ≤ RL -≤ 3,000 ohms. 

8 H. W. Bode, "Network Analysis and Feedback Amplifier De-
sign," D. Van Nostrand Co., New York, N. Y., p. 189 if.; 1945. 
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When RL was placed at the input, and Zin measured 
at the output, the impedance was inverted, but the in-
version range was reduced. 
A 0.572 mfd condenser was used as ZL and the im-

pedance Z.„ at 400 cps was measured as 535/90 degrees, 
whereas the computed impedance coC(600)2= 517 ohms. 

Computations were made of the fourpole impedances 
using the Zin versus RL data discussed above. These 
impedances are 

zii = — 2.8 + j24.8 ohms 

zi2 = ± 598 

z21 = — 598 

522 = — 4.1 + j13.8, 

which indicate that the experimental circuit approaches 
an ideal gyrator quite closely. 
The applications of these circuits to practical use is 

limited by the stability and accuracy requirements of 
the amplifiers employed. The closer the circuit ap-
proaches an ideal impedance inverter, the closer it ap-
proaches potential instability. For this reason, these 
circuits might prove useful in those cases in which the 
residual impedances of the inverter current would not 
require compensation by additional negative impedance 
circuits, or the requirements on a would not be too 
stringent. 

A Bridge for Measuring Audio-Frequency 
Transistor Parameters* 

B. F. C. COOPERt, MEMBER, IRE 

Summary—A bridge is described which measures the small-
signal parameters of point contact and junction transistors at a fre-
quency of 1 kc. The impedance parameters of point-contact transis-
tors are measured for the grounded-base connection, while a set of 
parameters representing a compromise between the impedance 
parameters and the h parameters is measured for junction transis-
tors operating in either the grounded-base or grounded-emitter con-
nections. This set includes the short-circuit input impedance 141, the 
short circuit current amplification factor h21, a paralleled resistance 
r22 and capacitance C22 representing the open-circuit output im-
pedance, and two feedback resistances ri2 and 1%2' which in the 
particular case of the grounded-base connection represent the "low-
frequency" base resistance ro and the "high-frequency" base re-
sistance respectively. It is also shown that the a cut-off frequency 
of junction transistors can be calculated with good accuracy from the 
bridge measurements. 

INTRODUCTION 

 QUIPMENT for measuring small-signal pa-
rameters is an important adjunct to development 

d work on transistors and transistor circuits, and 
such equipment has been described by a number of 
authors.'-6 These authors have generally favored the use 

* Original manuscript received by the IRE, January 28, 1955. 
1" Radiophysics Laboratory, City Road, Chippendale, N.S.W., 

Australia. 
1 K. Lehovec, "Testing transistors," Electronics, vol. 22, pp. 88-

89; June, 1949. 
2 G. Knight, Jr., R. A. Johnson, and R. B. Holt, " Measurement of 

the small-signal parameters of transistors," PROC. IRE, vol. 41, pp. 
983-989; August, 1953. 

3 L. J. Giacoletto, "Equipment for measuring junction transistor 
admittance parameters over a wide frequency range," RCA Rev., 
vol. 14, pp. 269-296; June, 1953. 

4 A. G. Bousquet, "Transistor measurements with the vacuum 
tube bridge," Gen. Rad. Exper., vol. 27; March, 1953. 

6 D. Dorman, "A bridge transistor tester," Radio and Television 
News, vol. 51, pp. 5-7, 34; February, 1954. 

6 R. F. Shea, "Principles of Transistor Circuits," John Wiley and 
Sons, Inc., New York, N.Y., ch. 22; 1953. 

of impedance parameters when dealing with point-con-
tact transistors and either the admittance or the h pa-
rameters when dealing with junction transistors. The 
bridge which is described in the present paper has been 
designed, in accordance with the usual practice, to 
measure the impedance parameters of point-contact 
transistors. However, the set of parameters measured 
for junction transistors represents a compromise be-
tween the impedance and the h parameters, and is 
discussed more fully in the next section. The bridge 
which operates at a frequency of 1 kc measures all re-
sistive and reactive parameter components which play a 
significant part in the audio-frequency operation of 
transistors. Parameters are measured for the grounded-
base connection of point-contact transistors and for the 
grounded-base or grounded-emitter connection of junc-
tion transistors. The other possible connections have 
not been considered because point-contact transistors 
are normally used only in the grounded-base connection 
for small-signal work, and grounded-collector measure-
ments on a junction transistor do not appear to yield 
any more useful information than can be gotten from 
the other two connections. It has also been found possi-
ble to deduce a fairly accurate figure for the a cut-off fre-
quency of alloyed-junction transistors from the meas-
ured phase lag of the parameter ad, at 1 kc. 

PARAMETER SYSTEMS 

Transistor small-signal parameters can be specified in 
a number of ways, depending on which of the four 
variables, input voltage (24), input current (ii), output 
voltage (y2), and output current (12), are chosen as inde-
pendent variables. The combinations of i with i2, 1 with 
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•  • 

Fig. 1—Grounded-base equivalent T-circuits for a 
point-contact transistor. 

y2, and y1 with y2 as independent variables have all re-
ceived extensive treatment in transistor literature, but 
in this paper attention will be restricted to the first two 
combinations which lead, respectively, to the impedance 
parameters and the h parameters. 

Impedance Parameters 

The well-known relationships which yield the imped-
ance parameters are' 

vi =  Z11 ± Z12 i2. 

V2 = Z21 il Z22i2. 

Eqs. ( 1) and (2) lead to the definitions 

Z11 

Z12 

Z21 

Z22 

= VI/ii I i2 = 

= V1/i2 I i1 = 0 

= I i2 = o 

= 52/i2 = O. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

It is also convenient to introduce the current gain 
parameter ot2i at this stage, although strictly speaking it 
belongs among the h parameters. Here we write 

= — = 0, 

and it may also be seen that 

«21 == z21/z22. 

(7) 

(8) 

In order to give the impedance parameters a physical 
basis it is customary to express them in terms of the 
parameters of the transistor equivalent T-circuit which 
for a point contact transistor can take either of the 
forms shown in Fig. 1(a) and (b). For a junction tran-
sistor operating in the grounded-base connection, either 
of the forms shown in Fig. 2(a) and (b) are applicable; 
while Fig. 3(a) and (b) apply to the grounded-emitter 
connection. In the audio-frequency range the parame-
ters of point contact transistors are essentially resistive, 
and collector capacitance can be ignored. However, col-

7 The positive direction of current flow will betaken as inwards 
for a positive applied voltage. 

(b) 

Fig. 2—Grounded-base equivalent T-circuits foi 
junction transistor. 

ib 

•-•••• 

rt;+ cc rt; 

Base 
Cc/l-Œ Col lector 

Em‘tter 

(b) 

Fig. 3—Grounded-emitter equivalent T-circuits for a 
junction transistor. 

. lector capacitance is included in the junction transistor 
circuits because its effect can become significant at fre-
quencies of a few hundred cycles per second. A further 
important feature of these circuits is the division of the 
base resistance into two components rb' and rb", where 
the component rb' results from ohmic resistance in the 
base region, and rb" is an equivalent feedback resistance 
which results from "space-charge layer widening" as de-
scribed by Early.' rbi is usually termed the "high-fre-

8 J. M. Early, "Effects of space-charge layer widening in junction 
transistors," PROC. IRE, vol. 40, pp. 1401-1406; November, 1952. 

• 
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quency base resistance" since it dominates the feedback 
at high frequencies when most of the collector signal 
current flows through C. In the grounded emitter 
equivalent circuit it is common practice to omit 
component of feedback resistance shown as rb"(1 — a) in 
Figs. 3(a) and 3(b). However, it is included here because 
its presence can be detected with sensitive measuring 
equipment of the type described in this paper. Owing to 
the relatively rapid frequency variation of the factor 
(1 —a) the parameters a/(1 — a), r,(1 — a), C./(1 — a) and 
rb"(1 — a) become frequency-dependent at a much 
lower frequency than other parameters not involving the 
factor (1 —a). However, with average transistors the 
values measured at 1 kc are usually applicable up to 
high audio frequencies. 

For a point-contact transistor or for a grounded-base 
junction transistor operating at frequencies so low that 
C. can be ignored, the impedance parameters are essen-
tially resistive and are given by the simple relationships 

zu = r11 = r. Yb 

Z12 = r12 = rb 

Z21 = r21 rb r„. 

Z22 = r22 = rc Yb rc. 

It may also be seen that 

a21 = a,. = r21/r22 a. 

On the other hand, when collector capacitance is 
taken into account the impedance parameters become 
complex quantities whose resistive and reactive com-

ponents are all frequency dependent. This makes the 
impedance parameters cumbersome to apply and it is 
desirable to seek some form of simplification. For the 
purposes of this paper, simplification has been achieved 
by using the equivalent circuit of Fig. 4 which employs 
a notation suitable for either the grounded-base or 
grounded-emitter connection. 

Fig. 4—Four-pole equivalent circuit using 
modified impedance parameters. 

This circuit is derived by considering first the opera-
tion at very low frequencies where only the parameters 
r11, r12, rn, and r22 play a part. It is then observed that so 
long as 1/a,C.>>rb' or (1 —a)/cuCc>>r.' the collector ca-
pacitance can be taken into account by adding a capaci-
tance C22 across rn and by introducing an additional 
component of feedback voltage resulting from the 

flow of quadrative current through a resistance r121. 
Here r12' = rb' for the grounded-base connection and 
r12' I..' for the grounded emitter connection. 
Summarizing the parameter values applicable to Fig. 

4, we may write for the grounded base connection (add-
ing the appropriate subscript h) 

rub = 

ri2b =-

rub' = 

r2te = 

r226 = 

C226 = 

Y, rb 

rb 

Yb' 

rm Yb rm 

r, Yb r, 

cc. 

For the grounded emitter connection 

r11. = r, rb 

ri2. = r. 

r12.' = rc' 

r21, = r. r. 

2.22. = r.(1 — a) + r. r(1 — a) 

C22b = Ce/(1 — a). 

(20) 

(21) 

(22) 

(23) 

(24) 

(25) 

This simplification of junction-transistor impedance 
parameters is achieved at the expense of dealing sepa-
rately with the in-phase and quadrature components of 
the electrode currents and voltages, but such pro-
cedures are standard in bridge measurements. 

h Parameters 

The use of i and y2 as independent variables leads to 
the relationships 

=- hilil /112V2 

is = knit h22V2. 

Fig. 5—Four-pole equivalent circuit using h parameters. 

(26) 

(27) 

These relationships correspond to the equivalent cir-
cuit of Fig. 5, and it may also be seen that 

hn = 

h12 = 

h21 = 

h22 

= o 
= o 
= o 
= o. 

(28) 

(29) 

(30) 

(31) 

The h parameters have the advantage of including the 
important current gain factor 1121 — ail) explicitly, 
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and when dealing with junction transistors they have 
the further advantage as compared with the impedance 
parameters of not requiring the measuring apparatus to 
provide an open-circuit collector termination i2..o. This 
latter requirement is a difficult although not insur-
mountable one, in view of the high collector resistance of 
junction transistors. 
The parameters hil and 1/21 are virtually unaffected by 

the presence of collector capacitance since they are 
measured with the collector shorted. For the grounded-
base connection it may be shown that 

hula = r. -F ro(1 — a) 

hiao = — ac„ —a. 

For the grounded-emitter connection 

ro r./(1 — a) 

h21. = — aco = a/1 — a. 

(32) 

(33) 

(34) 

(35) 

Thus these parameters are virtually pure resistances 
except in so far as they are affected by the frequency 
variation of a. 
The parameters h12 and h22 can be conveniently ex-

pressed in terms of the parameters r12, ris', r22, and C22, 
viz. 

his = r12/r22 jc£22r12' 

h22 = 1/r22 jo.C22. 

(36) 

(37) 

In view of the general suitability of the h parameters 
for application to junction transistors, the utility of the 
special treatment of impedance parameters shown in 
Fig. 4 may be questioned. However, the author is of the 
opinion that for general laboratory use it is more con-
venient to deal with the resistance r22 than the conduct-
ance 1/r22. Similarly the parameters ri2 and r12' are more 
readily visualized than the complex voltage ratio his. 
Consequently a compromise proposal has been adopted 
here for junction transistors in which the parameters hu 
and h21 are directly measured, but instead of 142 and h22 
the quantities r12, r121, r22, and C22 are measured. Where 
the complete set of h parameters is needed, as for in-
stance in network calculations, the values of h12 and h22 
can be easily calculated from (36) and (37). 
The bridge if necessary could be modified to read h22 

and hi2 directly, but so far the need has not seemed great 
enough to warrant the additional circuit complications. 
For point-contact transistors the resistance parameters 
and the a (i.e., h21) parameter are normally measured al-
though hu can be measured, if necessary, so long as its 
value is positive. 

Estimation of a Cut-off Frequency 

It may be shown that the frequency variation of 
a (i.e., ace) can be described by the relationship 

ao 

a =   
1 jxco/coa 

where ao= low frequency value of a, co« =- cut-off angular 
frequency, i.e., the frequency at which I al aol = 0.707, 
and n is a constant whose value is determined by the na-
ture of the physical process giving rise to the a cutoff. 
Usually the cutoff is determined by the dispersion in 
transit time of minority carriers crossing the base, in 

which case n has a theoretical value of 1.21. 
At low frequencies, (38) may be rewritten with good 

accuracy as 

a = ao(1 — jnco/co«), W « Wa. (39) 

This relationship in principle offers the possibility of 
calculating co. by measuring the phase lag tan-1 nco/coe 
at a known low frequency co. In the case of the present 
bridge operating at 1 kc, the phase angle is too small to 
measure with any degree of accuracy. However, the 
phase angle of aco is much larger than that of ac., as may 
be seen from the following analysis: 

acb =   
1 

a 

— 

ao/(1 jicw/coa) 

— ao/(1 jicw/co.) 

ao 

1 — oto + jno/coo, 

ao  
{ — jeo/coa(i — ao)}, (4) wa(1 — ao). (41) 

1 — 

(40) 

This shows that ab has a phase lag of tan-1 KW 
W.(1 — a0), which is very much greater than that of acc, 
owing to the presence of the factor 1/1 —ao. 

It has been found possible to measure this phase lag 
with good accuracy at 1 kc, and the values of co. calcu-
lated from the phase lag with n=1.21 are found to 
agree fairly closely with the directly-measured values 
of co.„. 

rbg 

Fig. 6—Equivalent circuit for Itu.. 

Mueller and Pankove9 using equipment developed by 
Giacolettos have described an alternative method of cal-
culating co. from bridge measurements on junction 
transistors. They show that the parameter h11 can be 
represented by the network of Fig. 6, where the resist-
ance rote originates in the base layer ohmic resistance, 
and the capacitance C1,4 and the resistance rb,. result 
from diffusion of minority carriers in the base. The value 

C. W. Mueller and J. L. Pankove, "A p-n-p triode alloy junction 
(38) transistor for radio-frequency amplification," PROC. IRE, vol. 42, 

pp. 386-391; February, 1954. 
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of Cve is given as ql€/kTwa, where q/kT= 39 volt-' at 
room temperature. Hence when CV, is known coo can 
be calculated. 

The bridge described here is capable of measuring an 
equivalent capacitative component of kn1 referred to the 
base terminal, and the value of Co,. could then be calcu-
lated if rble, were known. rue tends to have a value close 
to that of ro', but it would appear that there can be ap-
preciable differences between these two parameters in 
the case of alloyed-junction transistors. As shown by 
Giacoletto, the values of rbb,, Cb' e and rb,f can only be 
determined accurately by a multifrequency test set, 
and it must therefore be concluded that with the present 
bridge only a rough value of coo can be deduced from 
h11. measurements. This has been verified by actual 
measurements. 

PRINCIPLE OF M EASUREMENT 

The bridge circuit is derived from the one used in the 
General Radio vacuum tube bridge and described by 
Tuttle." The adopted principle makes the measurement 
of hm and hn interdependent. Similarly the measurement 
of r32 and Cm is linked with the measurement of r12 and 
r13 ', while the measurement of rm is linked with the 
measurement of rn. 

Measurement of hz, and 1/11 

Fig. 7 shows the basic circuit for measuring these 
parameters. In this and the following circuits the volt-

ages el, e2, and e3 are small 1,000 cps voltages derived 
from low-impedance attenuators connected to a number 
of secondary windings on an input transformer, the in-

PROCEEDINGS OF THE IRE July 

e3. For reasons which will become apparent later, it is 
convenient to make k2 and k3 continuously adjustable 
while k1 is adjustable by factors of ten, i.e., it takes the 
values 1.0, 0.1, 0.01 etc. It will be noticed that the volt-

age e2 appears twice in Fig. 7. This is arranged by the 
use of a 1:1 transformer. 

The resistance RI is made at least a hundred times 
greater than the input impedance so that the input cur-
rent can be taken as =ei/Ri within 1 per cent accuracy. 
Emitter or base bias current is obtained by connecting 
a suitably by-passed dc supply to the low" end of el. 
Collector bias is applied through the primary of the de-
tector transformer T1. The latter is followed by a high-
gain detector amplifier. 

The polarity of the voltages shown in Fig. 7 is suitable 
for positive values of hm, i.e., for the grounded emitter 
connection. For the grounded base connection, e3 must 
be reversed. 

For a detector null to be obtained (iD = 0) it is seen 
that 

io = iR 42. (45) 

At the same time v3=0 so that 

i2 17214 = knei/Ri• 

Also iR =e2/R2 and iQ = —jcoCe2, whence 

Riez 
1721 = — (1 — jcoCR2) 

Rzei 

Fig. 7—Basic circuit for measuring 1221 and hll. 

put voltages to the attenuators being carefully equal-

ized. The voltages el and e3 are exactly in phase with 
each other but the voltage e3 has an adjustable phase 
angle. Accordingly we may write 

el = kieo 

e3 = lee° 

e3 = k3(1 j13)eb, 

(42) 

(43) 

(44) 

where kl, k3, and k3 are attenuation factors, eo is the at-
tenuator input voltage, and tan-ia is the phase angle of 

10 W. N. Tuttle, "Dynamic measurement of electron tube co-
efficients," PRoc. IRE, vol. 21, pp. 844-857; June, 1933. 

Rik, 
 (1 jwCR2). 
R2ki 

(46) 

(47) 

(48) 

Thus the real part of hm can be read directly from the 
setting of the k2 attenuator multiplied by the factor 
RI/R2ki which can be arranged to be a power of ten. For 
the grounded base connection the real part of hm, i.e., 
«.., is the only significant term. 

In the grounded emitter case it was shown in (41) that 
h21, i.e., aco, has a significant phase lag equal to 
tan--' Kw/w(1 —ao). Hence equating this to the phase 
lag of (48) yields 

whence 

Kcob.o,,(1 — ao) = wCR2 

= K/(1 — ao)CR2. 

(49) 

(50) 
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Once a null balance has been established for the h21 
measurement the transistor input impedance is by 
definition h11. A voltage hnii is then developed at the 
transistor input terminal and this can be measured by 
closing S1 and adjusting ea to restore the null balance. 
When this is done we have 

or 

e3 = h13i1 (51) 

141 = Rie3/ei 

= Rik3(1 + j[3)/ki• 

(52) 

(53) 

Thus the real part of h11 is given directly by the at-
tenuating factor ka multiplied by the factor Ri/ka which 
can be arranged to be a power of ten. For the grounded 
base connection, hull, is essentially resistive and e is quite 
small." As mentioned earlier, haa, has a substantial ca-
pacitative component so that negative values of e must 
be provided to obtain a balance. 

Measurement of r22. C22, r12 and r12' 

The method of measurement is illustrated in Fig. 8. It 
will be appreciated that for point-contact transistors a 
simpler analysis applies in which C22 and r12' are ignored. 

DC 

Fig. 8—Basic circuit for measuring 722, C22, r12, and r12'. 

II 

Here the resistance RI, through which the input bias 
current is fed, is made large enough to represent an ef-
fective ac open circuit at the input terminal. When a 
null is achieved with this circuit the collector voltage 
must be equal to e2 and iD = 0 so that 

whence 

R = i2f i2" (54) 

eu/R2 jcuCe2 = e2/r22 :&£22e2. (55) 

Equating in-phase and quadrature components in 
this equation yields 

and 

ra2 = R2e2/e1 = R2k2/ki (56) 

C22 = C. (57) 

1, Theoretically hub can be either slightly inductive or slightly 
capacitative. 

This shows that r22 can be read from the le2 attenuator 
multiplied by the factor R2/k1. In addition, C22 is ob-
tained by calibrating the variable capacitor C. 
The foregoing analysis has neglected the effect of 

stray capacitance. It is found in practice that only the 
stray capacitance C. shown dotted in Fig. 8 has any sig-
nificant effect. This capacitance appears at a high im-
pedance point and, in effect, augments the collector ca-
pacitance. Stray capacitances at other points are 
shunted across low impedances and can be ignored. The 
magnitude of C. can be determined by placing a resist-
ance of known self-capacitance (determined, say, by a 
Q-meter) between the collector terminal and ground. 
The setting of the quadrature balancing capacitor C 
when the bridge is in balance then gives a measure of C. 
which can be deducted from subsequent measurements 
with a transistor in circuit. It is to be noted that C, does 
not influence the a measuring circuit since the collector 
ac voltage is then zero. 

In measuring r12 and r12' a null is first established in 
respect of r22 and C22. Si is then closed and ea is adjusted 
in magnitude and phase to restore the null. In this case 

whence 

ea = ra2i2' r12'i2" (58) 

= rued R2+ jwC22e2ru', 

ka(1 j0) = ruki/R2 ic0C22k2r12'. 

(59) 

(60) 

Equating in-phase and quadrature components yields 

r12 = R2ka/ka, (61) 

or, alternatively, 

r12' = eka/wC22k2, 

ri2'/r12 = 13/wC22r22. 

(62) 

(63) 

In this case ra2 can be read directly from the ka at-
tenuator multiplied by the factor R2/ka. On the other 
hand, the value of r12' is not directly indicated but must 
be calculated from (62) or (63). 

DC . 

Fig. 9—Basic circuit for measuring r21 and r,1. 

Measurement of r21 and ru 

The basic circuit for measuring these parameters is 
shown in Fig. 9 and is illustrated for the sake of general-
ity with regard to a junction transistor, although such 
measurements are usually only performed on point-
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contact transistors. Once again, R1 is made very much 
greater than r11 so that = el/ /21. When a null is estab-
lished on the collector side, the in-phase component of 
collector current is reduced to zero; 12' .= O. Hence 

and 

whence 

and 

ruil == e2 

i2" = jwC22e2 = jcoCes, 

r21 = e2Rdei = k2Ri/ki 

C22 = C. 

(64) 

(65) 

(66) 

(67) 

Thus r21 is read from the bridge in very much the same 
way as r22, and the capacitance balancing conditions, 
including the effects of C4, are identical with those dis-
cussed in the previous section. 

In measuring ru, the null is first established on the 
collector side, Si is closed and e3 is adjusted to restore 
the null balance. Since 12' = 0 in this case, 

= riiii ri2q2", (68) 

or 

le3(1 je)eo = rilltieo/R1 jwC22K2eor 12' • (69) 

Whence, equating the in-phase terms, 

r11 = (70) 

Thus r11 is read with the same scale factors as r12. 
It may also be seen that the quadrature terms of (69) 

offer the possibility of measuring r12 ', but since this has 
already been done it need not be considered any further. 

In all three basic bridge circuits there is an element of 
indirectness in the measurements carried out on the in-
put side of the transistor, since they depend on a prior 
balance being performed on the output side. However 
this method has the advantage that in Fig. 9 the residual 
in-phase component of the collector current can be 
made as low as 10-1° amps, i.e., comparable with the 
transistor noise current. This is equivalent to maintain-
ing an effective ac impedance of thousands of megohms 
at the collector, a value which would be impossible to 
achieve with more conventional methods. Furthermore, 
the method of Fig. 8 allows accurately known currents 
as low as 10-8 amps to be passed into the collector termi-
nal for the purpose of measuring r12 and r121. Other more 
direct methods of carrying out measurements on the 
input side of the transistor would require the detector to 
be transferred to that side. The present arrangement 
which keeps the detector on the output side results in a 
minimum of switching and allows the power gain of the 
transistor to be used to improve the balance sensitivity. 

COMPLETE CIRCUIT 

The complete circuit embodying the basic circuits of 
Figs. 7, 8 and 9 is shown in Fig. 10 (opposite). Alternat-

ing current at 1 kc is applied to the bridge attenuators 
through a transformer T1 having a 20:1 step-down ratio 
between the primary and each secondary. The primary 
is driven by a cathode-follower in order to keep the sec-
ondary output impedance down to a few ohms. The 
secondary voltage is adjustable up to a maximum value 
of about 1 volt. This transformer should be designed to 
have equal secondary leakage reactances so that the sec-
ondary voltages are exactly in phase. In the experimental 
transformer used here the middle secondary was found 
to have a slightly higher leakage reactance than the 
outer two, and the loading arrangement shown in Fig. 
10 which places approximately 1,100 ohms on the mid-
dle secondary and approximately 100 ohms on the outer 
secondaries was found necessary in order to bring the 
secondary currents exactly into phase with each other. 
Finally the small trimming resistors 14 and RI() were 
added to make the full-scale attenuator voltages equal 
within + 0.1 per cent. These adjustments were carried 
out by performing an a measurement with the emitter 
and collector terminals shorted together. In this case if 
R1 and R2 are carefully equalized and the quadrature 
balancing capacitor is disconnected, el and e2 must be 
exactly equal in amplitude and phase in order to obtain 
a null. The bridge should then, of course, register an a of 
unity. A check on e3 can then be made by connecting it 
temporarily in place of el. 

The attenuator controlling el takes the form of a 
simple voltage divider which yields values of k1 equal to 

1.0, 0.1, 0.01, or 0.001. Its output impedance is 100 
ohms or less depending on the setting used. The attenu-
ator controlling e2 has a coarse and fine control which 

give a setting accuracy of + 0.1 per cent of the full-scale 
value. Nine 10-ohm resistors RIA.. .i and the 10.5-

ohm potentiometer R4 are used here, the value of 10.5 
ohms being adopted to give a small overlap between the 
coarse steps. For the sake of smoothness R4 has been 
constructed in the form of a single-turn slide wire po-
tentiometer. A switch S7 is provided to reverse the 
polarity of e2 wherever required. 
The method of collector capacitance balancing shown 

in Fig. 10 represents an improvement over the simple 

scheme described earlier and follows the technique 
adopted in the General Radio bridge. It will be seen that 
two voltages + e2 are generated with the aid of the 
center-tapped autotransformer T212 and are applied to 
the stators of the differential variable capacitor CI 
whose rotor is connected to the collector terminal. With 

this arrangement the effective balancing capacitance 
can take positive or negative values and can be varied 
smoothly through zero effective value. This avoids the 
limitations which would be imposed by the minimum 
capacitance of a single-ended variable capacitor. Often 
it is found that the built-in capacitor is not large 
enough to secure a balance, and in this case an external 

It This transformer should have interleaved windings to minimize 
its leakage reactance. The best construction might possibly employ 
a bifilar winding. 
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Fig. 10—Complete circuit of transistor bridge. 

variable capacitor is connected to the terminals marked 
"Ext. Cap. C1." Alternatively the external capacitor can 
be used to obtain greater precision than the internal 
capacitor is capable of providing. 
The attenuator controlling ea includes the coarse 

and fine potentiometer system RifiA • • • R157 and R16 

which are identical with RA • • • Rsr and R4. These 
are preceded by a network including R12, R13, R14 and S2 
which is arranged to provide two ranges of K3, namely 0 
to 0.01 and 0 to 0.001. When the phase angle of ea re-
quires adjusting, an external decade capacitor is intro-
duced in the position marked C2 or Cs. C2 is used when 
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the phase angle of e3 must be advanced, as when meas-
uring r12', and C3 is used when measuring h11.. Analysis 
shows that the magnitude of the quantity e appearing in 
(44) is given to good approximation by relationship 

= coC2R12 ( 1,31 < 1). (71) 

In this case (63) can be rearranged to the form, 

r127r12 = R12C2/r22C22. (72) 

Further analysis shows that for lei > 1 (which oc-
casionally occurs) the value of r12, as read from the 
bridge, should be increased by a factor ( 1 +.01132). This 
is because the presence of C2 causes the in-phase com-
ponent of e3 to increase slightly. Notice that this ar-
rangement for shifting the phase angle of e3 is an impro-
visation which might well be replaced by some other 
method giving a more direct indication of the value of r12'. 
The voltage e3 is coupled to the transistor input 

terminal through the push button switch Si and a 1 12F 
capacitor C6 which is shunted by a 1-megohm resistor in 
order to prevent the accidental accumulation of charge 
on Co. 

Three values are provided for the resistance RI, 
namely 1 megohm, 100 kilohms and 10 kilohms. The 
first value is used when working with small input bias 
currents, when at the same time the transistor input 
impedance tends to be high. The second value is used 
for moderate values of bias current, i.e., up to 3 ma with 
a 300-volt dc supply. The third value is used for oc-
casional measurements at higher bias currents. With 
this value of R1 it may be necessary to make corrections 
to the measured parameter value because the transistor 
input impedance may be greater than R1/100. 

For the resistance R2 alternative values of 100 42 or 
10 42 are provided, the former value being most fre-
quently used. The 10,000-ohm value sometimes permits 
a higher signal current level to be achieved with a con-
sequent sharpening of the null point. 
The detector transformer is specially wound with a 

double-shielded primary, the inner shields being con-
nected to the "low" end of the primary to secure a 
guard-ring effect. The primary is parallel resonated by 
the capacitor C5 at 1 kc to improve the detection sensi-
tivity and at the same time to provide some discrimina-
tion against hum pickup and transistor noise. By air-
gapping the transformer core, the effects of dc saturation 
are minimized and the Q at 1 kc is improved. Induced 
voltages resulting from stray fields are cut down below 
the limits of detection by proper orientation of the trans-
former and by enclosing it in a mumetal shield. 

Fig. 11 is a photograph showing the layout of controls 
on the panel of the bridge. 

PERFORMANCE DATA 

With the component values shown in Fig. 10 values 
of a up to 1,000 and values of r22 or r21 up to 100 meg-
ohms can be measured. The range of values of hn, 
and r12 which can be measured depends on the type of 

transistor and the connection being used but is adequate 

for all normal purposes. Experience has shown, how-
ever, that it would be advantageous to have an addi-
tional attenuating position on S2 yielding a 0-0.0001 
range of values of K3. This would improve the accuracy 
when measuring small values of r12 in association with 
large values of r22 ( i.e., h12 very small). 

Fig. 11—Photograph of transistor bridge_ 

In checking the accuracy of the bridge, certain tests 
can be carried out such as an a measurement with the 
emitter and collector terminals shorted which, as men-
tioned earlier, should give an indicated a of unity. A 
comprehensive check on r22 and C22 measurements can 
be carried out with the aid of precision resistors and 
capacitors, and a similar check can be devised for r11 and 

h11 measurements by connecting a precision resistor be-
tween the emitter and base terminals and using a 
vacuum tube to supply an amplifying link between the 
emitter and collector terminals. These tests show that 
where the transistor noise level is low enough to yield a 
sharp null point the resistance measurements should be 
accurate within 1 or 2 per cent except where the param-
eters take extremely high or low values. C22 measure-
ments are most accurate when associated with high 
values of r22, in which case an accuracy of the order of 
+ 2 per cent + 1 pF is obtainable. High values of r22 
need to be corrected for the inherent leakage resistance 
of the bridge which can be measured with the collector 
terminal open-circuited. 
The bridge is capable of measuring parameters over a 

wide range of biasing conditions extending down to as 

little as 0.1 volt collector bias and 1 eta emitter current. 
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Under these conditions special precautions must be 
taken to ensure that signal voltages and currents are 
small in comparison with bias values without at the 
same time allowing the signal to be obscured by noise. 
The best compromise is achieved by increasing the sig-
nal level to the point at which the null setting just be-
gins to shift owing to curvature of the transistor char-
acteristics. 
The correlation between the a cut-off frequency as 

calculated from the bridge measurements and the di-
rectly measured value has been found to be best with 
alloyed-junction transistors. In this regard a test was 
carried out with 24 alloyed-junction transistors, mostly 
type 0070, 0071, and some CK722's. The value of K cal-
culated from (50) as an empirical constant to harmonize 
the measured a cut-off frequency with the 1-kc phase 
measurements worked out as K= 1.17 with a standard 
deviation of + 0.05. The difference between the meas-
ured value of 1.17 and the theoretical value of 1.21 is 
not considered significant in view of the spread of 
measurements and the possibility of small systematic 
errors. 

In the case of grown-junction transistors, of which 
relatively few have been available to the author, appar-
rent values of K ranging from 0.7 to 1.4 have been deter-

mined ; indicating that the factors determining the cut-off 
frequency of these transistors are more complex than 
those applying to alloyed-junction transistors. On the 
whole it is felt that, in the absence of an "a sweeper" or 
other convenient a cut-off measuring equipment, the 
feature of being able to calculate from the bridge meas-
urements a fairly accurate a cut-off frequency for 
alloyed-junction transistors should prove quite useful. 

Values of Tb' measured on the bridge are found to fall 
within + 10 per cent of the values measured directly at 
high frequencies and in this regard it may be of interest 
to note that with grown-junction transistors, values of 
rb' greater than Tb are often measured. Here the value of 
Tb" is negative, an effect which Earlyu has shown to be 
due to "base-resistance modulation." In alloyed-junc-
tion transistors Tb is always several times greater than 
Tb' for moderate values of emitter current. A corollary of 
these remarks in regard to Tb and Tb' is that I..' is greater 
than rf except when Tb" is negative. 
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Skin Resistance of a Transmission-Line Conductor 
of Polygon Cross Section* 
HAROLD A. WHEELERt, FELLOW, IRE 

Summary—If a conductor cross section is any straight-sided 
polygon that can be circumscribed on a circle, it is found to have the 
same skin resistance as a conductor whose cross section is this 
circle. For example, a square wire has the same resistance as a 
round wire of the same radius, though the square perimeter is 4/r 
times as great. This "polygon rule" is derived from the "incremental-
inductance rule" of the skin effect, published in 1942. It applies 
equally to inner or outer conductors, though the current distribution 
is very different. It applies to some unusual shapes that are difficult 
to compute by any other method. t 

ri HE SKIN EFFECT is the well-known phenome-
non of high-frequency currents concentrating just 

  under the exposed surfaces of a conductor. The 
effective resistance of a cylindrical conductor may be 
computed by integrating the power losses of such cur-

• Original manuscript received by the IRE, January 14, 1955; re-
vised manuscript received, March 1, 1955. 
t Wheeler I aboratories, Inc., Great Neck, N. Y. 
This theorem was discovered by the author shortly after pub-

lication of his 1942 paper on the skin effect (Bibliographical refer-
ence 2). He has presented it at various meetings, including a seminar 
at New York Unive-sity, New York, N. Y., on March 29, 1950, and a 
staff meeting at Wheeler Laboratories on December 12, 1951. 

rents associated with its surfaces. This has been done 
for cylindrical conductors of some simple cross sections, 
and more laboriously for various polygon cross sections. 
The theorem to be presented gives a very simple eval-

uation of this resistance for a certain category of poly-
gon cross sections. It applies to all polygons that can be 
circumscribed on a circle. Two conductors of the same 
material have the same skin resistance if their cross 
sections are respectively a circle and a polygon of such 
size and shape that it can be circumscribed on this 
circle. This rule applies to inner or outer conductors 
bounding a high-frequency magnetic field. A special 
case of the former is an antenna wire. The conditions of 
validity will be specified in more detail. 

It is essential to distinguish between the skin re-
sistance and the inductive reactance of a conductor, be-
cause they are obtained by different methods of com-
putation. Conformal mapping can be utilized to obtain 
directly, for different shapes, the ratio of sizes that will 
have the same reactance. To this operation must be 
added the integration of power dissipation over the 
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surface, to obtain the ratio of sizes that will have the 
same resistance. The present theorem is an implicit solu-
tion for the latter in a variety of cases. 

For example, a square wire has the same skin resist-
ance as a circular wire of the same diameter but only 
7/4 as great a perimeter. This is illustrated in Fig. 1, 
as a basis for stating the theorem and its proof. 

1  
d — — 

Vrfilocr 
Skin Depth: 

Surface Resistivity: R. = p/d 

Skin Resistance: Resistance: R = R.//27rr 

Fig. 1—Cross-sectional circle and circumscribed 
polygon (square) having equal resistance. 

The underlying principle is the "incremental-induct-
ance rule" previously stated by the author. 2,8 Its basis 
will be restated briefly. 

In the idealized skin effect, the current appears to be 
distributed uniformly in the skin depth (d) just under 
the surface of the conductor. The average depth of the 
current is then half the skin depth (d/2). 

In a perfect conductor, current would travel on the 
surface, since there would be zero penetration. This is 
the usual assumption in inductance formulas for high fre-
quencies; coaxial line is the most common example. 
The depth of penetration effects a proportional in-

crement of inductance, just as if the conductor surface 
receded by an amount equal to the half-depth (d/2). 
It happens that the reactance of this increment of in-
ductance is equal to the skin resistance, so the latter 
may be evaluated by computing the former. This is the 
"incremental-inductance rule." 

Referring to Fig. 1, there are shown two cross sections 
of the same radius, a circle and a circumscribed square. 
These are given as examples of all the polygons that can 
be circumscribed on a circle. We wish to compare these 
two shapes with respect to the increment of inductance 
caused by reducing the radius (r) by a relatively small 
amount (Ar « r). In each case, this change of size is 
accompanied by no change of shape. 

Here we rely on the well known principle that the 
change of inductance depends only on the ratio of 
change of size, if the shape remains the same. The 
simplest example of this principle is the coaxial line, 
whose inductance depends only on the shape (deter-
mined by the ratio of radii) and not on the size. In Fig. 1, 
either cross section may represent the inner conductor 
of a coaxial line whose outer conductor is represented 
by a concentric circle of much greater radius. If then 
the radii of both inner and outer conductors are reduced 

in the same relative amount ( r/r), the inductance re-

mains the same. This proves that the change of the in-
ductance of either inner conductor is the same as that 
of the outer conductor; hence the circle and the circum-
scribed polygon have the same change of inductance. 
From the preceding relationship and the incremental-

inductance rule, it is deduced that the circle and the cir-
cumscribed polygon have the same skin resistence. This 
theorem is designated, the "polygon rule." 
The actual skin resistance may be evaluated by the 

well-known formulas in Fig. 1; the symbols are defined 
as follows (MKS rationalized units): 

r = radius of circular cross section of conductor 
ir =effective reduction of radius by penetration 
p = resistivity of conductor 
u = conductivity of conductor 

1.20= magnetivity of free space (also in the conductoi, 
assumed nonmagnetic) 

f -= frequency 
1= length of conductor 
d = skin depth 
R.= surface resistance of a square (equal length and 

width) 
R= skin resistance of a conductor (of specified radius 

and length). 

As an example of the polygon rule applied to inner and 
outer conductors, Fig. 2 shows a coaxial line of square 
cross section. The squares are circumscribed on the 
circles shown in dotted lines. By the same reasoning, 
either square has the same skin resistance as its in-
scribed circle. (With respect to reactance, the pair of 
squares gives less than the pair of circles, and occupies 
more space.) Either square may be used with the other 
circle, since the polygon rule applies independently to 
each of the two conductors. 

Fig. 2—Concentric circles, and circumscribed squares having equal 
resistance (but less reactance in greater space). 

In this and further cases, the equality of resistance for 
the circle and the circumscribed polygon is realized to 
the extent that the following conditions are approxi-
mated. (The first of these is the usual assumption for the 
simple formulas of the skin effect.) 

CONDITIONS 

1. The skin depth is much less than I the thickness of 
any substantial part of the conductor. (At the 
angles of a polygon, this condition is met if the 

skin depth is a very small fraction of the radius of 
the inscribed circle, as is true in many applica-
tions.) 
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(a) 

(b) 

(d) 

(d) 

(t) 

(s) 

Fig. 3— Regular polygons circumscribed on equal circles, 
examples of inner or outer conductors. 

2. Outside of an "inner" conductor (or isolated wire) 
any other conductors affecting the field pattern 
are spaced at a distance sufficient to provide that 
they have a negligible effect on the current 
distribution. 

3. Inside of an "outer" conductor, the inner conduc-
tor is near the center of the inscribed circle and is 
small enough to provide that the current distribu-
tion on the outer conductor is substantially the 
same as would be obtained with a fine wire in the 
center. 

Commenting on the second and third conditions ap-
plied to a coaxial line, the polygon rule requires that 
the ratio of radii be great enough to prevent either con-
ductor causing appreciable distortion of the field at the 
other conductor. The ratio of radii may be closer to 
unity as either or both of the conductors assumes a 
higher order of symmetry or regularity. 

Figs. 3 and 4 show examples of regular polygons and 
elongated polygons circumscribed on equal circles and 
therefore having the same values of skin resistance. 
Every one is closed and hence may serve as inner or 
outer conductor; if the latter, the associated inner con-
ductor is centered in the circle. 

Fig. 5 shows examples of right polygons that have 
some sides open. Every open conductor is assumed to 
extend outward as far as the field is appreciable. There-
fore these are suitable only for outer conductors. 

(a) 

(b) 

(a) 

(d) 

(e) 

Fig. 4—Elongated polygons circumscribed on equal circles, 
examples of inner or outer conductors. 

(a) (b) 

(d) 

(a) 
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L _1 L 
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\ / 

(g) - - (--ko (i) 
Fig. 5—Right polygons with some sides open, 

examples of outer conductors. 

The basic requirement of this category of polygons is 
simple. They comprise every cross-sectional contour 
that retains the same shape if the entire surface recedes 
by a specified small amount. It appears that this cate-
gory includes all polygons formed of straight lines 
tangent to a circle, and excludes all other shapes. The 
circle is one limiting case. Every one of these contours 
presents the same skin resistance if circumscribed on 
the same size of circle. 
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With respect to all inner conductors, the contours 
with more acute outer angles make less effective use of 
their perimeters, because there is more extreme con-
centration of current near the outer angles. By analogy 
with electric potential gradient, the current density is 
theoretically infinite at any angle whose outer side is 
exposed to the magnetic field. In spite of this fact, it is 
noted that the square suffers very little, effectively 
utilizing 7r/4 of its perimeter. An opposite extreme is 
the elongated rhombus, Fig. 4(b). 

Fig. 4(e) as an inner conductor might be expected to 
approximate the behavior of a rectangle. On the con-
trary, it has much less effective utilization of its con-
tour because of the acute angles. 

Referring to the more extreme shapes in Figs. 3 and 4, 
their equality of resistance as inner and outer conduc-
tors is remarkable and unexpected, because the current 
distribution is radically different in these alternative 
functions. 

Every example of the polygon rule is an evaluation of 
a certain definite integral. Some of the more unusual 
cases may be integrals that cannot be evaluated by any 
procedure known to mathematicians. A long table could 
be prepared on the basis of this one rule. 

The polygon rule offers a fascinating variety of exam-
ples based on a single theorem. It has some practical 
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utility in computing or estimating the skin resistance of 
inner and outer conductors of various polygon cross 
sections. Its greatest value lies in the ideas to be per-
ceived in its examples, particularly the effect of extreme 
current concentration on acute angles exposed to the 
field. It is another interesting application of the basic 
"incremental-inductance rule." 
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Active-Error Feedback and Its Application 
to a Specific Driver Circuit* 

J. R. MACDONALDt, SENIOR MEMBER, IRE 

Summary—A short discussion of the advantages and disadvan-

tages of active-error feedback in amplifier design is given. Such feed-
back can yield all the advantages of ordinary negative feedback 
without gain reduction and is particularly suitable for use in reducing 
the distortion of individual amplifier stages. 

Active-error feedback is applied to a cathode follower by ampli-
fying the difference between its input and output voltages, then add-

ing the amplified error to the output. The resulting driver has very 
low output impedance and low distortion and is especially useful for 
driving the grid of an output tube far positive. A direct-coupled 
version of the circuit using ordinary miniature tubes had an output 
impedance of 5.6 ohms and could supply several hundred milliam-

peres of positive current. The theory of the circuit agrees with ex-
periment, and the distortion of the driver when driving an output 
tube grid to the diode line is found to be far less than that of an 
ordinary cathode-follower driver. 

* Original manuscript received by the IRE, December 9, 1954; 
revised manuscript received, March 18, 1955. 

t Texas Instruments Inc., 6000 Lemmon Avenue, Dallas 9, Texas. 

I. ACTIVE-ERROR FEEDBACK 

UNLIKE ORDINARY negative feedback, where 
a portion of the available gain of an amplifier is 
expended in obtaining the benefits of feedback, 

active-error feedback (AEF) is a type of feedback with 
which no such direct gain reduction occurs. With AEF, a 
portion of the output signal from an amplifier or single-
amplifier stage is subtracted from the input signal, then 
the resulting difference amplified in an external circuit 
whose gain is equivalent to the extra gain necessary with 
ordinary feedback. If the portion of the output sub-

tracted is nominally equal to the input, the difference 
is proportional to the error or distortion in the output. 
This error is then injected back into the original circuit 
with the proper polarity to reduce the output error. 
Although the principle of AEF has been used in servo-
mechanisms, it does not seem to have been as fully ex-
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ploited in amplifier design as it deserves to be.' There-
fore, it is worthwhile to discuss its advantages and dis-
advantages in this application in some detail and to 
present a specific example of this type of feedback. 

(a) 

eout 

(b) 

Fig. 1—(a) Block diagram showing connection of active error feed-
back around the amplifier of gain A o; (b) block diagram showing 
a method of combining active error feedback and ordinary nega-
tive feedback. 

Fig. 1(a) shows a block diagram of a general AEF 
circuit. The circuit, the gain of which is to be stabilized, 
the distortion and output impedance of which are to be 
reduced, and the frequency response of which is to be 
improved, has a mid-frequency numerical gain of Ao. We 
have drawn this block diagram in terms of the positive 
mid-frequency numerical gains A o and Go rather than 
the complex phasor gains A(f) and G(f) in order to show 
explicitly the possible signs which may occur in the mid-
frequency region. The symbol 

indicates addition and 

I F. E. Terman, "Radio Engineers' Handbook," McGraw-Hill 
Book Co., Inc., New York, pp. 403-404; 1943. 

subtraction of the two input voltages. A variable voltage 
entering the junction at a plus sign goes through un-
changed in sign, but a voltage entering at a minus sign 
has its polarity inverted. The plus-or-minus signs 
within circles in Fig. 1(a) go together as do those with-
out circles, but the signs of the two sets may be specified 
independently. 
The block diagram shows that the output voltage is 

multiplied by a factor a, the result subtracted from the 
input voltage, and the resulting error voltage amplified 
by the factor Go. Since only error voltage is amplified in 
this branch of the circuit, the amplifier of mid-band gain 
Go need handle only fairly small signals and need not it-
self be distortionless. Finally the amplified error voltage 
is added to the input in such a phase sense that it re-
duces the difference between the input and a times the 
output. It is usually most convenient to make a the pure 
numeric Ao-'. Then the AEF tends to make the output 
follow the input with no gain reduction. 

Analysis of the block diagram yields the following re-

sult for the over-all gain emtlein, 

eout/ein = A0[1 -1-Go[/[1 «AoGo] = Ao. (1) 

The second equation follows on taking a=44 0-1. If we 
continue to take a= A 0 ' and generalize (9) for complex 
phasor gains, we obtain 

eout A(f) [1 ± G(01 

ein 1 ± G(f)A(f)/A0 

So long as G(f)A(f) is considerably greater than Ao, 
(2) reduces closely to 

(2) 

ec.ut 
Ao, 

ein 
(2') 

the midband gain. We thus see that AEF can considera-
bly extend the flat response of the A-circuit provided 
that the frequency response of the G-circuit is initially 
the wider and that Go is considerably larger than unity. 
A straightforward calculation also shows that harmonic 
components and the output impedance are each reduced 
by the factor I 1 -I- GWA(f)/A 01, which will be consider-
ably greater than unity over the frequency range of 
interest. Finally, (2') shows that the fundamental-signal 
gain of the circuit is stabilized by the AEF circuit to the 
mid-frequency value when a=44 0-i. Thus, the circuit 
yields the usual advantages of negative voltage feedback 
without the usual decrease of gain. The additional gain 
required is of course supplied by the active G-circuit. 
As in any feedback circuit, it is necessary, in order to 
avoid regeneration, that G(f)A(f)/A0 become less than 
unity before the phase shift of the combination reaches 
180 degrees. The usual Nyquist criterion for stability is 
applicable here with 13 given by — G(f)/Ao. 
A combination of AEF and negative feedback can be 
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applied to an amplifier as shown in Fig. 1(b). However, 
analysis of this circuit shows that the combination acts 
as though the extra gain of the AEF were directly in the 
normal negative feedback loop. Thus, although the 
effective negative feedback is increased, the AEF has 
not appreciably simplified the problem of equalizing the 
amplifier and feedback paths to avoid regeneration and 
to achieve unconditional stability. This latter statement 
needs qualification in one way. Since the gain G is es-
sentially outside the main amplification path, its phase 
and amplitude may be conveniently controlled without 
the necessity (which might arise with the same total 
gain used only with negative feedback) of having to 
equalize the gain A and possibly thereby reduce the 
effective feedback at high or low frequencies. In addi-
tion, if the entire circuit is to be direct coupled, the 
splitting of the effective feedback into two paths in the 
fashion of Fig. 1(b) will usually require a smaller dc 
supply voltage than would be needed had all the availa-
ble gain been distributed serially in the direct amplifica-
tion path. When a large amount of effective negative 
feedback is required, its realization in a direct-coupled 
amplifier with reduced supply voltages may be an im-
portant economic advantage. 

Fig. 2—Block diagram showing alternative connection 
of active error feedback. 

The AEF circuit of Fig. 1(a) may be rearranged to 
inject the amplified error voltage into the output rather 
than the input of the amplifier of gain A(f). The result-
ing circuit, with some of the possible signs indicated, is 
shown for midband gains in Fig. 2. If a is taken as A 
as usual, the complex gain of the circuit is found to be 

eout [A(f) G(f)1 . 
—  = Ao   
ein Ao+G(f) 

(3) 

Thus, the gain will be stabilized to the value A o over a 
wide frequency range as long as G(f) is appreciably 
larger in magnitude than A(f). Here it is necessary for 
stability that G(f)/A0 become less than unity before the 
phase shift of G(f) reaches 180 degrees. 

The output impedances ZA of amplifier A and Z0 of 
amplifier G will be connected together across the load in 
the circuit of Fig. 2. The effective output impedance of 
the combination (the internal impedance of the com-
posite unit) is readily found to be 

ZAZO 
Ziaff =   

ZG 

ZG ZA [I. G(f)/A0] -- 1+ G(f)/A 0 

where the second equation follows when G(f)I / A o>>1 
and when ZG and ZA are comparable. These conditions 
also lead to the gain given by (3). 
When A 0 is large, it will usually be inconvenient to 

make G,/A,»1. In this case, the AEF circuit of Fig. 1(a) 
will be more suitable than that of Fig. 2. However, when 

AEF is applied around an individual stage of relatively 
low gain, the circuit of Fig. 2 may become preferable. 
This may be particularly the case when added power or 
current handling capacity is required, since the A and G 
amplifier outputs are effectively in parallel and thus 

need each supply only part of the total required output 
power or current. Examples are a driver which must 

supply appreciable undistorted current, or a power out-
put stage. The former will be discussed in more detail in 
the next section. 
The distinction between amplified (or active) negative 

feedback and AEF should be emphasized. Amplified 
negative feedback would be obtained if the amplifier G 
amplified a portion a of the output only. It is only when 
the error between a portion of the output and the input 
is amplified that AEF is obtained. It may be noted that 
amplified negative feedback produces the same reduction 
in output impedance that AEF does, but that while AEF 
stabilizes but does not reduce the midband gain, am-
plified negative feedback reduces it by about the same 
factor that the output impedance is reduced. It is obvi-
ous that while the present discussion has dealt only with 
AEF involving the output voltage, an AEF circuit could 
be applied which would make the output current, rather 
than the output voltage, follow the input voltage (or 
current). 

e (4) 

II. THE AUGMENTED CATHODE FOLLOWER 

For many applications, a circuit having wide dynamic 
range and low output impedance is desirable. For exam-
ple, the direct-coupled driver of an output tube which 

is to be driven into the positive-grid region must have 
such characteristics. The input resistance of such a tube 
may be as low as 100 ohms when its grid is driven far 

positive. Further, this resistance is a strongly nonlinear 
function of grid voltage. To avoid appreciable distortion, 
the driver of such a tube must itself have an output 
impedance considerably below 100 ohms and must, at 
the same time, be capable of supplying large positive 
peak grid currents. 
An arbitrarily low output impedance can be obtained 

from an ordinary plate-loaded amplifier by applying suf-
ficient negative voltage feedback around it. However, 
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the load current must flow through the output plate 
resistor, which is often undesirable, and the change of 
dc voltage level between the grid and plate of the out-
put tube may complicate the use of such a circuit in a 
direct-coupled amplifier. Even if the driver tube itself is 
a cathode follower whose output impedance is reduced 
by ordinary inverse feedback around previous amplifier 
stages, these stages will be in the direct amplification 
path, again complicating its use in a direct-coupled 
circuit. In the present section, we show how these dif-
ficulties may be avoided by applying AEF to a cathode-
follower driver. The resulting direct-coupled circuit has 
both very low output impedance and no appreciable 
change in dc voltage level between input and output. 

Fig. 3 indicates one way of adapting the AEF circuit 
of Fig. 2 to a cathode follower. We shall call the resulting 
circuit a parallel augmented cathode-follower driver 
(PACFD). The type of AEF shown in Fig. 2 is particu-
larly applicable to the cathode follower because the 
latter's gain is near unity and thus the external gain G 
need only be greater than unity to be effective in re-
ducing output impedance and distortion. Further, a can 
be conveniently taken equal to unity. 

Fig. 3—The parallel augmented cathode-follower driver. 

As shown in Fig. 3, the difference between the input 
el and the output ek of tube VI is amplified by the dif-
ferential amplifier' consisting of V3 and V4, then applied 
to the grid of the parallel cathode follower V2 to reduce 
the error between el and ek. In this direct-coupled cir-
cuit, it is desirable that V3 be of the same tube type as 
V1 and V2, in order that operating biases be correct. In 
an ac coupled version of the circuit both V3 and V4 

could be, for example, the halves of a single 12AX7. It is 
worth mentioning that a cathode follower can be aug-
mented in another way by using the tube half V2 as a 
cathode follower in series with V1 so that the cathode of 

2 G. E. Valley, Jr. and H. Wallman, "Vacuum Tube Amplifiers," 
Rad. Lab. Ser., McGraw-Hill Book Co., Inc., New York, vol. 18, 
pp. 442-443; 1948. 

V2 is connected to the plate of VI. Then the grid of V2 
could be direct-coupled to the plate of V4 without the 
voltage divider necessary in Fig. 3. We shall designate 
such a unit a series augmented cathode-follower driver 
(SACFD). The SACFD is superior to an ordinary 
cathode-follower driver (CFD) but inferior to a PACFD, 
as we shall see below. In addition, its dynamic range is 
limited, for a given supply voltage value, by the neces-
sary voltage division across V1 and V2 in series, which 
does not occur with the PACFD. 
A straightforward analysis of the midband equivalent 

circuits of the SACFD and PACFD yield the following 
results for their gains and internal impedances: 

Gs =  

ris = 

Gp = il(1±,g1)/[eig2+2(1-4)-Frp/Rk], 

rip = rp/[mg2+2(1-1-g)±5/Rd. 

(5) 

(6) 

(7) 

(8) 

Gs and ris refer to the SACFD, Gp and rip to the 
PACFD. In the above equations, the arithmetical gains 
gi and g2 of the differential amplifier are those indicated 
on Fig. 1; they are slightly unequal, with g2 the larger. 
Note that the algebraic gain corresponding to g2 is 
negative.' It is also assumed that the tube halves V1 and 
V2 have the same characteristics. For most purposes, we 
shall ignore the small difference between gi and g2 and 
designate them both by g. The above equations show 
that if µg is sufficiently large and r„/Rk small, both Gs 
and Gp will approach unity closely. Further ris will ap-
proach r,/(µ±g) and rip will be approximately r9/pg. 
Note that were amplified negative feedback used in the 
PACFD (e.g., by grounding the grid of V3 for input sig-
nals) instead of AEF, gi would then be zero, and Gp 
would be reduced to about g2-1 while ri, would remain 
unchanged. 

For comparison with the above results, the equations 
pertaining to an ordinary cathode follower are 

G = W[14- µ r„/Rk], 

ri = rp/ [1 + 

(9) 

(10) 

When r„/Rk is small and ti appreciably larger than unity, 
we see from these results that to good approximation the 
output impedance of the SACFD is reduced over that of 
an ordinary cathode follower of the same characteristics 
as V1 by the factor (µ+g)/µ and that of the PACFD is 
reduced by the factor g. The principal reason for the dif-
ference is that the error voltage at the plate of V4 is de-
generated in the SACFD by a factor of about pt when 
applied to the plate of V1 and so is less effective in re-
ducing the output error than is that of the PACFD. 
Such degeneration is instrumental in reducing the dy-
namic range of the SACFD even further. Since the 
PACFD makes superior use of the same tubes required 
in the SACFD, we shall concentrate on the former in 
the rest of this work. 
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It may be noted that the double cathode follower8 
achieves, with two tubes in series, about the same small-
signal gain and output impedance as the PACFD. The 
top input tube is plate loaded and its cathode connected 
to the plate of the bottom tube. The bottom tube is itself 
driven from the plate of the top tube. Neither the 
SACFD nor the double cathode follower are comparable 
to the PACFD as drivers, however. In the SACFD, the 
driving current must pass through both the upper series 
tube and the lower cathode-follower tube. In the double 
cathode follower, it must pass through both the load 
resistor RL, which should be appreciably greater than 
rp, and through the upper tube. In the PACFD, the 
driving current is supplied by both the cathode-followers 
V1 and V2 of Fig. 3, essentially in parallel. The dynamic 
range and current handling capacity of the PACFD are 
thus much superior to those of the other two circuits. 

III. COMPARISON OF THEORY AND EXPERIMENT 

The circuit of Fig. 3 was constructed with the parame-
ter values and tubes shown. It was found that its no-
load gain was 0.986. Next, the output voltage was 
measured as a function of total load resistance RL (the 
parallel combination of Ric and any added load) for a 
fixed input voltage. The measurements were carried out 
at 104 cps using a 30 µf oil capacitor in series with a 
variable load resistance; only at the lowest load resist-
ances was the capacitative reactance of importance. 

T HEORE TICAL LINE 

EXPERIMENTAL POINTS 

Fig. 4—Dependence on load resistance of the normalized 
output voltage of the PACFD. 

Fig. 4 shows the load dependence of the output voltage 
ek normalized with respect to that without load (ea). 
The theoretical line of this figure was calculated using 
(7) with Rk replaced by RL. The values g= 70, µ = 16 and 
r =6.45 kilohms were employed; these values are in 
reasonable agreement with published curves. Fig. 4 
shows that these values are indeed a good choice, and 
that theory and experiment are in agreement. In addi-

* S. Seely, "Electron-Tube Circuits," McGraw-Hill Book Co., 
Inc., New York, pp. 120-121; 1950. 

tion, the internal impedance, defined as the added load 
necessary to make ek/(ek).= 0.5, is shown to be 5.6 ohms. 
For comparison, the internal impedances of the SACFD 

and CFD using the same tubes were found to be of the 
order of 70 and 370 ohms, respectively. The above 
definition of r,p leads to the same result for this quantity 
as that giren in ( 8), which was calculated on the basis of 
a grounded input and a measuring signal applied to the 
output. Alternatively, if rip is again determined by 
loading the output but defined as the added load re-
quired to make ea/e1= 0.5, the expression for rip be-
comes 

rip = rp/[µ(2gi— g2) — 2 — rp/Rk]. (11) 

For large µg, it does not differ appreciably from (8). 
Next, the amplified error voltage e2 (see Fig. 3) was 

measured under the same conditions as above for a fixed 
input voltage el. The normalized quantity e2/elis plotted 
in Fig. 5 vs RL. The small-signal equivalent circuit yields 
a value for this ratio of 

e2/e, = [µ(2,gi — ,g2) 

+ gi(2 + rp/Rk)]/[mg2 + 2(1 ± P) rp/Rkj. (12) 

This quantity is slightly greater than unity even for Rk 
infinite. The solid line of Fig. 5 was calculated from ( 12), 
replacing Rk by RL and using the same values for the 

tube parameters as those used for Fig. 4. Again, agree-
ment between theory and experiment is exceptionally 
good. It is of interest to note that at very large loads 
e2/ei may be much greater than unity; its maximum 
value will be approximately g if this value can be 
achieved without overdriving the tube V4. 

Finally, it should be pointed out that the data of Figs. 
4 and 5 were measured with values of el of the order of 
0.1 volt or less. The equivalent circuit and the resulting 
formulas only hold as long as operation is in a linear 
region. When negative peaks are to be produced across 
a load sufficiently large that the peak current required 
exceeds the quiescent current in Rk, the tubes V1 and V2 
will be cut off and negative peak limiting will occur. 
Only by employing voltages sufficiently small that such 
limiting did not occur could an accurate undistorted 
value of ek be obtained when very low load resistances 
were used. This negative peak limiting is the reason 
why a single PACFD or a pair in push-pull cannot be 
conveniently used to drive a load like a loudspeaker 
directly even though the small-signal impedances may 
be matched. 

IV. COMPARISON OF GRID-DRIVER CIRCUITS 

The PACFD is ideally suited for a grid driver. Be-
cause it uses two cathode-followers essentially in parallel 
(V1 and V2), it can supply twice the peak positive grid 
current of a single unit. In addition, as the current in-
creases, the g. and µ of both tubes increase and the rp's 
fall. For example, at 50 ma per tube-half, the µ and gm 
of a 5687 are approximately 19 and 12,000 µmhos, re-
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Fig. 5—Dependence on load resistance of the normalized error voltage of the PACFD. 

spectively. Using g= 70, ( 8) or ( 11) predict an internal 
impedance of the PACFD of only about 1.15 ohms in-
stead of the value of 5.6 ohms found for small signals 
with the circuit of Fig. 3. 
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Fig. 6— Comparison between the intermodulation distortion of three 
drivers when direct-coupled to an output tube grid. 

In Fig. 6, we give a comparison between the distortion 
generated by a CFD, a SACFD, and a PACFD when 
direct coupled to a power tube grid load. The lowest line, 

marked "no load," shows the distortion in the unloaded 
PACFD output. This distortion arises almost entirely 
from the preceding amplifier stage. The output tube 

,04 

was an 807, triode connected, with 400 volts on the 
plate. It had an unbypassed 25-ohm cathode resistor 
and formed half of a push-pull output circuit with out-
put transformer and resistive load. The other half of the 
push-pull output circuit was, in each case, driven by a 
driver identical to that measured.* The intermodulation 
distortion was measured at the output of the driver and 
employed 60 and 5,600 cps signals, mixed 4:1. The dc 
bias of the output tube was adjusted to — 42.5 volts so 
that the grid was driven positive when the rms driver 

voltage exceeded 30 volts. It is this positive grid region 
which is presented in Fig. 6. 
The dotted line is the approximate peak grid current 

supplied by the driver. When the rms driver voltage is 

70 volts, the grid is driven positive by 56.5 volts peak, 
and we see that it draws a peak current of about 200 
ma. It is obvious from Fig. 6 that the SACFD is a 
considerable improvement on the CFD, and the 

PACFD an improvement on the SACFD over most of 
the range considered. For applied voltages greater than 
60 to 65 volts rms, the grid of the output tube loses 
control of the output current on positive peaks; the 
point at which control is lost defines the diode line of 
the output tube. It is seen from the figure that the dis-
tortion of all the drivers increases rapidly for larger 
voltages. Oscillographic observations showed, however, 
that the PACFD was capable of driving the grid of the 
output tube considerably beyond the point where the 
output voltage of the output tube began to show peak 
clipping arising from diode-line limiting. Even in this 
region, however, appreciable distortion of the grid signal 
could not be observed on the CRO. 

4 The push-pull driver circuit used in these measurements in-
corporated a special feedback loop which reduced even-order har-
monic distortion greatly at the driver outputs. Therefore, the inter-
modulation distortion results obtained at one of the push-pull driver 
outputs may be appreciably smaller, especially for the case of the 
CFD, than would be attained in practice without such a feedback 
loop. Nevertheless, the distortion curves still afford a valid compari-
son between the relative distortion of the three types of drivers. 
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A Semiconductor Diode Multivibrator* 
J. J. SURANt, ASSOCIATE, IRE, AND E. KEONJIANt, SENIOR MEMBER, IRE 

Summary—The operation and design of a novel semiconductor 
multivibrator circuit is described. Consisting of one double-base 
diode, one diode, three resistors, and one capacitor, the diode multi-
vibrator affords a circuit economy of two-to-one over the more con-
ventional Eccles-Jordan configuration. The active element is the 

double-base diode, which is a three-terminal single-junction nega-
tive-resistance semiconductor device. Applications of the diode 
multivibrator to square-wave oscillators and delayed-pulse genera-
tors are illustrated. Control of the period of oscillation or variation of 
the pulse-delay time is accomplished by the variation of a single 
capacitor. Hence, this new circuit simplifies the design of astable, 
monostable or bistable multivibrators. 

INTRODUCTION 

THE INCREASING use of quantized signals as 
"information carriers" in modern electronic sys-
tems has caused a growing concern over the power 

requirements, complexity, and expense of pulse-type 
circuits. Thus the advent of the transistor as a low-
power, long-lifetime, and sub-miniature active element 
was welcomed most enthusiastically by pulse-circuit 
engineers as a possible solution to the dilemma of in-
creasing system complexity and size. 

Fig. 1—Vacuum-tube multivibrator. 

One of the oldest, and perhaps most fundamental, of 
the digital-type circuits is the multivibrator.' As a two-
state circuit, analogous to the mechanical relay, the 
multivibrator extended the use of relaying to high-
speed operations. And since the "on-off" device is virtu-
ally the "nerve-cell" of all counting and logic circuits, 
the multivibrator ultimately became a fundamental 
building block of modern electronic computers. 

The semiconductor multivibrator to be described in 
this paper may be considered as a diode flip-flop. It has 
been made possible by the invention of a new semicon-

* Original manuscript received by the IRE, January 5, 1955; re-
vised manuscript received, March 3, 1955. 
t Electronics Lab., Gen. Elec. Co., Syracuse, N. Y. 
1 H. Abraham and E. Block, Ministere de la guerre Pub. 27; 

April, 1918. 

ductor device—the double-base diode.' ---4 In the diode 
multivibrator one diode "drives" another in a recipro-
cal "on-off" relationship. A significant departure from 
the well-known Eccles-Jordan circuit, which is illus-
trated in Fig. 1, using vacuum-tubes, and in Fig. 2, 
using transistors, is that only one active circuit element 
is required for the regenerative action. 

Fig. 2—Junction-transistor multivibrator. 

The astable and monostable diode multivibrators will 
be treated here. The use of the former as a square-wave 
oscillator and the latter as a delayed-pulse generator will 
be described. Because of the almost two-to-one reduc-
tion in circuit components required by the diode multi-
vibrator, when compared to the Eccles-Jordan transistor 
configuration, a higher degree of circuit simplicity, 
miniaturization, and economy may be achieved. 

Fig. 3—Diode multivibrator. 

PRINCIPLES OF OPERATION 

The basic circuit configuration of the diode multi-
vibrator is illustrated in Fig. 3. Its relative simplicity is 
immediately apparent when compared to the transistor 

2 J. A. Lesk and V. P. Mathis, "The double-base-diode—a new 
semiconductor device," 1953 IRE Convention Record, pp. 2-8. 

3 R. F. Shea, et al., "Principles of Transistor Circuits," John 
Wiley and Sons, Inc., New York, N. Y., pp. 466-471; 1953. 

'J. J. Suran, "The double-base diode—a semiconductor thyra-
tron," Electronics, pp. 198-202; March, 1955. 
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multivibrator shown in Fig. 2. Operation of the astable 
diode multivibrator may be described as follows. Ca-
pacitor C is charged from the battery supply through the 
resistance R2 and the diode, D. During the charging 
cycle of the capacitor, D is conducting but the double-
base diode is in the cut-off state. When the potential 
across the capacitor becomes equal to or greater than the 
peak-point potential of the double-base diode, the latter 
becomes unstable and switches into the conducting 
state. The junction potential (b in the circuit of Fig. 3) is 
then clamped to a low value— almost to the ground 
potential, thus causing the diode D to become cut off. 
When the diode is in its nonconducting state, point a is 
virtually isolated from point b. The capacitor will then 
discharge through the resistance R1 until the potential at 
a is approximately equal to the junction potential of the 
double-base diode. At this instant, the diode becomes 
conducting again. When the diode reverts to its conduc-
tion state, the current through the junction of the 
double-base diode decreases and the latter is driven into 
its cut-off state. Capacitor C will then recharge and the 
cycle will be repetitive. 
The waveforms generated by the astable circuit of 

Fig. 3 are illustrated in Fig. 4. Since capacitor C alter-
nately charges and discharges through a fixed resistance 
(R2 and RI, respectively), the waveform at a consists of 
a periodic exponential rise and decay. During the time 

vo 

Vb 

vc 

 t 

Fig. 4— Diode multivibrator waveforms. 

D is conducting, the waveform at b will be almost identi-
cal to that at a. However, when the double-base diode 
becomes conducting, the potential at b is clamped to a 
near-ground value until the capacitor has completed its 
discharge cycle. When the double-base diode is in its 
cut-off state, the current through R3 will be compara-
tively low. However, when the double-base diode 
switches "on," its bar resistance drops by an order of 
magnitude and the current through R3 increases. Thus, 
the current through R3 will be either high or low, de-
pending upon the operating state of the double-base 
diode. Consequently, the waveform across R3 (at point 
C) will be a square-wave as illustrated in Fig. 4. It is 
apparent that the frequency and symmetry of this 
square wave is dependent upon the time constants as-
sociated with R1, R2 and C. 

GRAPHICAL ANALYSIS 

A better understanding of the operation of the diode 
multivibrator may be obtained by considering the 
equivalent circuits illustrated in Fig. 5. Figure 5(a) 
illustrates the dc equivalent circuit of the diode multi-
vibrator when D is conducting. The capacitor is omitted 
from the dc circuit and the diode is assumed to have 
negligible forward resistance. Writing the loop equa-
tions for the circuit of Fig. 5(a), the following set is 
obtained: 

E = (R1-1- R2)Ir — RlId 

— R1I1-1- R11. a + Vd. 

lol 

Fig. 5—Dc equivalent circuits; (a) diode 
conducting, (b) diode nonconducting. 

In ( lb), Vd = f (Id; E, Rs), which represents the input 
characteristics of the double-base diode for a given 
battery supply, E, and load resistance, Ra. Eqs. ( la) and 
(lb) are easily solved for Vd as a function of Id. Thus 

R1 RIR2  
Vd = E Id. (2) 

RI + R2 R1 ± R2 

When the diode D in the circuit of Fig. 3 is nonconduct-
ing, the steady-state equivalent circuit of Fig. (5b) may 
be obtained. It is assumed that the resistance R1 is effec-
tively isolated from the double-base diode by the very 
high-back resistance of the diode. For the circuit of 
Fig. (5b), 

Vd = E — R2Id. (3) 

The application of (2) and (3) to the operating char-
acteristics of the double-base diode permits a graphical 
load-line analysis similar to that used in vacuum-tube 
and transistor circuits design. This is illustrated in Fig. 6 
(next page). For the condition that the diode conducts, 
the steady-state input load line is determined by ( 2) and 
is represented by the dashed line. The intersection of 
load line with ordinate axis is at a point 

R1  
V d = E 

R1+ R2 

and the slope of the load line is the parallel combination 
of R1 and R2. For the condition that the diode is non-
conducting, the load-line characteristic is determined by 
(3) and is represented by the solid line (slope =R2) in 
Fig. 6. 

In order for the diode multivibrator to be astable, or 
free running, the following conditions must be satisfied. 

dab 
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1. When the diode is conducting, the input load line 
cannot intersect the double-base diode characteristic in 

the cut-off region. 
2. When the diode is nonconducting, the input load 

line must intersect the double-base diode operating 
characteristic in the transition, or negative-resistance, 
region. Consequently, the circuit conditions for the free-
running multivibrator are as follows: 

RIE 
 > V„ 
R14- R2 

— ≤ I„. 
R2 — 

In (4a) and 4(b), V, is the peak-point potential of the 
double-base diode and I. is the input current corre-
sponding to its valley point. The operating path of the 
multivibrator, in relation to the input characteristics of 
the double-base diode, may be approximately deter-
mined from the graphical analysis, as indicated in Fig. 6. 

vc, 

E E 

+ v 

OPERATING 
PATH 

DIODE 
CHARACTERISTIC 

V.,,Fy 

o—CUT OFF TRANSITION --eel.— SATURATING 

(4a) 

(4b) 

Fig. 6—Operating characteristic of the diode multivibrator. 

DESIGN ANALYSIS 

From the steady-state circuit analysis it has been 
possible to determine the conditions required for sus-
tained oscillation of the multivibrator. The frequency 
and symmetry of the generated waveforms may be de-
termined from a consideration of the charging and dis-

charging cycles of the capacitor, C, in Fig. 3. It may be 
noted that when D is conducting, the capacitor is 
charging. This also corresponds to the condition that 
the double-base diode is in its cut-off state and that the 
potential at c is comparatively high. Hence, the diode 
conducts during the positive cycle of the square-wave 
and is nonconducting during the negative cycle of the 
square wave. The charging and discharging equivalent 
circuits, corresponding to the positive and negative por-
tions of the output waveform, are illustrated in Fig. 7. 

In terms of the Laplace operator, s, the voltage trans-
form for the circuit of Fig. 7(a) is 

— (s) —   
V. [ 1 

(5) 
E Ri-F R21[ RiR2Cs 

1+  
R1+ R2 

Closing the switch, S, is assumed to be equivalent to 
D suddenly becoming conducting. Eq. (5) is solved in 

(0) 

the time domain for the following initial conditions: 

E 
at t 0: V; = — ; V, V,'. (6) 

Eq. (6) indicates that a step voltage of magnitude E is 
applied to the circuit of Fig. 7(a) at a time when C is 
charged to a potential of V,'. Using the standard La-
place transformation techniques (5) and (6) may readily 
be solved to give the following result in the time domain: 

RIE [ (R1 -I- R2P\-1 
Va(t) =   1 exp (   

R1+ R2 RiR2C 

(R1-1- R2)i\ 
V„' exp   " (7) 

RIR2C  

The time that it takes the capacitor to charge to the 
peak-point voltage, V„, may be calculated from (7) by 
substituting Vo(t)= V„ on the left-hand side of the 
equation. Thus 

RiR2C 
t„, =   In 

R1 + R2 

- RIE 

R1+ R2 

- ± R2 

(8) 

where 1, denotes the duration of the positive portion of 
the square wave. 

Similarly, the duration of the negative portion of the 
square wave can be obtained from the equivalent cir-
cuit of Fig. 7(b). For the initial condition that V.(0) 
= V„ and calculating the time it takes the capacitor to 
discharge to a value V,', it is found that 

= - Rein VP — • (9) 

In (9), tn is the time duration of the negative portion 
of the output wave. 

Va 

Fig. 7—Low-frequency ac equivalent circuits; 
(a) positive cycle, (b) negative cycle. 

The total period, Ir, of the square wave is the sum, 
I,, + 1m. Hence 

Ir = RIC {R2  Rj ± R2 ln 
1 

V,' 
+ In— 

VP 

For convenience, the design parameters are defined: 

(Vp\ (R1 ± R2\ — 

\ E )\ 

(V„'\ 

E j\ R1 

JO, 

• 
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R1 
a = — 

R2 

t, 
X = — • (11) 

in 

If a symmetrical square wave is desired, tp must equal 
tn. From ( 10) therefore, using constants defined by ( 11). 
the following condition for symmetry is established: 

1 P (1 + — 
a 

1) 

1 - U (1 + 1— ) 
a 

(12) 

If the ratio of the positive portion of the square wave to 
total period is defined as figure of symmetry, S, then 

S =   where 
1 ± X 

X = • (13) 

It can then be shown that, for any desired figure of sym-
metry, (10) must satisfy the condition 

1 - P (1 —1) 
a u csa-s)(1-1-a) 

 = [— 
13 • 

a 

(14) 

For a symmetrical waveform, S=0.5. Eq. (12), there-
fore, is a special case of ( 14). 
The output waveform across R3 depends upon the 

change in the bar resistance of the double-base diode as 
the latter oscillates between the cut-off and conducting 
states. Denoting the equivalent bar resistances by Rgg 
and Rgs, where the subscripts C and S refer to the cut-
off and conducting states of the double-base diode, re-
spectively, the equivalent circuit of Fig. 8 may be used 

+E 

OSCILLATING 
SWITCH 

Fig. 8—Low-frequency equivalent-output circuit. 

to represent the low-frequency output circuit of the 
multivibrator. The peak-to-peak amplitude of oscilla-
tion across R3 is then given by 

1 E0 = 1 [ 1 R3 

1 + -- 
Rgg 

1 
 R3 I [E]. (15) 

1 + -RB-s-  

If it is desired to find the value of R3 which maximizes 
the output voltage amplitude, (15) may be differenti-
ated and solved for a maximum in the usual manner. It 
is found that the value of R3 required to obtain a maxi-

mum E0 is equal to the geometric mean of the two bar 
resistances, Rge and Res. Thus 

R3. = VRBCRBS. (16) 

The maximum output voltage, found by substituting 
(16) into ( 15), is 

él - N/Rps/RBc 
IE0 max = 

N/RBs/RBc 

The peak-point voltage of the double-base diode is 
linearly related to the interbase potentia1.4.6 Denoting 
the constant of proportionality by 1132, one can write 

V, = Hi2VB. (18) 

In ( 18), the factor 'In is always less than unity and is a 
constant of the device. When the double-base diode is 
in its cut-off state, the interbase potential is 

VB  E. 
Rgg ± R3 

Substituting (18) into ( 19) gives 

1112 

E 1 + R3/ RBc 

For maximum output voltage, given by ( 16), ( 20) is 

Vp 1-112 

(E). (17) 

(19) 

(20) 

E 1 4- -VRes/RBc 

INPUT CHARACTERISTICS 

*29P44 DOUBLE BASE DIODE 
ROOM TEMPERATURE 
Vb.5.8 VOLTS 

2 3 4 5 6 
Id m0 

(21) 

Fig. 9. 

Fig. 9 illustrates a typical set of input characteristics 
for a double-base diode with a load resistance in the 
base-two lead. The interbase voltage, Vb, is constant 
(5.8 volts) only during the cut-off state. It is important 
to note that the valley point of the curves in Fig. 9 
moves to the left as the load resistance is increased. 
However, the valley point approaches a limiting value 
as the load resistance becomes very large.6 Conse-
quently, V„' in (6) to ( 11) depends upon both the input 
and output load resistances and therefore U in ( 11) may 
be treated as an arbitrary circuit design parameter. 

6 J. J. Suran, "Low-frequency circuit theory of the double-base 
diode," Trans. IRE, vol. ED 2; April, 1955. 
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DESIGN PROCEDURE 

Based upon the foregoing analysis, one can outline an 
approximate design procedure for the free-running diode 

multivibrator. Procedure given below is based on the 
maximum voltage criterion as defined by ( 16) and ( 17). 

Eqs. (4a) and (4b) specify the two necessary condi-
tions required for oscillation. From (4b), 

E — V„ 
(a)  R2 < Iv, 

where V, and It, are the voltage and current, respec-
tively, which correspond to the valley point of the 
double-base diode input characteristic. Since 17„ and 
approach constant limits as R3 is increased, the limiting 
values for the valley point may be used in condition 1. 
Thus, R2 can be selected. Using this value of R2, I„' may 
be estimated (see Fig. 6). From bar-characteristic 
curves of the double-base diode, such as illustrated in 
Fig. 10, RBS can be approximated. RBC may be deter-
mined fairly accurately from the characteristic curves 

of Fig. 10. Thus, using (16), 

(b) R3 = N/RBsRBc. 

BAR RESISTANCE 

DOUBLE BASE DIODE U29P44 

ROOM TEMPERATURE 

05 0 L5 

Id lm 

Fig. 10. 

The design parameter P can now be calculated from 

(20) or (21). 

(c) 
H12 

P =  
1 ± 123/Rric 

In (c), 1112 is the voltage ratio defined by ( 18). Knowing 
V„' may be estimated and 

Vv, 
(d) U = 7  • 

With P and U determined, the ratio a = R2/R2 may be 

found from (14) for any desired figure of symmetry. A 
family of curves for S=0.5, based upon (12), is illus-
trated in Fig. 11. The k-values in Fig. 11 correspond to 

both U and P. Hence, the intersections of these curves 
determine the a-values for respective U and P parame-
ters when a symmetrical waveform is desired. R1 may be 
determined from the design parameter a. Thus 

(e) 

•10 

Y 

0 

3 

4 

5 

6 

R1= aR2. 

O. 

0.1 
O. 

0.3 
0.• 

.4 

0 5•05 

0.4 

11•0.7 

) z 
0.11 

Y•11(1"[5(1- )--61 

1 

0.4 

. . • . a o 
o 4 .6 .8 IV I 

a 

Fig. 11—Symmetry curves for S=0.5. 

5 

1 

o 

At this point, a must satisfy the condition [from (4a)] 

(0 
a 

1 + a 

If (f) is not satisfied, (a) must be re-chosen and the de-
sign procedure repeated. However, if (f) is satisfied, the 
design of the multivibrator circuit is complete except for 
the specification of capacitor C. C is calculated on the 
desired frequency, f, from ( 10). Clearly, for S=0.5, 

> P. 

(g) c = 
1 

— 2Rif ln U 

EXAMPLE 

Suppose that it is desired to design a 10-kc diode mul-
tivibrator, having a symmetrical waveform (S=0.5), 
and operating from a voltage source of 12 volts. Assume 
that the double-base diode characteristics are given by 
Figs. 9 and 10. The first step in the design procedure is 

to select a value of R2 which will satisfy (4b). From 
Fig. 9, it is apparent that if the input load line intersects 
the abscissa axis at In= 1.0 ma, the astable requirement 
will almost certainly be satisfied. Hence, from Fig. 6, 

E 12 
R2 = =  = 12,000 ohms. 

/ro 0.001 

The current flowing into the junction of the double-base 
diode, when the latter is in its conducting state, will be 
approximately 1 ma. This is readily established by 
superimposing value of R2 for 12-volt source, on input 
characteristics of Fig. 9. From Fig. 10, for Id= lma, RBS 
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may be estimated. Thus, RBB "---: 1.8k, and Rixtr,16.5k. 
Using maximum voltage criterion defined by ( 16), 

R3 = 'N/(6.5k)(1.8k) = 3.5k ohms. 

Having determined R3 and RBC, interbase potential of 
double-base diode, during cut-off state, may be calculated. 

= ( 6.5k ) 
VBC   (12) = 7.8 volts. 

\ 6.5k ± 3.5k 

For V  BC = 7.8 volts, V,' (see Fig. 6) may be estimated 
from the input characteristics. Hence V,' 2.0 volts. 
From Fig. 9, 

5.2 volts 
H12 —   0.9. 

5.8 volts 

The design parameters, U and P, defined by (11) and 
(20), may now be calculated. 

1112 
P — 

1+ R3jRnct 

V.' 2 volts 
U = — =   

E 12 volts 

0.9 

3.5k 
1 

6.5k 

= 0.167. 

— 0.58 

For a symmetry condition of S= 0.5, the ratio a = RI/R2 • 
may be determined from the design curves of Fig. 11. 
The intersection of the two curves corresponding to 
k = 0.58 and 0.167, respectively, is the desired value of a. 
from the input characteristics. Hence Nt,' 2.0 volts. 
from Fig. 11, a = 1.55, and 

R1 = aR2 = (1.55)(12k) = 18.6k ohms. 

R1, R2 and R3 have now been determined to a first ap-
proximation. A necessary requirement for oscillation, 
however, as derived from (4a), is that 

a 
  > P, 
1 + a 

1.55 
or — > 0.58. 

2.55 

Since the latter inequality is satisfied, the three re-
sistance values will be adequate to sustain oscillations. 
Capacitor C may now be determined from the frequency 
requirement. For the symmetrical condition (S=0.5), 

1 
c = 

—10-6 

—2R11 In U (2)(18.6)(10) ln 0.167 

= .0015 tif. 

The output amplitude of the waveform is given by ( 17): 

1 — F 871  V 5.6k 
I E01„,. — 

4/1.8k 
1 + 

6.5k 

[12] = 3.7 volts. 

It should be noted that (17) does not include the varia-
tion of the double-base diode parameters with fre-

quency. Experiment shows that the outlined analysis 
is accurate to within + 10 per cent for frequencies up to 
approximately 20 kc. Waveforms obtained from experi-
mental circuits are shown in Figs. 12 and 13. 

••••• 
I I 

t I t 

(a) (b) 
«am 

Fig. 12—Experimental waveforms: (a) germanium dbd-1 kc; 
(b) silicon dbd-10 kc. 

L_J  
min 

(a) (b) 

Fig. 13— Silicon double-base diode waveforms: (a) top- 55 kc, bot-
tom-7 kc; (b) top—rise time, bottom— fall time, full sweep 

psec. 

PULSE-DELAY GENERATOR 

The diode multivibrator may be made monostable if 

RIE 
  < V, (22a) 
R1+ R2 

and 

E/R2 < (22b) 

Eq. (22a) fixes the stable operating point of the 
double-base diode in the cut-off region and (22b) insures 
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that this is the only stable operating point. If (22a) and 
(22b) are satisfied, a positive pulse will trigger the 
double-base diode from the "off" state to the "on" state. 
The double-base diode will then remain conductive until 
the capacitor discharges through RI. When the diode re-
verses at the end of the capacitor discharge cycle, the 
double-base diode becomes nonconductive. But since it 
is stable in cut-off state, the multivibrator circuit re-
mains stable until the next positive trigger pulse is ap-
plied. Thus, the regenerated output waveform duration is 

lo = — RIC in — 
V, 

[see (9)]. Fig. 14 shows the waveform generated by mono-
stable multivibrator. Minimum spacing of the trigger 
pulses is obviously limited by the circuit's time constants. 

 ,t 

 ist 

TRIGGER 
PULSES 

OUTPUT 
WAVEFORM 

(23) 

Fig. 14—Monostable multivibrator waveform. 

On the other hand, if 

R1E 
  > V, (24a) 
R1+ R2 

E 
(24b) > IV, 

R2 

a monostable circuit, having a stable operating point 
associated with the conductive state of the double-base 
diode, is obtained. Negative pulses may then be used to 
trigger the circuit into its regenerative cycle and the 
output waveform duration will be given [see (8)] by, 

V„) (RI +  R2) 1 

PULSE 
INPUT 

RiR2C E R1 

  In   • (25) 
RI + R2 1 — ( + R2\ 

E Ri I 

E + 

DELAYED-
PULSE 
OUTPUT 

Fig. 15—Delayed-pulse generator. 

Use of the monostable multivibrator as a delayed-
pulse generator is illustrated in Fig. 15. In this circuit, 
RD and CD are used as a simple differentiating network 
and diode DD filters out the pulses of unwanted polarity. 
The output waveform consists of pulses which are gen-

erated by differentiating the trailing edge of the multi-
vibrator output. Diode Do filters out the pulses which 
are generated by the leading edge of the multivibrator 
waveform. Hence, the output of the delayed-pulse gen-
erator consists of a train of pulses which have the same 
polarity and repetition rate of the input pulses but 
which are delayed in time by an interval, ID, determined 
by the time constants of the monostable circuit. 

Fig. 16 illustrates the relationship between the pulse 
delay td and the magnitude of the multivibrator ca-
pacitor C, which was obtained for an experimental de-
layed-pulse generator circuit. In the circuit of Fig. 16, 
the conditions defined by (22a) and (22b) are required 
for operation. Time delays from 50 µsec to 2 msec have 
been obtained for pulse repetition rates from 0-5 kc. As 
is apparent from Fig. 16, the time delay is related to the 
magnitude of the capacitor C in a linear manner. This 
relationship is convenient in design and facilitates con-
structing very simple variable-delay pulse generators. 

0.00110 
POSITIVE (I 
PULSE INPUT 

OUTPUT 

PULSE DELAY vs CAPACITANCE 
DOUBLE BASE DIODE * 29P44 

4 5 

C 0.01DF 

10 

Fig. 16—Experimental delayed-pulse generator characteristics. 

CONCLUSION 

The diode multivibrator consists of three resistors, 
one capacitor, one diode and one double-base diode. 
When compared to the corresponding Eccles-Jordan 
transistor circuit, the diode configuration affords a two-
to-one economy in circuit components. Furthermore, 
since the diode multivibrator consists of one diode and 
one double-base diode, as compared to the two tran-
sistors required for the Eccles-Jordan circuit, an addi-
tional cost economy may be achieved. 
Such factors as circuit simplicity, easy designability 

and component and device economy make the diode 
multivibrator a considerable competitor to the corre-
sponding transistor circuit. The advantages of the diode 
circuit should be particularly significant in such complex 
systems as digital computers and counters where com-
ponent cost and network complexity can be restrictive. 
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The Effect of the Source Distribution 
on Antenna Patterns* 

S. MATT, ASSOCIATE MEMBER, IRE, AND J. D. KRAUSI, FELLOW, IRE 

Summary—The response pattern of an antenna is modified when 
the source subtends an appreciable angle. Under these conditions the 
observed or resultant pattern is a function of both the true antenna 
pattern and the source distribution. This problem is important in 

radio astronomy and in radar. The general problem is formulated and 
solved for the particular case of a radio telescope antenna consisting 
of a 40 wavelength broadside array. Graphs are presented showing 
the effect of sources of various widths on the observed patterns. 

Using such graphs it is possible to deduce the approximate source ex-
tent from an observed pattern. The direct analytical solution for the 
source distribution from the observed pattern is also considered and 
the limitations of the various methods are discussed. 

I NTRODUCTION 

j
ri. 1HE TRUE RESPONSE pattern of a receiving 

antenna is obtained when the radiator is a point 
source situated at a sufficient distance from the 

antenna. The distance is sufficient if an increase in the 
distance produces no detectable change in the pattern. 
Let the true pattern of a receiving antenna be as shown 
in Fig. 1(a). If the point source is replaced by an ex-
tended source at the same distance, the observed pat-
tern is modified as suggested in Fig. 1(b). 

AO ,N T 

50,) RC E 

T RuE ANTENNA 
,•• PAT TI RN 

RECE UNA 

ANTENNA 

E X TENDED SCURF 
(UNIFORM) 

OBSERvED 
PAT -ERN 

RECE oNG 
AN 

A) 

Fig. 1—(a) Antenna pattern for a point source, 
(b) for an extended source. 

In radio astronomy many of the celestial sources are 
of sufficient angular extent to modify the observed pat-
tern and it is desirable to be able to deduce the source 
distribution (extent and shape) from the observed pat-
tern. A similar situation exists in radar when the object 
under observation is of sufficient angular extent. 

Referring to Fig. 2, the general problem of the effect of 
the source distribution on the observed antenna pattern 
may be stated as follows: 

1  G( r00) = — F(<6 -i- 00)1.()4; 
A 

(1) 

* Original manuscript received by the IRE, January 31, 1955; 
revised manuscript received April 1, 1955. 

t Formerly Dept. of Electrical Engrg., Ohio State University, 
Columbus, Ohio; now Advanced Electronics Center, General Electric 
Co., Ithaca, N. Y. 

Dept. of Electrical Engrg., Ohio State University, Columbus, 
Ohio. 

where 

G(00)= observed or resultant pattern, 
F(0+00) = true antenna pattern (as measured with a 

point source), 
f(0)=source distribution, 
A = ff()dep--effective angle subtended by 

source. 

All patterns in ( 1) are proportional to power. 

F csBecp.), ANTENNA 

PAT TERN 

LEA . 
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G1410 1, OBSERVED 

PAT TERN 

Fig. 2—Antenna pattern, source pattern, 
and resultant or observed pattern. 

In ( 1) the general problem has been simplified to the 
one-dimensional case where the patterns are functions 
only of one co-ordinate. For the purpose of the following 
discussion this has the advantage that the fundamental 
problem is retained intact but the analysis is greatly 
simplified. The simplified situation stated in ( 1) often 
occurs in practice as, for example, when the antenna 
pattern in the direction (0), normal to 0, is sufficiently 
broad compared to the source extent in this direction. 
In ( 1) the antenna pattern, F(4)-1-4.0), and observed pat-
tern, G(1,0), are usually known while the source distribu-
tion, f(16), is unknown. To determine the source dis-
tribution it is necessary to solve the integral equation 
(1). This can be done by assuming various source dis-
tributions and calculating the corresponding distribu-
tions, G(00). If a calculated G(00) distribution can be 
obtained that agrees with the actual observed distribu-
tion G(00), one can conclude that the assumed source 
distributionf(0) used for this case represents true source 
distribution or its equivalent. Or one can solve the 
integral equation in a straightforward manner. This is 
usually the more difficult procedure. The indirect and di-
rect methods of solution will be discussed in that order. 

It is assumed that the cosmic signals under consider-
ation are incoherent so that the power received is pro-
portional to the incident power flux from the source inte-
grated over the solid acceptance angle of the antenna. 
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Eq. ( 1) applies not only to antenna problems but to 
many other situations where instead of an antenna pat-
tern there is a modifying function F(0+00 which dis-
turbs the actual distribution f(4)) so as to yield the ob-
served function G(00). 

CASES OF POINT SOURCE AND LARGE 

EXTENDED SOURCE 

Referring to Fig. 2 the value of the observed distribu-
tion GN,o), when the main lobe of the antenna is dis-
placed by an angle 00 from the center line of the source, 
is given by 

where 

G(00= — F(0+ oof(o)do, 
r,« 

(2) A J 

A = f+.2 f(0)(10. 

The over-all source extent is 2«. The distributions are all 
power patterns so that A, the area under the source pat-
tern, is in fact the total power flux of the source. 
For a point source the source pattern in Fig. 2 col-

lapses to a single vertical spike at 41)-- 0 (a-- 0). The ob-
served pattern is then given by (2) with f(0) = 0 except 
at = O. For this case (2) reduces to G(00) F(00) or, 
in general, 

G(0) = F(0). (3) 

Thus, for a point source the observed pattern is identical 
with the true antenna pattern. 

At the other extreme let us consider the case of an 
extended source that is much wider than the antenna 
pattern as suggested in Fig. 3. Let the source be a step 

•SOURCE 
TERN 

•  

- -(0C-0) - 0 

ANTENN• 

PAT TERN 

OBSERVED 

PA , IFQN 

Fig. 3—Case of source pattern that is much wider 
than antenna beam width. 

function equal to unity between +a and —a and zero 
elsewhere. The resulting observed pattern G(00) from 
(2) is as shown in the figure. It is to be noted that in the 
range of 00 between a-0 and — (a —,3) the observed 
distribution is a constant like the source although re-
duced by a factor B/A, where B is the area under the 
antenna pattern and A is the area under the source pat-
tern ( = 2a). 

O.S.U. RADIO TELESCOPE ANTENNA 

The preceding cases are idealized. Turning now to the 
case of an actual antenna, such as the Ohio State Uni-
versity radio telescope antenna, let us consider the ef-
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fect of the source distribution for three conditions of 
antenna operation: ( 1) All elements in phase (single-
lobe pattern), ( 2) two halves of antenna in phase opposi-

tion (split-lobe pattern), and (3) comparison arrange-
ment [resultant pattern equal to the difference of ( 1) 
and (2)]. 

The O.S.U. radio telescope antenna, shown by the 
photograph in Fig. 4, consists of an array of 96 helical 
beam antennas mounted on a steel ground plane 160 
feet long (east-west) by 22 feet wide.' The entire an-

tenna pivots like a meridian transit instrument. At 250 
mc the antenna is approximately 40 wavelengths long 

by 5.6 wavelengths wide. With all helices in phase the 
beamwidths at 250 mc are approximately 1 degree in 
right ascension (east-west) by 8 degrees in declination. 

Cialeilm,eseefaemexem 

Fig. 4—Photograph of the Ohio State University 
radio telescope antenna. 

- 

e., 
«Ucrell=1.1:MMUCer.rae.r 

Although the antenna can be operated at frequencies 
between 200 and 300 mc the patterns at only the center 
frequency of 250 mc are discussed in this article. All 
helices are right-handed so that the antenna is respon-
sive to the right circularly polarized component of the 
incident radiation, which is usually of an incoherent 
nature. In operation the antenna is set at a fixed dec-

lination and as the earth rotates a trace or profile is 
obtained on the recorder as a celestial radio source 
crosses the meridian. This recorder profile is the ob-
served pattern G(0). The helices are arranged in 4 rows 
with 24 helices in each row. The long (24-helix) rows are 
east-west and determine the pattern of the antenna in 

right ascension while the short (4-helix) rows are at 
right angles and determine the pattern in declination. 
Since the beamwidth in declination is sufficiently wide 
(8 degrees) it will be convenient to reduce the problem 
to the one-dimensional case and consider only the right 
ascension pattern and the effect of the source shape on it. 
The east-west rows of 24 helices are as shown in Fig. 

5(a) with a uniform spacing d between helices. The 
total field pattern of this array is given by the product 
of the individual helix pattern and the pattern of an 
array of 24 isotropic point sources with a spacing d 
(array pattern). However, the array pattern is so much 
sharper than the helix pattern that for angles near the 
meridian (broadside to the antenna array) total antenna 

1 J. D. Kraus and D. Van Stoutenburg, "A High Resolution Radio 
Telescope," (in preparation). 
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pattern is substantially the same as array pattern. The 
array has a uniform amplitude distribution. 

Case with All Helices in Phase (Single-Lobe Pattern) 

Considering first the case where all helices are in 
phase the normalized field pattern is substantially that 
of a linear array of 24 isotropic point sources of equal 
amplitude and spacing as given by2 

ne 
sin — 

1 2 
EA = 

sin —11/ 
2 

(4) 

where 

= (27rd/X) sin cb«, 
d = spacing between helices ( = 1.69 wavelengths at 

250 mc), 
n = 24 (number of helices in a row in 0 direction), 
00— angle from meridian to center of source, 
X = wavelength. 

The normalized power pattern of the antenna is equal 
to EA2. This is the true antenna pattern F(0) as shown 
in Fig. 5(b). Let the source distribution be a step func-
tion equal to unity between +a/2 and —a/2 and zero 
elsewhere. For this case (2) then becomes 

nd, 
sin2 [— sin (0 + 001 

1 f  d0, (5) 
+an 2 

G(44) = —a —./2 n2 sin2 [(d,./2) sin (0 + 00)] 

where d, = 2ird/X = spacing of helices in radians. 

EAST 

d 

DIRECT ,ON Or, ,O,R(CTION C., CENTER 

MERIDIAN 7  OE SOURCE 

o 

kb) 

ANTENNA - 
PATTERN 

I DI 

.147).SDURCE 

-• PATTERN 

WEST 

Fig. 5—(a) 24-helix array, (b) antenna pattern with 
assumed source pattern. 

Eq. (5) for the observed distribution G(00) can be ob-
tained from (5) by graphical integration [by measuring 
shaded area in Fig. 5(b)1, or (5) can be evaluated an-
alytically. Proceeding with the latter solution one can 
put sin (0+00) =0+00 provided both 00 and a are 
small. Introducing this approximation into (5) and inte-
grating yields 

2j. D. Kraus, "Antennas," McGraw-Hill Book Co., Inc, New 
York, N.Y., p. 78; 1950. 

G(00) 

m sin [(n — 
1 2"--' 2 

= — E   
n fl mi a 

(n — m)d,. — 
2 

•cos [(n — m)4001. (6) 

By evaluating (6) for various values of a the curves 
of Fig. 6 were obtained. These show the effect of the 
source extent a on the observed pattern G(g5o) of the 
O.S.U. radio telescope antenna. These curves have been 
normalized (maximum value set equal to unity). For 
small source extent (a small) the observed pattern is 
nearly the same as the true antenna pattern (a = 0), 
while for larger source extent the observed pattern 
tends to conform more to the source shape. If the source 
distribution is a step function but a is not known, one 
can deduce its value from Fig. 6 provided a>4 degree. 

10 

0 B 

06 

G(ek) 

04 

02 

o 

_ . 

AC . 0. 2. 3. • 

—3 . —2 . 3. 

Fig. 6—Single-lobe patterns that would be observed with 40-wave-
length broadside array for assumed uniform source distributions 
of various angular extent (a). The sharpest pattern is for the case 
of a point source (a = 0). 

If a <¡ degree the observed pattern differs so little from 
the antenna pattern that it is impractical to deduce its 
value unless the source is sufficiently strong for the 
small amount of broadening to be accurately measured. 
It is also to be noted in Fig. 6 that with increase in a 
the minor lobe amplitude of the observed distribution 
tends to decrease. Since the array is a long one the 
curves of Fig. 6 apply not only to the 24-helix array but 
also approximately to any uniform rectangular broad-
side array or aperture 40 wavelengths across. 

Case of Two Halves of Array in Phase Opposition (Split-
Lobe Pattern) 

If the helices to the right of the center of the array are 
reversed in phase with respect to those to the left, the 
total field pattern is given closely by 

sin2-
1 2 

EA = 
n' 

sin — 

2 

1 — cos 
1[ 2 

sin — 
2 

where 

=same as in (4), n' = 12, and n = 24. 

(7) 
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Squaring ( 7) gives the power pattern. Introducing this 
in ( 2) and integrating yields, for n even, 

[(n — m) 
sin 

1 2 2 
G(00) = —  

n n 
ni 

dra 

• cos [(n — ni)d,44] 

8 ( n-2)12 
m 

n2 m-1 

n — m 

2 
dra 

[(n — 2m) 
sin  dea 

4 

(n — 2m) 
 dra 

4 

[(n — 2m) • cos   drool 
2 

(8) 

Evaluating (8) for various values of a, curves of Fig. 7 
were obtained. These show effect of uniform source dis-
tributions of width a on observed pattern. Curves have 
been normalized. Note that the value of curves in Fig. 7 
at minimum occurring at dio = 0 is an effective indicator 
of angular extent a of source for a values between about 
degree and 2 degrees. 

Fig. 7—Split-lobe patterns that would be observed with 40-wave-
length broadside array with two halves in phase opposition for 
assumed uniform source distributions of various angular ex-
tent (a). 

For a source of small extent more large lobes of re-
duced beamwidth will be obtained as the spacing be-
tween the two halves of the antenna is increased. Under 
these conditions the two halves of the antenna act as 
the two units of a Michelson interferometer. If the spac-
ing is increased sufficiently the minimum to maximum 
ratio of the observed lobe amplitude will tend to ap-
proach unity. Further increase in spacing will cause 
fluctuations in the ratio. By using an interferometer 
with a number of different spacings" it is theoretically 
possible to deduce the source distribution with approxi-
mately the same accuracy as an array (with single-lobe 
pattern) extending continuously over a distance equal 
to the largest spacing between the interferometer units. 

3 L. L. McCready, J. L. Pawsey, and R. Payne-Scott, "Solar 
radiation at radio frequencies and its relation to sunspots," Proc. Roy. 
Soc., vol. A 190, pp. 357-375; August, 1947. 

4 B. Y. Mills, The radio brightness distributions over four dis-
crete sources of cosmic noise," Aust. Jour. Phys., vol. 6, p. 452; 1953. 

Case of Comparison Arrangement 

In this case the antenna and receiving system are 
operated in such a manner' that the difference of the 
single-lobe and split-lobe patterns is obtained.' Fig. 8 
shows the curves for this case for various values of a. 
Each curve is obtained by applying a scale factor to a 

curve of Fig. 7 and then subtracting this curve from cor-
responding curves of Fig. 6. The scale factor adjusts cor-
responding curves of Figs. 6 and 7 to the same scale. 

Fig. 8—Patterns that would be observed with 40-wavelength 
broadside array for the comparison method of operation. 

The location of the zeros for the curves of Fig. 8 is 
independent of receiver gain. This is an advantage. 
Furthermore the slope is a maximum at the zero points 
so that these can be used to obtain an accurate time of 
transit (average of the two zero points), giving precise 
position data for the celestial source. 

DIRECT SOLUTION 

Finally, in the most general situation where both an-
tenna and source patterns are two-dimensional distribu-
tions on a sphere surface, the problem can be stated 

1 ff G(4cio, 0) = — 0)1(4, 00, 9, 00)&2; 
120 

where 

(9) 

G(4,0, 00) = observed or resultant distribution, 
F(cti, 0) = true antenna pattern, 

ctio, 0, 00) = source distribution, 
lo= equivalent solid angle subtended by 

source. 

In (9), the observed and true antenna patterns are 
usually known, while the source distribution is unknown 
and is the quantity desired. The source distribution can 
be obtained indirectly, as done in the special cases above, 

6 M. Ryle, "A new radio interferometer and its application to the 
observation of weak radio stars," Proc. Roy. Soc., vol. A 211, pp. 351-
375; March, 1952. 

6 J. D. Kraus and E. Ksiazek, "New techniques in radio astron-
omy," Electronics, vol. 26, pp. 148-152; September, 1953. 
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d„, sin 

the observed distribution as 

00 

by assuming various source distributions and calculating 

the corresponding observed distributions. Then by com-
parison with the actual observed distribution, the source 
distribution or its equivalent can be deduced. 
The source distribution can also be obtained by a di-

rect solution of (9) for AO, 00, 0, 00). This may be done 
by expanding the patterns into sets of orthogonal func-
tions. For example, in the one-dimensional case the 
distributions can be expanded into Fourier series? Thus, 
the source distribution can be written as 

f(q5 — 00) = ao E a. cos m(4) — 4,0) 
ni=1 

M(4) — 00), (10) 

G(d)o) = bo + E b,, cos ncbo e„ sin n00, (11) 
1 

and the antenna pattern (symmetrical) as 

F(4)) =- co + E c„ cos p4). (12) 
P=I 

Then 

r r 

G(00) = f (4> — eko)F (0)4) aocod4, 

+ f [ E cp cos po E ta,,, cos m(yt, — 00) 

d „, sin m(r¢ — 00))]4). 

Integrating, 

G(00) = 27racco 

00 

(13) 

E c„,(a,,, cos m4)0+ d„, sin moo). (14) 

Equating ( 14) and ( 11) term by term, the coefficients 
of the source distribution are found to be 

ao 
100 

27reo 

b. 
a. = — 

ire,, 

en 
dn = — • 

ircn 
(15) 

A necessary and sufficient condition for there to be a 
solution for the source distribution is that b,, and e,, be 
zero for all n for which c,, is zero and that8 

00 

E o 
b„ 

C,, 

2 

(16) 

The significance of the b,, and e,, coefficients being 
zero for all n for which c,, is zero is to limit the compo-

nents of the Fourier series of the actual observed dis-
tribution to those components which are contained in 
the series expansion of the antenna pattern F(0). That 

7 S. Matt, "Some Characteristics of Waves of Extraterrestrial 
Origin," Ph.D. dissertation, Dept. of Electrical Engrg., Ohio State 
University, Columbus, Ohio; 1953. 

H. S. Carslaw, "Fourier's Series and Integrals," 3rd ed., Dover 
Publications Inc., New York, p. 285; 1930. 

is, if the series expansion of the source distribution con-
tains terms which do not appear in the series expansion 
of F(0), then the solution is not unique. Actually the 
antenna will not respond to variations of the source dis-
tribution whose period is less than that required for 
the beamwidth between first nulls (approximately equal 
to the half-power beamwidth). 
As an example of this method it will be applied to 

find the source distribution where the antenna pattern 
F(0) and the observed distribution G(0) are given. Let 
the antenna pattern be that of the O.S.U. antenna as 
shown by the a= 0 curve of Fig. 6, and let G(0) be the 
a= 2 degree pattern in the sanie figure. Proceeding by 
the above analytical ( Fourier) method the source dis-
tribution shown by the solid curve in Fig. 9 was ob-
tained. The assumed distribution is given by a step 
function (dashed line). 

Fig. 9—Assumed source distribution compared with 
calculated distribution. 

The Fourier series for F(0) and G(0) in the above cal-
culation were obtained graphically by the 24-ordinate 
method over a range of between +3 degrees and — 3 
degrees. The calculated distribution plotted in Fig. 9 
contains terms to the 4th harmonic of the Fourier se-
ries. The higher harmonic terms introduced by the rec-
tangular distribution cannot be determined because of 
the lack of response of the antenna to these terms. 
Thus, the antenna tends to smooth out the source 
variations?" However, amplitude and equivalent rec-
tangular extent, as measured at half-power points, are 
indicated properly by calculated distribution. 

It should be noted that for sources of small angular 
extent where the observed and antenna patterns differ 
almost imperceptibly it becomes impractical to deduce 
the source distribution with any certainty (except to 
state its maximum possible extent). 
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Nonsaturating Pulse Circuits Using 
Two Junction Transistors* 

J. G. LINVILLt, ASSOCIATE, IRE 

Summary—Junction transistors have been supposed to be too 
slow for many pulse applications. However, if they are used in a way 
in which their collector voltage is never permitted to become zero, 

saturation does not occur and the switching times achieved may be as 

low as several times the reciprocal of coo, the radian cut-off frequency 
of a. This time will be less than a microsecond for junction triodes 
presently available. 

Saturation is prevented through use of breakdown diodes which 
terminate switching transients by their breakdown. They may also 
serve other functions in the circuit. A binary counter described has 

stable points dependent upon the breakdown diodes and passive 
components, these points being virtually independent of the transis-
tor or its temperature-sensitive 4.0. 

A class of two-transistor pulse circuits is described including a 
binary counter which with one kind of junction triode operates at 

1.25 mc. Monostable and astable circuits of the same general nature 
are shown. The pulse requirements for switching of the binary count-

er are analyzed in some detail. It is shown that the switching charge 
is the significant quantity and that a crude estimate of the charge 
required is 1/coo times the difference in conduction currents of the 
two transistors in the stable state. 

INTRODUCTION 

UNCTION transistors have many attributes which 
are of importance in pulse applications. Their 
greater designability as devices over point-contact 

units is important in pulse work as it is elsewhere. The 
low values of saturation current obtainable in junction 
units is of particular interest since it is the significant 
factor determining smallness of power level which can be 
employed. The principal question usually raised about 
the application of junction units in switching is the 
question of their supposed low speed. Analysis indicates 
and experiment verifies that pulse circuits using junc-
tion transistors currently available can switch in frac-

tions of a microsecond provided that one prevents the 
collector voltages from going to zero at the terminus of 
each switching operation. It has been shown' that this 
condition of saturation floods the base region with 
minority carriers. The recovery from saturation can be 
time consuming and can enormously slow operating 
speeds. R. L. Wallace suggested that one could avoid 
saturation with two breakdown diodes placed in the 
circuit in such a way that the switching transient is 
terminated by their breakdown rather than transistor 
saturation.' This technique has been employed in a bi-
nary counter which operates on pulses occurring at 
1.25 mc with experimental n-p-n alloy-junction' tran-

* Original manuscript received by the IRE, January 17, 1955; 
revised manuscript received, March 2, 1955. 

Bell Telephone Labs., Inc., Murray Hill, N. J. 
I J. L. Moll, " Large-signal transient behavior of junction transis-

tors, P ROC. IRE, vol. 42, pp. 1773-1784; December, 1954. 
2 A. W. Carlson and others have earlier used fast-recovery diodes 

to prevent transistors from saturating. 
3 Alpha cut-off frequency is about 10 mc. 

sistors. A similar circuit using grown-junction' triode 
transistors operated at a 600 kc rate. In this circuit both 
transistors are continuously in their active region; they 
never reach either zero emitter current or zero collector 
voltage. Thus the role played by the transistors is essen-
tially that of a linear amplifier, the necessary nonlinear 
functions being performed by breakdown diodes. 
Through the use of two additional breakdown diodes 

one can fix the stable points of a bistable circuit virtually 
independent of transistors or of the temperature sensi-
tive /co (saturation current) of the transistors. More-
over, similar techniques to those applicable to bistable 
circuits can be applied to monostable and astable cir-
cuits with the result that similar transition times are 
obtained and the pulse height can be accurately set. 

TWO-TRANSISTOR PULSE CIRCUITS 

The elements shown in Fig. 1 are all found in the vast 
majority of two-transistor pulse circuits. Additional 
elements may be found in some embodiments but those 
shown are essential. 

Zel 

Zb2 Zbi 

2 

(2 

NE 

12 

Fig. 1—Usual form of two-transistor pulse circuit. 

All pulse circuits have one characteristic in common. 
It is that in certain conditions they are unstable. This 
simply means that for these conditions transient cur-
rents and voltages exhibit a growing or self-perpetuating 
behavior. In pulse circuits the attribute of instability is 
associated with the self-completion of a switching opera-
tion once the circuit is triggered appropriately. The 
process of triggering to initiate the switching operation 
successfully involves bringing the circuit into its un-
stable region and leaving initial conditions at the end of 
the switching pulse such that the circuit completes 
whatever is left of the switching transient "on its own." 

Alpha cut-off frequency is 2-5 mc. 
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With reference to Fig. 1, the instability mentioned 
above is physically apparent. The circuit, like all trigger 
circuits of the Eccles-Jordan variety, is essentially a 
two-stage amplifier with positive feedback. 
A second characteristic common to all pulse circuits is 

that growing transients are always terminated by a 
change in the characteristics of some component. In the 
circuits to be described here this component is a break-
down diode (not shown in Fig. 1). The volt-ampere 
characteristic of an idealized breakdown diode is shown 
in Fig. 2. In region b the diode approximates an open 
circuit, but as the voltage is brought to the breakdown 
point Vbd, the diode's incremental resistance approxi-
mates a short circuit. In the circuits described in the 
following it is the diode voltage attaining Vbd which 
terminates the unstable transient. For these circuits 
when the operating point of the diode is in range "a" the 
circuits are stable, that is, all of their natural modes 

«4— v —1>+ 

a 
V 

Vbd 

Fig. 2—Volt-ampere characteristic of idealized breakdown diode. 

correspond to decaying transients. When the operating 
point is in range "b," at least one of the natural modes 
corresponds to a growing transient. The remainder of 
the circuit is essentially linear. In fact two sets of linear 
analyses, one for the diodes as an open circuit and one 
for the diodes as short circuits give results in substantial 
agreement with experiment. 

With respect to the pulse circuit shown in Fig. 1, 
breakdown diodes connected from the collector termi-
nals c1 and c2 to B+ or ground can serve to terminate a 
growing transient. In general the growing transients of 
circuits of this type tend to increase one collector voltage 
and decrease the other. Thus a diode connected to 
ground from a collector prevents the increase of collector 
voltage beyond its breakdown point. This prevention 
ordinarily limits the corresponding decrease in collector 
voltage of the companion transistor. In a similar way a 
breakdown diode connected from the collector to BI- in 
the proper orientation terminates the fall of collector 
voltage at VD— Vbd. The connection of two breakdown 
diodes in the arrangement shown in Fig. 3 placed be-
tween c1 and c2 in Fig. 1 terminates switching transients 
when the difference in collector voltages rises to Vbd in 
either direction. (This suggestion was due to R. L. 
Wallace.) This particular arrangement has the desirable 
feature that it can also be used for the additional func-
tion (described in detail later) of "pulse routing" in a 
binary counter. 
The diagram of Fig. 1 can represent either bistable, 

monostable or astable circuits. Moreover, it is possible 
to employ breakdown diodes in all of these types to 

prevent the transistors from going into the saturated 
condition. The distinction between these is simply 
whether or not the circuit maintains the broken-down 
diode in its low impedance condition once the switching 
has taken place. Bistable circuits can remain perma-
nently in either of two states, monostable circuits can 
remain permanently in only one state and astable cir-
cuits have no stable condition in which they will remain. 

+ 

o  11 

V 
Vbd 

Vbd 

Fig. 3—Connection of two breakdown diodes and 
volt-ampere characteristic. 

In any case switching, or unstable, transients occur 
which terminate with the breakdown of a diode. Until 
the diode breaks down, at least one of the natural fre-
quencies of the circuit corresponds to a growing tran-
sient. Once the diode has broken down to terminate the 
switching, all of the natural frequencies correspond to 
decaying transients. If the circuit is not to remain in 
this stable condition, the current in the diode decays to 
zero and at this point a new switching transient ensues. 

VB= 45V 

Di AND 02 
HAVE 

BREAKDOWN 
VOLTAGE Vbs 

03 AND 04 
HAVE 

BREAKDOWN 
VOLTAGE Vbc 

Vbc > Vbs 

Fig. 4—A nonsaturating binary counter. 

ANALYSIS OF BINARY COUNTER 

A two-transistor nonsaturating binary counter of the 
general type described in the foregoing section is shown 
in Fig. 4. In the two stable states the circuit will main-
tain different collector voltages by the amount of Vb., 

that is, one of the two diodes DI and D2 will be broken 
down, the other conducting in the forward direction. 
Diodes D3 and Dd are continuously broken down and 
hence with their bypass condensers maintain constant 
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Potential drops between the points c1 and b2 and the 
points c2 and b1. The collector voltage of the high-con-
ducting transistor will be 1/1„.— Vbs (> 0) and the collec-
tor voltage of the low-conducting transistor will be 

V be+ Vb.. When a switching pulse of either polarity is 
applied at point B, transistors T1 and T2 exchange the 
roles of high and low conduction. Thus the circuit acts 
as a binary counter in that either transistor assumes a 

given state alternately as pulses are applied. Binary 
counters ordinarily require auxiliary diode circuits called 
routing circuits which direct an incoming pulse to the 
appropriate point to turn on the low-conducting unit 
and to turn off the high-conducting unit. The diodes DI 
and D2 serve this function in addition to their function 
of preventing saturation of transistors T1 and T2. 
The interesting properties in the application of binary 

counters are the switching time, pulse requirements for 
switching and the dependence of the counter's behavior 
on changes in the transistor with temperature or ex-
changes of transistors. These properties can be evalu-
ated for the circuit of Fig. 4 quite directly. Moreover the 
same analysis with only minor change applies to mono-
stable and astable circuits as well. 

ANALYSIS OF SWITCHING TIME OF 
BINARY COUNTERS 

The speed with which the switching of a binary 
counter is effected is substantially dependent upon the 
natural frequencies of the circuit when it is in the un-
stable state. A switching pulse will have been applied 
and will have caused the diodes DI and D2 (Fig. 4) both 

to become open circuits in a manner considered in detail 

in the next section. At the point that they become open 
circuits (arrive at range b, Fig. 2) the circuit will have 
certain initial conditions which don't change instantane-
ously. Hence the evaluation of the switching time of the 
circuit of Fig. 4 is really a computation of its transient 
response employing the initial values of the pertinent 
variables. This analysis can be particularly simple if one 
makes approximations in the representation of the com-
ponents. Subsequent to the analysis in the simple form 
the accuracy of the approximations can be assessed. An 

approximant to the circuit of Fig. 4 for transients is 
shown in Fig. 5. In Fig. 5, the transistor is approxi-
mated as having negligible base and emitter resistance 
and collector conductance. The differential equation ap-
plied to the collector current [see Fig. 5(b)] is a first 
approximation to the diffusion equation for the tran-
sistor. The alpha cut-off frequency is wo radians per 
second. From the equation in Fig. 5 one sees that col-

lector currents cannot change instantaneously with 
finite emitter current. Hence for the circuit starting a 
transient, the pertinent initial conditions are the col-
lector currents, in and i a and the voltages on the con-

densers connected to the emitters. 
The circuits shown in both Fig. 4 and Fig. 5 are sym-

metrical. In such circuits one can effect an economy in 
analysis through considering symmetrical and anti-

symmetrical components of the variables. Thus we 

define: 

Vet 

if = 

Del + Vc2 Vei Vc2 

=   

2 2 

ici ic2 

i,1 +i82 

2 

icl ic2 

ial ie2 

jeu =   
2 I. 

(1) 

Moreover, all initial conditions and excitations are split 
into symmetrical and anti-symmetrical components in 

the same way. The economy arises since symmetrical 
excitations, initial conditions and variables are inde-
pendent of the anti-symmetrical ones and the equilib-
rium equations can be written separately for each, each 
involving only half the total number of variables. In 
addition, in considering switching in pulse circuits one 
is principally interested in the anti-symmetrical com-
ponents as these are the only ones involved when one 
side of the circuit changes with respect to the ot her. 

= 
e czo d t (X,Coo 

(a) (b) 

Fig. 5—Approximant of circuit of Fig. 4. 

Expressing the fact that current leaving each emitter 
flows to the adjacent G-C circuit of Fig. 5. one has, 

ici 
v„ici + ci— 

dt ao dl aowo 

and 

dVe2 ic2 dic2 1 

dl cro dl vr2G1 CI = aowo 

Subtracting, using (1) , 

d ica 1 
v,«Gi CI — — 

di clo dl aowo 

(2a) 

(2b) 

(2c) 

Expressing the fact that the sum of currents leaving 
the cross-coupling wires must add to zero, one has, 

dv, i 
r. 1(G1 + G2) + CI -- — ¡a ± i,1 = 0, (3a) 

dt 
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and 

dl,c2 

± G2) ± C1 — — i,2 = 0. (3b) 
dt 

Subtracting, using ( 1), 

dvc. 
yea(Gi ± G2) ± CI —  = 0. (3c) 

dt 

From (2c) and (3c) one obtains the characteristic 

equation 

p2 p [(1 — 2ao)coo  ± G21 cooGi(1 — 2a0) 
C1 C1 

cooG2 

c, 
= 0. (4) 

If G2 were zero, the roots of (4) become (2a0— 1)coo and 
— (GI/C1), the first being associated with the growing 
transient, the latter being simply associated with the 
discharge of the re circuit at the emitter. However, if 
G2 is present but much smaller than GI, a normal situa-
tion, one finds the roots to be approximately: 

2a0w0G2 

C1 
Pi (2ao — 1)wo 

G1 
coo(2a0 — 1) ± —CI 

(associated with growing component) (5) 

G2 G1 

C1 C1 

C I G1 
Pao — 1)wo + — 

CI 

(associated with decaying component). 

Finally where (GI/C1)«coo and ao—>l, the roots of the 
characteristic equation become approximately 

G2 G1 G2 
(2a0 — 1)coo — 2 — and — — + — • 

CI CI CI 

The switching time is primarily dependent upon the 
exponent of the growing component of the transient, 
(2ao — 1) coot or about coot. The time for the growing com-
ponent of the transient to multiply itself by e from the 
value left by the switching pulse is about 1/coo second, 
which is less than 0.1 µsec for grown-junction triode 
transistors and smaller by several times in some of the 
fastest units. The time required for the growing expo-
nential to increase by 10 times is 2.3/coo seconds since 
E2 3 is 10. 
At the termination of the switching period, the grow-

ing component of the transient is ordinarily the largest 
component. The time required for it to grow to its size 
at the termination from 0.1 of that value is a good ap-
proximation of the rise time of the output pulse or the 
switching time. Thus the rise time should be about 

2.3/wo seconds. Further, the analysis points up the fact 
that G2 should be as small as possible and that the emit-
ter resistors should be bypassed, conclusions toward 
which one is led if he considers the circuit as a two-stage 
amplifier with positive feedback in which loop amplifica-
tion and bandwidth should be maximized. 
The circuit representation shown in Fig. 5 is opti-

mistic in that base and emitter resistances are approxi-
mated by short circuits. The influence of these resistors 
is to slow the transients a bit. The resistors R3 in Fig. 4 

are essentially in parallel with the two R2's and these 
parallel combinations should be identified with G2 in 
Fig. 5. 
The switching time is dependent not only upon the 

natural frequencies of the circuit in its unstable state, 
but also upon the initial conditions left by the driving 
pulse. A strong pulse naturally causes the circuit to 
switch somewhat faster than a weak one, simply be-
cause the larger initial value of the switching transient 
requires less time to grow to the size required to estab-
lish the opposite stable state. More than this it is essen-
tial that the driving pulse leave initial conditions which 
will ultimately result in the opposite stable state to that 
which was in effect before the pulse. Here the final state 
is associated with the growing transient which with time 
dominates the decaying one, and one must insure that 
the sign of the growing component is in the proper 
direction. Referring to Fig. 5, one recognizes from the 
earlier discussion that G2 should be small in comparison 
with GI. 

If one considers the limiting case when G2=0, 

and 

ci di.,1 1 

— ill = ic2 = 
a0 dt anwo 

ic2 dic2 
- ie2 = ic2 icl 

ao dt 

Subtracting and using ( 1), 

i,. die. 
— j.,0 = 2i,„ = --l-

ao dt 

1 

1 

aocoo 

Since (6) includes only the variable i3O one can solve it 
separately finding that the transient is of the form 

(6a) 

(6b) 

ica = €(2a0-1)tcot 

(6e) 

(7) 

On the basis of ( 7) one concludes that the asymmetrical 
component of collector current will, after the beginning 
of the transient, simply increase; it always keeps the 
direction of the initial value. The current fed into the 
rc branch at the emitter terminals is proportional to ¡ca. 
The voltage appearing there includes a component 
growing with this current. 
The requirements on the switching pulse are now 

clear. It must simply cause transistor to be switched to 
high conduction to carry a larger collector current 
at termination of pulse than the companion transistor. 
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The excess grows as the transient develops. The approxi-
mation of G2 by an open-circuit is somewhat optimistic. 
Since the current taken by it is small compared to that 
taken by G1, the simple result obtained above is not 
seriously incorrect. 

THE M ECHANISM OF SWITCHING 

The preceding section has identified the role of the 
switching pulse to be the establishment of higher con-
duction in the transistor which after the switching 
transient will be the high conducting one. A complete 
analysis of the switching mechanism is quite compli-
cated, but a semi-quantitative analysis of simplified 

circuits can show what the important factors are and 
attach some numerical values to them. 
The circuit of Fig. 4 can be approximated by that 

shown in Fig. 6. The cross-coupling breakdown diodes 
are represented by batteries. The anti-saturation diodes 

are approximated by open circuits when not broken 
down and by batteries of voltage Vb„ when broken down. 
A simplified model of the transistor is employed as 
shown in Fig. 6. 

dc--if* 

D, 

L. DI L D2 

Vbc 

II 

14  

Vbb 

J_ c, vai V I1 

Lbg 

= V b 

Fig. 6—Approximant of binary counter. 

Before the switching pulse is applied at point B, one 
of the breakdown diodes D1 or D2 will be broken down, 
the other will be carrying a current in its forward direc-

tion. It is assumed that the pulse source supplies no 
current to point B in the quiescent condition. For this 

simple model one can evaluate the stable point voltages 
and currents easily. It is convenient to consider sym-
metrical and asymmetrical components separately. The 
only asymmetrical voltage source is that represented by 
the diode which is broken down. For definiteness we 
take this to be D1. The symmetrical component of col-
lector current is 

it, = 
V b V bc 

1 1 
— — 
GI G2 

The asymmetrical component of collector current is 

ica = 
171,„G, 

2 

(8) 

(9) 

The current flowing in D1 is 

V bg 

¡DJ. = — 2—  (G1 — G2) = iD2. 

July 

(10) 

The discussion of the switching mechanism at the ap-
plication of a pulse is easier after one considers what 
happens as the voltage ei, is slowly changed. If e„ is 
slowly increased, i„ simultaneously increases and this 
current divides equally between diodes D1 and D2. The 
admittance seen by the source e„ is 2(G2+G2). Thus one 
sees that total current taken by diode DI increases while 
that taken by Dg decreases. This situation persists as e„ 
is continuously raised until diode D2 is carrying no cur-
rent, whereupon it opens, severing the connection be-
tween B and C. Further increases in e„ beyond this point 
result in a decrease of i„, since the admittance seen at B 
w:th D2 open is — (G22/G2)+G2. If one increases e, 
further, the current i,, goes to zero and diode D1 opens 
removing the pulse source from the circuit. At that 
point the two collectors carry equal currents. The cir-
cuit is in an unstable condition at this point. In the nor-
mal switching case one desires the unstable transient 
which ensues to cause D2 to break down. However, for 
this "slow-motion" case at the severing of the switching 
source e„, both transistors carry the same current and 
the direction of the subsequent switching transient is 
uncertain. The presence of appropriate condensers GI 
modifies the above description in the case of faster 

changing switching voltage, making it possible for a 
switching pulse to leave higher current in the transistor 
which initially carried the smaller current. 

It is simple to trace the sequence of events which oc-
cur when with D1 broken down a step•of voltage is ap-
plied at B of Fig. 6. The condensers C1 begin to charge. 
D2 opens as the current impulse brings its total current 
to zero. Thus ibg exhibits an impulse as does — id 
charging the right condenser. The impulse of emitter 
current causes id to jump to a larger value. Since G2 is a 
small conductance, the principal part of 1,2 is drawn from 

the base of the left transistor. The result is that in ex-
hibits a positive increment and in develops a negative 
increment which decreases the current in the diode D1 
ultimately bringing it to zero. At this point the circuit is 
free of the switching source and executes its own natural 
transient as described earlier. 

Under the assumption that G2 approaches zero, one 
finds the transients sketched in Fig. 7 for a range of 
different circuit parameters and switching pulses. The 
transients shown there are evaluated from the beginning 
of the switching pulse for a circuit representation which 
does not change during the pulse. In the actual circuit 
the switching transient is always terminated by the 

breakdown of one or both of the diodes, D1 and DRI 
whereupon the circuit is no longer unstable and a new 
set of decaying transients occurs. The description at the 
bottom of the columns in Fig. 7 indicates when the 
switching transient terminates. If the variables are con-
sidered in the order presented, the relationships given in 
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-1•62 
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FURTHER SWITCHING ACTION. 

GVC, IS TOO LARGE. 

Fig. 7—Switching pulse shapes. 



832 PROCEEDINGS OF THE IRE July 

Fig. 7 are easily verified. From a study of Fig. 7 and 
consideration of other similar plots one can draw several 
interesting conclusions. 

1. The switching pulse must supply a sufficient im-
pulse to the low-conducting transistor's base to 
increase its collector current to a value which ex-
ceeds that in the companion transistor. A unit im-
pulse of current, a coulomb of charge, applied to a 
transistor base causes a step in collector current of 
co, amperes. An increase in the size of the emitter 
condenser C1 makes it possible to supply this im-
pulse with lower values of switching voltage and 
less energy. However, increasing C1 while one 
maintains G1 fixed increases the time constant of 
the emitter branch and results in slower decay of 
some transient components. Transistors with high 
values of alpha-cut-off frequency wo are inher-
ently easier to switch than poorer units. A simple 
but very approximate relationship for the mini-
mum charge required for switching is 

Vsei 
q=   

From (9) one recognizes that this is the amount of 
charge which if passed through the low-conducting 
transistor's base will bring its collector current to 
the value possessed by the high-conducting tran-
sistor. 

2. The source of the switching pulse may be severed 
from the counter either by its own high impedance 
after its impulse has been delivered or it may be 
severed by the opening of the second anti-satura-
tion diode. The self-severing is enhanced by values 
of Cl/G1 which are several times larger than 1/coo or 
by values of switching pulse greater than Vb./2 
which gives a linear decrease in i, with time. 

3. Switching failures can result from two kinds of im-
proper pulsing. Too large pulses, greater than Vba, 
for example, may cause both DI and D2 to break 
down and after the pulse is over the counter be-
comes uncertain as to which way to switch. A 
similar kind of difficulty is experienced with smaller 
pulses if during the pulse duration vd2 (see Fig. 
7) decreases far enough to induce breakdown of 
D2. The second type of failure results from an un-
sufficient pulse which after initially opening D2 
(Fig. 7) fails to get the second diode open and 
permits D2 to begin conducting again in the for-
ward direction. 

EFFECTS OF TEMPERATURE CHANGES ON 
CIRCUIT OF FIG. 4 

An interesting and useful property of the binary 
counter shown in Fig. 4 is that the stable voltages with 
respect to ground of points cl, el, c2 and fl are essentially 
independent of the transistor parameters and saturation 
current Ito, being dependent upon the resistors and 

breakdown diodes and the applied voltage. This would 
be exactly so if there were no voltage drops between 
base and emitter of a conducting transistor and if the 
breakdown diodes have zero incremental impedances, 
but it is nearly so in any practical case since the emitter-
base impedance of a transistor and the conduction 
impedance of a breakdown diode are small fractions of 
the other impedances in the circuit. The reason for the 
independence is easily explained. An examination of 
Fig. 6 in which the emitter-base voltages are neglected 
and the voltages of the diodes DI and D2 are taken as 
V61 and zero reveals that the voltages across the re-
sistors are determined without any further characteriza-
tion of the transistors. The transistors simply determine 
how the current divides between them and the cross-
coupling diodes without influencing conditions in the 
resistors at all. 

EXPERIMENTAL RESULTS 

A number of different two-transistor pulse circuits 
have been built and operated. Oscillograms of interest-
ing voltages of a number of them are presented in the 
remaining figures. In particular the circuits described 
include a binary counter operated by a blocking oscilla-
tor, a two-stage binary counter, the second stage being 
driven by the first and a monostable or astable two-
transistor pulse circuit which is also nonsaturating. 

45V 

500 n 

BLOCKING 
OSCILLATOR 

BREAKDOWN VOLTAGES: 
D, AND D2 = 6.5 V 
D3 AND D4 = 6.0 V 

Fig. 8—Binary counter driven by blocking oscillator. 

Fig. 8 gives the circuit arrangement of a binary 
counter driven by a blocking oscillator which operated 
at a maximum of 600 kilocycles using grown-junction 
triodes. Fig. 9 shows a number of oscillograms of the 
pertinent voltages when the counter is driven by a 200-
kilocycle wave from the blocking oscillator. Figs. 9(a), 
9(b) and 9(d) are taken with the same attenuator 
setting on the oscilloscope and with the sweep synchro-
nized with the blocking oscillator is about 2 volts with 
the peak current from the blocking oscillator being 
about 3 ma as seen from Fig. 9(b). The switching charge 
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Vc,. 

(a) 

"CG 

(c) 

.CG 

( b) 

AA_AAJ 

(d) 

6.gV 

Fig. 9-0scillograms for binary coanter of Fig. 8. 

is very crudely estimatrd to be 1.5 X10-9 coulombs 
which compares with 3.2 X10-1° coulombs obtained 
from the formula of (11) if one uses the value of 107 as 
the radian cut-off frequency of the grown-junction tran-
sistors. Fig. 9(d) applies to a binary counter in which 
grown-junction transistors are replaced by n-p-n alloy-
j unction transistors and the blocking oscillator fre-

quency is increased to 1 megacycle. Fig. 9(c) has a 2 to 1 
change in oscilloscope attenuator. It is necessary to ob-
serve also that the 470 1212f condensers shown in Fig. 8 
were replaced by 150 qsf condensers. With grown-

BLOCKING 
oSCn_LATOF: 

VCC 

a 

BLOCKING 
OSCILLATOR 

BINARY 
COUNTER 

II  
390e/2F 

400B 

• 10 

BINARY d 
COUNTER 

2 

POINTS a AND C ARE COMMON POINTS BETWEEN DIODES D, AND D2, FIG.8. 
POINTS b AND d ARE THE EMITTER TERMINALS OF TRANSISTORS 

••ag 

ib9 

45,LLS 

ATTENUATION SETTINGS AND SWEEP SPEEDS 
ARE T• ,, ALI , S, 11 

Fig. 10—Circuit arrangement and oscillograms for 
two-stage binary counter. 

junction triodes the counter will not operate with 
150 wif condensers and with the alloy-junction transis-
tors the counter cannot be driven at 1 mc with 470 1.q.if 
condensers. Naturally it operates with less driving pulse 
amplitude at lower frequencies with the larger con-
densers than is possible with the 150 121.if condensers. 

Fig. 10 shows the circuit arrangement and oscillo-
grams for a two-stage binary counter of the type shown 
in Fig. 8. The counters are coupled by a diode network 
which prevents operation of the second binary counter 
on down swings of the voltage at B. 

IOK 

IEG 

5V VDG Vaa 

T45V 

vEG 

SCOPE SETTINGS SAME FOR (D),(C),(d),(e), AND (f) 

FOR ( D) AND (C) 

V, = BV V, = 10V V, = I5V C, = 100ppF 

FOR (d) AND (e) 

V, =- 15V V2 =10V V,=15V C2=200/2pF 

FOR (f) BLOCKING OSCILLATOR REMOVED 

V, = BV V2 = 10V V, = 15V C2 = 200/42F 

THE CIRCUIT BECOMES FREE PUNNING 

jî 

toms (b) (e) (d) (e) (f) 

Fig. 11—Circuit diagram and oscillograms for nonsaturating astable or monostable circuits. 
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Most of the foregoing material has been applied di-
rectly to binary counters. The same general ideas, non-
saturation, switching, speed, etc., apply nearly un-
altered in the case of monostable and astable circuits of 
similar configuration. Fig. 11 (preceding page) shows a 
circuit which can be made monostable or astable by 
proper selection of the voltage 1/1. This circuit, which is 
not symmetrical, differs from the binary counter in two 
principal respects. First, one of the cross couplings is ca-
pacitive, and this accounts for the maximum of one stable 
state. Second, saturation is prevented by two diodes, 
both point diodes in the example illustrated, connected 
to one of the collector terminals. One, DI, prevents the 
collector voltage on the adjacent transistor from drop-
ping to zero. The second, D2, prevents a sufficient rise of 
the collector voltage of the adjacent transistor to drive 
the collector voltage of the companion transistor off. 
Both of these diodes could have been breakdown diodes 
of the appropriate breakdown voltage. Both would have 
been reversed in orientation, DI being connected to B+, 
D2 being connected to ground. The third diode, D3, is 
used simply as a coupling element, which, in combina-

tion with D1 and D2, assures that the output voltage 
wave at c has tops and bottoms independent of the 
transistors. Since at the time of switching, the equiva-
lent representation of this circuit is essentially the same 
as that of the binary counter, one expects similar switch-
ing times and experimental results verify this. 
When V1 is set to zero or to a value close to zero, diode 

D2 will be broken down and the circuit is in a stable 
state with 

VCO = V3 VD3 and 

VD3 = 8.5 y for diodes D3 used. (13) 

A positive pulse at A opens 1;12 and the circuit switches 
T1 on more heavily, switching being terminated by 
breakdown of DI. The condenser C2 cannot maintain the 
voltage of point D indefinitely and when the voltage at 
D falls to a value which permits DI to open, the circuit 
switches to its original stable state. 
When the voltage VI is raised sufficiently that D2 is 

opened the circuit becomes astable with an output wave 
of amplitude Vs— V2 and with pulse length being princi-
pally determined by C2 and the connected resistors. 

A Two-Emitter Transistor with a 
High Adjustable Alpha* 

R. F. RUTZt 

Summary—The current amplification, a, of a point contact tran-
sistor can be increased to values in excess of 20 by the addition of a 
third point contact which is biased so as to act as an emitter. The 
amount of increase in a can be adjusted by varying the second 
emitter current. A qualitative explanation of the a enhancement is 
discussed which involves an internal positive feedback action that 
varies the hole transport factor, 0, associated with the second emitter 
as the first emitter current is changed. The effect of varying the sec-
ond emitter-to-collector spacing is discussed and experimental results 
are given. 

ii_ r -1 HE CURRENT amplification, a, of a point con-
tact transistor can be materially increased and 
controlled by adding a third whisker placed far 

from the collector and biased so as to act as an emitter. 
This paper will present a discussion of the mechanism 
whereby this a enhancement is achieved and describe 
the characteristics of some experimental two-emitter 
transistors. Occasionally, in the literature, mention has 

* Original manuscript received by the IRE, January 25, 1955; 
revised manuscript received, March 15, 1955. 
t Research Dept., IBM Corporation, Poughkeepsie, N. Y. 

been made of other types of a variations brought about 
by the use of additional electrodes or whiskers.' 
The operation of a conventional point contact tran-

sistor has been discussed by Shockley.' This transistor 
consists of a small block of N-type germanium and three 
electrodes attached to it. These electrodes are an ohmic 
connection known as the base and two-point contacts, 
placed a few thousandths of an inch apart, known as the 
emitter and collector. In normal operation, the emitter 
is biased positively and injects holes into the ger-
manium, and the collector is biased negatively and 
collects these holes. The collection mechanism is such 

1 H. J. Reich, P. M. Schultheiss, J. G. Skalnik, T. Flynn, and 
J. E. Gibson, "Effect of auxiliary current on transistor operation," 
Jour. Appl. Phys., vol. 22, p. 682; May, 1951. 

J. G. Skalnik, H. J. Reich, J. E. Gibson, and T. Flynn, "Auxiliary 
current alters transistors characteristics," Electronics, vol. 24, p. 142; 
September, 1951. 

T. R. Scott, "Crystal triodes," Proc. IEE, part III, vol. 98, pp. 
169-177; May, 1951. 

I W. Shockley, "Electrons and Holes in Semiconductors," D. Van 
Nostrand Company, Inc., New York, N. Y., pp. 101 ff.; 1950. 
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Fig. 1—Collector V-I characteristics for a typical transistor with a 
second emitter spaced close to the collector. 

that holes arriving in the neighborhood of the collector 
may allow additional electrons to flow from the col-
lector to the base. Thus, a given change in the emitter 
current may cause a greater change in collector current. 
The current amplification factor a is defined by: 

aï,, 
a — 

e)Vc—•const, 

where the subscripts e and c refer to the emitter and 
collector respectively and Vc is the collector to base 
voltage. Since only the holes injected by the emitter and 
arriving at the collector are effective in changing the 
collector current, it is convenient to express a as the 
product of three factors: 

where 

a = 

aíc, 
a* = = 

az„, az „ 

8.7." 
= 

aï. 

and the subscript p means that part of the current car-
ried by holes. Here y is the hole injection efficiency of 
the emitter, a is the transport efficiency, and a* is the 
intrinsic a of the collector. The emitter of a point con-
tact transistor is normally placed so close to the collector 
that i3 is virtually unity. The y will not in general exceed 
unity and may be less. The intrinsic a may be consider-
ably greater than unity. 
With this background, we are in a position to consider 

the effect on the a of a transistor of adding a second 
emitter. It has been found that the effect depends upon 
the spacing of the second emitter contact from the col-
lector contact. A closely-spaced second emitter also will 
have a ,3 factor of nearly unity and there will be little 
direct interaction between the emitters. This has been 
discussed by Haegele.3 The collector hole current will be 
the sum of the two-emitter hole currents. The average a 
of the transistor will not be much affected by current in 
the second emitter. The a referred to here and subse-
quently in this paper is defined as: 

= — 
vc. rie.const, 

a R. W. Haegele, "A crystal tetrode mixer," Sylvania Tech., vol. 2, 
pp. 2-4; October, 1949. 
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Fig. 2—a vs /.1 for a transistor with a second 
emitter spaced close to the collector. 

where the subscripts el and e2 refer to the first and 
second or added emitter respectively. 

Fig. 1 shows collector V-I characteristics of a typical 
transistor with a second emitter close to the collector. 
The solid lines are for the case where hz = 0 and corre-
spond to the conventional two-whisker transistor char-
acteristics. The dashed lines are for the case where 
IA =1.0 ma. It can be seen that outside of the region of 
small collector voltage, a displacement of the lines of 
constant Le takes place, but there is no significant 
change in separation of adjacent lines. Hence, the aver-
age a of the original transistor has not been altered ap-
preciably. It has been observed in cases where the curve 
of a vs /e has a peak, that this peak may be shifted and 
somewhat modified when a constant current is applied 
through the second emitter. Fig. 2 shows an example of 
this. Here a is shown as a function of hi for two different 
values of 1.2, namely, /a =0 and 1.2= 0.5 ma. It will be 
noticed that the peak in the /a = 0 curve is displaced to 
the left by approximately 0.5 ma in the /a= 0.5 ma 
curve. This may be explained on the basis that the peak 
in a is due to a peak in the intrinsic a of the collector 
which occurs at some definite value of collector hole 
current. When some of the hole current is supplied by 
the second emitter the peak occurs at a lower value of 
first emitter current. If the second emitter hole current 
is increased beyond the value at which the intrinsic a 
has its maximum, then the peak will no longer appear 
in a. 

If a second emitter is placed far from the collector so 
that in the absence of first emitter current its transport 
efficiency is small, a large enhancement of the a of the 
transistor is possible without greatly changing the other 
transistor characteristics. Fig. 3 shows a typical example 
of this effect in the form of a set of collector V-I charac-
teristics for an experimental transistor of this type for 
the two cases of 1.2=0 (conventional two-whisker tran-
sistor) and hz= 8 ma. It is evident that the main effect, 
outside of the region of small collector voltage, is an in-
creased separation of the lines of constant /e, which 
means that the average a of the original transistor has 
been noticeably increased. The effect is due to an in-
crease in the transport efficiency of the second emitter 
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as a result of an increase in current through the first 
emitter. 

The following qualitative explanation of how this may 
be accomplished has been suggested by R. W. Land-
auer.* Consider Fig. 4 which is a schematic representa-
tion of the hole and electron flow in the transistor with a 
second emitter placed a relatively large distance from 
the collector. The holes injected by the second emitter 
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Fig. 3—Collector V-I characteristics for a-transistor with a 
second emitter spaced far from the collector. 

Fig. 4—Hole injection by second emitter spaced 
far from the collector. 

are indicated symbolically by ± and those injected by 
the first emitter indicated by G. Electrons are indicated 
by —. The region near the collector where the amplify-
ing mechanism is concentrated is indicated by the region 
A and the rest of the germanium block is labelled region 
B. Let a constant current ¡e2 be flowing into the second 
emitter and let the collector voltage be held at some 

constant negative value. Now consider what happens 
when the first emitter current is turned on. If the in-
trinsic a of the collector is sufficiently high, then the 

increase in collector current due to holes from the first 
emitter arriving in region A must be accompanied by an 

4 Private communication. 

increased electric field in region B. Holes from the fringe 
of the reservoir of holes created by 162 will be drawn to 
the collector by this increased field. The collecting of 
these holes in region A liberates even more electrons to 
flow into region B. This further increases the electric 
field there so that still more holes are drawn from the 
reservoir. In this way, we have a positive feedback 
mechanism which, for a given hi, will make the current 
gain greater than would have been present without the 
reservoir of additional holes. The depletion of the reser-
voir by the feedback action is equivalent to an increase 
in the ei factor of the second emitter. 

It is observed that the back resistance of the transis-
tor is lowered by a current flowing into the second 
emitter. This is because a small number of holes will 
arrive at the collector from the second emitter even 

when there is no current through the first emitter, and 
the number arriving will depend on the collector vol-
tage. This means that ,3 factor associated with the 
second emitter depends slightly upon the collector 
voltage. A typical example of the change in back re-
sistance due to second emitter current is shown by the 
change in slope of the Li = 0 line in Fig. 3. 
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Fig. 5—Average a and back resistance as a function of second emitter 
spacing for different values of second emitter current. 

The curves in Fig. 5 show how the increase in average 
a varies with the second emitter to collector spacing 

in a typical transistor for three different values of 

second emitter current. Also shown in Fig. 5 is the de-
crease in collector back resistance for the same transis-
tor. The average alpha, a, is the alpha associated with 

the collector and first emitter averaged over the interval 
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of first emitter current from 0 to 2 ma, with the collector 
voltage held constant at — 10v and the second emitter 
current held at some constant value. The back re-
sistance, Rc, is the ratio of the collector voltage to col-
lector current when Ve= — 20v and L1=0 and the 
second emitter current is held constant. For the special 
cases where 1.2=0 the average a and back resistance are 
designated as éto and Reo respectively. 

It is apparent that for second emitter to collector 
spacings of less than four-thousandths of an inch, a 
actually decreases. This is because the second emitter 
gives sufficient collector hole current so that a* has 
passed its peak. Except for this close spacing, Ei in-
creases as second emitter current increases. At the same 
time back resistance decreases. In general, a compro-
mise must be made between these two effects. As might 
be expected, for a given second emitter current, the a 
enhancement falls off for large spacings. 
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Fig. 6—a vs I. for various values of second emitter current for a 
transistor with a second emitter spaced far from the collector. 

Fig. 6 shows a detailed picture of the relationship 
between a and /e1 for different values of /82 for a single 
transistor. The back resistance, Re, associated with each 
value of the /62 is also shown. In this particular transis-
tor, as has been found to be the case generally, the a 
enhancement due to L2 is greatest in the region of low 
first emitter current and falls off for high values of Li. 
This clearly must happen since the e of the second 
emitter cannot increase above unity. 
To show what can be realized in practice, the charac-

teristics of four encapsulated transistors with widely 
spaced second emitters are given in Table I. In these 
transistors back resistance decreases approximately fifty 

per cent and average a about doubles when the second 
emitter current is raised from zero to 5ma. 

TABLE I 

AVERAGE a AND COLLECTOR BACK RESISTANCE FOR FOUR 
TRANSISTORS WITH W IDELY-SPACED SECOND EMITTERS 

Unit 
No. 

A 

D 

Back Resistance (ohms) Average a 

Reo(I.2-0) R,(/.2=5 ma) a,fla otg(ra 
=0) =5 ma) 

20,000 
21,000 
29,000 
50,000 

10,000 
10,000 
14,000 
35,000 

2.5 5.0 
1.8 3.7 
3.0 5.9 
2.6 4.6 

In general, it has been found that the greatest a en-
hancement occurs in transistors which have an initially 
high value of a. This result might be expected since a 
large a implies a large intrinsic a and hence large sweep-
ing fields. The grestest a enhancement is obtained when 
the second emitter is so placed that the first emitter lies 
on a line between it and the collector. It has also been 
found that best results are obtained with short lifetime 
germanium. This means that the reservoir of holes 
created by the second emitter can be located relatively 
close to the collector and hence easily be affected by the 
sweeping fields. Finally, it has been found desirable to 
make the base connection farther from the second emit-
ter than is the collector. A nearer base would presum-
ably tend to drain holes from the reservoir. 

In circuit applications, the high a two-emitter transis-
tor has the advantage of permitting higher current gain 
than is normally obtainable from conventional point 
contact transistors. Also, it is useful for applications re-
quiring the control or modulation of the gain of an am-
plifier. Measurements on one transistor in a circuit with 
a collector load resistor of a few hundred ohms indicate 
that the rise time of a rectangular current pulse ampli-
fied by the transistor is substantially the same with 
moderate second emitter currents as it is with zero 
second emitter current (i.e., as it is for the original 
transistor comprised of the first emitter and collector 
alone). The rise time of an output pulse at the collector 
when a rectangular positive current pulse switches the 
second emitter current from zero to 5 ma, for a steady 
first emitter current of a few milliamperes, has been 
found to be less than a half-microsecond in an experi-
ment on one transistor. Thus, the modulating properties 
of the second emitter are apparently not limited to ex-
cessively low frequencies. 
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Internal Feedback and Neutralization of 
Transistor Amplifiers* 

A. P. STERNt, ASSOCIATE, IRE, C. A. ALDRIDGEt, AND W . F. CHOWt, SENIOR MEMBER, IRE 

Summary—Transistors are nonunilateral amplifying devices. The 
most important effects of internal feedback are reflected immittances 
and potential instability of amplifiers in certain frequency ranges. 
These phenomena are undesirable in many applications. 

Considering the various matrix representations of a two-terminal 
pair one can show that by connecting appropriate networks in a suit-
able manner to the active nonunilateral element, the internal feed-
back of the latter can be removed (neutralized). 

Several neutralized transistor arrangements have been investi-
gated experimentally. The circuits are based on an analysis of the 
properties of transistor feedback parameters at "higher" frequencies. 
Neutralization throughout relatively wide bands of frequencies can 
be achieved using simple feedback arrangements. The maximum 
available power gain of transistor amplifiers is only moderately af-
fected by neutralization. 

INTRODUCTION 

ATWO-TERM INAL pair network is unilateral if an 
excitation applied to one of its terminal pairs pro-
duces a response at the second terminal pair, 

whereas an excitation applied to the second terminal 
pair does not result in a response at the first terminal 
pair, or vice versa. Networks with bidirectional trans-
mission between terminal pairs are nonunilateral; they 
may be bilateral (if they obey the theorem of reciproc-
ity) or nonbilateral.' 

It is well known that vacuum tubes operated at low 
frequencies can be considered as unilateral devices. 
Transistors, however, are nonunilateral: the three tran-
sistor configurations (common base, emitter and collec-
tor) exhibit bidirectional transmission between input 
and output terminals pairs. Although, in general, the 
"backward" transmission is considerably lower than the 
"forward" transmission, its effects on the circuit prop-
erties of the transistor cannot be neglected. The major 
effects of the backward transmission (or "internal feed-
back") on circuit behavior are: 

1. The input and output driving point immittances 
are functions of the load and source immittances 
respectively. 

2. Internal feedback may lead to instability of am-
plifiers and circuits may oscillate even in the ab-
sence of an external feedback loop. 

These phenomena are undesirable in numerous 
transistor applications and often represent major diffi-

Original manuscript received by the IRE, February 14, 1955; 
revised manuscript received, April 14, 1955. Presented at Modern 
Network Synthesis Symposium, New York, N. Y., April 15, 1955. 
Parts of this paper will be incorporated in a thesis for the Elec. 
Engrg. Dept., Syracuse University, Syracuse, N. Y. 
t Electronics Lab., General Electric Co., Syracuse, N. Y. 
These definitions may be disagreed with, and the literature is 

not unanimous on the subject. However, these definitions seem to be 
compatible with E. A. Guillemin, "Introductory Circuit Theory," 
John Wiley & Sons, Inc., New York, N. Y., p. 148, 1953, and other 
textbooks. 

culties to the circuit designer and user. In other cases, 
these properties may be of no consequence or are even 
desirable. 
The problem of internal feedback has been studied by 

Mason,2 who has shown that unilateralization can be 
achieved by lossless reciprocal coupling. The approach 
of this paper is somewhat different. The discussed 
methods of neutralization involve both resistive and 
reactive elements. This may result in a sacrifice of power 
gain, but often "simplifies" the neutralizing network and 
makes it easier to design an amplifier neutralized 
throughout a relatively wide band of frequencies. The 
discussion is mainly concerned with transistor ampli-
fiers; the principles can, however, be applied to other 
active devices. 

REFLECTED IMMITTANCES 

The behavior of any transistor configuration, con-
sidered as an active linear two-terminal pair, can be 
described by one out of six possible sets of two linear 
equations. Using the "series-parallel" representation for 
the generalized transistor amplifier of Fig. 1 one can 
write: 

= ha, ± 142E2 = EG, — (1) 

12 = h21I1 h22E2 = — E2I L. 

z. 

TRANSISTOR 

[h] 

YL 

Fig. 1—Schematic representation of transistor amplifier. 

The source impedance is Zo= Ro+jXo and the load 
admittance is YL=GL-1-jBL. The parameters hi; are 
functions of the dc operating point, the signal frequency 
and are, of course, different for different transistor con-
figurations. The existence of internal feedback manifests 
itself by h12 00. The input impedance Z ;is a function of 
the load admittance: 

huhn 
Zi hi' (2) 

h22 

In a similar manner, the output admittance Ye is a 
function of the source impedance: 

2 S. J. Mason, "Power Gain in Feedback Amplifiers," Res. Lab. 
Elec., M.I.T. Tech. Rep. No. 257; August 25, 1953 
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Yo = h22 
hi2h21 

hn Z 

(3) 

Due to "reflected immittances" a transistor amplifier 
stage cannot be designed as an isolated unit. To obtain 
proper performance, the designer must take into account 
the effect of adjacent and often even that of more re-
mote amplifier stages. The internal feedback of transis-
tors makes it difficult to use them in various applica-
tions, e.g., in certain types of laboratory equipment. 
The problem of reflected immittances is particularly 

serious in the case of high frequency amplifier stages, 
where transistor parameters and external circuit ele-
ments are complex quantities. Fig. 2 shows the variation 
of input and output impedances of a common emitter 
amplifier with tuned input and output as functions of 
frequency. The complicated nature of the reflected im-
mittances results in a distortion of the bandpass charac-
teristic of tuned amplifiers (nonsymmetrical bandpass). 
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Fig. 2—Input and output impedances of the common emitter stage 
as functions of frequency with load and source tuned to 500 kc 
respectively. 

Furthermore, it is not only difficult to design and com-
pute the performance of a multistage tuned amplifier 
for desired bandshape and gain, but even the alignment 
of such an amplifier may be a laborious task. The design 
and alignment of multistage staggered tuned amplifiers 
present particularly difficult problems. 

It can, therefore, be stated that reflected immittances 
are undesirable in many circuit applications and their 
elimination could solve numerous design problems 

STABILITY CONSIDERATIONS 

The transducer gain of the transistor amplifier (de-
fined as the power delivered to the load divided by the 
available power of the source) as calculated from (1), is: 

4 h21 I2RGGL 

I(h11 Zo)(h22 Yz) — hiihii 12 

h12 being different from zero, internal feedback may 
lead to instability even without an external feedback 
loop. A well-known example of such behavior in vacuum 
tube circuitry is the tuned plate-tuned grid oscillator, 
in which the grid-to-plate capacitance of the vacuum 
tube furnishes the internal feedback that is required for 
oscillation. 

Analogous phenomena exist in transistor circuits. At 
higher frequencies the transistor parameters hi; are 
complex quantities: 

h11 = h11 (R) jhum 

= h22 (R) j1122 (i) 

hiihii = H = Hu jHr. 

It can be shown' that, restricting R0 and GL to 
positive values, instability may occur, provided that: 

Hi' ≥ 4hii (R) h22 (R) (hii(ehiien — HR). (5) 

In inequality (5) does not hold, the transistor con-
figuration is unconditionally stable, whatever load and 
source immittances are connected to it. Condition (5) 
can also be written in the form 

i HI HR ≥ 2h 11 (R)h22 (R) (5a) 

An analysis of the three transistor configurations in 
the light of conditions (5) or (5a) shows that they ex-
hibit potential instability throughout wide frequency 
ranges. This potential instability can be eliminated by 
neutralization of the internal feedback. 

FUNDAMENTAL ASPECTS OF INTERNAL FEEDBACK 

A two-terminal pair network is characterized by two 
voltages, E1 and E2, and two currents, /1 and /2. Con-
sequently, depending on which of these four quantities 
are considered as independent and dependent variables, 
the behavior of the network can be described by any one 
of six possible sets of two-linear equations.' Two of these 
sets (those separating input variables from output 
variables) are useful if one considers cascaded networks, 
whereas the four other sets are important from the 
point of view of internal feedback. Using the matrix 
notation, these are: 

[ Z11 Z12 
X  rill 

Z21 522] [12 

Fyn x 
y2J LEJ 
, [„ x ,21 h.  
[iii g121 x 1-9 
g2i g22J L /2J 

(6) 

(7) 

(8) 

(9) 

A. P. Stern, "A stability criterion for active networks and its 
application to transistors," (to be published). 

E. A. Guillemin, "Communication Networks," John Wiley & 
Sons, Inc., New York, N. Y., vol. 2, p. 132 if.; 1935. 
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If the matrix elements corresponding to one of the 
representations (6) to (9) are known, those pertaining to 
the other sets can be computed. Eqs. (6) to (9) can be 
written in a symbolic form: 

rDil _ rk., 
LD2J  

v ii x , k„J (10) 

where Di and J.; symbolize dependent and independent 
variables pertaining to terminal pair i respectively. The 
matrix elements of ( 10) have the following significance: 

/en is an input immitance, 
ki2 is a backward transfer ratio or immittance indica-

tive of internal feedback, 
k21 is a forward transfer ratio or immittance, 
k22 is an output immittance. 
The network is unilateral if the feedback parameter 

ki2 = 0. Using a matrix conversion table one sees that if 
k2 =0 in one of the representations (6) to (9), it is zero 
in the others. For example, if hi2 = 0, than zi2 = y12 = gil = 0. 
This, of course, is not surprising, because /12=0 implies 
that an output excitation results in zero input response. 
Although the feedback parameters in the representa-

tions (6) to (9) vanish simultaneously, it is useful to note 
that they symbolize different aspects of the internal feed-
back mechanism. 
The transfer impedance zi2 represents series feedback 

proportional to the output current; 
The transfer admittance yi2 represents parallel feed-
back proportional to the output voltage; 

The voltage transfer ratio /12 represents series feed-
back proportional to the output voltage; and 

The current transfer ratio g12 represents parallel feed-
back proportional to the output current. 

THEORY OF NEUTRALIZATION 

Let the transistor T in a given configuration be repre-
sented by 

rp,i= rku 
LD2i Lk2i 

kI21 [JI 
X • 

k22 

(10) 

One can then consider a network N (N is not necessarily 
passive) described by: 

[-D1,1 = rk, k.21 x 
L D2'J Lk2i' k221 LJ2' 

If T and N are connected to each other in a manner 
that forces and J2' to be equal to Ji and J2 respec-
tively, the composite network C is defined by: 

_ rk,. 
+ k21, kl2 k12' 

k22 k22' X [.11]. (12) 
J2 

If the feedback parameters of T and N satisfy the con-
dition 

ki2' = — ki2 (13) 

the composite network C is unilateral: one can Say that 
the internal feedback of T is neutralized. 

(0) (b) 

These considerations can be applied to all representa-
tions (6) to (9) and result in the four basic neutralizing 
arrangements shown schematically in Fig. 3. The 

method of interconnection of T and N in these arrange-
ments is consistent with the significance of the feedback 
parameters outlined at the end of the previous section. 

z — Y:. • - y,. 

—h.. — go. 

Fig. 3—Basic neutralizing arrangements. 

If a practical neutralizing circuit is designed on the 
basis of the schematic arrangements of Fig. 3, caution 
must be exercised to interconnect T and N in a "per-
missible" manner' insuring the validity of ( 12). Prob-
lems of interconnection can be solved, as is well-known, 
using isolating transformers. Such a solution, however, 
is often undesirable because of circuit performance or 
cost. Consequently, the most practical circuits will be 
those which circumvent the difficulties of interconnection. 

(C) 

Fig. 4—h-type neutralization with and without transformer. 

For example, one may consider the case of "h-type," 
("series-parallel") neutralization. One transistor termi-
nal is common to input and output, the transistor being 
in reality a three-terminal device. Neutralizing network 
N may also be of the three-terminal type [Fig. 4(a)]. 
The two networks can be connected in series-parallel 

using an isolating transformer X as shown in Fig. 4(b). 
If the transformer is close to "ideal" with unity trans-
formation ratio and negligible phase shift, the com-
posite network is unilateral for h12= —h12'; if the trans-
former provides 180-degree phase shift, neutralization 

I ibid. 
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occurs for 1712= 1/12'. However, the transformer is not 
necessary for interconnecting the networks. T and N 
call be directly connected in series-parallel, without 
transformer, in eight different ways. Only one of these 
connections is "permissible" and is shown in Fig. 4(c). 
For this arrangement neutralization occurs provided 
h12'= h12. This "bridge" circuit, is, of course, more de-
sirable than its equivalent using a transformer. 

Similar considerations apply to the "parallel-series" 
type interconnection of T and N, for "g-type" neutrali-
zation. The use of a transformer can be avoided, as 
shown schematically in Fig. 5. 

2 

Fig. 5—g-type neutralization without transformer. 

The composite networks of Fig. 4(c) and 5 are of the 
"four-terminal" type; no terminal is shared by input and 
output. Consequently, if such amplifying stages are 
cascaded, interstage transformers are usually required 
for reasons of common ground and power supply. If, on 
the other hand, a transformer is used within the neutral-
izing network, the composite network is of the three-
terminal type and stages can be cascaded without an 
interstage transformer, if interstage impedance match-
ing is considered unnecessary. It is, however, often 
preferable to use an interstage transformer rather than a 
transformer inside the neutralizing loop. The reason for 
this is that the network N required for neutralizing a 
transistor throughout a reasonable frequency range is 
usually simple, provided no transformer is used (or for 
the case of an "ideal transformer"). With an actual 
transformer in the neutralizing loop the design of N 
must be modified to account for the deviation of the 
transformer from an "ideal" one and this may com-
plicate the design of N considerably. This problem does 
not arise if the transformer is external to the neutraliz-
ing loop and is used solely for interstage coupling. 

CO) (b) (C) 

Fig. 6—z-type neutralization. 

The problem of interconnecting T and N has some-
what different aspects in the case of z-type ("series") or 
y-type ("parallel") neutralization. The circuit of Fig. 
6(a) is a "permissible" and transformerless series con-
nection of T and N for z-type neutralization. The corn-

posite network is neutralized provided z12' = — z12. For 
different transistor configurations the real part of z12 
is usually positive and consequently z12' must have a 
negative real part of prescribed magnitude to match 
Z12. This can be realized easily for one given frequency, 
but it is generally difficult to obtain the desired z12' 
throughout a band of frequencies without using rela-
tively complicated neutralizing networks consisting of 
four or more elements. The number of elements, how-
ever, should be kept minimum to avoid difficulties of 
alignment, and consequently, the transformerless cir-
cuit can be neutralized easily only in the neighborhood 
of one frequency. This may be satisfactory in certain 
applications, but if neutralization throughout a wider 
band is desired the circuit of Fig. 6(b) [or its practical 
version of Fig. 6(c)], using a transformer, would be 
preferable. The transformerless circuit may, however, 
be adequate for certain narrowband tuned amplifiers. 

(0) (C) 

Fig. 7—y-type neutralization. 

Similar considerations apply to y-type neutralization. 
In Fig. 7(a) no phase-inverting transformer is used and 
consequently neutralization will occur for yi2' = — Y12. In 
general, for transistors, y12 has a negative real part [due 
to ( 7) and the sign of the currents and voltages in Fig. 1] 
and consequently y12' is required to have a prescribed 
magnitude with a positive real part. Without a trans-
former this can be realized only for one frequency using 
relatively simple networks. In most tuned amplifiers an 
interstage transformer is used anyway for interstage 
matching and the interstage transformer can simul-
taneously be used to provide neutralization in conjunc-
tion with a feedback network, as shown in Fig. 7(b). A 
practical realization is shown in Fig. 7(c). 
The discussion can be summarized by stating that 

while no transformer is necessary for h- and g-type 
neutralization (except for interstage coupling purposes), 
in the case of z- or y-type neutralization a transformer 
within feedback network may be desirable. For wide 
band neutralization, hand g- methods are often superior. 

DISCUSSION OF THE FEEDBACK PARAMETERS 

Equivalent Circuits and Approximations 

The low frequency values of the transistor feedback 
parameters h12, g12, y12 and z12 can be easily determined 
using any of the well-known low frequency equivalent 
circuits of the transistor. This section is concerned mainly 
with the feedback parameters at "higher" frequencies. 
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The T-type equivalent circuit of the common emitter 
configuration [Fig. 8(a)] is derived from a simplified 
version of the well-known equivalent of the common 
base amplifier [Fig. 8(b) ]. Using these representations 
the following approximations and assumptions are 
made, in order to simplify the expressions obtained: 

1. The common base transistor is composed of a 
simplified "ideal transistor," derived from the dif-
fusion equation, collector barrier capacitance 
"base spreading impedance" Zb' [Fig. 8(b)]. The 
"ideal transistor" is considered as having no in-
ternal feedback, feedback in the actual transistor 
being due to ZI,'. At higher frequencies, this is a 
justifiable simplification. 

C b. 

r— — — ---o 

z'b 

(b) (c) 

e 

z 
o I 

z c 

Fig. 8—Equivalents of common emitter and common base 
transistor circuits. 

2. The frequency dependence of a (short-circuit cur-
rent amplification of the common base amplifier) 
is represented as 

ao  
• a — (14) 

1 -I- jco/co. 

where co,, is the "a-cut-off frequency" and ao the 
low frequency value of a. 

3. The diffusion impedance of the emitter junction Z. 
is a function of frequency 

r. 
Z. =  e 

1 -I- jco/co. 
(15) 

where r5 is the low frequency value of Z.. This 
means that Z. is considered as the parallel con-
nection of r4 and of a capacitance 

C. = 
1 

re° 

(16) 

4. The collector impedance Z. is considered as the 

parallel connection of the collector resistance r, and 
the collector capacitance Cc(C. being the sum of 
collector diffusion and barrier capacitances): 

r. r. 
Z. = =  

1 ± jcieCcrc 1 flolcuc 

At frequencies considerably higher than co./22r: 

1 
Zc   

jcoCc 

(17) 

(18) 

5. The base spreading "resistance" rb' is considered 
complex (Zb') for grown junction n-p-n transistors. 
This is due to the distributed nature of transistor 
parameters and rb', as shown by Pritchard and 
Coffey.6 

The simplifying assumptions 1 to 4 are justified in the 
range of intermediate and higher frequencies and do 
represent the behavior of the transistor adequately up 
to a considerable fraction of coa. 

Common Emitter Configuration 

To explain the frequency dependence of the feedback 
parameters in common emitter configuration, it is neces-
sary to consider the effect of a capacitance C. connected 
between base and collector. The effect of this capaci-
tance is particularly important in the case of grown 
junction n-p-n transistors, as Pritchard has shown' (base 
overlap capacitance). In the case of other transistor 
types Cb, is smaller, but, of course, still exists, due to 
transistor lead, socket and wiring capacitances. 

Using the equivalent circuit of Fig. 8(a), the h-param-
eters of the common emitter amplifier are found to be 

approximately: 
Z 

hit Z +   (19) 
1 — a 

Z. 
iWC bc 

(1 — a)Zc 

= h12' ± 1112" 

a 

1 — a 

1 jCOC b. 

[Z b' (20) 

(21) 

(22) 
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The measured frequency dependence of h12 of a grown-
junction n-p-n transistor is shown in Fig. 10. At low fre-
quencies h12' prevails. At higher frequencies h12" takes 
over and h12 increases with frequency. The phase re-
sponse corresponds to the amplitude response. The be-
havior of h12 proves that the effect of Cbe is considerable. 

c 

Fig. 9—Schematic frequency response of h12' (common emitter). 
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Fig. 10—Measured frequency response of h12 for n-p-n grown 
junction transistor (common emitter). 
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Fig. 11—h12 as function of .T. and V. (common emitter). 

h12 is function of the dc operating point. The de-
pendence of h12 on emitter current I. and collector 
voltage Vc is shown in Fig. 11. 
The other three feedback parameters can be calcu-

lated from (19) to (22). Current feedback parameter is: 

h12 
(— gi2)= 7-h 

Z.-1-juebr.Z( 1 — a) [ d-Zb' z,, 
1—a 

Z b' +Z .± tie .(1— a) [Zb' ±'Fz—ej 

(24) 

If Zbl is purely resistive and Cbe is very small, the 
phase shift of (— g12) is negative. This, however, is not 
in agreement with measurements made on all rate grown 
npn and some pnp transistors. In the case of grown 
junction npn transistors the discrepancy is due mainly 
to the previously mentioned capacitive component of 
Zbi discussed by Pritchard and Coffey. They also meas-
ured the frequency response of Zbi and found that the 
magnitude and phase of Zb' change rather slowly with 
frequency.8 Fig. 12 show.s the measured variation of gi2 
with frequency for a rate grown n-p-n transistor. Con-
sidering that in (24) usually Ze«Zb', the response of g12 
seems to corroborate the measurements of Pritchard and 
Coffey. g12 is function of /6 and Vc (Fig. 13). 
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Fig. 12—Measured frequency response of g12 for an n-p-n grown 
junction transistor (common emitter). 
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Fig. 13— gil as function of I. and V. (common emitter). 

The feedback impedance parameter is: 

Z12 

1112 
= — Z. + :p.Cb,Z,(1 — a)[Z 6' ± 

z12' zi2''. (25) 

Here, as in the case of h12, the effect of Glee is very im-
portant. If Cbe could be neglected z12 would be equal to 
Z. and would have a negative phase shift (Z. being 
capacitive). The portion z12" contributed by Cbe is in-
ductive and thus z12 has a positive phase shift. 

Feedback admittance parameter can be computed as: 

h12 1 Z. 
( — y12) = - 

hii —  Z, Z6'(1 — a) + Z. 

• Pritchard and Coffey, /oc. cit. (Fig. 8). 

icoCbe. (26) 

h22 1 Z: 
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If Zbt were zero, (—y12) would be purely capacitive at 
frequencies exceeding co,. In actual transistors, however, 
the feedback admittance has a considerable conductive 
component. The phase of y12 depends, of course, also on 
the phase of Zb '. 

The expressions derived for the feedback parameters 
can be simplified considerably and their significance 
visualized if one considers frequencies exceeding 
(1 — ao)coo/22r, but smaller than wa/27r. In this frequency 
range one may use the approximations: 

a ao 

r. 

1 jw/w„(1 — an) co 
(1 — a) = ( 1 — ao) 

I jW/C00 Gi 

1/4:—1'±" iCOC 

Z 

Z6'>  
— a 

(27a) 

(27b) 

(27c) 

(27d) 

(27e) 

With these simplifications the feedback parameters can 
be written as: 

h12 r aC beZ 

(—g12) 

w Cb 
r. j — — Zb' 

co« Cc 

Coi C be 

Z — — Z 
coo C, 

co C 

Zi2 r, j — — Zb' 
w. C. 

row„C. 
(— yi2) Zb' + jcoCb.'. 

These approximations are very coarse [especially 
(27e) applies only to certain transistors having relatively 
large Zb' and being biased in a restricted range of dc 
operating points] and do not permit accurate design, 
but give an impression of the order of magnitude of the 
neutralizing network components and the relative 
phases involved. The expressions can be easily corre-
lated with the neutralized amplifier circuits discussed in 
the next section. If Zb' is resistive, the neutralizing net-
work required can be determined with particular ease. 

Common Base Configuration 

The effect of parasitic capacitances can be neglected 
in most cases when analyzing the common base con-
figuration. The approximate expressions of the h-param-
eters are: 

Z. Z — a) 

1112 j(eCeZo' 

h21 :-: a 

1 
jcoCc. 

Z. 

If Z6' is purely resistive (= ro') 

h12 jcoCcr 

July 

(36) 

and has a positive phase shift of approximately 90 de-
grees. 

The other three feedback parameters can be calcu-
lated from the h parameters. The current feedback 
parameter is: 

142 Zb' 
(—g12) — =   (37) 

Ah  

If Zt.'=rb' the phase shift of (—g12) is positive; if Zb' is 

capacitive, phase shift of ( —g12) may become negative. 
The feedback impedance parameter is: 

h12 

Z12 = = Zb'. 

h22 

The feedback admittance parameter is: 
h12 2 b' 

y12) = — Z. + Zb'(1 — a) 

(38) 

(39) 

(28) At frequencies higher than ( 1 — ao)w,./27r but lower than 
w./27r, one can write in first approximation, using (27e): 

(— yi2) = (40) 

(29) According to (40), in this frequency range, the feedback 
admittance is almost purely conductive, in reality, how-
ever, a reactive component is to be expected. 
The above expressions can be easily correlated with 

(30) the neutralizing circuits shown in the following section. 

NEUTRALIZED AMPLIFIER CIRCUITS 

(31) 

(32) 

(33) 

(34) 

(35) 

During the experimental phase of the investigation 
mainly General Electric grown junction n-p-n transistors 
(type ZJ6) were used. In many experiments, however, 
General Electric fused junction p-n-p transistors (types 
2N43, 2N44, 2N45) were employed. 

Due to the great variety of slightly different feasible 
neutralizing arrangements, a report describing all ex-
periments completed would be impractical and repeti-
tious in substance. Consequently, only a limited number 
of useful circuits will be discussed in this section. The 
experimentation was done to determine the practical 
value of the equations discussed in the preceding section 
and to answer the following questions: 

1. Which types of neutralized circuits are most in-
dependent of dc collector voltage (V,) and emitter 
current (I.) variations? The transistor small-signal 
parameters being functions of the dc operating 
point, dependence of the neutralized condition on 
V. and I. can, of course, be expected. 

2. Which types of neutralized circuits are most ap-
propriate for "wide-band neutralization" of tran-
sistors? The feedback parameters h12, g12, z12, Y12 are 
not equally complicated functions of frequency. 
Consequently, some of them can be represented by 
simpler networks than the others. 
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(0) 

3. How does neutralization affect the maximum 
available power gain of transistor amplifiers? 

Audio Frequency Circuits 

In audio frequency applications the problem of 
stability does not arise. Neutralization may still be 
desired in certain applications to make input and output 
immittances independent of the terminal immittances. 

Using the familier T-type equivalent circuit of the 
common base transistor [Fig. 14(a)], the "h-neutralized" 
common base amplifier circuit can be constructed by 
inspection [Fig. 14(b)]. In principle, the value of k is 
arbitrary, but k does, of course, influence the immittance 
levels and the maximum power gain of the stage. If k is 
of the order of 0.1 reasonable unilateral performance can 
be expected: low input impedance, relatively high out-
put impedance and, in most applications, practically un-

changed power gain. 

r„ 

(0) (b) 

Fig. 14—(a) Low frequency equivalent of the common base 
amplifier, and (b) neutralized circuit. 

Using the T-type equivalent circuit of the common 
collector stage [Fig. 15(a)] a "g-neutralized" circuit can 
be derived [Fig. 15(b)]. In this circuit 

R1 = krc(1 — a) 

R2 = k(rb -I- arc). 

The value of k influences the immittance levels and the 
power gain of the neutralized amplifier, but is otherwise 
arbitrary. At very low frequencies this circuit exhibits 
very high input impedance and low output impedance. 
Including appropriate capacitances across R1 and R2 the 
frequency range of neutralization can be extended. 

R 

(0) 

Fig. 15—(a) Low frequency equivalent of the common collector 
amplifier and (b) neutralized circuit. 

Using a p- n-p transistor with R2=440 K ohms and 
R1= 24 K ohms an input impedance of 250 K ohms and 
output impedance of 30 ohms was measured at 500 cps, 
independently of source and load impedances. Main-
taining the ratio Ri/R2 constant and varying RI, the 

(0) 

maximum available power gain of the amplifier varied 
as shown in Fig. 16. This circuit is useful as a high 
input impedance amplifier. 
Other neutralized audio frequency circuits can be 

designed in a similar manner and also have attractive 
performance characteristics: their disadvantage lies in 
the necessary interstage transformer the cost of which 
may be prohibitive in many applications. 

O 10 20 30 

R. ( K OHMS) 

Fig. 16—Gain of a neutralized common collector stage vs RI. 

40 50 60 

High Frequency Circuits 

A considerable number of neutralized amplifiers were 

built and tested in the frequency range between 100 kc 
and 3 mc. A few typical circuits are shown in Figs. 17 to 
21. The investigation was mainly concerned with the 
common emitter amplifier, this configuration being the 
most important one from a practical point of view. The 
common emitter configuration exhibited a strong tend-
ency toward becoming unstable with commonly used 
values of terminating impedances. 

(G) 

Fig. 17—h-neutralized common emitter circuits. 

Fig. 17(a) represents an h-neutralized common emit-
ter amplifier. The structure of the neutralizing network 
corresponds to (28). With grown junction n-p-n transis-
tors the frequency performance of the circuit shown in 
Fig. 17(b) was somewhat superior to that of Fig. 17(a): 
the amplifier could be neutralized throughout a wider 
frequency range, using a given neutralizing network. 
The reason for this behavior is connected with the com-
plex nature of Zb'. The circuits of Fig. 17(b) and 17(c) 
are equivalent. Using an inductive neutralizing network 
one can, by proper choice of the circuit elements, make 
the input impedance of the composite amplifier purely 
resistive at one frequency and the reactive component is 
reduced through a wide range of frequencies. Neutraliza-
tion in these circuits varies moderately with I, and V,. 
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Fig. 18 shows g-neutralized common emitter amplifier 
circuits. Figs. 18(a) and 18(6) are representative of most 
neutralized n-p-n and p-n-p stages, whereas Fig. 18(c) 

shows a p-n-p stage with very small Cu. The sign of the 
imaginary component of g12 in 18(c) is different from 
that in 18(a) and 18(b). This phenomenon can be ex-
plained by considering the effect of the complex base 
spreading impedance of grown junction transistors and 
that of Cu. The circuit of Fig. 18(b) was considerably 
superior to that of Fig. 18(a) from the point of view of 
dc operating point and frequency variations. 

(0) (10 (c) 

Fig. 18—g-neutralized common emitter circuits. 

A y-neutralized common emitter stage is shown in 
Fig. 19. Due to the existence of Z6', (—y12) is not purely 
capacitive, as indicated by (31). Neutralization in this 
circuit was fairly independent of variations of the dc 
operating point. Fig. 20 represents a z-neutralized com-

mon emitter amplifier. The structure of the circuit corre-
sponds to (30). 

Fig. 19—y-neutralized common emitter circuit. 

Fig. 20—z-neutralized common emitter circuit. 

Neutralization of the common base stage can also be 

achieved in many ways. The h-neutralized common 
base circuit of Fig. 21(a) has been described by Angell 
and Keiper.9 They have shown that the neutralizing 
network follows directly from the high frequency 
T-type equivalent circuit of the common base transistor. 
At lower frequencies perfect neutralization can be ob-
tained by adding a resistance r in parallel to the 
capacitor C (r can be omitted if co>>4. The neutraliza-

° J. B. Angell and F. P. Keiper, "Circuit applications of surface 
barrier transistors," PROC. IRE, vol. 41, pp. 1709-1712; December, 
1953. 

tion in this circuit is practically independent of the fre-
quency, but varies with I. and V.. A z-neutralized com-
mon base circuit is shown in Fig. 21(b). 

If viewed closely, in all circuits described [with the 
exception of Fig. 21(a)] the elements of the neutralizing 
network required for perfect neutralization varied with 
the operating frequency and consequently perfect 
neutralization was possible only at one given frequency. 
However, with most circuits approximate neutraliza-
tion was achieved over a relatively wide band. For ex-
ample, using the circuits of Figs. 17(c) and 18(b) and 
adjusting the circuit elements to give "perfect" neu-
tralization at 500 kc, no noticeable dependence of the 
input and output immittances on the terminal im-
mittances was experienced at 300 and 800 kc. Conse-
quently from a practical viewpoint wide band neutrali-
zation can easily be achieved. 

o 

(D) 

Fig. 21—Neutralized common base circuits. 

Fig. 22—Circuit with "perfect" neutralization throughout very 
wide frequency range. 

"Perfect" neutralization throughout a wide range of 

frequencies could be achieved with the aid of com-
plicated feedback networks. For example, in view of the 
1r-type equivalent circuit of the common emitter stage," 
the circuit of Fig. 22 could be adjusted for "perfect" 
neutralization throughout a very wide frequency band. 
However, the alignment of such a complicated circuit 

" L. J. Giacoletto, "The study and design of alloyed-junction 
transistors," 1954 IRE CONVENTION RECORD, Part 3, "Electron 
Devices and Component Parts," vol. 2, pp. 99-103. 
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would be exceedingly difficult. Consequently the simple 
circuits discussed above are definitely preferable, as they 
contain a maximum of three elements in the neutralizing 
network. 

Neutralization and Gain 

The unneutralized transistor amplifier may become 
unstable provided that condition (5) is fulfilled. Conse-
quently, the maximum unneutralized gain may become 
infinite and one must be cautious when referring to the 
maximum available power gain of an unneutralized 
transistor amplifier Pritchard and Coffey have shown" 
that introducing certain constraints (e.g. matching at 
the output and tuning out the short circuit input im-
pedance hil) a constrained "maximum power gain" can 
be established for reference: 

GUII11 
ha (R)h22(R)[1-1- V1 — HR/hii (R h22 (R)12 

1 hill' 
(41) 

The maximum available power gain of the neutralized 
amplifier is 

1 hii"1 2  
G. = 

411 11" (R) /In"  (R) 

(42) 

Assuming now that the neutralizing network does not 
modify h21, h,1(R) and h22(R) considerably, one can see that 
if HR > 0, neutralization will cause a decrease in gain, 
whereas if HR <0 an increase in gain may result from 
neutralization. 

In practical circuits, however, the neutralizing net-
work modifies h,,I Ifitn(R)h22(R) considerably, and 

hn" 12 1 hu 12 

hll" (R) h22"(R) hll () h22 (R) 

Consequently, even if HR <0, neutralization usually 
results in moderate, if any, additional gain. Gain de-
creases of few db, due to neutralization, have been 
measured using the common emitter configuration. 
Small decrease or increase in gain has been measured in 
the case of the common base circuit. 

" R. L. Pritchard and W. N. Coffey, private communication. 

Fig. 23—Arrangement for measuring ha. 

MEASUREMENT OF FEEDBACK PARAMETERS 

Neutralization, i.e., bridge methods, can be used ad-
vantageously to measure certain feedback parameters 
of transistors. A simplified version of a measuring ar-
rangement used throughout this study for measuring hn 
is shown schematically in Fig. 23. 

TO 

OSCILLOSCOPE 

The signal generator feeds the output 2 of the transis-
tor and the signal appearing at the input 1 is amplified 
and displayed on an oscilloscope. If the neutralizing net-
work is properly adjusted, the backward transmission 
becomes zero and 1/12 can be computed from the values 
of the neutralizing network elements. Similar methods 
can be used for the measurement of gn. 

CONCLUSION 

Internal feedback of transistor amplifiers can be can-
celled using different methods of neutralization. Neu-
tralized transistor circuits are stable with input and out-
put immittances independent of terminal immittances. 
The elements of the circuits required for neutraliza-

tion depend on the dc operating point and the fre-
quency. Neutralization throughout relatively wide 
bands of frequencies can be achieved using simple feed-
back arrangements. The gain of the amplifier may be 
increased or decreased as a result of neutralization, de-
pending on the nature of the internal feedback of the 
unneutralized amplifier. 
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Backward-Wave Oscillator Efficiency 
R. W. 

GROWL ASSOCIATE, IRE, AND D. A. WATKINSt ASSOCIATE, IRE 

Summary—The theoretical and experimental results of a study 
of the factors which determine the efficiency of backward-wave 
oscillators are described. The dependence of power output upon 
space charge, circuit loss, beam thickness, velocity spread, and cir-
cuit mismatches is determined by a combination of theoretical and 

empirical means. In addition, the effect of circuit mismatches upon 
the starting current and frequency is discussed. The study shows 

that efficiency can be increased by increasing either the gain param-
eter C or the space-charge parameter wg/w. Circuit loss, beam thick-

ness, and velocity spread are found to decrease the efficiency. The 

use of the results reported here permits the designer to control the 
factors affecting the power output and predict the efficiency of a tube 
with reasonable accuracy before it is built. 

INTRODUCTION 

THE DISCOVERY of backward-wave oscillations' 
in traveling-wave devices has led to a new type of 

microwave tube—the backward-wave oscillator, 
or "carcinotron" as it is called by French workers.' 
Backward-wave oscillations occur when an electron 
beam interacts with a periodic structure which is in gen-

eral shorter than that used for a traveling-wave ampli-
fier. This fact explains the occasional occurrence of 
backward-wave oscillations in conventional traveling 
wave amplifiers. When the electron velocity is syn-
chronized with the phase velocity of a backward wave 
of a slow-wave structure, the device behaves as a back-

ward-wave amplifier with internal positive feedback and 
will amplify for values of current below a critical value. 
Above the critical value of beam current the device will 
oscillate Since backward waves are dispersive with a 
phase velocity which is a function of frequency, the 

frequency of oscillation may be changed continuously 
by changing the electron velocity. Thus the voltage of 

the electron beam may be used to tune the frequency of 
oscillation of a backward-wave oscillator. This brief 
description shows that backward-wave oscillators are 
both new and interesting microwave devices. It shows 
too that such oscillators have characteristics which are 
not common to other tubes. 

The purpose of this paper is to add to the existing 
knowledge an understanding of some of the factors 
which determine the level of oscillation and hence the 
power output or efficiency to be expected. Other workers 
have described their experimental and theoretical re-

* Original manuscript received by the IRE, March 21,1955. 
f Stanford University, Stanford, Calif. 

' R. Kompfner, "Backward-wave oscillator," Bell Lab. Rec., vol. 31, pp. 281-285; August, 1953. 

2 P. Guenard, O. Doehler, B. Epsztein, and R. Warnecke, "New 
uhf oscillator valves with wide electronic tuning band," Compt. Rend. 
Acad. Sci. (Paris), vol. 235, pp. 236-238; July, 1952. 

July 

sults. 3.-" In general, the definitions and notation intro-
duced by Pierce' will be used and it should be noted that 
all of the analysis contained in the paper concerns the 
extension of linear theory' to the region of oscillation. 
No attempt has been made to carry out a nonlinear the-
ory" of backward-wave oscillators because of the com-
plexity of such a study. The objective has been to obtain 
theoretical and experimental information that could be 
applied easily to predict the efficiency of oscillators with 
reasonable accuracy. The factors which are shown to in-
fluence the efficiency may be listed as follows: space 
charge, circuit loss, beam thickness, and velocity spread. 
A study of the effect of imperfect matches on the starting 
conditions and on the efficiency is also included. The re-

sults contained in this paper make it possible to design 
backward-wave oscillators with a fairly clear idea of the 
factors that influence the efficiency so that the amount 
of rf output power to be obtained may be controlled in 
the design. We will assume that the efficiency of a back-
ward-wave oscillator can be written in the following 
form 

= no(QC)Fi(Ldb)F2( )F3(S)F4(R), 
(1) 

where each of the factors on the right is defined and dis-
cussed in the following sections. The form of ( 1) may 

not be valid if the correction factors F1—F4 differ 
greatly from unity. 

The symbols used above and throughout this paper 
are as follows: 

b= velocity parameter defined by Pierce, 
C = gain parameter defined by Pierce, 

E(z) = rf circuit electric field at the plane z, 

3 J. R. Pierce, "Traveling-Wave Tubes," D. Van Nostrand Co., 
Inc New York, N. 1950. Inc., 

YW3lik  R. Walker, er, "Starting currents in the backward-wave oscil-
lator," Jour. Appi. Phys., vol. 24, pp. 854-859; July, 1953. 

5 R. Kompfner and N. T. Williams, "Backward-wave tubes," 
PROC. IRE, vol. 41, pp. 1602-1611; November, 1953. 

8 H. Heffner, "Analysis of the backward-wave traveling-wave 
tube," PROC. IRE, vol. 42, pp. 930-93?; June, 1954. 

7 D. A. Watkins and E. A. Ash, "The helix as a backward-wave 
structure," Jour. Ape Phys., vol. 25, pp. 782-790; June, 1954. 

8 P. K. Tien, "Bifilar helix for backward-wave oscillators," PROC. 
IRE, vol. 42, pp. 1137-1143; July, 1954. 
° M. Mueller, "Traveling-wave amplifiers and backward-wave 

oscillators," PROC. IRE, vol. 42, pp. 1651-1658; November, 1954. 
78 J. W. Sullivan, "A wide-band voltage-tunable oscillator," 

PROC. IRE, vol. 42, pp. 1658-1665; November, 1954. 
n A. Karp, "Traveling-wave tube experiments at millimeter 

wavelengths with a new, easily built, space harmonic circuit," PROC. 
IRE, vol. 43, pp. 41-46; January, 1955. 

72 W. V. Christensen and D. A. Watkins, "Helix millimeter-wave 
tube," PROC. IRE, vol. 43, pp. 93-96; January, 1955. 

73A. Nordsieck, "Theory of the large-signal behavior of traveling. 
wave amplifiers," PROC. IRE, vol. 41, pp. 630-637; May, 1953. 
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Fedb) = efficiency reduction factor due to the cir-
cuit loss, 

=efficiency reduction factor due to beam 
thickness, 

F3(S) =efficiency reduction factor due to velocity 
spread of the beam, 

F 4(R) = efficiency reduction factor due to reflec-
tions, 

G= efficiency parameter defined by (4), 
/0= average convection current of the beam, 

i(z) = rf convection current of the beam, 
Ldb= total uniform circuit loss in decibels, 
L = length of circuit, 

P(z) = power on the circuit at the plane z, 
Pay = power output obtained from the average 

value of C, 
QC = space-charge parameter defined by Pierce, 
R =reflect:on coefficient defined by (33), 
S= electron beam velocity distribution pa-

rameter, 
Vo = dc beam voltage, 

V(z) = rf circuit voltage at the plane z, 
y =2rCN = length parameter defined by 

Pierce, 
z= distance parameter of one dimensional 

model, 
a= attenuation constant of the circuit, 
= cold circuit propagation constant, 

ea= propagation constant of the electron beam, 
e= incremental propagation constant, 
=incremental propagation constant defined 
by (9) 

p = reflection coefficients, 
= frequency of oscillation in radians per 
second, 

cog = reduced plasma frequency in radians per 
second, 

n = over-all efficiency, 
no(QC) = basic efficiency as a function of space 

charge. 

GENERAL METHOD OF SOLUTION 

The calculation of efficiency of a one-dimensional, 
lossless backward-wave oscillator is based on the as-
sumption that the oscillation level of the tube is limited 
by the saturation of the beam current. The degree of 
saturation is assumed by specifying the relationship be-
tween the magnitude of the rf portion of the convection 
current and the dc portion of the convection current at 
the collector end of the interacting structure. At least 
two logical values may be assumed. One corresponds to 
the assumption that the beam has no harmonics and has 
the appearance of a sinusoid plus a constant value where 
the components have magnitudes at the collector end of 
the structure given by 

= /o, 

which is a choice which will be used to a large extent in 

the following. Another value of special interest which 
will be used to a smaller extent is based on the maxi-
mum theoretical value which the fundamental rf com-
ponent can have with reference to the dc component. 
This maximum value occurs when the waveform con-
sists of a series of equally spaced delta functions and has 
equal-amplitude harmonics related to the steady com-
ponent by 

i = 2/0. 

In general the value i = /o will be used for reasons which 
will become evident later. 
The definition of C will be used to determine the value 

of the rf power on the circuit of the backward-wave 
oscillator. The efficiency may be written thus: 

P(0) I E(0)1 2 1 
no = 

'OTTO 1702 802C3 
(2) 

The efficiency is determined from (2) by relating E(0) 
and i(L) which is easily accomplished by relating the re-
spective waves of the convection current and the circuit 
electric field from the linear theory. Thus, the convec-
tion current may be written in the following manner: 

loG 
i(L) — j 2 V0C2a. E(0), (3) 

where G has the definition given below 

G 
[ eivEi elvt2 

=   cei — e2)(ei — e3) — zi)(z2 — e3) 
eivE3 

+  eixe. — E2) (4) 

Then letting the current at the collector be equal to the 
dc current /0 and solving for E(0) from (3) we obtain 

2V0C2,3,, 
E(0) = j G (5) 

Eq. (5) may be substituted into the efficiency relation 
given by (2) with the following result: 

no = 21G12 

Eq. (6) represents the general expression for efficiency. 
The efficiency may be found by substituting into (6) the 
value of G as defined by (4) and as determined from the 
start oscillation condition. We should note that the 
efficiency relation will hold for various conditions pro-
viding that the correct values of the roots for any given 
degree of space charge are substituted into (4). As an 
example for the space-charge case the E's are the three 
roots of the equation 

+ bE2 — 4Qcz — 4QCb + 1 = 0. (7) 

Thus it should be observed that the E's used here differ 
from Pierce's es by the quantity j. The general equa-
tions (4) and (6) will be used throughout this paper. 

(6) 
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EFFICIENCY FOR LARGE SPACE CHARGE 

In order to solve (6) for large space charge and small 
C it is necessary to determine the behavior of the roots 
and to evaluate both 2irCN and 1G1 2. One important 
equation for large space charge which will be demon-
strated in this section for start oscillation is given as 

b V4QC. (8) 

The roots of (7) for this value of b all have approxi-
mately the same magnitude for large space charge so 
that a simplification results from the substitution 

(9) 

which will separate the two equivalent roots. Substitut-
ing (9) into (7) yields 

à' — 2b,à2 (b2 — 4QC)3, + 1 = 0. (10) 

If the real root of ( 10) is called Ai, then the other two 
roots may be written approximately as follows: 

— 

àà3 2b. (11) 

Substitution of these approximate roots into the equa-
tion for start oscillation leads to the conclusion that 

yàr (12) 

which result depends on the assumption that Ai is much 
smaller than b. This assumption will be justified later. 
However, substituting AI into ( 10) and applying the 
same assumption along with (8) yields the result 

1 = 2M12. (13) 

Combining (8), ( 12), and (13) leads to the conclusion 

T 2 

(2irCN)2 = y2 = —N/ 4QC . (14) 
2 

The validity of (8) may now be verified by constructing 
(10) from the roots of ( 11) and noting that 

b2 — 4QC = 1112. (15) 

Eqs. (12), ( 13), and ( 14) are consistent only where ii 
decreases with an increase of b. Thus the basic assump-
tion given by (8) is consistent with the oscillation con-
dition. By means of (8), ( 11), and (14) the evaluation of 
1G1 for large space charge may be carried out and the 
corresponding efficiency becomes 

= 4QC 
q 

3 (16) 

where co, is the reduced plasma frequency and 41 is the 
frequency of oscillation. We should realize that ( 16) is 
based on the conditions which exist at start oscillation 
where the start oscillation conditions are satisfied. At 
this point b has the value given by (8). It should be 
pointed out that although the same result is obtained 

with a similar saturation assumption for a traveling-
wave tube," a backward-wave oscillator with large 
space charge is found experimentally to adhere much 
closer to this theoretical value. 

It is interesting to note that the waveforms which 
exist on a backward-wave oscillator for large space 
charge may be written in analytic form. The current 
waveform is given by 

TZ 

i(Z) = i(L) sin — 
2L 

whereas the circuit field waveform is given by 

E(z) = E(0) cos —  
2L 

(17) 

(18) 

Examination of these functions shows that the beam is 
bunched to the maximum extent when the field is zero 
and conversely the convection current is zero when the 
field is maximum. This situation is entirely different 
from that which exists in a traveling-wave tube where 
the convection current and the circuit field both in-
crease exponentially at the same rate. For this reason 
the efficiency of a backward-wave oscillator may be ex-
pected to be less than a comparable traveling-wave tube 
operating at the point of maximum gain. 

THEORETICAL EFFICIENCY FOR SMALL 
SPACE CHARGE 

From (4), (6), ( 7), and the oscillation condition, it is 
possible to solve for the efficiency for any value of space 
charge. For example, at zero space charge where 

b = 1.52 

y = 2irCN = 1.97, 

we obtain the efficiency 

= 0.21C. (19) 

Fig. 1 was obtained by plotting this point and others 
where the assumption of equivalence between the rf con-
vection current and the dc beam current is made. It is 
consistent with Pierce" to suppose that at zero space 
charge the efficiency will more nearly be given by multi-
plying the result given by (19) by four to obtain 

no = 0.84C, (20) 

which is equivalent to the assumption that i = 21.0. The 
ripples shown in Fig. 1 occur because of ripples which 
exist in the magnitude of the convection current as func-
tions of distance and space charge. The process of 
setting the rf convection current equal to the dc beam 
current causes ripples to exist in the efficiency curve. 
For (.44,/e.oC> 1 the ripples are seen to vary about the 
value given by (16). It is important to note that the 
presence of the ripples is a result of the linear theory and 
could hardly be expected to occur in actual tubes. 

14 Pierce, op. cii., Chap. XII. 
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05 10 I 5 20 25 

Fig. 1—Theoretical curve of n/C vs 04/c0C obtained from linear 
theory with the assumption that the electron beam at the col-
lector saturates at a value of i= /0. 

PROBABLE EFFICIENCY AND 
EXPERIMENTAL RESULTS 

Summarizing the results of the previous 
find that for zero space charge 

no C 

and for the large space charge 

Wq 
no r•d, 

sections we 

In the region between zero space charge and large space 
charge we should expect the efficiency to depend on both 
C and wq/w. 

Experimental verification of the large space charge re-
lation was obtained with a tube designed by J. L. Putz 
and W. R. Luebke of this laboratory. Fig. 2 shows plots 
of efficiency vs frequency for beam currents of 250 and 
150 ma. The theoretical values of co,/ca are also shown in 
Fig. 2. The close agreement which was achieved between 
the theoretical curves and the experimental curves was 
gratifying. 

Points which were obtained from a number of tubes 
at various frequencies are shown in Fig. 3. The cluster of 
points leads to the combined theoretical and empirical 
curve shown also in Fig. 3. This curve will be subse-
quently called the "basic" efficiency curve and the pro-
cedure used to predict efficiency will be based upon this 
curve and upon the correction factors subsequently de-
scribed. Experimental results indicate that the "basic" 
efficiency curve may be used when the beam current is 
more than two times the starting current. 
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Fig. 2 —Comparison of theoretical and measured efficiency of Putz 
and Luebke's tube operating at 150 and 250 ma. 
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Fig. 3—Comparison of the experimental results obtained for the 
efficiency of a large number of backward-wave oscillators and 
theoretical results presented in this paper. A probable efficiency 
curve is drawn for the best agreement between the theory and 
experiment and is called the "basic" efficiency curve. 

EFFICIENCY REDUCTION DUE TO 
CIRCUIT Loss 

On a lossy structure it is reasonable to suppose that 
the output of a backward-wave oscillator is reduced be-
cause the energy is not transferred to the circuit at the 
output terminal but must travel through at least a por-
tion of the lossy structure. The reduction in efficiency of 
an oscillator with uniformly distributed circuit loss is 
determined in this section by reducing each increment of 
power according to the amount of loss which it en-
counters. The magnitude of the field on a structure with 
large space charge is given by ( 18) which is not greatly 
different from the waveform for small space charge. 
From ( 18) power on the structure can be expressed as 

irz 
P(z) = Pout(0) cos2 — • 

2L 
(21) 

The rate of change of the power with z is found by 
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Fig. 4—Theoretical efficiency reduction factor for the case of uniform 
circuit loss. The experimental points were furnished by W. A. 
Harman. 

differentiating (21) with respect to z: 

dP(z)  ir rrz 
 — —  dz 2L Fout.(0) sin — • (22) 

The ratio of transfer of power from the beam to the line 
is seen to be a sinusoidal function with a zero occurring 
at both ends of the structure and most of the transfer 
taking place at the midpoint. This condition may actu-
ally he suspected from the nature of the field and current 
waveforms. A rough approximation may be obtained by 
considering that all the power orginates in the center of 
the backward-wave oscillator and traverses one half the 
length of the structure in reaching the output terminal. 
This approximation yields the result 

F1 = exp (- 0.115L db). (23) 

We should expect (23) to approximate the true result. 
To analyze the problem more exactly we can attenuate 
all elements of power according to their origin on the 
line. This procedure yields the result 

cosh (0.115Ldb) 
= exp (- 0.115Ldb) 

1 -F 0.230Ldb"ir y 
(24) 

which is the exact solution. It is apparent that the ap-
proximate result appears with a modifying correction to 
take account of the fact that all the elements of power 
do not originate at the midpoint of the structure. The 
resulting function of F1 versus loss Ldb has been plotted 
in Fig. 4. Also shown are experimental points provided 
by W. A. Harman of this laboratory. The experimental 
points were positioned to obtain the best fit to the theo-
retical curve inasmuch as the loss could not be com-
pletely removed from the oscillator so that the no-loss 
point could not be determined. The good agreement be-
tween the measured points and the theoretical curve is 
indicative of the fact that the effect of distributed loss 
on efficiency can be predicted by (24) or Fig. 4. 

EFFICIENCY REDUCTION FOR A THICK BEAM 

In a backward-wave oscillator with a thick beam such 
that the rf electric field varies across the beam cross sec-

FFICIENCY REDUCTION FOR A THICK BEAM 

In a backward-wave oscillator with a thick beam such 
that the rf electric field varies across the beam cross sec-

VALID FOR O ». Bt 

o 

HOLLOW BEAM BEAM THICKNESS - Of 

Fig. 5—Theoretical efficiency reduction factor for a thin hollow beam 
where fields vary as /,( 3r) or /0(er) and igt>>el. 

tion we might expect the magnitude of the saturation 
convection current of an element of the beam to be pro-
portional to the electric field which acts upon this beam 
element. It is consistent with the assumption of current 
saturation to assume that the saturation of the element 
of the beam which lies in the region of highest impedance 
will control the degree of saturation of the rest of the 
beam. These two assumptions have been used in the 
analysis which follows. The application of these assump-
tions leAs to the relationship given below in which each 
element n of the beam is assumed to have an efficiency 
lb, which may be written as follows 

KKmax 

where the uncorrected efficiency no(Qc), as determined 
from the space charge parameter ce,/ce and the average 
value of C, is the same for all elements n of the beam. 

It is convenient for a thick beam to use Fig. 3 to de-
termine a value for the efficiency based on the average 
value of C and then correct this value by an amount de-
pending on the beam thickness. This procedure makes it 
possible to use the same value of impedance to compute 
both the starting conditions and the uncorrected effi-
ciency. The correction factor Fr, is defined in the follow-
ing manner: 

= n0(QC) —  

E nnin 
P „ 

F2 = =  
Pa. no(QC)ir 

(25) 

(26) 

The combination of (25) and (26) leads to the general 
conclusion that 
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1 
Ob>>1. A similar procedure for a solid beam with radius b 

and with the electric field varying as /0(er) yields the 
relation 

I imb) F2(0) = 1 o2(0) (29) 

which has been plotted in Fig. 6. These reduction factors 
can be used to compute the efficiency when the beam is 
thick and where the C has been computed in the usual 
small-signal manner. Fig. 5 for a thick hollow beam has 
been successfully used to compute the output power of a 
hollow-beam backward-wave oscillator built by L. A. 
Roberts of this laboratory. A comparison of the theo-
retical and measured power output for this oscillator is 
shown in Fig. 7. The agreement between the curves is 
well within the known accuracy of the tube parameters. 
It should, however, be noted that the theoretical curve 
of Fig. 7 includes the correction for the uniformly dis-
tributed circuit loss as given by Fig. 4. 
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Fig. 6—Theoretical efficiency reduction factor for solid beam 
where the field varies as Me). 

FREQUENCY - K14c/S. 

Fig. 7—Comparison of measured and theoretical power output 
where correction was made for the thickness of a hollow beam. 
The experimental data were furnished by L. A. Roberts. 

EFFECT OF THE VELOCITY SPREAD OF THE BEAM 

In an electron beam focused by means of an axial 
magnetic field uniform through the cathode, the dc 
velocity of the electrons varies over the beam cross sec-

tion. This variation is caused by the potential depres-
sion produced by the charge of the electrons. Thus some 
elements of the beam travel faster than other elements 
and the synchronous beam voltage is not clearly defined. 
Under these conditions Watkins and Rynn" have shown 
that velocity spread in traveling-wave devices has an 
effect similar to space charge in the region of operation 
where linear theory applies. It was suspected that linear 
theory could not be extended in this case to the region 
of nonlinearity. No reasonable theory has been de-
veloped to predict the effect of velocity spread of the 
electrons of the beam on the efficiency of backward-
wave oscillators. This section concerns an experimental 
approach to the problem. An actual backward-wave 
oscillator was modified to make possible a measurement 
of the effect of velocity spread on efficiency. 

Fig. 8—Photograph of the 500-1,000 Inc backward-wave oscillator 
used to measure the effect of velocity spread on the efficiency. 
The oscillator used a hollow electron beans placed close to the 
helix. 

This measurement was performed on the backward-
wave oscillator shown in Fig. 8. The beam was 0.005 inch 
thick and was spaced about 0.005 inch from the helix 
which was about 1.3 inches in diameter. This normal ar-

rangement was modified by inserting a 0.5 inch diameter 
cylinder down the axis of the tube, as suggested by 
P. D. Lacy" of the Hewlett-Packard Co. The cylinder 
could be operated at any desired voltage with respect 
to the helix in order to introduce artificially a velocity 
spread to the electrons of the beam. In order to obtain 
meaningful data all of the parameters of the tube were 
held constant except the helix voltage and the cylinder 
voltage. The frequency was maintained constant by 
adjusting both the helix and cylinder voltages to keep 
the "average" beam voltage constant. Measurements 
were made at five different frequencies across the band. 
The measured data are shown in Fig. 9 (next page) 
where the reduction in power output expressed by Fs(S) 
is plotted against the parameter 

( AV )2 
S —   , C "='`.-f 0.06 (for these measurements) 

4CV0 

which was introduced by Watkins and Rynn." Since the 

D. A. Watkins and N. Rynn, "The effect of velocity distribu-
tion on traveling-wave tube gain," Jour. Appt. Phys., vol. 25, pp 
1375-1379; November, 1954. 

16 P. D. Lacy, private communication. 
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gain parameter C did not vary for these measurements, 
it could not easily be determined whether the parameter 
S is the correct one to use for the reduction of efficiency. 
The examination of the experimental points led to 

their presentation on semi-log paper where they are seen 
to trace a straight line. The magnitude of the reduction 
down to 10 per cent, although seemingly large, corre-
sponds to a relatively large voltage variation. Thus, at 
S=0.71 the voltage drop across the beam was about 8 v. 
This is quite large when compared to the average value 

of 36 v. The straight line, drawn for the best fit, repre-
sents an empirical curve showing efficiency reduction. 
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Fig. 9—The experimental measurement of efficiency reduction caused 
by velocity spread in the 500-1,000 mc backward-wave oscillator. 
The empirical curve was drawn for the best fit to the experi-
mental data. 

EFFECT OF REFLECTIONS ON STARTING CONDITIONS 

The gain expression for small C, zero space charge, 
and no loss is given by the relation 

V (L) 

v(0) (e. — — e3)(e. + b) 
011E1 

eild2 

(E2 — Et)(E2 — e3)(e2 + b) 

eibEs 
(30) (E3 — w(e3 — 2)(e3 + b) 

The method used to solve for the start oscillation condi-
tion is to set V (L) = 0 and solve (30) simultaneously with 
the root equation 

e + be + 1 = 0. (31) 

A different approach was used to solve for the effect of 
reflections. The equations were solved as a function of 
V (L) / V(0) to obtain the starting parameters when 
V(L)/ V(0) is not zero. The quantity V(L)/ V(0) is the 
ratio between the voltage that is applied at the collector 

end of the transmission line and the output voltage. For 
convenience let us define the ratio as 

V (L) 
Rei° =   

V(0) 

The quantity R is a real number uhich depends on 
the matches at the ends of the tube and the loss of the 
circuit as defined by the relation 

R = P1P2e-", (33) 

where pi and pi are the reflection coefficients and a is the 

attenuation constant. R will be zero when the reflection 
coefficients are zero or the loss is infinite. The method of 
solution was to expand about the point R= 0 for devia-
tions of y and b in the form of a Taylor series: 

Reie f(y, b) 

= j(1.97, 1.52) -I- fi,(1.97, 1.52)Ay 

b(1.97 , 1.52)Ab. 

(32) 

(34) 

The first term of the series is identically zero, and only 
the first-order effects have been included to make the 
problem soluble. For convenience let us define 

fi,(1.97, 1.52) = Ael«. 

fb(1.97, 1.52) -= Bei (35) 

Then separating (34) into a real and an imaginary equa-
tion and solving simultaneously yields the result 

R sin (/3 — 0) 
Ay =   

A sin (/3 - a) 

R sin (a - 0) 
-   
B sin (a — ti) 

It has been demonstrated here that if we find the value 
of.4(1.97, 1.52) and fb(1.97, 1.52) then we can write ,Ay 
and A b in analytical form to give the variation for 
values of R> 0. From (36) and (37) we see that 6,3, and 
àb are sinusoidal functions of 0 with amplitudes which 
are proportional to the value of R. Thus we see that the 
effect of reflections, at least on the starting conditions, 
should be sinusoidal in nature and should vary about the 
mean position which would exist in the absence of the 
reflections. The evaluation of f„(y,b) at the point 
y=1.97 and b = 1.52 where the E's are given by (31) 
yields the result 

(36) 

(37) 

A = 1.53 

a = 223 degrees (38) 

and the evaluation of fb(y,b) at the point y=1.97, 
b = 1.52 yields the result 

B = 1.045 

= 296.7 degrees. (39) 

The results given by (38) and (39) may be substituted 
into (36) and (37) to give the absolute magnitude of ,ay 
and àb 
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Ay I = 1.68 R 

àb1 = — 1.00 R. 

(40) 

(41) 

These values represent the mathematical solution of the 
problem. From (40) we can obtain 

A/0 

bo 

which is the desired result expressing the change of 
starting current as a function of R. From (36) and (42) 
we can see that A/0//0 is a sinusoidal function with an 
amplitude R which shows that the starting current 
/0 +A/0 varies in a sinusoidal manner about a mean 
position /0 corresponding to the starting current in the 
absence of reflections. 
A similar expression for the frequency variations may 

be obtained from the definition of b as given below: 

— R (42) 

At' i Vo df 
 = 2CR— - 
f f dVo 

(43) 

where C is the gain parameter, Vo is the beam voltage, 
and df/dVo is the tuning rate. On a helical structure (43) 
may be written as follows: 

{  
= CR(1 — ka). (44) 

It has thus been possible to find analytic relationships 

14 = 

Then substituting from (45) we obtain 

1 
=   
! 2Go 2G2, 
; 1 + Ab + — Ay 
, Go Go 

By substituting (36) and (37) into (47) we obtain 
which expresses F as a function of R and O 

F4 -
1 

2R b sin (a-0) G„ sin (13-60 

L 
1+ 
Go B sin (a — 13) A sin (0 — a)_1 

(47) 

(48) 

(48) 

The maximum or minimum value of F can be found 
easily when the second term of the denominator is less 
than unity. For this case it is approximately true that 
the components which are at right angles with unity are 
negligible and only the real part of the second term is 
important. To simplify the expression let us define 

B3 = Real Part [G-1 (49) 
Go 

As = Real Part [G-1 . (50) 
Go 

The definitions given by (49) and (50) may be substi-
tuted into (48) and the correction factor may be ex-
pressed in the following manner: 

1 

1+  2R— [ A' AB 
B32 A32 A3133 
+—+ 2  cos 

sin (a Li) 
(a — 131 cos (0 + Bo) 

i  

for the magnitude of the variations of starting current 
and frequency as a function of the reflection parameter 
R. Both (42) and (44) have been verified experimentally 
by measurement on the tube of Fig. 8 with the value of 
C at start oscillation used in the comparison with (44). 

EFFECT OF REFLECTIONS ON THE EFFICIENCY 

It has been observed that poor matches on a back-
ward-wave oscillator produce variations in the power 
output and hence in the efficiency. In a manner similar 
to that used to determine the effect of reflections on the 
starting conditions the effect on the efficiency will be 
determined in this section. For this case the efficiency 
must be determined as a function of Ab and 4. 

Let us define the relation 

G = Go + GbAb GIAY, (45) 

where Go is the value of G without reflections corre-
sponding to zero space charge, and GO and G, are the 
partial derivatives of G with respect to b and y, respec-
tively, evaluated at y = 1.97 and b = 1.52. Let us define a 
correction factor F as follows 

n I G01 2 
= =   
no 1G1 2 

(46) 

(51) 

where Oo is the phase at 0 = 0 and is unnecessary to the 
present treatment. The efficiency is seen to vary in a 
sinusoidal manner about the mean position with the 
maximum efficiency and the minimum efficiency oc-
curring when cos (0+00) = + 1. Since values of A and B 
are already available, it is only necessary to evaluate 
A3 and B3. The parameters of (49) and (50) may be 
evaluated at the point y = 1.97 and b = 1.52 to yield the 
results 

Gy(1.97, 1.52) = 1.227 e1291.3 dove« 

Go(1.97, 1.52) = 1.00 e1191'5 degree° 

Go(1.97, 1.52) = 1.53 e1318 degrees 

(52) 

(53) 

(54) 

Using (49) and (50) we may then evaluate A3 and B3 by 
substituting the results contained in (52), (53), and 
(54). Finally, from (51) we obtain the equation for the 
reduction factor 

F4 1 -I- 1.42 R cos (0 + On). (55) 

The reduction factor does indeed vary in a sinusoidal 
manner about the zero reflection case. All of the previ-
ous work has been based on the assumption that 

1.42 R« 1, 
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ereby restricting the region of validity of the result 
ven by (55). No quantitative experimental verification 
(55) has been made although qualitative agreement 
s been observed. 

CONCLUSION 

The results presented in this paper enable the designer 
a backward-wave oscillator to predict the efficiency 
.d output power at the time of the initial design. Thus 
ckward-wave oscillators can now be designed not only 
L the basis of whether they will oscillate but also on the 
.sis of how much rf power they will produce. The effect 
the important parameters which control the effi-

:ncy has been presented. The effect of space charge has 
•en considered to be the primary factor and all other 
ctors have been considered to produce corrections to 
is basic efficiency. The basic efficiency no may be ob-
ined from Fig. 3 when the value of the space-charge 
.rameter QC is calculated. The correction factors, F1, 
, and Fa for circuit loss, beam thickness, and velocity 
read are presented on Figs. 4, 5, 6, and 9, respectively. 

By making use of these curves the designer can obtain a 
reasonably accurate value for the efficiency. If the 
matches are imperfect then the magnitude of the varia-
tions in efficiency can be obtained from (55). Eqs. (42) 
and (43) also permit the designer to calculate the mag-
nitude of the variations in the starting current and the 
frequency. These results therefore permit the design of 
backward-wave oscillators with considerably more con-
fidence than was formerly possible. 
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rhe Effects of Junction Shape and Surface Recombina-
tion on Transistor Current Gain—Part II* 

K. F. STRIPPt AND A. R. MOOREt 

Summary—Previous work demonstrated the importance of sur-
:e recombination and junction shape on the transistor current 
iplification factor a by means of a two-dimensional conducting 
per analog.' This is now extended theoretically and experimentally 
other cases which are also of practical importance. 
Exact analytical solutions have been obtained for the collector-
lase current amplification factor, ad„ for plane-parallel (grown 
action) transistors of rectangular and round cross section including 
dace and volume recombination. For the case in which the surface 
aombination velocity s is small and the volume lifetime r is large, 

ese equations reduce to 

s T  ceb = (— —y 
K r 

'ere K and T are geometrical constants simply related to the base 
dth W and the cross-sectional area. The range of validity of this 
uation has been investigated. 
For the more complex geometries usually found in alloy transis-

s, .rrb is found to be of the form: 

= + -71)-1 [l + F(T, 
K T 

aere K and T are again geometrical constants. F(T, s) is a small 
sitive correction term which goes to zero as s approaches zero and 
ipproaches infinity. 
Although the constants K and T are not readily evaluated ana-

:ically, in most practical cases volume recombination can be neg-
ated, and then 

Ote = — [ 1. f(S)]. 
S 

By means of a three-dimensional electrolytic conductance analog, K 
and f(s) have been evaluated for various geometries typical of alloy 
junction transistors. Since f(s) is small, the constant K serves as a 
geometrical figure of merit against which various emitter-collector 
configurations can be judged. The most striking result of this study 
is that for a given minimum junction spacing Wand given emitter and 
collector diameter, the value of K, and hence arb, can be varied over 
a considerable range by changes in emitter and collector penetration. 

In particular, the highest figure of merit is obtained by combining 
essentially nonpenetrating emitters (i.e., lying on the wafer surface) 
with collectors which penetrate as far as necessary to give the re-
quired minimum spacing W. 

INTRODUCTION 

T
HIS PAPER presents an extension, both theo-
retical and experimental, of a study reported in a 

  previous paper.' In the theoretical portion the 
general analytical approach to the determination of the 
fate of injected minority carriers in semiconductor de-
vices, in the steady state, is formulated. It is carried to 
explicit solution for certain simple geometries, corre-
sponding to transistors of the grown junction type with 

* Original manuscript received by the IRE, April 6, 1955. 
J. On A T ...... ..... T.J T 

1A. R. Moore and J. I. Pankove, "The effect of junction shape 
and surface recombination on transistor current gain," PROC. IRE, 

A', nnl_ni 2. IOTA T 
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rectangular or circular cross section. In the case of 
geometrically more complex structures, such as the alloy 
junction TA-153 transistor,' an implicit perturbation 
treatment is applied to deduce the general form to 
which the dependence of current gain on the surface re-
combination velocity and bulk lifetime must reduce for 
small values of the former and large values of the latter. 
These results prove of considerable use in analyzing the 
experimental findings. 
On the experimental side, the conductance analog 

introduced in Part I is made three-dimensional by an 
adaptation of the familiar electrolytic tank. In this way 
it is possible to deduce the transistor current gain a di-
rectly from measured tank currents, and field plotting is 
then unnecessary. This represents a large saving in ef-
fort and an increase in accuracy, once the tank has been 
properly constructed. Presented here are the results of 
such an analog survey of the TA-153 alloy transistor, 
carried out to establish the dependence of a on surface 
recombination velocity and certain geometrical factors 
in this device. It is found that the shape of the junctions 
is quite important in this regard; for a given minimum 
emitter-collector separation, flatness (small penetration) 
of emitter offers considerable advantage in limiting loss 
of minority carriers due to surface recombination. 

FORMULATION OF THE PROBLEM 

The fate of injected minority carriers in semicon-
ductors is of concern in numerous important instances, 
both from the theoretical and the practical points of 
view. This paper deals with the particular case of in-
jected minority carriers in junction transistors when the 
system is in the steady (time independent) state and 
when the motion of the carriers is diffusion controlled. 
For simplicity of expression, the text will speak of holes 
in p-n-p devices and will denote by P the excess hole 
density in the n-region. The results will be equally valid 
in the n-p-n case, by suitable interchanging of electrons 
for holes and use of the applicable diffusion coefficients. 

In general, the emitter current of the p-n-p transistor 
shown schematically in Fig. 1 consists of holes injected 
into the base and electrons flowing from the base into 
the emitter. Since in alloy transistors the emitter section 
has very high conductivity compared to the base, the 
emitter current consists almost entirely of holes.' It will 
be assumed that the number of holes injected per second 
into the base at the emitter constitutes the entire emitter 
current h. Those holes which survive the trip to the 
collector comprise the collector current I. Some, how-
ever, are lost by volume recombination in the base re-
gion. Their total number per second is designated as the 
volume current, I. Still others are lost by surface re-
combination at the free surface of the base region. This 

2 R. R. Law, C. M. Mueller, J. I. Pankove, and L. Armstrong, 
"A developmental p-n-p junction transistor," PRoc. IRE, vol. 40, 
p. 1352; November, 1952. 

3 Moore and Pankove, op. cit., p. 907; and W. Shockley, "Elec-
trons and Holes in Semiconductors," D. Van Nostrand and Co., 
New York, N. Y., p. 102; 1950. 

total number per second is designated as the surface 
current, h. These currents are related by 

Ic = ± + (1) 

and the sum of the volume and surface currents consti-
tutes the base current, Is. 

Ib -I-

Fig. 1—Schematic representation of an alloy transistor. 

(2) 

Two particular ratios of currents are of interest in 
transistor performance: 

le I b acb 

at, = = 1 
IC I e 1 ± acb 

Ic acc 
ab = = 

y b 1 — 

(3) 

(4) 

and it is the purpose here to extend the study, begun in 
Part I, of the dependence of these quantities on surface 
recombination velocity, bulk lifetime, and geometry. 

In the diffusion controlled steady state, the behavior 
of the system is contained in the differential equation.' 

DV2P — — = 0; in the base volume, 

subject to the boundary conditions: 

—> —› 

—DVP•n = sP; at the free base surface, 

P = Pc; at the emitter junction surface, 

P = 0; at the collector junction surface. 

(5) 

(6) 

(7) 

(8) 

Here D is the diffusion constant for holes, r the bulk 

lifetime, s the surface recombination velocity, and n the 
unit surface vector. The desired currents for evaluating 
(3) and (4) are then certain surface and volume inte-
grals of the solution of these equations, i.e., 

lc = qD f I VP I dcr; over emitter junction surface, 

= qD f 1VP I de; over collector junction surface, 

Moore and Pankove, /oc. cit.; and Shockley, op. cit., p. 320. 
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q 
I, = — f PdV; over the base volume, 

I„ = qs f Pder; over free base surface. (12) 

Here q is the charge of a hole. 

SOLUTION FOR SPECIAL CASES 

Eq. (5) with its boundary conditions (6), (7), and (8) 
can be solved explicitly for certain geometrically simple 
cases.' Here the computed ac., for two of these is pre-
sented, leaving the mathematical details for the Ap-
pendices. These geometries correspond to grown (flat) 
junction types with circular and rectangular cross sec-
tions, respectively. 

For the circular case, with the emitter-collector 
spacing W and cross-sectional radius R, 

a,.. = 1 - 

E an tanh w -Vn2+ R2/D1 
2R 

; ( 13) 

E an coth Vn2 -F R2/Dri 

where the sums are over all the successive positive roots 
of an equation involving the zeroth-order Bessel func-
tion, Jo; 

and where 

Rs 
nJo'(n) D Jo(ti) = 0; 

an - 
N/ n2 + R2/ Dr 

n2(no Ros2/D2) 

Similarly, for the rectangular case, with cross sec-
tional dimensions 2a and 2b,6 

(14) 

(15) 
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Fig. 2—Comparison of theoretically computed current gain and meas-
urements in the tank of Fig. 3. The abscissa gives surface re-
combination velocity s in terms of the linear scale-up factor k. 

a ns = 

sin2 mb 

m2b — cos' mb 
D 

(18) 

As a special case of ( 16), let s-->0 on the face y = b, and 
let 'T --> CO (no volume recombination). This gives the 
result for a "two-dimensional" transistor in which vol-

E E a.a„..N/n2 + m2 ± 1/Dr tanh [—W N/n2 m2 -I- 1/Dr] 
n m 2 

ace = 1   
E ana,,,/n2 ± m2 ± 1/Dr coth [Ws/n2 ± m2 ± 1/Dr] 
n tn 

where the sums are over all the positive roots of the 
equations 

n tan na = 
D 

and where 

an = 

m tan mb = — 
D 

sin2 na 

n'a — cos' na 
D 

(17) 

6 Geometrically simple means here structures in which emitter, 
collector, and base surface are each individual co-ordinate surfaces 
in an orthogonal co-ordinate system. 

6 A mathematically equivalent solution to this problem has been 
presented by E. S. Rittner, "Extension of the theory of the junction 
transistor," Phys. Rev., vol. 94, p. 1161; 1954. See also reference 13. 

(16) 

urne recombination is negligible: 

E na,, tanh (j-t-M7) 
2 

(19) 
E na,, coth (nW) 

In the experimental part of this bulletin, the result 
(19) is compared with measurements in an electrolytic 
tank. The behavior of this series is depicted in Fig. 2, 
above, for a particular choice of W and a. 

PERTURBATION APPROACH 

In geometrically complex arrangements, such as the 
TA-153 alloy junction transistor, explicit and analytical 
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solution has not been achieved.7 Nevertheless, interest-
ing general results can be deduced for such structures by 
a somewhat implicit use of the perturbation (iteration) 
approach. Assume that when there is no volume or sur-
face recombination (r = œ, s = 0) the solution to (5)—(8) 
is P°. When both recombinations are present, a first 
approximation, whose validity is related to the largeness 
of r and the smallness of s, consists of substituting P° 
into (9)—(12) to compute the currents. The integrals are 
then independent of r and s, and lead to 

or 

where 

and 

T s 
a,. 1 - —  - —  

T K 

-1 
acb E  ; 

r K 

T - 

K -1 _ 

f„P°dV 

Df I VP° I do 

where Z is the distance from the emitter. Then the 
integrals required in (22) and (23) are 

I, 
= P.— X cross-sectional area, (26) 

2 

fe 
1 IV P° dcr = P.— X cross-sectional area, (27) 

edcr = P6-2 X cross-sectional perimeter, (28) 

for both these cases. Consequently, the approximate 
(20) 

form (20) becomes 

(21) 

(22) 

(23) 

P VP° I de 
e 

are certain geometrical factors. 
The approximate expressions (20) and (21) can be 

made formally correct in the following way. The actual 
hole concentration in the volume and on the surface will 
always be smaller than P° when recombination is taking 
place, since P° neglects recombination. Hence the in-
sertion of P° into (11) and (12) progressively over-
estimates the volume and surface currents as r decreases 
and s increases. Thus it can be expected, e.g., that 

IT s\' 
ad, = 7" —  [1 F(r, s)], (24) 

K, 

where F(r, s) is some positive function which vanishes 
as both r --) oc and s—M. The corrected a is similarly 
obtained by using (24) in (3). 

In simple cases one can evaluate the constants T and 
K analytically. As a demonstration one can consider the 
structures for which explicit solutions were obtained in 
the previous section, i.e., plane parallel junctions of 
circular and rectangular cross section. The zero-order 
hole density is 

W - Z 
P°(Z) = P.  (25) 

7 See, however, J. Laplume "Calcul du courant de recombination 
en surface dans le transistor à jonction obtenu par fusion," Corn pt. 
Rend., vol. 238, pp. 1107-1109; March 8, 1954, for an essay in this 
direction. 

W 2s 

2Dr DR 

for the circular cross section; and 

W2 W's 1 1 
ace 1 - — - — 

2Dr D a b 

(29) 

(30) 

for the rectangular. These expressions are just what one 
obtains from the series solutions (13) and (16) by neg-
lecting all but the lead terms and by replacing the re-
maining functions by their small argument power ex-
pansions. 

In more complicated cases, one can seek to evaluate 
the various quantities empirically. The remainder of 
this paper deals primarily with such a study of the 
TA-153. For the most part, it will be assumed that the 
bulk lifetime is sufficiently long so that volume recombi-
nation is negligible. Then (24) becomes 

ab = + RS)] ; F(s) —› 0, s- 0, (31) 

and similarly 

sr 1  
ace = l I. (32) 

KL1 ± f(s) + s/K] 

Both the value of K and the form of f(s) are deduced 
from analog measurements. 

ELECTROLYTIC TANK ANALOG 

In Part I it was shown that the process of diffusion-
controlled minority carrier flow in a semiconductor with 
surface recombination is analogous to field controlled 
electrical current flow in a conductive medium whose 
surface is divided into small, isolated segments (tabs), 
each leaking current to ground through suitable re-
sistors.° The analogs constructed at that time were two-
dimensional, and in order to deduce the three-dimen-
sional result, it was necessary to plot fields and to weigh 
radially the computed local currents. Since that time 
three-dimensional analogs have been constructed by 

s The analogy remains valid when volume recombination is also 
assumed, if one simulates the volume recombinations by introducing 
additional bleeding resistors to ground from a suitably fine grid of 
connections to the interior of the conductor. 
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Fig. 3—Photograph of the electrolytic tank with plane-parallel 
geometry (grown-junction transistor analog). 

adaptation of the familiar electroytic tank. In these the 
desired total currents can be measured directly. 
The analogy between the diffusion and the conduct-

ance devices is given by the equation 

= k • 
AR 

(33) 

where p is the electrical conductivity of the analog 
medium, A is the area of a surface tab, R is the bleeder 
resistance, and k is the linear scale-up factor from the 
semiconductor. Variation in simulated s can be achieved 
by changing either p or R. In covering a wide range of 
values of s, it proves advisable to do both in order to 
keep the over-all resistance of the analog within reason-
able bounds. 
To imitate a surface of constant s, it is not necessary 

that all the tabs have the same size, but merely that the 
product of each tab area by its bleeder resistance have 
the same value. The analogy (33) is strictly valid only 
when the dimensions of each surface tab approach zero 
in any direction in which P changes. In practice, of 
course, one must be satisfied with making such tab di-
mensions reasonably small. The tabs need not be small, 
however, along directions of constant P. When these 
directions are apparent, from symmetry or otherwise, 
the tabs can be taken as long in them as is desirable. 
This fact is used in the construction of the present 
analogs. 

Fig. 4—Photograph of the electrolytic tank with geometry suitable 
for alloy transistor analog. 

Fig. 5—Interior of the electrolytic tank of Fig. 4, showing the surface 
recombination rings and extra interchangeable electrodes. 

Two such tanks have been built and operated; a 
rectangular one for which the analytical solution is 
available, and a more complex one which represents 
typical alloy transistor geometry. These are shown in 
Figs. 3, 4, and 5; and are described in somewhat more 
detail in subsequent sections. Both are lucite tanks 
whose inside dimensions reproduce the outer dimensions 
of the semiconductor base region. Electrolyte solution in 
the tank provides the conducting medium. Surface 
electrodes on the plastic walls were made by an initial 
spray deposit of silver, which was then built up by 
copper electroplating and finally given a light goldplate 
to retard corrosion. The tabs were formed by scribing 
through the metal plate, and each tab was provided 
with an external electrical contact by means of a small 
pin through the plastic. Similar plated surfaces served 
as emitter and collector electrodes in the rectangular 
tank. The curved emitter and collector electrodes in the 
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TA-153 were in the form of detachable inserts, either of 
solid metal or coated plastic depending on their size. 

MEASUREMENT OF CURRENTS 

Fig. 6 is a schematic diagram of the current measuring 
circuit used in conjunction with the tank analogs. A 
10-kc signal of 2 to 10 volts was applied across AB, and 
R, and R„ were each adjusted to give null readings 
against the equal-armed, pure resistive branch RiR2. 
The capacitors C. and C. were tuned to nullify the re-
active components in each of the two tank paths, EC 
and ES. At mutual balance the voltage drop across each 
path is the same, hence the transistor parameters of 
interest, 

I, R. 

I, Re 

R, 
— 1   = 1   

ia ± R, 

(34) 

(35) 

are calculable directly from the bridge readings. 
Since electrolyte solutions decrease in resistivity by 

about 21 per cent per degree C. rise at room tempera-
ture,9 it is necessary either to maintain the tank at a 
fairly constant temperature or to record the solution 
temperature at balance and compute the correction. 
The latter procedure was followed in the present work, 
the correction being applied to the value of s through 
(33). 

RECTANGULAR ANALOG AND RESULTS 

The rectangular tank, Fig. 3, was constructed for the 
purpose of gauging the adequacy of such analog meas-
urements by comparison with values which can be com-
puted analytically. The inside dimensions of the de-
vice are 10 inches by 2 inches by 2 inches. Emitter and 
collector are represented by the two plated, vertical 
faces; their effective size can be varied simply by adjust-
ing the depth of electrolyte in the tank. The tank bot-
tom, which represents the surface of recombination, 
consists of 20 tabs (0.1 inch wide) cut parallel to the 
emitter and collector. Each tab is in electrical contact 
with the insulated terminals of the bleeder resistance 
plug board on the right side of the device. The terminals 
on the left are connected to a common bus bar, which 
represents S in Fig. 6. The illustration shows a set of 
bleeder resistances in place. 
A comparison between measured as and that calcu-

lated from (19) and (4) is shown in Fig. 2 for a 10-inch 
depth of electrolyte. These results were taken with two 
concentrations of solution having resistivities of 2,000 
and 10,000 ohm cm, and with bleeder resistors of from 
1 K to 330 K ohms. Agreement between the analog 
measurement and theory is quite satisfactory. 

g See, for example, M. Dole, "Experimental and Theoretical 
Electrochemistry," McGraw-Hill Book Co., Inc., New York, N. Y., 
p. 101; 1935. 

TA-153 ANALOG 

Fig. 4 shows the TA-153 analog in operating condi-
tion. As in the rectangular tank, the surface tabs are 
again led to the insulated terminals of the bleeder plug 
board on the side of the device and thence through the 
bleeder resistors to the common terminal bar below. 
The protruding central bolt serves both to hold the 
emitter (or collector) in place and to provide electrical 
contact to these electrodes. Thus it represents E (or C) 
in Fig. 6. An opened view of the tank is provided by 

e01.Frits 
ab a • It RG 

ELECTROLYTIC TANK ANALOGUE 
I—  — I 

I "--4 MITTEM 

I I 
I I 
COLLECTOR 

I I 

I I 
L  

SURFACE TABS AND 
BLEEDING RESISTORS 

)C 

Fig. 6—Circuit diagram for measurement of cre. and EEGS with 
the electrolytic tank analog. 

Fig. 5. It shows the emitter and collector inserts in place 
and also the surface tabs, which could be taken here in 
the form of concentric rings in view of the cylindrical 
symmetry. Additional emitter and collector inserts of 
various curvatures are to be seen in the foreground. 

EMITTER 

I Ale  

044 

COLLECTOR 

Fig. 7—Cross section through a typical alloy transistor; X and Y 
measure the maximum penetration of the emitter and collector 
respectively, while W is the minimum separation. 

The nominal dimensions of the TA-153 transistor, de-
picted in section in Fig. 7, are assumed to be: wafer 
thickness, 5 mils; emitter diameter, 15 mils; collector 
diameter, 44 mils; and the emitter and collector junction 
surfaces are idealized as spherical sections. The analog 
was constructed at a scale-up of 200:1; hence the inner 
width of the tank is 1 inch, and the emitter and collector 
inserts are 3 inches and 8.8 inches in diameter. The inner 
length and breadth of the tank were arbitrarily fixed at 
16 inches. Measurements in Part I established that the 
carrier concentration at such distances from the cylin-
drical axis is quite small. For the same reason, recombi-
nation on the thin outer surfaces of the wafer was 
ignored, which means that these tank surfaces were not 
plated. 
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The surface tabs on the emitter side were taken as five 
rings of 0.1-inch width from radius 1.5 inches (emitter 
edge) to radius 2 inches, then ten rings of 0.2-inch 
width, and finally ten more of 0.4-inch width. On the 
collector side nine rings of 0.4-inch width were cut, 
starting at radius 4.4 inches (collector edge). The in-
sulating gap produced by the scribing tool was 0.002 to 
0.004 inch. 

Previous work with the two-dimensional analog had 
demonstrated the importance of maintaining a large 
ratio of collector-to-emitter diameter. In the present 
work the geometrical variation studied most extensively 
was the emitter-and-collector penetration, i.e., the 
radii of curvature of the junction surfaces. X and Y 
denote the maximum emitter and collector penetration 
respectively, and W the minimum emitter-collector 
separation, Fig. 7. With these conventions established, 
the device geometry can be specified by the sequence 
X:W:Y; for example, 1:2:2 denotes such a TA-153 
structure with 1 mil maximum emitter penetration, 
2 mils minimum gap, and 2 mils maximum collector 
penetration. 
The analog was arranged to represent n-type ger-

manium, with D„ taken to be 44 cm2/sec. For con-
venience a standard set of bleeder resistors, R*, was 
chosen, of such size that the magnitude of s in cm/sec 
equals half the magnitude of the electrolyte resistivity 
in ohm-cm: 

si = (36) 

By (33) this required the R for each ring to satisfy 

AR* = 17,600 ohm-cm2, (37) 

A being the ring area. Additional sets of bleeders were 
prepared so that 

Re = IR*; t = 2, 5, 10, 20, 50, 100, 200. (38) 

With these, 

(39) 

Measurements were made using all these bleeders in 
conjunction with two concentrations of electrolyte 
having resistivities of 20,000 and 3,000 ohm-cm respec-
tively. In this way the range of s up to 10,000 cm/sec 
was surveyed. The results are presented and discussed in 
the following sections. They are not limited to n-type 

germanium devices, but can easily be applied to a ma-
terial with minority carrier mobility D cm2/sec by re-
normalizing s as follows: 

D 
s = s(n — G.) X — • 

44 
(40) 

RESULTS 

The dependence of ao, and ad, on s has been measured 
in this analog on fifteen geometrical variations of the 

TA-153, comprising all the compatible combinations of 
integral values of X and Y from 0 to 4 mils. Fig. 8 shows 
a plot of the experimentally determined values of a„ 
against ln s for the case, 1:2:2, in both the forward and 
the reverse directions. Fig. 9 shows In ad, against In s for 
the same structure. Similar plots are obtained in all in-
stances. 
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Fig. 8—cr‘„ as a function of s for a typical alloy transistor with 
X=1 mil, W=2 mils, and Y=2 mils. 
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Fig. 9— ad, as a function of s for the same geometry as in Fig. 8. 
The dashed line shows the linear approximation Crb = Ks-'. 

Analysis of the results along the lines suggested by 
perturbation theory, (31), discloses that in this general 
geometry and up to the maximum value of s investi-
gated, 10,000 cm/sec, the dependence of ad, on s in the 
forward direction is very adequately represented by an 
equation of the form: 
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acb = - [1 + (41) 

where K and b are geometrically dependent. The values 

of these parameters for the geometries investigated are 
shown in Table I. A typical comparison between the 
experimental ced, and those computed from (41), for the 

case 1:2:2, is contained in Table II. 

TABLE I 

CURRENT GAIN IN TA-153; X : W: Y (FORWARD) 

a,b = - Li + bN/71 
S 

\ W 

x 

o 
2 
3 
4 

2 3 4 

49,470 
22,500 
14,900 
10,730 
7,370 

19,170 
11,160 
9,410 
6,230 

11,230 
8,640 
5,580 

7,820 
5,150 

5 

4,490 

2 
3 
4 

2 3 

0.01211 
0.00939 
0.01232 
0.01566 
0.02016 

0.01140 
0.01263 
0.01430 
0.01797 

0.01290 
0.01443 
0.01637 

4 

0.01722 
0.01635 

5 

0.02214 

TABLE II 

CURRENT GAIN IN TA-153; 1:2:2 (FORWARD) 

11 160 
acb =  [1 + 0.01263V-A 

S ad (measured) ad, (calculated) 

8,460 
4,260 
1,700 
1,400 
850 
700 
425 
280 
170 
140 
86 
70 
43 
28 
14 
7 

2.86 
4.79 
9.88 
11.46 
18.15 
21.0 
34.4 
47.7 
76.9 
91.9 
150 
174 
287 
414 
833 

1,590 

2.85 
4.78 
10.00 
11.72 
18.00 
21.2 
33.2 
48.2 
75.8 
91.3 
145 
176 
282 
410 
834 

1,650 

For given value of s, the bracketed quantity in (41) 
does not vary greatly from one geometry to another. 
Thus the geometrical dependence of ad, is essentially 

contained in K; one can take this number as a geometri-
cal figure of merit. For example, with a given emitter 
shape (given X) the size of K increases with decreasing 
W, as is to be expected. In addition, however, K is 
markedly affected by junction shape; and favorable 

junction geometry can compensate for considerable dis-
advantage in W. As a particular instance, 1:2:2 is 
about twice as good as 3: 2: 0, and is as good as 3:1:0. 
The general situation with regard to junction geometry 
can be summed up in the following rule: minority car-
rier loss through surface recombination in the TA-153 
can be held down by keeping the emitter junction as 
flat as possible (consistent with good junction proper-
ties) and by closing the emitter-collector gap by col-

lector penetration. 
By means of (41) one can compute the maximum s 

tolerable for a given 15cb, when volume recombination is 
negligible. Table III shows the geometrical dependence 
of this value of s, for the particular case 

TABLE III 

MAXIMUM TOLERABLE S IN TA-153; x: W : Y (FOR) 

a,b ≥ 30 

2 
3 
4 

2,700 
970 
650 
480 
340 

2 3 4 

850 
470 
400 
270 

480 
370 
230 

340 
210 

5 

200 

In the reverse direction, acb is similarly expressible as 

ota [1 A- b0.7]. (42) 

Table IV contains the values of the observed constants, 
and Table V (next page) gives a comparison between 
observed and computed quantities. 

TABLE IV 

CURRENT GAIN IN TA-153; X: W: Y (REVERSE) 

pee - [1 ± bsoa I 
S  

\ 

;i .:\ 
1 2 3 4 

0 320 200 145 130 

1 295 180 165 135 

2 245 200 150 
3 235 200 
4 235 

5 

120 

\ 147 
1 2 3 4 5 

_V N 

0 0.0163 0.0139 0.0172 0.0159 0.0175 

1 0.0139 0.0178 0.0154 0.0169 

2 0.0176 0.0159 0.0179 

3 0.0181 0.0164 
4 0.0203 
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TABLE V 

CURRENT GAIN IN TA-153; 1:2:2 (REVERSE) 

180 
acb = [i + 0.0178 s°•7] 

8,460 
4,260 
1,700 
1,400 
850 
700 
425 
280 
170 
140 
86 
70 
43 
28 
14 
7 

a,b (measured) ad, (calculated) 

0.235 
0.307 
0.460 
0.484 
0.609 
0.686 
0.928 
1.17 
1.75 
1.91 
3.07 
3.32 
5.61 
7.61 
14.7 
28.8 

0.233 
0.303 
0.451 
0.494 
0.638 
0.708 
0.953 
1.24 
1.74 
2.01 
2.94 
3.47 
5.24 
7.61 

14.5 
27.5 

INTERPRETATION OF GEOMETRICAL DEPENDENCE 

From (29) and (30) it may be seen that, for the simple 
geometries discussed in that section, 

1 
K cx — • 

W2 (43) 

In the TA-153 the relation between K and W is more 
complicated. The perturbation treatment, however, in 
pointing up the geometrical source of K, sheds con-
siderable light on the observed results in Table I. 

In the simple geometry the inverse square dependence 
in (43) arises from two factors. First, the collector cur-
rent depends on the hole concentration gradient be-
tween emitter and collector, and this varies as W -1, (27). 
Second, the surface current depends on the effective free 
surface area, and this varies with W, (28). These factors 
cannot be changed independently when the cross section 
is fixed, thus yielding the inverse square dependence 
of (43). 

In the TA-153, K similarly depends on these currents. 
Here, however, the geometry is of such a nature that 
considerable independent variation is possible. The col-
lector current depends on an average hole gradient be-
tween emitter and collector, and this can be expected to 
change in some inverse manner with W, as in Fig. 10. 
The relation of surface current to W, however, is not 
direct. As established in Part I, the surface current is 
confined essentially to a small, effective region of the 
free surface around the emitter. This region is indicated 
by S in Fig. 10. The extent of S is determined by compe-
tition between the surface and the collector, C, for the 
holes injected near the outer edge of the emitter, E. 
Thus, the surface current is expected to depend largely 
upon the nearness of C to S, and this can change or not 
with W. For example, if W is reduced by moving the 
emitter to E', essentially only the collector current is 
changed. Hence in such cases K should vary in some 

inverse manner with W. On the other hand, if W is re-

duced to a similar extent by changing the collector to 
C', not only is the collector current changed but also the 
effective surface, i.e., the nearness of C to s. In this case, 
therefore, a higher order dependence of K on W is 
expected. 

Fig. 10—Cross section through an alloy transistor showing how por-
sible variations in geometry can change the surface currents anc. 
W independently. 

The values of K given in Table I are plotted vs W in 
Fig. 11 to show the observed geometrical dependence of 
this figure of merit in the TA-153. The results are com-
pared there with a grid representing 

35X104 
K— , and W+X= 5— Y. (44) 

(W+6) [1.35(W+X) — 0.35] 

Now the use of this expression is intended merely to be 

suggestive, the actual relation between K and geometry 
being surely more complex. In particular (44) should not 
be used loosely for any extended extrapolation to 
smaller W. Nevertheless, it is a simple function whose 
behavior shows good qualitative agreement with the ob-
served results, and one which gives a more mathematical 
statement to the line of argument presented above. 
When W is varied with Y constant on this grid, the 
second term in the denominator of (44) is unchanged, 
and K varies as (W+6) -- '. Alternatively, when W is 
varied with X constant, both terms in the denominator 
change, and K varies inversely as a quadratic in W. 
Thus the two factors in the denominator simulate re-
spectively the influence of geometry on the collectot 
current and on the effective surface area, S. 

VOLUME RECOMBINATION IN TA-153 

The analog measurements of the minority carrier loss 
in the TA-153 apply strictly to a base material of bulk 
lifetime sufficiently long so that surface recombination 
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completely over-shadows volume recombination. It 
shall now be shown how one can make a rough estimate 
of the requirement this puts on r. For this purpose it is 
convenient to use the approximate expression for ace, 
(20). The size of the surface term is known from Table I. 
The volume term can, in fair approximation, be taken 
in the form of the volume term in (29), if a suitable 
choice of an equivalent cross section and emitter-collec-
tor spacing is inserted into (26) and (27). For simplicity, 
take the actual cross-sectional area of the emitter and 
the minimum spacing W. Then, 

s W2 

otc. = 1 — — — — ; 
K 2Dr 

or, explicitly for n-type germanium, 

s 0.075W2 
Otc. = 1 

with W in mils and r in µsec. 

(45) 

(46) 

Fig. 11—The dependence of K on W with Xor Y held fixed. 

The use of a 1472 term for the volume recombination in 
the TA-153 can be justified, in essence, by arguments 
similar to those used in the previous section. The square 
of W in the volume term represents again the product of 
two factors: an increase in W both decreases the velocity 
of diffusion (decreases the gradient) and increases the 
path length. These factors, which determine the transit 
time, vary simultaneously both in the simple geometry 
and in the TA-153. 

As an example of such an estimate of the relative im-
portance of surface and volume terms, consider TA-153; 
1: 2:2 with r = 100 µsec. Insertion of the proper figures 
into (46) shows the surface loss to be about 10 times the 
volume loss when s = 330, but to be about equal to the 
volume loss when s=33. Since in most cases practical 
values of s are in the range of a few hundred to one 
thousand, the assumption of negligible volume loss is a 
good one. 

APPENDIX A 

Consider the grown (flat) junction type with emitter-
collector separation W and circular cross section of 
radius R. A cylindrical co-ordinate system is used, with 
the z-axis perpendicular to the junction faces; and for 
convenience reduced units with R as the unit length are 
introduced; abbreviating: 

Rs 
h = — (47) 

D 
g = — 

Then (5)-(8) become 

1 a ( aP) 32P R2P 
— — r —  = 0 (48) 
r ar at az2 Dr 

aP 
—  = — hP; r = 1, 0 < Z < g (49) 
at 
P = P.; 

P = 0; 

r ≤ 1, Z = 

r 1,Z = g. 

(50) 

(51) 

This set of equations can now be solved by any of the 
standard methods; here it was chosen to apply trans-
form techniques. By means of the Hankel Transform,'° 

P(n, Z) = f P(r, Z)rJo(nr)dr, (52) 
o 

defined in terms of the zero order Bessel function Jo. 
(48) is converted to 

a2p 

az2 + DR r2)T) = 0; 

provided that by (49), n is chosen such that 

nJo'(n) hJo(n) = 0. 

Conditions (50) and (51) become 

Ji(n) 
P(n, 0) = P.  

P(n, Z) = O. 

(53) 

(54) 

(55) 

(56) 

The solution of (53) which satisfies (55) and (56) is 

readily found to be 

Ji(n) sinh [(g — Z).../n2 R2/D,] 
P(n, Z) = P.   (57) 

sinh [g-Vn2 R2/DT] 

10 See, for example, C. J. Tranter, " Integral Transforms in 
Mathematical Physics, Methuen, Ltd., London, Eng., p. 88; 1951. 
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Then inversion" gives the required hole density: 

h nJo(nr) 
P(r, Z) = 2 E   P(n, Z), (58) 

+h Jo(n)Ji(n) 

where the sum is over the successive positive roots 
of (54). 
The currents required by (9) and ( 10) are 

and 

ap 
I. =- 2ir f r — 

0 az 
dr 

ap 
= 27r f r — dr, 

o aZ z.., 

and when these operations are performed on (58) and 
the results substituted into (3), (13) results. 

APPENDIX B 

Consider the grown (flat) junction type with emitter-
collector separation W and rectangular cross section of 
semi-dimensions a and b. A rectangular co-ordinate sys-

tem with the z-axis perpendicular to the junction faces 
is used. Then (5)-(8) become 

82 ± 82 + 82 \ p = o 

(3x2 ay' az' ) Dr 

ap 

ax 

ap 
= 

ax 

ap 

ay 

-s 

—D P; 
x = a, 0 < y < b, O < Z < W 

0; x = 0, 0 < y < b, 0 < Z < W 

- — P; 0 < x < a, y = b, 0 < Z < W 
D 

n tan na — 
D 

m tan mb = — • 
D 

Conditions (64) and (65) become 

sin na sin ma 
• m, 0) -- P.   

n m 

(68) 

(69) 

(59) 
P(n, m, W) = 0. (70) 

The solution of (67) which satisfies (69) and (70) is 

(60) -p(n, nt,z) = p6 sin na sin mb 

n m 

x  sinh [W - Z]-‘,/n2 m' -I- 1/Dr 
(71) 

sinh [ W-Vn2 m2 1/Dr 

Then inversion gives" 

P(x, y, Z) 

= 4 E E 
na (s cos' na/nD 

X   cos nx cos myi (n, m, Z) (72) 
(61) mb (s cos' mb/mD 

where sums are over the successive positive roots of (68). 
The currents required by (9) and ( 10) are 

(62) 

ap 
— = — — P; 0 < x < a, y = 0; (21;< Z < W (63) 
ay D 

P = P.; 0 < x < a, 0 < y < b, Z = 0 (64) 

P = 0; 0 < x < a, 0 < y < b, = W. (65) 

By means of the double Cosine Transform" 

a 

P- (n, m, Z) = f dx f dyP(x, y, Z) cos nx cos my. (66) 
0 o 

Eq. 61 is converted to 

a2r, 1 

(n2 + m2 + —Dr) P = 13, (67) 8Z2 

provided that by (62) and (63) n and m are chosen such 
that 

u Ibid., p. 89. 
12 Ibid., p. 86. 

and 

a f  b ap 

I.= f dx dy — 
0 o az 

a f b ap 

= f dx dy 
o o az 

1-0 
(73) 

(74) 

and when these operations are performed on (72) and 
the results substituted into (3), ( 16) results. 
When s->0 on the surface y=b, one need only con-

sider the first term in the m series. As s->0, this first 
value of m behaves as 

m = — • 
bD 

(75) 

Then, allowing 0: as well, (72) reduces to 

sin na cos nx sinh [n(W -Z)] 
P(x, y, Z)=- 2 P. E    , (76) 

„ na+ s COS2 na sinh [nW] 

and (19) is obtained by using this hole density in (37) 
and (74) and thence in (3). 

u This solution is closely allied to one for a sample with square 
cross section and infinite length given by W. Shockley, Bell. Sys. 
Tech. Jour., vol. 28, pp. 480-483; July, 1949. 
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Further Analysis of Transmission-Line 
Directional Couplers* 

R. C. KNECHTLIt 

Summary—The conditions of infinite directivity for transmission-
line directional couplers are derived in a general and rigorous way. 
Exact expressions *valid for any degree of coupling are found. 

The case of small coupling and the case of a matched primary line 
are considered as particular cases of this general analysis. In the case 
of small coupling, the condition Z11144=-- 1 and Z22 Z33 = I given by W. L. 
Firestone in a recent paper are found to be correct; it is shown also 
that these simple conditions do not apply anymore when the coupling 
becomes large. 

]
N HIS PAPER,' Firestone derived a condition of 
infinite directivity for transmission-line directional 
couplers. He expressed this condition in the nota-

tion defined further on as follows: 

Z22Z33 = 1 and ZuZ44 = 1. (1) 

It can be shown that conditions (1) are not the most 
general conditions for infinite directivity, but rather 
they apply only for the special case of weak coupling. 
The general condition's for infinite directivity will be de-
rived here. 
A rigorous analysis, based directly on Maxwell's 

equations, of a system of n-parallel cylindrical conduc-
tors of arbitrary cross section, was published by the 
author (in joint authorship) several years ago.2 As an 
application of this analysis, the case of a system of three 
conductors was investigated. (Such a system may con-
sist of two coupled single wire transmission lines above a 
common ground or within a common cylindrical ground 
conductor.) It was found at that time (as Firestone has 
shown by other methods in his paper) that such a sys-
tem has the properties of a directional coupler, if prop-
erly terminated. We shall base our present derivations 
upon this analysis. 

While Firestone first analyzes a system of four paral-
lel conductors and treats the system of three conductors 
as a particular case of the system of four conductors, for 
the sake of simplicity we shall limit our present discus-
sion to the system of three conductors; in doing so we 
may bear in mind that a similar discussion is also possi-
ble for a system of four conductors. Further, let us refer 
from now on to Firestone's paper as ( I) and to our 

paper as (II). 
Let us consider the system shown in Fig. 1 with the 

notation indicated on this figure (a practical design of 
such a system for vhf or uhf is shown in Fig. 2). This 
system may be considered as the junction of four trans-

* Original manuscript received by the IRE, February 2, 1955. 
t RCA Laboratories, Princeton, N. J. 
1 W. L. Firestone, "Analysis of transmission-line directional 

couplers," PROC. IRE, vol. 42, pp. 1529-1538; October, 1954. 
2 H. J. von Baeyer and R. C. Knechtli, "Ueber die Behandlung 

von Mehrleitersystemen mit TEM Wellen bei hohen Frequenzen," 
Zeit. für Angew. Math. und Phys., val. 3, pp. 271-286; 1952. 

Z.0 

mission lines coupled over the length 1 by the two trans-
mission lines A and B, the lines A and B consisting re-
spectively of the conductors a — 0 and b — O. 

Let z be the co-ordinate in the direction parallel to the 
transmission lines A and B. Let be z = 0 at the terminals 
(1) and (3) and z = / at the terminals (2) and (4), the 
lines A and B being coupled only in the interval (0, 1). 

TRANSMISSION LINE B 

TRANSMISSION LINE A 

a 
1 

(4) 

V4 

V2 

1 4L 

2 2L 

Z.I 

/ = Distance between terminals (1)-(2) and (3)-(4) 
Zia to Zr,4= Impedances seen at terminals ( 1) to (4) 
Conductors (a) and (o) = Transmission line A 
Conductors (b) and (o)=Transmission line B 
Conductor (o) common ground or common cylindrical envelope for 

lines A and B 
C..=Capacity per unit length between conductors (a) and (o) 
Cb.= Capacity per unit length between conductors (b) and (o) 
C.b= Capacity per unit length between conductors (a) and (b) 

(C.1.= coupling capacity) 

Fig. 1—Coupled transmission lines. 

Considering the propagation of TEM waves only, we 
have at any given plane perpendicular to the con-
ductors (z = constant) uniqfiely defined voltages V« on 
line A between the conductors (a) — (0), and Vb on line 
B between the conductors (b)— (0). 

(I) I 

CONDUCTOR (a) 

(3) 

CONDUCTOR ( 0) 

(2 ) 

CONDUCTOR (b) 
(4) 

Fig. 2—Transmission-line directional coupler for uhf. 

According to (II) [matrix equation (15)] V« and Vb 
can be expressed as a sum of forward and backward 

traveling waves: 

V« = V a" ei (w1+13z)1 

Vb = Vblei(" z) Vb" ei (w1÷13z)f 

where 

V a',Va" ,Vb' and Vb" 

are constants and can be complex. 

(2) 
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Let us define the complex reflection coefficients Fos at 
terminals ( 1) of line A and lib, at terminals (3) of line B 
as follows: 

Va" 
ral = 

rbs = 

According to (2), (3) and with the notation of Fig. 1, 
the voltages V3 and IT, at the terminals (3) and (4) may 
be expressed as follows: 

Va = (Vb' + Vb”) • eiwt = ( 1 + rbb)Vb'elw' 

Vs = ( 4- V b"e+ioi)eiwt = (e-01 rb3e-1-20')Vbieiwt. 

Let us define the directivity DI of the system, when it 
is excited at terminals ( 1), by: 

= 20 log 
Va 

V4 

The expressions for V3 and Vs show that, according 

to (4) 

(4) 

Di -= 20 log 
1 + rba 

+ rue-Fe' 
This last relation yields for the condition of infinite 

directivity: 

(5) 

re, 

Using the notation just defined we obtain from ( 18) of 

(II) the following expression for rbs: 

rbs= 
(1+za3)(roieet—e—coz„—(1—z44)(1—ne)z„e—isi 
  (7) 

(3) (1+Z44) ( - rol)Zaseez - ( 1 -Z33) (reel" - e-Isi)Z44  

(It will be noticed that when Z33= Z44, (7) becomes 
identical with (22) of ( II), if the proper change of nota-
tion is performed. This had also to be expected.) 

Introducing (7) into (6) one obtains for the condition 

of infinite directivity the following expression: 

r = 
Z33 + 1 

Z33 - 1 
(8) 

For some applications, it may be more convenient to 
express the condition of infinite directivity in terms of 
impedances rather than of reflection coefficients. For 
this purpose we express rai as a function of the normal-
ized terminating impedances Zn to Z44, and of a coeffi-
cient of coupling K which will be defined. 

For we have, from (28) of ( II): 

with 
(6) 

We can derive from ( 18) of ( II) a general and rigorous 
expression for Tbs. In order to do so let the following 
quantities be defined in agreement with the notation of 

Fig. 1: 

Veit  
Zao = = characteristic impedance of line A 

CO. ± Cab 

Zab   = characteristic impedance of line B 
Cba ± Cab 

(by introducing the coefficient 1/-V-Em = v = phase ve-
locity of the TEM waves, the inductivities per unit 

length of the conductors considered are eliminated from 
our expression). 

Let us further define, according to the notation of 
Fig. 1 and in agreement with the notation used by 

Firestone: 

ZIL -= impedance seen at terminals (1) 

ZaL = impedance seen at terminals (2) 

Z3L = impedance seen at terminals (3) 

Z4L = impedance seen at terminals (4) 

Z1L 
Z11 = — 

Zaa 

ZiL 
Z33 = --

Z0 b 

Z2L 
Z22 --- --

Z0a 

Z4L 
Z44 = 

Zab 

Fat — 
1 ± Z22 

Z22 
 e-2103 no — 

K2 Z22 
1   (1 + e-2e1) 

2 1 + Z22 

rio 
Z2, — 1 

Zsa ± 1 

C ab 

K =  < 1 (9b) 
N/(Cao Cab)(C 60 ± Cab) - 

The reflection coefficient T10 would exist on line A at 
terminal ( 1) in the case of zero-coupling ( Cab)0). 
By means of (8) and (9) the condition of infinite di-

rectivity can finally be expressed as follows: 

e-2 

(9) 

(9a) 

Zas 

1 K2 
____ (1 _  e-27,21) 

Z22 4 

K2 
1 - — (3 ± e-2i01) 

4 

(8a) 

Eq. (8a) is equivalent to (8). 
If we excite the system of Fig. 1 at the terminals (2) 

and define the directivity D2 by: 

D2 = 20 log 
174 

the condition for infinite directivity D2 is found, in 
analogy to (8a) to be: 

Z44 = 

1 K2 
(1 e-201t) 

Z11 4 

K2 
1 - -- (3 + e--2i01) 

4 

(8b) 
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The relations (8a) and (8b) show that infinite direc-
tivity can be obtained when the primary line (line A 
in our case) is mismatched as well as when it is matched. 
(We call line A "matched" when re =0.) Having found 
the general condition for infinite directivity [(8a) and 
(8b)] let us consider some particular cases of practical 
interest. 

CASE OF SMALL COUPLING 

Let us define "small coupling" by the condition: 

K2 « 1. 

CASE OF MATCHED LINES 

Let us determine under which conditions the reflec-
tion coefficient on line A is zero and the directivity of 
the system is infinite. 

From (9) we find the condition for ra,= o to be: 
1 

Z22 —   

1 — K 2 

(12) 

From (8) we find the condition of infinite directivity 
(Di = co ) when roi = o to be: 

(10) 

In this case, the conditions of infinite directivity 
given by (8a) and (8b) become: 

IiM Z22Z33 = 1 

ihn Zie44 = 1 

for K2—+0. (11) 

Comparing ( 11) (which has been rigorously derived) 
with the conditions Z22Z33 = 1 and ZuZ44— 1 given by 
Firestone for infinite directivity, we see that these last 
conditions hold only in the case of weak coupling. Al-
though the case of weak coupling is of considerable 
practical importance [e.g. when a transmission-line di-
rectional coupler is Lsed for the measurement of swr, in 
the way suggested in ( II) ], cases of strong coupling may 
also be important; in such cases, the conditions ( 11) for 

infinite directivity are not valid any more, and (8a) and 
(8b) have to be used instead, 

Zag = 1. (13) 

One notices in (12) how the coupling K affects the 
matching condition of line A. 
As a conclusion of this analysis we may summarize 

our results as follows: 
1. Infinite directivity may be obtained with trans-

mission-line directional couplers for mismatched as well 
as for matched lines. The condition of infinite directivity 
in its general form is given by the relations (8a) and 
(8b). 

2. In the case of weak coupling, the conditions of 
infinite directivity reduce to the conditions Z22Zu =1 
and ZnZ44= 1. 

3. In the case of matched lines and infinite directivity, 
(re = 0 and D1= co) the matching impedance of the 
primary line is a function of the coupling coefficient 
[cf. (13a)]. 

Phase Stabilization of Microwave Oscillators* 
M. PETERt AND M. W. P. STRANDBERGt, SENIOR MEMBER, IRE 

Summary—A circuit has been developed with which microwave 
oscillators may be phase-locked to weak but stable reference signals. 
The circuit was operated with S-band oscillators (707B klystron; 
2C37 triode oscillator) and a 2K50 K-band klystron. It is possible to 
lock a microwave oscillator directly or through a cascade of such 
circuits to a quartz-stabilized oscillator. The statistical theory of 
random noise is used to obtain an analysis of the stabilizing effect of 
the circuit, and the power spectrum of the stabilized microwave 
source is calculated. The scheme can also be applied in divider opera-
tion. Modifications are discussed. A modified circuit that uses carrier-
suppressed modulation of the reference signal has also been realized. 

In another circuit, the oscillator frequency is converted by means of a 
stable reference, and compared with a second reference that can be 
of low frequency and tunable. These latter circuits allow elimination 
of the excess noise introduced by crystal diodes. In the original 
straight dc circuit this noise cannot be eliminated, but calculation 
shows that its influence on the output power spectrum is very small. 

* Original manuscript received by the IRE, February 25, 1954; 
revised manuscript received, May 6, 1955. This work was supported 
in part by the Signal Corps; the Office of Scientific Research, Air 
Research and Development Command; and the Office of Naval Re-
search. 
t Dept. of Physics and Res. Lab. Elec., Mass. Inst. Tech., Cam-

bridge, Mass. 

INTRODUCTION 

HIS PAPER will discuss the phase stabilization 
of microwave oscillators. It should be clearly 

  understood at the outset that phase stabilization 
is quite distinct from frequency stabilization in the con-
ventional form. A frequency discriminator with a 
(fo—f)—' control circuit would give essentially a phase-
stabilization type of control, but such a (fo—f)—' control 
is neither realizable physically nor defined analytically 
for the operating region, i.e., for f =fo. If instead of a 
frequency discriminator a phase discriminator is used 
at the outset, all necessary components are realizable. 
Note also that frequency stabilization allows one to 

establish a frequency to an accuracy which is constant 
with time. Phase stabilization establishes a mean fre-
quency with an accuracy directly proportional to the 
locking time. The interest then in phase stabilizing 
microwave oscillators is to realize the transference of 
frequency stability from one frequency region to another 
with any desired precision. 
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Recent developments in the techniques of molecular 
beam measurements and microwave spectroscopy' make 
it possible to observe substances in a state where they 
absorb electromagnetic energy at one or several ex-
tremely sharply defined microwave frequencies. A sub-
stance in such a state is therefore analogous to a cavity 
of very high Q (10' or better) with a persistently accu-
rate resonance frequency. In order to measure the center 
frequency of one of these resonances it is desirable to 
have microwave oscillators whose output power is as 
monochromatic as possible. 
At lower frequencies, an oscillator controlled by a 

quartz crystal may be used to generate a signal with 
very high stability for a period of hours or days. This 
low frequency can be multiplied by means of vacuum 
tube or silicon diode multipliers. Conventional multi-
plication usually yields a high-frequency spectrum that 
is not monochromatic but has sidebands, arising from 
lower frequency modulations, that remain because of 
the finite selectivity of the circuits. Furthermore, since 
multipliers with a gain of less than one (silicon diodes, 
for example) introduce additional noise into the spec-
trum, it is not desirable to multiply a frequency by more 
than a factor of 10 in these diodes. 

In this paper we describe a stabilization circuit that 
allows a microwave oscillator to be locked to a harmonic 
of a stable reference oscillator. Through iteration of this 
process, the stability of a quartz-controlled oscillator 
can, essentially, be transferred to a K-band oscillator 
(23,040 mc). Description of the experiment is followed 
by an analysis of the stability and performance of a 
phase-locking circuit. 

PHASE STABILIZATION OF A K-BAND OSCILLATOR 

The circuit that has been successfully used to stabilize 
the frequency of a 2K50 klystron is shown in Fig. 1. 
The circuit consists, essentially, of a single, absolutely 
stable feedback loop. Any phase modulation in the klys-
tron is detected in the phase discriminator; the result-
ing signal is amplified in the differential dc amplifier 
and applied to the repeller of the klystron to produce 
an opposite and stabilizing phase modulation. 

2E180 MC /SEC 

REFERENCE SIGNAL 

IN26 

-SAND 
SPECTRUM 
ANALYZER 

(jp 23040/AC/SEC 

*MAGIC TEE . 

AUDIO AMPLIFIER 
AND HEADPHONES 

OSCILLOSCOPE 
MONITOR 

AT TENuATORS 

127 

EjJ OUTPUT 

!REFERENTIAL 
AMPLIFIER 

2650 

-SAND 
OSCILLATOR 

CORRECTION SIGNAL 

Fig. 1—Block diagram of phase-stabilizing circuit 
for K-band oscillator. 

Phase Discriminator 

The reference signal and oscillator are introduced 
through the noncoupling arms of a waveguide hybrid 
junction, or "magic tee." The signals that arrive at the 
detector crystals on the two remaining arms, 1 and 2, 

1M. W. P. Strandberg and H. Dreicer, "Doppler line-width re-
duction," Phys. Rev., vQI. 94, pp. 1393-1394; June, 1954. 

1 sin (coct-Eni) and E S2 sin (coct+712) 
vector diagram in Fig. 2. 
These fields are the sum of a signal coming from the 

reference source, CR, sin coet and ER2 sin o,t, and a signal 
coming from the oscillator, Eol(sin wt +i and Eo2(sin coct 

Lou ('. .02 
ERE ES' «RI 

are shown by the 

ARMI ARM 2 

Fig. 2—Vector diagram of signals in hybrid junction 

+02). From symmetry properties of the magic tee it is 
seen that 0, — 02-1-7r. Since detected power PD in a silicon 
diode as a function of input power Pi is given by' 

PD = SP,' (S = conversion gain per watt = 10 (watts) -1) 

it follows that the detected output signal is: 

V; = — 2VRSPoiPR; cos (1); VRS(Poi ± PR;), j = 1, 2. 

Here, P01, PRi are the power of oscillator and reference 
signal in each arm; Vi is the phase discriminator de-
tected output of each of the crystals. It can be seen that 
if Po and PR are divided equally between arms 1 and 2, 
then V,— V2 is independent of variations of P2 and PR 
for Amplitude modulation of the two signals 
is therefore proportional to the balanced-out control sig-
nal, and hence second order, being negligible in the limit 
of small control signal. Sine the insensitivity to ampli-
tude variation allows discriminator to be operated at 
a high power level in spite of the small PR, crystals 
can be operated in a region of good conversion gain. For 
P2 = 200 IA watts, R=100 ohms, PR= 8 I./ watts, we ex-
pect a differential output of g, = 0.04 volt per radian. 
As indicated in Fig. 1, this output is amplified in a 

differential dc amplifier. A cross-coupled circuit' was 
used for this purpose; the actual circuit is shown in 
Fig. 3. The circuit uses all readily available techniques 
to achieve stable, hum-free operation. The heaters of 
the 12AX7 tubes are fed in series from the negative 
power supply. A K-band spectrum analyzer, an oscil-
loscope, and headphones are used to tune the oscillator 
to the reference signal. Once a klystron is within about 
1,000 cps of the reference, it will phase-lock itself auto-
matically. Since the 2K50 klystron is unicrophonic, good 
sound isolation is essential. The experiment was, there-
fore, carried out in an anechoic chamber. But, any good 
acoustic isolation for the klystron should be sufficient. 
The reference signal was supplied from a very stable, 

cavity-tuned, planar triode S-band oscillator. This oscil-
lator, in turn, was locked by an analogous circuit to the 
tenth harmonic of the output of the M.I.T. frequency 
standard.' The correction signal was applied to the plate 
of the oscillator triode. 

For the S-band oscillator, a klystron also could be 

2 M. W. P. Strandberg, "Microwave Spectroscopy," Methuen 
t and Co., London, Eng.; 1954. 

3 J. N. van Scoyoc and G. F. Warnke, "A d-c amplifier with cross-
coupled input," Electronics, vol. 23, pp. 104-107; February, 1950. 

4 C. G. Montgomery, "Technique of Microwave Measurements," 
M.I.T. Radiation Lab. Ser., McGraw Hill Book Co., Inc., New York, 
N. Y., vol. 11, pp. 347-375; 1947. 
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used; the 707B k13.stron was phase-locked with this 
same equipment to the M.I.T. frequency standard. 

ANALYSIS OF THE PHASE-STA BILIZING 
FEEDBACK LOOP 

The powt-r spectrum of the output of a klystron, or 
any conventional oscillator, is not a single sharp line. 
There are three reasons. First, the klystron puts out a 
noise band as broad as the pass band of the loaded 

plate cavity. This noise may be thought of as simple 
diode noise.' Second, variations of the supply voltages 
on the klystron electrodes impress a frequency modula-

tion on the carrier. Third, microphonic pickup also 
causes frequency modulation in the klystron through 
the relative physical motion of the frequency-determin-
ing elements of the oscillator. 
The frequency-modulated output is written 

s = so sin fa -F f co(t)dt} , ( 1) 

where w(t) is the frequency modulation, and e(t) = fw(t)dt 
is the phase modulation. The frequency change pro-
duced by voltage variations on an oscillator electrode 
may be written as 

aw 
—  = e radians sec-1/volt, (2a) 
am 

where m(t) is the random part of electrode voltage. The 
acoustical pickup might be caused by a variation of the 
distance of the grids in the gap of the plate cavity or 
by the vibration of the repeller perpendicular to the 
tube axis. The effect of this motion may, in general, be 
expressed as 

68 

Fig. 3—Cross-coupled de amplifier. 
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where d(t) is a characteristic distance in the physical 
frequency determining circuit. Both m(t) and d(t) are 
assumed to represent random noise having a normal 
amplitude probability distribution. Hence, w(t) can be 
represented as5 

N 

= E cn cos (ant — zn) 

1 N  

W 2(1) = — E cn2 = J W(S2)d2, 
2 .-1 

(3a) 

(3b) 

where W(52) is the frequency modulation power in 
radians sec-1, and b and r, the lower and upper cut-off 
frequencies, will be discussed later [see (8a) and ( 12)]. 
We would like to know the power spectrum of S with 
the modulation (3a). The Fourier spectrum of a carrier, 
frequency-modulated by several independent sine 
waves, has been calculated by Crosby.  He found side-
bands displaced by St, from the carrier with amplitude 
1/2(cn/S1„), and cross-modulation bands of higher order 
in cn/Rn. The energy of the modulated carrier is con-
centrated within either twice maximum frequency devia-
tion or twice modulating frequency, whichever is greater. 
Thus we have two different cases to consider, 

(c„/R„) >1 and (c„/SZ„)«1. In the first case we expect 
to find the power distributed within a band of width 
W(W2 around coc. This assumption was verified in an 
experiment in which a noise voltage of 105 cps band-
width and of known rms voltage was applied to the 
repeller of a klystron whose output was observed in a 

5 s. O. Rice, "Mathematic Analysis of Random Noise,—Noise and 
Stochastic Processes," Dover Publications, Inc., N. Y., N. Y.; 1954. 

M. G. Crosby, "Carrier and side frequency relations with multi-
tone frequency or phase modulation," RCA Rev., vol. 3, July, 1938. 

341 

—  = E radians sec-1/cm, 
ad (2b) 
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spectrum analyzer. In the second case, the cross modula-
tion was neglected, and we find 

Cn 

S = SO {sin w,/+ 
29„ 

(sin [(co, 11.)1 - 4,1 

- sin [(co, - 2o)/ -I- Z„[)} , (4) 

with the power spectrum 

1 W(9) 
p(n)(12 = — So  dn. 

2 n2 (5) 

We now wish to calculate the effect of the stabilizing 
feedback loop on the power spectrum. In order to obtain 
the open loop gain, µ(S2„), we consider the nth term in 
(4). This term is the result of a phase modulation, 
This modulation, present in the output of the oscillator, 
gives rise to a voltage output, Gp •  from the phase 
discriminator. This output in turn is amplified by a fac-
tor of µD in the dc amplifier and converted according to 
(2a) into frequency modulation. The latter process can 
also be described as phase modulation, with a gain of 
(e/iS2) radians/volt. Hence, 

1 r 
P(U) = Getoe — = 

i9 
with r GPI/DO. (6) 

If the feedback loop is now closed, the nth term will be 
reduced by a factor [ 1/(1 - µ(9)) I, and the power spec-
trum of the stabilized oscillator, if r is assumed to be 
real, is given by 

1 W(12)d9 
pa(i-z)ds2 = — so2  2 r2 

where p1(2) is the stabilized noise power in watts/radian 
sec-1. With an estimate of W(S2) and r, the order of mag-
nitude of the residual noise left in the stabilized system 
may be calculated. From (6) and typical numbers 
Gp = 0.04 volts/radian; µD = 2;e 107 radians sec'/volt, 
r may be computed as r = 8. 105 radians sec-1. 
This leads to a stabilization cut-off frequency l2,/27r, 
where µ(12,) =1, of 

— = v, --- 130 kc. 

(7) 

(8a) 

We can estimate W(2) from (3b). If we assume it in a 
first approximation to be independent of S2 and use an 
empirical value of n2(t) = 108 (radian sec-52 for the un-
stabilized klystron, and assume that these deviations 
are the result of noise up to St, we compute 

W(9) = 100 radians sec-1, for 9 < 

Hence 
pa) = 8. 10-" PC in the pass band. (8b) 

We estimate' 
Pd lode 10-"Pc. (8c) 

By integrating (7) we find 

d9 100P, 
Pet = 100P,f  2 = — arctan 1 10-5P,, (8d) . 0, 

where P, is the carrier power in watts; ibdi"de is the power 
density resulting from diode noise in the klystron in 
watts/radian sec-1; and Pat is the total noise output of 
the stabilized circuit, up to vc, in watts. 
The phase angle e of the stabilized signal still has a 

Gaussian amplitude probability distribution. 

1 
P(") -  exp 

(2 7 e2) 1 / 2 

P„ = = 10-4, 
Pc 

(9) 

where () h12 is the rms value of the phase variation, 
computed for the stabilized system. • 

Following conclusions are suggested by our results: 
1. Eqs. (8b) and (8d) show that the noise power in 

the whole spectrum of the stabilized oscillator is far 
below the carrier. This justifies the assumption of the 
validity of (4). 

2. Eqs. (8b) and (8e) show that between cui - Irv, and 
coi+27rvc the noise power produced by the klystron diode 
noise is negligible, compared with the frequency-modu-
lation noise of the stabilized output. Although an ordi-
nary broadband amplitude-modulation detector is in-
sensitive to frequency modulation, so the diode noise is 
dominant, the high-Q experiments describécl in the in-
troduction will detect the frequency modulation noise. 

3. Eq. (8a) shows that the stabilization loop has a 
pass band of only 130 kc. The dc amplifier will show no 
phase shift in this band; therefore, the loop will have a 
phase shift of n/2 and will be absolutely stable. 

4. Eq. (9) shows that the rms phase shift is roughly 
1 degree and that a shift bigger than ir/4 is quite im-
possible. Hence, the phase discriminator operates in the 
linear region of its discriminator characteristic. 

5. The stabilization changes the klystron power spec-
trum that was originally spread over a finite width (of 
approximately 100 cps) into an impulse function and a 
very low and broad noise band. This result rests on the 
assumption that the reference signal is monochromatic. 
In practice, the spectrum width of the stabilized oscil-
lator will be reduced to the width of the reference signal. 

MODIFICATIONS OF THE STABILIZING CIRCUIT 

However obvious it may seem, it does appear worth-
while to point out that this phase-locking circuitry may 
also be used to make a divider of particular use in the 
microwave region where no other kind exists. The opera-
tion of the circuit has been discussed from the point of 
view of locking a microwave oscillator to the harmonics 
of a lower frequency oscillator. However, the correction 
signal may also be applied to the lower frequency oscil-
lator to transfer to it the stability of the high-frequency 
oscillator. This divider type of operation would be quite 
useful, i.e., for the general utilization of output of 
molecular microwave oscillator frequency standards.' 8 

7 H. Lyons, "Spectral lines as frequency standards," Ann. N. Y. 
Acad. Sci., vol. 55, art. 5; 1952. 

J. P. Gordon, H. J. Zeiger, and C. H. Townes, "Molecular micro-
wave oscillator and new hyperfine structure in the microwave spec-
tellm " Pl.,,. Pawn •.r.1 O •••••• '7122-1/24 • I () Get 
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Fig. 4—Stabilizing circuit using carrier-suppressed modulation. 

Figs. 4 and 5 show two of the many modifications of 
the feedback loop. These two forms allow a discussion 
that is sufficiently general that it can be applied to 
variations of the basic circuit. 

In Fig. 4 the hybrid junction is used to apply carrier-
suppressed modulation to the reference signal (in 
crystal A) and to combine it with part of the oscillator 
output. Detection of the resultant signal in crystal B is 
followed, after amplification, by a second detection in a 
phase detector whose output is the stabilizing signal. 
The whole stabilization problem may be transformed 

to any convenient frequency, of course, by converting 
the oscillator signal with a stable reference. This may be 
accomplished in the manner shown in Fig. 5. Here, the 
oscillator is converted by the reference to a frequency 
off cps. The converted signal is amplified and compared 
with a second reference in a phase detector whose out-

put serves again as the stabilizing signal. The relative 
stability of the second reference can be worse than that 
of the first reference by the ratio of their frequencies. 
Thus the second reference may be obtained from a tun-
able source so that the frequency of the stable oscillator 
can be varied even if the first reference is fixed. 

In the circuits of both Fig. 4 and Fig. 5 use is made of 
IF power coming from a detector crystal; in the original 
circuit dc power coming from two detector crystals was 
used. This is of interest in connection with the problem 
of detector noise. If a crystal diode (1N26) rectifies a 
small signal Pc, a noise power density pÀ(S2) will appear 
in excess of the thermal noise:2 

10"kTPc2 
Ph =  watts/radian sec-'. (10) 

If an IF carrier is generated in the diode, a similar noise 
power spectrum is found, distributed around the carrier 
as it was before around the dc carrier, in accordance 
with ( 10).2,10 Whether this power results from both fre-
quency modulation and amplitude modulation or from 
amplitude modulation alone is not, at present, decided. 
It would seem that :he latter is more likely. If this is true 
we have a means of' minimizing the effect of the crystal 
noise on the stabilizing signal. This AM crystal noise 

M. W. P. Strandberg, H. R. Johnson, and J. R. Eshbach, "Ap-
paratus for microwave spectroscopy," Rev. Sci. Instr., vol. 25, pp. 
776-792; August, 1954. 

10 M. Strieby, "Transistors: Circuit Noise Problems," Quart. 
Prog. Rep., M.I.T. Res. Lab. Elec., pp. 110-113; July 15,1953. 
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Fig. 5— Stabilizing circuit using second reference. 

may be cancelled by using a phase detector that is in-
sensitive to amplitude modulation; for example, one 
that is adjusted to work with zero output at equilibrium. 
If the oscillator is stabilized with the dc circuit the in-

fluence of the crystal noise on the output power spec-
trum cannot be balanced out because it arises from two 
independent sources— the two detecting crystals. Since 
this appears offhand to be a serious fault of the dc 
stabilization, we conclude with a calculation of influence 
of crystal noise on stabilized oscillator spectrum. 
A noise voltage sN(Q)c/S1 introduced at the discrimina-

tor (see Fig. 1) is reduced by 1/(1 -- µ(12)) by feedback, 
and appears as phase modulation µes N(9)dWi9(1— 
at the output. The noise power 

pD2132  
pN(9)iin RpkP,  df1 (11) 

Sr 4- t.2 

is calculated in a fashion similar to p.(9) in ( 7). We find 
that p N (SI) exceeds p,(S1) only when 

2R101eleTP.2/4,2/32 
fi < — 350 radians see-' 

W(S1) 

if we set pN(9) = p(fl) and assume P,= 10 watts. This 
means that only in a band of 400 cps around the stabil-
ized signal the noise introduced by the crystal exceeds 
p8(9). Furthermore, even 1 cps from the carrier, pN(1-2) 
<10-2Pc. The contribution of the total crystal noise to 
phase modulation noise Pivg is ftpN(12)da We get 

1 1 [ 1 r2 
FN, = — 10"kTRI3c3PD2,32 — In -- (1 + ---)1 r • (12) 

2 2 2 b2 

For b = 10-4, the lowest frequency observable within an 
hour, we obtain PNg=6 - 10-7Pc. Comparing ( 12) with 
(8d) it may be seen that I e NI is far less than Pci. Eq. (9) 
indicates that the probability of saturating the dis-
criminator has not increased. This shows that the stabil-
ity of the output signal is not significantly affected by 
crystal noise. The circuit of Fig. 4 has therefore no spe-
cial advantage. Its realization has been tried with some 
success, but it is difficult to set all the adjustments prop-
erly. The circuit of Fig. 5 makes the oscillator more 

flexible frequency-wise but it does require a broad band 
IF amplifier. The original dc circuit is found to be simple 

and quite effective. 
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Correspondence  

Kompfner Dip Conditions* 

Kompfner' has described operation of a 
traveling-wave tube amplifier so that zero 
output occurs for nonzero input. This occurs 
for a particular value of beam voltage and 
current; measurement of these quantities 
enables exact calculation of circuit phase 
velocity and impedance. Kompfner presents 
calculations based on the assumptions of a 
long tube, and zero space charge. 

Because of the wide use of Kompfner's 
technique, it appears justifiable to generalize 
his theory through use of Pierce's three-
wave theory.2 This will remove the assump-
tions that the tube be long and that space 
charge be negligible, but leave the assump-
tion C«1. The notation of Pierce is used 
throughout. 

TABLE I 

CONDITIONS FOR THE KOMPFNER DIP 
QC =0 

CN -MI b d 

0 
3.201 
6.017 
8.527 
10.79 
12.85 

.3141 

.2931 

.2755 

.2603 

.2471 

.2354 

-3.0040 
-2.9116 
-2.8369 
-2.7721 
-2.7169 
-2.6697 

-1.522 
-1.581 
-1.639 
-1.695 
-1.750 
-1.805 

o 
.2 
.4 
.6 
.8 

1.0 

QC =0.2 

L CN -13.)1 b QC /CN If 

o 
3.391 
6.318 
8.898 
11.20 
13.29 

.3363 

.3105 

.2893 

.2716 

.2565 

.2434 

-3.1780 
-3.0492 
-2.9449 
-2.8620 
-2.7916 
-2.7332 

-1.504 
-1.563 
-1.620 
-1.677 
-1.732 
-1.787 

0.5947 
0.6441 
0.6913 
0.7364 
0.7797 
0.8217 

.890 

.745 

.626 

.526 

.441 

.368 

d =0 

QC ICN CN -ft.)1 b QC H 

0 
0.5947 
0.7280 
1.2531 
1.3803 
1.6098 
2.0354 
2.3697 
2.7164 

.3141 

.3363 

.3434 

.3990 

.4347 

.4659 

.4913 

.5275 

.5522 

-3.004 
-3.178 
-3.239 
-3.843 
-4.438 
-5.368 
-6.396 
-7.549 
-8.672 

-1.522 
-1.504 
-1.501 
-1.533 
-1.625 
-1 .834 
-2.072 
-2.278 
-2.499 

0 
.2 
.25 
.s 
.6 
.75 

1.00 
1.25 
1.5 

0 
1.890 
2.158 
3.545 
4.231 
5.070 
6.174 
7.410 
8.500 

L is the total circuit loss in db, 1 is the physical 
length of the active part of the circuit and beam, and 
H =2vCN 'ROC. 

Application of a small signal of voltage 
V to the tube input sets up three waves of 
incremental propagation constants Si, 62, and 
82 which are the roots of (7.14) of Pierce 
(which contains a misprint),3 

1 
62 =   4QC. (1) 

(-b jd fb) 

The total voltage amplitudes of these three 
waves are given by (9.4) of Pierce' with 

* Received by the IRE, February 23.1955. 
R. Kompfner, "On the operation of the traveling-

wave tube at low level," Jour. Brit. IRE, vol. 10, pp. 
283-289; August-September, 1950. 

2.f. R. Pierce, "Traveling-Wave Tubes," D. Van 
Nostrand Co., New York, 1950. 
• Ibid., p. 113. 
Ibid., p. 133. 

CN 

L60 

2.70 

2.40 

210 ee 

30 

(612 + 4QC) exp (27CN81) 

3.0 (81 - 62)(S1 - ‘53) 

-F 
(522 + 4QC) exp (27rCNi52) 

61 2 ± 4QC 
(3) 

and cyclical permutations. In (3) we have 
added to Pierce's notation numerical sub-
scripts needed to distinguish the three com-
ponent waves. Thus, the total circu it voltage 
at z is 

V cl ± V,2 + V.,3 

exp (j2rN) 
V 

110 

Fig. 1-Plot of conditions for the Kompfner dip. 

.42 

(0 -0» 

Lo 

0/N 

2.0 32) 

(62 - 62)(82 - 8,) 

-F (6a2 ± 4QC) exp (2x-CNS3) 

(63 - 8%)((53 - (53) 
(4) 

Now using Pierce's ( 15) of appendix 7,6 
namely 

d = 0.0183L/CN, (5) 

we can compute the seal roots CN and b of 
-3 0 the complex equation 

-4.0 

-50 

(13-13.)1 

-60 

Fig. 2-Plot of conditions for the Kompfner dip. 
Circuit loss L =0. 

i= v = 0, namely 

V802 

(al - 62)(6, - 63) 

Va Va Va 
= 0, (6) 

V 

where L and QC are parameters. The root of 
lowest CN is tabulated in Table I, and 
plotted in graphical form in Figs. 1 and 2. 

H. R. JOHNSON 
Hughes Res. and Dey. Labs. 

Hughes Aircraft Co. 
Culver City, Calif. 

Ibid., p. 255. 

Correction 

J. H. Crysdale, one of the authors of the 
discussion on "Large Reduction of VHF 
Transmission Loss and Fading by the Pres-
ence of a Mountain Obstacle in Beyond-
Line-of-Sight Paths," which appeared on 
pages 627-628 of the May, 1955 issue of 
the PROCEEDINGS OF THE IRE, has brought 
the following correction to the attention of 
the editors. 

The phase of the second term in eq. ( 1) 
is 

(2) and not 

and cyclical permutations. The total voltage 
at z=0 is equal to the circuit voltage, so 
V(0) is the actual input circuit voltage; the 
circuit voltage at z is related to the total 
voltage at z by (7.17) of Pierce. With ( 1) 
this can be written 

(f2 + e, - (i21) 

(f2 - %el - 4,1)• 

The figures accompanying the discussion 
have been interchanged. 

The multiplying factor in footnote 2 is 

exp ( - jet) 

Ibid., p. 114. 

and not 

exp 
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Fig. 1. 

Frequency Stable LC Oscillators* 

I would like to comment on the above 
paper by J. K. Clapp.' Mr. Clapp admits 
that the linear analysis by Edson and others 
indicates that the series-tuned oscillator is 
no more stable than a high C Colpitts oscilla-
tor having the same circuit Q and the same 
impedances presented to the tube. He then 
brings up the effect of harmonic components 
and resorts to linear theory to attempt to 
prove that the series-tuned circuit is 
superior. 

In this attempt he has made two basic 
errors. ( 1) He substitutes an equivalent cir-
cuit (Fig. 4) which is a special case pertain-
ing only to resonant operation. Because 
Rg= — Rs, only three operating conditions 
are possible: a) resonance where we have 
either zero voltage or infinite current, b) be-
low resonant frequency where the series im-
pedance is pure capacitive reactance and the 
current leads the voltage by 90 degrees, 
c) above resonant frequency where the series 
impedance is pure inductive reactance and 
the current lags the voltage by 90 degrees. 
(2) The generator phase angle i represented 
by (30) has no meaning. The phase relation 
between the current through the generator 
and its terminal voltage is entirely deter-
mined by the load connected to the termi-
nals. The phase relation between the current 
through a generator and its internally 
generated voltage is determined by the sum 
of the impedances of the generator and the 
load. Had Mr. Clapp included the load 
impedance into his calculation he would 
have found that df/ et, for Fig. 4 was a dis-
continous function. 

BRAN-11 BRANCH 2. 

2 

Nyquist diagram which follows shows that 
the two circuits are entirely equivalent at 
resonance, near resonance, and at the second 
harmonic of resonant frequency (Fig. 1). 

It should be clear from the above that 
(40) is not valid because it was not based 
on valid assumption;. An analysis of an 
equivalent circuit substituting a constant 
current generator for the tube will indicate 
that the function 417,10 is the same for the at 
Colpitts and for the series-tuned circuit for 
equal Q's and equal impedances presented to 
the tube. The calculation of points on a 

* Received by the IRE, August 26. 1954. 
I PROC. IRE, vol. 42, pp. 1295-1303; August. 

1954. 
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2wo, XL = 1012, XL = 409, R = . 112 

10-3 X 100 .1 1  o = 
4(.1 j30) .4 + j120 4 j1200 

by a similar development for the series tuned 
oscillator (Fig. 2) 

Fig. 2. 

Let 

ue = 4[R ± j(X L — Xcv — 'Cc)] 

gm Xc2 

gm = 10-3 

at 

‘00, X  L=50014 Xcv = 40014 Xc 10011, R=2.512 

10-3 X 10' 
140 = 1 

4(2.5) 

at 

wo 

at 

= Xc = 99.912, Xcv = 399.69, 

XL = 500.511, R = 2.512 

10-3 X 10' 100 — j40 
uf3 = 

10+j4 116 

= .862 — j.344 

2coo, Xc -= 502, Xcv =- 2002, 

XL = 100011, R = 2.512 

= 10-3 X 2500  2.5  
ue  

4(2.5 -I- j750) 10 -I- j3000 

1 
 • 
4 +j1200 

This should end all contention that the 
series-tuned circuit has any electrical ad-
vantage over any other, so that any choice 
of oscillator circuits may be made on the 
basis of practical advantages. On this basis 
it would seem that a circuit which is useful 
over a 2:1 or 2.5:1 frequency ratio would in 
most cases be preferable to one which is use-
ful over a 1.2:1 range. 

Actual experiments have borne out the 
above theoretically derived proof that the 
series-tuned oscillator is basically no more 
stable than other configurations. 

The opinions herein are those of the 
writer and are not to be construed as repre-
senting the views of the Navy Department 
of the Naval Service at large. 

W. B. BERNARD 
Commander, USN 

4420 Narragansett Ave. 
San Diego 7, Calif. 
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Rebuttal' 

Commander Bernard questions the 
equivalent circuit of Fig. 4 of this paper and 
states that it is applicable as a "special case 
pertaining only to resonant operation." 
Frankly, that is exactly what it is intended 
to represent. Apparently, he loses sight of 
the significance of the generator resistance, 
Rg= R., as representing a voltage rise, which 
balances the drop in the circuit-series re-
sistance, R„ at resonance and at the stable 
current of operation. The voltage is certainly 
not zero, and the current is certainly not 
infinite. The only possible mode of operation 
is at series resonance, hence discussion of op-
eration above or below resonance is mis-
directed. The entire development was based 
on circuit as shown, i.e. with load connected. 

The paper states, and it is reiterated, 
that the author "admits that the series-
tuned oscillator is no more stable than a 
high-C Colpitts having the same circuit Q 
and the same impedances presented to the 
tube," and a mathematical development is 
presented to prove the point again. This 
point is but of minor academic interest. 

If the references of the paper are con-
sulted, particularly reference 8 to Prof. 
Edson's bock, it would be appreciated that 
over a wide range of frequencies up to some 
tens of megacycles, in a high-C circuit, pre-
senting the same impedances to the tube, 
it is difficult or impossible to realize the 
same Q. On this practical consideration, the 
series-tuned circuit will always have higher 
frequency stability than high-C Colpitts 
A further practical consideration is that 

in a low-impedance high-C circuit the tuning 
range is severely restricted, if usually avail-
able components of small volume and cost 
are employed. 

As Prof. Edson sums it up: " In the Col-
pitts oscillator, the reactances required for 
optimum stability are often impracticably 
small; and an attempt to realize the calcu-
lated values is frustrated by poor values of 
Q, impracticably large variable condensers, 
and other similar limitations." 

One of the main objects of the author's 
paper was to present circuits having fre-
quency ratios greater than 1.2:1 (the ratio 
of the circuit of the first paper3) while main-
taining the advantages of the series-tuned 
oscillator. Since the paper describes circuits 
of up to 2.5:1 frequency ratio, the objection 
to the series-tuned oscillator on the basis of 
frequency ratio cannot be sustained. 

Commander Bernard's experiments to 
prove the series-tuned oscillator no more 
stable than other oscillators must have been 
conducted at frequencies high enough to 
make the advantages of the series-tuned 
oscillator begin to deteriorate. It would 
be interesting to know how equality of the 
Q's and equality of impedance levels pre-
sented to the tube were established. The ex-
periences of others, as given by references 1 
and 4, indicate that improvements in stabil-
ity of from 10 to 100 times over conven-
tional circuits are readily obtained. 

G. G. Gouriet's and the author's pro-
cedure in taking the phase shift of the funda-
mental, due to harmonic distortion, as 

Received by the IRE, January 25, 1955. 
K. Clapp. "An inductance-capacitance oscil-

lator of unusual frequency stability," PRoc. IRE, 
vol. 36, pp. 356-358; March, 1948. 

equivalent to the nonlinear effect, was based 
on Llewellyn's work, referred to in reference 
9. The method used by Gouriet, and followed 
by the author, for evaluating the effect of 
the reactive component, and the conclusion 
that the effect is reduced by increasing the 
inductance of the oscillator circuit are not 
correct. This problem will be considered in 
a later communication. More importantly, 
this work pointed out the deleterious effect 
of disturbances, such as unwanted feedback 
from amplifiers, which had not been appre-
ciated previously. 

The circuit in question is amenable in 
design and adjustment and gives satisfac-
tory performance in many fields, ranging 
from standard frequency crystal oscillators, 
through many varieties of laboratory and 
testing oscillators, to master oscillators for 
transmitters. 

J. K. CLAPP 
General Radio Co. 
Cambridge, Mass. 

Characteristic Impedance of Air-
Spaced Strip Transmission Line* 

The authors of a recent paper' describe 
an improved mathematical technique for de-
termining the characteristic impedance of a 
TEM wave in an air-spaced transmission 
line of the form illustrated in Fig. 1. The 
method leads to results which differ con-
siderably from those previously published,2 
the latter being based on approximate solu-
tions originated by Maxwell, Palmer and 
others. The difference is most marked for 
relatively high values of impedance (e.g. 
Zo > 80ft). 

CONDUCTOR 2 

CONDUCTOR 1, 

Fig. 1—Cross section of air-spaced microstrip line. 

As part of a general program on strip-line 
techniques we have, at these laboratories, 
carried out a fairly comprehensive analysis 
of the properties of different strip-line geo-
metrics with the aid of an electrolytic tank. 
The tank employed was of the double-layer 
type,' thus ensuring a good approximation 
to an infinite medium in the transverse 
plane. Instrumentation difficulties, how-
ever, limited the over-all accuracy (in the 
case of impedance measurements) to an 
estimated +3 per cent. 
A few of these results, restricted to the 

region of interest, are presented in Fig. 2. 
The thickness of the conductors is fixed at 

* Received by the IRE, February 28. 1955. 
1 K. G. Black and T. J. Higgins, "Rigorous De-

termination of the Parameters of Microstrip Trans-
mission Lines." Symposium on Microwave Strip Cir-
cuits, Tufts College. Mass.; October 11-12. 1954. 
3 F. Assadourian and E. Rimai. "Simplified theory 

of microstrip transmission systems," PRIX. IRE, vol. 
40, pp. 1651-1657; 1952. 

A. R. Boothroyd, E. C. Cherry, and R. Makar, 
"An electrolytic tank for the measurement of the 
steady-state response, transient response, and allied 
properties of networks," Jour. LEE, part 1, vol. 96. 
p. 163; May, 1949. 
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Fig. 2—Curves of characteristic impedance for 
air-spaced microstrip line. 

tb2/32 throughout, but repetition of 
some of the measurements for t —62/64 and 
t -. 1)2/96 showed that within this range, at 
any rate, the impedance is largely inde-
pendent of strip thickness. (The change in 
conductor loss is, however, appreciable.) It 
will be noted that they are in excellent 
agreement with the numerical results cal-
culated by Black and Higgins,' and hence 
confirm the inadequacy of the earlier formu-
lations. The agreement would seem to be 
more than a coincidence and I therefore feel 
that the authors deserve considerable praise 
for their hard-won achievement. 

The sandwich (or tri-plate) line has also 
been studied and good agreement has like-
wise been obtained with published results.' 
In both cases considerable data has been 
collected in regard to conductor losses, 
capacitative coupling between adjacent 
strip conductors (considerably lower in the 
case of the tri-plate line), and the effect on 
attenuation of changes to the shape of the 
conductor edge (found to be negligibly 
small). It is hoped to include much of this 
data in a forthcoming pablication. 

In conclusion it should be stressed that 
Assadourian and Rimai2 never claimed any-
thing other than an approximate solution. It 
has always been clear that a rigorous solu-
tion to the air-spaced line would be of rather 
academic interest only, since practical 
microstrip lines usually involve a dielectric 
supporting slab. In the latter case the 
boundary conditions require (as a minimum) 
that there exist a longitudinal component 
of the electric vector. Sciegienny and 
Schetzen, whose work is mentioned briefly,' 
made some progress towards a rigorous solu-
tion, and, for an idealized type of slab sup-
ported line, identified a dominant mode of 
the EH type. However, in discussions with 
them in 1953 I was led to understand that 
attempts to obtain an explicit solution had 
not been successful, and that numerical com-
putations of wavelength, results of which 
are quoted,' had proved very tedious. 

J. M. C. DUKES 
Standard Telecotnmun. Labs. Ltd. 

Enfield, Middx., England 

S. B. Cohn, "Characteristic impedance of the 
shielded-strip transmission line," TKANS. IRE. vol. 
MTT-2, pp. 52-57; July, 1954. 

'J. Sciegienny and M. Schetzen, "Theoretical 
Analysis of a Strip Transmission System," Part Xl, 
Quart. Prog. Rep., Res. Lab. Elec., MIT; April 15, 
1953. 
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Reflection Coefficients of Irregular 

Terrain at 10 Cm* 

A recent paper on the above subject by 
K. Buffington' reminds the present authors 
of some relevant data accumulated while 
they were members of the Research Labora-
tories of Sperry Gyroscope Co. at Garden 
City, New York. 

The work of Buffington was concerned 
with gross reflection of radio waves en-
countered in point-to-point relay trans-
mission. Because the separation between 
points of transmission and reception is large, 
the reflection takes place from a large area 
of the earth, usually being quite inhomo-
geneous. In order to understand this and re-
lated problems better, we chose to study 
reflections from sample regions, carefully 
selected to be homogeneous in character. It 
is believed that the behavior of reflections 
from large regions can best be understood by 
studying homogeneous samples of the various 
types of surfaces that are likely to be en-
countered. Our experiments were performed 
at a wavelength of 10 cri and included the 
study of salt and fresh water, dry sand and 
soil, moist sand, dry soil with vegetation, 
and ice. The bulk of the data was accumu-
lated in 1943, on various sites on Long 
Island, New York. 

The method of measaring the reflection 
coefficient of a surface employed in this in-
vestigation is illustrated in Fig. 1. A suitable 
radio transmitter and a receiver were sup-
ported on portable towers above the surface 
to be studied as shown. The direct and re-
flected waves arrive at the receiver after 
traveling the paths indicated. The intensity 
of the field at the receiver depends upon 
the vector sum of the two waves. The rela-
tive phase of the direct and reflected waves 
may be changed by changing the height of 
the receiver. By observing the character of 
the resulting interference pattern as a func-
tion of height of the receiver, the strength of 
reflected waves can be determined in the 
usual way, making it possible to determine 
the magnitude of the reflection coefficient. 

iTR-r---1W4IT TER 

TOWER — 

oatcT R.( 

rWFLI0CEE0 

EARTIT 

\ 

REFLECT... MEDIUM 

(a) 

RECEIVER] 

— TOWER 

h, 

(13> 

Fig. I (a) Arrangement of apparatus in making meas-
urements of reflection coefficient. (b) Idealized 
geometry of the experiment. 

* Received by the IRE. January 17, 1955. 
1 K. Bullington, " Reflection coefficient of irregular 

terrain," PROC. IRE, vol. 42, pp. 1258-1262; August, 
1954. 

The symbols used in the following dis-
cussion are as follows: d is the horizontal 
separation between the transmitter and the 
receiver, r1 is the length of path of the direct 
wave, r: is the length of the path of the re-
flected wave, lit is the height of the trans-
mitter above plain earth, h, is the height of 
the receiver, and 11,1 is the angle of incidence 
of the reflected wave. 

Using the above notation and assuming 
that d>>X, he=h,»X, and ri=d, the reflec-
tion coefficient R can be shown to be 

1 
R 1 Emig  

cos 11,2 Ehhix 

-- 

Ern uè 

where Enme and Emir, are the maximum and 
minimum values observed at the receiver as 
it is moved vertically through the inter-
ference pattern. In practice, one may not 
always be able to satisfy the approximations 
used in arriving at the above formula, and 
more elaborate calculations become es-
sential. Moreover, the transmitting and 
receiving antennas are partially directional, 
thus changing the relative strength of the 
direct and reflected waves. All of these de-
tails were accounted for in our work by the 
expedient of using specially prepared nomo-
graphs. The reflection coefficients for the 
various types of earth are presented in Figs. 
2 to 13. An attempt was made in each case 
to correlate these data with theory. When-
ever possible, values of dielectric constant 
and conductivity were obtained from exist-
ing sources and appropriate curves were 
computed using the well-known methods.2 

w le 20 24 à 

EAGLE OF wODENEE - DEGREES IRO 

Fig. 2— Reflection coefficient for salt water, Merrick 
Canal. Surface: Sea water covered with estimated 
1 inch ripples. Points— experimental; theoretical 
curves drawn for e - 69, o 6.5 X10 -11 emu. 

wewE OF INCOENa • DEGREES 4,1 

Fig. 3—Reflection coefficient for salt water, Short 
Beach. Surface: Tidal flat covered with 18 inches of 
sea, 2 inch ripples. Points—experimental; theo-
retical curves drawn for e = 69, o = 6.5 X10 -11 emu. 

C. R. Burroughs. "Radio propagation over plain 
earth—field strength curves," Bell Sys. Tech. Jour. 
vol. 16, pp. 45-75; January, 1937. 

F. E. Terman, " Radio Engineers Handbook," 
McGraw-Hill Book Co.. Inc.. New York; pp. 700-707. 

K. A. Norton, "Ground Wave Propagation," Fed-
eral Communication Commission, Document 47475. 

w•GLE or .000. - DEGREES 10,, 

Fig. 4—Reflection coefficient for fresh water, Kenyon 
Farm. Surface: Fresh water pond, smooth. Theo-
retical curves plotted for e =80. 
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Fig. 5—Reflection coefficient for dry sand, Oak Beach. 
Surface: Small dry sand hillocks. some vegetation. 
Theoretical curves drawn for e = 4. 

aroLL RE WOCIEXCE•OMIREES 

Fig. 6—Reflection coefficient for harrowed field. New 
York State Agricultural Institute. Surface: Har-
rowed field, clay-sand soil, lumps 1 to 2 inches in 
diameter. Theoretical curves drawn for • - 4. 

AK«W ,,,,esege• IMOREES /..) 

Fig. 7—Reflection coefficient of a tidal flat at low 
tide, Short Beach. Surface: Tidal flat with some 
organic material. Theoretical curves drawn for 
4=10. 
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Fig. 8—Reflection coefficient for moist sand, Short 
Beach. Surface: Moist sand. some algae, very 
smooth. Theoretical curves drawn for e = 15. 
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Fig. 9—Reflection coefficient of dry soil, Hicksville 
Airport. Surface: Rolling field, dry soil, grass 4 
inches long. 
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Fig. 10—Reflection coefficient of a grass covered 
field. Garden City, New York. Surface: Slightly 
rolling, grass 4 to 18 inches high, dry. 
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Fig. 11—Reflection coefficient of an agricultural field, 
New York State Agricultural Institute, Surface: 
Beet field covered with weeds. 
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Fig. 12—Reflection coefficient of brush covered ter-
rain, New York State Agricultural Institute. Sur-
face: Growth of pine trees 3 to 10 feet tall, bushes. 
weeds, and gravelly soil. 

MALE OF ING1DENGE DEGREES 5.1 

Fig. 13—Reflection coefficients of ce, Lake Tiorati, 
New York. Surface: Smooth ice, 22 inches thick. 
Theoretical curves drawn for e =4. 

Too accurate an agreement cannot be ex-
pected as the dielectric constant and con-
ductivity are not directly applicable to the 
heterogeneous material encountered in our 
experiments. 

Our results show, as would be expected 
from optical reasoning, that earth, which is 
rough when compared to X/2, does not pro-
duce specular reflection and the reflection 
coefficient has no meaning. For example, 
plowed fields produce almost complete scat-
tering. Earth covered with vertical grass 
may produce specular reflection for hori-
zontal polarization, and scattering for 
vertical polarization. In the case of smooth 
and isotropic surfaces, the convent'onal 
theory of reflection coefficient applies, pro-
vided that the dielectric constant and con-
ductivity of the surface are known. By fitting 
curves to the experimental data presented 
above, values of dielectric constant and con-
ductivity have been determined and appear 
to be in fair agreement with known or esti-
mated values of these constants as obtained 
by other means. 

We wish to acknowledge the help of 
Messrs. W. Frost, J. Singer, and M. Dicker-
son for help in accumulating the above in-
formation and to V. R. Learned for nu-
merous suggestions. We also appreciate the 
encouragement and help of Dr. W. 1'. 
Cooke, and the permission of Sperry Gyro-
scope Co. to publish this information. 

E. M. SHERWOOD 
Battelle Memorial Institute 

E. L. GINZTON 
Microwave Lab. 

Stanford University 

Note on Helix Propagation* 

It has often been stated that all space 
harmonic components of a helix mode have 
the saine group velocity.' By a tacit assump-
tion that the familiar relation among power 
flow, energy storage, and group velocity is 
valid for the separate space harmonics, it 
has been implied that all space harmonics 
carry power in the same direction. This 
writer thinks that this implication is er-
roneous because the above relation is not a 
valid one for the separate space harmonics. 
The usual proof' fails because these fields 
separately carry complex power into the 
cylindrical surface in which the helix lies. 
Helical-line cut-off propertie.4 can be clarified 
if one is not bound by the concept to which 
this writer takes exception. 

Brief evidence in support of the writer's 
position is shown by examination of power 
flow conditions as the high frequency cut-
off point of the delay-line mode (Sensiper's 
00 mode) is approached. Here the impedance 
(total axial power flow divided by square of 
current) drops rapidly and is finally zero at 
cutoff, where the field is a complete standing 
wave. It is proposed that the decrease in 

* Received by the IRE. March 14, 1955. 
See, for example. S. Sensiper, " Electromagnetic 

wave propagation on helical structures (a review and 
survey of recent progress)," PROC. IRE, vol. 43, pp. 
149-161; February. 1955. 
z S. Sensiper. " Electromagnetic Wave Propagation 

on Helical Conductors," M.I.T. Res. Lab, Elec. Tech. 
Rep. No. 194, eq. ( 106); May, 1951. 

total power flow is not the result of all 
powers in space harmonic fields decreasing, 
but rather by a subtraction of the power in 
the — I space harmonic held from the ag-
gregate power in the remaining fields. The 
—1 field carries power in the backward direc-
tion, which is in the same direction as its 
phase velocity. As cutoff is approached, this 
field spreads radially as its phase velocity 
approaches the velocity of light; it becomes 
increasingly dominant and finally cancels 
the forward power to produce cutoff. This 
reasoning applies to both the shielded and 
unshielded helical lines and tends to support 
earlier evidence3.4 that cutoff is not simply 
the result of a radiation condition, which is 
peculiar to the unshielded helix only. 

L. STARK 
Res. and Dey. Labs. 

Hughes Aircraft Company 
Culver City, Calif. 

s L. Stark, "The lower moder of a concentric line 
having a helical inner conductor" Jour. Appt. Phys., 
vol. 25. pp. 1155-1162; September. 1954. 

R. Pierce and P. K. Tien. "Coupling of modes 
in helixes," PROC. IRE, vol. 42, pp. 1389-1396; Sep-
tember, 1954. 

Design Considerations of Junction 
Transistors at Higher Frequencies* 

The lowest frequency for which the T-
network obtained in this paper' remains cor-
rect is governed by the validity of the ap-
proximation of the frequency variable sp: 

Wo Wo 
sp = (1 +.icerp) 1/2 •'-- - ---(M"2. ( 1) 

(Dprp)' 1, N/Dp 

By using the exact expression above for 
s„, one can extend the applicability of the 
T-network down to zero frequency. Retain-
ing the previous expressions for zA, za, and 
sc, in terms of z00 and zào, and using for the 
collector capacitor impedance on a 2b-ohnt 
impedance level 

2b 2 

C0s Ksi,2 — A 

where s =jo,,, .4 = Cc/bri,, and K DpQ/b 
one now obtains for the 'l'-arm impedances 
zA, zn, and zc, 

2 (K _A\ + 1 anh sp/2 
42) sp/2 

and 

ZA = 

ZR = 

A 
(Ksp— —) coth s„ 1 

sp 

tanh sp/2 

sp/2 

(Ksp — —A ) coth s„ 1 
sp 

2 

(2) 

(3) 

, (4) 

s„ sinh s„ 
zc =   (5) 

A 
(Ksp— —) coth + 1 

sp 

* Received by the IRE. March 16, 1955. 
1 H. Statz, E. A. Guillemin, and R. A. Pucel, 

PRoc. IRE, vol. 42, pp. 162.)-1628; November 1954. 
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variable p, 

4 Wo2 s 
p =-Ti Di, wa 

and introducing the definition 

4 Wo2 1 
— 
ir  Dprp waTp 

The poles of these functions are obtained 
as the solutions of the equation 

A 
Ksp - — + tanh s, = 0; (6) 

or, with sp=ju, from the equation 

A 
tan u = - Ku - — • (7) 

u 

For the typical values Ce = 100 uuf, 
b= 2 X10-2, r,,= 1O 4, as given in the article, 
A r•-•,-- 0.05 ; thus, one may ignore the term 
A /u in comparison with Ku and obtain the 
same solutions for u: 

for v = 1, 3, 5, • • • . (8) 
2 

Using the same definition of the frequency 

(9) 

d = (10) 

one obtains 

sp = — = (11) 
2 

Hence the poles can be expressed in terms 
of p as 

p, = - - d for I, -= 1, 3, 5, • • • . ( 12) 

However, since d is of the order of 10-4, then 

- v2 for 1, = 1, 3, 5, • • • , (13) 

which coincide with the previous results. 
The residues in these poles, which may be 

obtained following the pattern outlined in 
the article, are: 

16 
residues of zA ;----- T-2, 

32(-1)('-') 12 
residues of ze -  , (15) 

Kir3v 

32(- 1)(2+1)12 
residues of zc (16) 

Ki-3v 

since A /K<<1 and 

tan pr/4  
« 2K. for v = 1, 3, 5, • • • . 

vr/4 

These residues are the same as those ob-
tained previously. 

However, zc no longer has a pole at s,=0 
(or p = 0). For as s5-.O, 

2  

ec = (Ks„2 - .4) cosh s„ sp sinh sp 

2 
-+ 

(Ksp2 - A) ± s„, 

Thus, Sc is finite at the origin, but has a pole 
at 

5,2 

or, since 

A 

K + 1' 

7r2 
Sy = p + d and A = — Kd 

2 4 

(17) 

this pole is also given by p= -d/K. For this 
pole, 

8 1 
Sc --> 

K1-2 p + d/K 

and its residue there is 8/Kr2, which is the 
same as that obtained in the article for the 
pole of Sc at the origin. 

This residue in conjunction with the new 
pole position will appear in the equivalent 
circuit as a resistor shunted across the series 
capacitor in the zc-arm of the T-network, 
Fig. 9 of the article. The net result is that 
the new T-network will permit a base cur-
rent to flow even at zero frequency—which 
is more in accordance with physical facts. 
This is the major change effected by the 
use of the exact expression for s2,. It can be 
shown that zA and ze also have simple poles 
at p= -d/K with residues -d/K and 
+d/K, respectively. 

The infinite partial fraction expansions 
for zA, za, and Sc corresponding to those ob-
tained in the article are: 

16 - 1-2  d/K 1 1  
— 

542 L16 p + d/K + p + 1+ p + 9 

+ p + 25 ± • • , (18) 

32  pr3  d 1 1/3 
f.•.B = 

Kr' 132 p+ d/K + p + -::-j 

1/5 

+ p 25 1' 

32  r  T/4 1 1/3 
zc = Kr' Lp + d/K p + 1+ p + 9 

1/5 

p+ 25 + 

(19) 

(20) 

(14) Note that for d = 0 (which corresponds to 
approximating sp by Wo(jco)ui2/,), these 
expressions coincide with those obtained in 
the article. Using the exact expressions for 
zA, za, and zc, 

z4 (0) ee• 1; zB(0) ee 1; 

zc(0) 8/r2d = 2DWIV02, 

for 0<d«1 and K>>1. 
If the infinite expansions are terminated 

after a finite number of terms, the approx-
imations will be improved if the approximate 
net effect of the abandoned terms is taken 
into account in the range of p-values con-
sidered. 

For example, if terms up to and includ-
ing the pole at p -25 are retained, for the 
range 0 5j6, the terms dropped are es-
sentially resistive and nearly equal to their 
respective values at p= 0. Consequently, one 
may represent their combined effect in each 
series by a constant evaluated at the origin. 
These constants are the same as those ob-
tained in the article; thus, the modified cir-
cuit will revert to that of the article when 
d= 0. 

The normalized equivalent circuit for the 
T-network corresponding to Fig. 9 of the 
article is shown here in Fig. 10. The portion 
enclosed by the dotted lines extends the 
applicability of the circuit obtained in the 

article to radian frequencies below 1/rp. 
This circuit may be denormalized by use of 
Table I of the article.' 

1/25 7:V:A I 

0.083 
Te 

,8   

IT3K 
32- I -,/27 1/125 

-0.00] 

6K 32 , -3 5 

1/27 
3 '32' 'C 

-V125 -5 

0.002 

ELEMENTS IN 
NORMALIZED 
RESISTANCE 
AND 
CAPACITANCE 
UNITS. 

Fig. 1—Explicit form of the T-network applicable to 
low frequencies (four terms in the expansion). 

In conclusion it is informative to observe 
that this equivalent circuit describes the 
transistor correctly at zero frequency. For 
this purpose the current through the col-
lector (which is considered to be shorted) is 
compared with the current through the base. 
From the circuit the ratio of base to col-
lector current is simply equal to zezc 

(w3K/32)/(TK/4d) =- W02/2D„r„ since K 
>>1 and 0 <d«1. 

It is also very simple to calculate the 
ratio directly from the physical properties of 
the transistor. The emitter current is ap-
proximately equal to the collector current 

/.„ = A qD p grad Pee A qD,p./ Wo, where 
A is the emitter area, p is the concentration 
of holes, and p. is the concentration of holes 
at the emitter side of the base. The base cur-
rent, which is equal to the total recombina-
tion current, is given by (q/r„)fpdv 
(Aqp„Wo)/2r,). The ratio of the emitter 

current to the base current is W02/(2Dpr,), 
which agrees with the above result. The fact 
that the emitter efficiency is not equal to 
unity was not considered, but it is included 
in the complete circuit of Fig. 3 of the arti-
cle. 

ROBERT A. PUCEL 
Research Division 

Raytheon Manufacturing Company 
Waltham. Massachusetts 

"yrneh"* 

The writer is indebted to Professor True 
McLean for having called to his attention 
the true origin of the term "yrneh."' It ap-
pears that the term was originated in 1910 
by the famed Professor Vladimir Karapetoff2 
of Cornell University. 

HARRY STOCKMAN 

Scientific Specialties Corp. 
Boston 35, Mass. 

* Received by the IRE. April 8, 1955. 
1 H. Stockman, On reciprocal inductance," PROC. 

IRE, vol. 43, p. 341; March, 1955. 
V. Karapetoff, "The Magnetic Circuit." McGraw-

Hill Book Co., New York, N. Y., p. 10; 1911. 
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On Reciprocal Inductance* 

I wish to concur with Mr. Baghdadyi in 
his suggestion of the term "inertiance" for 
reciprocal inductance. A further suggestion 
is the use of the term "erny" for the units 
of "inertiance" is a sort of tribute to Ernst 
Guillemin of M.I.T., who has done so much 
to popularize the use of reciprocal induct-
ance in his courses on "Guillementary Cir-
cuit Analaysis." 

H. T. MCALEER 
General Radio Company 

Cambridge, Mass 

* Received by the IRE, December 30, 1954. 
I PROC. I.R.E., p. 1807; December, 1954. 

Optimum Patterns for Endfire 
Arrays* 

In a recent paper, DuHamel' has de-
scribed a method of synthesizing an equal-
minor-lobe, or Tchebycheff, directivity pat-
tern for an endfire linear array. This method 
is based on a generalization of the synthesis 
procedure suggested by H. J. Riblet' in ex-
tending the work of C. L. Dolph' for the 
broadside array to include the case of arrays 
having an element spacing less than a half 
wavelength. Dolph's original method yields 
the optimum pattern only for element spac-
ings greater than a half wavelength, whereas 
Riblet's method permits an optimum pat-
tern to be specified for any element spacing. 
However, Riblet's method is applicable as 
such to arrays having an odd number of ele-
ments only, whereas Dolph's method may 
be used for even or odd numbers of elements. 

The purpose of this communication is to 
point out that the method originally de-
scribed by Dolph may be applied directly to 
the case of the endfire array. An optimum 
pattern may be obtained for the endfire 
array for any element spacing, in contrast 
with the case of the broadside array. (It 

*Original manuscript received by the IRE, 
August 1953; revised manuscript received. May 12. 
1955. 
I R. H. DuHamel, PROC. I.R.E., vol. 41, pp. 652-

659; May, 1953. 
1 H. J. Riblet, " Discussion on A current distribu-

tion for broadside arrays which optimizes the rela-
tionship between beam width and side-lobe level," 
PROC. IRE.. vol. 35. pp. 489-492; May, 1947. 
s C. L. Dolph, "A current distribution for broad-

side arrays which optimises the relationship between 
beam width and side-lobe level," PROC. IRE., vol. 
34, pp. 335-348; June, 1946. 

should be noted, however, that element 
spacings greater than a half wavelength 
normally are not used in an endfire array in 
order to avoid extra major lobes in the 
pattern.°) There are two advantages of 
using Dolph's method. First, the same meth-
od may be applied directly to arrays having 
even or odd numbers of elements. Second, 
the resulting equations for determining the 
relative currents for the elements (excitation 
coefficients) are of somewhat simpler form 
than the corresponding equations derived 
by DuHamel from Riblet's method. 

r 

• 

rit <0615/11 

• OF 5 

-A" • 1.5 

Fig. 1—Graphical construction of optimum directivity 
pattern S.(4,) from fourth-degree Tchebycheff 
polynomial T.(z) for five-element endfire array 
with d/X ••• I. 

Application of Dolph's method to the 
endfire array is illustrated in Fig. 1 for the 
five-element array used by DuHamel (cf. 
his Fig. 5). Notation used here is the saine 
as that in DuHamel's paper. The space fac-
tor si,(4,) expressed as a function of the 
auxiliary variable 11, is determined from the 
fourth-degree Tchebycheff polynomial T4(z) 
by means of a linear transformation z = A 
cos (1,G/2). ( DuHamel determines his space 
factor from the second-degree polynomial 
Tt(z) with z =ct cos 1P +b.) In either case, the 
physical directivity pattern, expressed as a 
function of 4,, is described by the space factor 
S.(4') over a limited (visible) range of 1,G. 
As shown in Fig. 1, the unknown constants 
A and a are determined by the two condi-
tions that for .0 = 0, S(#)I =R, or z=zo, 
while for 4,= r S(101 = 1 or z — 1. 

Further details of this method cannot be 

This was noted by DuHamel, loc. cit., p. 655. 

included here because of space limitations. 
However, a more complete description, in-
cluding numerical examples for the seven-
element array used by DuHamel and for a 
four-element array, plus a description of an 
alternative method of overdesigning a super-
gain antenna, has been submitted for publi-
cation to the Transactions of the IRE, Pro-
fessional Group on Antennas and Propaga-
tion.° It also might be noted that the bi-
directional array considered by DuHamel 
may be treated by a similar adaptation of 
Dolph's method.° 

R. L. PRITCHARD 
2153-A Daisy Lane 
Schenectady, N. Y. 

R. L. Pritchard, " Discussion on optimum pat-
terns for endfire arrays." Trans. IRE, vol. AP-3, pp. 
40-43; January, 1955. 

R. L. Pritchard, "Optimum directivity patterns 
for linear point arrays," lour. Acous. Soc. Amer., vol. 
25, pp. 890-891; September, Ki53. 

The Unit for Frequency* 

The PROCEEDINGS uses cycle, kc, and mc 
as units of frequency, whereas the Radiation 
Laboratory Series, for example, uses cps, 
kc/sec, and Mc/sec. The conflict between 
the desire for convenience and the desire to 
retain the usual meaning of the word "cycle" 
is perhaps epitomized by the following 
sentence (PRoc. IRE, vol. 42, p. 1372; Sept., 
1954, top of the page). "The light is 
chopped by a 90-cycle-per-second sector 
disc, and the ac photoresponse is measured 
by a 90-cycle amplifier-detector." 
A happy solution would be more wide-

spread use of the term "hertz," meaning 
cycle-per-second. Thus the units of fre-
quency would be hertz (or hz), khz, and 
Mhz. A rate of sweeping frequency could 
have the unit Mhz/sec, instead of mc/sec or 
Mc/sec'. Noise power density could have 
the unit watts/Mhz, instead of watts/mc or 
watts/(Mc/sec). 

The term hertz is listed in "Electronics 
Dictionary" by Cook and Markus, McGraw-
Hill Book Company, 1945; "German Mili-
tary Dictionary," TM 30-506; "Antennas" 
by Kraus, McGraw-Hill Book Company, 
1950; and "Science," December 24, 1954. 

P. W. CRIST 
Airborne Instruments Lab. 

Mineola, N. Y. 

* Received by the IRE, January 4, 1955. 
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W. F. Cuow 

B. P. BOGERT 

Contributors  
C. A. Aldridge was born in Canandaigua, 

N. Y., on May 2, 1922. He was employed 
from 1940 to 1944 by the Consolidated 

Machine Tool Corp. 
and in cooperative 
programs studied me-
chanical engineering 
from 1940 to 1942 at 
the Rochester Insti-
tute of Technology, 
and electrical engi-
neering from 1942 to 
1944 at the Univer-
sity of Rochester. 
From 1944 to 1946 
he was with the 
Navy at the Naval 

Research Laboratories and in the South 
Pacific. 

Mr. Aldridge received his B.S. degree in 
physics in June, 1950 from Syracuse Uni-
versity. He completed a graduate year in 
physics and then joined the Electronics 
Laboratory in June, 1951. 

Since then, he has been engaged in de-
velopment work in the fields of colored tele-
vision studio equipment, electromechanical 
simulators, and transistor circuitry, and is 
continuing his graduate work at Syracuse 
University. 

C. A. ALDRIDGI. 

B. P. Bogert was born on September 26, 
1923, in Waltham, Mass. He received the 
degree of B.S. in physics in February, 1944. 

the M.S. degree in 
mathematics in 1946 
anda Ph.D. in mathe-
matics in 1948 from 
Massachusetts Insti-
tute of Technology. 

During 1944 and 
1945, he was a staff 
member of the M.I.T. 
Radiation Labora-
tory. In 1948, he 
joined the technical 
staff of the Bell Tele-
phone Laboratories, 

Murray Hill, and has been primarily con-
cerned with research in physical acoustics, 
and in narrow band speech transmission. 

He is a member of Sigma Xi, and a Fel-
low of the Acoustical Society of America. 

W. F. Chow (M'53—SM'53) was born in 
Shanghai, China, on June 7, 1923. After 
receiving the B.S. degree in electrical engi-

neering from Ta Tung 
University in 1945, 
he joined the Chapei 
Power Co. In 1948 
he came to the 
United States receiv-
ing his M.S. degree in 
electrical engineering 
in 1949 and his Ph.D. 
in electrical engineer-
ing in 1952, both 
from the University 
of Minnesota, while 
he was serving there 

as a teaching assistant. 

M . PETER 

B. F. C. COOPER 

Dr. Chow joined the General Electric 
Co. in 1952. He is engaged in the research 
and development of transistor circuitry. 

Dr. Chow is a member of Eta Kappa 
Nu and Sigma Xi. 

B. F. C. Cooper (M'47) was born in Eng-
land in 1917. He received the degrees of 
Bachelor of Science in 1939 and Bachelor of 

Engineering in 1941 
from the University 
of Sydney. He has 
been a member of the 
research staff of the 
Division of Radio-
physics, Common-
wealth Scientific and 
Industrial Research 
Organization since 
1940. 

During World 
War II he worked on 
many developmental 

aspects of ground and airborne radar, and in 
the immediate post-war period he was re-
sponsible for the design of an airborne dis-
tance measuring equipment. In 1946-47 he 
spent a period with the National Research 
Council of Canada, where he developed an 
airborne ground-profile recorder. 

Since returning to Australia he has de-
veloped instrumentation for rain-physics re-
search, and also a magnetic drum storage 
system for the C.S.I.R.O. Mk I Computer. 
At present he leads a group working on 
transistor electronics. 

Martin Peter was born July 12, 1928, in 
Switzerland. He received the diploma with 
distinction in physics and mathematics from 

the Eidgenôssische 
Technische Hoch-
schule in Zurich in 
1952. 

Mr. Peter was 
awarded the Kern 
prize for his thesis 
on colloidal ferro-
electrics. 

Mr. Peter subse-
quently came to the 
United States and 
entered the Massa-
chusetts Institute of 

Technology, where he is a candidate for the 
Ph.D. degree in the Department of Physics. 
While studying for his degree, he is also a 
research assistant in the Research Labora-
tory of Electronics. 

Mr. Peter is a member of the American 
Physical Society and is an associate of Sigma 
Xi. 

For a photograph and biography of 
M. W. P. Strandberg, see page 756 of the 
June, 1955 issue of the PROCEEDINGS OF THE 
IRE. 

E. KEONJIAN 

R. W. Grow (S'48—A'52) was born in 
Lynndyl, Utah, on October 31, 1925. He re-
ceived the B.S. and M.S. degrees in electrical 

engineering from the 
University of Utah 
in 1948 and 1949, re-
spectively, and the 
Ph.D. degree in elec-
trical engineering from 
Stanford University 
in 1955. From 1952 
to 1953 he was an 
RCA Fellow in Elec-
tronics, under the Na-
tional Research Coun 
cil. 

From 1949 to 1951, 
Dr. Grow was employed as an electronic 
scientist at the U. S. Naval Research Labo-
ratory, where he worked successively in the 
fields of radar countermeasures and nuclear 
physics, participating in the 1951 Atomic 
Weapons Tests. In 1951 he became associ-
ated with the Electronics Research Labora-
tory at Stanford University, where he has 
been engaged in microwave tube research 
specializing in traveling-wave tubes and 
backward-wave oscillators. At present he is 
a Research Associate at the Applied Elec-
tronics Laboratory. 

Dr. Grow is a member of Sigma Xi, Tau 
Beta Pi, Phi Kappa Phi, and Phi Eta Sigma. 

E. Keonjian (M'50—SM'52) was born in 
Tiflis, Russia. He received his B.S. and M.S. 
degrees from the Leningrad Institute of 

Electrical Engineer-
ing in 1932. 

After graduation, 
Mr. Keonjian joined 
the Leningrad Cen-
tral Radio-labora-
tory and in 1935 was 
transferred to the 
Leningrad Research 
Institute of Elec-
tronics as a senior en-
gineer. In 1940, he 
taught electrical com-
munication at Len-

ingrad Institute of Electrical Engineering. 
In 1947, Mr. Keonjian came to this 

country and joined Westinghouse Electric 
Corporation. In 1949, he was appointed as a 
lecturer in electrical communication at the 
City College of New York. Since 1951, Mr. 
Keonjian has been a member of the engineer-
ing staff of General Electric, where he is 
engaged in the development work concerned 
with transistor circuitry. 

Mr. Keonjian is an author of numerous 
works on electronics, published here and 
abroad. He is a member of the Research 
Society of America, holds a professional en-
gineeering license in the State of New York, 
and is a co-author of the book, "Pt inciples 
of Transistor Circuits." 

R. C. Knechtli was born in Geneva, 
Switzerland, on August 14, 1927. He re-
ceived his M.S. degree in electrical engineer-

R. W. GROW 
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J. D. KRAUS 

ing in 1950, from the Swiss Federal Insti-
tute of Technology (E.T.H.). He was 
employed by Brown Boyen i and Company 

(Baden, Switzer-
land), from 1951 to 
1953 where he en-
gaged in research on 
microwave circuits 
and microwave tubes. 
From 1951 to 1952, 
he was a research as-
sistant at the Massa-
chusetts Institute of 
Technology, where 
he also worked on 
microwave tubes. 

Since 1953, he has 
been a research engineer with RCA Labora-
tories, at Princeton, New Jersey. 

R. C. KNECHTLI 

J. D. Kraus (A'32-M'43-SM'43-F'54) 
was born at Ann Arbor, Mich., on June 28, 
1910. He attended the University of Michi-

gan receiving the B.S. 
degree in 1930, M.S. 
in 1931, and Ph.D. 
degree in physics in 
1933. During the next 
few years he was ac-
tive on industrial 
noise reduction prob-
lems and in nuclear 
research. From 1938 
to 1940 Dr. Kraus 
was an antenna con-
sultant. From 1940 to 
1943, he was physi-

cist and division head at the U. S. Naval 
Ordnance Laboratory, Washington, D. C. 
and between 1943 to 1946 was research as-
sociate and group leader at N.D.R.C.'s 
Radio Research Laboratory at Harvard 
University. 

In 1946 Dr. Kraus joined the staff of the 
Ohio State I niversity where he is now Pro-
fessor of Electrical Engineering and Director 
of the Radio Observatory. Professor Kraus 
is the author of books on antennas and elec-
tromagnetic theory. 

He is a member of the American As-
tronomical Society and the American Physi-
cal Societ y. 

J. G. Linvill (A'49) was born on August 
8, 1919, in Polo, Mo. He received an A.B. 
degree from William Jewell College in 1941, 

and continued his 
studies at Massa-
chusetts Institute of 
Technology, where he 
was awarded the S.B. 
in 1943, S.M. in 1945, 
and Sc.D. in 1949, all 
in electrical engineer-
ing. While at M.I.T. 
he was a member of 
the faculty, serving 
as assistant professor 
in electrical engineer-
ing from 1949 to 1951. 

At the same time, he was a consultant to 
Sylvania Electrical Products. 

In 1951, Mr. Linvill joined Bell Tele-
phone Laboratories, where he worked on ac-

J. G. LINVILL 

S. MATT 

tive network problems involving applica-
tions of transistors as the active element. 
Since March of this year, he has been Asso-
ciate Professor of electrical engineering at 
Stanford University. 

He is a member of the American Insti-
tute of Electrical Engineers, Sigma Xi, and 
Eta Kappa Nu. 

For a photograph and biography of J. R. 
Macdonald, see pages 1571-1572 of the 
October, 1954 issue of the PROCEEDINGS OF 
THE IRE. 

S. Matt (A'53) was born in Cleveland, 
Ohio, on September 3, 1923. He received the 
Bachelor of Science degree in electrical engi-

neering from Ohio 
University in 1944. 
Following gradua-
tion, he served with 
the U. S. Army Air 
Force. He returned to 
Ohio University in 
1946 to teach in the 
Department of Elec-
trical Engineering. 

In 1947, he en-
tered California In-
stitute of Technology 
and obtained his M.S. 

degree in electrical engineering in 1948. He 
remained there two years as a research as-
sistant in the High Voltage Laboratory. He 
then entered Ohio State University and re-
ceived his Ph.D. degree in 1953. 

Dr. Matt was a research assistant and 
then an instructor while at the Ohio State 
University. At present, he is at the General 
Electric Advanced Electronics Center at 
Ithaca, N. Y. 

Dr. Matt is a member of Sigma Xi and 
Pi Mu Epsilon. 

A. R. Moore was born in New York, 
N. Y., on January 14, 1923. He received the 
B.S. degree in chemistry in 1942 from the 

Polytechnic Institute 
of Brooklyn. He 
worked on phototube 
and thyratron de-
velopment at RCA 
Victor in Harrison, 
N. J. and Lancaster, 
Pa., from 1942 to 
1945. In 1945 he en-
tered Cornell Univer-
sity, and received the 
Ph.D. in physics in 
1949, specializing in 
physics of solids. 

During his last two years at Cornell he was 
an RCA Fellow. He joined the RCA Labo-
ratories Division at Princeton, N. J. in 1949, 
where he has worked on semiconductor 
physics. 

A. R. MOORE 

R. F. Rutz (A'51) was born in Alton, Ill., 
on February 9, 1919. He received the B.A. 
degree in 1941 from Shurtleff College, Alton, 

Ill., and the M.S degree in physics in 
1947 from the State University of Iowa. 

Mr. Rutz joined the Sandia Labora-
tory of the Los Ala-
mos Scientific Re-
search Laboratory, 
subsequently Sandia 
Corporation, at Al-
buquerque, N. M. in 
1948, where he 
worked in the Elec-
tronics Research De-
partment. In 1951 he 
joined the Research 
Laboratory of the In-

R. F. RUTZ ternational Business 
Machines Corpora-

tion at Poughkeepsie, N. Y., where he is 
currently working on transistor research. 

He is a member of Sigma Xi, and the 
American Physical Society. 

A. P. Stern (A'51 .1 was born on July 20, 
1925, in Budapest, Hungary. He studied at 
the Universities of Budapest and Lausanne 

and at the Swiss Fed-
eral Institute of Tech-
nology in Zurich, 
where he acquired a 
Master's degree in 
electrical engineering 
in 1948. 

From 1948 to 1951, 
Mr. Stern was en-
gaged in research and 
development work in 
the field of gaseous 
discharges in Switzer-
land. In. 1950, he be-

came Instructor for illumination engineering 
and photometry at the Swiss Federal Insti-
tute of Technology. 

Mr. Stern came to the United States in 
1951 and joined the staff of the General 
Electric Company's Electronics Laboratory 
in Syracuse, N. Y. At the present time, Mr. 
Stern is supervisor of solid state circuit de-
velopment in the Electronics Laboratory. 

Mr. Stern is a member of the Scientific 
Research Society of America. 

A. P. STERN 

K. F. Stripp was born on January 26, 
1920, in Union City, N. J. He obtained a 
T3 S. degree in chemistry from the Poly-

technic Institute of 
Brooklyn in 1950. He 
was teaching assist-
ant in the chemistry 
department at Cali-
fornia Institute of 
Technology from 1950 
to 1951 and obtained 
his Ph.D. in physical 
chemistry from Yale 
in 1953. He spent 
three summers at 
RCA Laboratories 
and had been asso-

ciated with them on a full-time basis since 
July 1, 1953. 

Dr. Stripp was a member of the Ameri-
can Chemical Society, AAAS, American 
Institute of Chemists, Sigma Xi, and Phi 
Lambda Upsilon. He died suddenly on 
July 10, 1954. 

K. F. STRIPP 
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J. J. SURAN 

J. J. Suran (A'52) was born in New York, 
N. Y., on January 11, 1926. After having 
served for three years with the U. S. Army 

during World War II, 
he received the 
B.S.E.E. degree from 
Columbia University 
in 1949 and con-
tinued graduate stud-
ies there and at the 
Illinois Institute of 
Technology. 

From 1949 to 
1952, Mr. Suran was 
employed in control 
systems deign and 
development by J. W. 

Meaker and Co., and in FM communica-
tions research and development by Motorola, 
Inc. Since 1952, he has been a member of the 
Electronics Laboratory of the General Elec-
tric Company. 

Mr. Suran is a co-author of the book, 
"Principles of Transistor Circuits." He has a 
professional engineering license in New York 
State and is a member of MEE. 

A. W. Warner (M'52) was born in Se-
wickley, Pa. in 1915. He received the B.A. 
degree, with a major in physics, from the 
University of Delaware in 1940 and the 

A. W . WARNER 

M.S. degree in physics from the University 
of Maryland in 1942. 

In the same year Mr. Warner was a 
member of the facul-
ty of Lehigh Univer-
sity, leaving in July 
to join the Western 
Electric Company, 
where he worked on 
the development of 
crystal-unit test 
equipment. In 1943 
Mr. Warner became 
a member of the tech-
nical staff of Bell 
Telephone Labora-
tories, and is engaged 

in the design of high-frequency plated crys-
tal units. 

For a photograph and biography of D. A. 
Watkins, see page 106 of the January, 1955 
issue of the PROCEEDINGS OF THE IRE. 

H. A. Wheeler (A'27—M'28—F'35) was 
born in St. Paul, Minn., on May 10, 1903. 
He received the B.S. degree in physics 
from George Washington University in 1925. 
From 1925 to 1928 he studied in the physics 
department of The Johns Hopkins Univer-

IRE News and Radio Notes 
SECOND SYMPOSIUM ON VACUUM 
TECHNOLOGY INVITES PAPERS 

The Committee on Vacuum Techniques, 
Incorporated invites the submission of pa-
pers at the Second Symposium on Vacuum 
Technology to be held at Mellon Institute in 
Pittsburgh, October 13-15. Those interested 
should write to Rudy Koehler, Committee 
on Vacuum Techniques, Inc., Box 1282, 
Boston 9, Massachusetts. 

The program will deal with equipment, 
instrumentation, developments in vacuum 
technology, standards, nomenclature, meth-
ods and techniques, and vacuum systems ap-
plications and processes 

M.I.T. GIVES SUMMER COURSE ON 
NOISE IN ELECTRON DEVICES 

Plans for a two-week Special Summer 
Program on Noise in Electron Devices at the 
Massachusetts Institute of Technology have 
been announced by Ernest H. Huntress, 
Director of the M.I.T. Summer Session. The 
program will be held from July 18 through 
July 29 and is planned primarily for those 
who are or plan to beccme research workers 
in the field. 

L. D. Smullin, of the Research Labora-
tory of Electronics at M.I.T., and H. A. 
Haus, Assistant Professor in the Depart-
ment of Electrical Engineering, will direct 
the program. Other members of the M.I.T. 
staff who will lecture include P. Elias, Assist-
ant Professor of Electrical Engineering; 
Y. W. Lee, Associate Professor of Electrical 

H. A. W HEELER 

sity, and lectured there during 1926 and 
1927. He was employed as a laboratory as-
sistant in the radio section of the National 

Bureau of Standards 
in 1921, leaving in 
1923 to assist Profes-
sor Hazeltine and 
later to join the 
Hazeltine Corpora-
tion in 1924. He was 
in charge of their 
Bayside laboratory 
from 1930 to 1937, 
where he later be-
came vice-president 
and chief consulting 
engineer. 

He has specialized in the design of radio 
receivers (including FM and TV), the theory 
of communication networks, radar (includ-
ing IFF during World War II), antennas, 
and microwave equipment. 

In 1946 Mr. Wheeler opened his own 
consulting office in Great Neck, N. Y. He is 
now also president of Wheeler Laboratories, 
Inc. From 1950 to date, he has been serving 
part-time as consultant to the Office of 
Secretary of Defense in the fields of guided 
missiles and electronics. 

Mr. Wheeler is a Fellow of the American 
Institute of Electrical Engineers, an Associ-
ate of the Institution of Electrical Engineers, 
and a member of Sigma Xi. He received the 
Morris Liebmann Memorial Prize in 1940. 

Engineering; and L. Tisza, Associate Profes-
sor of Physics. 

Guest lecturers will include D. O. North 
and R. W. Peter, both of the David Sarnoff 
Research Center; C. F. Quate and T. E. 
Talpey, of the Bell Telephone Laboratories; 
and A. van der Ziel, Professor of Electrical 
Engineering at the University of Minnesota. 

Full details and application blanks for 
this Special Summer Program may be ob-
tained from the Summer Session office, 
Room 7-103, Massachusetts Institute of 
Technology, Cambridge 39, Massachusetts. 

INSTRUMENTATION CONFERENCE 
TO M EET IN ATLANTA 

The Professional Group on Instrumenta-
tion and the Atlanta Section will sponsor an 
Instrumentation Conference and Exhibit at 
the Biltmore Hotel in Atlanta, November 
28 through November 30. 

The theme of the conference is " Data 
Handling." Prospective authors of papers 
are invited to submit abstracts of 200 words 
or less on data gathering, processing, utiliza-
tion, and processing systems not later than 
September 1. Titles and abstracts should be 
addressed to B. J. Dasher, School of Elec-
trical Engineering, Georgia Institute of 
Technology, Atlanta, Georgia. 

AUDIO ENGINEERING SOCIETY W ILL 
M EET OCTOBER 12 TO 15 IN N. Y. 

"Practicality" will be the theme of the 

1955 Convention of the Audio Engineering 
Society Twenty-five, which is scheduled for 
October 12 to 15. Sessions will be held in 
New York at the Hotel New Yorker and will 
be concurrent with the Audio Fair. 

According to Richard H. Ranger, presi-
dent of Rangertone, Incorporated and pro-
gram chairman for the event, the.convention 
will include panel discussions on transistors, 
amplifier design and tape recording. Their 
purpose, he said, will be to bring out the 
"right and easy way" to handle each type of 
equipment. The agenda will also include 
theoretical and scientific papers. The an-
nual banquet of the society will be held on 
the evening of October 12. 

Col. Ranger, who is Executive Vice-Pres-
ident of the society this year, is being aided 
by Effingham Kettleman of RCA. 

FINAL CALL FOR 
PGED PAPERS 

The PGED, which will holds its 
First Annual Technical Meeting in 
Washington, D. C., October 24 and 
25, is now making its final call for 
papers. 

The meeting will include three 
parallel sessions: Solid State Devices, 
Microwave Tubes, and Non-Micro-
wave Tubes. 
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NOMINATIONS FOR 1956 OFFICERS 

At its May 14, 1955 meeting, the IRE 
Board of Directors received the recommen-
dations of the Nominations Committee and 

the reports of the Regional Committees for 
officers and directors for 1956. They are: 

President, 1956—A. V. Loughren 

Vice-President, /956—Herre Rinia 
Director-at-Large, 1956-1958 (two to be 

elected) L. V. Berkner, E. W. Herold, 
T. A. Hunter, J. R. Whinnery 

Regional Directors, 1956-1957 (one to be 
elected in each Region) 
Region 1—C. R. Burrows, H. F. Dart, 

L. B. Grew 

Region 3—J. G. Brainerd, L. R. Quarles 
Region 5—J. J. Gershon, R. E. Moe 
Region 7—L. E. French, C. F. Wolcott 

According to Article VI, Section 1, of the 
IRE Constitution, nominations by petition 
for any of the above offices may be made by 
letter to the Board of Directors, giving name 

of proposed candidate and office for which 
it is desired he be nominated. For acceptance 
a letter of petition must reach the executive 

office before noon on August 12, 1955, and 
shall be signed by at least 100 voting mem-
bers qualified to vote for the office of the 
candidate nominated. 

VEHICULAR COMMUNICATIONS 

PAPER DEADLINE ANNOUNCED 

FOR THE FIRST OF AUGUST 

The Professional Group on Vehic-
ular Communications will hold its 

Sixth Annual Meeting September 26 
and 27 at the Multnomah Hotel, Port-
land, Oregon. 

Deadline for papers is August 1; 

title of paper, abstract, full name and 
address should be submitted to New-
ton Monk, Bell Telephone Labs., 463 
West Street, New York 14, N. Y. 

ART IN ELECTRONICS COMPETITION 
ANNOUNCED FOR WESCON SHOW 

The West Coast Electronic Manufac-
turers Association is sponsoring a competi-
tion in art as applied to electronics during 

the 1955 WESCON Show which will be held 
in San Francisco, California, August 24-26. 

Employees of electronic manufacturers 
and their families are eligible to compete for 
cash and vacation trips in a contest planned 
to augment the association's annual scholar-

ship program. Entries will be exhibited at 
WESCON and auctioned to the highest bid-

ders. Proceeds from the sale will go to the 
WCEMA Scholarship Fund. 

Purpose of the contest, according to Paul 
M. Cook and Mrs. Jan Smith, co-chairmen 
for the event, is to stimulate an awareness 
of the visually attractive materials, com-
ponents and designs of electronics and their 
possible use as objects of art. 

Trip prizes will be awarded in each of 
four categories: photography, painting and 
sculpture, decorative accessories, and jew-
elry. All entries must be created from com-
ponent parts commonly used in electronics. 

A prize of $250.00 will go to the creator of 
the object bringing the largest price in the 
auction. 

Complete details and entry blanks for 
the competition are available from Berk 
Baker, Eitel-McCullough, Incorporated, 798 
San Mateo Avenue, San Bruno, California. 
They may also be obtained at the WCEMA 
office, 339 South Robertson Boulevard, 
Beverly Hills, California. 

BENJAMIN BAUER AND KENNETH 

GOFF HONORED BY PG ON AUDIO 

Under a plan approved last year by the 
Administrative Committee of the Profes-
sional Group on Audio, awards were pre-
sented during Audio Sessions at the Na-
tional Convention to Kenneth E. Goff and 
B. B. Bauer. Mr. Bauer, of Shure Brothers, 
Incorporated, received $200 "in recognition 

of many excellent audio papers appearing 
in IRE publications 
over a period of 
years." Mr. Goff, 
who is associated 
with the Acoustics 
Laboratory at 
M.I.T., received $100 
as the author, under 
30 years old, "of an 
especially meritori-

ous paper dealing 
with a subject related 
to audio appearing 
in any IRE publica-

tion." The name of Mr. Goff's paper was 

The Development of a Variable Time Delay 
and appeared in the 1953 Convention Rec-

ord of the Institute 
of Radio Engineers. 

Mr. Goff gradu-
ated in 1950 from 

West Virginia Uni-
versity with the B.S. 
degree in electrical 
engineering. Upon 
graduation, he joined 
the M.I.T. Acoustics 
Laboratory and en-
tered the M.I.T. 
Graduate School. In 
accepting the audio 

award, Mr. Goff said that the "tremendous 
challenge of the unsolved problems in the 

field of Audio, together with the opportuni-
ties for organization and individual recogni-
tion made possible by the PGA, combine to 
present a very attractive picture to those of 
us who are just beginning our work in elec-
trical engineering." 

Mr. Bauer received the E.E. degree in 
1937 from the University of Cincinnati. He 

has also received the Industrial Electrical 
Engineering degree from Pratt Institute and 
has attended the University of Chicago and 
Illinois Institute of Technology. Mr. Bauer 

suggested, in accepting his award, that the 
money be used for work among PGA Stu-
dent Members. "I suggest," he said, "the 
creation of a fund, which could be aug-
mented from time to time by PGA proper, 

and used for annual Student Awards, for 
meritorious papers on subjects connected 
with Audio Technology." 

KENNETH W. GOFF 

B. B. BAVER 

Calendar of Corning Events 
SRI and Nat. Ind. Conf. Board Sym-

posium on Electronics in Automatic 
Production, Sheraton-Palace, San 
Francisco, Calif., Aug. 22-23 

IJRSI Symposium on Solar Eclipses 
and the Ionosphere, Royal Society, 
Burlington House, London, Eng-
land, Aug. 22-24 

IRE-West Coast Electronic Manufac-
turers' Association WESCON, Civic 
Auditorium, San Francisco, Cali-
fornia, Aug. 24-26 

Emporium Section Sixteenth Annual 
Summer Seminar, Emporium, Pa., 
August 26-28 

IRE-ISA Tenth Annual Instrument Con-
ference, Shrine Auditorium, Los 
Angeles, Calif., Sept. 12-16 

Association for Computing Machinery, 
Annual Meeting, Moore School of 
Electrical Engineering, U. of Pa., 
Sept. 14-16 

IRE Professional Group on Nuclear 
Science—Second Annual Meeting, 
Oak Ridge National Labs., Oak 
Ridge, Tenn., Sept. 14-17 

IRE Cedar Rapids Section Symposium 
on Automation, Cedar Rapids, Ia., 
Sept. 17 

RETMA Automation Symposium, U. of 
Pennsylvania, Philadelphia, Pa., 
Sept. 26-27 

PG on Vehicular Communications Sixth 
Annual Meeting, Multnomah Hotel, 
Portland, Ore., Sept. 26-27 

IMSA Annual Convention, Hotel Sen-
eca, Rochester, N. Y., Sept. 26-29 

International Analogy Computation 
Meeting, Société Belge des In-
genieurs des Télécommunications 
et d'Electronique, Brussels, Bel-
gium, Sept. 27-Oct. 1. 

IRE-AIEE Conference on Industrial 
Electronics, Rackham Memorial 
Building, Detroit, Michigan, Sept. 
28-29 

National Electronics Conference, Hotel 
Sherman, Chicago, Ill., October 3-5 

Audio Engineering Society Convention, 
Hotel New Yorker, New York City, 
Oct. 12-15 

Second Symposium on Vacuum Tech-
nology, Mellon Inst., Pittsburgh, 
Pa., Oct. 13-15 

IRE-RETMA Radio Fall Meeting, Hotel 
Syracuse, Syracuse, N. Y., Oct. 
17-19 

Eighth Annual Gaseous Electronics 
Conference, General Electric Res. 
Lab., Schenectady, N.Y.,Oct.20-22 

PG on Electron Devices Annual Tech-
nical Meeting, Shoreham Hotel, 
Washington, D. C., Oct. 24-25 

IRE East Coast Conference on Aeronau-
tical and Navigational Electronics, 
Lord Baltimore Hotel, Baltimore, 
Md., Oct. 31-Nov. 1 

Symposium on Applied Solar Energy, 
Westward Ho Hotel, Phoenix, 
Ariz., Nov. 1-5 

IRE-AIEE-ACM Eastern Joint Com-
puter Conference, Hotel Stetler, 
Boston, Nov. 7-9 

IRE-AIEE-ISA Electrical Techniques in 
Medicine and Biology, Shoreham 
Hotel, Washington, D. C., Nov. 
14-16 

PGI and Atlanta Section Data Process-
ing Symposium, Hotel Biltmore, At-
lanta, Ga., Nov. 28)-30 
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LONG ISLAND 

SECTION HONORS 
FOUR IRE FELLOW 

RECIPIENTS AT 

SPECIAL AWARD 

CEREMONIES 

Citations Presented to Loughlin, 

Learned, Gaffney, and Dunning 

A special award meeting was held by 
the Long Island Section on March 20 to 
honor four Section members who were made 
Fellows of the IRE. John Dyer, Regional 
Director, presented the award citations and 
President John Ryder made the principal 
address. After the award presentations, a 
cocktail party was held in the main ballroom 
of the Garden City Hotel. 

The four Long Island Section members 
who received the awards were Orville M. 
Dunning, Francis J. Gaffney, Vincent R. 
Learned, and Bernard B. Loughlin. Mr. 
Dunning, a member of the Board of Direc-
tors and Vice-President in Charge of Engi-
neering at Hazeltine Corporation, received 
the Fellow award " . . . for his contributions 
to the field of sound recording and his effec-
tive organization of engineering effort." 
Vice-President for Eng,neering at Marion 
Electrical Instrument Company, Mr. Gaff-
ney was made a Fellow " . .. for his con-
tributions to the field of electrical Meas-
urements." " . . . for his contributions to 
research and development of microwave elec-
tron tubes," Dr. Learned, of Sperry Gyro-
scope, received the Fellow award. A Consult-
ing engineer with Hazeltine Corporation, 
Mr. Loughlin was made a Fellow " . . . for 
his contributions to color television, fre-
quency modulation, and superregeneration." 

JOHN R. PIERCE ELECTED TO 
NATIONAL ACADEMY OF SCIENCES 

John R. Pierce, Editor of IRE and Direc-
tor of Electronics Research at Bell Telephone 
Laboratories, was elected to the National 
Academy of Sciences at its 92nd annual 
meeting held in Washington recently. 

The National Academy of Sciences, a 
private, non-profit organization, serves as an 
adviser to the Federal Government in scien-
tific matters and acts in the furtherance of 
science for the general welfare. The member-
ship of the academy numbers approximately 
500 in the physical and biological fields. 

In addition to Dr. Pierce, IRE members 
who have been elected to the academy in-
clude M. J. Kelly, J. B. Fisk, W. Shockley, 
L. V. Berkner and F. E. Terman. 

Fellow citations are presented members by John Dyer as Pres. Ryder wayhes. Left to right 
are B. B. Loughlin, V. R. Learned, F. J. Gaffney. O. M. Dunning, J N. Dyer, and John Ryder. 

PROGRAM FOR APPLIED SOLAR 
ENERGY SYMPOSIUM ANNOUNCED 

A preliminary program has been an-
nounced for the World Symposium on Ap-
plied Solar Energy to he held in Phoenix, 
November 1 through 5. Sponsors of the 
meeting are the Association for Applied 
Solar Energy, Stanford Research Institute, 
and the University of Arizona. 

Among the papers scheduled are: The 
Sun's Energy, Farrington Daniels, Univer-
sity of Wisconsin; Survey of the Domestic 
Uses of Solar Energy, H. C. Hottel, Massa-
chusetts Institute of Technology; Space 
Cooling With Solar Energy, George O. G. 
Lof, Denver, Colorado; Food and Fuel from 
Solar Energy, F. A. Brooks, University of 
California; Chlorella for Animal Food, Jack 
Meyers, University of Texas; Engineering 
for Algae Culture, A. W. Fisher, Jr., Arthur 
D. Little, Inc., Cambridge, Mass.; and 
Solar Energy Utilization by Higher Plants, 
Paul C. Mangelsdorf, Harvard University. 
Maria Telkes, New York University, Solar 
Stills; R. C. Jordan, University of Minne-
sota, Mechanical Energy from Solar Energy; 
Paul Erlandson, Southwest Research Insti-
tute, Direct Conversion of Solar Energy; L. J. 
Heidt, Massachusetts Institute of Techol-
ogy, Converting Solar to Chemical Energy; 
G. L. Pearson, Bell Telephone Laboratories, 
Photovoltaic P-N Couples. J. E. Hobson, 
director of Stanford Research, will lead a 
discussion on "The Economics of Solar 
Energy" at the outset of the meeting. 

Contributions from abroad will be made 
by: Felix Trombe, Laboratoire de l'Energie 
Solaire, Paris, High- Temperature Furnaces; 
R. N. Morse, Commonwealth Scientific and 
Industrial Research Organization, Australia, 
Solar Water Heaters; and Hiroshi Tamiya, 
Tokugawa Institute for Biological Research, 
Tokyo, Chlorella for Food. 

General chairman for the symposium is 
Lewis W. Douglas, of the Southern Arizona 
Bank and Trust Company, Vice-Chairman 
and program director is Merritt L. Kastens, 
Assistant Director of Stanford Research In-
stitute. Headquarters for the symposium 
during its planning phase are located in 
Suite 204, Mayer-Heard Building, Phoenix. 

PGNS W ILL MEET IN SEPTEMBER 

The Second National Annual Meeting of 
the PG on Nuclear Science will be held in 
Oak Ridge, Tenn., September 14-16, with 
the Oak Ridge Chapter as host. 

Persons wishing to present papers are 
invited to submit, before July 15, 200-word 
abstracts to H. E. Banta, Papers Commit-
tee, Oak Ridge National Laboratory, Box P, 
Oak Ridge, Tenn. Since papers will be ac-
cepted in 15, 30, and 45 minute categories, 
specification of the time required is re-
quested. 

PROFESSIONAL GROUP NEWS 

EIGHT NEW CHAPTERS APPROVED 

At its meeting of April 3, the IRE Execu-
tive Committee officially approved the fol-
lowing chapters: Los Angeles Chapter, PG 
on Automatic Control; Los Angeles Chapter, 
PG on Reliability and Quality Control; 
Chicago Chapter, PG on Communications 
Systems; Pittsburgh Chapter, PG on Elec-
tronic Computers; Atlanta Chapter, PG on 
Instrumentation. 

On May .3 three chapters were approved 
by the Executive Committee. They were: 
San Francisco Chapter, PG on Audio; Twin 
Cities Chapter, PG on Automatic Control; 
Long Island Chapter, PG on Instrumenta-
tion. 

At an earlier meeting the Northwest 
Florida Subsection was made a full Section 
and the For-. Muachuca Subsection was es-
tablished in the Phoenix Section. 

TECHNICAL COMMITTEE NOTES 
The Antennas and Waveguides Commit-

tee met at IRE Headquarters on April 20 
with P. H. Smith presiding. The committee 
approved the Proposed Standard on Anten-
nas and Waveguides: Definitions for Wave-
guide Components for submission to the 
Standards Committee. Subcommittee 2.4 on 
Waveguide and Waveguide Component 
Measurements presented drafts of " Methods 
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of Measurement" comprising discussions on 
Measurements of Phase Shift, Measurement 
of Power Handling Capacity, and Measure-
ment of Q. A good deal of discussion fol-
lowed, with the suggestion that this subject 
be re-examined by the subcommittee. 

The Antennas and Waveguides Commit-
tee met at IRE Headquarters on March 9 
with P. H. Smith presiding. The committee 
reviewed the Proposed Standards on An-
tennas and Waveguides, Definitions for 
Waveguide Components. W. E. Waller re-
ported on the Proposed Standards: Wave-
guide and Waveguide Component Measure-
ments. 

D. E. Maxwell presided at the Audio 
Techniques Committee meeting at IRE 
Headquarters on April 21. L. D. Runkle, 
Chairman of Subcommittee 3.1 on Defini-
tions, reported that after two meetings the 
subcommittee has adopted and tentatively 
approved 27 definitions. The committee re-
viewed the Proposed Standards on Methods of 
Measurement of Gain, Loss, Amplification, 
Attenuation and Frequency Response, which 
they expect to complete at their next meet-
ing. 

D. E. Maxwell presided at the Audio 
Techniques Committee meeting at IRE 
Headquarters on March 24. L. D. Runkle, 
Chairman of Definitions Subcommittee 3.1, 
reported that his subcommittee is reviewing 
a list of proposed definitions. R. C. Moody, 
Chairman of the West Coast Subcommittee 
3.3, reported that his subcommittee is work-
ing on a Proposed Standard on the Measure-
ment of Intermodulation Distortion, which 
they hope to finish by the end of the year. 
The committee reviewed the proposed 
Standards on Methods of Measurement of 
Gain, Loss, Amplification, Attenuation and 
Frequency Response. 

The Electronic Computers Committee 
met at IRE Headquarters on March 24 with 
Robert Serrell presiding. After discussion of 
the work of the Definitions Subcommittees, 
Mr. Brown made and Dr. Haynes seconded 
the following motion, which was unani-
mously approved: "The Electronic Com-
puters Committee requests that its Sub-
committees 8.4 and 8.5 make plans to dis-
tribute glossaries of new terms being con-
sidered by them. The glossaries should be 

sent with the PGEC Transactions and in-
clude all desirable explanations of the 
terms." 

The Facsimile Committee met at IRE 
Headquarters on April 22 with Chairman 
H. Burkhard presiding. The committee dis-
cussed the Facsimile Test Chart which they 
are preparing. The following definitions were 
approved: electrostatic recording and mag-
netic recording. 

The Facsimile Committee met at the 
Times Annex on March 18 and H. Burkhard 
presided. The committee reviewed their 
tentative definitions of terms. The following 
terms were proposed as possibly requiring 
definitions: xerographic recording, electro-
static recording, magnetic recording, ferro-
graphic recording. 

The Information Theory and Modulation 
Systems Committee met at IRE Head-
quarters on March 9 with J. G. Kreer, Jr. 
presiding. Dale Pollack was appointed chair-
man of the Modulations Systems Subcom-
mittee and Peter Elias was appointed 
chairman of the Information Theory Sub-
committee. The following terms were re-
ferred to the subcommittee on Information 
Theory for study: binary digit, message 
coding versus symbol coding, systematic 
versus unsystematic coding, and corrector 
and characteristic as used in coding 

H. R. Mimno presided at the Navigation 
Aids Committee meeting at IRE Head-
quarters on April 22. The committee com-
menced its exploratory examination of the 
proposed measurements standard on the 
VHF Omnirange. The discussion covered 
the Introduction, Description and Character-
istics to be Measured, together with the intro-
ductory paragraphs on Specialized VOR 
Test Equipment. Mr. Moskowitz recorded 
certain editorial changes arrived at by gen-
eral agreement, and noted additional sug-
gestions to be considered by an editorial 
group. 

The Piezoelectric Crystals Committee 
met at IRE Headquarters on March 21. 
W. P. Mason presided. W. L. Bond dis-
cussed nomenclature used at the recent 
meeting of the committee of the Interna-
tional Crystallographic Congress. Three pro-
posals on methods of determining the piezo-
electric, elastic, and dielectric constants of 

crystals and the parameters of piezoelectric 
vibrators were discussed. 

Ernst Weber presided at the meeting of 
the Standards Committee at the Jade Room 
of the Waldorf-Astoria Hotel on March 24. 
Dr. Weber explained IRE standardization 
procedure to new members, and A. G. Jensen 
described the functions of the Standards 
Coordinator. There was a review of the past 
year's work and an announcement of future 
plans. Mr. Jensen introduced the new mem-
bers of the Standards Committee. E. A. 
Laport expressed the appreciation of the 
group to the recent chairmen, Dr. Brainerd, 
Mr. Jensen, and Dr. Weber, for assuming 
the responsibility of leadership of the com-
mittee. He stated that the committee had 
been fortunate in having capable chairmen 
to lead the group. 

The Standards Committee met at IRE 
Headquarters on April 7 with Chairman E. 
Weber presiding. A report of the work of the 
Ad Hoc Committee on Spurious Radiation 
was submitted by R. F. Shea, with a recom-
mendation that this committee be dissolved. 
This motion was unanimously approved. 
The formation of a Nuclear Techniques 
Technical Committee with G. A. Morton as 
chairman was unanimously approved. No 
action was taken on the Proposed Standards 
on Pulses: Methods of Measurement of Pulse 
Quantities or the Proposed Definitions on 
Induction and Dielectric Heating since there 
were no representatives of the sponsoring 
committees present. 

The Video Techniques Committee met 
at IRE Headquarters on March 31 with 
W. J. Poch presiding. Mr. Jones reported on 
the recent activities of the Subcommittee on 
Video Transmission. The problem of specify-
ing the exact conditions for taking measure-
ments of differential gain and differential 
phase were discussed at length. Dr. Athey 
reported that he was making progress in 
collecting a list of standard terms in the field 
of kinescope recording. The following def-
initions were approved by the committee: 
flyback, linearity control, camera tube, con-
trast ratio, geometric distortion, dc re-
storer, dc transmission, return interval. 
return trace, raster, retrace interval, bright-
ness control, nominal line width, progressive 
scanning. 

Sixth PGUE Group Administrative Committee Meeting March 22 During IRE Convention 

PGUE officers are. left to right: Morris Kenny, retiring Secretary; Julia Herrick. 
Vice-Chairman; Amor Lane, Chairman of Membership Committee and retiring 
Group Chairman; Oskar Mattiat. Editor of PGUE Transadions; Morton Fagen. 
Chairman; Frank Massa. Chairman of Nominations Committee and retiring Ad-

ministrative Committee member; Julius Bernstein, Treasurer and Convention 
Record Committee Chairman. Also elected at the same meeting were W. A. Ander-
sen, C. M. Harris. and T. M. Lambert. Administrative Committee; W. J. Fry. Papers 
Study and Review Committee; and Donald Berfincourt, Associate Editor. 
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1955 Western Electronic Show and Convention 

TENTATIVE PROGRAM 
SAN FRANCISCO; CALIFORNIA 

AUGUST 24-26 

The 1955 Western Electric Show and 
Convention will meet in San Francisco on 
August 24, 25 and 26. This year there will 
be 570 exhibits representing more than 600 
producers. Co-sponsored by the West Coast 
Manufacturers' Association and the San 
Francisco and Los Angeles Section of the 
Institute of Radio Engineers, represent-
ing the Seventh Region, WESCON will be 
attended by more than 20,000 visitors. 
A United Airlines "Airlift" has been ar-

ranged to transport part of the visitors who 
will attend. The Airlift was arranged by 
Noel E. Porter of the Hewlett Packard Com-
pany and WESCON Chairman, and Mal 
Mobley, Jr., Business Manager. In addition 
to the many United schedules, special Main-
liner flights will be arranged exclusively for 
WESCON visitors and exhibitors from 
major cities to San Frawisco. United Air-
lines has arranged to handle reservations on 
its own line or any other scheduled airline. 
Confirmation will be made directly by 
United or through any local airline office or 
travel agent. Show and Convention officials 
urged that reservations be made as soon as 
possible in order to be assured of the best 
flights and schedules. 

The Technical Program will consist of 
twenty-four sessions and over 100 papers. 
This specialized program has been closely 
integrated by the program committee which 
is made up of IRE members, coordinating 
both Professional Groups and Section activ-
ities. 

Wednesday Morning 

SOLID STATE DEVICES 

Transistors Today, J. A. Morton 
Large Signal Semi-Conductor Devices, John 
Saby 

High-Frequency Power Gain of Junction 
Transistors, R. L. Pritchard 

Recent Developments in Germanium Alloy 
Junctions, C. W. Mueller 

A New High-Ambient Transistor, R. R. 
Rutherford and J. J. Bowe 

INFORMATION THEORY 

Limiting Frequency-Modulation Spectra, 
N. B lach man 

The Definition of a General Metric of In-
formation, N. Abramson 

An Analysis of Optimum Sequential De-
tectors, J. J. Bussgang and D. Middleton 

Analysis of Automatic Bias Control for 
Threshold Detectors, E. Ackerlind 

Generating a Gaussian Sample, S. Stein and 
J. E. Storer 

Proof of the Sampling Theorem for Stationary 
Processes, A. Rosenbloom and J. Heilfron 

RELIABILITY AND QUALITY 
CONTROL 

Engineering and Testing for Reliability, H. G. 
Romig 

l'arts Versus Systems: The Reliability Dilem-
ma, David A. Hill 

An Effective Reliability Program Based Upon 
"A Triad for Design Reliability," F. E. 
Dreste 

A Basic Study of the Effects of Operating and 
Environmental Factors on Electron Tube 
Reliability, W. S. Bowie 

Surface Contamination of Dielectric Mate-
rials, Saul Chaikin 

PROPAGATION 

An Explanation of Fading in Microwave Re-
lay Systems, H. Magnuski 

Some Notes on Propagation over a Spherical 
Earth, S. J. Fricker 

Radio Power Received via Tropospheric Scat-
tering, A. Waterman 

Atmospheric Attenuation of Microwave Radi-
ation, G. R. Marner 

Theory of Deviative Absorption in the F2 
Layer and its Relation to Temperature, 
R. Gallet 

Symposium on Industrial Electronics and 
Nuclear Engineering 

Wednesday Afternoon 

BROADCAST AND TV RECEIVERS 

A Thin Cathode Ray Tube, William R. Aiken 
Beam Focusing and Deflection in the Aiken 

Tube, R. Madey 
Radiation Measurements at VHF and UHF, 

A. B. Glenn 
An Experimental Automobile Receiver Em-

ploying Transistors, L. A. Freedman, 
T. O. Stanley and D. D. Holmes 

High-Efficiency, Unipotential Post Focus, 
Tri-Color Picture Tube, Wilfrid F. Niklas 

CIRCUIT THEORY I—TRANSISTORS 
AND BLOCKING OSCILLATORS 

Advantages of Direct Coupled Transistor Am-
plifiers, Richard Hurley 

Junction Transistor Blocking Oscillators, 
J. G. Linville 

The Design of Blocking Oscillators as Fast 
Pulse Regenerators, F. K. Bowers 

Stability of Multi-Mode Oscillating Systems, 
R. W. De Grasse 

(Additional paper to be announced.) 
Electronic Instrumentation in Aircraft— 
Joint Symposium of the Professional Group 
on Aeronautical and Navigational Electronics 
and the Institute of Aeronautical Sciences 
Experiments with Radio Controlled, Dy-

namically Similar Models, E. G. Stout 
Role of Electronics in Engineering Flight 

Testing, W. L. Howland 
Instrumentation for Rocket Engine Testing, 

R. F. Gompertz 
(Additional papers to be announced.) 

ANTENNAS I 

Recent Developments in Microwave Antennas, 
L. C. Van Atta 

Printed Surface Wave Antennas, H. W. 
Cooper 

Circularly-Polarized Slot Radiators, A. J. 
Simmons 

Radiation from Ferrite-Loaded Slot Radiators, 
D. J. Angelakos and M. Korman 

A Large Aperture Differential Polarization 
Antenna for Radio Astronomy Use, V. H. 
Goerke and O. D. Remmler 

INSTRUMENTATION 

Beaniplexer-High Speed Channel Multiplex-
ing Unit, H. Moss and S. Kuchinsky 

A Stable Diode Chopper Circuit, H. Patton 
A Completely Automatic Impedance Plotter, 

J. R. Vinding 
A Broadband Microwave Frequency Meter, 

P. H. Vartanian and J. L. Melchor 
An Expanded Scale Frequency Meter, Duane 

Marshall 
Measurement of Time Varying Frequencies, 
Martin Graham 

Thursday Morning 

ELECTRONIC COMPONENT PARTS 

Design and Properties of High Voltage Glass 
Capacitors, G. P. Smith 

Characteristics of Modular Electronic Com-
ponents, W. G. James 

Simple Electronic Transformer Design, R. Lee 
Measurement of Parameters Controlling 

Pulse Front Response of Transformers, 
P. R. Gillette, K. Oshima and R. M. 
Rowe 

Development of MIL-T-27-A: Transformers 
and Reactors, E. M. %Viler 

International Research in Electronics and Al-
lied Fields. Symposium I—The Role of the 
IRE and URSI 

HIGH POWER TUBES 

M-Type Backward Wave Oscillators, J. Hull 
Considerations of Various Structures for 
High Average Powers in the UHF Region, 
D. I'reist 

Design Information on Large Signal Travel-
ing- Wave Amplifiers, J. E. Rowe 

A New Beam Power Tube for UHF Service, 
W. B. Bennett 

An Ion Trapped High Voltage Pentode, R. E. 
Hellers 

AUTOMATIC CONTROL 

Non-Linear Compensation of an .4ircraft 
Instrument Servo-mechanism, D. Lebell 

The Stabilization of Non-Linear Servo-
mechanisms Encountered in Antenna In-
strumentation, J. Bacon 

Synthesis of a Non-Linear Control System, 
I. Flugge-Lotz and C. F. Taylor 

Theory of Non-Linear Feedback Systems 
Having a Multiple Number of First-Order 
Operating Points, J. A. Nartid 

Noise in Non-Linear Servos, G. O. Young 
and C. J. Savant 

TELEMETRY AND REMOTE CONTROL 

Wow and Flutter Compensation in FM 
Telemetry, W. H. Chester 

Aliasing Errors in Sampled Data Dystems, 
A. J. Mallinckrodt 

Air-to-Ground Propagation over Desert Ter-
rain at Telemetering Frequencies, G. L. 
McCone 
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'ulse Width Data Multiplexing of an 
FM/FM Subcarrier, A. S. Westnest 
he Use of A C Excited Gauges in a PDM/PM 
Telemetering System, W. F. Carmody 

Thursday Afternoon 

MICROWAVE THEORY 

Periodic Structures for Traveling- Wave Tubes, 
M. ChodorOW 

Conversion of Maxwell's Equations into Gen-
eralized Telegraphist's Equations, S. A. 
Schelkunoff 

On the Expansion of Fields in Lossless Micro-
wave Junctions, T. Teichmann 

Conformal Mapping of Rounded Polygons by 
a Wave- Filter Analogue, H. A. Wheeler 

BROADCAST TRANSMISSION 
SYSTEMS 

The Perfect Television System, O. H. Schade 
The Subjective Sharpness of Simulated Color 
TV Pictures, H. F. Huntsman 

The Conversion of a Standard TV Mobile 
Unit for Greater Flexibility and Operating 
Convenience, H. F. Huntsman 

High Speed Duplication of Magnetic Tape 
Recordings, J. M. Leslie 

Color TV Magnetic Tape Recording System, 
H. F. Oison 

COMPUTERS I- DIGITAL COMPUTER 
APPLICATIONS AND DESIGN 

TECHNIQUES 

A Punched Card Method of Evaluating Sys-
tems of Boolean Functions with Special 
Reference to Analysis of Relay Circuits, 
W. R. Abbott 

The Elecom 50—A New Type of Computer, 
Evelyn Berezin and Phyllis Hersh 

Logical Design of the Remington Rand High 
Speed Printer with Emphasis on the Check-
ing and Editing Features, M. Jacoby 

Theory, Principles and Applications of Sta-
tistical Computers, H. Blasbalg and 
W. O'Hare 

A Glow Transfer Shifting Register Utilizing 
R-F Gas Discharge, D. C. Engelbart 

Ferroelectric Hysteresis in Barium Titanate 
Single Crystals, H. H. Wieder 

ENGINEERING MANAGEMENT 

Small Engineeling Company Organization— 
a Philosophy and Method, T. W. Jarmie 

Is the Yardstick for Estimating Individual 
Engineering and Scientific Potential Reli-
able? A. H. Schooley 

Management in Production Engineering, 
C. Blahna 

Market Development—The Neglected Com-
panion of Product Development, A. D. 
Ehrenfried 

Cross Functional Engineering Managemetn, 
C. M. Ryerson 

PROCEEDINGS OF THE IRE 

AERONAUTICAL AND NAVIGATIONAL 
ELECTRONICS 

An Improved Simultaneous Phase Compari-
son Guidance Radar, H. H. Sommer 

Antenna Design Considerations for Heli-
copters, J. B. Chown 

High Voltage Impulse Generation for Meas-
urement of Receiver Susceptibility to Inter-
ference Encountered in Aircraft, A. Newan 
and J. R. Stahmann 

Experimental Results of Conductive Cooling 
Tests on Airborne Equipment, R. L. Ber-
ner 

Thursday Evening 

Medical Electronics Panel Discussion 

Friday Morning 

COMPUTERS II- ANALOGUE 
COMPUTER COMPONENTS 

AND APPLICATIONS 

Automatic Data Accumulation System for 
Wind Tunnels, John Wedel 

Data Recorder for Evaluation of a Fire Con-
trol System, J. T. Ator and L. P. Retzinger, 
Jr. 

Transistors in Current Analog Computing, 
B. P. Kerfoot 

The Use of Electronic Analog Computers in 
the Solution of Certain Radar Noise Prob-
lems, J. A. Aseltine 

Precision Electronic Switching with Feedback 
Amplifiers, C. M. Edwards 

CIRCUIT THEORY II-
SYNTHESIS PROBLEMS 

New Methods of Transformerless Driving-
Point Impedance Synthesis, Stanley Hurst 

General Synthesis of Quarter- Wave Impedance 
Transformers with Given Insertion Loss 
Function, Henry J. Riblet 

The Approximation Problem in the Synthesis 
of R-C Networks, K. L. Su and B. J. 
Dasher 

A Precise Method of Designing High- and-
Low-Pass R-C Filters with Active Elements, 
M. McWhorter 

Signal Flow Graphs for Random Signals, 
W. H. Huggins 

MEDICAL ELECTRONICS 

Recent Developments in Color- Translating 
Ultra- Violet Microscopy, R. B. Holt 

Some Theoretical and Practical Aspects of 
Microscanning, W. E. Toilers, et al. 

The Electrocardiophone—A New Surgical 
Tool, A. J. Morris and J. P. Swanson 

Instrumentation for Spectral Phonocardi-
ography, George N. Webb 

ELECTRON TUBES 

A UHF Traveling- Wave Amplifier Tube Em-
ploying an Electrostatically Focused Hol-
low Beam, C. B. Crumly 

July 

Design of Solenoids for Traveling- Wave 
Tubes, J. E. Etter, A. W. Friend and 
W. Watson 

Light Weight Solenoids of .4 luminum Foil. 
W. G. Worcester and A. L. Weitzmann 

The Serrodyne—A Single Sideband Synchro-
dyne, R. C. Cumming 

Recent Dark Trace Tube Developments, 
S. Nozick 

Recent Developments in the Use of Dispenser 
Cathodes in Low and Medium Power Mag-
netrons, R. S. Briggs 

MICROWAVE TECHNIQUES 

IVaveguides for Long Distance Communica-
tions, A. C. Beck 

Recent Advances in Microwave Filter Tech-
niques, Seymour Cohn 

Geometrical Methods for the Analysis of Two-
Part Networks, G. A. Deschamps 

Some Applications and Characteristics of 
Ferrite at Wavelengths of 0.87 and 1.9 cms, 
Clyde Stewart 

Measurement and Control of Microwave Fre-
quencies by Lower Radio Frequencies, R. C. 
Mackey et al. 

Friday Afternoon 

ANTENNAS II 

Radiation Characteristics with Power Gains 
for Slots on a Sphere, Y. Mushiake and 
R. E. Webster 

Radiation Patterns of Asymmetrically Fed 
Prolate Spheroidal Antennas, H. A. Myers 

Phase Properties of Antennas for the Dovap 
Millile Tracking System, T. Morita and 
C. W. Steele 

Rotationally Symmetric Dialectric Microwave 
Lenses with Two-Dimensional Wide Angle 
Scanning Characteristics, A. Mayer and 
E. Wantuch 

RADIO RELAY SYSTEMS DESIGN 

Design of FM Radio Relay Equipment for 
Multi-Channel Operation, J. W. Halina 

Factors Affecting the Spacing of Radio Ter-
minal in an UHF Link, I. H. Gerks 

Radio Communication with Secondary Power, 
H. E. Hollmann 

Single Sideband Multiplexing as it Applies to 
Microwave Relays, T. L. Leming 

INTERNATIONAL RESEARCH IN 
ELECTRONICS AND ALLIED 

FIELDS 

II. THE INTERNATIONAL GEO-
PHYSICAL YEAR PROGRAM 

The International Geophy.eical Year, 1957-
1958, R. J. Slutz 

Absorption Measurements During the Inter-
national Geophysical Year, Gordon Little 

Vertical Incidence Ionosphere Sounding 
Measurements during I. G. Y., J. M. Watts 

Back-Scattering Measurements During 
I. G. Y., A. M. Peterson 
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Professional Groups 
Aeronautical & Navigational Electronics— 

Chairman, Edgar A. Post, Navigational 
Aides, United Air Lines, Operations Base, 
Stapleton Field, Denver 7, Colo. 

Antennas & Propagation—Chairman, Del-
mer C. Ports, Jansky & Bailey, 1339 Wis-
consin Ave., N.W., Washington 7, D. C. 

Audio—Chairman, W. E. Kock, Bell Tel. 
Labs., Murray Hill, N. J. 

Automatic Control—Chairman, Robert B. 
Wilcox, Raytheon Manufacturing Co., 
148 California St., Newton 58, Mass 

Broadcast & Television Receivers—Chair-
man, W. P. Boothroyd, Philco Corp., 
Philadelphia 34, Pa. 

Broadcast Transmission Systems—Chair-
man, O. \V. B. Reed, Jr., Jansky & Bailey, 
1735 DeSales St., N.W., Washington, 
D. C. 

Circuit Theory—Chairman, J. Carlin, Micro-
wave Res. Inst., Polytechnic Inst. of 
Brooklyn, 55 Johnson St., Brooklyn 1, 
N. Y. 

Communications Systems—Chairman, A. C. 

Peterson, Jr., Bell Labs., 463 West St., 
New York 14, N. Y. 

Component Parts—Chairman, Floyd A. 
Paul, Reliability Bendix Development 
Lab., 116 W. Olive Avenue, Burbank, 
Calif. 

Electron Devices—Chairman, George Es-
persen, Microwave Tube Section, Philips 
Labs., Irvington-on-Hudson, N. Y. 

Electronic Computers—Chairman, J. H. Fel-
ker, Bell Labs., Whippany, N. J. 

Engineering Management—Chairman, C. J. 
Breitwieser, Lear, Inc., 3171 S. Bundy 
Drive, Los Angeles 34, Calif. 

Industrial Electronics—Chairman, George 
P. Bosomworth, Engrg. Lab., Firestone 
Tire & Rubber Co., Akron 17, Ohio 

Information Theory—Chairman, Louis A. 
DeRosa, Federal Telecommunications 
Lab., Inc., 500 Washington Avenue, Nut-
ley, N. J. 

Instrumentation—Chairman, Robert L. 
Sinck, Consolidated Engrg. Corp., 300 N. 
Sierra Madre Villa, Pasadena, Calif. 

Medical Electronics—Chairman, Dr. Julia 
F. Herrick, Inst. of Experimental Medi-
cine, Mayo Found., Rochester, Minn. 

Microwave Theory and Techniques—Chair-
man, A. C. Beck, Bell Labs., 463 West 
St., New York 14, N. Y. 

Nuclear Science—Chairman, Dr. Donald H. 
Loughridge, Dean of Engineering, North-
western Tech. Inst., Evanston, Ill. 

Reliability and Quality Control—Chairman, 
Leon Bass, Jet Engine Dept., General 
Elec. Co., Cincinnati 15, Ohio 

Production Techniques—Chairman, R. R. 
Batcher, 240-02-42nd Ave., Douglaston, 
L. I., N. Y. 

Telemetry and Remote Control—Chairman, 
C. H. Hoeppner, Stavid Engineering, 
Plainfield, N. J. 

Ultrasonics Engineering—Chairman, M. D. 
Fagen, Bell Labs., Whippany, N. J. 

Electron Devices—Chairman, J. S. Saby, 
Electronics Laboratory, G. E. Co., Syra-
cuse, N. Y. 

Sections*  
Akron (4)—H. L. Flowers, 2029 19 St., 
Cuyahoga Falls, Ohio; H. F Lanier, 49 
W. Lowell St., Akron, Ohio 

Alberta (8)—Officers to be elected. 
Albuquerque-Los Alamos (7)—T. F. Marker, 

3133 40 Street, Sandia Base, Albuquerque, 
N. Mex.; T. G. Banks, Jr., 1124 Monroe 
Street, S.E., Albuquerque, N. Mex. 

Atlanta (3)—D. L. Finn, School of Elec. 
Engr'g., Georgia Inst. of Tech., Atlanta, 
Ga.; P. C. Toole, 605 Morningside Dr., 
Marietta, Ga. 

Baltimore (3)—C. D. Pierson, Jr., Broad-
view Apts. 1126, 116 West University 
Pkwy., Baltimore 10, Md.; M. I. Jacob, 
1505 Tredegar Ave., Catonsville 28, Md 

Bay of Quinte (8)—J. C. R. Punchard, Elec. 
Div., Northern Elec. Co. Ltd., Sydney 
St., Belleville, Ont., Canada; M. J. Wal-
ler, R.R. 1, Foxboro, Ont., Canada 

Beaumont-Port Arthur (6)—L. C. Stockard, 
1390 Lucas Dr., Beaumont, Texas; John 
Petkovsek, Jr., 4390 El Paso Ave., Beau-
mont, Texas 

Binghamton (1)-0. T. Ling, 100 Henry 
Street, Binghamton, N. Y.; Arthur Ham-
burgen, 102 S. Nanticoke Ave., Endicott, 
N. Y. 

Boston (1)—A. J. Pote, M.I.T., Lincoln 
Lab., Room C-249-A, Box 73, Lexington 
73, Mass.; T. P. Cheatham, Jr., Hosmer 
St., Marlborough, Mass. 

Buenos Aires—J. M. Rubio, Ayacucho 1147, 
Buenos Aires, Argentina; J. L. Blon, 
Transradio Internactional, San Martin 
379, Buenos Aires, Argentina 

Buffalo-Niagara (1)—D. P. Welch, 859 
Highland Ave., Buffalo 23, N. Y.; 
William S. Holmes, 1861 Ellicot Rd., 
West Falls, N. Y. 

Cedar Rapids (5)—Ernest Pappenfus, 1101 
30 Street Dr., S.E., Cedar Rapids, Iowa; 

* Numerals in parentheses following Section desig-
nate Region number. First name designates Chair-
man. second name. Secretary. 

E. L. Martin, 1119 23 St., S.E., Cedar 
Rapids, Iowa 

Central Florida (3)—Hans Scharla-Nielsen, 
Radiation Inc., P.O. Drawer 'Q', Mel-
bourne, Fla.; G. F. Anderson, Radiation 
Inc., P.O. Box 'Q', Melbourne, Fla. 

Chicago (5)—J. J. Gershon, De Vry Tech. 
Inst., 4141 Belmont Ave., Chicago 41, 
Ill.; J. S. Brown, 9829 S. Hoyne Ave., 
Chicago 43, III. 

Cincinnati (4)—R. A. Maher, 6133 Sun-
ridge Drive, Cincinnati 24, Ohio; W. S. 
Alberts, 6533 Elwynne Dr., Silverton, 
Cincinnati 36, Ohio 

Cleveland (4)—H. R. Mull, 4558 Silverdale 
Ave., North Olmsted, Ohio; W. G. Pi-
wonka, 3121 Huntington Rd., Cleveland 
20, Ohio 

Columbus (4)—R. W. Masters, 1633 Essex 
Rd., Columbus 21, Ohio; T. E. Tice, 2214 
Jervis Rd., Columbus 21, Ohio 

Connecticut Valley (1)—H. E. Rohloff, The 
Southern New England Tel. Co., 227 
Church St., New Haven, Conn.; B. R. 
Kamens, 45 Brooklyn Circle, New Haven 
15, Conn. 

Dallas-Fort Worth (6)—J. A. Green, Box 
7224, Dallas 9, Texas; G. K. Teal, Texas 
Instruments Inc., 6000 Lemmon Ave., 
Dallas 9, Texas 

Dayton (5)—A. B. Henderson, 801 Hatha-
way Rd., Dayton 9, Ohio; N. A. Nelson, 
310 Lewiston Rd., Dayton 9, Ohio 

Denver (6)—R. E. Swanson, 1777 Kipling 
St., Denver 15, Colo.; S. M. Bedford, Jr., 
Mountain States Tel. & Tel., Room 802, 
Denver, Colo. 

Des Moines-Ames (5)—A. A. Read, 511 
Northwestern Ave., Ames, Iowa; W. L. 
Hughes, E. E. Dept., Iowa State College, 
Ames, Iowa 

Detroit (4)—N. D. Saigeon, 1544 Grant, 
Lincoln Park 25, Mich.; A L. Coates, 
1022 E. Sixth St., Royal Oak, Mich. 

Elmira-Corning (1)—J. L. Sheldon, 179 

Dodge Ave., Corning, N. Y; J. P. Hocker, 
Corning Glass Works, Corning, N. Y. 

El Paso (6)—J. F. Stuart, Box 991, El Paso, 
Texas; W. T. McGill, 7509 Mazatlan Rd., 
El Paso, Texas 

Emporium (4)—E. H. Boden, R.D. 1, Em-
porium, Pa.; H. S. Hench, Jr., R.D. 2, 
Emporium, Pa. 

Evansville-Owensboro (5)—A. P. Haase, 
2230 St. James Ct., Owensboro, Ky.; 
D. D. Mickey, Jr., Eng'g. Dept., General 
Electric Co., Owensboro, Ky. 

Fort Wayne (5)—J. J. I fliand, 2603 Merivale 
St., Kirkwood Park, Ft. Wayne 8, Inc.; 
T. L. Slater, 1916 Eileen Dr., Waynedale, 
Ind. 

Hamilton (8)—G. M. Cox, 154 Victoria St., 
S., Kitchener, Ont., Canada; A. L. Fro-
manger, Box 507, Ancaster, Ont., Canada 

Hawaii (7)—G. W. Clark, Box 193, Lanikai, 
Oahu, T. H.; J. R. Sanders, c/o Matson 
Navigation Co., Box 899, Honolulu, T. H. 

Houston (6)—L. W. Erath, 2831 Post Oak 
Rd., Houston, Texas; J. M. Bricaud, 
Schlumberger Well Surveying Corp., 
P.O. Box 2175, Houston, Texas 

Huntsville (3)—D. E. French, 1403 E. Clin-
ton St., Huntsville, Ala.; T. L. Green-
wood, 1709 LaGrande St., Huntsville, 
Ala. 

Indianapolis (5)—J. T. Watson, 407 N. 
Penn. 508, Indianapolis 4, Ind.; M. J. 
Arvin, 4329 Fletcher Ave., Indianapolis 3, 
Ind. 

Inyokem (7)—G. D. Warr, 213-A Wasp 
Rd., China Lake, Calif; B. B. Jackson, 
54-B Rowe St., China Lake, Calif. 

Israel—Franz 011endorf, Box 910, Hebrew 
Inst. of Tech., Haifa, Israel; J. H. Halber-
stein, P.O.B. 1, Kiriath Mozkin, Israel 

Ithaca (1)—Ben Warriner, General Electric 
Co., Advanced Electronics Ctr., Cornell 
University, Ithaca, N. Y.; R. L. Wooley, 
110 Cascadilla St., Ithaca, N. Y. 

(Coned on next page) 
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i'ections coned) 
ansas City (6)—Kenneth V. Newton, Ben-
dix Aviation Corp., Box 1159, Kansas 
City 41, Mo.; Mrs. G. L. Curtis, Radio 
Industries, Inc., 1307 Central Ave., Kan-
sas City 2. Kan. 

Little Rock (6)—J. E. Wylie, 2701 N. Pierce, 
Little Rock, Ark.; Jim Spil man, A. R. & T. 
Electronics, P.O. Box 370, North Little 
Rock, Ark. 

London (8)—C. F. MacDonald, 328 St. 
James St., London, Ont., Canada; J. D. B. 
Moore. 27 NIcaary Ave., London, Ont., 
Canada 

Long Island (2)—W. F. Bailey, Hazeltine 
Corp., 58-25 Little Neck Pkway, Little 
Neck, L. 1., N. Y.; P. G. Hansel, Addison 
Lane, Greenvale, L. I., N. Y. 

Los Angeles (7)—B. S. Angwin, 3300 Colby 
Ave., Los Angeles 34, Calif.; C. E. Ruther-
ford, 209 S. Oakhurst Dr., Beverly Hills, 
Calif. 

Louisville (5)—R. W. Mills, 1017 Eastern 
l'kway, Louisville 4, Ky.; L. A. Miller, 
314 Republic Bldg., Louisville 2, Ky. 

Lubbock (6)—R.B. Spear, 510 E. Hill St., 
Brownfield, Texas; J. B. Joiner, 2621 30 
St., Lubbock, Texas 

Miami (3)—C. S. Clemans, Station WS \VN. 
Belle Glade, Fla.; H. F. Bernard, 3670 
S.W. Ninth Terrace, Miami 34, Fla. 

Milwaukee (5)—W. E. Watts, 2224 N. 70 
St., Wauwatosa 13, \Vis.; W. A. Van 
Zealand, 4510 N. 45 St., Milwaukee 16, 
Wis. 

Montreal (8)—R. \V. Cooke, Box 630, Sta. 
'0', Ville St. Laurent, Que., Can., F. H. 
Margolick, Canadian Marconi Co., 2442 
Trenton Ave., Montreal, Que., Can. 

New Orleans (6)—L. J. N. Du Treil, 202 
Homedale Ave., New Orleans 24, La.; 
J. A. Cronvich, Dept. Elec. Eng'g., Tulane 
University, New Orleans 18, La. 

New York (2)—A. B. Giordano, 85-99 Liv-
ingston St., Brooklyn 2, N. Y.; H. S 
Renne, Radio-Electronic Engr., 366 Madi-
son Ave., New York 17, N. Y. 

North-Carolina-Virginia (3)—J. C. Mace, 
1616 Jefferson Park Ave., Charlottes-
ville, Va.; Allen L. Comstock, 1404 Hamp-
ton Drive, Newport News, Va. 

Northern New Jersey (2)—F. A. Polking-

horn, 63 Monroe Pl., Bloomfield, N. J., 
Chairman 

Northwest Florida (3)—K. L. Huntley, 
Mary Esther, Fla.; G. C. Jones, 12N. 
Okaloosa Rd., Fort Walton Beach, Fla. 

Oklahoma City (6)—G. W. Holt, 4420 N.W. 
19 Blvd., Oklahoma City 7, Okla.; W. E. 
'dicey, 1348 Kinkaicl Ave., Oklahoma 
City 9, Okla. 

Omaha-Lincoln (5)—M. I.. McGowan, 5544 
Mason St., Omaha 6, Neb.; C. \V. Rook, 
Dept. Elec. Eng., Univ. of Nebraska, 
Lincon 8, Neb. 

Ottawa (8)—George Glinski, 14 Dunvegan 
Rd., Ottawa, Ont., Canada; C. F. Patten-
son, 3 Braemar, Ottawa 2. Ont., Canada 

Philadelphia (3)—C. R. Kraus, Bell Tele-
phone Co. of Pa., 1835 Arch St., 16 Floor, 
Philadelphia 3, Pa.; Nels Johnson, Philco 
Corp., 4700 Wissahickon Ave., Philadel-
phia 44, Pa. 

Phoenix (7)—William R. Saxon, 641 E. 
Missouri, Phoenix, Ariz.; G. L. McClana-
than, 509 East San Juan Cove, Phoenix, 
Ariz. 

Pittsburgh (4)—F. C. Alexander, 2824 Mt. 
Royal Blvd. & Sutter Rd., Glenshaw, 
Pa.; K. A. Taylor, Bell Tcl. Co. of Pa., 
416 Seventh Ave., Pittsburgh 19. Pa. 

Portland (7)—Howard Vollum, 1000 N.W. 
Skyline Blvd., Portland, Ore.; R. R. 
Pooley, Radio Station KPOJ, Box 31, 
Portland 7, Ore. 

Princeton (2)—G. C. Sziklai, Box 3, Prince-
ton, N. J.; L. L. Burns, Jr., R.C.A. Labs., 
Princeton, N. J. 

Rochester (1)—Allan Holstrom, 551 Spencer 
Rd., Rochester 9, N. Y.; W. F. Bellor, 186 
Dorsey Rd., Rochester 16, N. Y. 

Rome-Utica (1)—Harry Davis, 716 Cherry 
St., Rome, N. Y.; M. V. Ratynski, 205 W. 
Cedar St., Rome, N. Y. 

Sacramento (7)—R. C. Bennett, 2239 Mar-
coni Ave., Sacramento 21, Calif.; R. A. 
Paucher, 3021 Mountain View Ave., 
Sacramento 21, Calif. 

St. Louis (6)—F. A. Fillmore, 5758 Itaska 
St., St. Louis 9, Mo.; Christopher Efthim, 
1016 Louisville Ave., St. Louis 10, Mo. 

Salt Lake City (7)—M. E. Van Valkenburg, 
Dept. of Elec. Eng., University of Utah, 
Salt Lake City 1, Utah; A. L. Gunderson, 
3906 Parkview Dr., Salt Lake City, Utah 

July 

San Antonio (6)—C. M. Crain, Engineering 
Bldg. 149, University of Texas, Austin 12, 
Texas; W. H. Hartwig, Dept. of Elec. 
Engr., University of Texas, Austin 12, 
Texas 

San Diego (7)—F. X. Brynes, 1759 Beryl 
St., San Diego 9, Calif.; R. T. Silberman, 
4274 Middlesex Dr., San Diego, Calif. 

San Francisco (7)—A. J. Morris, 1827 Cor-
dilleras Rd., Redwood City, Calif.; J. S. 
McCullough, 1781 Willow St., San Jose 
25, Calif. 

Schenectady (1)—C. C. Allen, 2064 Baker 
Ave., Schenectady 9, N. Y.; A. E. Rankin, 
833 Whitney Dr., Schenectady, N. Y. 

Seattle (7)—A. E. Harrison, Elect. Engr'g. 
Dept., Univ. of Washington, Seattle 5, 
Wash.; R. H. Hoglund, 125 E. Lynn St., 
Seattle 2, Wash. 

Syracuse (1)—W. H. Fall, General Electric 
Co., Syracuse, N. Y.; Major A. Johnson, 
R.D. 1, Totman Rd., East Syracuse, 
N. Y. 

Toledo (4)—L. S. Rynder, 140 Rockingham 
St., Toledo 10, Ohio; L. R. Klopfenstein, 
Portage, Ohio 

Toronto (8)—A. P. H. Barclay, 2 Pine 
Ridge Dr., Toronto 13, Ont., Canada; 
H. \V. Jackson, 352 Laird Dr., Toronto 
17, Ont., Canada 

Tulsa (6)—C. F. Hadley, 1356 E. 45 Place 
Tulsa 15, Okla.; L. H. Hooker, 4064 E. 
22 Place, Tulsa 5, Okla. 

Twin Cities (5)—F. S. Hird. Northwestern 
Bell Tel. Co., 224 S. Fifth St., Minne-
apolis, Minn.; J. L. Hill, 25 17 Ave., N.E., 
North St. Paul 9, Minn. 

Vancouver (8)—Miles Green, North-West 
Tel Co., 2226 W. Tenth Ave., Vancouver, 
B. C., Canada; J. S. Gray, 4069 W. 13 
Ave., Vancouver, B. C., Canada 

Washington (3)—T. B. Jacocks, General 
Electric Co., 777 14 St., N.W., \Vashing-
ton, D. C.; R. I. Cole, 2208 Valley Circle, 
Alexandria, Va. 

Williamsport (4)—J. E. Snook, 1629 War-
ren Ave., Williamsport, Pa.; F. T. Henry, 
1345 Pennsylvania Ave., Williamsport, 
Pa. 

Winnipeg (8)—R. M. Sirnister, 179 Renfrew 
St., Winnipeg, Man., Canada; G. R. Wal-
lace, 400 Smithfield Ave., Winnipeg, 
Man., Canada 

Subsections  
Amarillo-Lubbock (6)—R. B. Spear, 510 E. 

Hill St., Brownfield, Texas; J. B. Joiner, 
2621-30 Street, Lubbock, Texas 

Berkshire County (1)—S. C. Leonard, 
Cheshire, Mass.; W. E. Neubert, 21 
Highlawn Dr., Pittsfield, Mass. 

Buenaventura (7)—E. C. Sternke, 320 Vista 
Del Mar, Camarillo, Calif.; Oliver La 
Plant, 325 North 'J' St., Oxnard, Calif. 

Centre County (4)—W. J. Leiss, 1173 S. 
Atherton St., State College, Pa. 

Charleston (3)—W. L. Schachte, 152 Grove 
St., Charleston, S. C.; Arthur Jones, 21 
Madden Dr., Charleston Heights, S. C. 

East Bay (7)—J. M. Rosenberg, 1134 Nor-
wood Ave., Oakland 10, Cal.; C. W. Park, 
6035 Chabolyn Terrace, Oakland, Cal. 

Erie (1)—R. S. Page, 1224 Idaho Ave., Erie 
10, Pa.; R. H. Tuznik, 905 E. 25 St., Erie, Pa. 

Fort Huachuca (2)—Officers to be elected. 
Lancaster (3)—G. W. Scott, Armstrong 
Cork Co., Lancaster, Pa.; G. E. Mandell, 
522 E. King St., Lancaster, l'a. 

Mid-Hudson (2)—E. J. Breiding, 54 S. 
Grand Ave., Poughkeepsie, N. Y.; E. S. 
\Vilson, I.B.M., Poughkeepsie, N. Y. 

Monmouth (2)—G. F. Senn, 81 Garden Rd., 
Little Silver, N. J.; C. A. Borgeson, 82 
Garden Rd., Little Silver, N. J. 

Northwest Florida (6)—K. L. Huntley, 
Mary Esther, Florida; G. C. Jones, 12 
N. Okaloosa Road, Fort Walton Beach, 
Fla. 

Orange Belt (7)—B. F. Husten, Naval Ord. 
Lab., Corona. Calif.; T. A. Mayeda, 3120 
Locust St., Riverside, Calif. 

Palo Alto (7)—John V. N. Granger, 320 
Encinal Ave., Menlo Park, Calif.; W. B. 

\Vholey, 342 Verano Dr., Los Altos, Calif. 
Pasadena (7)—Officers to be elected. 
Richland (7)—R. G. Clark, 1732 Howell, 

Richland, Washington; R. E. Connally, 
515 Cottonwood Dr., Richland, Wis. 

Tucson (7)—William V. Record, 4511 E. 
Ninth St., Tucson, Ariz.; A. J. Bersbach, 
5326 E. Seventh St., Tucson, Ariz. 

USAFIT (5)—L. A. Yarbrough, Box 3001, 
USAFIT, Wright-Patterson AFB, Ohio; 
J. J. Gallagher, Box 3482 USAFIT, 
Wright Patterson AFB, Ohio 

Weschester County (2)—Joseph Reed, 52 
Hillcrest Ave., New Rochelle, N. Y.; 
D S. Kellogg, Gen Precision Lab., Inc., 
63 Bedford Rd., Pleasantville, N. Y. 

Wichita (6)—H. G. Swift, 1642 South Main, 
Wichita, Kan.; Vernon N. Johnson, 1652 
S. Edgemoor, Wichita 17, Kan. 
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AERONAUTICAL AND NAVI-
GATIONAL ELECTRONICS 

VOL. ANE-2, No. 1, M ARCH, 1955 
University of Dayton Honored 
Chairman's Report 
Trajectory Precision Requirements for 

Automatic Landing-j. L. Ryerson 
Requisite to landing an aircraft automati-

cally is the perception of its altitude. This re-
ports attempts to resolve the theoretical ac-
curacy of an aircraft's altitude by standard 
statistical equations for the propagation of 
error. 

Available aircraft trajectory data have been 
employed to determine the bandwidth of air-
craft trajectories during approach and "land-
ing." Such data have also been incorporated to 
establish the bandwidth of the noise superim-
posed by apparent radar target "wander." 

A method of removing the noise by opti-
mum filtering techniques, is discussed. A means 
of retrieving the high-frequency components of 
the aircraft trajectory information by inertial 
equipment is proposed. It is further proposed 
that similar smoothing techniques be utilized 
to remove low-frequency drift terms which 
appear as noise in the inertial equipment. The 
two sources of information are subsequently 
recombined to obtain broadband trajectory 
coverage having a greatly improved signal-to-
noise ratio. 

Airborne UHF Communication Equipment 
-G. H. Scheer 

After more than two years' experience, it 
has been determined that airborne UHF com-
munications is satisfactory. Many unforeseen 
types of interference have been found, some of 
them serious. Antenna patterns on aircraft are 
not ideal, but are usable. The newest sub-
miniature airborne transceiver has undergone 
unique operational engineering tests. Results 
show that its design is highly desirable from the 
aspects of performance, installation and main-

tenance. Until the ultimate design of an equip-
ment requiring no maintenance, industry 
should improve quality of components to in-
crease reliability and reduce repairs. 

Flight Director Design Trends-G. Id-
dings and E. Martino 

The flexibility of the fligl:t director to in-
clude practically any all-weather, mission is 
accomplished by the coupling of the basic navi-
gation data to the central flight director 
computer with special signal-shaping circuits 
designed on a modular basis. This paper de-
scribes the nature of these mission-coupling 
devices and an extension of their use to improve 
the basic flight panel information. 

Cooling Requirement Charts for Electronic 
Equipment-L. J. Lyons 

Efficient installation of airborne electronic 
equipment requires adequate data to design a 
heat removal system for the airplane. For 
many years aircraft generators have been sup-
plied with rating charts to define their cooling 
requirements: electronic equipment now re-
quires similar treatment. The form of the chart 
depends on the nature of the equipment, but 
consists, essentially, of a nomograph showing 
required cooling airflow and pressure drop vs 
air temperature. When pertinent, it should also 
include such factors as life, output, surrounding 
wall temperature, etc. Such charts make it 
convenient to design and compare performance 
of ram and fan driven cooling systems, and to 
compare different equipment designs in terms 
of their flow and pressure drop requirements. 
Examples of several different types of charts, 
their preparation and their use, are presented. 

The Accuracy of the VHF Omni-Range Sys-
tem of Aircraft Navigation: A Statistical Study 
-W. G. Anderson 

This paper describes a statistical treatment 
of the errors encountered in the VHF Visual 
Omni-Range Navigation System. The first part 
of the paper consists of a rudimentary discus-
sion of statistical theory which serves to ac-
quaint the reader with the methods used in the 

second portion of the report. 
Each of ten different errors are described in 

terms of a normal distribution function with 
the parameters 2 and s, the mean and standard 
deviation respectively. The ten errors are 
summed up and are compared to the error dis-
tribution which was obtained from error data 
gathered by the pilots of various scheduled 
airlines. The close agreement justifies the 
method used. 

Of the ten errors, only five are significant, 
and the VOR ground station error is shown to 
be greater than the sum of the other nine 
errors. 

Effect of Internal Fluctuations and Scanning 
on Clutter Attenuation in MTI Radar-G. S. 
Grisetti, M. M. Santa and G. M. Kirkpatrick 

The approximate effect of internal fluctua-
tions and scanning on clutter attenuation in 
MTI radar is derived and the results presented 
on two charts. It is proposed that derivative 
antenna patterns be used to increase the clutter 
attenuation when scanning. The theoretical 
improvement from the use of derivatives is 
appreciable, as shown on the second chart. 

AUDIO 

VOL. AU-3, No. 3, MAY-JUNE, 1955 

Complexity and Unreliability in Electronic 
Equipments-G. H. Scheer 

Connecting Piezoelectric Pickups to Mag-
netic-Pickup Amplifiers-B. B. Bauer 

IRE-PGA Election and Convention Sum-
mary. 

Bereskin New Editor for IRE TRANSAC-
TIONS on AUDIO 

Formation of Syracuse IRE-PGA Chapter 
- W. W. Dean 

Dayton IRE Section Organizes Audio Chap-
ter-A. B. Henderson 

PGA Chapter NEWS 
Perceptibility of Flutter in Speech and 

Music-F. A. Comerci 
The perceptibility of flutter at various 

rates, in recordings of speech and music, was 
investigated in relation to the development of 
a flutter meter which will give a direct indica-
tion of the effect upon programs as judged by 
listeners. 

Sound Measurements at Very High Levels 
- Arnold Peterson 

The behavior of a number of microphones 
at high sound levels is described. Some of the 
problems encountered in inaking measure-
ments at high sound levels are discussed. 

Electronic Organ Tone Radiation-
D. W. Martin 

The principles of design for electronic organ 
tone chambers are outlined. The differences 
between the design goals for loudspeaker en-
closures for organs and for other purposes are 
explained in fundamental terms. The construc-
tion of new organ tone cabinets for indirect 
radiation is described in detail. A few organ 
installation examples are given. 

PGA Institutional Listings 

COMPONENT PARTS 

PGCP-3, MARCH, 1955 

Report from the Chairman 
The Effective Leakage Resistance of Sev-

eral Types of Capacitors-R. W. Tucker and 
S. D. Breskend 

A rate-of-charge method for measuring the 
effective leakage resistance of good quality, 
high valued capacitors is described. This 
method yields results rapidly and directly. The 
effective leakage resistance of various types of 
capacitors as a function of time of applied 
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voltage at different temperatures was meas-
ured. A method for calculating the change in 
capacitance with time of applied voltage is 
given. A polytetrafluoroethylene capacitor had 
the best direct-current properties of any of the 
types tested. 

Transformer Design Chart—Reuben Lee 
and N. E. Muffler 

This paper describes a transformer design 
chart by which the design of two winding, 
sixty cycle, low voltage transformers can be 
made without most of the time-consuming 
design procedures. Its use is intended for trans-
former design engineers; therefore, it provides 
only the winding information that varies for 
each design. A specific series of cores and oper-
ating conditions are assumed. The turns, wire 
size and approximate winding resistance of 
both the primary and secondary can be deter-
mined from voltage requirements and second-
ary volt ampere rating. Equations upon which 
the chart is based are given together with an 
example problem. A set of rules for applying 
the chart to other transformer designs is also 
given. 

Problems Encountered and Procedures for 
Obtaining Short-Term Life Ratings on Resis-
tors—W. T. Sackett, Jr. 

The purpose of this paper is to give an 
abbreviated review of Battelle Institute's ac-
tivities in the electronic-component field, and 
to give a more detailed discussion of the par-
ticular phase of those activities having to do 
with the development of procedures for obtain-
ing short-term life ratings on components. 

Subminiature Transformers and Their Ap-
plication to Junction-Transistor Circuits— 
E. F. Dunkin and D. L. Johnson 

The technical limitations of subminiature 
audio or control frequency transformers or in-
ductors are discussed and some features of 
their design described. Statistical methods are 
used to control quality and specification limits 
as the physical sizes are too small to allow for 
individual adjustment. A miniature toroidal-
shell construction has given results comparing 
favorably with laminated assemblies below a 
certain size and in this form, optically-finished 
lapped joints are employed in the magnetic cir-
cuit. The use of subminiature core assemblies 
as transductors has also been investigated. 

ELECTRONIC COMPUTERS 

VOL. EC-4. No. 2, JUNE, 1955 
PGEC Student Activities and Education in 

Computers—H. H. Goode 
A Survey of Electronic Analog Computer 

Installations—L. B. Wade and A. W. Wortham 
A survey has been made of real-time elec-

tronic analog computer (differential analyzer) 
installations. This survey was conducted so 
that a directory of the installations could be 
compiled and so that various data regarding the 
installations could be made available for analy-
sis. The survey was conducted by a mail ques-
tionnaire. Information was obtained regarding 
size of installation, size of staff, weekly usage 
of the equipment, age of installation, and avail-
ability to outside organizations from 96 in-
stallations having a total of 8,320 computer 
amplifiers. The results of the survey have been 
analyzed and are presented in this paper, to-
gether with the directory. 

A Digital Computer for Use in an Opera-
tional Flight Trainer—W. H. Dunn, C. Eldert, 
and P. V. Levonian 

The requirements for a digital computer for 
use in an operational flight trainer are pre-
sented with emphasis being placed on the real-
time aspects of the problem. The general 
purpose digital computer is shown to be in-
adequate for this purpose and a special purpose 
digital computer is described which meets the 
requirements. 

A Diode Multiplexer for Analog Voltages— 
H. J. Gray, Jr., M. Rubinoff and J. Tompkins 
A diode multiplexer switch is described for 

time-sharing 64 analog voltages in a digital 
computer application. Apart from its relative 
simplicity and economy, the multiplexer char-
acteristics of microsecond switching speeds, 
maximum settling time of 133 microseconds for 
a 10-volt operating range, and accuracies of 
better than 1 per cent full scale are confirmed 
both by theoretical equations and by experi-
mental results. 

Some Notes on Logical Binary Counters— 
R. M. Brown 

The properties of binary counters which uti-
lize non-transient storage elements for the count 
information are presented. The four possible 
sets of logical connections between the two 
storage elements necessary for each stage are 
described. The binary numbers represented in 
the storage elements are shown to be the actual 
count in one set of elements and in the other 
set a Gray code representation of twice the 
actual count. Examples of bi-directional 
counters are given. 
A Variable Binary Scaler—D. B. Murray 
The binary elements of a counter or "scaler" 

may be interconnected in many ways. This 
paper discusses a class of interconnections in 
which some elements are "forward-counting" 
and some are "reverse-counting." By changing 
the interconnections any arbitrary integral 
scaling ratio (up to the counter capacity) may 
be obtained. 

Time-Delay Circuits—W. E. Thomson 
Contributors 
News: S. B. Disson 
Reviews: Reviews of Current Literature— 

H. D. Husky, ed. 

ENGINEERING MANAGEMENT 

PGEM-3, MARCH, 1955 

More Engineering Per Dollar—Burgess 
Dempster 

Some Factors Related to Management of an 
Applied Research Project—Harley lams 

Among the factors important to the man-
agement of an applied research project are the 
arrangement of working areas, the provision 
of labor-saving supporting equipment, and the 
supplying of adequate shops for making ex-
perimental parts. But even more important is 
the management of the people, including their 
organization into effective teams, seeing that 
engineers and scientists are retained for their 
best contribution to national defense, and up-
grading the abilities of the staff. 
A Practical Approach Toward Integration 

of Project and Group Theories in Establishing 
an Engineering Organization—C. F. Horne 

Engineering Management and the Chang-
ing World—Maurice Nelles 

Are Engineers People?—A. M. Zarem 
Biographical Notes on the Authors 

INDUSTRIAL ELECTRONICS 

PGIE-2, MARCH, 1955 

Mutual Problems in Industrial Electronics 
and Communications—E. W. Allen 

Numerical Control of Machine Tools— 
Leroy U. C. Kelling 

Industry needs more flexible methods of 
programming machine cycles to achieve auto-
matic operation of machine tools in limited-
quantity production. Part of this need is met 
by numerical control systems which command 
the machine in accordance with prepared nu-
merical instructions read from a storage 
medium. Such numerical instruction can be 
stored in binary or decimal numerical form on 
punched telegraph tape, punched tabulating 
cards, magnetic tape, and many other data 

storage mediums. Numerical control systems 
are well adapted to control of machine tools 
such as lathes, turret punch presses and boring, 
drilling and milling machines. The numerical 
control system for a Wiedemann turret punch 
press is a typical example illustrating the prob-
lems of joining controls and machines into a 
smoothly working combination. 

Electromechanically Stabilized DC Ampli-
fier for Use in Transducing and Telemetering 
of Milli-Voltage and Micro-Ampere Signals— 
Hubert A. Riester, Jr. 

Industrial Applications of X-Ray Tech-
niques—T. H. Rogers 

The Application of Radioactivity to Meas-
urement and Control—Norman E. Walters 
A Magnetic Thickness Gage for Rubber and 

Plastic Applications—Albert M. Dexter 
Advantages of Electronic Process Control— 

C. E. Mathewson 
Contrary to measurement requirements, the 

modern concept of closed loop, or feedback, 
control has created an urgent requirement for 
high speed response. The pure dead times and 
variable exponential lags characteristic of 
pneumatic communication systems have lim-
ited control performance to an appreciable ex-
tent. Electrical communicat)on is the obvious 
solution and equipment designed for its 
utilization will be described herewith. 

Electronically Produced and Controlled 
Illumination—Harold E. Edgerton 

After a brief summary of the theory of elec-
tronically produced pulses of light, energy 
storage systems, and energy converting devices, 
a review is made of commonly used triggering 
and controlling elements. A series of practical 
devices utilizing the previous:y described meth-
ods are discussed, showing typical stroboscopes, 
high-speed single-flash photographic lights, 
high-speed motion-picture lights, and flash se-
quence equipment. 

Automatic Detection of "Green-Rot" in 
Shell Eggs—K. H. Norris 

Power Oscillators for Dielectric Heating— 
T. L. Wilson 

Survey of Today's Use of Power Rectifiers 
in Industry—L. W. Morton 

Electronic Considerations in the Theory and 
Design of Electric Spark Machine Tools— 
E. M. Williams and J. B. Woodford, Jr. 

INFORMATION THEORY 

VOL. IT-1, No. 1, MARCH, 1955 

An Analysis of the Detection of Repeated 
Signals in Noise by Binary Integration—J. V. 
Harrington 

An analysis of the detection of repetitive 
signals in noise by binary integration tech-
niques is made. An expression for the effective 
signal-to-noise ratio of the quantized video is 
obtained and is shown to apply to any half-
wave second detector. A comparison of analog 
and digital integration is made, and it is further 
shown that digital integration is, at most, 1.9 
db poorer due to the quantization loss. How-
ever, the loss due to nonideal analog integration 
can make the two types equivalent. The opti-
mum settings for quantizer and counter thresh-
olds are derived, and expressions for the final-
detection and false-alarm probabilities are 
determined. Lastly, the results are modified to 
include the effect of nonuniform amplitudes in 
the set of signals being quantized and inte-
grated. 

An Expansionfor Some Second-Order Prob-
ability Distributions and its Applications to 
Noise Problems—J. F. Barrett and D. G. 
Lampard 

In this paper it is shown that, in general, 
second-order probability distributions may be 
expanded in a certain double series involving 
orthogonal polynomials associated with the 
corresponding first-order probability distribu-
tions. Attention is restricted to those second-
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order probability distributions which lead to a 
"diagonal" form for this expansion. 

When such distributions are joint prob-
ability distributions for samples taken from a 
pair of time series, some interesting results can 
be demonstrated. For example, it is shown that 
if one of the time series undergoes an amplitude 
distortion in a time-varying "instantaneous" 
nonlinear device, the covariance function after 
distortion is simply proportional to that before 
distortion. 

Some simple results concerning conditional 
expectations are given and an extension of a 
theorem, due to Doob, on stationary Markov 
process is presented. 

The relation between the "diagonal" expan-
sion used in this paper and the Mercer expan-
sion of the kernel of a certain linear homogene-
ous integral equation, is pointed out and in 
conclusion explicit expansions are given for 
three specific examples. 

Predictive Coding—Peter Elias 
Predictive coding is a procedure for trans-

mitting messages which are sequences of mag-
nitudes. In this coding method, the transmitter 
and the receiver store past message terms, and 
from them estimate the value of the next mes-
sage term. The transmitter transmits, not the 
message term, but the difference between it and 
its predicted value. At the receiver this error 
term is added to the receiver prediction to re-
produce the message term. This procedure is 
defined and messages, prediction, entropy and 
ideal coding are discussed to provide a basis for 
Part II, which will give the mathematical cri-
terion for the best predictor for use in the pre-
dictive coding of particular messages, will give 
examples of such messages, and will show that 
the error term which is transmitted in predic-
tive coding may always be coded efficiently. 

The Linear, Input-Controlled, Variable-Pass 
Network—B. E. Keiser 

This paper describes the study and develop-
ment of a linear, variable-pass network system 
which is controlled by the Fano short-time 
autocorrelation function of the input. Given an 
input function, the message, whose short-time 
power spectrum varies in an unpredictable 
manner with time, and to which there has been 
added a different function, the disturbance, 
whose short-time power spectrum is either 
time-invariant or varies in a completely known 
manner, a linear, input-controlled, variable-
pass network can be specified which minimizes 
the mean-square error between the message 
input and the total output, taking network 
delay into account. Methods for mathematical 
computation of the mean-square error have 
been devised. 

The linear, input-controlled, variable-pass 
network has been found to have a lower mean-
square error than that attainable with an 
optimum-mean-square, linear, fixed, selective 
network, for certain types of input messages. 

Spectral Density Functions in Pulse Time 
Modulation—H. Kaufman and E. H. King 

Spectral power density functions corre-
sponding to various types of pulse shapes, 
probability distribution functions arising in the 
study of pulse time modulation problems are 
computed. The results are presented in tabular 
form. The following cases are considered: PAM 
and PPM, for arbitrary pulse shape, PDM, for 
rectangular, Gaussian, and error-function pulse 
shapes, and SEM, for rectangular pulse shape. 

A Note on the Sampling Theorem—L. J. 
Fogel 

The human operator often perceives rate as 
well as amplitude information in sampling 
various displayed continuous parameters. It is 
therefore necessary to extend the Sampling 
Theorem to allow the analysis of certain man-
machine relations. The result is stated and the 
required mathematics included in the appendix. 
Certain distinct problem areas where this ex-
tension can be fruitfully employed are indi-
cated. 

Statistical Calculation of Word Entropies 
for Four Western Languages—G. A. Barnard 

Using a modified version of Shannon's 
method, comparative figures for the word-letter 
entropies of printed English, French, German, 
and Spanish are obtained and the method de-
scribed. 

Papers presented at WESCON in Los 
Angeles, August 25-27, 1954 

On the Modulation Levels in a Frequency 
Multiplexed Communication System by Sta-
tistical Methods—R. L. Brock and R. C. Mc-
Carty. 

This paper presents a mathematical analysis 
with experimental verification of the distribu-
tion of the instantaneous voltage of a complex 
signal resulting from the combination at ran-
dom of a small number is of sinusoidal oscilla-
tions. The resulting calculated distributions are 
plotted in the form of a set of probability 
curves for comparison with curves obtained by 
experiment. Further laboratory measurements 
in which the individual sinusoidal oscillators 
are frequency-modulated in a manner suitable 
for communicating information in a binary 
form, yield substantially no change in the amp-
litude distribution as determined for the un-
modulated oscillators. Consequently, the results 
of the mathematical analysis may be applied 
in the determination of M, the degree to which 
each subcarrier may amplitude modulate a 
final carrier in an fm-am frequency multiplexed 
system. M  may be determined for any desired 
degree of overmodulation in excess of one 
per cent and for as many subcarriers as are 
required in the system. Modulation levels de-
termined according to approximate methods 
and the method described here are tabulated 
and compared. 

On the Response of a Certain Class of Sys-
tems to Random Inputs—Jack Heilfron 

This paper deals with the connection be-
tween vector Markoff processes and the re-
sponse of a lumped constant parameter linear 
system composed of a finite number of ele-
ments. It was known that if a Gaussian process 
which is one component of a vector Markoff 
process passes through such a system, the 
result is also Gaussian and may be considered 
as one component of a higher dimensional vec-
tor Markoff process. We show that the term 
Gaussian may be excluded in the above state-
ment. The practical importance of this result 
is that if one can determine the initial and 
transition probabilities of this vector Markoff 
process, one can also determine the complete 
statistical properties of the output of the sys-
tem. This further implies that the determina-
tion of the properties of the output for the 
class of not necessarily Gaussian inputs men-
tioned above is not as difficult as might be 
expected from the results for just the first prob-
ability distribution for non-Gaussian inputs. 

Noise in Driven Systems—J. M. Richard-
son 

It is known that a direct relation exists 
between the noise in a system in equilibrium 
and transient drift toward equilibrium. It seems 
that a similar relation should exist for a system 
in a nonequilibrium stationary state. It is now 
necessary to distinguish between two types of 
transients; those produced by selecting those 
systems satisfying certain initial and those pro-
duced by actual physical perturbation. It is 
is shown that a simple relation exists between 
noise and the transients produced by selection 
and that no relation exists in the case of 
transients produced by perturbation. In the 
equilibrium case it is shown that the two types 
of transients, though still logically and oper-
ationally distinct, can be described by the same 
impedance operator. 

Design and Performance of Phase-Lock 
Circuits Capable of Near-Optimum Perform-
ance Over a Wide Range of Input Signal and 
Noise Levels—R. Jaffe and E. Rechtin 

MICROWAVE THEORY AND 
TECHNIQUES 

VOL. MTT-3, No. 3, APRIL, 1955 
Editorial Comment by Saad 
Frontispiece of W. W. Mumford 
Editorial—W. W. Mumford 
Advances in Microwave Theory and Tech-

niques—D. D. King 
Planar Transmission Lines—David Park 
This paper derives formulas for the trans-

mission properties—characteristic impedance 
and attenuation—in the principal mode of a 
transmission line consisting of one or two long 
strips of metal foil embedded in a dielectric 
material between two long metal strips consid-
erably wider than the central ones. The width 
and spacing of the central strips is arbitrary, 
and it is also necessary to take account of their 
thickness in computing the attenuation. A 
graphical method is given for evaluating the 
characteristic impedance in general, and 
analytic approximations are given for a number 
of special cases. Finally the question of the 
leakage of power from between the outer strips 
is considered briefly. 

Measurement of Time-Quadrature Compo-
nents of Microwave Signals—J. H. Rich-
mond 
A phase-sensitive coherent detector used 

for microwave laboratory measurements is de-
scribed. The receiver measures the real 
(1E1 cos a) and imaginary ( 1E1 sin a) compo-
nents of a signal E with equipment which is 
less elaborate than that required for measuring 
the amplitude 1E I and phase a. Furthermore, 
many calculations are more convenient if E is 
presented in rectangular rather than polar 
form. 

Measurements made with the receiver on 
known fields in waveguides are included to 
demonstrate its accuracy. The receiver has a 
sensitivity of — 125 dbw at 9,375 mc. 

Optimum Design of Stepped Transmission-
Line Transformers—S. D. Cohn 

This paper describes the optimum stepped-
transmission-line transformer structure for 
matching two unequal characteristic imped-
ances. For any specified bandwidth, the steps 
are designed to yield a Tchebycheff-type (or 
equal-ripple) reflection-coefficient response. 
Over this band, the maximum vswr is less than 
that obtainable with any other stepped-trans-
former having the same number of steps. The 
design method and the technique for eliminat-
ing discontinuity-capacitance effects are given. 
The measured results for a coaxial and a wave-
guide model are presented and found to verify 
the method. 

The Use of Scattering Matrixes in Micro-
wave Circuits—E, W. Matthews 

Difficulties arising from the use of the im-
pedance concept in microwave circuitry have 
led to the introduction of the scattering repre-
sentation for work at these frequencies. This 
paper presents a development of the scattering 
approach in terms of fundamental transmission-
line phenomena. The physical meaning of the 
quantities involved is brought out wherever 
possible and the relationships among the vari-
ous elements of the scattering matrix are given. 
Several examples of the application of scatter-
ing techniques to analysis of the properties of 
microwave junctions are presented, and meth-
ods for measuring scattering parameters of 
such junctions are outlined. 

Some Applications and Characteristics of 
Ferrite at Wavelengths of 0.87 ;Cm and 1.9 
Cms—Clyde Stewart 

This paper describes the use of ferrites in 
waveguide to produce Faraday rotations at 
0.87 cms and 1.9 cms wavelengths. The Dicke 
radiometric receiver is briefly reviewed and its 
improvement by the use of ferrite waveguide 
components is described. Experimental equip-
ment for securing data on the behavior of 
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ferrites is discussed. Details are given for the 
construction of a unidirectional waveguide 
transmission line for 0.87 ems wavelength. 

Probes for Microwave Near-Field Meas-
urements—J. H. Richmond and T. E. Tice 

To be satisfactory for microwave near-field 
measurements, a probe must have desirable 
polarization characteristics, must have an aper-
ture small enough to indicate the field at a 
point, must deliver sufficient signal voltage to 
permit accurate measurement, and yet must 
not seriously distort the fields. The design of a 
probe may be simplified if the fields to be 
measured are known to be almost linearly 
polarized or to consist only of a traveling wave. 
Comparison of measurements made with vari-
ous probes has led to the development of a 
small open-ended waveguide probe which is 
simple to construct and has given excellent 
results. 

Measurement Techniques for Multimode 
Waveguides—A. C. Beck 

This paper surveys some of the techniques 
that have been worked out for multimode 
waveguide measurements. Equipment has 
been developed for measuring one mode at a 
time by taking advantage of the differences 
between the modes. Illustrations of its use are 
given. 

Reports of International Organizations— 
L. G. Cumming and W. W. Mumford 

Addenda to "Bibliography on Directional 
Couplers"—R. G. Medhurst and R. F. Schwartz 

MICROWAVE THEORY AND 
TECHNIQUES 

VOL. MTT-3, No. 2, MARCH, 1955 

Microwave Printed Circuit—An Historical 
Survey—R. M. Barrett 

The microwave printed circuit, as described 
in this paper, is an extension of the well-known 
technique which is of such importance in the 
lower frequency regions, where lumped element 
circuits are practical. This new circuit possesses 
all of the virtues of other printed circuits, such 
as light weight, cheapness, ease of manufacture, 
miniaturization, etc., along with the ability to 
be used at frequencies as high as 10,000 mc. 
The basis of the new technique is the planar or 
"flat strip" coaxial transmission system which 
was developed during World War II but which 
has remained unpublished and relatively un-
known in the postwar period; and for which 
an adequate theoretical analysis had not been 
available. 

Microwave Strip Circuit Research at Tufts 
College—A. D. Frost and C. R. Mingins 

The research work on microwave strip cir-
cuits which has been in progress since Novem-
ber, 1952 is described. Experimental investiga-
tions have included measurement of the charac-
teristic impedance of various lines, the design 
of transitions from coaxial connectors to strip-
line, the preparation and adjustment of 
matched resistive terminations, and most re-
cently the evaluation of the effects of simple 
line discontinuities such as bends or steps. 
Theoretical studies on the calculation of char-
acteristic impedance and line loss have also 
been carried out. 

Characteristics and Some Applications of 
Stripline Components—W. E. Fromm 

Basic characteristics of Stripline in various 
frequency bands from 1000 to 16,000 mc are 
summarized. Various components such as 
transitions to coaxial line, attenuators, hybrid 
rings, directional couplers, and filters are 
shown. Some applications of these components 
in practical high performance microwave cir-
cuits and equipment in the frequency range of 
2500-10,000 mc are also described. 

Photoetched Microwave Transmission 
Lines—Norman R. Wild 

Microwave transmission line and compo-
nents of unusual light weight and compact con-

struction can be made employing photoetching 
techniques to produce strip type transmission 
line. This report will be a general description of 

work done at Sanders Associates, Inc., to de-
velop techniques for the design and manufac-
ture of photoetched microwave transmission 
lines. Discussion will include measurements of 
attenuation and radiation leakage on parallel 
plate strip lines, as well as shielded type Tri-
plate lines, the problem of mode purity and its 
relation to electrical parameters, various 
schemes of making transitions from standard 
waveguide to photoetched strip line. The basic 
design and performance of various components, 
as well as items of test equipment, such as 
slotted lines, matched loads, fixed attenuators, 
variable attenuators, directional couplers, crys-
tal holders, phase shifters, hybrid rings, coax to 
Tri-plate transistors, etc., will also be treated. 
In addition, data will be presented showing 
impedance and susceptance values of simple 
discontinuities and impedance matching trans-

formers. A simple technique for constructing 
gyrators and resonators will be presented, and 
the design and fabrication of an S-band signal 
generator employing photoetched microwave 
Tri-plate line will be shown, illustrating that 
practical microwave systems can be constructed 
far more economically than would be possible 
utilizing conventional waveguide techniques. 

Characteristics and Applications of Micro-
strip for Microwave Wiring—M. Arditi 

The experimental results of the transmission 
properties of M icrostrip are compared with the 
values to be expected from a first order theory 
based on the assumption of a T.E.M. mode of 
propagation. The characteristics of various 
Microstrip components are given. These com-
ponents include: waveguide or coaxial trans-
ducers, hybrids, directional couplers, crystal 
mixers, attenuators, filters, ferrite modulators, 
gas discharge modulator tubes and a wide-
band noise source. The design considerations 
stress the wide-band properties of Microstrip 

similar to those found in coaxial lines. 
The methods of measurement used in 

Microstrip are outlined and they show the sim-
plicity of the experimental set-up required for 
the application of Deschamps' method for 

determining the principal characteristics. 
The applications of Microstrip to the design 

of complete systems such as microwave re-
ceivers are discussed and examples in "S" band, 
°C" band and "X" band are given. 

Miniature Strip Transmission Line for 
Microwave Applications—E. N. Torgow and 
J. W. E. Griesmann 

The construction of a strip line whose physi-
cal size is kept as small as possible consistent 
with reasonable electrical performance is pre-
sented. This line is fabricated by relatively 
simple techniques and can be shaped to fit line 
components into relatively confined spaces. 
The line has good power handling capacity and 
moderately low attentuation. Various compo-

nents have been developed in this line, includ-
ing a broadband i-inch coaxial line to strip line 
adapter, a broadband matched load, attenua-
tors, and high and low pass filters. 

Strip Type Components for 2000 Mc Re-
ceiver Head End—K. E. Zubulin 

Recent experimental work has evolved 
some components using air-spaced strip type 
transmission line that have been used success-
fully in connection with a variable attenuator, 
cavity and crystal mixer. Bandwidth, VSWR, 
and NF measurements are comparable with a 
commercial receiver head-end presently in use. 
The asymmetric air-spaced strip-above-ground 
transmission line used results in a simple con-
figuration for coupling the line to the cavity. 
It also facilitates the application of a variable 
attenuator using a ferrite slab of high attenua-
tion per unit length with good VSWR properties. 

Properties of Dielectric Image Lines— 
D. D. King 

The properties of a dielectric rod on an 

image surface are reviewed, and experimental 
results on straight sections, various bends, and 
a twist are presented. Techniques for measur-
ing insertion parameters and field distributions 
are described. 

Practical Dielectric-Filled Waveguide— 
T. N. Anderson 

This paper describes the development of a 
laminated teflon-filled dielectric waveguide 
using techniques similar to what has been done 
in the flexible coaxial line. Th.s paper describes 
the development of dielectric waveguide giving 
the theoretical design of the teflon-filled dielec-
tric waveguide from both a mechanical and 
electrical point of view. 

The emphasis on this dielectric waveguide 
development has been to arrive at a practical 
waveguide construction which would be suit-
able for a radar systems application. This 
dielectric waveguide is intended to provide a 
miniaturized waveguide circuit which will have 
essentially the same peak power handling capa-
bilities as standard waveguide which would be 
suitable for use up to 200° C. 

The fabrication technique is described along 
with a description of the measurement proce-

dure for determining the characteristics of this 
dielectric waveguide including match, attenua-
tion and high power breakdown. 

The design of special transitions from air-
filled waveguide to dielectric-filled waveguide 
are described also. 

This work was performed under contract 
number AF33 (600) 26763 for Wright Air Devel-
opment Center and is intended to eventually 
yield a series of dielectric-filled waveguides, 
both rigid and flexible. 

Measurement of Attenuation and Phase 
Velocity of Various Laminate Materials at L-
Band—M. E. Rigenbach and H. W. Cooper 

Measured data are plotted for the charac-
teristic impedance, velocity of propagation, and 
attenuation of dielectric sheet supported strip 
transmission lines for four dielectric materials: 
Teflon bonded glass cloth, epoxy bonded glass 
cloth, polyester bonded glass mat, and XXXP 
Paper base phenolic. At 1000 megacycles, the 
teflon material is excellent and the epoxy and 
polyester materials satisfactory for low Q appli-
cations, such as microwave transmission lines. 

The equivalent physical length of a dielec-
tric sheet supported strip transmission line 
right angle is reported. 

The Input and Mutual Impedance of Dipole 
Strips Between Parallel Planes—W. H. Hayt, Jr. 
A center-fed filamentary dipole is parallel 

to and between two parallel, infinite, perfectly 
conducting planes and carries a sinusoidal cur-
rent. The longitudinal electric field intensity 
corresponding to such a current distribution is 
then obtained by an application of the image 
principle to the field of a single center-fed 
filamentary dipole in free space. 

This longitudinal electric field is then used 
directly to obtain the input impedance and 
mutual impedance between filamentary dipoles 
of resonant lengths by the induced emf method. 
The impedances appear as an infinite series of 
integrals which are approximated by simple 
expressions having errors of less than one-
quarter of one per cent. Curves are obtained 
giving the input impedance of dipoles having 
various resonant lengths and locations between 
the guard planes, and for several separations 
of the guard planes, the latter value being 
maintained less than one-half wavelength to 
avoid any propagating modes. Mutual imped-
ance is shown as a function of dipole separations 
as well. 

The results are then extended to dipoles 
having a cross-section which is a circle or a 
zero-thickness strip. Curves are obtained for 
the input impedance of strips between parallel 
planes for several plane separations and several 
dipole widths, as a function of dipole length. 

Problems in Strip Transmission Lines— 
S. B. Cohn 
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A review is given of characteristic-imped-
ance formulas for shielded-strip transmission 
lines. From these formulas, a set of approxi-
mate relationships for the attenuation and Q 
of a dielectric-filled shielded-strip transmission 
line is derived. The method makes the standard 
assumption that the current distribution is that 
of a lossless line and the surface resistivity that 
of an infinite-plane conductor. Although this 
method applies accurately to most other types 
of lines, in this case, an error of the order of 10% 
is believed to occur due to the failure of the 
assumptions at the corners of the strip. How-
ever, the error is in a direction that makes the 
computed values conservative, and the ac-
curacy should be sufficient for most practical 
purposes. The derivation of a correction term 
is now being attempted. 

In addition to the discussion of attenua-
tion, attention is given in this paper to the de-
sign considerations involved in a shielded-
strip-line impedance meter, and to some pre-
liminary data obtained with this device. Also, 

the future topics for investigation under this 
research and development program are men-
tioned. 

Equivalent Circuits for Discontinuities in 
Balanced Strip Transmission Line—A. A. ()liner 

Theoretical formulas are derived for the 
equivalent circuit parameters of a variety of 
discontinuities in balanced strip transmission 
line. These formulas are simple in form and are 
obtained by employing a small aperture proce-
dure or a Babinet equivalence procedure in con-
junction with an approximate model of the 
line. The results for a number of discontinuities 
are presented and comparison is made with the 
available measured data. 

A Universal Approximate Formula for Char-
acteristic Impedance of Strip Transmission 
Lines with Rectangular Inner Conductors— 
R. L. Pease and C. R. Mingins 

An explicit expression is developed for the 
characteristic impedance of a microwave strip 
transmission line with rectangular inner con-
ductor of arbitrary dimensions. The expression 
is exact for zero thickness and arbitrary width, 
exact for zero width and arbitrary thickness, 
and quite accurate (within 3% for the extreme 
case of a square inner conductor of dimensions 
about 0.01 of plate separation, but in most 
cases of practical interest, within 0.1%) 
throughout the entire range of thickness and 
width. 

Stripline Radiators—E. G. Fubini 
Progress on the use of strip conductors as 

microwave antennas indicates that the tech-
nique is flexible and economical. Broadside cur-
tains can be fabricated with sufficient accuracy. 
Several types of balanced Stripline feed have 
been considered, and twists have been success-
fully built. A variety of baluns have been evalu-
ated and used to feed colinear Franklin arrays 
through binary splits. 

Slot Array Employing Photoetched Tri-
Plate Transmission Lines— D. J. Sommers 

Microwave printed circuit techniques are 
readily adapted to the construction of compact 
antennas ideal for flush mounting on high speed 
aircraft. This paper describes the development 
of a two-dimensional X-band array consisting 
of 16 slots fed by photoetched Tri-plate trans-
mission line. The design of a unity coupled 
series slot and the resulting mode purity prob-
lems are discussed. Several power divider con-
figurations are illustrated and data on the per-
formance of some of these devices is presented. 
The construction of a 4 slot E-plane, a 4 slot 
H-plane and the combination 4 X 4 E-, H-
plane array utilizing these power dividers is 
shown. Radiation patterns of each of these 
arrays were measured and a comparison of the 
individual and combination array patterns is 
made. 

Bandpass Filters Using Stripline Tech-
niques—D. R. White and E. H. Bradley 

Strip lines provide a convenient transmis-

sion medium for the realization of microwave 
filters. Since bandpass filters designed in wave-
guide and coaxial lines would be large at ultra-
high frequencies, strip lines afford a practical 
means of realizing filters which are simply fabri-
cated, are readily reproduced, and, in most 
cases, represent an appreciable savings in size 
and weight. Of the different types of strip trans-
mission lines currently in use, the so-called 
"sandwich" structure has been employed at 
MeIpar for two reasons: (1) very broad-band 
coax-to-strip-line transitions are easily realized; 
and (2) the electromagnetic field is essentially 
confined between the two ground planes, thus 
reducing problems in packaging. 

Using design techniques developed for 
direct-coupled cavity-type waveguide and 
coaxial filters, experimental strip-line filters 
having ten per cent bandwidths in the u-h-f 
spectrum have been developed. These units 
have less than 1 db mid-band insertion loss and 
provide a rejection of greater than 40 db at 
frequencies twelve per cent from the center fre-
quency. The design techniques discussed in this 
paper are general and, therefore, are not re-
stricted to the realization of the above filter 
characteristics. Some limitations pertaining to 
the realizability of the cavity parameters in dif-
ferent dielectric media and the existance of 
spurious responses are discussed. 

Resonator and Preselector in Stripline— 
J. F. Moore and Max Michelson 

One of Raytheon's commercial applications 
involves microwave circuitry in balanced strip 
line, with a j-inch spacing between ground 
planes. Though the less critical parts of the unit 
are etched in copper-clad Teflon-Fibreglas, two 
of the components are of higher Q than can re-
liably be obtained in the presence of plastic. 
They are: (1) A resonator, for use as a frequency 
stabilizing reference element in an AFC circuit; 
and (2) A four-stage maximally flat preselector 
filter. These units are made of separate strips 
of metal, and do not depend on the plastic 
sheet for their support. 

The unit is intended to operate over a 41% 
band centered on 6725 mc, and was designed 
to avoid expensive parts and assemblies. 

The design requirements were for a resona-
tor with an unloaded Q of 1980, and with no 
more than ± 0.45 mc frequency variation over 
operational extremes of temperature and hu-
midity; and for a preselector with less than 3.5 
db. loss and a 30 mc pass band. Both units 
satisfy the overall electrical and mechanical 
design without requiring special high-cost 
structures. In fact, the microwave head is, in 
balanced strip line, about half as expensive as 
in conventional plombing. In addition, the 
present cost will be further reduced as larger 
quantities are considered. 

Broad-Band Microstrip Crystal Mixer with 
Integral DC Return—Eric Carlson 
A light and compact microwave mixer using 

microstrip has been designed for use in airborne 
equipment. The mixer features a low-input 
voltage standing wave ratio over a frequency 
range of one octave. The local oscillator is 
coupled to the input transmission line by a 
microstrip directional coupler having an integ-
ral d-c return. Minimum coupling to the d-c 
return is obtained by placing it in a region of 
low field intensity. 

RELIABILITY AND QUALITY 
CONTROL 

PGRQC-5, APRIL, 1955 

Statistical Design—A Means to Better 
Products of Lower Cost—R. C. Miles 

Present evidence suggests that electronic 
reliability problems are being attacked with too 
little emphasis on the basic problem, which is 
one of equipment rather than merely com-
ponent reliability. Among the reasons for this 

situation are: lack of enforcement of equipment 
reliability requirements, resulting in part from 
difficulty of enforcement; vague or unrealistic 
statement of equipment reliability require-
ments; lack of an adequate quantitative basis 
for predicting the reliability of a proposed 
equipment design. 

The popular concept of "guaranteed" relia-
bility is basically a fallacy, since reliability 
cannot be positively guaranteed in any useful 
sense. If the guarantee concept were valid, an 
equipment using only "guaranteed" com-
ponents should have a life at least equal to the 
shortest guaranteed component life; that such 
is not the case in practice proves the fallacy of 
reliability "guarantees." 

A more practical concept of reliability in-
volves the formulation of a statistical defini-
tion. For example, reliability may be defined 
as "the probability that a component or 
equipment will operate satisfactorily under 
given circumstances," time of operation being 
included as one of the "circumstances." 

Although such a definition makes it possible 
to relate equipment reliability to the reliabili-
ties of the individual components, presently 
available component data is not suitable for the 
purpose. In particular, most component relia-
bility data is deficient as regards the variation 
of reliability with operating time. Even such 
component data as does exist applies to op-
erating times at which the component reliabil-
ity has become intolerably poor in terms of the 
requirements of equipment of even moderate 
complexity. 

It appears further that the majority of 
existing component improvement programs will 
do little to improve the situation. Such pro-
grams seem to have been conceived on an un-
realistic basis, concentrating on improving re-
liability at operating times near the end of the 
component useful life, rather than maintaining 
very high values of component reliability for as 
long as possible in the interests of improved 
equipment reliability. 

Substantial progress toward more reliable 
electronic equipment requires a combination 
of: 

1. A realistic quantitative basis for equip-
ment reliability requirements. 

2. Education of equipment and component 
designers and users as to the basic nature of the 
reliability problem. 

3. Better data on the reliability of existing 
components, in addition to development of im-
proved components. 

4. Closer cooperation between component 
and equipment engineers, in order that each 
may acquire a better understanding of the 
other's needs and problems. 

Contributing Factors to Component Parts 
Reliability and Extended Service—J. A. Goetz 

Reliable electronic equipment perform-
ance depends fundamentally upon a sound 
application of engineering data and service in-
formation. Essential elements of a program 
tailored to this need by the equipment manu-
facturer include: 

1. Maintenance of a realistic field evalua-
tion program on component parts and assem-
blies thereof; 

2. A coordinated engineering liaison pro-
gram between consumer and vendor of com-
ponent parts; 

3. A sound source qualification and parts 
improvement program; 

4. Development of adequate specifications 
and application data covering extended life 
applications of component parts. 

These elements are discussed as they apply 
to the current manufacture of electronic ac-
counting and data processing machines by 
IBM. 

Acceptance Sampling of Reliable Tubes— 
B. P. Goldsmith 

The traditional method of checking ac-
ceptability of a lot of tubes for a particular elec-
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trical characteristic has been to test a large 
sample and count the number of tubes beyond 
the minimum or maximum limits—inspection 
by attributes. This reduces the chances of ac-
cepting a lot with a high percentage of defec-
tives, but gives no assurance that the lot is 
centered close enough to bogey or that the 
spread of the distribution is tight enough. 

The increasing complexity of circuitry and 
the high standards of performance required in 
many types of equipment have increased the 
need for such assurance. It is gained most sim-
ply from inspection by variables. 

Simply adding variables inspection criteria 
to the minimum and maximum limits already 
on the TSS will not do an efficient job of sep-
arating good lots from bad. By proper coor-
dination of the two types of inspection, at-
tributes and variables, a high degree of 
discrimination can be achieved with a modest 
amount of testing. 

Examples are based on recent TSS for type 
JAN 5744WA. 

Cathode Interface Impedance Desimplified 
—H. B. Frost 

Cathode interface impedance has usually 
been treated as if it could be represented at any 
given time by a parallel R-C combination. In 
actuality, however, the impedance can be rep-
resented accurately only by an R-C network 
containing four elements. Moreover, the inter-
face undergoes a reversible change of state 
with a relaxation time near one second as the 
cathode current is changed. These characteris-
tics merit important consideration when speci-
fications concerning cathode interface im-
pedance are written. 

Modern methods of preventative mainte-
nance frequently allow replacement of those 
tubes with cathode interface impedance before 
they can cause the failure of large electronic sys-
tems such as digital computers. However, seri-
ous cases of cathode interface impedance may 
cause the tube population of such a system to 
have a short average life, perhaps less than 
10,000 hours. Under such conditions, catastroph-
ic failures—primarily an affliction of young 

tubes—very likely will be more prevalent 
than would be the case if the average life were 
greater. Any increased level of catastrophic 
failures will cause a reduction system reliability 
which may be attributed indirectly to cathode 
interface impedance. 

The Definition of Terms of Interest in the 
Study of Reliability—C. R. Knight, E. R. 
Jervis, and G. R Herd 

The aim of this paper is to propose certain 
concepts and definitions as aids in studies of the 
reliability of various products. " Reliability" 
and other terms commonly used in such studies 
are so defined that they can be measured and 
expressed quantitatively; and the theoretical 
relationship of components to the system is dis-
cussed. Reliability is studied in terms of dis-
crete variables and continuous variables and 
their combined effects, with consideration of 
the interdependence of components. The con-
cept of dependence is developed to facilitate 
measurement of the effectiveness with which 
components are incorporated into a system. 
The paper advances an alternate definition of 
"satisfactory performance" to the generally ac-
cepted one based on current specification prac-
tices. The new definition takes into account 
user acceptance or rejection of the product. 
Weighting functions are proposed to give math-
ematical expression to user opinion versus 
equipment performance characteristics. 

ULTRASONICS ENGINEERING 

PGUE-2, MAY, 1955 

Composite Piezoelectric Resonator—W. G. 
Cady 

Various types of composite resonators and 
their uses are summarized. The general equa-
tions are given for the transducer for plane 
ultrasonic waves, consisting of a crystal assem-
bly with back and front plates. Applications are 
made to several simple cases, and expressions 
are tabulated for the amplitude of vibration 
for various combinations of half- and quarter-

wave components. Consideraton is given to the 
effect of the acoustic load on the frequency for 
maximal amplitude. Theoretical formulas are 
compared with experimental results for rods 
of aluminum and fused quartz excited in vibra-
tion by piezoelectric crystals. 

Ultrasonic Cleaning of Miniature Devices 
—Q. C. KcBenna 

Ultrasonic cleaning gives industry a new 
method of obtaining cleaning results previously 
unattained. By irradiating liqaid cleaners with 
appropriately arranged transducers, large vol-
umes of intricate parts can be cleaned. Barium 
titanate ceramic transducers offer many ad-
vantages as sound generating elements. They 
can be operated at low voltages compared with 
quartz and can be cast in shapes which give 
high ultrasonic intensities. Through focusing, 
the ultrasonic cleaning process usually results 
in a more economical method, saving time, 
labor, and space. 

Power Measurements in Ultrasonics— 
°. E. Mattiat 
A Temperature Invariant Solid Ultrasonic 

Delay Line—Edwin Voznak and R. W. Mebs 
A study was made of various metals and 

alloys in an effort to obtain a solid ultrasonic 
delay line that would be thermally stable with 
respect to time delay. Experimental data show-
ing the effect of temperature or the propagation 
of ultrasonic waves are presented. An iso-
elastic alloy possessing a temperature co-
efficient of delay time of not more than 8 
ppm/°C over a temperature range of — 50 to 
200°C is described. This characteristic is supe-
rior to that of quartz or mercury by an order 
of magnitude. 

Some Applications of the Linear Piezo-
electric Equations of State—Rudolf Bechmann 

Notes on the Uses of Ultrasonics for the 
Finishing of Cathode Ray Tube Guns and Gun 
Components—W. F. Nildas 

Biographical Notes on the Authors 
Letter to the Editor 
Recent Books on Ultrasonks 
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Books  
Transistor Audio Amplifiers by Richard F. 
Shea 

Published ( 1955) by John Wiley and Sons, Inc.. 
440 Fourth Ave., New York 16. N. Y. 207 pages +xiii 
pages+5 page index+5 page bibliography. Il-
lustrated. 91 X6. $6.50. 

The stated object of this book is to pro-
vide the practical fundamentals of tran-
sistor applications and to show how these 
fundamentals may be used in the construc-
tion of audio amplifiers. In the reviewer's 
opinion the author has fulfilled his purpose 
competently. The book is a useful, lucid 
compilation of junction transistor circuit 
fundamentals, typical data on commercial 
units, design formulas, and practical audio 
circuitry. 

Intended primarily for the experimenter 
and the designer of practical circuitry, the 
book does not treat transistor physics or 
technology and uses a minimum of mathe-
matics throughout. The emphasis is defi-
nitely on presentation of facts and figures 
rather than detailed whys and wherefores. 
One-third of the text is devoted to tran-
sistor characteristics and parameters, includ-
ing the relationships among the various 

equivalent parameters in current usage, and 
citing a good many commercial transistor 
specifications. One of the eight chapters 
gives a full treatment of the three basic am-
plifier configurations, complete with expres-
sions for input and output resistances, and 
various gain figures under matched as well 
as unmatched conditions. Numerous graphs 
are included, which show at a glance how 
gains and input and output resistances vary 
with source and load resistances, supply 
voltages, currents, and temperature. The 
remaining chapters are devoted to coupled 
stages, with a detailed comparison of the 
various possible combinations of the three 
basic structures; preamplifiers, including, for 
example, consideration of transistor noise 
figure; Class A and B power amplifiers, with 
considerable number of transfer-character-
istic graphs comparing departure from lin-
earity under various conditions; and, finally, 
a few examples of hearing-aid and phono-
graph amplifier circuits, including the design 
steps leading to these circuits. 

Transistor Audio Amplifiers covers a 
fairly wide range of material in relatively few 

and small-size pages; the treatment is there-
fore necessarily brief, and a number of 
points are brushed over rather lightly. Aside 
from this, and aside from a few inconse-
quential errors, Transistor Audio Amplifiers 
can well be recommended to those inter-
ested in becoming familiar with this in-
creasingly important subject 

ERNEST R. KRETZMER 
Bell Telephone Labs., Inc. 

Murray Hill. N. J. 

Sonics by T. F. Hueter and R. H. Bolt 
Published (1955) by John Wiley and Sons, Inc.. 

440 Fourth Ave., New York 16. N. Y. 440 pages +xi 
pages +15 page index. Illustrated. 91. X6. woo. 

The announced purpose of this book is to 
provide a treatment of sonics--defined as the 
technology of sound as applied to problems of 
measurement, control, and processing—to 
serve the needs of the physicist as well as the 
practical design engineer. In this purpose 
the book has succeeded admirably. An ade-
quate discussion is given of the fundamental 
acoustical principles, the properties of trans-
ducers—principally piezoelectric and mag-
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netrostrictive—and their applications in 
such practical applications as drilling, clean-
ing, sonic processing of metals, liquids and 
gases, and ultrasonic inspection of materials. 
The point is made that there is no frequency 
division into audible and inaudible sound 
for many of the processes. Thus, drilling of 
brittle material by an ultrasonic drill is sim-
ilar in principle to the drilling of oil wells by 
much larger units working at subaudible 
frequencies. 

Of interest to the physicist and chemist 
is a chapter on the principles of sonic testing 
and analysis. In this chapter there is a dis-
cussion of the various techniques for measur-
ing the elastic properties of solids, i.e., both 
the dissipative and elastic moduli. A discus-
sion of methods for measuring the visco-
elastic properties of normal and polymer 
liquids is included. The appendix presents a 
short discussion of the significance of such 
measurements in the interpretation of the 
structure of liquids and solids. 

The coverage of techniques is complete 
and includes foreign techniques as well as 
domestic. For engineers and physicists desir-
ing to acquaint themselves with the various 
techniques, methods for constructing ap-
paratus and what can be done with them, 
Sonics is highly recommended. The book 
does not completely cover the communica-
tion field since no mention is made of the 
use of wave transmission in delay lines or 
mechanical wave filters and their applica-
tions in the communication systems. In the 
interpretive field, only basic principles are 
covered. In the opinion of the reviewer, this 
is the most complete book on techniques and 
applications of sonic processes that has yet 
appeared, and it should be in the library of 
all engineers and physicists dealing with 
these processes. 

W . P. MASON 
Bell Telephone Laboratories 

Murray Hill. N. J. 

Handbook of Microwave Measurements: 
Two Vols., Edited by Moe Wind and Harold 
Rapaport 

Published ( 1954) by Polytechnic Inst. of Brooklyn. 
55 Johnson St., Brooklyn 1, N. Y. Volume I, 20 Sec-
tions; Volume II. Illustrations; 4 Appendices. 8} X11. 
$12.00. 

The material in these two volumes has 
been assembled for the guidance of technical 
personnel in the field of microwave measure-
ments. The editors, recognizing that much 
of the information in this field is widely dis-
persed, have endeavored "to present a uni-
fied collated handbook of microwave meas-
urement methods" in order that many sound 
methods may not be overlooked and remain 
unutilized. The two volumes, comprising 
upward of one thousand pages, are the work 
of twenty-five contributing authors. The 
material has been divided into twenty sec-
tions, each devoted to a particular character-
istic quantity such as power, attenuation, 
impedance, etc. A unique feature is that all 
of the text is contained in Volume One and 
all of the illustrations are in Volume Two. 

The material was originally prepared for 
the Signal Corps Engineering Laboratories, 
evidently as an instruction manual for stu-
dents without previous experience in the 
field. For this reason highly detailed step-
by-step procedural instructions are given. 

The amount of detail is perhaps greater than 
the average reader would wish, but it does 
serve to acquaint him with many aspects of 
the diverse measurement methods available. 
Although many of the methods are evalu-
ated as regards accuracy, the distinction be-
tween fundamental methods and those rely-
ing on secondary standards is not empha-
sized. In particular, it was noted that the 
method of measuring conversion loss by 
directly measuring the input and output 
power is not given. 

Each section begins with a theoretical 
analysis, quite detailed and complete, of the 
subject under discussion. Particularly valu-
able are the sections on propagation con-
stant, impedance and dielectric constant. A 
great amount of detailed information is con-
tained in these two volumes and those work-
ing in microwave measurements should find 
much which is useful to them. 

C. F. EDWARDS 
Bell Telephone Laboratories. Inc. 

Holmdel. New Jersey 

Television Interference, Third Edition, 
Edited by Philip S. Rand 

Published (1953) by Remington Rand. Inc.. 315 
Fourth Ave., New York, N. Y. 104 pages. $.25. 

This book, like the two preceding edi-
tions, consists of reprints of technical articles 
on the subject of interference suffered by 
television receivers. The present volume 
contains 31 such articles and a list of recom-
mended reading. 

In view of the recent action of the FCC 
in proposing rules for the control of spurious 
radiations, this subject has become a matter 
of urgent interest to the designers of all 
electronic equipment. Most of this book is 
directed to the constructors and operators of 
amateur transmitters, but the subject of 
controlling spurious radiations in television 
receivers is also covered. 

In a compilation of this type it cannot be 
expected that all of the material will be on a 
uniformly high technical level. However, 
taken with the preceding two editions, this 
book brings together a worthwhile collection 
of previously published material. Mr. Rand 
and the Remington Rand Corporation de-
serve the thanks of the industry for making 
this material available at a most modest 
price. 

DONALD G. FINK 
Philco Corporation 

Philadelphia, Pennsylvania 

The Oscilloscope at Work by A. Haas and 
R. W. Hallows 

Published (1954) by Iliffe and Sons, Ltd., Stam-
ford St., London S.E., England. 167 pages +4 page 
index. 319 figures. 81 X51. 15 s. Od. 

The book deals primarily with measure-
ments of electrical circuit characteristics by 
the use of the oscillograph as the indicating 
instrument. The electrical circuits for which 
the oscilloscope's use is described include 
basic electrical circuits, audio frequency 
amplifiers, rf amplifiers, oscillators, recti-
fiers, modulators, phase shifting and wave 
shaping circuits, and certain limited televi-
sion receiver measurements. In describing 
the oscilloscope's use, many waveforms are 
employed and can be a valuable aid to the 
reader as a general guide in the types and 
limitations of measurements that can be 

made in these fields. One complete chapter is 
devoted to oscilloscope operating troubles. 
Although somewhat limited, it is an excel-
lent guide to the more important defects an 
oscillograph might have and their effect on 
application of an oscillograph as an instru-
ment tool. 

It is the reviewer's opinion that the title 
of the book The Oscilloscope at Work is 
somewhat misleading. The actual fields in 
which the oscilloscope works are many, and 
yet this book covers only one small sector of 
them. The circuits in the first chapter are ex-
tremely simple compared to the modern 
cathode-ray oscillograph. 

In summary, let me say that the electri-
cal engineer who has not used an oscillo-
graph may find this a valuable aid in learn-
ing some of the fundamentals of the oscillo-
graph in his measurement work. 

W . G. FOCKLER 
Allen B. DuMont Labs. 

Clifton, N. J. 

Operations Research for Management by 
Joseph F. McCloskey and Florence N. 
Trefethen 

Published ( 1954) by The Johns Hopkins Press. 
Baltimore 18. Md. 350 pages-4-5 page index -i-xxiv 
pages. 91 X61. $7.50. 

This is a comprehensive collection of ar-
ticles prepared by individuals who are ex-
perts in their respective areas to this new 
science. Careful reading should do much to 
explain Operations Research and how it may 
be used as a tool of management. The ma-
jority of the articles were presented at a 
seminar held by Johns Hopkins University in 
the spring of 1952. The volume is divided 
into three parts preceded by a well-written 
introduction by Dr. Ellis Johnson. This in-
troduction paves the way for what is to 
follow, making it more understandable. 

Part I covers the history of operations 
research and the concepts of it as a profes-
sion and a science. This section starts with 
World War II and follows through its evolu-
tion to the present time. It points out the 
similarity of systems evaluations, operations 
evaluation, operational analysis, and opera-
tions research. 

The second part, dealing with methodol-
ogy, describes some of the mathematical and 
statistical techniques employed as well as 
some of the basic philosophy underlying the 
use of these techniques. This part of the text 
is particularly difficult reading for the lay-
man. Many of the words used are not nor-
mally encountered nor will they be under-
stood by the average member of manage-
ment. The authors, however, have done their 
utmost to define their unusual or complex 
vocabulary and symbolic logic in terms that 
are generally understood. 

Part III contains a carefully selected 
number of case histories. The variety of 
cases is such that most members of manage-
ment will find general ideas indicating how 
operations research might well be applied 
in their own organization. The article by 
Dr. Horace C. Levinson, "Experiences in 
Commercial Operations Research," is worth 
reading. 

One should read the introduction and 
Part I first. Part III should be read next. 
Part II should be read last. While the great 
majority of managers may not thoroughly 
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understand the complexity of the methods 
described in Part II, it should give them a 
very definite idea of the value of these meth-
ods. It is unfortunate that a glossary of the 
technical terms used in this volume was not 
included. The bibliography is complete and 
well prepared. 

Tom C. RIVES 
General Electric Co. 

Syracuse. N. Y. 

Advances in Electronics and Electron 
Physics: Volume Six Edited by L. Marton 

Published (1955) by Academic Press Incorporated, 
123 East 23 St., N. Y., N. Y. 518 pages +xi pages + 19 
page index. Illus. 91 X6. $11.80. 

This book is a collection of eight compre-
hensive reviews prepared by outstanding 
authorities from the United States, England 
and The Netherlands. Under the able editor-
ship of L. Marton of the National Bureau of 
Standards, Volume Six carries on the fine 
tradition of this series. Reader interest will 
be particularly strong among physicists, 
chemical physicists, and radio engineers 
whose curiosity extends beyond the mun-
dane problems of the radio-TV spectrum 
into areas where advance work is laying the 
foundation for knowledge from which many 
of the electronic inventions of tomorrow will 
spring. 

The contributing authors are Elihu 
Abrahams, Rudolf G. E. Hutter, Henry F. 
Ivey, and W. M. Webster of the USA; 
M. E. Haine and A. B. Pippard of England; 
and J. Smit, J. Van Den Handel and H. P. J. 
Wijn of The Netherlands. The book is made 
up of chapters on: Metallic Conduction of 
High Frequencies and Low Temperatures, 
Relaxation Processes in Ferromagnetism, 
Physical Properties of Ferrites, Space Charge 
Limited Currents, A Comparison of Analogous 
Semiconductors and Gaseous Electronics De-
vices, The Electron Microscope, Traveling-
Wave Tubes, and Paramagnetism. 

Each chapter presents the reader with an 
erudite cross-section of contemporary re-
search in the subject. A comprehensive list of 
references follows each writing. The authors 
offer more to interest the mature scientist-
engineer than the beginner. But whether the 
volume is used for instruction or for refer-
ence material for research underway, the 
reader will gain from those parts which per-
tain to his field of interest or specialization. 

The Editorial Board assisting Dr. Mar-
ton in bringing this excellent compilation to 
press consists of Allibone, Casimir, DeVore, 
Dow, Nier, Nottingham, Piore, Ponte, Rose 
and Smith. 

This is a fine book and would be an excel-
lent addition to the library of anyone inter-
ested in advanced work in the areas reported 
upon. 

HAROLD A. ZAHL 
Signal Corps Engineering Laboratories 

Fort Monmouth, New Jersey 

Laplace Transforms for Electrical Engineers 
by B. J. Starkey 

Published (1954) by Iliffe and Sons Ltd.. Dorset 
House. Samford St., London. S.E. 1, England. 276 
pages +3 page index. Illustrated. 81 X.51. 30s. 

Perhaps the most efficient way of evalu-
ating this book is to compare it to Transients 
in Linear Systems by Gardner and Barnes, 
since the latter is well-known to virtually 

every electrical engineer. The word similar 
refers only to the expressed intent of the 
books, each being an introduction to the use 
of Laplace transform methods in solution 
of practical problems. Of the two, Starkey 
begins with more elementary considerations 
but quickly, in 81 pages, covers most of 
the material to be found in Gardner and 
Barnes work, although with fewer examples; 
Starkey's examples are all concerned with 
electric circuits while the other work also 
treats mechanical and acoustical problems. 

The bulk of Starkey's book is concerned 
with topics which do not appear at all in 
Transients in Linear Systems: i.e., complex 
variable theory and the evaluation of inverse 
Laplace transforms by contour integration. 
These topics are developed from the start 
with sufficiently clear and detailed explana-
tions so that a person, not previously fa-
miliar with Cauchy's theorem, will find 
everything he needs in order to understand 
mathematical methods commonly used to 
find inverse transforms. 

This book can be recommended very 
highly to the serious student who wishes to 
obtain more than just a smattering of the 
Laplace transform method, who wants to 
understand it from a mathematical stand-
point sufficiently well so that he is freed 
from dependence on tables of transforms, a 
desirable objective that becomes more and 
more necessary in advanced work. 

On the negative side, however, one word 
of warning is necessary. Starkey depends 
strongly on intuition and his mathematics 
has more vigor than rigor. Occasional liber-
ties are taken with regard to convergence of 
integrals, interchange of order of integra-
tion, etc., which a mathematician would find 
quite hair-raising. For example, the in-
tegral in equation (9.6) does not exist unless 
one makes a qualification that does not 
appear in the text until three paragraphs 
later. Of course, to a practical man these 
mathematical questions will be regarded as 
mere nuisances; nevertheless they exist, and 
a prospective student should be cautioned 
that even in the most practical problems it 
will sometimes be necessary to use higher 
standards of mathematical rigor, not just for 
artistic reasons but in order to get the right 
answer. 

This criticism is to be regarded as a very 
mild one; it is undoubtedly good pedagogy 
to defer considerations of rigor until after 
the student has a preliminary view of the 
field. 

E. T. JAYNES 
Stanford University 

Stanford. Calif. 

Electromagnetics by John D. Kraus 

Published ( 1953) by the McGraw-Hill Book Com-
pany, Inc.. 330 West 42nd St.. New York 36, N. Y. 
555 pages +10 page index +7 page bibliography +30 
page appendix +xiii pages. 379 figures. 6 X91. $9.00. 

This excellent text on electromagnetic 
theory is distinguished by its clarity and 
logicality. Mathematical material is fully 
developed, few steps being omitted, or, 
where they are omitted their justification 
being clearly described in a concise manner. 
All notation is completely defined. The order 
of presentation of theoretical developments 
is generally that which is most satisfactory 
for purposes of learning; in most cases the 

dependent variable is first formulated in an 
initial equation in terms of independent vari-
ables of broad significance, which, in turn 
are then determined in more specific terms. 
The book is copiously provided with illustra-
tions and with worked examples, which, in 
themselves, form part of the text, and serve 
not only to apply the relationships obtained 
but also to develop them further. As the 
author says in the preface, simple special 
cases are usually considered first, and then 
with these as a background, the correspond-
ing general cases are evolved. Vector con-
cepts and operations are demonstrated as a 
part of the text material, wherever they are 
needed. 

These qualities of lucidity, though obvi-
ously indispensable in any textbook, are 
actually found in so few that Dr. Kraus's 
book may be fairly said to be one of the best 
available. 

Emphasis is on electromagnetic field 
theory, but, though this point of view is 
stressed, circuit theory is not neglected, and 
its relation to field theory is pointed out. 

The first seven chapters of the text are 
intended for use in an introductory one-
semester field-theory. course at about the 
third or fourth-year college level, while the 
last seven chapters are written for a some-
what more advanced course of the same 
length at the senior or first year graduate 
level. 

Subjects treated include the static elec-
tric field, the steady electric current, the 
static magnetic field, charged particles in 
electric and magnetic fields, time-changing 
electric and magnetic fields, Maxwell's 
equations, plane waves in dielectric media, 
plane waves in conducting media, transmis-
sion lines, wave guides, antennas, and 
boundary value problems. 

This book can be highly recommended, 
not only as a teaching text-book, but as a 
reference book for engineers and physicists. 

D. B. HARRIS 
Stanford University 
Stanford, California 

Introductory Circuit Theory by Ernst A. 
Guillemin 

Published ( 1953) by Jahn Wiley & Sons, Inc., 440 
Fourth Ave., New York, N. Y. 545 pages +4 page 
index +xxv pages. 199 figures. 6 X9. $8.50. 

Ernst A. Guillemin is Professor of Electrical Com-
munication at the Massachusetts Institute of Tech-
nology, Cambridge, Mass. 

We have here a text destined to have 
substantial influence on electrical engineer-
ing education and practice. Its importance 
is large, and it marks one of those milestones 
which give the steps—as contrasted with the 
inchlines—by which major progress is meas-
ured. We propose to discuss the work of Dr. 
Guillemin under four categories: its value in 
pointing the way toward a radical course (and 
ultimately curriculum) change; emphasis on 
recently recognized techniques which con-
tribute, at a cost, much toward simplifica-
tion and condensation; new material for 
which the text would be valuable irrespec-
tive of its other contributions, and finally, 
some criticisms—not all favorable—of de-
tails of the book. 

University curricula in engineering and 
a few other fields receive severe and con-
tinuing pressures to introduce new mate-
rial, move "advanced" material to lower 
class levels, and otherwise to include in a 
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fixed span of time more and more. At the 
same time, raised living standards inculcate 
ideas of extensive leisure time, less strenuous 
work, and other concepts which permeate 
oncoming generations and lead to expecta-
tions of corresponding limitations on scho-
lastic work weeks. By radical course and cur-
riculum changes, electrical engineers who 
have kept in touch with engineering educa-
tion have seen more and more intellectual 
material included in fewer and fewer class 
hours per week without great detriment to 
the engineering education of the students. 
Large parts of the "radical curriculum 
changes" have resulted from changes in em-
phasis, increases in efficiency, and condensa-
tion and elimination. 

Dr. Guillemin's book qualifies under the 
first two categories, as a forerunner of an-
other sharp change. Some material hereto-
fore confined to advanced courses is pre-
sented for sophomore or junior use. Some 
emphases, such as that on sine-wave driving 
forces, are reduced and postponed in order 
to introduce new and preceding emphases 
on transient, pulse, and impulse analysis 
Some new material virtually untaught previ-
ously is introduced. The total is an increase 
in efficiency of major proportion and a 
change in emphasis long overdue to bring 
first circuit theory courses more in accord 
with today's electrical engineering. 

We consider a few of the items which sup-
port this statement. Just as the elements of 
matrix theory can be taught without diffi-
culty to sophomores "whose mental attitude 
is not preconditioned" whereas seniors who 
have met matrices by backdoor methods and 
rumors have a psychological barrier which 
must be overcome, so, the teaching of the 
response of simple circuits to pulses and 
impulses can be used as a starting point 
of circuit analysis. And likewise the im-
pedance concept, far more general than that 
of the impedance associated with the steady 
alternating state response of linear systems 
having impressed sine-wave driving forces, 
can be introduced early in technical life 
provided a firm base of general transient 
analysis precedes. Guillemin does these 
things, thus recognizing first that although 
the sine-wave driving force and response 
still remain paramount, relatively they are 
considerably less important than formerly 
and this should be reflected in beginning cir-
cuit theory courses; and second, that the im-
pedance concept and the general pole-and-
zero approach have reached a maturity 
which calls for introduction in the same be-
ginning circuit theory courses. 

The book under review emphasizes cer-
tain techniques—not original with the au-
thor—which in some respects have had far 
too little attention. To cite but one relatively 

simple example, a considerable emphasis is 
placed on Thevenin's theorem so that the 
student will learn how it joins with duality 
in enabling many circuit problems to be 
solved by way of one solution. The in-
sistence made that circuit theory is an ab-
straction which may or may not have a one-
to-one correspondence with a specific physi-
cal circuit is highly desirable in a beginning 
circuit theory course. And the insistence on 
the use of simple numbers and problems and 
examples (e.g., R=1, L=2, C=3, although 
somewhat of a far cry from some of Dr. 
Guillemin's previous works, recognizes the 
current trend to minimize distractions 
from basic ideas and mechanical effort re-
quired of the student to demonstrate his 
prowess in a highly theoretical field. 

New material in the text stands out from 
the first chapter. Network topology for 
sophomores or juniors may seem somewhat 
startling at first glance, but it is actually a 
topic which should long since have been in-
troduced in beginning circuit courses. Dr. 
Guillemin's book is probably the first of its 
kind in this respect, and the job is well done 
for the level at which the text aims, which 
is not to say that there are not weaknesses 
in it. But the general idea that, to take one 
example, the usual fuzzy introduction of 
loop currents in a circuit theory course 
should be superseded by going back an order 
of magnitude in theory to enable the student 
to have an intelligent grasp of the problem 
behind the introduction of loop currents is 
simply another of those long overdue re-
forms needed in elementary circuit theory. 
There is much incidental other new material 
in the book, on which we will not touch. 

In the introductory paragraph of this 
review we reserved our final comments for 
"some criticisms—not all favorable—of de-
tails of the book." For a text of so much po-
tential value, the criticisms are of an order 
of magnitude less in importance than the 
favorable comments which have preceded 
With this understanding, we mention our 
first and outstanding complaint—verbosity. 
The book could have been written in about 
three-quarters of the space it takes, without 
loss to the reader. We will not illustrate this, 
and it can be taken as simply the opinion of 
the reviewer, but practice condensations 
have been supplemented by informal com-
ments of others, so that the reviewer is in-
clined to feel that the defect stands out. 
Furthermore, occasional poor English and 
misuses of technical words are jarring. Guil-
lemin's use of "potential" for example is 
often dubious to say the least, and the defi-
nition of "passive" has to be caught on the 
run. Could it be more than coincidence that 
neither "potential" nor "passive" appear in 
the index of the book? 

Words like "resistor" and "resistance" 
both appear, but there is no consistency in 
their use. And words like "clearly" and 
"surely," those common introductions to a 
poor argument, appear in good-sized groups 
(five in one paragraph on page nine). But 
more important, the author uses "s" instead 
of "p" for complex frequency, and the re-
viewer has reason to believe this has been 
done simply because of ignorance of IRE 
standards. To use a well-worn cliché, it is 
regrettable that a text so modern in essence 
should perpetuate outmoded nomenclature 
rather than join in the attempt to clear con 
fusion in the field. 

There are a few statements—the defini-
tion of the "'value' of an element" on page 
three—which seem peculiar; and even the 
last paragraph of the Introduction, telling 
of the simplest broad class of networks (to 
which the book is devoted) omits an essential 
qualification. 

The book is so arranged that chapters 
four through eight constitute a unit which 
the author points out can be used for a re-
duced course. In using this text, it is desir-
able that at least some instructors experi-
ment, and one suggestion is to have chapters 
one through three follow the four through 
eight sequence. 

J. G. BRAINERD 
Moore School of Electrical Engineering 

University of Pennsylvania 
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ACOUSTICS AND AUDIO FREQUENCIES 

534.121.2 1535 
Symmetry of Vibrating Square Membrane 

—M. D. Waller (Proc. Phys. Soc., vol. 67, pp. 
895-898; December 1, 1954.) Vibrations of free 
square plates always conform with the sym-
metry of the surface; this experimental conclu-
sion conflicts with the accepted theoretical con-
clusion that two normal modes of vibration of 
the same frequency can combine regardless of 
symmetry considerations. This conflict is dis-
cussed. See also Acuslica, vol. 4, no. 6, pp. 677-
680; 1954. 

534.2:534.833 1536 
The Propagation of Sound in Granular Sub-

stances—H. Schmidt. (Acuslica, vol. 4, no. 6, 
pp. 639-652; 1954. In German.) Theory is de-
veloped and measurements are reported of the 
loss factor and propagation velocity of granular 
substances (a) for substances packed in a bar-
shaped container, (b) for a layer of the sub-
stance on top of an Al bar. In case (a) sand, 
with varying water content, glass spherules 1 
mm in diameter, finely broken brick, cinders 
and coarse iron filings were used, in case (b) 
only sand and brick. For application as a filling 
e.g. for sound insulation in buildings, cinders or 
broken brick are recommended, with wood 

The Index to the Abstracts and References published in the PROC. IRE from 
February, 1954 through January, 1955 is published by the PROC. IRE, April, 1955, 
Part IL It is also published by Wireless Engineer and included in the March, 1955 
issue of that journal. Included with the Index is a selected list of journals scanned 

for abstracting with publishers' addresses. 

shavings or rock wool added where necessary to 
reduce the resonance frequencies to very low 

values. 

534.21-8 1537 
The Propagation of Sound in Solutions of 

Rubber and Perspex—A. W. Pryor. (Acuslica, 
vol. 4, no. 6, pp. 658-661; 1954.) Absorption 
measurements at four frequencies in the range 
4-17.3 mc were made on three rubber-in-
benzene solutions and on one perspex-in-
pyridine solution. "The absorption was less 

than in the pure solvents and there is evidence 
of relaxation. Measurements of the shear vis-
cosity of a 10 per cent rubber solution showed 
that the relaxation of the high flow viscosity 
was complete even at 50 kc/s. The absorption 
in the solutions must therefore be ascribed to 
the 'bulk viscosity' of the solvents." 

534.22-14 1538 
Measurements by Optical Methods of the 

Sound Velocity in Aqueous Solutions of Elec-
trolytes in dependence on Concentration and 
Temperature—K. Tamm and H. G. Hadden-
horst. (Acuslica, vol. 4, no. 6, pp. 653-657; 

1954.) 

534.6: 621.373.4: 621.374 1539 
Generation and Use of Single-Frequency 

Pulses in Electroacoustics and Musical Acous-
tics—H. Lackner. (Ost. Z. Telegr. Tele ph. Funk 
Fernsehlech., vol. 8, pp. 141-152; November 
/December, 1954.) Analysis is presented show-
ing how the spectrum of a short train of 
sinusoidal oscillations depends on its duration 
and on the initial and final phase. A circuit for 
a generator providing pulses of variable dura-
tion and phase is described. Advantages of 
using such signals for testing loudspeakers and 
musical instruments are indicated. 

534.846 1540 
Improvements in the Acoustics of the 

Budapest Civic Theatre—T. Tarnbczy. (Acus-
tics, vol. 4, no. 6, pp. 665-671; 1954. In Ger-
man.) The upper walls and part of the ceiling 
were provided with a diffusive surface, made of 
reinforced plaster of Paris. The rest of the 
ceiling was plastered over. The lower walls and 
the new proscenium were lined with wood 
paneling, which acted as an acoustic resonator. 
A sound-amplification system is available if 
required. These measures sufficed to remove 
flutter echoes and almost all other audible 
echoes, to increase the reverberation time to 
1.6 seconds, and to make the distribution of 
sound energy completely satisfactory in almost 
every part of the theater. High frequencies 
have been enhanced and tonal quality is good. 

534.86 1541 
Advances in the Reproduction of Music— 

F. Winckel. (Funk u. Ton, vol. 8, pp. 604-607 
and 649-652; November and December, 1954.) 
A series of brief reports on lectures delivered 

at three conferences held in 1954. The subjects 
covered include a combination loudspeaker 
unit, automatic volume control, a new com-
pressor-expander system with variable time 
delay, and the quality of microphones and 
loudspeakers. 

534.861:534.76 1542 
Experiences in Stereophonic Broadcast 

Transmissions—J. J. Geluk. (Funk u. Ton, 
vol. 8, pp. 631-634; December, 1954.) Report 
dealing mainly with Dutch experimental trans-

missions. 

534.862:534.76 1543 
Stereophonic Sound-Film Recording and 

Reproduction—H. Friess. (Funk u. Ton, vol. 8, 
pp. 622-630; December, 1954.) A review of 
current problems and technique. 

621.395.616 1544 
Note on the Stabilization of the Response 

of a Capacitor Microphone—C. Colin. (Jour. 
Phys. Radium, vol. 15, pp. 820-822; December, 
1954.) It is possible to improve the response of 
a capacitor microphone by negative feedback 
if (a) an auxiliary electrode is included, and 
(b) the voltage output is in phase with dia-
phragm displacement. An analysis is made of 
the necessary coupling conditions, both me-
chanical and electrical. 

621.395.625.3 1545 
A Survey of Magnetic Recording—S. J. 

Begun. [Elec. Engng. ( New York), vol. 73, pp. 
1115-1118; December, 1954.] Includes a de-
scription of operation and an indication of the 
development and applications. 

621.395.625.3 1546 
Making Magnetic Sound-Records Visible— 

W. Guckenburg. (Funk u Ton, vol. 8, pp. 600-
604; November, 1954.) A review of various 
methods using suspensions of ferromagnetic 
dust. Photographs illustrating applications, 
such as detecting faulty magnetic heads, are 

briefly discussed. 

ANTENNAS AND TRANSMISSION LINES 

621.315.28: 621.395.44 1547 
A Transatlantic Telephone Cable—M. J. 

Kelly, G. Radley, G. W. Gilman and R. J. 
Halsey. (Proc. IEE, Part B, vol. 102, pp. 117-
130; March, 1955. Discussion, pp. 130-138.) 
The inadequacy of radio circuits to cope with 
transatlantic communications :s discussed and 
a general description is given of the cable sys-
tem for linking the United Kingdom, Canada 
and the United States; this is planned for com-
pletion in 1956 and will provide 36 telephone 
circuits across the Atlantic and 60 between 
Newfoundland and Nova Scotia. The project 
has been made possible by the development of 
submerged repeaters containing long-life tubes 
and other components. 
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621.372 1548 
The Launching of a Plane Surface Wave— 

G. J. Rich. (Proc. IEE, Part B, vol. 102, pp. 
237-246; March, 1955.) Experiments are de-
scribed on the propagation of surface waves at 
about 3 cm X over plane brass plates with 
polystyrene coatings of thickness such that 
only the TM0 mode is propagated. Various 
launching devices were teed; the best found 
was a "double-cheese" device with a launching 
efficiency of about 50 per cent. Experimentally 
found values for the efficiency of this device are 
in agreement with theory for apertures of di-
mensions smaller than X. Deviations from 
theoretical values observed for larger apertures 
indicate that to obtain good launching effi-
ciency the field distribution within the aperture 
must be to a close approximation exponential. 

621.372.22 1549 
The Matrix Equation of Loss-Free Expo-

nential Lines—B. Beghin. [Comp. Rend. 
Acad. Sci. ( Paris), vol. 240, pp. 168-170; 
January 10, 19551 A solution of the differential 
equation for the exponential line is presented 
in the form of the product of two affine expo-
nential expressions representing a ladder ar-
rangement of two quadripoles, the one a perfect 
transformer and the other analogous to a uni-
form line. Reflection can be eliminated by 
terminating the line with a complex impedance. 

621.372.8 1550 
The Propagation of an Electromagnetic 

Wave along an Infinite Corrugated Surface— 
R. A. Hurd. (Caned. Jour. Phys., vol. 32, no. 
12, pp. 727-734; December, 1954.) The Prob-
lem is analyzed by a method based on the cal-
culus of residues; the slot walls constituting the 
corrugations are assumed to be vanishingly 
thin. Exact expressions are obtained for the 
mode amplitudes and phase velocities; these 
are valid for frequencies near cut-off, when the 
number of slots per wavelength is about five or 
more. 

621.372.8 1551 
A Simple Waveguide Directional Coupler— 

P. Andrews. (Jour. Brit. IRE, vol. 15, pp. 112-
116; February, 1955.) A simply constructed, 
orthogonally crossed unit is described giving 
constant coupling and directivity over a wide 
frequency band. Coupling factor and direc-
tivity are calculated for two typical cases for 
3 inch X 1 inch waveguide. An expression is 
derived for. the frequency sensitivity of the 
device. 

621.372.8.002.2 1552 
Surface Roughness and Attenuation of Pre-

cision-Drawn, Chemically Polished, Electro-
polished, Electroplated and Electroformed 
Waveguides—J. Allison and F. A. Benson. 
(Proc. I EE, Part B, vol. 102 pp. 251-259; 
March, 1955.) "Detailed examinations of cer-
tain 3 cm waveguides hare shown that the 
surface finish of precision-drawn tubing as 
manufactured at present is quite adequate for 
most applications. Such surfaces, however, 
may be improved, if desired, by careful chemi-
cal or electrolytic polishing or electroplating in 
bright baths under closely controlled condi-
tions. Some information on the surface finish 
of copper guides electroformed on various 
types of mandrel is also presented. Formulae 
for calculating the attenuation of any H or E 
mode in a rectangular waveguide, so as to take 
account of surface roughness, have been de-
veloped from the original expressions derived 
by Kuhn. A method is given for determining 
the actual value of attenuation in a waveguide 
sample without having to make careful meas-
urements with elaborate equipment on long 
specimens. A description is included of a new 
and simple technique, involving electropolish-
ing, for examining the internal surface finish 
of waveguides; the method cannot, however, 
be used successfully on silver-plated sections." 

621.372.8.029.65.002.2 1553 
The Electroforming of Components and 

Instruments for Millimetre Wavelengths— 
A. F. Harvey. (Proc. IEE, Part B, vol. 102, 
pp. 223-230; March, 1955.) Electroforming 
processes considered for producing waveguide 
components include periodic-reverse-current 
plating. Either permanent or disposable form-
ers may be used. The electroformed parts are 
designed to facilitate subsequent machining. 
Data are tabulated on a range of waveguides 
with internal cross sections from 0.28 X 0.14 
inch to 0.034 X 0.017 inch which have been 
standardized for the Joint Services, and vari-
ous units incorporating these elements are 
illustrated. 

621.396.67:539.23 1554 
Possibilities of Radiation from Thin Metal 

Films—M. Gourceaux. [Comps. Rend. Acad. 
Sci. ( Paris), vol. 240, pp. 170-172; January 10, 
19551 Systems with rotational symmetry and 
circular current paths are considered. Expres-
sions are derived for the values of film thick-
ness and current frequency for which radiation 
can occur with cylindrical and spherical ar-
rangements. 

621.396.676.2 1555 
The Notch Aerial and some Applications to 

Aircraft Radio Installations—W. A. Johnson. 
(Proc. IEE, Part B, vol. 102, pp. 211-218; 
March, 1955.) Analysis and experiments show 
that metallic sheets with notches cut perpen-
dicular to an edge can make very efficient an-
tennas. Wide-band characteristics can be ob-
tained with a notch about X/4 deep, but the 
detail of the polar diagram may vary with 
frequency, depending on the shape and size of 
the 3heet. Notches short compared with X— 
termed anitches"—can be operated either as 
fixed-tuned narrow-band antennas or, in as-
sociation with a tuning unit, over a wider band. 
For reception at frequencies around 100 mc a 
notch of length about 3 inches is adequate. Tests 
made with aircraft tail fins and wings are de-
scribed; hf., vhf and uhf types are practical. 

621.396.677:523.16 1556 
Aerial Smoothing in Radio Astronomy— 

Bracewell and Roberts. (See 1638.) 

621.396.677.029.62/.63:621.397.6 1557 
U.H.F. and V.H.F. Antenna—R. F. Kolar. 

(Radio-Electronics, vol. 25, pp. 60-62; Decem-
ber, 1954.) A low-cost television receiver an-
tenna unit is described; the design is based on 
stacked uhf V's and an uhf dipole and reflector. 
The power gain relative to a X/2 dipole is a few 
decibels. 

621.396.677.31 1558 
Optimum Element Spacing of Uniform 

Broadside Arrays—R. F. H. Yang. (Wireless 
Eng., vol. 32, pp. 115-116; April, 1955.) 
Collinear and curtain arrays are considered. A 
brief analysis indicates that the optimum ele-- 
ment spacing for a collinear array is X, irrespec-
tive of n, the number of elements, while the 
optimum spacing for a curtain array is given 
approximately by the formula d/X -= 0.6 -1-1 
logis n. This result is different from that ob-
tained by Hammond (1909 of 1953). 

621.396.677.8.029.65 1559 
Some Experiments on the Reflecting Prop-

erties of Metal-Tube Lens Medium—E. M. 
Wells. (Marconi Rev., vol. 17, no. 114, pp. 74-
85; 3rd Quarter, 1954.) Experiments described 
show qualitatively the variation of the reflec-
tion coefficient with angle of incidence, plane 
of incidence, and plane of polarization. With 
the E-vector in the plane of incidence a very 
pronounced anomalous reflection was ob-
served. This was further investigated. The 
wavelengths used were in the band 8-10 mm. 

AUTOMATIC COMPUTERS 

681.142 1560 
Wide-Band Analog Function Multiplier— 

J. A. Miller, A. S. Soltes and R. E. Scott. 
(Electronics, vol. 28, pp. 160-163; February, 
1955.) Operation of the multiplier is based on 
the formula xy=1[(x+y)2- (x- y),]. The squar-
ing is effected by means of beam-deflection 
tubes with parabolic characteristics [2940 of 
1950 (Soltes)]. 

681.142 1561 
Analogue Computer with Stepping-Switch 

Drive for the Solution of Algebraic Equations 
of up to Sixth Degree—H. Horner and H. Ze-
manek. (Ost. Z. Telegr. Teleph. Funk Fernseh-
tech., vol. 8, pp. 153-158; November/December, 
1954.) The analogy used is that between a 
sinusoidal voltage and a complex quantity. 
The representation of the polynomials is ex-
pected using feedback amplifiers as computing 
elements. The zero points corresponding to the 
solutions are found automatically. 

681.142 1562 
Some Devices permitting Study of the 

Variable Regime in the Transportation of Gas 
in Pipes—A. Blanc. [Compt. Rend. Acad. Sci. 
(Paris), vol. 240, pp. 45-46; January 3, 1955.] 
A particular application is discussed of the 
analog-computer arrangements described previ-
ously (2317 of 1954). 

681.142 1563 
Programming a Digital Computer for Cell 

Counting and Sizing—W. Welkowitz. (Rev. 
Sci. Instr., vol. 25, pp. 1202-1204; December, 
1954.) 

681.142: 538.221 1564 
Magnetic Materials for Digital-Computer 

Components: Part 1—A Theory of Flux Re-
versal in Polycrystalline Ferromagnetics— 
Menyuk and Goodenough. (See 1713.) 

681.142:621.3.042 1565 
Logical and Control Functions performed 

with Magnetic Cores—S. Guterman, R. D. 
Kodis and S. Ruhman. (Paoc. IRE, vol. 43, 
pp. 291-298; March, 1955.) Use of magnetic 
cores with square hysteresis loops in digital-
computer systems based on the "single-line" 
shift register is described. 

681.142:621.375.23 1566 
A Technique for Nonlinear-Function Gener-

ation—P. N. Nikiforuk. (Electronic Eng., vol. 
27, pp. 118-119; March, 1955.) A method is 
described for converting a circuit whose output 
is proportional to the nth root of the input to 
give the nth power, or vice versa. A practical 
circuit, based on a variable-gain feedback am-
plifier, for dealing with squares and square 
roots is illustrated. 

681.142: 621.376 1567 
Two New Electronic Analog Multipliers— 

M. A. Meyer and H. W. Fuller. (Rev. Sci. 
Instr., vol. 25, pp. 1166-1172; December, 1954.) 
Improved types of four-quadrant multipliers 
for deriving the product of two time functions 
are described. One uses a double-amplitude 
modulation scheme applying the work of 
Sternberg and Kaufman on the two-frequency-
modulation-product problem (2212 of 1954). 
The other uses successive phase modulation 
and amplitude modulation of a carrier. The 
accuracy obtainable is discussed. 

681.142 1568 
Automatic Digital Computation [Book Re-

viewl—Publishers: H. M. Stationery Office, 
London, Eng. 296 pp., 21s. (Instr. Practice, 
vol. 8, p. 1094; December, 1954.) Contains dis-
cussions and original papers presented at the 
symposium held at the National Physical 
Laboratory in March, 1953. 

CIRCUITS AND CIRCUIT ELEMENTS 

621.314.22.042 1569 
Calculation of Losses in Transformer Cores 

—A. L. Morris.[Engineer (London), vol. 198, 
pp. 837-839 and 875-877; December 17 and 24, 
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19541 Expressions for core losses are developed 
which take account of the nonuniformity in the 
flux distribution across the face of the core 
plates. The nonuniformity across the stack of 
plates is neglected. 

621.318.4: 538.221: 621.396.822 1570 
The Noise generated in a Coil with a Ferro-

magnetic Core—G. Builder and D. Haneman. 
(Aust. Jour. Phys., vol. 7, pp. 654-658; De-
cember, 1954.) The discussion presented indi-. 
cates that when there is no varying or alternat-
ing magnetization of the core, the noise can be 
calculated from the Nyquist formula, provided 
that the resistance of the coil is measured using 
an alternating voltage of such magnitude that 
the magnetization process remains linear. 

621.318.435.3 1571 
Composite Cores for Instrument Transduc-

tors—E. H. Frost-Smith and A. E. DeBarr. 
(Proc. IEE, Part II, vol. 101, pp. 663-667; 
December, 1954. Discussion, pp. 667-671.) The 
characteristics of self-excited transducers are 
markedly dependent on the properties of the 
core material. Cores with satisfactory proper-
ties can be produced at reasonable cost by 
combining different materials. Experimental 
results are reported for a core comprising a 
mumetal bridge and a U-shaped grain-oriented 
Si-Fe yoke. 

621.318.435.3: 621.375.327 1572 
Auto-Self-Excited Transductors and Push-

Pull Circuit Theory—A. G. Milnes and T. S. 
Law. (Proc. I EE, Part II, vol. 101, pp. 643-
662; December, 1954. Discussion, pp. 667-
671.) The modes of operation of transductors 
with parallel, bridge, and center-tap connec-
tions are explained. Expressions are derived 
for the sensitivity and time-constant under 
idealized conditions. An examination is made 
of the use of transductors in push-pull pairs to 
obtain magnetic amplifiers with outputs whose 
polarity depends on the signal sense; the 
transductors are assumed to be of the auto-
self-excited type with resistance loads. 

621.318.5 1573 
Component Design Trends—Special-Pur-

pose Relays gain New Uses—F. Rockett. 
(Electronics, vol. 28, pp. 150-156; February, 
1955.) 

621.318.5:621.318.134 1574 
Time Delay in High-Speed Ferrite Micro-

wave Switches—R. C. LeCraw and H. B. 
Bruns. (Jour. A pp/. Phys., vol. 26, p. 124; 
January, 1955.) Measurements indicate that for 
an X-band switch using a rod of a particular 
Mg-Mn ferrite and actuated by a current 
pulse of given magnitude and rise time 17 mµs, 
the time delay of the switch is about 3.2 mps. 

621.319.4:621.315.614.6 1575 
Study of the Dielectric in Paper Capacitors 

—E. Briganti. (Alta Frequenza, vol. 23, pp. 
139-156; June/August, 1954.) Measurements 
were made of the loss angle of wet and dry 
paper at - 5 degrees C., and of the permittivity 
of the impregnant and of the impregnated 
paper. From these an equivalent circuit was 
derived for the capacitor, which can be used in 
estimating the quality of the paper and de-
sirable conditions of manufacture. Breakdown-
strength measurements were also made to 
determine the optimum applied voltage. 

621.372.5 1576 
Arc Inductance and Dynatron Capacitance 

—J. Groszkowski. (Bull. Acad. Polon. Sci., 
Classe 4, vol. 2, no. 1, pp. 41-45; 1954. In 
English.) The stability of systems with non-
linear negative resistances of arc and dynatron 
types is discussed. Analysis indicates that 
though the arc can have some inductive proper-
ties and the dynatron capacitive ones, these 
are not essential to an explanation of the be-
havior of the systems. Transient conditions and 
steady oscillation states are considered. 

621.372.5 1577 
Further Bounds existing on the Transient 

Responses of Various Types of Networks— 
A. H. Zemanian. (Puoc. IRE, vol. 43, pp. 322-
326; March, 1955.) Five theorems further to 
those presented previously (2331 of 1954) are 
proved and illustrated. 

621.372.5 1578 
An Approximate Treatment of Cascaded 

Four-Terminal Networks—H. L. Armstrong. 
(Electronic Eng., vol. 27, pp. 130-131; March, 
1955.) «An approximate expression is derived 
for the nth power of a 2 X 2 matrix. The result 
is used in an approximate treatment of a ladder 
network used as a filter." 

621.372.5 1579 
The Approximation Problem of Network 

Synthesis—S. Winkler. (Trans. IRE, vol. 
CT- I, no. 3, pp. 5-20; September, 1954.) A 
review with 240 references. 

621.372.5 1580 
Series Resonant Circuit Theory— A. J. 

Lyon. (Wireless Eng., vol. 32, pp. 107-108; 
April, 1955.) Expressions are derived for the 
fractional errors in tuning capacitance, reso-
nance frequency, maximum current, and se-
lectivity at current resonance due (a) in the 
case of frequency tuning, to the frequency de-
pendence of the circuit resistance, and (b) in 
the case of capacitance tuning, to capacitor 
losses and coil self-capacitance. 

621.372.5: 512.83 1581 
The Mesh Counterpart of Shekel's Theo-

rem—S. Seshu. (Pnoc. IRE, vol. 43, p. 342; 
March, 1955.) It is shown that whereas the 
determinant of the admittance matrix of a 
network is independent of the choice of refer-
ence mode [2878 of 1954 (Shekel)], the corre-
sponding statement for the mesh determinant 
is not true. 

621.372.5: 621.3.018.7 1582 
Distortion of Arbitrary Waveforms by 

Resonance Sections— E. William. (Funk u. 
Ton, vol. 8, pp. 592-599; November, 1954.) 
The method developed earlier (2032 of 1954) 
for RC sections is extended to sections including 
an inductance. 

621.372.5: 621.318.134 1583 
Extension of Nonreciprocal Ferrite Devices 

to the 500-3000 Mcis Frequency Range— 
R. H. Fox. (Jour. Appt. Phys., vol. 26, p. 128; 
January, 1955.) Calculations indicate that 
devices, such as circulators, of reasonable di-
mensions can be designed for operation at fre-
quencies below 3 kmc by using static magnetic 
fields of intensity greater than required for 
ferromagnetic resonance. 

621.372.512.2.029.65: 621.372.8 1584 
A Short-Slot Hybrid for 9 mm—E. M. 

Wells. (Marconi Rev., vol. 17, pp. 86-87; 3rd 
Quarter, 1954.) The X-band junction de-
scribed by Riblet (1833 of 1952) was redesigned 
for a wavelength of 9 mm. A brief illustrated 
note on this junction is given. 

621.372.512.24 1585 
Resonance Conditions in a System of Two 

Circuits with Inductive Coupling—U. Ruelle. 
(Alta Frequenza, vol. 23, pp. 157-177; June 
/August, 1954.) Assuming M, R, L and C 
congtant, conditions are derived for the exist-
ence of one minimum and two maximum values 
of current in the secondary, in the general and in 
two particular cases. The results are applied to 
a band-pass filter, and presented graphically 
for two different parameter values. Low Q 
values are assumed. 

621.372.54 1586 
Microwave Filters— E. Willwacher. (Fern-

meldetech. Z., vol. 7, pp. 694-704; December, 
1954.) Theory of filters comprising coaxial lines 
and/or waveguides is developed by reference 
to equivalent lumped-constant circuits. Band-

pass and band-stop filters of ladder, amplifier 
and bridge types are discussed. 

621.372.54:621.396.67 1587 
Tunable Microwave Aerial Diplexer— 

O. Laaff. (Fernmeldeteck Z., vol. 7, pp. 688-693; 
December, 1954.) A diplexer for the band 2.1-
2.3 kmc is based on the use of continuously 
tunable resonant circuits comprising coaxial-
line sections short-circuited at the one end and 
having a third coaxial conductor insulated 
from and sliding within the inner conductor. 
In a particular design illustrated, for 100-mc 
separation between transmission and reception 
frequencies, the transmitted energy pene-
trating into the receiver is attenuated by 65 db. 

621.372.543.2 1588 
Theoretical Investigation of Three-Stage 

Tchebycheff-Type Band-Pass Filters—B. 
Betzenhammer and E. Henze. (Arch. elekt. 
übertragung, vol. 8, pp. 545-552; December, 
1954.) 

621.373.4 1589 
Judging the Quality of Oscillator Circuits— 

H. Haller. (Funk u. Ton, vol. 8, pp. 565-575; 
November, 1954.) Discussion of the frequency 
and amplitude stability of oscillators consid-
ered as composed of a slightly nonlinear fre-
quency-independent amplifier and a linear 
frequency-dependent feedback quadripole. Sta-
bility is found to depend on the rate of change 
of the imaginary part of the voltage transfer 
characteristic of the feedback quadripole. The 
use of this criterion in the design of bridge-
stabilized RC oscillators is illustrated. Meas-
urements on and various faults of experimental 
oscillators are briefly discussed. 

621.373.4:621.374:534.6 1590 
Generation and Use of Single-Frequency 

Pulses in Electroacoustics and Musical Acous-
tics—Lackner. (See 1539.) 

621.373.431.1+621.375.2.018.756 1591 
Experimental Investigations on Multi-

vibrators and Amplifier Circuits with Second-
ary Electron Emission Valves as described by 
Broebel—K. E. Rumswinkel. (Z. angew. Phys., 
vol. 6, pp. 551-556; December, 1954.) Multi-
vibrators of the type described by Kroebel 
(383 of February) were investigated. Pulse 
flank slopes of the order of 1010 v/second, up to 
pulse amplitudes of 67 v, were obtained. The 
multivibrator can be modified to act as a pulse 
amplifier without feedback. 

621.373.44:535.33 1592 
Equipment for Excitation of Spectra by 

High Frequency Pulses—L. Minnhagen and 
L. Stigmark. (Ark. Fys., vol. 8, pp. 471-479; 
December 14, 1954. In English.) The equip-
ment comprises a pulse generator which con-
trols a Clapp oscillator (2193 of 1948) followed 
by a frequency multiplier and amplifiers. 
Average hf power transferred to the discharge 
tube is about 500 w, with peak power of 
3 kw; the frequency is about 9 mc. Ar spectra 
obtained are shown. 

621.373.52 1593 
Transistor Frequency Standard—J. H. 

Smith, Jr, and M. Campbell. (Tele-Tech, vol. 
13, pp. 90-91, 135; December, 1954.) This 
unit, designed primarily for geophysical pros-
pecting, has a printed-circuit base and uses 
transistors in all stages. Accuracy is within 1 
part in 104 over the range - 40 degrees F to 
+140 degrees F. An 8-ke oscillator is followed 
by a pulse-forming amplifier and first divider 
stage, then by two dividers in parallel, whose 
outputs are mixed to obtain an output fre-
quency of 100 cps. 

621.375.1.024 1594 
The Transient Response of Direct-Current 

Amplifier Systems—J. H. Sanders. (Jour. Sci. 
Instr., vol. 31, pp. 453-455; December, 1954.) 
Dc amplifiers of the dc-ac conversion type 
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have an upper frequency response limited by 
the detector circuit, and when negative feed-
back is used transients are amplified consider-
ably more than the steady signal. The form 
of the transient response and methods of re-
ducing its magnitude are discussed. 

621.375.2.049 1595 
A Long-Lived Packaged Amplifier for Air-

craft—J. G. Matthews. (Bell. Lab. Rec., vol. 
32, pp. 462-466; December, 1954.) The de-
velopment and construction of units with a 
probable life of 2,000 hours are described. 
Selected tubes are pressed into cast Al wells 
lined with a silicone rubber paste which is 
hardened by a short curing process; this is 
more effective for heat tiansfer than Al dust 
or foil. Deposited carbon resistors and capaci-
tors serviceable at 125 degrees C. are mounted 
on a phenolic board supported by the Al base 
and wired to a recessed plug. The assembled 
unit, after testing, is embedded in liquid plastic 
which is then solidified. Test figures for heat 
dissipation under different conditions are 
given. 

621.375.221: 621.372.512 1596 
Amplifier Stages with Transitionally 

Coupled Two-Stage Band-Pass Filters, par-
ticularly for Large Bandwidths—W. Mansfeld. 
(Funk u. Ton, vol. 8, pp. 576-591; November, 
1954.) The amplitude and group-delay charac-
teristics of an amplifier stage consisting of two 
coupled circuits are analyzed for the case when 
the amplification is constant over a wide fre-
quency band ("transitional" coupling). The 
case when the damping factors dt and d2 cf the 
two circuits are equal is considered first, and 
formulas are also given tor the cases of either 
d1 or d2 tending to zero. Formulas are also given 
for transforming a filter with indirect inductive 
coupling into one with direct inductive cou-
pling. Design curves are shown. 

621.375.23: 621.3.016.35 1597 
Nyquist's Criterion for Multiple-Loop 

Feedback Circuits—L Tasny-Tschiassny. 
(Wireless Eng., vol. 32, pp. 114-115; April, 
1955.) A method of deriving the nubility cri-
terion alternative to that of Cutteridge (3489 
of 1954) and based on conformal transforma-
tion is presented. See also 72 of February 
(Cutteridge). 

621.375.232 1598 
The Effect of Inverse Feedback on Input 

Impedance—J. B. Earnshaw. [Radio Elect. 
Rev. ( Wellington, N. Z.). vol. 9, pp. 37-40 and 
34-35; December, 1954 and January, 1955.] 
Formulas are given for the input impedance, 
gain, and gain without feedback of twelve 
single-stage amplifiers a nd these, together with 
the circuits and their equivalents, are tabu-
lated. 

621.375.3 1599 
Alteration of Dynamic Response of Mag-

netic Amplifiers ---R. O. Decker. [Elec. Engng. 
(New York), vol. 73, p. 1088; December, 1954.] 
Digest of paper to be published in Trans. Amer. 
IRE, Part I, Commun ;cation and Electronics, 
1954; pp. 658-664. Analysis is presented indi-
cating how a magnetic amplifier of full-wave 
self-saturating type can be made to exhibit 
phase lead or lag by adjusting the parameters 
of the feedback networks. 

621.375.4: 621.314.7 1600 
Analysis of the Common-Base Transistor 

Circuit— F. Oakes. (Electronic Engng., vol. 27, 
pp. 120-126; March, 1955.) Simple equations 
are obtained by choosing a hybrid inverted-II 
network as the equivalent circuit for investi-
gating the operation of the grounded-base 
point-contact transistor amplifier. 

621.375.4:621.314.7 1601 
D.C. Stability of Transistor Circuits— 

F. Oakes. (Wireless World, vol. 61, pp. 164-
167; April, 1955.) The design of amplifiers using 

junction transistors is discussed, with particular 
reference to the influence of the base-to-
collector leakage current, which increases 
rapidly with rising temperature. For stable 
operation, the change of collector current pro-
duced by a change of leakage current should 
be low; circuit arrangements for achieving this 
are indicated. 

621.376.3: 621.3.018.78: 621.372.5 1602 
The Distortion of F.M Signals in Passive 

Networks— R. H. P. Collings and J. K. Skwir-
zynski. (Marconi Rev., vol. 17, no. 115, pp. 
113-136; 4th Quarter, 1954.) Expressions for 
the fundamental and first four harmonics of the 
output instantaneous frequency are given in a 
series expansion in terms of modulation fre-
quency and modulation index, the coefficients 
in the expansion depending on the network 
parameters. Effects of detuning are consid-
ered, and detailed results for the Butterworth 
circuit are presented. 

621.376.3: 621.3.018.78:621.372.543.2 1603 
The Linear Distortion of F.M. Signals in 

Band-Pass Filters for Large Modulation Fre-
quencies—J. K. Skwirzynski. (Marconi Rev., 
vol. 17, no. 115, pp. 101-112; 4th Quarter, 
1954.) The linear distortion of a FM signal in 
a highly selective bandpass filter follows almost 
exactly the static response curve of the net-
work, provided the following conditions are 
fulfilled :—(a) the modulation frequency is not 
less than two-thirds of the semi-bandwidth, 
(b) the modulation index does not exceed unity, 
(c) the network Q is sufficiently large. 

621.376.32:621.318.134 1604 
A Ferrite Frequency Modulator— F. Slater. 

(Marconi Instrumentation, vol. 4, pp. 186-193, 
200; December, 1954.) The modulator de-
scribed comprises a ferroxcube-B4 ring carrying 
a rf winding and located in the gap of a Ni-Fe 
core carrying If and polarizing windings. It is 
suitable for operation over the frequency range 
from 400 kc to uhf, with slight modifications. 
Its demodulated distortion is 5 per cent at an 
oscillator frequency of 400 kc and a 15-kc 
frequency deviation, and 2 per cent at 170 mc 
and 100 kc, respectively. 

621.376.332 1605 
Discriminator Circuit Analysis— F. L. 

Morris. (Wireless Eng., vol. 32, pp. 93-98; 
April, 1955. Correction, ibid., vol. 32, p. 142; 
May, 1955.) Theory and performance figures 
are given for a simple frequency-discriminator 
circuit using an asymmetrical arrangement. 
The conversion efficiency compares favorably 
with that of the equivalent Foster-Seeley dis-
criminator. It is particularly recommended for 
purposes where high efficiency is of greater im-
portance than accurate linearity over a wide 
frequency range. 

621.396.049.75 1606 
A Universal Printed Circuit—J. R. Goody-

koontz. (Tele-Tech., vol. 13, pp. 74-75; De-
cember, 1954.) The universal printed-circuit 
board has a standard pattern of parallel wires 
on one side and is useful at the design stage, 
when prototypes are required for testing, since 
circuit changes may be made with relative ease. 

621.372.5 1607 
Amplitude-Frequency Characteristics of 

Ladder Networks (Book Review)—E. Green. 
Publishers: Marconi's Wireless Telegraph Co., 
Chelmsford, 1954, 155 pp., 25s. (Brit. Jour. 
Appt. Phys., vol. 5, p. 457; December, 1954.) 
Suitable mainly as a reference work for tele-
communication engineers. 

GENERAL PHYSICS 

53.081 1608 
Proposals for Units for Area, Electric Dis-

placement and Magnetic Field Strength— 
P. Cornelius. (Philips Res. Rep., vol. 9, pp. 
444-457; December, 1954.) 

537.21+538.12 1609 
The Two-Dimensional Magnetic or Electric 

Field of a Single Isolated Pole-Piece— N. H. 
Langton and N. Davy. (Brit. Jour. Appt. 
Phys., vol. 5, pp. 431-435; December, 1954.) 
Theoretical investigation for a pole-piece con-
sisting of a thick plate terminated by a concave 
semicircular cylinder. Conformal transforma-
tions and elliptic functions are used. The vari-
ation of the field strength along the edge of the 
pole-piece and along the external axis of sym-
metry is calculated and shown graphically. 

537.224 1610 
Observation of the Costa Ribeiro Effect on 

the Dissolution of Naphthalene Crystals— 
E. Rodrigues. (Ann. Acad. Bras. Sci., vol. 26, 
pp. 381-383; December 31, 1954.) Report of 
experiments indicating that electric charges are 
developed on dissolving single crystals of 
naphthalene in a solvent of very low conduc-
tivity such as toluene; the crystals thus treated 
constitute natural electrets. 

537.226: 536.421.1 : 537.29 1611 
Electro-fusion: a New Phenomenon ob-

served in the Phase Changes of Dielectrics 
under the Influence of an Electric Field— 
J. Costa Ribeiro. (Ann. Acad. Bras. Sci., vol. 
26, pp. 349-355; June, 30 1954.) Experiments 
are described which indicate that application 
of a field between the electrodes of a capacitor 
with the dielectric partly in the solid and partly 
in the liquid state accelerates the phase change 
in the dielectric. From measurements of the 
current and calculation of the Joule energy 
dissipated, it is shown that this energy is sev-
eral hundred times smaller than the heat 
necessary for the normal fusion of the corre-
sponding mass of the dielectric. 

537.226: 536.421.1: 537.29 1612 
Field-Induced Melting of Dielectrics— 

B. Gross. (Ann. Acad. Bras. Sci., vol. 26, pp. 
289-291; June 30, 1954.) Theory is presented 
relevant to the phenomena described by Costa 
Ribeiro (1611 above). 

537.311.1 1613 
Plasma Oscillations in a Periodic Potential: 

the One-Zone Theory—J. Hubbard. (Proc. 
Phys. Soc., vol. 67, pp. 1058-1068; December I, 
1954.) The plasma-oscillation theory of collec-
tive electron interactions developed by Bohm 
and Pines (1375 of 1954 and back references) 
can be applied to the problem of the conduction 
electrons in metals by modifying it to take ac-
count of the periodic potential present. This 
modification is carried out, neglecting the inter-
actions of electrons in different zones and as-
suming that the effect of interzone transitions 
on the collective behavior is small enough to 
be treated by perturbation theory. The main 
effect of the potential is to alter the effective 
mass of the electrons. 

537.311.31 + 536.212.2 1614 
The Electrical and Thermal Conductivities 

of Monovalent Metals—J. M. Ziman. (Proc. 
Roy. Soc. A, vol. 226, pp. 436-454; December 7, 
1954.) "Numerical calculations for the case of 
sodium, using the Bardeen ( 1937) formula for 
the scattering cross-section and Blackman's 
(1951) value for a 'longitudinal Debye tem-
perature,' agree better with observation than 
do the simple Bloch expressions, but there still 
remain discrepancies." Further study of the 
scattering cross-section function might remove 
these. 

537.311.31+537.312.62 1615 
High-Frequency Resistance of Tin and 

Indium in the Normal and Superconducting 
State—C. J. Grebenkemper. (Phys. Rev., vol. 
96, pp. 1197-1198; December 1, 1954.) Further 
measurements at 24 kmc confirm results ob-
tained previously [3060 of 1952 (Grebenkemper 
and Hagen)]. 
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537.311.31 1616 
The Physical Nature of a Metal Surface in 

Conduction Theory—H. A. Müser. (Phil. Mag., 
vol. 45, pp. 1237-1246; December, 1954.) A 
discussion is presented in which the reflection 
of electrons striking the surface from inside is 
treated as a diffraction phenomenon. 

537.5: 061.3 1617 
Gaseous Electronics Conference in New 

York--F. L. Jones. [ Nature ( London), vol. 175, 
pp. 154-155; January 22, 1955.] Papers pre-
sented at the conference held in October, 1954 
are surveyed briefly. Physics of plasma and 
ionization processes leading to electrical break-
down were among the subjects discussed. 

537.52 1618 
Study of Gaseous Discharges by Magnetic 

Resonance—D. J. E. Ingram and J. C. Tapley. 
[Research ( London), vol. 7, supplement, pp. 
S63-S64; December, 1954.] Measurements are 
reported which indicate that the technique of 
magnetic resonance may prove useful for 
studying the characteristics of low-pressure 
gas discharges. 

537.523.5:621.396.822 1619 
Relaxation Oscillations and Noise from 

Low-Current Arc Discharges—M. I. Skolnik 
and 11. R. Puckett, Jr. (Jour. Ape Phys., vol. 
26, pp. 74-79; January, 1955.) Noise measure-
ments were made on arcs, using various elec-
trode materials and gases, over the frequency 
range 0.1 mc-4.5 kmc. The results for Al elec-
trodes in air are plotted in comparison with the 
computed spectrum. Pulses generated in the 
circuit formed by the series limiting resistor and 
the capacitance across the discharge are con-
sidered responsible for most of the noise. 

537.525 1620 
Formative Time of the Cathodic Space 

Charge—D. Brini, O. Rimondi and P. Veronesi. 
( Nuovo Cim., vol. 12, pp. 915-922; December 1, 
1954. In English.) A criterion for evaluating 
the formative time is based on observations 
of rise time and overshoot in intermittent dis-
charges. Different kinds of intermittent dis-
charges are reviewed. 

537.525 1621 
On Intermittent Discharges in Air at Low 

Pressure—D. Brini, O. Rimondi and P. 
Veronesi. (Nuovo Cim., vol. 12, pp. 948-949; 
December 1, 1954. In English.) An experimen-
tal investigation is reported of the dependence 
of the discharge frequency on the gas pressure 
and electrode separation. 

537.533 1622 
Forces between Parallel Electron Streams 

—J. Webb. (Elec. Rev. (London), vol. 155, pp. 
1037-1038; December 31, 1954.) A simplified 
fundamental analysis is presented, taking ac-
count of the forces of acceleration, es repulsion, 
em attraction, gravitation and any local fields. 
The results indicate that for all electron veloci-
ties up to the immediate threshold of the 
velocity of light the resultant force between 
parallel electron streams is repulsive. 

537.56 1623 
Spectroscopic Studies of Highly Ionized 

Argon produced by Shock Waves—H. E. 
Petschek, P. H. Rose, H. S. Glick, A. Kane and 
A. Kantrowitz. (Jour. Appl. Phys., vol. 26, 
pp. 83-95; January, 1955.) 

537.56 1624 
Kinetic Theory of Weakly Ionized Homo-

geneous Plasmas: Part 1—M. Bayet, J. L. 
Delcroix and J. F. Denisse. (Jour. Phys. 
Radium, vol. 15, pp. 795-803; December, 
1954.) A rigorous method is presented for in-
tegrating Boltzmann's equation by successive 
approximations for a weakly ionized gas sub-
jected to an alternating electric field and a 
static magnetic field. The electron-velocity 
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to the electric field, and the individual func-
tions obtained are developed as spherical func-
tions. The method is applied to investigation 
of a Lorentz-type gas. See also 2910 of 1954. 

537.56: 537.311.37 1625 
Electrical Conductivity of Highly Ionized 

Argon produced by Shock Waves—Shao-Chi 
Lin, E. L. Resler and A. Kantrowitz. (Jour. 
Ape Phys., vol. 26, pp. 95-109; January, 1955.) 

538.22 1626 
Antiferromagnetism and Ferrimagnetism of 

Non-Stoichiometric Compounds—E. W. El-
cock. (Proc. Roy. Soc. A, vol. 227, pp. 102-
114; December 21, 1954.) A simple quantitative 
treatment is given of the magnetic properties 
of a substance containing vacancies, enabling 
the most important magnetic properties of 
many nonstoichiometric compounds to be in-
terpreted. 

538.3 1627 
Representation of Electromagnetic Fields of 

Any Frequency using the Energy-Quantum 
Model—H. Zuhrt. (Arch. Elekt. übertragung, 
vol. 8, pp. 565-577; December, 1954.) Develop-
ment of theory presented previously ( 1004 of 
May). Wave propagation phenomena including 
reflection, interference and diffraction are ex-
plained in terms of the energy-quantum model; 
static fields are also considered. Voltage, cur-
rent and characteristic impedance are related 
to mechanical quantities, and an appropriate 
system of dimensions and units is presented. 

538.561:537.533 1628 
èerenkov Radiation from Extended Elec-

tron Beams—M. Danos. (Jour. Appt. Phys., 
vol. 26, pp. 2-7; January, 1955.) Calculations 
are made of the radiation emitted by bunched 
beams passing close to dielectric surfaces; both 
plane and cylindrical geometries are considered. 
See also Trans. IRE, vol. MTT-2, no. 3, pp. 
21-22; September, 1954. 

538.566:535.42 1629 
Calculated Diffraction Patterns of Dielec-

tric Rods at Centimetric Wavelengths— 
C. Froese and J. R. Wait. (Canad. Jour. Phys., 
vol. 32, pp. 775-781; December, 1954.) Calcu-
lations of the field behind the cylinder are 
made for the case of a normally incident wave 
with the electric vector (a) parallel and (b) 
perpendicular to the cylinder axis. The dielec-
tric materials considered include polystyrene, 
lucite and tenite. The diffraction pattern is only 
slightly dependent on the dielectric constant of 
the rod. Small discrepancies between the calcu-
lated values and values obtained experi-
mentally [3538 of 1954 (Wiles and McLay)] 
are probably due to resistive loss in the dielec-
tric. 

538.569.4 1630 
Absorption of Microwaves by Oxygen in the 

Millimeter Wavelength Region—J. O. Artman 
and J. P. Gordon. (Phys. Rev., vol. 96, pp. 
1237-1245; December 1, 1954.) An account is 
given of an experimental investigation of the 
absorption at high and at low pressure. 
Theories advanced in explanation of the line-
broadening effects are discussed. 

538.569.4 1631 
Spectral Investigations in the Wavelength 

Range around 1 mm—L. Genzel and W. Eck-
hardt. (Z. Phys., vol. 139, pp. 578-598; De-
cember 20, 1954.) A description is given of the 
construction and method of operation of an 
infrared-type spectrometer which has been 
used with thermal radiator and receiver to ob-
tain absorption spectra at wavelengths over 1 
mm. The spectrum obtained for water vapor 
over the range 0.14-1.4 mm is shown as an 
example. Results obtained with HCN and H2S 
are also reported. 

538.569.4:535.34:621.372.413 1632 
Verifahle-Fre.rmenrcr Mier...wave rem:fit 

Spectrometer—R. J. Collier. (Rev. Sci. 
vol. 25, pp. 1205-1207; December, 1954.) 
Molecular-gas spectra at wavelengths around 
10 cm are investigated using a system in which 
a single coaxial cavity serves as Stark or Zee-
man modulation cell and as frequency refer-
ence unit. 

548.0:53 1633 
Simplified Impurity Calculation—G. F. 

Koster and J. C. Slater. (Piys. Rev., vol. 96, 
pp. 1208-1223; December 1, 1954.) The meth-
ods developed previously (699 of March) are 
used to investigate the case of a local perturba-
tion in a simple cubic lattice. 

GEOPHYSICAL AND EXTRATER-
RESTRIAL PHENOMENA 

523.16 1634 
Abnormal Galaxies as Radio Sources— 

B. Y. Mills. (Observatory, vol. 74, pp. 248-249; 
December, 1954.) Results of radio-telescope 
observations at Sydney indicate that galaxy 
NGC 1316 is probably a radio source, whereas 
NGC 1947 is probably not. 

523.16 1635 
Observations of Galactic Radiation on a 

Wavelength of 33 cm—J. F. Denisse, É. 
Leroux and J. L. Steinberg. [Compt. Rend. 
Acad. Sci. ( Paris), vol. 240, pp. 278-280; Janu-
ary 17, 19551 Report of measurements made 
using the Wurzburg mirror at Marcoussis. 
Results are presented in the form of an isophot 
map of the galaxy with intensities expressed as 
apparent temperature in arbitrary units. The 
33-cm radiation is attributed principally to 
ionized hydrogen. A table giving the positions 
of localized sources includes five thought to 
have been observed for the first time. 

523.16:523.72 1636 
Study of Solar R.F. Radiation on 9350 

Mc/s; around Sunset and Sunrise—I. Kazes 
and J. L. Steinberg [Corn pt. Rend. Acad. Sci. 
(Paris), vol. 240, pp. 493-495; January 31, 
1955.] Report of measurements made at Paris, 
using a parabolic mirror of diameter 1.5 m. 
Graphs are presented showing the variation of 
refraction with solar angle and quasi-periodic 
intensity variations observed when the angle of 
elevation is less than 15 degrees. Attenuation 
due to absorption by oxygen is observed at 
angles less than about 20 degrees. 

523.16:523.72 1637 
Fine Structure of Solar Radio Transients— 

G. Reber. [Nature (London), vol. 175, p. 132; 
January 15, 1955.] Brief report of observations 
made during 1948-1950. Solar bursts observed 
at 480, 160 and 51 mc were found to be com-
posed of numerous discrete pips with median 
duration approximately proportional to wave-
length. The spectral width of a pip is a few 
per cent of its mean frequency. The frequency 
of occurrence of the pips was greatest at 160 
MC. 

523.16:621.396.677 1638 
Aerial Smoothing in Radio Astronomy— 

R. N. Bracewell and J. A. Roberts. (Alert. 
Jour. Phys., vol. 7, pp. 615-640; December, 
1954.) Theoretical considerations show that the 
antenna does not register those spatial Fourier 
components of the true distribution of radio 
brightness having frequencies beyond a cut-off 
determined by the antenna aperture. Compo-
nents of lower frequency are registered but 
their relative strengths are altered. The conse-
quences are that (a) there are invisible distri-
butions which produce no response when 
scanned by the antenna, and (b) in conducting 
a survey the measuring points must be closer 
together than half the period of the Fourier 
component at cut-off. 

523.74/.75 1639 
Prominence Activity (1905-1952)—R. 

Ananthakrishnan. (Proc. Indian Acad. Sci., 
A AA 11_011• incA 
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Charts prepared from observations made at 
Kodaikanal show the salient features of solar 
prominence activity during the last four sun-
spot cycles. A preliminary examination sug-
gests that during the maximum phase of the 
cycle geomagnetic activity shows a better 
correlation with prominences than with sun-
spots. 

523.752 1640 
The Emission of Radiation from Model 

Hydrogen Chromospheres: Part 2—J. T. 
Jefferies and R. G. Giovanelli. (Aust. Jour. 
Phys., vol. 7, pp. 574-585; December, 1954.) 
An improved method is presented for calcu-
lating the characteristics of the radiation field 
of Ha, La, 0, and the Lyman continuum 
emitted by model hydrogen atmospheres at 
kinetic temperatures of 104- 2.5 X 10' de-
grees K. A useful application of the results 
would be in interpreting observations of promi-
nences and flares. 

550.385 1641 
Qualitative Explanation of the Commence-

ment of Some Polar Magnetic Disturbances 
based on the Theory of Chapman and Ferraro 
—G. Grenet. [Come Rend. Acad. Sci. ( Paris), 
vol. 240, pp. 448-450; January 24, 1955.] 

550.385:550.375 1642 
Geomagnetic and Geoelectric Variations— 

J. G. Scholte and J. Veldkamp. (Jour. Atmos. 
terr. Phys., vol. 6, pp. 33-45; January, 1955.) 
Analysis of records of geomagnetic pulsations, 
especially those with periods of 10-10' sec-
onds, indicates that they may be associated 
with ionospheric vibrations caused by a dis-
turbance of the ionization equilibrium. Infor-
mation regarding the distribution of ground 
conductivity is obtained from the relation 
between the magnetic pulsations and the as-
sociated transverse-electric field pulsations. 

550.385.25: 551.510.535 1643 
The Abnormal Variations of the Horizontal 

Magnetic Intensity at Huancayo (Peru)—Z. 
Ibrahim. (Proc. Math. Phys. Soc. Egypt, vol. 
5, pp. 21-24; 1953.) The magnetic field of the 
ionospheric current system arising from lunar 
atmospheric tidal motion is calculated for 
various points on the earth's surface. The daily 
variation of the horizontal component at 
Huancayo is found to be nearly twice as great 
as at Batavia, though the latitudes of the two 
points are nearly the same. Observations at a 
point between the geographic and magnetic 
equators in the northern hemisphere should 
help to explain this anomaly. 

550.385.4: 551.510.535 1644 
On the World-Wide Disturbance in Fy 

Region—T. Obayashi. (Jour. Geomag. Geoelect., 
vol. 6, pp. 57-67; June, 1954.) The average 
disturbance in the value of f0F2 during mag-
netic storms is separated into the storm-time 
part D.2(.4F2) and the local-time part DeoF2). 
These were calculated in the cases of 10 typical 
storms from data obtained from 40 stations in 
the northern hemisphere. Both their range and 
phase are correlated with the magnetic ac-
tivity. The phase of D.(f0F,) during the active 
stage of the magnetic stot m is almost entirely 
dependent on the local time but after the 
cessation of activity the disturbance moves 
with the rotating earth. See also Jour. Radio 
Res. Labs., Japan, vol. I, pp. 41-50; June, 1954. 

550.386"52" 1645 
An Analysis on the Diurnal Variation of the 

Terrestrial Magnetism, especially on the Day-
Time-Variation of Geomagnetically Quiet Days 
—M. Ota. (Jour. Geomag. Geoelect., vol. 6, pp. 
83-98; June, 1954.) 

551.510.534 1646 
Vertical Distribution of Atmospheric Ozone 

at Longyearbyen, Spitzbergen (78 degrees N) 
—S. H. H. Larsen. (Jour. Almos. Terr. Phys., 
vol. 6, pp. 46-49; January. 1955.) 

551.510.535 1647 
The Constitution of the Upper Atmosphere 

and the Ionosphere Research Station of the 
Institute of Geophysics at Genoa—M. Bosso-
lasco and A. Masotto. (Geofis. Met., vol. 2, pp. 
80-86; September/December, 1954.) An out-
line of knowledge on the structure and electrical 
properties of the ionosphere is followed by a 
description of ionosphere sounding equipment 
recently put into operation and comprising 
pulse transmitter for the range 2-15 mc, 
double-superheterodyne receiver and cro re-
corder. 

551.510.535 1648 
Calculation of the Collision Frequency in 

the Ionosphere—L. Caprioli. (R.C. Accad. naz. 
Lincei, vol. 17, pp. 365-370; December, 1954.) 
It is shown that, if zo is the true reflection 
height corresponding to wo, the lowest fre-
quency of the sounding sweep, and Zr is the 
true reflection height corresponding to the first 
critical frequency cos greater than wo, then pro-
vided that the distribution of ion concentration 
and collision frequency are known for values of 
z up to zo and the absorption is observed over 
the range c00-ons the function v(z) expressing 
the height distribution of collision frequency 
can be determined over the range zs-zE by 
solving an integral equation due to Abel. 

551.510.535 1649 
Turbulence in the Upper Ionosphere— 

A. Maxwell. (Phil. Mug., vol. 45, pp. 1247-
1254; December, 1954.) "From the experimen-
tal data at present available it is shown that the 
Reynolds number in the upper F region (300-
400 km level) is of the order of 300. The region 
may therefore be turbulent. It is suggested 
that the high level diffracting screens which 
give rise to spread F echoes and to radio star 
fading are caused by non-laminar flow, and 
that their non-appearance during the daylight 
hours may be due to the inhibition of turbu-
lence by large temperature gradients, by lower 
drift velocities, or by an increase in the kine-
matic viscosity." 

551.510.535 1650 
Motion of Clouds of Abnormal Ionization in 

the Auroral and Polar Regions—E. L. Hagg 
and G. H. Hanson. (Canad. Jour. Phys., vol. 
32, pp. 790-798; December, 1954.) A study has 
been made of unusual types of echo exhibited 
by film records of rapid-succession sweep ob-
servations at several stations in Northern 
Canada. Three distinct types of echo are 
identified, probably corresponding to (a) hori-
zontally moving E. clouds, (b) clouds descend-
ing vertically from the F to the E layer, and 
(c) clouds moving at extremely high velocities 
in the E layer. Type (e) echoes were observed 
only at stations very close to the auroral zone 
maximum and may be due to sweeping of the 
auroral ionizing agent. Type (b) echoes also ap-
pear to be related to an auroral ionizing agent. 

551.510.535 1651 
Information obtained from Ionization 

Charts—R. Eying, E. Harnischmacher and 
K. Rawer. [Compt. Rend. Acad. Sci. (Paris), 
vol. 240, pp. 446-448; January 24, 1955.] 
Ionization charts drawn up monthly for two 
zones covering (a) America and (b) Europe, 
Africa and Asia are discussed. The distributions 
observed generally confirm the theory of geo-
magnetic control of the F2 layer [2898 of 1946 
(Appleton)], but some exceptions are observed; 
there appears to be a lower limiting value for 
the height of the sun below which the geo-
magnetic control does not operate. The control 
is effective at latitudes as high as 70 degrees. 
Measurements at other times besides midday 
are required to study the effect. Asymmetry as 
between northern and southern hemispheres is 
observed. The north polar zone was studied in 
detail; the auroral E zone appears to be cen-
tered on the geographic pole. 

551.510.535 1652 
Velocity of Movement of Sporadic-E 

Clouds— M. R. Kundu. (Sci. and Cult., vol. 20, 
p. 303; December, 1954.) Curves of the diurnal 
variation of the E.-layer critical frequency for 
four Japanese stations indicate a progressive 
retardation of the time of occurrence of the 
maximum on passing from the highest-
latitude to the lower-latitude stations. A value 
of about 70 m/s is deduced for the horizontal 
component of the velocity of the E. clouds; 
this is of the same order as the velocity of E-
layer winds found by various methods. 

551.510.535 1653 
Interpretation of Measurements on the 

Ionosphere F1 layer— K. Rawer. [Compt. Rend. 
Acad. Sci. ( Paris), vol. 240, pp. 331-333; 
January 17, 1955.] The maximum-ionization 
level of the F1 layer is often located within the 
lower part of the F2 layer, so that echo sounding 
yields a continuous curve for the F1 and Fy 
layers, with a more or less marked maximum 
or merely a point of inflection indicating the 
virtual height of the F1 layer. In consequence, 
the critical frequency of this layer is not 
clearly defined. A correction is required, the 
sign of which depends on the theory accepted 
for the origin of the F2 layer. Nlohler's theory 
(1014 of 1941) gives results in good agreement 
with observations. 

551.510.535 1654 
Lunar Tides in the Ionosphere F2 Layer at 

Dakar—F. Delobeau. [Compt. Rend. Acad. 
Sci. ( Paris), vol. 240, pp. 222-224; January 10, 
1955.] Hourly records of foF2 and h' F2 for the 
years 1950-1953 have been analyzed; maximum 
variations and times of occurrence of maxima 
are tabulated for the different seasons. The 
semidiurnal component is predominant except 
in summer; during winter the tidal variations 
of foFz and h'F2 have amplitudes of ± 0.2 mc 
and -I-. 5 km respectively. The phases and 
amplitudes are considerably different from 
those observed at other tropical stations; 
anomalies may be due to the circumstance 
that the Fy layer at Dakar is very thick in 
summer; the ionization maximum occurs at the 
equinoxes and not in winter. 

551.510.535 1655 
On the Meridional Distribution of the 

Minimum Virtual Height of the F2 Layer— 
T. Shimazaki. (Jour. Radio. Res. Labs. Japan, 
vol. 1, pp. 15-25; March, 1954.) Results of an 
analysis of daily variations in h'F2 from 35 
observatories indicate the presence of two 
periodic terms: (a) the diurnal variation, which 
is dependent on the geographic latitude, and 
(b) the semidiurnal variation, which depends on 
the geomagnetic latitude. The former may be 
considered as the thermal effect, the latter as 
the tidal effect in the F2 region. 

551.510.535 1656 
The Effect of the Solar Tides and the Tem-

perature Change on the Daily Variation in 
Electron Density and Height of the F,-Layer 
T. Shimazaki. (Jour. Geomag. Geolect., vol. 6, 
pp. 68-82; June, 1954.) The departure An,,, of 
the maximum electron density from the norm 
of a static Chapman region is inversely propor-
tional to the temperature variation, except in 
the morning when the electron density is small. 
The semidiurnal variation in in,,, appears even 
in the case when account is taken of the diurnal 
temperature variation only. As regards An„„ 
the departure from the norm of the height of 
n,,,, the result is similar to that obtained by 
Weiss ( 1348 of 1953) except that it is more 
strongly temperature dependent. There is some 
interaction between the temperature and the 
tidal effects. 

551.510.535: 523.3 1657 
Influence of the Moon on the Maximum 

Ionization of the Ionosphere E Layer— 
E. Harnischmacher. [Compt. Rend. Acad. Sci. 
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(Paris), vol. 240, pp. 553-555; January 31, 
1955.] An analysis of foE variations over a 
period of four years, observed at six stations, 
indicates that after taking account of seasonal, 
solar-cycle and equation-of-time effects, there 
is evidence of a lunar variation of amplitude 
1 per cent centered on the full moon. 

551.510.535:523.72 1658 
Soft X Radiation from the Quiet Solar 

Corona—G. Elwert. (e. Naturf., vol. 9a, pp. 
637-653; July/August, 1954.) The mechanisms 
involved in the production of the soft X-rays 
are discussed, and the significance of this radi-
ation for the formation of the normal ionos-
phere E layer is indicated. See also 726 of 1954. 

551.510.535:621.317.3 1659 
Equipment for the Measurement of 

Changes of the Phase Path of Ionospheric 
Echoes—H. Yuhara, T. Koseki and Y. Aono. 
(Jour. Radio Res. Labs, Japan, vol. 1, pp. 11-
14; March, 1954.) The equipment described is 
built with units conventional in pulse applica-
tions and is developed from that described by 
Findlay (397 and 404 of 1952). Oscillograms of 
ground pulse beats and echo patterns of the E 
and F regions are shown. 

551.510.535:621.396.11 1660 
Reflection Conditions for Vertical Propaga-

tion in the Ionosphere in the Presence of Col-
lisions and of the Earth's Magnetic Field. 
Case of the E Layer—Lepechinsky and 
Durand. (See 1767.) 

551.510.535: 621.396.11.029.51 1661 
The Development of an E-Region Model 

consistent with Long-Wave Phase-Path Meas-
urements—R. E. Jones. (Jour. Atmos. Terr. 
Phys., vol. 6, pp. 1-17; January, 1955.) An 
electron-density model is evolved by modifica-
tion of the Chapman theory to include the 
effects of variable scale height, dissociation of 
02, and variable recombination. The model is 
checked against phase-height data for 150 kc 
and 2.4 mc and against foE values. 

551.510.535:621.396.812 1662 
Measurement of Attenuation in the Iono-

sphere—Ochs. (See 1764.) 

551.510.535: 621.396.812.3 1663 
The Autocorrelation of Randomly Fading 

Waves—Banerji. (See 1772.) 

551.510.535(98): 621.396.11 1664 
Statistical Studies of Polar Radio Black-

outs—J. W. Cox and K. Davies. (Gonad. Jour. 
Phys., vol. 32, pp. 743-756; December, 1954.) 
"A statistical study of high frequency radio 
blackouts in Canada is made from records taken 
at several ionosphere sounding stations. Both 
vertical incidence and communication data are 
examined to determine the geographical, 
seasonal, and diurnal distributions of the fre-
quency of occurrence of blackout. It is found 
that blackouts are most abundant in the morn-
ing and that the time of maximum occurrence 
increases with increasing latitude." 

551.578:621.396.11:621.396.96 1665 
The Microwave Properties of Precipitation 

Particles—K. L. S. Gunn and T. W. R. East. 
(Quart. Jour. Roy. Met. Soc., vol. 80, pp. 522-
545; October, 1954.) "The theory of scattering 
and attenuation by rain, snow and cloud is re-
viewed and theoretical results are presented in 
the form of equations, tables and graphs, so 
that the radar response to meteorological parti-
cles can be calculated at six wavelengths (10, 
5.7, 3.2, 1.8, 1.24 and 0.9 cm) and various 
temperatures. Particular emphasis is placed on 
developments since Ryde's comprehensive 
paper in 1946. Published experimental results 
are compared with the theory. All results com-
puted from the theory are contained in Tables 
4 and 5. The attenuation by water vapour and 
oxygen is given in an Appendix." 

551.594.6 1666 
An Attempt to observe Whistling Atmos-

pherics near the Magnetic Equator—J. R. 
Koster and L. R. O. Storey. [Nature (London), 
vol. 175, pp. 36-37; January 1, 1955.] According 
to the theory of Barkhausen and Eckersley, 
the mode of propagation of whistling atmos-
pherics is such that they should not occur near 
the magnetic equator. A report is given of 
observations made at Achimota, over the 
period from December, 1951 to March, 1954; 
no whistlers were detec ed, though other types 
of atmospheric were freinent. 

LOCATION AND AIDS TO NAVIGATION 

621.396.93:551.594.6 1667 
Low-Frequency Direction Finder—C. 

Clarke and V. A. W. Harrison. (Wireless Eng., 
vol. 32, pp. 109-114; April, 1955.) A more de-
tailed account of the instrument described 
previously [3226 of 1954 (Horner)]. 

621.396.933 1668 
Radio Installations of the Danish Airways 

System—K. Svennings..n. [Teleteknik (Copen-
hagen), vol. 5, pp. 391-400; December, 1954.] 
The navigation aids and communication sys-
tems used are described 

621.396.96:551.578:621.396.11 1669 
The Microwave Properties of Precipitation 

Particles—Gunn and E. st. (See 1665.) 

621.396.962.33 1670 
Radar Receiver with Elimination of Fixed-

Target Echoes—H. Tanter. (Elec. Commun., 
vol. 31, pp. 235-248; December, 1954.) English 
version of paper abstra) ted in 2407 of 1954. 

MATERIALS AND SUBSIDIARY 
TECHNIQUES 

535.5 1671 
Design and Operatic n of Evapor-ion Pumps 

—R. H. Davis and A. S. Divatia. (Rev. Sci. 
Instr., vol. 25, pp. 1193-1197; December, 1954.) 
Operation of the pump described depends on 
the gettering action of et ,ntinuously evaporated 
Ti in conjunction with ie,n pumping. The lowest 
pressure attainable is about 2.10-7 mm Hg. 
The dependence of pumping speed on the tem-
perature of the gettering surface, the pressure, 
and the rate of evapor ation of Ti is investi-
gated. 

535.215:537.311.33:546.817.23 1672 
Response Time of Photoconductivity of 

Lead Selenide—L. Sosnowski and M. Chmie-
lewski. (Bull. Acad. Pdon. Sci., Classe 3, vol. 
1, nos., 3/4, pp. 119-121; 1953. In English.) An 
oscillographic method for investigating re-
sponse times of less thai 1 ps is described. An 
exponential timebase is used and the specimen 
is illuminated in synchn.nism by light pulses at 
repetition rates up to 50,000 per second. The 
response times of three different PbSe cells were 
0.25, 0.35 and 0.9 gs within ± 0.1 Ms, their re-
spective resistances and sensitivities being 23, 
51, and 100 k1-1, and 12, 15, and 40 arbitrary 
units. 

535.215:537.311.33:546 817.23 1673 
Photoconductive anl Photovoltaic Layers 

of Lead Selenide—IL Checihska. (Bull. 
Acad. Polon. Sci., Class.. 3, vol. 1, nos. 3/4, pp. 
123-135; 1953. In Enllish.) The method of 
preparing PbSe layers ..xhibiting these effects 
is described and some results of determinations 
of limiting sensitivity and spectral sensitivity 
in the range 0.5-3.6 M are given. At room tem-
perature the sensitivity to radiation from an 
ordinary incandescent lamp is less than one 
tenth that of PbS. 

535.37 1674 
The Shape of the Emission Bands of Lumi-

nescent Solids—C. C Vlam. (Brit. Jour. 
Appl. Phys., vol. 5, pp. 443-446: December, 
1954.) 

535.37 1675 
Luminescence in High Polymers—H. Hin-

richs. (Z. Naturf., vol. 9a, pp. 617-630; July 
/August, 1954.) An investigation of organic 
phosphors embedded in polystyrol. 

535.37: 537.311.33 1676 
Temperature Dependence of the Energy-

Gap in ZnS—C. Z. van Doom. (Physica, vol. 
20, pp. 1155-1156; December, 1954.) Meas-
urements on a single crystal showed that the 
temperature variation of the energy gap varied 
between 4.6X 10-4ev degrees K at 77 degrees K 
and 8.5 X 10-4ev degrees K at 800 degrees K. 

535.376 1677 
The Edge Emission of ZnS, CdS and ZnO 

and its Relation to the Lattice Vibrations of 
these Solids—F. A. Krfiger and H. J. C. 
Meyer. (Physica, vol. 20, pp. 1149-1156; De-
cember, 1954.) 

535.376:538.615 1678 
The Effect of Intense Magnetic Fields on 

Electroluminescent Powder Phosphors—A. N. 
Ince. (Proc. Phys. Soc., vol. 67, pp. 870-874; 
December 1, 1954.) No quenching of electro. 
luminescence was observed in phosphors in 
magnetic fields of up to 1.3 X 10 oersted. This 
is contrary to the predictions of Destriau ( 110 
of 1949). The significance of this result is dis-
cussed. 

537.226 1679 
High-Frequency Polarization of a Spherical 

Body and of an Assemblage of Particles of a 
Perfect Dielectric—A. Colombani. [Compt. 
Rend. Acad. Sci. (Paris), vol. 240, pp. 503-
505; January 31, 1955.] Analysis is given for a 
single particle, using Maxwell's equations in 
spherical—coordinate form. If the permittivity 
is real and very high the electric field and es 
energy within the particle may become very 
large. An expression is derived for the apparent 
susceptibility of an assemblage of the par-
ticles. 

537.227:546.431.824-31 1680 
Observation of Paramagnetic Resonances 

in Single Crystals of Barium Titanate—A. W. 
Hornig, E. T. Jaynes and H. E. Weaver. (Phys. 
Rev., vol. 96, p. 1703; December 15, 1954.) 

537.311.33 1681 
A Possible Mechanism of the Scattering of 

Current Carriers in Semiconductors—T. A. 
Kontorova. (Zh. Tekh. Fiz., vol. 24, pp. 2217-
2220; December, 1954.) The unusual form of 
the temperature dependence of the mobility of 
current carriers for certain semiconductors has 
not yet been satisfactorily explained. By taking 
account of the interaction of the current carriers 
not only with acoustic vibrations of the lattice 
but also with optical vibrations which are 
possible when the adjacent particles vibrate in 
opposite phase, the theoretical results are 
brought into agreement with experiment. 

537.311.33 1682 
Use of p-n Junctions for Solar Energy Con-

version—E. S. Rittner. (Phys. Rev., vol. 96, pp. 
1708-1709; December 15, 1954.) Calculations 
of the efficiency to be expected from a Si cell 
lead to results in agreement with those of 
Cummerow (145 of January), except that for 
maximum power conversion efficiency the 
energy gap of the semiconductor should be 
about 1.5-1.6 ev; thus AlSb is preferable to Si 
in this respect. 

537.311.33 1683 
Determination of the Optical Constants of 

Type-AMBV Semiconductors at Infrared Wave-
lengths—F. Oswald and R. Schade. (Z. Nalurf., 
vol. 9a, pp. 611-617; July/August, 1954.) Re-
flection and transmission measurements were 
made on a series of compounds of elements of 
Groups III and V of the periodic system, at 
wavelengths from 0.8 to 15.2 M. Values found 
for absorption constant, refractive index and 
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width of energy gap are tabulated; energy-gap 
values determined by other workers, using elec-
trical methods, are given for comparison. 

537.311.33 1684 
Theory of Conduction in Isotropic Semicon-

ductors— O. Madelung. (Z. Naturf., vol. 9a, 
pp. 667-674; July/August, 1954.) The classical 
theory is developed and the equations for 
electrical and thermal current density are es-
tablished. From these equations the coefficients 
of all the galvanomagnetic, thermoelectric and 
thermomagnetic effects are derived. Expres-
sions for these coefficient s are tabulated for 
small values of magnetic field strength, for 
degenerate and nondegenerate semiconductors 
with given scattering mechanism. 

537.311.33: 537.323 1685 
Theory of the Thermoelectric Power of 

Semiconductors—C. Herring. (Phys. Rev., vol. 
96, pp. 1163-1187; December 1, 1954.) The 
marked rise of thermoelectric power which has 
been observed in some semiconductors at tem-
peratures below room temperature [1093 of 
1954 (Frederikse)] has been attributed to the 
effect of thermal lattice vibrations, the total 
thermoelectric power being composed of an 
electron term and a phonon term. This theory 
is developed; the results are supported by ex-
perimental data on Ge. 

537.311.33: 546.23 1686 
Crystallization of Selenium under Pressure 

—D. N. Nasledov and P. T. Kozyrev. (Zh. 
Tekh. Fiz., vol. 24, pp. 2124-2135: December, 
1954.) The effect of pressure up to 4,000 atm 
was investigated. Pressure retards crystalliza-
tion at low temperatures ( below 110 degrees C.) 
and accelerates it at high temperatures (above 
170 degrees C.). A curve shows the relation 
between temperature and pressure at the point 
of fusion. Large single crystals (up to 5 mm) 
were formed from liquid Se under pressure. The 
electrical properties of the crystallized ma-
terial were investigated. Possible mechanisms 
explaining the observed phenomena are dis-
cussed. 

537.311.33:546.24 1687 
Tellurium Single Crystals prepared by the 

Czochralski Process—J. Weidel. (Z. Naturf., 
vol. 9a, p. 697; July/August, 1954.) 

537.311.33: [546.28+546.289 1688 
Theory of Donor and Acceptor States in 

Silicon and Germanium—C. Kittel and A. H. 
Mitchell. (Phys. Rev., vol. 96, pp. 1488-1493; 
December 15, 1954.) Vie applicability of the 
Wannier equation to the donor states in Si and 
Ge is examined with particular reference to the 
multiple energy minima in the conduction 
band. The theory is extended to include de-
generate bands, and it is shown that the Wan-
nier equation is to be replaced by a set of 
coupled wave equations. The theory is also 
applied to acceptor states. Theoretical and 
experimental results are in fair agreement for 
both donors and acceptors. 

537.311.33: 546.28 1689 
Single Crystals and p-n Stratified Crystals 

of Silicon—H. Kleinknecht and K. Seiler. (Z. 
Phys., vol. 139, pp. 599-618; December 20, 
1954.) Measurements are reported on speci-
mens produced as described previously [422 
of 1953 ( Kleinknecht)]. The voltage dependence 
of the capacitance of the p-n specimens indi-
cates a linear variation of impurity-center con-
centration. The diffusion voltages and the 
slope of the forward characteristic are not con-
sistent with a carrier concentration conforming 
to the Boltzmann law at the boundary layer. 
The backward currents do not fit Shockley's 
theory; the discrepancy is explained by assum-
ing the presence of traps acting as recombina-
tion centers. The concentration and effective 
cross section of these is evaluated from the 
increase of capacitance at low frequencies. 

537.311.33: 546.28: 621.314.7 1690 
Electronic Behaviour of Certain Grain 

Boundaries in Perfect Crystals—H. F. Mataré. 
(Z. Naturf., vol. 9a, p. 698; July/August, 
1954.) Some experiments are reported on the 
effect of incorporating structural inhomogenei-
ties in semiconductor crystals; grain boundaries 
with highly nonlinear resistance were studied. 
A current gain of 50 was obtained with a three-
electrode arrangement using a 5-12 cm Si 
specimen. A practical form of grain-boundary 
transistor is illustrated. 

537.311.33:546.289 1691 
The Production of Germanium from Zinc 

Residues—[Metallurxia (Manchester), vol. 50, 
pp. 277-278; December, 1954.] Some details 
are given of methods used in industry and in 
laboratory assay work for extraction of Ge and 
for the preparation of the metal. A different 
recovery scheme is required for each different 
complex residue. Poison hazards are mentioned. 

537.311.33:546.289 1692 
An Observation of Circular Patterns in the 

Vicinity of Small-Area Alloyed Germanium 
p-n Junctions—N. Holonyak, Jr. (Jour. Appi. 
Phys., vol. 26, pp. 121-123; January, 1955.) 
Rings observed on the crystal surface in the 
neighborhood of small alloyed junctions are 
explained in terms of the action of bubbles 
accompanying the etching process. 

537.311.33:546.289 1693 
Optical Studies of Injected Carriers: Part 3— 

Infrared Absorption in Germanium at Low 
Temperatures—R. Newman. (Phys. Rev., vol. 
06, pp. 1188-1190; December 1, 1954.) Meas-
urements are reported which confirm that 
carriers produced by injection and by impurity 
doping produce the same absorption effect. 
Anomalies observed in samples containing Fe 
may be due to trapping effects. Part 2: 1084 of 
1954. 

537.311.33: 546.289 1694 
A Photoelectric Method for the Simul-

taneous Determination of Lifetime and Mo-
bility of Injected Current Carriers in Semicon-
ductors—G. Adam. (Z. Naturf., vol. 9a, 
pp. 607-611; July/August, 1954.) Additional 
carriers are formed by illumination with an 
elongated spot of light which is swept along the 
specimen. A probe in the vicinity of the illumi-
nated region picks up a voltage proportional to 
the additional carrier concentration; this is 
recorded oscillographically. Methods of evalu-
ating the oscillograms are described and illus-
trated by examples. Carrier lifetime and diffu-
sion constant can be determined from a single 
oscillogram. Results are presented for Ge 
specimens containing various impurities. 

537.311.33:546.289 1695 
Determination of the Relation between 

Mobility and Diffusion Coefficient for Photo-
holes in n-Type Germanium—S. M. Ryvkin. 
(Zh. tekh. Fiz. vol. 24. pp. 2136-2149; Decem-
ber, 1954.) Detailed report of an experimental 
investigation of the diffusion and drift of photo-
electrically produced holes. The results confirm 
the theoretical prediction that Einstein's for-
mula ( 1) relating mobility to diffusion coeffi-
cient applies in this case. The stationary distri-
bution of minority carriers in a partially 
illuminated semiconductor is discussed in an 
appendix. 

537.311.33:546.289 1696 
Resistivity and Hall Effect of Germanium 

at Low Temperatures—C. S. Hung and J. R. 
Gliessman. (Phys. Rev., vol. 96, pp. 1226-
1236; December 1, 1954.) Report of an exten-
sive experimental investigation at tempera-
tures from room temperature to that of liquid 
He. Anomalies in the Hall-constant curves at 
low temperature are explained on the assump-
tion of small but finite mobility of carriers in 
the impurity states; the contribution of these 
carriers to the total conduction becomes impor-

tant at low temperature because the concentra-
tion of carriers in the conduction band is then 
very low. 

537.311.33: 546.289 1697 
Transverse Hall and Magnetoresistance 

Effects in p-Type Germanium—R. K. Willard-
son, T. C. Harman and A. C. Beer. (Phys. Rev., 
vol. 96, pp. 1512-1518; December 15, 1954.) 
Calculations based on modification of the 
two-band model to take account of a small 
number of high-mobility holes give values for 
the magnitude, temperature dependence and 
magnetic-field dependence of Hall and mag-
netoresistance effects in good agreement with 
experimental results. The importance of making 
measurements both at large and small 
magnetic-field strengths is indicated. 

537.311.33:546.431-31:535.215 1698 
Ultraviolet Absorption in Barium Oxide 

Films—K. Okumura. (Phys. Rev., vol. 96, 
pp. 1704-1705; December 15, 1954.) Measure-
ments are reported briefly; results are com-
pared with those of Tyler and Sproull ( 148 of 
1952). 

537.311.33:546.48.241.1 1699 
Semiconducting Cadmium Telluride—D. A. 

Jenny and R. H. Bube. (Phys. Rev., vol. 96, pp. 
1190-1191; December 1, 1954.) In general, n-
type specimens are obtained by adding Group-
III or Group-VII impurities and p-type by 
adding Group-I or Group-V, the activation 
energies of the p-type impurities being much 
larger than those of the n-type impurities. The 
intrinsic energy gap is about 1.45 ev. Electron 
and hole mobilities are at least 30 cm per v/cm. 

537.311.33: 546.482.21 : 535.215 1700 
Determination of Trap Distribution from 

Interrupted-Illumination Measurements on 
Photoconductive Cadmium Sulphide Single 
Crystals— E. A. Niekisch. (Z. Naturf., vol. 9a, 
pp. 700-701; July/August, 1954.) 

537.311.33: 546.682-31 1701 
Investigations of Electrical and Photoelec-

tric Conductivity of Thin Films of Indium 
Oxide—G. Rupprecht. (Z. Phys., vol. 139, pp. 
504-517; December 20, 1954.) The conductivity 
of thin films of the n-type semiconductor In2O3 
is markedly dependent on the surrounding 
atmosphere. Specimens prepared by evaporat-
ing In on to a quartz plate and heating in air 
at 700 degrees- 1,000 degrees C. had thick-
nesses between 50 and 250 mg and conductivi-
ties between 10 and 10-, (1.2. cm)-1. Measure-
ments are reported of the temperature variation 
of conductivity and of the effect of an oxygen 
atmosphere. Above 500 degrees C. a balance is 
reached between the concentration of impurity 
centers and the external oxygen concentration. 
The photoelectric conductivity exhibits an 
irreversible increase in vacuum. 

537.311.33: 546 682.231 1702 
Electrical and Optical Properties of Indium 

Selenide—R. W. Damon and R. W. Redington. 
(Phys. Rev., vol. 96, pp. 1498-1500; December 
15, 1954.) Measurements mainly on single 
crystals are reported. The optical absorption 
edge was not sufficiently well defined for the 
energy gap to be estimated unambiguously. 
The photoconductive response was mostly in 
the visible region, the sensitivity being com-
parable with that of grey Se. Attempts to de-
termine the carrier type gave conflicting re-
sults; the material may not be a single-carrier-
type semiconductor, at least within the surface 
region. 

537.311.33 : 546.86: 539.234 1703 
Fermi Level in Amorphous Antimony Films 

—E. Taft and L. Apker. (Phys. Rev., vol. 96, 
pp. 1496-1497; December 15, 1954.) Photoelec-
tric experiments are reported which confirm 
that the amorphous form of Sb common in thin 
evaporated films is a semiconductor with Fermi 
level about 0.1 ev above the occupied band. 
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538.221 1704 
Investigations of Irreversible Magnetiza-

tion and After Effect—J. Kranz. (Z. Phys., vol. 

139, pp. 619-637; December 20, 1954.) An 
experimental arrangement is described for 
measuring the Barkhausen jumps, produced on 
reversing the field applied to a ferromagnetic 
specimen, by amplitude-analyzing and count-

ing the pulses induced in a solenoid. Results for 
various materials are presented and discussed. 

538.221 1705 
Large Magnetic Kerr Rotation in BiMn 

Alloy—B. W. Roberts and C. P. Bean. (Phys. 
Rev., vol. 96, pp. 1494-1496; December 15, 
1954.) Brief illustrated note on observations of 
ferromagnetic dlmain patterns in large grains 
of BiMn. 

538.221 1706 
Kinetics of Magnetization in Some Square 

Loop Magnetic Tapes—C. P. Bean and D. S. 
Rodbell. (Jour. Ape Phys., vol. 26, pp. 124-
125; January, 1955.) Curves showing flux re-
versal characteristics for permalloy tapes are 
discussed in relation to the domain-wall 
processes. 

538.221 1707 

The Effect of Particle Shape Variations on 
the Coercivity of Iron-Oxide Powders—W. P. 
Osmond. (Proc. Phys. Soc., vol. 67, pp. 875-
882; December 1, 1954.) Calculations show 
that a Gaussian distribution of particle shape 
factors about an observed mean value can 
satisfactorily explain the difference between 
measured values of coercivity of dispersed mag-
netic powders and the theoretical values for 
assemblages of identical particles. 

538.221:621.318.134:537.311.33 1708 
The Nature of the Insulating Layers in 

Ferromagnetic Semiconductors—R. Parker. 
(Physica, vol. 20, pp. 1314-1315; December, 

1954.) Recent experimental results [3604 of 
1954 (Volger)] can be explained on the follow-
ing assumptions:—(a) that the appearance of 
spontaneous magnetization is the cause of the 
deviation from the normal relation between 

resistivity and temperature, and (b) that the 
insulating layer may be identified with the 
region in the material that is not spontaneously 
magnetized. 

538.221:621.318.134 1709 
Saturation Magnetization and Crystal 

Chemistry of Ferrimagnetic Oxides— E. W. 
Gorter. (Philips Res. Rep., vol. 9, pp. 295-320, 
321-365 and 403-443; August-December, 
1954.) A thesis in which measurements of 

saturation magnetization, cr, against tempera-
ture, T, are reported for various mixed crystal 
oxides with spinel structure. Results are in 
agreement with Neel's theory; some of the 
anomalous air curves predicted have been 
found. Single ferrites investigated of the type 
Men Fe2m04 belong to a group with complete 
parallelism of the ionic moments inside each 
sublattice; mixed crystals of the type 
Mer,„Zn,„Fe204 with a > 0.4 belong to a group 
with angles between the ionic moments inside 
one of the sublattices; for Cao.36Zno.66Fe204 the 
magnetic moment is higher than that of any 
MgZn ferrite; this is discussed with reference to 
Anderson's theory. Other materials investi-
gated are ferrimagnetic spinels containing Ti 
and Al, and ferrimagnetic oxides containing Cr. 

538.221:621.318.134 1710 
Low-Temperature Acoustic Relaxation in 

Ni-Fe Ferrites— M. E. Fine and N. T. Kenney. 
(Phys. Rev., vol. 96, pp. 1487-1488; December 
15, 1954.) "An acoustic relaxation effect occurs 
near 40 degrees K in Ni0.75Fe2.2.504 and is at-
tributed to a stress-induced change in distri-
bution of Fe ++ and Fe+++ similar to that occur-
ring in magnetite. The process involves 
electron diffusion. The activation energy is 

between 0.026 and 0.055 eV per electron 
jump." 

538.221:621.318.134 1711 
Magnetic and Crystalline Behavior of Cer-

tain Oxide Systems with Spinel and Perovskite 
Structures—L. R. Maxwell and S. J. Pickart. 
(Phys. Rev., vol. 96, pp. 1501-1505; December 
15, 1954.) Experiments are reported in which 
nonmagnetic trivalent ions were substituted for 
Feel- in Ni ferrites. 

538.221:621.318.134 1712 

Conference on Ferrites, Leningrad, lst-5th 
February 1954—(Bull. Acad. Sci. URSS, 
sér. phys., vol. 18, pp. 307-416 and 419-520; 

May/June and July/August, 1954.) The text is 
presented of more than 20 papers covering 
theoretical and experimental investigation 
subjects discussed include Faraday effect at 
centimeter wavelengths and temperature de-
pendence of electrical properties of ferrites. 

538.221:681.142 1713 

Magnetic Materials for Digital-Computer 
Components: Part 1—A Theory of Flux Re-
versal in Polycrystallin e Ferromagnetics— 
N. Menyuk and J. B. Goodenough. (Jour. 
App!. Phys., vol. 26, pp. 8-18; January, 1955.) 

Output-voltage waveforms of computer storage 
elements are consistent with the assumption 
that the flux reversal is attributable to the 
creation and growth of 180 degree Bloch walls. 
A switching coefficient is defined having one 
component dependent on eddy current and 
another depending on 4pin relaxation; for 
ferrites and thin metal tapes the first of these 
components is much smaller than the latter. 
Consideration of various parameters involved 
indicates that it is better to produce hysteresis-
loop squareness by grain orientation or mag-
netic anneal than by application of external 
stress or variation of chemical composition. 

538.23 1714 

A Relation between Hysteresis Coefficient 
and Permeability: Part 2—Further Experimen-
tal Results—M. Kornetzki. (Z. Angew. Phys., 
vol. 6, pp. 547-550; December, 1954.) The in-
vestigation on ferrites reported earlier (756 of 
1953) was extended to cover permanent mag-
nets and various Fe, Fe-Si, Fe-Si-Al and Ni-
Fe alloys with initial permeability, et, between 
1.25 and 120,000 and hysteresis coefficient, h, 
between 0.65 and 9,000,000 cm/ka. A double-
logarithmic plot of h/(a - 1) against (a- 1) 
shows that the points for most of the materials 
lie between a pair of parallel lines of slope 1.15 

and separation, measured on the h/(i.t- 1) scale, 
corresponding to a ratio of 40. All groups, 
except the Fe and Fe-Si alloys, include low. 
hysteresis materials for which h/(µ- 1) Ize. 3 
cm/ka. Values of gi and h are tabulated for over 

40 materials, and graphs are plotted relating 
(z- I) to h, h/(14,- 1), and 11/(µ-1),. 

621.315.613.1:537.529 1715 
Phenomena preceding Dielectric Break-

down in Mica—B. Fallou (Rev. Gén. Elect., 
vol. 63, pp. 643-653; November, 1954.) Report 
of an experimental investigation. Oscillograms 
are reproduced and discu-ised in relation to 
charge conditions at the surfaces of separation 
in the mica. 

621.315.616:537.226 1716 
Dielectric Breakdown of Thermosetting 

Laminates—N. A. Skow. (Mod. Plast., vol. 32, 

pp. 152, 240; December, 1954.) A report is pre-
sented on short-time and tndurance tests on 

laminates bonded with phenolic resin. The 
grades tested included thr,.e based on paper 
and one each on asbestos, totton fabric, glass 
and nylon. The variation of the dielectric 
strength with temperature, direction of applied 
field, thickness of laminae and conditioning of 
the specimens is tabulated and some results 
are also presented graphically. The most suit-

July 

able grades for use under various conditions 
(e.g. high humidity) are indicated. 

621.315.614.4 1717 

Forest Products Research Special Report 
No. 8. The Dielectric Properties of Wood 
[Book Review[—R. F. S. Hearmon and J. N. 
Burcham. Publishers: H. M. Stationery Office, 
London, 1954, 19 pp., Is. 6d. (Elec. Times, vol. 
126, p. 848; December 9, 1954.) An investiga-

tion of the influence of grain direction, density 
and moisture content on the permittivity and 

loss tangent of 12 species of wood over the fre-
quency range 2 kc-60 mc is reported. 

MATHEMATICS 

517.5 1718 
The Approximation to a Characteristic 

Function by its Fourier Series—D. Dugué. 

[Compt. Rend. Acad. Sci. ( Paris), vol. 240, pp. 
151-152; January 10, 1955.] 

517.512.2 1719 
Moving-Strip Fourier Analyzer—H. J. 

Grenville-Wells. (Rev. Sci. Instr., vol. 25, pp. 
1156-1161; December, 1954.) A modified form 
of the device described by Robertson (Phil. 
Mug., vol. 21, pp. 176-187; January, 1936.) 
Two-dimensional and three-dimensional sum-
mations can be performed. 

517.564.3 1720 
The Asymptotic Expansion of Bessel Func-

tions of Large Order—F. W. J. Olver. (Phil. 
Trans. A., vol. 247, pp. 328-368; December 28, 
1954.) 

517.9 1721 
The Asymptotic Solution of Linear Differen-

tial Equations of the Second Order for Large 
Values of a Parameter—F. W. J. Olver. (Phil. 
Trans. A, vol. 247, pp. 307-327; December 28, 
1954.) 

519.272.119 1722 
Qualitative Evaluation of Correlation Co-

efficients from Scatter Diagrams--T. M. Bur-
ford. (Jour. App!. Phys., vol. 26, pp. 56-57; 
January, 1955.) Analysis shows that the result 
previously obtained by Sugar (2457 of 1954) 
for the case of a Gaussian distribution can be 
applied to any distribution. 

MEASUREMENTS AND TEST GEAR 

621.3.018.41(083.74)+621.396.91 1723 
Standard Frequency Transmissions—L. 

Essen. (Prot. IEE, Part B, vol. 102, pp. 173-
178; March, 1955.) Discussion on 3289 of 1954. 

621.3.018.41(083.74) 1724 
Standard Frequency Transmission Equip-

ment at Rugby Radio Station—H. B. Law. 
(Proc. IEE, Part B, vol. 102, pp. 166-173; 
March, 1955. Discussion, pp. 173-178.) "The 
transmissions are controlled by one of three 
highly stable oscillator-clock chains, which are 
checked daily in terms of a frequency standard, 
and are continuously intercompared in order 
that instability may be quickly detected. Auto-
matic shut-down features are incorporated to 
reduce the risk of broadcasting incorrect fre-
quencies under fault conditions. The vital parts 
of the equipment are protected against mains 
failure. The transmitted frequencies are nor-
mally kept within 1 part in 108 of the currently-
assessed nominal frequency, based on predicted 
clock performance, so as to keep within a toler-
ance of ± 2 parts in 108 in terms of finally-
corrected time determinations. Day-to-day 
frequency variations are usually less than ± 2 
parts in 108." 

621.3.081.41(083.74): 621.317.761 1725 
The Standard Frequency Monitor at the 

National Physical Laboratory—J. McA. Steele. 
(Proc. IEE, Part B, vol. 102, pp. 155-165; 
March, 1955. Discussion, pp. 173-178.) De-
scription of equipment for the automatic 
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measurement and recording of the MSF stand-
ard frequency transmissions on 60 kc, 2.5 mc, 
5 mc and 10 mc and of the Droitwich 200-
kc transmission. The measurements on Droit-
wich and on MSF 60 kc are made by an exten-
sion of the established method for intercom-
parison of the N.P.L. frequency standards; 
the standard deviations for measurements last-
ing a few seconds are 3-4 parts in 109 and 2-3 
parts in 107 respectively. " Measurements of the 
phase of the 1 cis pulse modulation on MSF 
60 kc/s can be made with very high precision. 
In daily comparisons, the scatter of a group 
of 60 readings does not usually exceed 30 es. 
By a process involving frequency changing by 
continuous phase shifting, the received fre-
quencies of MSF 2.5 and 5 Mc/s are recorded 
on a frequency meter of range ± 1 c/s, the 
discrimination being 2 parts and 1 part in 109 
at these frequencies, respectively. The records 
obtained show well-defined diurnal variations 
on 2.5 Mc/a, particularly at sunrise, where the 
deviations may amount to several parts in 107. 
The received frequency of 5 Mcis is subject to 
continuous variations over a range of about 1 
part in 107 during daylight hours; in darkness 
larger changes are recorded." 

621.3.018.41(083.74): 621.373.4.029.5 1726 
Quartz Resonator Servo: a New Frequency 

Standard—N. Lea. (Marconi Rev., vol. 17, pp. 
65-73; 3rd Quarter, 1954.) The response to an 
applied oscillator signal of a bridge detector 
circuit including a quartz crystal resonator is 
used to control a servodrive-operated variable 
capacitor in the oscillator tuned circuit. In an 
experimental instrument, using a 5-mc crystal, 
frequency variations were reduced to less than 
I part in 10'7 for variations of + 20 per cent in 
the applied hv, a lv change from 5 to 6 v, or an 
oscillator capacitance change which would, 
if uncorrected, cause a change of 200 parts in 
10'7. A rate of frequency correction of 1 part in 
107 per second was easily achieved. The circuit 
diagram given is briefly commented on. Ex-
perimental results are presented graphically. 

621.3.018.41(083.74): 621.396.82 1727 
Effect of Interference by Other Standard-

Frequency Transmissions upon the Accuracy of 
Frequency Calibration by a Standard-Fre-
quency Transmission—K. Matsumoto, T. 
Nagatake and Y. Suguri. (Jour. Radio Res. 
Labs, Japan, vol. 1, pp. 41-48; March, 1954.) 
Experimental results indicate that interference 
with the BY standard-frequency transmissions 
by station WWVH has a negligible effect on 
the accuracy of frequency calibrations when 
the reference beat method is used. 

621.3.018.41(083.74): 621.396.91 1728 
An Experiment on the Types of Time Sig-

nals superposed on the Standard-Frequency 
Transmission—K. Matsumoto and T. Naga-
take. (Jour. Radio Res. Labs, Japan, vol. I, 
pp. 49-56; March, 1954.) Coding of a JJY 
standard-frequency transmission by a 20-ms 
interruption of the 1-kc tone each second and 
a 200-ms interruption each minute, was com-
pared with coding by the CCIR method of 
substituting a l.4-kc tone for 5 ms each second. 
Using simple receivers at 1,000 km from the 
transmitter, the former method was found to 
be the more suitable one. 

621.316.84(083.74) 1729 
A 1-100-12 Build-Up Resistor for the Cali-

bration of Standard Resistors—B. V. Hamon. 
(Jour. Sci. Instr., vol. 31, pp. 450-453; Decem-
ber, 1954.) A build-up resistor circuit developed 
at the Australian National Standards Labora-
tory comprises 10-2 manganin resistors in 
series-parallel. The estimated accuracy when 
used as a ratio device is of the order of I part in 
107. Test results are tabulated and the construc-
tion is illustrated. 

621.317.3:621.315.61 1730 
Measurements of Electrical Polarization in 

Thin Dielectric Materials—R. W. Tyler, J. H. 
Webb and W. C. York. (Jour. Appl. Phys., vol. 
26, pp. 61-68; January, 1955.) A method suit-
able for measuring electrical effects such as are 
produced in film moving over a roller system 
consists in arranging the dielectric material in 
contact with a grounded metal backing plate 
and placing a field meter at a short distance in 
front of the dielectric. Tests made with a short 
strip of cellulose acetate film without the emul-
sion coating are described. 

621.317.321: 538.632 1731 
Apparatus for Measurement of Hall Effect 

and Magnetic Change of Resistance with Alter-
nating Current—K. A. Muller and J. Wieland. 
(Helv. Phys. Ada, vol. 27, pp. 690-696; De-
cember, 31, 1954. In English.) The null method 
described is operated at 73 cps and is suitable 
for detecting voltage changes down to 2 X 10-7v 
in specimens of resistance between Ur, and 
10-72. The pd across the specimen or the Hall 
emf is determined by compensating it by an 
equal and opposite voltage derived from a 
fixed resistor in series with the specimen. The 
null detector comprises an amplifier, filter, 
phase discriminator and and an indicator in-
strument which is either a cro or an aperiodi-
cally damped galvanometer. 

621.317.331:621.385.2 1732 
A Method for recording Logarithmic Varia-

tions of Resistance— H. A. Vodden. (Jour. Sci. 
Instr., vol. 31, pp. 475-476; December, 1954.) 
A simple circuit of an ohm-meter recording re-
sistance logarithmically is based on the fact 
that the logarithm of the anode current of a 
diode is proportional to the anode voltage over 
a range of negative voltage values. The useful 
range of the instrument described is between 
about 2 X 107 and 1072 

621.317.336:621.317.755 1733 
Visual Impedance-Matching Equipment— 

R. Dalziel and A. Challands. (Wireless Eng., 
vol. 32, pp. 99-107; April, 1955.) A cro method 
is described for indicating the degree of match 
between a load and a cable, as e.g. in antenna 
feeding. The test oscillator is mechanically 
swept over the whole frequency range of 80-
250 mc. The oscilloscope face is calibrated in 
terms of swr. Impedance measurements made 
with the equipment have yielded results in 
good agreement with those obtained by other 
methods. See also 2852 of 1948 (Libby). 

621.317.361:621.385.029.65 1734 
Cold Measurements of 8 mm Magnetron 

Frequency and Pulling Figure—Barrington. 
(See 1839.) 

621.317.382: 538.632: 537.311.33 1735 
The Application of the Hall Effect in a Semi-

conductor to the Measurement of Power in an 
Electromagnetic Field—H. E. M. Barlow. 
(Proc. I EE, Part B, vol. 102, pp. 179-185; 
March, 1955. Discussion, pp. 199-203.) Analy-
sis shows that the mean value in time of the 
Hall ernf is a direct measure of the power 
traversing the semiconductor in steady or vary-
ing fields. Residual rectifier effects are elimi-
nated by operating with a strong magnetic 
field. Various types of wattmeter embodying 
the principle are described. Experiments with 
an n-type Ge crystal mounted between the 
inner and outer conductors of a coaxial line 
indicate that the Hall effect is approximately 
the same at 50 cps and at 300 mc, so that 
instruments for use at high frequencies can be 
calibrated at low frequency. 

621.317.443 1736 
An Improved Precision Permeameter— 

C. D. Mee and R. Street. (Proc. I EE, Part II, 
vol. 101, pp. 639-642; December, 1954.) A 
modified form of the dc permeameter de-

scribed by Armour et al. (3499 of 1952) uses a 
saturable-inductor type of field-measuring 
device to give automatic and continuous indi-
cation of the required compensating-coil cur-
rent at all points on the B/1/ curve. Values of 
H from 10-7 oersted upward can be measured. 

621.317.715:621.383.2 1737 
Photodianode and Galvanometer Feed-

back—L. Deloffre, É. Pierre and J. Roig. 
[Compt. Rend. Acad. Sci. ( Paris), vol. 240, pp. 
59-61; January 3, 1955.] Analysis is presented 
relevant to galvanometer measurements using 
the twin-anode photocell device previously 
described (2543 of 1954 and back reference) in 
a feedback arrangement. The galvanometer 
sensitivity can be multiplied by a factor as 
great as 10 in this way. 

621.317.72:621.3.018.3 1738 
Two-Frequency Waveforms: Effects on 

Rectifier Instruments— J. E. Parton and W. D. 
Sutherland. (Trans. Soc. Instrum. Technol., vol. 
6, pp. 147-161; December, 1954.) Asymmetrical 
waveforms resulting from the presence of even 
harmonics are included in this study. For a 
waveform with two frequency components, a 
voltmeter with full-wave metal rectifier is 
found to read within 2 per cent of the value 
calculated on the assumption of perfect rectifi-
cation. The mean value differs from that given 
by a rms instrument in being dependent on the 
relative phase of the two components. 

621.317.733:621.317.4 1739 
Mutual Inductance Bridge and Cryostat 

for Low-Temperature Magnetic Measurements 
—R. A. Erickson, L. D. Roberts and J. W. T. 
Dabbs. (Rev. Sci. Instr., vol. 25, pp. 1178-
1182; December, 1954.) 

621.317.755:621.314.7 1740 
An Alpha Plotter for Point-Contact Transis-

tors— T. P. Sylvan. [Elec. Engng., ( New York), 
vol. 73, pp. 1094-1098; December, 1954.1 De-
scription, with detailed parts list, of a cro test 
set. 

621.317.78.029.5/.64 1741 
Broadband R.F. Power Meters—I. Strauss. 

Radio-Electronic Engng. vol. 23, pp. 10-11, 36; 
December, 1954.) Equipment for measuring 
average rf power from 5 law to 5 w in the fre-
quency range 20 mc to 10 kmc is briefly de-
scribed; three frequency sub-ranges are covered 
by separate instruments. The energy dissipated 
in a bolometer element in a Wheatstone bridge 
is kept constant by (a) varying the dc current 
through it, and (b) attenuating the rf energy. 

621.317.78.029.65 1742 
A Calorimeter for Power Measurements at 

Millimeter Wavelengths—W. M. Sharpless. 
(Trans. IRE, vol. MTT-2, pp. 45-47; Septem-
ber, 1954.) Description of an instrument suit-
able for measuring power of the order of 1 mw, 
in which equal temperature rises are produced 
in two waveguide-section power absorbers, one 
of which is heated by de and the other by the 
rf power. 

621.317.784 1743 
Audio-Frequency Power Measurements by 

Dynamometer Wattmeters— A. H. M. Arnold. 
(Proc. I EE, Part B, vol. 102, pp. 192-199; 
March, 1955. Discussion, pp. 199-203. The 
screening necessary to obtain accuracy in the 
upper af range comparable to that at power 
frequencies is discussed. An account is given of 
methods used at the NFL to calibrate watt-
meters. The useful upper frequency limit is 
taken as the frequency at which a significant 
deflection is obtained with voltage only or cur-
rent only applied to the terminals. 

621.317.784: 538.632: 537.311.33 1744 
The Design of Semiconductor Wattmeters 

for Power-Frequency and Audio-Frequency 
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Applications—H. E. M. Barlow. (Proc. I EE, 
Part B, vol. 102, pp. 186-191; March, 1955. 
Discussion, pp. 199-203.) Design details and 
performance characteristics are given for two 
wattmeters based on the Hall effect in semi-
conductors ( 1735 above), for use at frequencies 
up to 150 cps and 20 kc respectively. The 
power-frequency instrument incorporates an 
iron-cored magnetizing coil; the af instrument 
uses air-cored coils and includes screening ar-
rangements. These instruments offer advan-
tages over other types for measurements of 
high power. 

621.37.029.6.049.001.4 1745 
A Surface-Texture Comparator for Micro-

wave Structures—A. F. Harvey. (Proc. ¡EE, 
Part B, vol. 102, pp. 219-222; March, 1955.) 
The dependence of the attenuation coefficient 

of microwave components on the relation be-
tween surface roughness and skin depth is dis-
cussed and a description is given of a simple 
comparator scale covering the various classes 
of finish in normal use. Measurements are 
stated in terms of the center-line-average 
figure, in microinches, obtained on traversing 
a small stylus over a sample of the surface. 
Comparisons are made by sight and by touch. 

621.373.42.001.4: 621.317.361 1746 
Testing Precision Oscillators—M. P. John-

son. (Wireless World, vol. 61, pp. 179-182; 
April, 1955.) The frequency stability of 124-
kc oscillators used as masters for carrier-
frequency telephone systems is determined by 
comparison with the 2.5-mc standard-fre-
quency transmissions from Rugby, the meas-
urement being made at a point 10 miles away. 
Counts of the difference frequency are made 
over regularly recurring sampling periods, and 
an output current proportional to the count is 
obtained. A linear recording meter is used; 
full-scale deflection is produced by a count of 
58, corresponding to a frequency difference of 
2 parts in 10' for a sampling period of 116 sec-
onds. The equipment is described and specimen 
records are shown. 

621.373.52:621.314.7 1747 
Transistorized F.M. Signal Generator— 

J. J. Hupert and T. Szubski. (Electronics, vol. 
28, pp. 133-135; February, 1955.) An instru-
ment covering the frequency range 20-100 mc 
has been designed giving an output of 10 mw 
across 1012. The vhf section comprises a FM 
oscillator operating at a half or a third of the 
output frequency, followed by a harmonic-
selector stage. The frequency modulation is 
effected by a transistor acting as variable 
reactance. The relative merits of point-contact 
and junction-tetrode transistors for this circuit 
are discussed. The saving in bulk as compared 
with equipment using thermionic tubes is to 
some extent offset by the need for a constant-
temperature enclosure for the oscillator. 

621.375.2.024.083: 681.142 1748 
Gain Measurements on Computing Ampli-

fiers A. B. Johnson. (Electronic Engng., vol. 
27, pp. 127-129; March, 1955.) Special tech-
niques are required for measurements on am-
plifiers for dc analog computers, which usually 
have very high gain. Methods are divided into 
two broad classes, (a) direct, in which the drift 
output is reduced without affecting the test 
signal, the amplifier operating effectively with-
out feedback for the latter, and (b) indirect, 
in which the drift output is small because of 
negative feedback, and the gain is deduced 
from some other property. 

621.397.5:535.6231.001.4 1749 
Phase Measurement for Color TV and F.M. 

—K. Schlesinger. (Electronics, vol. 28, pp. 
142-146; February, 1955.) The principles of 
operation with the vectorscope are described. 

621.317.3.029.6 1750 
Handbook of Mier owave Measurements, 

Vols. 1 and 2 [Book F eviewl—M. Wind and 
H. Rapaport, Eds. I ublishers: Polytechnic 
Institute of Brooklyn, New York, 616 pp. and 
320 pp. (Wireless Eng. vol. 32, p. 116; April, 
1955.) A useful compendium not only for the 
technician but also, as a supplement to more 
theoretical treatments, for the engineer or 
physicist. The text is ail in Volume 1, the dia-
grams are in Volume 2. 

OTHER APPLICATIONS OF RADIO 
AND ELEC TRONICS 

621.3:61 1751 
Electricity in Medicine—S. N. Pocock. 

(Proc. IEE, Part II, vol. 101, pp. 629-638; 
December, 1954.) A sir vey of applications of 
electronic techniques in diagnosis and therapy. 

621.317.39:531.71 1752 
A Direct-Reading In .trument for the Meas-

urement of Small D splacements—W. I). 
Corner and G. H. Hunt (Jour. Sci. ¡asir., vol. 
31, pp. 445-447; December, 1954.) Displace-
ments down to 2 X 10-4 ( m were measured with 
an accuracy of within 10-7 cm by means of a 
bridge circuit using a differential capacitor, 
with a 100-v, 10-kc supply. The unbalance was 
measured by a direct- Indicating tube volt-
meter. The apparatus was designed for mag-
netostriction measurements. 

621.384.612 1753 
Generating R.F. Energy for 6-kMeV Beva-

tron—C. N. Winningstad. (Electronics, vol. 28, 
pp. 164-169; February, 1955.) 

621.385.833 1754 
Extension of the Electron-Optical Theory 

of the Deflecting Electrostatic System to the 
Case of Relativistic Parti:les—A. M. Strashke-
vich. (Zh. Tekh. Fiz., vel. 24, pp. 2264-2270; 
December, 1954.) 

621.385.833 1755 
Aberrations of Relativistic Electron Beams 

—A. M. Strashkevich , rid N. G. Gluzman. 
(Zh. Tekh. Fit., vol. 24, rm. 2271-2284; Decem-
ber, 1954.) A mathemat cal discussion is pre-
sented of the operation of a system with a 
curved axis. Equations (9. and ( 10) are derived 
for a wide beam in an m.bitrary electrostatic 
field for the relativistic case. Equations are also 
derived for the particular cases of a wide beam 
in an axially symmetric field (28) and in a 
plane field (30) as well is in the fields of a 
cylindrical lens (33) an 1 a cylindrical con-
denser (35). The aberrations of axially sym-
metric lenses are calculat!cl for the relativistic 
case (40)-(45), and also of cylindrical lenses 
(50)-(53). 

621.385.833 1756 
Simple Presentation of the General Theory 

of Systems of Revolution in Electron Optics 
(covering Relativity and Aberrations)—É. 
Durand. (Rev, d'Optique, vol. 33, pp. 617-629; 
December, 1954.) Calculat ions are simplified by 
introducing complex combinations into the 
Lagrangian. 

621.387.424: 537.52 1757 
A Cloud-Chamber Study of some Aspects 

of the Geiger Discharge—P. J. Campion. 
(Proc. Phys. Soc., vol. 67, pp. 1095-1102; 
December 1, 1954.) 

621.396:623.451.8 1758 
Launching Control for Guided Missiles— 

J. B. Schrock. (Electronic -, vol. 28, pp. 122-
127; February, 1955.) A d scription of the cir-
cuits which control the f ring of the missile, 
actuate the guiding and telemetering equip-
ment, and alert rocket-range control units. 

PROPAGATION OF WAVES 

538.566 1759 
Coupled Wave Equations for Inhomogene-

ous Anisotropic Media—K. Suchy. (Z. Naturf., 
vol. 9a, pp. 630-636; July/August, 1954.) "A 
special system of coordinates has been intro-
duced for the calculation of electromagnetic 
wave propagation in an inhomogeneous, aniso-
tropic medium. One of the coordinate axes is 
parallel to the wave normal, the two others 
(Perpendicular to it) are defined by the relation 
between the E and fi vector. In the coupled 
wave equations it is shown that the coupling 
terms can be neglected under certain condi-
tions." 

538.566 1760 
On the Possibility of Electromagnetic Sur-

face Waves—P. S. Epstein. [Proc. Nat. Acad. 
Sci. ( Washington), vol. 40, pp. 1158-1165; 
December, 1954.] An independent surface 
wave is defined as comprising two inhomogene-
ous waves which are independent of each other 
and run along the surface dividing two media, 
one wave in either medium. A discussion of the 
conditions for the existence of such a wave 
indicates that it could exist only at the bound-
ary of two nonconducting media, one with a 
positive dielectric constant, the other with a 
negative one. Sommerfeld's solution for the 
field of an electric dipole at the surface of a 
plane earth is briefly commented on. 

538.566 537.56 1761 
General Expression for the Absorption of 

Electromagnetic Waves in Lorentz-Type 
Plasmas (Ionosphere)—M. Lozzi, R. Jancel 
and T. Kahan. [Compt. Rend. Acad. Sci. 
(Paris), vol. 240, pp. 162-164; January 10, 
1955.] A general expression is derived from the 
theory presented previously [2364 of 1954 
(Jancel and Kahan)]. 

538.566.2 1762 
Reflection and Refraction of Electromag-

netic Waves in a Stratified Medium—K. 
Fôrsterling. (Hochfrequenztech. u. Elektro-
akust., vol. 63, pp. 112-116; April, 1954.) 
Exact analysis is presented and the effect of 
certain approximations is discussed. Splitting 
due to the presence of magnetic fields is con-
sidered. 

621.396.11 1763 
Theory of Radio Transmission by Tropo-

spheric Scattering using Very Narrow Beams— 
H. G. Booker and J. T. deBettencourt. (Pnoc. 
IRE, vol. 43, pp. 281-290; March, 1955.) 
When propagation is effected by scattering 
from turbulences in the troposphere [1757 of 
1950 ( Booker and Gordon)]. the energy arriving 
at the receiver may be expected to extend over 
a substantial angle; it should be possible to 
demonstrate the effect by using narrow beams, 
of width less than about 1.5 degrees. Calcula-
tions are made for a communication path of 
length 300 km between paraboloidal antennas 
of diameter 100 X; a beam width of 0.73 degree 
is assumed. A study is made of the effects to 
be expected on swinging the two beams in 
synchronism so that their axes always inter-
sect; a lateral swing of 1 degree off the great-
circle path would reduce the received power by 
about 7 db if propagation is controlled by 
scattering, whereas it would reduce the received 
power by about 40 db if propagation is con-
trolled by refraction. The distortion of pulses 
to be expected as a result of beam swinging is 
evaluated. Choice of communication band-
widths is discussed. 

621.396.11:551.510.535 1764 
Measurement of Attenuation in the Iono-

sphere—A. Ochs. (Arch. elekt. Übertragung, vol. 
8, pp. 535-544; December, 1954.) A fixed-
frequency method based on a continuous photo-
graphic record of echo amplitude is discussed, 
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and measurements made during the period 
October, 1952-January, 1953 are reported. 
Difficulties are introduced by ground reflection, 
ground irregularity, fluctuations of transmitted 
power, the effect of the extraordinary compo-
nent, and nonuniformity of the ionosphere. The 
last-mentioned factor is especially important, 
and its effects are illustrated by field-strength 
records of a signal (a) once reflected and (b) 
twice reflected from the E layer. The absence 
of correlation between these records can be 
explained by assuming that the reflected sur-
face is inclined or curved, and/or that within 
the usual ionosphere strata there are local 
regions, or clouds, with higher concentrations 
of electrons. To eliminate errors due to the 
focusing effect of the curved surface, measure-
ments must be averaged over a suitable period, 
must be made at suitably spaced points, and 
must be made simultaneously at different fre-
quencies. If only a single frequency is used, this 
should be as low as possible with the available 
power. Details are given of the equipment used. 
Carrier frequencies of 2 mc and, later, 1.6 mc 
were used, with pulse duration 100 Ms, pulse 
power 15-20 kw, and pulse repetition rate 50 
or 1 per second. The results indicate consider-
able interdiurnal differences of the diurnal 
variation of attenuation. 

621.396.11:551.510.535 1765 
Ionospheric Absorption Measurements at 

Prince Rupert—K. Davies and E. L. Hagg. 
(Jour. Atmos. Terr. Phys., vol. 6, pp. 18-32; 
January, 1955.) Report and discussion of 
measurements made near the northern auroral 
zone between April, 1949 and March, 1950. 
Monthly median noon values of total absorp-
tion, - log p, do not fit the inverse square law 
- log pc< (f+h)-2; seasonal variation indicates 
little dependence on solar zenith angle x. 
Diurnal variation is very approximately repre-
sented by the relation - log pc( (cos 
maximum absorption generally occurring 
about 20 minutes after local noon. There is a 
pronounced correlation between night-time 
absorption at 2 mc and the 3-hour-range K 
index for K> 4. High night-time absorption is 
often associated with intense sporadic E. 

621.396.11 : 551.510.535 1766 
Influence of the Inclination of the Earth's 

Magnetic Field on the Absorption of Radio 
Waves in the D Layer—P. Lejay and D. 
Lepechinsky. [Comps. Rend. Acad. Sci. ( Paris), 
vol. 240, pp. 136-138; January 10, 1955.] 
Analysis is presented and its application is 
illustrated by evaluating the absorption index 
for three particular directions of propagation. 
For the extraordinary ray the absorption in-
creases considerably w;th increase of the angle 
between the direction of the earth's magnetic 
field and the direction of propagation; for the 
ordinary ray the variation of absorption is in 
the opposite sense. Trie results indicate that 
caution is necessary in applying absorption 
values obtained from vertical soundings to 
conditions along actual radio communication 
paths; the cosine law is not directly applicable. 

621.396.11:551.510.535 1767 
Reflection Conditions for Vertical Propaga-

tion in the Ionosphere in the Presence of Col-
lisions and of the Earth's Magnetic Field. Case 
of the E Layer—D. Lepechinsky and J. Durand. 
[Compl. Rend. Acad. Sci. ( Paris), vol. 240, 
pp. 333-336; January 17, 1955.] The type of 
propagation, i.e. quasi-transverse or quasi-
longitudinal, occurring in a given region of the 
ionosphere is determined by 0, the inclination 
of the earth's magnetic field, and the collision 
number. A graph shows the height h at which 
the transition occurs, as a function of 0; h 
coincides with the E layer ( 100 km) for a value 
of 0 about 65 degrees, i.e. in France at about the 
latitude of Paris; propagation there is quasi-
transverse or quasi-'ongitudinal according as 
the collision number increases or decreases. 

Consideration of the relation between refractive 
index and electron concentration for the two 
types of propagation indicates that neglect of 
collisions introduces error in the calculated 
values of foE for values of 0> 65 degrees. These 
considerations are shown to explain the ap-
parent flattening of the daily variation curve of 
foE around midday. 

621.396.11.029.55 1768 
The Prediction of Short-Wave Propagation 

—B. Beckmann. (Tech. Hausmitt. Nordw-
Dtsch. Rdfunks, vol. 6, nos. 9/10 and 11/12, 
pp. 211-219 and 247-259; 1954.) Concepts 
fundamental to ionospheric and radio weather 
(3665 of 1954) and the relations between them 
are discussed. The relevance of solar, geomag-
netic and ionospheric factors in forecasting is 
indicated. An examination is made of the ac-
curacy of forecasts and of the causes of error, 
e.g. scattering. Statistics are presented showing 
differences in reception of WWV transmissions 
at Norddeich and Munich. 

621.396.11.029.6 1769 
An Experimental Study of the Propagation 

of 10 cm Radio Waves over a Short Non-optical 
Sea Path—E. F. Stack-Forsyth. (Proc. I EE, 
Part B, vol. 102, pp. 231-236; March, 1955.) 
Tests over a path 1.14 times the optical-
horizon distance were made off the coast of 
Natal during the winter months April-August, 
1953. Vertical polarization was used. The effect 
on signal strength of variations in the structure 
of the refractive-index profile of the atmosphere 
in the first few hundred feet above sea level 
was studied. The results indicate that a duct 
about 120 feet high was present for a consider-
able part of the winter. The signal strength 
at a height of 47 feet in the duct was 6-10 db 
above the free-space value. The absolute value 
of the signal strength and its variation with 
duct height are in moderately good agreement 
with values given by the mode theory, using 
only the first mode and assuming either a 
square-law, fifth-root or bilinear profile. 

621.396.11.029.6:551.510.535 1770 
Study of Long-Distance Propagation of 

V.H.F. Waves by Sporadic-E Ionization— 
T. Kono, Y. Uesugi, M. Hirai and G. Abe. 
(Jour. Radio Res. Labs, Japan, vol. 1, pp. 1-10; 
March, 1954.) A report is presented of vertical-
incidence measurements and propagation tests 
carried out in Japan between June and August, 
1952, over distances of 500-1,100 km at fre-
quencies of about 31, 43, and 65 mc. Results 
were analyzed statistically; empirical expres-
sions are given for the relation between 
fE,,If cos i and F, where F is the field strength 
relative to the free-space field strength, f is the 
transmission frequency, and i is the angle of 
incidence. The probability of the calculated 
value of F exceeding its actual value can be 
estimated. Results are presented graphically. 

621.396.11.029.6: [551.524+551.57 1771 
What Role does the Nocturnal Cooling play 

in the Ultra-short-Wave Propagation?—K. 
Hirao. (Jour. Radio Res. Labs, Japan, vol. 1, 
pp. 27-39; March, 1954.) Variations of the 
temperature and humidity in the lower atmos-
phere at the transmitter are compared with the 
field-strength variations at the receiving sta-
tion. The frequency used was 150 mc. Results 
are tabulated and also presented graphically. 
Nocturnal cooling has both a direct effect and 
an indirect effect through the resulting changes 
of humidity. 

621.396.812.3:551.510.535 1772 
The Autocorrelogram of Randomly Fading 

Waves—R. B. Banerji. (Jour. Atmos. Terr. 
Phys., vol. 6, pp. 50-56; January, 1955.) The 
received power spectrum for the case of a com-
pletely rough ionosphere having superposed 
steady and random motion is deduced assuming 
transmitting and receiving antennas omni-

directional. Autocorrelograms of fading pat-
terns corresponding to pure drift and pure 
turbulence are compared. An observed fading 
pattern need not contain more than 250 inde-
pendent points for these two extreme cases to 
be distinguished. See also 2120 of 1953. 

RECEPTION 

621.396.621 1773 
Logarithmic-Amplifier Simplifications and 

Improvements—D. E. Sunstein and T. H. 
Chambers. (PRoc. IRE, vol. 43, pp. 343-344; 
March, 1955.) Comment on 3345 of 1954 
(Chambers and Page) and reply. 

621.396.621 1774 
Statistical Survey of the Engineering Con-

struction of Broadcast Receivers [in Western 
Germanyl—W. W. Diefenbach. [Funk- Technik 
(Berlin), vol. 9, pp. 674-676; December, 1954.] 

621.396.621:621.376.3 1775 
Reception of Frequency-Modulated Oscilla-

tions with Automatic Matching of Receiver 
Bandwidth to the Dynamic Range of the 
Modulation—K. Lamberts. (Fernmeldelech. Z., 
vol. 7, pp. 665-669; December, 1954.) For 
weak signals in wide-band noise, the af signal 
/noise ratio of a FM receiver can be improved 
by restricting the IF bandwidth. A circuit is 
described for varying this bandwidth auto-
matically in proportion to the variations of the 
frequency deviation. An improvement of 14 
db is obtained by 1:4 reduction of bandwidth. 
The system does not eliminate impulsive noise. 

621.396.621.54: 621.314.7 1776 
Transistor Broadcast Receivers—A. P. 

Stern and J. A. Raper. [Elec. Engng. ( New 
York), vol. 73, pp. 1107-1112; December, 
1954.] General design principles are discussed 
and circuit diagrams are shown of some experi-
mental AM superheterodyne receivers using 
point-contact and junction transistors. Good 
quality reception is attainable. 

621.396.82: 621.376.3 1777 
Reception of an P.M. Signal in the Presence 

of a Stronger Signal in the Same Frequency 
Band, and other Associated Results—R. M. 
Wilmotte. (Proc. IEE, Part B, vol. 102, pp. 
260-261; March, 1955.) Discussion on 1899 of 
1954. 

621.396.828 1778 
Interference Suppression—R. Davidson. 

(Wireless World, vol. 61, pp. 173-176; April, 
1955.) Techniques for dealing with small 
commutator motors are described. Details are 
given of recently developed lead-through 
capacitors. 

STATIONS AND COMMUNICATION 
SYSTEMS 

621.376.2 1779 
Tables of Bennett Functions for the Two-

Frequency Modulation Product Problem for 
the Half-Wave Linear Rectifier—R. L. Stern-
berg, J. S. Shipman and W. B. Thurston. 
(Quart. Jour. Mech. Ape Math., vol. 7, part 4, 
pp. 505-511; December, 1954.) For previous 
work see 3028 of 1954 (Sternberg) and 2212 of 
1954 (Sternberg and Kaufman). 

621.376.5: 621.39 1780 
Average Spectrum of a Periodic Series of 

Identical Pulses Randomly Displaced and Dis-
torted—R. M. Fortet. (Elec. Commun., vol. 31, 
pp. 283-287; December, 1954.) See 544 of 
February. 

621.376.56: 621.39 1781 
Signal/Noise Ratio in Pulse Code Modula-

tion—N. L. Yates-Fish and E. Fitch. (Proc. 
IEE, Part B, vol. 102, pp. 204-210; March, 
1955.) Formulas are derived for the output 
signal/noise ratio in simple pulse-code modula-
tion systems for all values of input signal/noise 
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ratios. The output ratio improves very rapidly 
with increasing input ratio provided the latter 
exceeds a certain critical value. The system is 
useful for links connected in tandem, since 
degradation of the overall performance below 
that for a single link may be avoided by a 
relatively small increase of power in each link. 

621.376.56: 621.39 1782 

Study of Pulse-Code Modulation—C. 
Villars. (Tech. Mitt. schweiz. Telegr.-Teleph-
Verw., vol. 32, pp. 449-472; December 1, 
1954. In French.) An account is given of an 
experimental installation developed in col-
laboration with C. Margna. A binary counter 
is used as coder, and 32 discrete amplitude 
levels are recognized on each side of zero. Two 
types of receiver were constructed, one in 
which each pulse is treated separately and the 
other in which pulses are treated in groups, as 
described by Meacham and Peterson (2366 of 
1948). Measurements of signal quality and of 
the improvement of signal/noise ratio between 

the hf and af channels are reported and com-
pared with international standard require-
ments; the af bandwidth is quite satisfactory 
but quantization noise may be excessive. For 
multichannel communications the system 
compares well with others in respect of reli-
ability, freedom from crosstalk, and ease of 
providing secrecy. 

621.391.1 1783 
Prospects for the Development of Trans-

mission Paths—E. Hdlzler. (Fernmeldetech. Z., 
vol. 7, pp. 647-651; December, 1954.) Review 

and comparison of various types of line and 
radio paths. Manufacturing difficulties appear 
to limit the bandwidth of tubular lines to about 
10 mc. The possibilities of surface-wave lines 
at usw are discussed. Special types of dielectric 
and metal waveguides may prove suitable at 
frequencies above that (10-15 kmc) for which 

atmospheric absorption on radio paths be-
comes excessive. 

621.395.44:621.315.28 1784 
A Transatlantic Telephone Cable—Kelly, 

Radley, Gilman and Halsey. (See 1547.) 

621.396.41:621.376.3 1785 
Linearity Requirements for Multichannel 

F.M. Radio-Link Systems—G. Bosse. (Fern-
meldetech. Z., vol. 7, pp. 678-682; December, 
1954.) The relations between the measured dis-
tortion factor and the noise in frequency-
division multichannel systems are calculated 
by substituting an equivalent noise voltage for 

the sum of the voltages in the channels. 
Nonlinear distortion due to curvature of 

modulator and demodulator characteristics and 
to transmission-time variations is considered. 
Diagrams are presented from which a determi-
nation can be made of the maximum permissi-
ble distortion factor for a given signal/noise 
ratio, and of the optimum amount of pre-
emphasis. 

621.396.41:621.376.3 1786 
Problems of Frequency Modulation in 

Multichannel Radio Links—H. Meinke. (Fern-
meldetech. Z., vol. 7, pp. 670-677; December, 
1954.) The four principal criteria to be consid-
ered in deciding on the type of modulation to 
use in a multichannel system are (a) signal 
/noise ratio, (b) crosstalk, (c) bandwidth re-
quirements, (d) equipment requirements. An 
account is given of experimental work on sys-
tems using individual-channel FM. Comparison 

is made with p.ph.m. systems. The results 
with the FM system are promising. 

621.396.41:621.396.65 1787 
Wide-Band Radio Links: Deliberations of 

Study Commission No. 9 of the C.C.I.R. at 
Geneva (from 10th to 22nd September 1954)— 
W. Klein. ( Tech. Mitt. Schweiz. Telegr.-
TelephVerw., vol. 32, pp. 497-499; December I, 
1954. In French.) Proposals for standardizing 
multichannel links are reported; both fre-

quency-division FM systems and time-di-
vision PPM systems a. e considered. 

621.396.41.029.62: 621..,96.822.1 1788 
Intermodulation dse in V.H.F. Multi-

channel Telephone Systems—J. L. Slow. 
(Jour. Brit. IRE, vol. 15, pp. 67-83; February, 
1955.) Intel-modulation noise due to various 
forms of distortion in the radio circuits of a 
frequency-division mu:tiplex system is ana-

lyzed. Expressions are derived of the form 
«N. = Tin -FnP+C, e /T.r,, is the nth-order 
noise power and -13 the multichannel speech 

power in db referred tt 1 mw, 1-1,, is the nth-
harmonic ratio of a test tone in db and C is a 
constant. The analysis is valid for FM systems 
handling up to 60 channels. Formulas and 
curves are given and single-tone and two-tone 

tests are described for determining the inter-
modulation noise due to (a) modulator/de-
modulator distortion, (b) phase distortion, (c) 
feeder mismatch. 

621.396.61:621.396.66 1789 
Operational Measurements on 

[f.m.] Broadcast Transmitters—L. Merkl. 
(Arch. tech. Measen, n.). 227, pp. 269-272; 
December, 1954, and no. 228, pp. 7-10; Janu-
ary, 1955.) Measurements considered include 
the monitoring of volta¡ es and tube currents, 
rf output power, frequenn:y and distortion. 

621.396.665.1:621.396.65:621.376.3 1790 
Transmission of Speech with Dynamic 

Compression—G. Hâssler. (Fernmeldetech. Z., 
vol. 7, pp. 659-664; December, 1954.) The 
method of operation of the syllable compandor 
is described. Design advantages resulting from 
use of these compandors in multichannel 
carrier-frequency systems are indicated. The 
example of a FM radio link is treated numeri-
cally. 

621.396.712.029.62+621.396.61 1791 
Some Aspects of V.H.F. Sound Broadcast-

ing and F.M. Broadcast Stations—P. A. T. 
Bevan. (Electronic Eng., vol. 27, pp. 96-101 
and 147-153; March and April, 1955.) The 
relative merits of systems using AM, AM with 

limiting, and FM are discussed, mainly on the 
basis of their effectiveness for suppressing 
various types of noise and interference; field 
tests indicated the superiority of FM. A de-
tailed account is given of the Wrotham high-
power experiment. The design of FM trans-
mitters is considered, with particular reference 
to modulators and monitoring. The antenna 
and transmission-line systems, parallel opera-
tion of FM transmitters, and unattended 
operation of transmitters are also discussed. 

621-526 1792 
Closed Expansion of the Convolution In-

tegral (A Generalization of Servomechanism 
Error Coefficients)—E. A rthurs and L. H. 
Martin. (Jour. Appi. Phys., vol. 26, pp. 58-
60; January, 1955.) 

621.311.6:681.142 1793 
Precision High-Current Computer Power 

Supplies—A. B. Rosenstein. [Trans. Amer. 
IEE, Part I, Communication and Electronics, 
pp. 405-409; September, 954. Digest, Elec. 
Engng. ( New York), vol. 71, p. 1080; Decem-
ber, 1954.] A unit supplying 225 V dc at 15 a 
uses a magnetic amplifier-regulated Se recti-
fier. 

621.319.339 1794 
A Portable Van de Graaff Generator— 

T. R. Foord. (Jour. Sci. mat-., vol. 31, pp. 440-
441; December, 1954.) The generator de-
scribed develops a maximum open-circuit volt-
tage of about 200 kv and has a short-circuit cur-
rent of 15 µa. 

621.396.63:621.314.7 1795 
Practical Local Calling Circuit—(Short 

Wave Mug., vol. 12, pp. 556-558; December, 
1954.) The circuit diagram of an experimental 

July 

local-station calling device designed for opera-
tion on the 160-m amateur band is given and 
discussed. The unit is basically a transistor 
receiver which operates a calling bell via a 
relay. Power consumption is of the order of 0.5 
kwh per annum. 

TELEVISION AND PHOTOTELEGRAPHY 

621.397.5(44) 1796 
The French Television Network—( Télé-

vision, no. 49, pp. 305-307; December, 1954.) 
Details are given of revised frequencies for 

channels 1-12, and basic operational data for 
the various stations are tabuItted. 

62 1.397.5:535.6231.001.4 1797 

Phase Measurement for Color TV and F.M. 
—K. Schlesinger. (Electronics, vol. 28, pp. 
142-146; February, 1955.) The principles of 
operation with the vectorscope are described. 

621.397.61:621.372.54 1798 

Filters for Television Transmitter Diplexers 
—G. Meyer-Briitz. (Fernmeldeiech. Z., vol. 7, 
pp. 683-688; December, 1954.) The require-
ments for separating filters used with com-
bined sound and vision antenna systems differ 
from those for other diplexers because the 
bandwidth of the vision signal is large com-
pared with the frequency separation of the 
two carriers. Various types of diplexer are 
surveyed, and the design of notch diplexers 
composed of coaxial lines is discussed particu-
larly. 

621.397.611:535.623 1799 
Chromacoder Colorcasting—C. G. Lloyd 

and P. H. Boucheron. (Radio-Electronic Engng., 
vol. 23, pp. 7-9, 35; December, 1954.) A de-
scription is given of a system employing emi-
tron storage tubes for conversion of the se-
quential color signal, obtained from a mono-
chrome television camera with a rotating 

color-segment disk in the lens system, into a 
NTSC-standard signal. See also 275 of Febru-
ary. 

621.397.7+621.397.26 1800 
The Television Transmitter and Relay 

Installations at Antwerp—(Radio Rev. TV, vol. 
6, pp. 610-613; December, 1954.) The station, 

installed at the top of the 23-story Torenge-
bouw, operates as a two-way microwave link 
between Brussels and Breda, at the same time 
broadcasting the received program in band I 
at a mean power of 2.5 kw. Sound is trans-
mitted by cable. An outline description of the 
broadcast transmitter is given. 

621.397.7:778.5 1801 

Considerations on the Operation of Vidi-
graphs—Y. Angel. (Onde élect, vol. 34, pp. 
958-973; December, 1954.) The term "vidi-
graph» is proposed for apparatus for the 
cinematographic recording of television pro-
grams from the face of a receiver tube. A par-
ticular system is described using a long-per-
sistence screen. Problems of obtaining correct 
contrast are discussed. 

621.397.7:778.5:621.395.625.3 1802 
The 16-mm Substandard Film with Mag-

netic Stripe [for sound] as used in the Südwest-
funk Television Service—Equipment and 
Operating Methods—H. Lauer and O. Schulze. 
(Tech. Hausmitt. NordwDtsch. Rdfunks, vol. 
6, nos. 9/10, pp. 203-210; 1954.) 

621.397.7.029.62:621.372.51 1803 
V.H.F. Power Transmission Equipment for 

Band III Television Broadcast— B. M. Sosin. 
(Marconi Rev., vol. 17, pp. 88-100; 3rd Quarter, 
1954.) A descriptive account including some 
technical details on the construction and the 
characteristics of a system for linking tele-
vision sound and vision transmitters to a com-
mon antenna. The system included a vestigial-
sideband filter, a frequency-discriminating 
combining filter, test load and feeder monitor-
ing components. 
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621.397.8 1804 
Various Factors affecting Picture Quality in 

Television. Possibilities of Improvement— 
F. Below. ( Tech. Hausmitt. NordwDtsch. 
Rdfunks, vol. 6, nos. 9/10, pp. 195-202; 1954.) 
Deleterious effects due to bandwidth limita-
tion and overshoot are considered. Methods of 
reducing defects due to the vestigial-sideband 
system of transmission are indicated. Crispen-
ing technique described by Goldmark and 
Hollywood (828 of 1952) and spectrum 
equalization methods described by Gouriet 
(1936 of 1953) are discussed. Improvements 
can be effected by reshaping or replacing the 
synchronizing pulses and by correct adjust-
ment of level and gamma. 

621.397.81:621.397.26 1805 
Propagation on Bands I and III—F. W. R. 

Strafford and I. A. Davidson. (Wireless World, 
vol. 61, pp. 171-172; April, 1955.) A direct 
comparison has been made of propagation in 
the two bands by radiating I80.4-mc signals 
from the BBC mast at Sutton Coldfield, as well 
as the television waveform on 61.75 mc. Two 
receivers were installed in a mobile unit, and 
continuous records of signal strength were 
made. The receiving antennas were at a mean 
height of 25 feet, thus the difference between 
the local variations at the two frequencies 
could be investigated. Rapid variations due to 
reflecting objects and slaw variations possibly 
due to ground irregularities were observed. 
The significance of the lat ter for calculations of 
service area is discussed. The mean level of the 
band-III signal decreases with increasing dis-
tance faster than that of the band-I signal, as 
predicted theoretically. 

TRANSMISSION 

621.396.61: 621.314.7 : 62 k.311.6 : 621.383.5 1806 
SPTTX [sun-powered transistor trans-

mitter] Demonstration for N.P.L.—(Short 
Wave Mug., vol. 12, p. 557; December, 1954.) 
Brief note on a demonstration of the trans-
mitter referred to in 1167 of May. 

621.396.61:621.372.2 1807 
Frequency Stability of Self-Excited Trans-

mitters with Long Aerial Feeders—A. Kâch. 
(Arch. elekt. Übertragunz, vol. 8, pp. 491-498 
and 553-561; November and December, 1954.) 
A stability criterion is derived whereby the 
influence of the transmitter is reduced to that 
of a single equipment constant which can be 
determined experimentally. The magnitude of 
this constant and the data of the feeder line 
uniquely determine the load conditions at the 
stability limit. For a given type of line the 
retroaction of the load on the transmitter is 
greatest for a line length giving a total attenu-
ation of about 3 db. The corresponding critical 
mismatch at the line termination is shown in 
normalized load curves. Experimental methods 
are described for determining the transmitter 
constant, and an indication is given of the 
maximum frequency shift to be expected. 
Agreement between theoretical and practical 
results is good. 

621.396.61:621.376 1808 
Phase-to-Amplitude Modulation—B. D. 

Virmani. (Wireless World, vol. 61, pp. 183-187; 
April, 1955.) High efficiency can be obtained 
with phase-to-amplitude modulation because 
(a) the phase modulation is performed at low 
level, and (b) the tubes in the two ph.m. rf 
channels can be contiruously driven to their 
limits. Details are given of a 400-w transmitter 
covering the frequency bands 3.5-8, 13-30 and 
26-56 mc and permitting either phase-to-
amplitude-modulation or ssb operation; the 
conventional oscillator and phase-shifting net-
work are replaced by a polyphase oscillator, 
which retains the correct phase displacement 
when the oscillator frequency is varied. 

621.396.61:621.396.712.029.62 1809 
Some Aspects of V.H.F. Sound Broadcast-

ing and F.M. Broadcast Stations—Bevan. (See 
1791.) 

TUBES AND THERMIONICS 

621.314.63+621.314.7 1810 
Saturation Current in Alloy Junctions— 

W. M. Webster. (Pnoc. IRE, vol. 43, pp. 277-
280; March, 1955.) Theory is developed for 
diodes made by alloying circular junctions on 
to thin base wafers. An equation is derived 
from which the value of I., the saturation cur-
rent obtained with reverse biasing, can be calcu-
lated. Most of this current originates from 
thermal generation at the free surfaces of the 
base. I. increases linearly with base resistivity 
and exponentially with temperature; it also 
increases, but more slowly, with base thickness 
and surface recombination velocity. The equa-
tion for the collector of an alloy-junction 
transistor is basically the same as for a diode, 
with a correction for the emitter. For the 
emitter junction the equation requires modifi-
cation. 

621.314.63:546.289 1811 
Inductive Behaviour of p-n Junctions in the 

Forward Direction— G. Kohn and W. Non-
nonmacher. (Arch. elekt.übertragung, vol. 8, pp. 
561-564; December, 1954.) The observed time 
lag of the forward conductance of Ge diodes 
[3282 of 1952 (Einsele)] cannot be explained 
in terms of the usual equivalent circuit com-
prising parallel voltage-dependent resistance 
and capacitance. A circuit comprising resist-
ance in series with parallel inductance and 
resistance fits the observations and is also 
consistent with the small-signal frequency 
variation of the diode impedance. 

621.314.63:546.289 1812 
Admittance Measurements on Alloyed 

Germanium-Indium Rectifiers— H. L. Rath. 
(Z. Naturf., vol. 9a, pp. 699-700; July/August, 
1954.) A method is described for determining 
the admittance from the characteristic vari-
ation of the capacitance with frequency at dif-
ferent temperatures. 

621.314.632+621.314.71.002.2 1813 
Transistors and Germanium Diodes— 

[Elect. Rev., (London), vol. 155, pp. 791-795; 
November, 1954.] An account of production 
techniques used in Britain for the manufacture 
of point-contact crystal tubes on a compara-
tively large scale. 

621.314.7 1814 
Transistors and their Applications—a 

Bibliography, 1948-1953—A. R. Krull. (Trans. 
IRE, vol. ED-1, pp. 40-77; August, 1954.) 

621.314.7 1815 
Electrical Characteristics of Power Transis-

tors— A. Nussbaum. (Paoc. IRE, vol. 43, pp. 
315-322; March, 1955.) Measurements have 
been made on p-n-p junction transistors with 
collector dissipation of about 20 w [3391 of 
1954 (Roka et al.]. The results relating to 
parameters which are a function of current 
strength do not agree with those obtained 
theoretically for low-power operation [3390 of 
1954 (Rittner)]. Plans for further investigations 
are indicated. 

621.314.7:537.311.33:546.28 1816 
Electronic Behaviour of Certain Grain 

Boundaries in Perfect Crystals— Mataré. (See 
1690.) 

621.314.7:621.317.755 1817 
An Alpha Plotter for Point-Contact Transis-

tors—T. P. Sylvan. [Elec. Engng. ( New York), 
vol. 73, pp. 1094-1098; December, 1954.] 
Description, with detailed parts list, of a cro 
test set. 

621.383.27 1818 
The Transit Time of Electrons in Photo-

multipliers—E. H. Rhoderick and R. W. P. 
McWhirter. Sci. Instr., vol. 31, p. 475; 

December, 1954.) Experimental results on 
commercial 11- and I3-stage photomultipliers 
indicate transit times ranging from about 5.5 
to 8X 10-, seconds at voltages between 185 
and 105 y per stage. 

621.383.5 1819 
Electronic Interpretation of Inertia Phe-

nomena in Photocells (in particular, Internal 
Capacitance)— G. Blet. (Jour. Phys. Radium, 
vol. 15, pp. 823-828; December, 1954.) See 
2801 of 1954. 

621.383.5 1820 
Barrier-Layer Photocells: Part 1—D. 

Giest. (Arch. Lech. Messes, no. 227, pp. 281-
284; December, 1954.) A brief account of the 
mechanism and operational characteristics of 
p-n junction and metal-semiconductor barrier-
layer photocells. 35 references. 

621.385.029.6 1821 
The Traveling-Wave Tube—a Record of 

its Early History—R. L. Wathen. (Jour. 
Frank. Inst., vol. 258, pp. 429-442; December, 
1954.) 

621.385.029.6 1822 
A Large-Signal Theory of Traveling-Wave 

Amplifiers—P. K. Tien, L. R. Walker and 
V. M. Wolontis. (Puce. IRE, vol. 43, pp. 260-
277; March, 1955.) Analysis presented by 
Nordsieck (2497 of 1953) is extended to cover 
space-charge effects at high operating levels. 
In addition to the space-charge parameter QC 
and the other parameters used in linear 
theory, a parameter k is introduced such that 
1/k is proportional to the beam radius and 
gives an indication of the range of action of the 
space-charge forces. Computations have been 
made for a number of typical cases; amplitude 
and phase of the circuit wave are given as 
functions of distance. The limiting efficiency 
increases with electron injection speed, in-
creases first and then decreases with increase 
of QC, and increases with 1/k, assuming uni-
form distribution of field and current over the 
cross section. The electron motion is analyzed. 

621.385.029.6 1823 
The Performance of Travelling-Wave 

Valves at High Input Levels— W. Klein and 
W. Friz. (Fernmeldetech. Z., vol. 7, pp. 349-357; 
July, 1954.) The helix is considered as a suc-
cession of elementary zones, in each of which 
linear amplification theory is applicable, and 
the power output is determined in successive 
steps. Losses are taken into account, and 
graphs show the dependence of other para-
meters on the velocity and loss parameters. 
The effect of an attenuating section on amplifi-
cation and the optimum choice of its position 
are examined. The expressions developed are 
interpreted with reference to a particular tube 
and the output-power/input-power curve dis-
cussed in detail. The importance of the cou-
pling factor C in predicting tube performance 
is stressed. Amplification at low and high input 
levels is compared, and the effects of operating 
voltage and type of helix considered. An esti-
mate is made of the greatest power output 
compatible with linear operation. Computed 
and measured values are in reasonable agree-
ment in all cases. 

621.385.029.6 1824 
Traveling-Wave-Tube Characteristics for 

Finite Values of C—C. K. Birdsall and G. R. 
Brewer. (Trans. IRE, vol. ED-1, pp. 1-11; 
August, 1954.) Values of the preformance 
parameters of traveling-wave tubes are pre-
sented in the form of curves for values of the 
gain parameter C up to 0.5 and for relatively 
large values, up to 2, of the space charge 
parameter QC. 

621.385.029.6 1825 
Cross-Wound Twin Helices for Traveling-

Wave Tubes— M. Chodorow and E. L. Chu. 
(Jour. Appt. Phys., vol. 26, pp. 33-43; Janu-



914 PROCEEDINGS OF THE IRE 

ary, 1955.) When a single-helix structure is 
used with voltages above about 10 kv, a large 
proportion of the energy is diverted into non-
interacting space harmonics, with a corre-
sponding reduction of the impedance for the 
fundamental interacting mode; undesired back-
ward waves may also be generated. Use of a 
twin helix eliminates these drawbacks. For a 
particular twin helix with radius 0.4 X/21-, the 
impedance for the fundamental mode was 
more than twice that of a single helix of the 
same radius. Dispersion is greater with the 
twin helix. 

621.385.029.6 1826 
Electronic Resonance Effect in Valves with 

Crossed Electric and Magnetic Fields—W. 
Willshaw, G. Mourier and G. Guilbaud. [Corn pt. 
Rend. Acad. Sci. (Paris), vol. 240, pp. 283-
285; January 17, 1955.] A formula is presented 
expressing the conditions under which elec-
tronic resonance is liable to disturb the normal 
operation of traveling-wave tubes using lines 
with periodic structure. A large effect is pro-
duced when the resonance corresponds to a 
space harmonic with high-intensity field. 
Measurements of the variation of efficiency of a 
carcinotron over the electronic tuning range 
are discussed in the light of the theory. 

621.385.029.6 1827 
Excitation of the Carcinotron M Valve— G. 

Mourier. [Compt. Rend. Acad. Sci. ( Paris), vol. 
240, pp. 406-408; January 24, 1955.] An investi-
gation is made of the current build-up in back-
ward-wave oscillator tubes of the type dis-
cussed by Guénard et al. (3616 of 1952); the 
calculations are based on the energy exchanges 
between beam and delay line. A coefficient Q. 
is introduced defining the excitation quality; 
an expression is given for Q. depending on 
delay-line length, operating wavelength, elec-
tron and wave velocities, and ratio of instan-
taneous current to current in the oscillating 
state. The excitation time varies in the same 
sense as Q.. 

621.385.029.6 1828 
Influence of Space Charge on the Excita-

tion Current of a Carcinotron-Type Magnetron 
Oscillator—B. Epsztein. [Compt. Rend. Acad. 
Sci. ( Paris), vol. 240, pp. 408-410; January 24, 
1955.] Values found experimentally for the ex-
citation current in the carcinotron M tube are 
generally lower than values derived from the 
formula of Guénard et al. (3616 of 1952) and 
Warnecke et al. (3085 of 1954). A new formula 
is developed taking account of space charge 
effects; satisfactory agreement is then ob-
tained between the theoretical and experimen-
tal values. 

621.385.029.6 1829 
Resonant Behavior of Electron Beams in 

Periodically Focused Tubes for Transverse Sig-
nal Fields— R. Alder. O. M. Kromhout and 
P. A. Clavier. (Puoc. IRE, vol. 43, pp. 339-
341; March, 1955.) Transverse-field traveling-
wave tubes are discussed in which a ribbon 
beam is passed between pairs of plates at 
alternate high and low potentials; resonance is 
observed over a range of focusing conditions. A 
formula is derived for the resonance frequency, 
which is equal to the plasma frequency. 

621.385.029.6 1830 
Magnetic Focusing of Electron Beams— 

J. T. Mendel. (Paoc. IRE, vol. 43, pp. 327-
331; March, 1955.) Analysis is developed appli-
cable to various types of focusing used for 
pencil beams as in traveling-wave tubes. The 
semi-shielded cathode offers practical advan-
tages, in conjunction with either uniform or 
periodic focusing fields. Expressions are de-
rived for the electron trajectories. Balance con-
ditions yielding minimum beam ripple are de-
termined; these require a high percentage of 
flux threading the cathode for a relatively small 
increase in magnetic field above the Brillouin 
value. 

621.385.029.6 1831 
Hysteresis in Klystron Oscillators— T. 

Moreno and R. L. Jepsen. (Paoc. IRE, vol. 43, 
p. 344; March, 1955.) A possible explanation of 
electronic hysteresis is advanced based on an 
electronic-admittance/rf-voltage characteristic 
which is not monotonic. 

621.385.029.6:621.372.413 1832 
Stabilization of Reflex Klystrons by High-Q 

External Cavities— S. J. Rabinowitz. (Trans. 
IRE, vol. MTT-2, pp. 23-26; September, 
1954.) The effective Q of the klystron oscillator 
is raised by associating a high-Q external cavity 
with it. A suitable design of stabilization cavity 
and coupling network is illustrated, and experi-
mentally determined characteristics of some 
stabilized klystrons are presented. 

621.385.029.6:621.396.822 1833 
Noise in Transverse-Field Traveling-Wave 

Tubes—G. Wade, K. Amo and D. A. Watkins. 
(Jour. Appi. Phys., vol. 25, pp. 1514-1520; 
December, 1954.) Analysis indicates that in a 
transverse-field traveling-wave tube the noise 
can only be kept low if the beam is well colli-
mated. In a particular tube for operation at 
1 kmc, with a collimator of width 0.004 inch, 
the theoretical noise figure is 2 db; without the 
collimator the noise figure would be 11 db. 

621.385.029.63/.64:621.372.2 1834 
Theoretical Study of Traveling-Wave Tube 

—K. Udagawa. (Rep. Elect. Commun. Lab., 
Japan, vol. 2, pp. 34-52; August, 1954.) Ex-
pressions are derived for the propagation con-
stants of a coaxial arrangement of (a) two 
helices, and (b) a helix and dielectric cylinder. 
Series of curves are plotted showing the influ-
ence of the thickness of the dielectric cylinder 
on the phase velocity, and the characteristic 
impedance and attenuation of a traveling-wave 
tube helix with a dielectric support. Gain is 
calculated taking account of thermal effects; 
space-charge effects and transverse electron 
motion are investigated. 

621.385.029.63/.64:621.396.822 1835 
Influencing Space-Charge Waves of Fluctu-

ating Beams by Resonator Circuits— K. 
Póschl. (Frequenz, vol. 8, pp. 284-288; Septem-
ber, 1954.) Theoretical considerations show 
that the noise factor in a two-stage klystron can 
be reduced below the minimum given by 
Robinson ( 1618 of 1954) by using an additional 
resonator ahead of the input stage. 

621.385.029.65 1836 
An Experimental Broad-Band Helix Travel-

ing-Wave Amplifier for Millimeter Wave-
lengths—S. D. Robertson. (Trans. IRE, vol. 
MTT-2, pp. 48-54; September, 1954.) A tube 
with a helix of diameter 0.015 inch has given 
19 db gain at 6 mm X and 9 db at 5.2 mm. De-
sign problems are discussed. An anode poten-
tial of 1 kv and a beam current of 10 ma are 
used. 

621.385.029.65:621.317.361 1837 
Cold Measurements of 8 mm Magnetron 

Frequency and Pulling Figure— A. E. Barring-
ton. (Proc. IEE, Part B, vol. 102, pp. 247-248; 
March, 1955.) A square-wave signal is applied 
to the magnetron, and voltages proportional 
respectively to the input and reflected signals 
are applied to the x and y plates of a cro, 
giving a straight-line trace whose slope is mini-
mum at resonance. The change of resonance 
frequency with adjustment of the position of a 
puller probe is observed. 

621.385.032.21 1838 
Influence of Space Charge in Spherical 

Electron Guns— N. B. Aizenberg. (Zh. tekh. 
Fiz., vol. 24, pp. 2079-2082; November, 1954.) 
While it is usually assumed that the intensity 
of the field at the tip of the cathode in a spheri-
cal electron gun is proportional to the anode 
voltage, for large values of the discharge cur-

rent the space charge must be taken into ac-
count. The effect of this charge is investigated 
experimentally and the minimum value of the 
discharge current for which the effect becomes 
noticeable is determined. 

621.385.032.21 1839 
New Forms of Thermionic Cathode— 

[Nature, ( London), vol. 174, pp. 1176-1177; 
December 25, 1954.] Report of a colloquium 
held in October, 1954 and sponsored by the 
Institute of Physics and the Physical Society. 
The discussion dealt mainly with efforts to 
produce cathodes giving high emission over 
long periods. 

621.385.032.21:537.29 1840 
Progress in Electron Emission at High 

Fields—W. P. Dyke. (Paoc. IRE, vol. 43, pp. 
162-167; February, 1955.) The properties of 
cold and hot field-emission cathodes yielding 
high current densities are surveyed and meth-
ods of stabilizing their performance are dis-
cussed. 

621.385.032.216 1841 
A New Type of Diffusion Cathode—A. H. 

Beck, A. B. Cutting, A. D. Brisbane and 
G. King. [Nature (London), vol. 174, pp. 1010-
1011; November 27, 1954.] Brief details are 
given of a cathode made by molding a mixture 
of Ni powder and (Ba, Sr) carbonate powder 
with a small percentage of reducing agent. The 
pulsed emission is shown as a function of tem-
perature in comparison with the conventional 
oxide cathode and with published data for the 
L cathode. From determinations of the work 
function it is inferred that the emission origi-
nates from an incomplete monolayer of Ba 
ions with about 70 per cent surface coverage. 
For a fuller account, see Le Vide, vol. 9, pp. 
302-309; November, 1954. 

621.385.032.216 1842 
Contaminated-Metal Sintered Thermionic 

Cathodes—R. Uzan and G. Mesnard. [Compt. 
Rend. Acad. Sci., ( Paris>, vol. 239, pp. 1613-
1615; December 8, 1954.1 New techniques are 
outlined for preparing high-emission molded 
cathodes combining metal and oxide powders in 
such a way that the surface is entirely of metal. 
Good results are obtained with Ni when the 
oxide content is only just sufficient to provide 
the necessary diffusion to the surface; the 
sintering may be performed in vacuum or in a 
hydrogen atmosphere. W  gives lower emission 
than Ni at low temperatures but greater emis-
sion at temperatures over 1,250 degrees K; 
sintering in hydrogen lowers the emission with 
W. See also 3728 of 1955. 

MISCELLANEOUS 

621.396.6+621.396.712 1843 
Development Work of [West] German 

Broadcasting Institutes—H. R indfleisch. 
(Elektrotech. Z., Edn A, vol. 75, pp. 587-590; 
September 11, 1954.) A brief survey of equip-
ment and techniques developed since the war, 
and particularly since 1951. 44 references. 

621.396.97 1844 
Recording and Tabulating the Radio-TV 

Audience—A. C. L. Brown. (Electronics, vol. 
28, pp. 126-129; January, 1955.) Listener re-
search is conducted by means of film records 
indicating the periods during which the re-
ceiver is tuned to different channels. The re-
cording system is applicable for other purposes, 
e.g. investigation of atmospheric variations. 

413=30=20 1845 
English-German Technical and Engineering 

Dictionary [Book Reviewj—L. de Vries. Pub-
lishers: McGraw-Hill, London, 997 pp., £7. 
(Wireless Eng., vol. 32, p. 90; March, 1955.) A 
companion volume to the already published 
German-English Dictionary. Includes many 
new terms in the field of radar, television, 
nuclear engineering, etc. 
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Spot-checking of prototype accelerometers on electro-mechanical vibrators 

Cooperative Program for Hi-Temp 
Shock and Vibration Measurement 
Up to the present, engineers have been 

severely handicapped in shock and vibra-
tion measurement problems under condi-
tions of high temperature owing to the 
inability of available accelerometers to 
withstand the excessive heat generated 
under test. Cognizant of the tremendous 
need of designers for assistance in this 
respect, particularly in the aircraft and 
missile development fields, Gulton Mig. 
Corp. is announcing the allocation of 
facilities and staff for cooperative re-
search and work on high temperature 
measuring problems. Shortly, Gulton is 
planning to extend its line of high-tem-
perature piezoelectric accelerometers so 
that they will be available as stock items 
for both industry and the military. Mean. 
time, during the design stages of the 
newer type accelerometers, inquiries are 
solicited from engineers who are facing 
serious high temperature measuring 
problems of any kind. 
As a result of this intense program for 

the development of accelerometers for 
high temperature work. Gulton is now 
making available a new unit which prom-
ises to provide data on severe environ-
mental conditions previously impossible 

to ascertain. This new accelerometer, the 
first of a newly-designated AHT series, is 
based on the use of new techniques in 
mechanical design plus concentrated re-
search on piezoelectric ceramic materials 
relatively unaffected by temperatures 
from below — 70° to above 500° F. 

Construction of the accelerometer in-
volves special temperature-stable hous-
ing materials and a new cable fabrica-
tion to withstand the high temperatures. 
In conjunction with Glenco Corporation, 
a new piezoelectric ceramic, formulated 
and fired by unique techniques, main-
tains its response well above operating 
range. The new unit does not require 
cooling fins or liquid circulation systems, 
and can be operated continuously at 
these elevated temperatures. Owing to 
its high temperature characteristics, in 
addition to its miniature size, it will 
make possible the measurement of shock 
and vibration in many types of devices 
heretofore impossible to consider with 
existing instruments. 
From prior experience with these ele-

vated temperatures, Gulton engineers are 
probing the higher heat spectrums to 
develop further accelerometer designs 

New Thermistor Mountings 
Preserve Control Characteristics 
Under Large Power Loads 

A limiting factor in temperature com-
pensation problems and other thermistor 
applications has been undesirable tem-
perature rise of the thermistor itself due 
to electrical self-heating. 

Large power handling ability is a fea-
ture of two new thermistor mountings de-
veloped by the Thermistor Corporation 
of America. Both types are particularly 
useful for temperature compensation of 
transformers, small motors, coils, relays, 
and resolvers. The upper one pictured is 
a thin ceramic . thermistor soldered di-
rectly to a metal mounting plate which 
serves as one terminal. The thermistor is 
about 1/100 inch thick; much thinner 
den anything previously available. The 
lower unit is comprised of a thin ther-
mistor embedded in a copper bracket 
and is designed for circuits where neither 
side can be grounded. 

The new mountings are used to pro-
vide close thermal coupling between the 
thermistor and the device to be compen-
sated, as well as to minimize errors of 
compensation from electrical self-heat-
ing of the thermistor. The resulting high 
thermal dissipation constants have been 
achieved by an exclusive patented proc-
ess for manufacture of extremely thin 
ceramic thermistors. 

For further information about these 
thermistor units, write on your firm let-
terhead to the Thermistor Corpora-
tion of America, Metuchen, N. J. 

that will provide even better characteris-
tics than the new series. If these high 
ranges are now affecting your work, you 
are most urgently invited to write now 
to the Director of Engineering, Gul-
ton Mfg. Corp., Metuchen, N. J. You 
are under no obligation, and you are as-
sured of a prompt, competent evaluation. 

Gulton Mfg Corp • Glenco Corporation • Vibro•Ceramics C-orporatitie • '• • 
Felleer- GULT04 INDUSTRIES. INC. Greibach Instruments Corporation • Thermistor Corporation of America 
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TRANSFORMER CORP. 

AS LISTED IN TRIAD'S NEW 
1955 GENERAL CATALOG 

WELWYN ELECTRICAL LABORATORIES Ltd. 

and WELWYN CANADA Ltd. 

Announce the Formation of a new American Company 

with Complete Sales Facilities to Serve the Users of 

Welwyn High Stability Resistors directly 

• 

Please address communications to 

WELWYN INTERNATIONAL, Inc. 
3355 Edgecliff Terrace, Cleveland 11, Ohio 

Winton 1-126i; 

for service and lab. work 
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PRINTED CIRCUIT 

OSCILLOSCOPE KIT 
FOR COLOR TV! 

riN Check the outstanding engineering design of 
M,/ this modern printed circuit Scope. Designed 
for color TV work, ideal for critical Laboratory ap-
plications. Frequency response essentially flat from 
5 cycles to 5 Mc down only 11/2  db at 3.58 Mc ( TV 
color burst sync frequency). Down only 5 db at 5 
Mc. New sweep generator 20-500,000 cycles, 5 
times the range usually offered. Will sync wave form 
display up to 5 Mc and better. Printed circuit boards 
stabilize performance specifications and cut assembly 
time in half. Formerly available only in costly Lab 
type Scope. Features horizontal trace expansion for 
observation of pulse detail — retrace blanking am-
plifier — voltage regulated power supply — 3 step 
frequency compensated vertical input — low ca-
pacity nylon bushings on panel terminals — plus a 
host of other fine features. Combines peak perform-
ance and fine engineering features with low kit cost! 

qee a dee T V 

SWEEP GENERATOR KIT 
ELECTRONIC SWEEP SYSTEM 

frrft \ A new Heathkit sweep generator covering all 
frequencies encountered in TV service work 

( color or monochrome). FM frequencies too! 4 Mc 
— 220 Mc on fundamentals, harmonics up to 880 
Mc. Smoothly controllable all-electronic sweep sys-
tem. Nothing mechanical to vibrare or wear out. 
Crystal controlled 4.5 Mc fixed marker and separate 
variable marker 19-60 Mc on fundamentals and 57-
180 Mc on calibrated harmonics. Plug-in crystal in-
cluded. Blanking and phasing controls — automatic 
constant amplitude output circuit — efficient atten-
uation — maximum RF output well over . 1 volt — 
vastly improved linearity. Easily your best buy in 
sweep generators. 

MODEL 
15-4 

$49 50 
Shpg. Wt. 
16 lbs. 

COMPANY 
A SUBSIDIARY OF DAYSTROM, INC 

BENTON HARBOR 4, MICH. 
WRITE FOR FREE CATALOG 
...COMPLETE INFORMATION 

WHEN WR!TING TO ADVERTISERS PLEASE MENTION - -PROCEE/d.VGS OF 7 HE 
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Waller, S. L., Box 177, Holloman AFB, N. Mex. 
Wallmark, J. T.. David Sarnoff Research Center. 

Princeton. N. J. 

Walters, L. G., 13363 Gladstone Ave., San Fernando, 
Calif. 

Walworth, W. Y., 24 Valley Rd., Kalmia Woods. 

Concord, Mass. 

Watters, R. L., General Electric Research Labora-
tory, Knolls. Rm. 434. Schenectady, N. Y. 

Weaver, S. E., 2 Platt Pl.. Huntington, L. I., N.Y. 
Weber, L. A., Bell Telephone Laboratories, Inc.. 463 

West St., New York 14, N. Y. 

Weida. R. L.. 24-28-157 St., Whitestone 57, L. I., 
N. Y. 

Weiss. M. T., Bell Telephone Laboratories. Box 
107, Red Bank, N. J. 

Welkowitz. W., 632 W. 125 St.. Acoustics Labora-

tory. Columbia University. New York. 
N. Y. 

Westerwick, R. A.. 3621 Riviera Dr., San Diego 9, 

Calif. 
White. J. P., 1385 Kennedy St., Philadelphia 24. 

Pa. 
White, W. A.. 6601 Oxon Hill Rd., S.E., Washing-

ton 21, D. C. 

Whitman. K. C., 14230 Cohasset St., Van Nuys, 
Calif 

Whitmer, R. F., 2160 A-41 St.. Los Alamos. 

N. Mex. 
Widener, M. W., 1006 W. 25, Austin, Tex. 

Willard. C. H., 2023 Baker Ave.. Utica, N. Y. 
Willenbrock, F. K.. Gordon McKay Laboratory, 

Harvard University, Cambridge 38, Mass. 

Williams, E. A.. 315 W. Main St., Moorestown, 
N. J. 

Williams, J. B., Jr., American Machine & Foundry 
Co., 1 l Bruce Pl., Greenwich, Conn. 

Williams, N., 20 Algoma Blvd., Oshkosh. Wis. 
Williams, N., 7451 Via Amorita Ave., Downey, 

Calif. 

Wilson, H. G., 2718 N. Beverly Glen Blvd., Los 
Angeles 24, Calif. 

Winningstad, C. N.. 15286 Vassar Ave.. San Loren-

zo, Calif. 

Winternitz, T. W., 23 Jefferson Ave., Morristown, 
N. J 

Witthun, H. D., 320 Buckingham Ave., Syracuse 

10, N. Y. 
Wolf, E. G.. 1 Mason St., New Hyde Park, L. I., 

N. Y. 
Wolf, F. A.. 2007 Williams La.. Richmond 24, Va. 

Wolfskill, J. M., Grubb Rd., R.F.D. 8, Erie, Pa. 
Wood, J. R., 1224 W. Allegheny Ave., Philadelphia 

33, Pa. 
Woodworth, J. D., 209 Cedar St., Elberon, N. J. 

Yamagami, Y., 25 Prospect Ave., Montclair. N. J. 
Yang, C. C., 40-07193 St., Flushing, L. I., N. Y. 

Yaw, D. F.. 734 Melrose Me., Columbus 11, Ohio 
Yokelson, B. J., Bell Telephone Laboratories, Inc., 

Whippany, N. J. 
Zaslaysky, S., 740 E. Gun IIill Rd., New York 67, 

N. Y. 

The following admissions to the Associate 

grade were approved to be effective as of 

June 1, 1955: 

Abel, A. O., 100 Memorial Dr.. S. 2-20A.Cambridge, 
Mass. 

Abeson, I. S., 236 Keller St.. Monterey Park. Calif. 

Adams, W. L., 7413 Parkwood Dr., St. Louis 16, 
Mo. 

Aiken, W. S., 11754 Sunset Blvd., Los Angeles 49, 
Calif. 

(Continued on page 84A) 

Measure Frequency 
to 515 mc 

READ IT DIGITALLY, PRINT IT AUTOMATICALLY! Add a Model 5580 
VHF-UHF Converter and 1452 Printer (below) to a BERKELEY Frequency 
Meter*—get the most convenient, inexpensive means yet devised for frequency 
measurement to 515 mc. Exclusive BERKELEY Modular design uses low cost fixed. 
band plug-in units in place of costly wide-band amplifiers. Accuracy of measure-
ment is *- 1 cycle, =L-. crystal stability ( 1 part in 107). 

*Model 5580 connects directly to BERKELEY Model 5570 or 5571. 

BERKELEY Model 5580 VHF and UHF Converter 
Unit extends range of Models 5570 or 5571 to 515 

mc by use of plug-in units ( below). Dimensions 
21" x 11" x 75"; Price $300.00 f.o.b. factory. 

Plug-in units covering 13 fixed bands from 42-515 mc elim• 
mote costly wide-band amplifiers. Price, $ 100.00 each ex-

cept for 42-155 mc Model 5581/4, which is $ 150.00 f.o.b. 

factory. 

1 

Automatic Digital Recorder Completes System 

Model 1452 prints 6 digits (8 or 10 on special 
order) on standard adding machine tape. Only 
19" wide x 101/2 " high x 14" deep, weighs 60 

lbs. Price, $750.00 f.o.b. factory. 

BERKELEY Model 1452 Digital Recorder operates directly from any 
late model BERKELEY meter, automatically prints up. to 10-digit read-
out on standard adding machine tape. Scanner and printer are combined 
in one compact unit. Can be modified to print "Time" or "Code" infor-
mation simultaneously with count data on same tape. 

Write for complete specifications and data; please address Dept. N-7 

Berke 
M-52 

eliee;liee  
BECKMAN INSTRUMENTS INC. 
2200 WRIGHT AVE., RICHMOND 3, CALIF. 

INDUSTRIAL INSTRUMENTATION AND 

CONTROL SYSTEMS • COMPUTERS • COUNTERS • TEST INSTRUMENTS • NUCLEAR SCALERS 

PROCEEDINGS OF THE I.R.E. July, 1955 SAN 



WATER-COOLED 

• For carrying cooling water 

which must undergo a change in 

potential, use of Lapp porcelain 

eliminates troubles arising from 

water contamination and con-

ductivity, sludging and electro-

lytic attack of fittings. Lapp 

porcelain Water Coils or Lapp 

Porcelain Pipe assure permanent 

cleanness and high resistance of 

cooling water—for positive cool-

ing and long tube life. 

AIR-COOLED 

• Now available as a standardized 

line, Lapp insulating supports for 

mounting forced-air-cooled tubes 

facilitate design . . . make for eco-

nomical production, easy inter-

changeability, availability of replace-

ment parts. Sizes for all standard 

high-power tubes. 

Write for Bulletin 301, with complete 
description and specification data, Lapp 
Insulator Co., Inc., Radio Specialties Di-
vision, 252 Sumner St., Le Roy, N. Y. 

Lapp 

(Continued from page 83A) 

Aitken, R., 336 Hazeldell Ave., Winnipeg 4, Man,. 

Canada 
Alderete, C. T., 516A E. Harvard Rd., Burbank, 

Calif. 
Allen, A. E., 3805 Smith Ave., S. E., Albuquerque, 

N. Mex. 

Anton, F. C., 3977 Budlong, Los Angeles 37. Calif. 
Arment. Z. R., Interceptor Guidance and Tele. 

metering Sect., WCLRG-5, Building 125, 

WADC, Area B, Wright-Patterson Air 
Force Base, Ohio 

Atherly, D. H., Box 129. Cocoa, Fla. 
Ausec, R. C., 15623 Cordary Ave.. Lawndale. Calif. 

Bailey, C. W., Jr.. A-4 Piedmont Apts., Burlington, 
N. C. 

Bailey, R. J.. 27 N. Ohio Ave., Columbus, Ohio 

Baker, L. C., 9470 TU-Dot. 6, E & T. c/o BFSD. 
Ft. Huachuca, Ariz. 

Baker, P. A., 60 Bank St., New York 14. N. Y. 
Banta, F. D., 47 S. Bromfield Rd., Dayton 9, Ohio 

Bassett, W. H., Jr., 122 Cuttermill Rd., Great 
Neck, L. I., N. Y. 

Bender, R. R., 30 Wasson Dr.. Poughkeepsie, N. Y. 

Berlly, E., 33-09-31 Ave.. Astoria 6, L. 1.. N. Y. 
Bhattacharjee, D. K.. University of Roorkee, 

Roorkee. Dist. Saharanpur, India 

Black, L. M., 7838 N. Luna Ave.. Morton Grove, 

Bortkiewicz, J., 489 Merton St., Toronto 7, Ont., 
Canada 

Bradford, F. H., 1500 Oakland Rd., N. E., Apt. 505, 

Cedar Rapids. Iowa 
Breindel. L. A., Cucumber St., St. Marys, Pa. 
Bricker, N. P., 1645 West Fairmount Ave., Phoenix, 

Ariz. 
Brisbar, P. J., c/o Canadian Marconi Company, 

Hq. N.E.A.C. Pepperrell Air Force Base, 
St. John's, Newfoundland 

Brule, R. J., 145 Victoria Ave., Belleville, Ont.. 
Canada 

Bunch, B. D.. 3937 Rufus. Ft. Worth 5. Tex. 

Butts, C. B., 502 South Walnut St., Edinburg. Ind. 
Carlson, H. N., 312 Holmes, Fairborn, Ohio 
Chapkovich. A. J., 1361 Walker Ave., Baltimore 21. 

Md. 

Churchill. O. R.. 61551 Whitsett Ave., North Holly-
wood, Calif. 

Clements, Z. S., 5348 North Glenwood Ave., Chica-

go 40, III. 

Connelly. J. M., 1824 Westview Dr., Owensboro, 
Ky. 

Conner, D. D., 244 Cumnor Ave., Glen Ellyn, Ill. 
Cowan, W. E.. 51 Belmont Ave., West Asheville, 

N. C. 
Cranston, E. M.. 7231 Monroe St., R.F.D. 5, 

Anaheim, Calif. 

Crolly, J. A., 855 Ebby Ave.. Winnipeg 9, Man., 
Canada 

Cyrier, L. A., 1249 South Fifth Ave.. Kankakee, 

Dale, K. N., 2755 Shipping Ave.. Miami 33, Fla. 

Dammann, J. E., Melbourne Trailer Haven. Mel-
bourne. Fla. 

Davis, K. J., 74 Glen Davis, Toronto, Ont.. Canada 
Dempsey, M. W., 21 Laird Dr., Middleton Pk., 

Trenton, Ont., Canada 
Desmond. N. T., 284 Victoria Ave.. Belleville, Ont.. 

Canada 
Detweiler, J. E., Box 121, Melbourne, Fla. 

Dobson. W. E., Apt. 2-E, 338 West Kinney St.. 
Newark 3, N. J. 

Dolan, B. A., Box 7, James Connally Air Force Base, 

Waco, Tex. 
Doxey, G. A., 2067 Baker Ave.. Schenectady 9. N.Y. 

Eady, L. J., 1516 W. Adams, Phoenix, Ariz. 
Edstrom, B. G.. 15515 Detroit Ave., Cleveland 7, 

Ohio 
Eiane, B., 312 Lenox Ave., Rd. 1, Elmira. N. Y. 
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Measuring solar noise during the 5954 Eclipse 

Up-to-date news of every British development 
WIRELESS WORLD. Britain's chief technical magazine in 

the general field of radio, television and electronics. Founded 

over 40 years ago, it provides a complete and accurate survey 

of the newest British techniques in design and manufacture. 

Articles of a high standard cover every phase of radio and 

allied techn:cal practice, with news items on the wider aspects 

of international radio. Theoretical articles by recognised 

experts deal with new developments, while design data and 

circuits for every application are published. W IRELESS W ORLD 

is indispensable to technicians of all grades and is read in all 

parts of the world. Published monthly 84.50 per year. 

WIRELESS ENGINEER — the journal of radio research and 
progress — is produced for research engineers, designers and 

students in the fields of radio, television and electronics. Its 

editorial policy is to publish only original work, and its highly 

specialized content is accepted as the authoritative source of 

information for advanced workers everywhere. The journal's 

Editorial Advisory Board includes representatives of the 

National Physical Laboratory, the British Broadcasting Corpora-

tion, and the British Post Office. 

Published monthly $7.50 per year. 

(Including Annual Index to Abstra:.s & References, formerly published separately.) 

To 

Please forward  

NAME  

ILIFFE & SONS 

MAIL THIS ORDER 
LIMITED, DORSET HOUSE, STAMFORD 

TODAY 
STREET, LONDON, S.E.I, ENGLAND 

 for 12 montas. Payment is being made* 

ADDRESS 

CITY  ZONE STATE 

*Payment can be made by Bankers' Draft or International Money Order. PRO IRE 



MODEL R-1 

VOLTMETER 

Designed and Engineered 
for Design Engineers 

FEATURING: 
* DC Volts & Millivolts 

Accurate to 1 ii2% of full scale 

* AC Volts & Millivolts 
Accurate to 3% of full scale 

* Balanced D-C Amplifier 
Flat db. to 100 KC 

* Ohmmeter 
with Expanded Scales 

* Regulated Power Supply 
unaffected by line transients 

* Illuminated Weston Meter 
accurate to 1% of fell scale 

• 

. . . and the SIE Distended DC Scales, the most useful 
feature ever incorporated in a vacuum-tube voltmeter, 
enabling changes as small as one part in 10,000 to be 

read accurately. 

The new rack-mounted 
version of the R-1 in-

cludes all of these 
features in a unit 

specially designed for 
this application. 

SPECIFICATIONS: 
AC & DC Volts Ranges: 1 mv. to 1000 v., full scale 
Ohmmeter Ranges: zero ohms to 500 megohms 

Maximum Gain, D-C Amplifier: 200 
Drift (after warm up): less than 3 mv./hr. 

Tube complement: 13 

Weight: 34 lbs. 

Price, f.o.b. Houston: 

rack mounted: 

$620.00 

700.00 

SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
P. O. Box 13058 2831 Post Oak Rd. 

Houston, Texas 

SEND FOR FREE LITERATURE. 

5 4- 1 . REPRESENTATIVES THROUGHOUT THE WORLD. 

(Continued front page .84A) 

Eisenstein, N. 1.. 144 Beach 118 St., Rockaway 

Park, L. I.. N. V. 
Ellinthorpe, A. W., 189 Foster Ave.. Belleville. Ont., 

Canada 
Ewalt, M. B., 23 West St.. Stoneham 80, Mass. 

Finlay, R. S.. 313 E. 69 Ter.. Kansas City 13, Mo. 

Fischer. D. II., 9109 East Bigby Si.. Downey. Calif. 
Forde, L. C.. Box 5082. North Muskegon, Mich. 
Fralick, II. E., R.F.D. 8 ( 14 Lemoine St.). Belle-

ville. Ont.. Canada 

Fregan, E. J., 470 W. St.. New York I l, N. Y. 

Galles, C. E.. 333 E. Plymouth, Inglewood, Calif. 
Gentry, D. A., Canadian Marcod Company. Hq. 

N.E.A.C. Pepperrell Air Force Base, St. 

John's, Newfoundland 
Gerardi. F. R., 70393/4 Flight Avenue, Los Angeles 

45, Calif. 
Gijsbers. J. R.. 30 Utrechtseweg. Heelsum, Nether-

land 
Glass, J. J., Indian Rd., Milton, N. Y. 

Glendinning. B. W., Box 31, Stirl•ng, Ont.. Canada 
Goldman, B. S.. 15 W. 64 St., New York 23, N. Y. 
Gore, R. T., Metal & Thermit Corporation, Box 

471, Rahway, N. J. 

Gupta, S. K.. Govt. Engineering College, Jabalpur 
4, MP.. India 

Guthrie. E. E., 4644 Pt. Lorna Ave.. San Diego 7. 

Calif. 
Hanrahan, L. R., 907 Pleasantview Ave.. Scotia 2. 

N. Y. 
Harrigan, B. R., 1506 Hulman Building, 120 W. 

Second St., Dayton. Oho 
Hata. J. H., c o Okura & Company, New York, 

Inc., 30 Church St.. New York 7, N. Y. 

Hemming. G., c/o Canadian Marconi Company, 
Speical Services Division, Pepperrell Air 

Force Base, St. John's. Newfoundland 
Herrburger. E. C.. 24 Johnson Lane, Baldwin, N. Y. 
Higgins, G. S., 29 McEwen Dr. Middleton Pk.. 

Trenton, Ont., Canada 
Hinton, R. D., 5.1.E., 2831 Post Oak Rd., Houston 

19, Tex. 
Hirsch, II. R., 325 Jackson Ave.. Scotch Plains, N. J. 
Houldin. R. J.. c/o Mrs. Brenner, 30 Woodland 

Ave., Poughkeepsie, N. Y. 
Ives, W. J., 367 Bridge St., E., Belleville. Ont., 

Canada 
Jennings, E. V.. 216 Gardenglen St., West Covina, 

Calif. 
Johns, D. M., c, o E. Parliament, R.F.D. 8, Belle-

ville. Ont., Canada 
Johnson, M. E., 297 Bridge St., E., Belleville, Ont., 

Canada 
Jones. R. M., 912 Superba Ave., Venice, Calif. 

Kaufmann. R. II., 1268 Van Antwerp Rd., Schenec-
tady 9, N. Y. 

Kercher, M. K., 945 Cedar Ave.. Elgin, Ill. 

Klaus, E. F., 4216 Grant St., Vancouver, B. C., 

Canada 
Koenig, M., 1545 Greenwood Ave., Camden 3, N. J. 

Lacey, H. L., R.F.D. 1, Silverhill, Ala. 
Lamere, R. E., 222 Amherst St.. #9, Manchester, 

N. II. 
Landman, R. M., Apt. 4, 3702 -Caroma Ave.. Los 

Angeles 16, Calif. 
Lanford, L. D., 514 West Gilbreath St., Graham, 

N. C. 
Lenehan, J. M., 7837 S. Carpenter St., Chicago 

20. 111. 
Le Quesne, P. W. H.. Hove E:ectrical Company, 

Ltd., 10 Bay Rd., Wellington, E.3. New 

Zealand 
Lynn, G. A.. 2926 Euclid Ave., Fort Wayne 5, 

Ind. 
Massey, J., 3441 N. Bartlett Ave., Milwaukee 11, 

Wis. 
Mattes, A. J., Box 131, Eatontown. N. J. 
McCarley, II. R., 13210 Midway Ave., Rockville, 

Md. 

(Continued on page 88A) 
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SPECIFICATIONS 

INPUT 
20 to 35V DC 

at approx. 5 rrLa. 

OUTPUT FREQUENCY 
400 or 500 cycles 

Type 20071 
+ —.02% from —65 ° to 85°C. 

Type R20077 
+ —.002% from + 15 ° to 85 °C. 

Type W2007T 
+ —.005% from — 65 ° to + 85 °C. 

OUTPUT VOLTAGE 
5 volts, sine wave. 

Substantially uniform 
from —65' to --1- 85 °C. 

LIFE EXPECTANCY 
several times that of vacuum tubes 

INTERNALLY SHOCK MOUNTED 
on Silastic 

MAGNETICALLY SHIELDED 

HERMETICALLY SEALED 

OCTAL BASE 

SIZE 
41/2 " x 11/2 " diameter 

WEIGHT 
7 ounces 

COMPLETE INFORMATION ON REQUEST 
PLEASE SPECIFY TYPE 2007T 

wn 

FREQUENCY 
STANDARDS 
These units, which are the result of several years of development 

and testing, offer a new standard of simplicity and reliability. 

Particularly noteworthy is the uniformity of output signal voltage 

with temperature change. Small size and light weight make them 

ideal for airborne and portable use. 

For applications where only higher B voltages are available, a 

simple voltage reducing circuit may be used. 

American Time Products, inc. 
580 Fifth Avenue New York 36, IV. Y. 

MANUFACTURING UNDER PATENTS OF WESTERN ELECTRIC COMPANY 

July, 1,.;3 



in 
sixty 

seconds... 

Performance evaluation of a Fischer electronic 
(low frequency— high frequency) filter; wave forms signify 

the following: Variable null marker to check points on 

response curve at 1 Kc, 2.2 Kc and 5.5 Kc. Th's is a log amplitude 
presentation where the 4requency is multiplied by a factor 
of 10. Instrument used is SGI Sweep Generator; courtesy 

Panoramic Radio Products Corporation. 

a full-size photo of any 
scope pattern for evaluation 
of transient phenomena! 

This special Fairchild adaptation of the Polaroid-Land principle 
delivers a permanent, photographically accurate, full-size record of 
single transients or identical repetitive phenomena in 60 seconds 
after they appear on the C-R Tube. It is the only practical method 
to obtain a quick, permanent record of scope patterns like the one 
above. Because this photographic method is so fast, laboratory work 
can proceed continuously without interruptions or delays so usual 
where conventional film is used. The life size 334 x 434 in. image makes 
evaluation easy and accurate. Camera is automatically in focus when 
attached to the oscilloscope. Also provides for critical focusing ad-
justment where thick grids or filters are interposed between the 
tube face and camera hood. 

For accurate records of continuously varying phenomena or single 
transients and stationary patterns on 35 mm. film, the Fairchild 
Oscillo-Record Camera is available. For more information, write 
Fairchild Camera and Instrument Corporation, 88-06 Van Wyck 
Expressway, Jamaica, New York, Department 120-23H1. 

IIRC41,11D 
OSCILLOSCOPE RECORDING CAMERAS 

(Continued from ;age 85A) 

McIntyre, J. W., 85 Manor Dr , Apt. 15-M, Newark 
6. N. J. 

McKee, J. F., 141 Sixth Ave.. Indialantic. Mel-

bourne, Fla. 
McKee, W. H., 324 Bridge St E., Belleville, Ont.. 

Canada 
Meyers, D. V., 6962 Miami Rd.. Cincinnati 27. 

Ohio 
Monshaw, J. H., 511 E. 87 St.. New York 28. N. V. 

Morgan, W. R., Jr., 3870 N. W. 64 Ave., Miami 
Springs, Fla. 

Morocco, J. J., 65 Tuckahoe Ave., Tuckahoe 7, 
N. Y. 

Morrison, R. G., R.F.D. I. Xenia, Ohio 

Nettleton. H. C.. 22 Cherry Gardens, Belleville, 
Ont., Canada 

Nordby, K. S., Notzlistr 6, Zurich. Switzerland 
Nugent. J. A., 1259 Third Ave., S. E.. Cedar Rapids, 

Iowa 
Oates, K. H., 820 Verna Dr., Vestal, N. Y. 

Okwit, J., 64-33-83 Pl., Middle Vilage 79, N. V. 

Palmer, H. H., 45 River St., Danbury. Conn. 
Parachini, L. F., 701 Woodside Pkwy., Silver Spring, 

Md. 
Pfeiffer, J. Jr.. 368 Morningside Ter.. Teaneck, 

N. J. 
Philips, L. E., 1021 Young St.. Gainesville, Tex. 

Pierson, J. G., 11020 South Indiana Ave., Chicago 
28, III. 

Powers, W. F., Apt. 304, 5708 15 PI.. Hyattsville, 
Md. 

Pyle. W. I., 430 Eustis St.. Huntsville. Ala. 

Quinn. T. B., 2100 Kittredge St., Berkeley 4, Calif. 
Raedels, F. S., Jr., 2309 State St., Little Rock, Ark. 
Richard, C. A., 78 Grove St., Montclair, N. J. 
Rickards, C. E., 40 Charlotte St.. Belleville, Ont., 

Canada 
Rinder, R. M., 1332 Josephine St., Berkeley 6, 

Calif. 
Roberts, E. A.. Jr., 2245 Tep Way. Sacramento 

21, Calif. 
Roeloffs, E., 9440 TSU—SCPC, 35-11-35 Ave.. 

Long Island City 1, N. Y. 
Rogoff, J. B., 136 W. 16 St.. New York 11, N. Y. 
Ross. K. F., 305 Broadway. New York 7. N. V. 

Rotili. C., c/o Superpila. Casella Postale 415. 
Firenze, Italy 

Saunders, R. C., Jr., Woodbury Terrace Apts. 7-C, 
South American and Myrtle Sts., Wood-

bury, N. J. 
Sawaji, Y., 820 Yako-machi, Tsurumiku, Yoko-

hama, Japan 
Saxe, H. A., 5133 Benning Dr.. El Paso, Tex. 
Schwartz. C. H., 20172 Picadilly, Detroit 21, Mich. 
Scott, J. W., 2558 47 Ave., San Francisco 16, 

Calif. 
Seel, M., 960 Summit Ave., Jersey City 7, N. J. 
Siddall, W. D.. 55 Lessing Rd., West Orange. N. .1. 

Smith, F. A., 64 N. Wright Ave.. Fairborn. Ohio 
Smith, K. E., Box 141, State College. N. Mex. 

Sohler. J. F., 3817 Albright Ave., Los Angeles 66, 
Calif. 

Spengler, J. R., 58 South Pleasant Ave., Fairborn, 

Ohio 
Srivastava, B. P., National Irstitute of Engineer-

ing, Hoshiarpur. Panj lb, India 

Stafford, W. F., Jr., 24 Tudor Pl.. Buffalo 22, N. Y. 
Steenaart, W. J. D., 3130 L nton Ave.. Apt. 1, 

Montreal 29, Que., Canada 

Stein, R. J., 136 West Second St., Rm. 202. Dayton 

2, Ohio 
Stengel, C. J., Jr., 27 Orchard Age., Buffalo 24, N. Y, 

Stephens, J. R., R.F.D. 1, Box 761, Hickory, Vir-
ginia 

Stern-Montagny, F. H., 33 Hornbeck Road, Pough-

keepsie. N. Y. 
Stewart, J. P., 1429 Valley Crest Blvd.. Falls 

Church, Va. 
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PACEMAKER IN 

, PRECISION ELECTRONICS... 

A 

  Byron Jackson 
Electronic Measurement 

mini Equipment 

More than ten years of leadership in the develop-
ment and manufacture of precision electronic 
instruments and gages is demonstrated in this 
BJ-Rollin line of equipment. Complete technical 
bulletins are available on these products as well 
as BJ equipment in the microwave field. 

SPECIAL MEASUREMENT PROBLEMS? Our engi-
neers and scientists are ready to work with you 
in the development of special measuring and 
testing equipment as well as complete systems. 

BJ 
SINCE 1872 

Write or telephone for details: 

Byron Jackson Co. 
ELECTRONIC DIVISION 

Mailing Address: P. 0. Box 2017, Terminal Annex 
Los Angeles 54 California • Telephone: RYan 1-5166 

Visit Byron Jackson Booth No. 11302. 
Wescon Show—August 24, 25, 26 

Bi Hi•Pcwer Standard 

Signal Generators 

Model 81-20A offers 
10 watts output from 
85 kc to 40 mc. 
Model B.1-30A provides 
5 watts output in the 
40 mc to 400 mc 
range. 

Bi Vibrotron Digital 

Pressure Gage 

Offered In miniature 
and subminiature 
models for direct 
digital measurement 
and signaling of 
pressure, temperature 
or flow. 

I31 Precision Slotted Lines 

Laboratory standard 
precision slotted lines 
availabfe in three 
models, with indicator 
or RF Wattmeter. 

Multip irpose 
Signal Generator 

A standard signal 
generator which 
combines the 
functious of CW, AM, 
FM, PM, and sweep 

131 Incidental 

FM Meter 

Measures incidental 
deviation of a carrier 
in the presence of AM. 

PROCEEDINGS OF THE I.R.E. July, 1055 
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FIRST REPORT 

MYCALEX® 
TELEMETERING TESTS 

1660 hours 

of high quality switching at 600 rpm 

March 29, 1955 

After 1660 hours of operation, the new 

Mycalex Model TM 55 Series Commutator 
Switch continues to function with a perfect 

and unchanging signal This initial continuous 
test run was halted only to permit a simple 
brush cleaning and the life test resumed 

Test goal 10,000 hours! 

170 hours 

of uniform operation at 1,800 rpm 

A second test running concurrently and 

using the new Mycalex Model 1M-55 Series 
brush construction provided a clean signal 
for 170 hours at 1,800 rpm! Once again, oper 
ation was halted only to permit brush clean-

ing - and the test resumed 

Mycalex 410 provides: 

• absolute dimensional and age stability 

• imperviousness to moisture 

• precision dimensional tolerance control 

• temperature endurance to 650°F. 

Write today: 

Mycalex Electronics Corporation 

Dept. 111 

P.O. Box 311 

Clifton, N. J. 

IVIVCALEX ELECTRONICS CORPORATION 

Under exclusive license 
of the Mycalex Corporation 
of America 

Executive Offices 

30 Rockefeller Plaza 

New York 20, N. Y. 

(C,ntinued front page 88/1, 

Stuart, H. D., 1844 Ardmore Blvd., Pittsburgh 21, 
Pa. 

Summers, R. M., Springer Route, Ardmore, Okla. 
Swan, C. B., 324 Bridge St., E., Belleville, Ont., 

Canada 

Tarnburo, S., 1032 West Grand Ave., Chicago 22, 

Thurston, R. N., Bell Telephone Laboratories ID 
446, Murray Hill. N. J 

Troutman, P. G., 1836 Mel:ssa, Arlington, Texas 
Varn, S. P., Jr., 1545 Bolling Ave., Norfolk, Va. 
Vlasak, W. R., 4417 North 21 St.. Phoenix, Ariz. 
Voelcker, II. B., Jr., SIGE:...CR13-3 Coles Signal 

Laboratory, Fort Monmouth, N. J. 
Walsh, R. M., 1148 Amador Ave., berkeleY 6. Calif. 
Weinberg, J., 116 Lake Ave., Boonton. N. J. 

Wexler, P. S.. Raytheon Manufacturing Company. 

55 Chapel St., Newton 58. Mass. 
Whitten, A. C., R.F.D., 2 Seneca Falls, N. V. 

Wible. P. E., Jr.. 1823 Griswold Dr., Apt. L-21. 

Fort Wayne 3 Ind. 
Williamson, W. P., III, Box 8692 Wright Air De-

velopment Center, Wright Patterson Air 

Force Base, Ohio 
Zellner, F. L., Jr., 1143 W. 11 St., McKees Rocks. 

Pa. 

Industrial Engineering Notes 

AERONAUTICAL.* 

Chairman Louis B. Rothschild of the 
Air Coordinating Committee has an-
nounced that the group has unanimously 
approved a program to be followed in con-
nection with the current controversy sur-
rounding the common system of short-
distance radio navigational aids. " In view 
of the military's planned implementation 
of a tactical system," the ACC announce-
ment said, "the divergence between the 
common civil/military non-tactical system 
and the tactical military system becomes 
obvious. Thus, a course of action must be 
devised which will minimize disruption to 
all aviation interests daring this diver-
gence, and arrive, to the extent possible, 
at a common civil/military- system of 
navigation which provides for civil, mili-
tary non- tactical, as well as basic tactical 
operations." The controversy was touched 
off earlier this year when the Air Naviga-
tion Development Board issued a report in 
which it favored the TACAN system de-
veloped by the military over the VOR 
/DNIE system recommerded by the Radio 
Technical Commission fo- Aeronautics and 
accepted as the common system. 'I'he mat-
ter has been probed by several committees 
on Capitol Hill and a resolution is now 
pending to establish a joint committee to 
investigate the matter. The ACC program 
was reported in part as follows: A. Interim 
Military Tactical Program (I) The mili-
tary will proceed immediately to imple-
ment the mininnun amount of TACAN 
necessary to meet military tactical require-

(Continued on page 92A) 

* The data on which these NOTES are based were 
selected by permission from Industry Reports, issues 
of April 18, 25. May 2, and 9, published by the 
Radio- Electronics-Television ManufIcturers Asso-
ciation. whose helpfulness is gratefully acknowl-
edged. 
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Type 25DN6 
Beam power 
Amplifier 

Type 6C57 
Medium Mu 
Dual Triode 

"Circuit-designed and_ circuit-tested." 

to meet toaa,y's rir requirements 

Add two more to Sylvania's long list of original tube develop-
ments.. Typical of all Sylvania "Originals" these tubes fill timely 
and important applications for the equipment designer. 

One meets the TV designer's need for a horizontal amplifier 
suitable for low B+ chassis applications. The other provides a 
dual-purpose tube combining a higher-rated vertical deflection 
amplifier and oscillator for normal B+ chassis. Each type is 
"circuit-designed and circuit-tested" for optimum performance 
in its application to the modern television receiver. 

For complete information on the New Sylvania types 25DN6 
and 6CS7, check the appropriate space. Or if you have interests in 
other equipment fields let us send you a complete listing 
of Sylvania "circuit-designed and circuit-tested" tubes. 

et-SUN/MU 
SYLVANIA ELECTRIC PRODUCTS INC., 
1740 Broadway, New York 19, N. Y. 

In Canada: Sylvania Electric (Canada) Ltd., 
University Tower Building, Montreal 

Type 25DN6 

"Circuit- designed" for hori-
zontal amplifier use in off-ihe-
line low series-string TV 
applications; and to eliminate 
"snivet" problems. 

"arcuit-tested"—to exhibit a 
low plate knee characteristic 
and deliver high peak currents 
which are necessary for proper 
deflection. 

Type 6CS7 

"Circuit-designed" to provide 
an oscillator combined with a 
vertical deflection amplifier 
with higher plate dissipation 
(6.5 watts). 

"Circuit-tested" — to deliver 
optimum performance at 
higher ratings under the more 
stringent operating conditions 
of modern circuitry. 

LIGHTING • RADIO • ELECTRONICS 

Sylvania Electric Products Inc., 1740 Broadway, New York 19, N. Y. 

O Please send complete data on the new 25DN6 and 6CS7 

Please send information on other -circuit-designed and circuit-tested" 
types as indicated below. 

1:1 Other entertainment types CI Control equipment types 

1:1 Military equipment types O Test equipment types 

O Special-purpose types O  types 

Name  

Address  

City /one State  

• TELEVISION • ATOMIC ENERGY 
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Electrically 
Conductive Cloth 
A New Engineering Material for 

Many Applications in Electronics 

SUGGESTED 
USES: 

RE SHIELDING 
RADAR REFLECTION 
MICROWAVE GASKETING 
WARNING SYSTEMS 
ATTENUATORS 
STATIC DISCHARGE 

guy it by the yard and sew it to shape on any 

sewing machine. Or, have us sew it for you. 

WRITE OR PHONE 

gel i 

INDUSTRIES, INC. 

10 Love Lane, Hartford 1, Conn. 

Hartford 2-1181 

MODEL 
1420B 

VARIABLE FREQUENCY 

GENERATORS 

"THE STANDARD OF THE INDUSTRY" 

For shake table or general power requirements 

in the 300 V.A. class, the model 1420B has no equal. 

Whether supplied in the standard frequency 
range of 50-6000 cps or in any discrete portion (120 

to 1 frequency ratio) of the 20 cps to 60 KC range, 
this unit features low distortion, excellent output 
voltage regulation and low dynamic output imped-
ance. 

For complete information about this and other 
CML generators in the power range of 50 to 13000 
volt amperes, single, two and three phase, write for 
Catalogue M. 

COMMUNICATION MEASUREMENTS 
LABORATORY, INC. 

350 LELAND AVE., PLAINFIELD, N.J. 

(Continued from page 90A) 

Industrial Engineering Notes 

ments. These installations must avoid in-
terference with the Radar Safety Beacon 
and DME. (2) The proposed use of 
TACAN must be coordinated through the 
ACC agencies, and aircraft flights based 
on the system must be capable of being 
integrated into the operation of the Fed-
eral Airways to minimize operational con-
flicts. Implementation of TACAN will be 
in accordance with policy to be developed 
by ACC. B. The Common System Pro-
gram (1) The CAA continue the VOR 
/DME system, as hereinafter provided, 
until some succeeding common system has 
been adopted and installed on the Federal 
Airways system. During the transition 
period when a succeeding common system 
is being installed, priorities in frequencies 
or other areas of conflict shall be given to 
the succeeding system. (2) The agencies of 
the government responsible for the imple-
mentation or operation of any phase or 
phases of the present or a future common 
system program will consult with other in-
terested agencies through the ACC in the 
discharge of these responsibilities. Any im-
plementation of DME will be carried out 
only in proper priority relationship to the 
other needed improvements in the system. 
(3) Based on information now available, if 
TACAN is adopted for use in the succeed-
ing common system, it is estimated that 
under such a program, VOR will .be con-
tinued until 1965 and that DME will be 
continued until 1960. The ANDB also was 
directed to study several "undetermined 
factors" in connection with the use of 
TACAN and "immediately plan and direct 
a program to complete the development of 
l'ACAN for possible common system use." 
It also was directed to "conduct studies to 
determine the feasibility of developing a 
third rho-theta system which would meet 
all of the stated common system require-
ments." The ACC statement also covered 
the international program to be followed. 

FCC ACTIONS 

The Federal Communications Commis-
sion has issued a public notice soliciting 
information which can serve as the basis 
for determining whether a rule-making 
procedure should be instituted concerning 
radio-astronomy frequency requirements. 
The Commission stated that in view of the 
widespread interest and work being done 
in the field of radio-astronomy, both in this 
country and many others, it considers it 
expedient to develop at this time addi-
tional information and has listed some six 
points upon which comments are solicited 
from interested parties by July 1. 

ELECTRONICS 

A high level of procurement for elec-
tronic and communications equipment 
will be sustained by the Air Force for the 
next four or five years, according to present 

(Continued on page 94A) 
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/ 
for use in Shitt ftegisters 

toielee teen Nail %Isles 

Pulse lesicgtes 
%I'at‘tPe\t %eon Ç-Uges \Wye Goeges, ad eve doites 

Ultra-thin tape for bobbin cores is rolled to 
high precision standards for thickness and 
finish on our own 20-high Sendzimir cold 
reducing mill, beta-ray controlled. 

Wititei-el BULLETIN TC-108 

"TAPE-WOUND BOBBIN CORES 
FOR COMPUTER APPLICATIONS" 

Includes essential data on applications and 
properties, fabrication and testing of Arnold 
Bobbin Cores; lists standard sizes, etc. 

ADDRESS DEPT. P-57 

specify BOBBIN CORES by ARNOLD 
These cores, fabricated by winding ultra-thin tape of high-permeability 
magnetic materials on ceramic bobbin cores, possess ideal qualities for 
use in electronic computer assemblies as memory cells. 

Specifically, their desirable properties include quite rectangular hysteresis 
loops, relatively low coercive values and high saturation densities; plus 
temperature stability and the abâity to shift in a few microseconds from 
negative remanence to positive saturation, and vice versa, under conditions 
of pulse excitation. 
Arnold Bobbin Cores are available in a wide range of sizes, tape thick-

nesses, widths and number of wraps to suit the ultimate use of the core. 
Magnetic materials usually employed are Deltamax, Square Permalloy 
and Supermalloy, in standard thicknesses of .001", .0005", .00025" 
and .000125". Special advantages derive from Arnold's position as a 
fully-integrated producer of wound cores, able to maintain precise control 
over every production operation ... melting, rolling, winding, testing, etc. 
• Let us supply your requirements for bobbin cores or any other magnetic materials. 

W&D Seel 

PE ARNOLD ENGINEERING COMPANY 
SUBSIDIAY OF ALLEGFIENY LUCLUM STEEL CORPORATION 

General Office & Plant: Marengo, Illinois 

DISTRICT SALES OFFICES ... New York: 350 Fifth Ave. 
Los Angeles: 3450 Wilshire Blvd. Boston: 200 Berkeley St. 

PROCEEDINGS OF THE I.R.E. July, 1955 



KEARFOTT 
FLOATED RATE 
INTEGRATING 
GYROS 

KEARFOTT 6_05 x 10, FLOATED GYRO 

KEARFOTT 2 It IV FLOATED GYRO 

4CCWiaie 

Their initial accuracy represented by the random drift is continuously 
repeated in day-to-day operation. 

ANGULAR 
MOMENT 

GM.CM.a/sEg. 

MINIMUM 
DETECTABLE 

RATE 

TYPE 
OF 

TORQUER 

TORQUER 
LINEARITY 
FULL SCALE 

CHARACTERISTIC 
TIME 

DIMENSIONS «GMT 
POUNDS 

605:10• 
2:104 /hr.Di.,,. 4.I r. 

A.C.Vane 
A.C.Yane 

0.17% 
0.1% 

.0035 Sec. 

.0025 Sec. 
3-3/4' Dia. x 6-1/8. long 
2" Dia,,. si 3-7/101 long 

6-1/2 
1-3/8 

Kearfott 6.05 x 106 and 2 x 104 Floated Gyros have basic construc-
tion features that impart this all-important reliability. The materials 
used in their construction are of similar coefficient of expansion, thus 
avoiding mass unbalance due to temperature changes. Displacement 
information is provided by an extremely linear AC Vane pick-off. 
Either AC or DC torquers can be provided. Two additiona floated 
rate integrating gyros, one with a 2.5 x 106 gm. cm.'isec. wheel and 
the second with a 12.5 x 106 gm. cm.2/sec. wheel are available. Her-
metic sealing provides resistance to extreme environmental conditions. 

—Seed h4 7echaI .2eicz Shed4 
KEARFOTT COMPONENTS 

INCLUDE: 

Gyros, Servo :Motors, Synehros, 
Servo and Magnetic Amplifiers, 
Tachometer Generators, Hermetic 
Rotary Seals, Aircraft Navigational 
Systems, and other high accuracy 
mechanical, electrical and electron-
ic components. Send for bulletin 
giving data of components of in-
terest to you. 

ENGINEERS: 
Many opportunities in the above 
fields are open. Please write for 
details today. 

A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 

KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
Soles and Engineering Offices: 1378 Main Avenue, Clifton, N. J. 

Midwest Office: 188 W. Randolph Street, Chicago, III. South Central Office: 6115 Derdoe Drive, Dallas, Texas 

West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 

(Continued from page 02A) 

plans which look toward the expansion of 
America's early warning system and 
modernization and expansion of the air-
craft program. Air Force obligations during 
fiscal year 1956 for the procurement of 
electronics and communications equipment 
are expected to total nearly $625.9 million. 
This compares with obligations of about 
S427.6 million in 1955 and $326.4 million 
obligated for this type of equipment in 
fiscal year 1954. 

MOBII,IZATION 

Atomic Energy Conunission Chairman 
Lewis Strauss has announced a new pro-
gram under which organizations or indi-
viduals may be given access to non-mili-
tary "confidential" and "secret" restricted 
data on atomic energy technology for their 
own private purposes. Under the new pro-
gram, information classified as "confiden-
tial, restricted data" may be made avail-
able to any person who can evidence a 
potential use or application of the data in 
his business, profession or trade. The other 
conditions to this access of information are 
that the applicant obtain a simplified se-
curity "L." clearance and agree in writing 
to conform to all AEC security regulat ions. 
Also, so-called "study agreements" now ill 
effect will be converted to the new type ar-
rangements. Under similar conditions, lim-
ited access also may be granted to certain 
specific information classified as "secret, 
restricted data" if the applicant proves that 
the information is significantly important 
to his business, provided, however, that the 
applicant obtains a full security "Q" clear-
ance. The government will retain royalt y-
free, non-exclusive rights for governmental 
purposes in inventions and discoveries 
which result from such access. Present 
AEC contractors will be granted access to 
both categories of restricted data for 
private purposes on the same basis and 
conditions and will be granted the same 
rights as other applicants. 

RETMA 

Climaxing a three-day industry con-
ference, the RETMA Board of Directors 
approved proposals for broad administra-
tive changes in the Association's organiza-
tional structure, subject to approval by the 
membership at the June convention, and 
selected Director Leslie F. Muter, pioneer 
radio manufacturer and veteran RETMA 
Treasurer and Past President, to receive 
the 1955 Medal of Honor at the industry 
banquet on June 16 in Chicago. 

TECHNICAL 

The Office of Technical Services, Com-
merce Department, recently released sev-
eral reports dealing with scientific discov-
eries and developments of interest to the 

(Continued on page 97A) 
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Why spend $1.04 for this knob? 
Sure, you could pay less for an ordinary knob, 

but the premium price of the Raytheon Stand-
ard Control Knob is well worth the difference! 
Here's why: 

Raytheon knobs conform to government speci-
fications for material, high and extreme temper-
ature, humidity, salt spray, vibration, impact 
and torque. They are handsomely designed and 
molded of "Tenite II." They have anodized alu-
minum inserts with dual Allen head set screws. 
Most important, Raytheon knobs offer the 
smartly turned professional look that adds so 

much to the fine appearance of your product. 

You put time, skill, money inside your equip-
ment. You incorporate the finest circuitry; you 
select each component with care—your goal is 
quality in every detail. Naturally, this means 
quality outside, too. The right knobs, the finest 
knobs give the important finishing touch. They 
help convince your customers that yours is 
thoughtful, thorough craftsmanship. 

Let us send you complete information on the 
finest control knobs available today. Write Dept. 
6120, or see your electronic supplier. 

OTHER FINE RAYTHEON STANDARD CONTROL KNOBS 

Prices range from 

69¢ to $3.10 

Round Skirted 
Round 

Pointer Skirted 
Pointer Crank Knob 

RAYTHEON MANUFACTURING COMPANY 

Equipment Marketing Division 

Waltham 54, Mass. 
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BURROUGHS 
facilities available 

for subcontract work 

Specialists in digital 

and pulse techniques 

Expand your production without 
adding capital investment. Let 

Burroughs Electronic Instruments 

Division build your electronic assem-

blies or magnetic devices. Especially 
skilled and equipped for manufac-

turing in the digital and pulse fields, 

including prototypes and pilot sys-
tems. Facilities for complete testing 

from finished systems to components. 

Large technical staff. Burroughs 

offers you dependability, experience, 
security. Located in the heart of one 

of America's largest pools of trained 

electronics personnel. Write for quo-

tation. Burroughs Corporation, Electronic 
Instruments Division, 1209 Vine Street, 

Philadelphia 7, Pennsylvania. 

ELECTRONIC INSTRUMENTS DIVISION 

urrou hs 
FIRST IN PULSE HANDLING EQU,PMENT 

BUILDING 
BLOCKS 

Assembly of these rugged 
building blocks into an 

integrated system is a simple 
and easy process. Analyze 

your telemetry requirements, 
sketch your block diagram, 

and select the required 
units from RREP's full line 

of FM transmitting 
equipment. You've then 
got the finest airborne 

system available. 

for 
SIMPLIFIED FM 
TELEMETRY 
SYSTEMS 

FM TRANSMITTERS. Crystal Controlled and Variable Reactance 

RF AMPLIFIERS for boosting R.F. signal strength 

SUBCARRIER OSCILLATORS. Voltage Controlled, Bridge Acti-
vated, and Variable Reactance 

COMMUTATORS AND DYNAMOTOR-COMMUTATOR GAT-
ING UNITS for expansion of system capacity by subcarrier 
commutatioi 

UNIVERSAL MOUNTING ASSEMBLY 7 

UNERAC (Universal Regulator, AmpVier and Calibrator) 
and UNIVERSAL MOUNTING UNITS for mounting all 
RREP Oscillators 

DYNAMOTORS for high voltage suppl es 
Technical Bulletins giving complete information on these units are available an request. 

See us at WESCON—Booth 231 

RAYMOND ROSEN 
ENGINEERING PRODUCTS, INC. 
32nd and Walnut Streets, Philadelphia 4, Pennsylvania 
Western Regional Office: 15166 Ventura Blvd.. 
Sherman Oaks. Los Angeles, California 

ARE YOU ASKED TO RECOMMEND 
HIGH FIDELITY LOUD-
SPEAKER SYSTEMS? 

Then you will lbe interested in the corner 
horn types developed and licensed by Paul 
W. Klipsch and the units manufactured by 
Klipseh and Associates. Their performance is 
the closest approach to fideity now available 
and the horns are adaptable to new advances 
in the art, if and when they are achieved. 
Write for new literature on tile Klipsvhorn 
and Shorthorn corner horn loudspeaker 
systems. 

KLIPSCH & ASSOCIATES 
Hope, Arkansas 

Paul W. Klipsch, Owner-Manager; member 
Acoustical Society of America, IRE. 

PRECISION RESISTOR 
HEADQUARTERS 

"Akra-Ohm" ceramic wisewounds (Bul-
letin L-35); "P-Type" epoxy resin encap-
sulated wirewounds (Bulletin L-30); 
Deposited Carbon film types (Bulletin 
L-33); "Castohm" lightweight cast ceramic 
power resistors (Bulletin L-29). 

All commercial, industrial, JAN, and 
MIL types. Pioneers in precision resistors— 
SHALLCROSS MFG. CO., 524 Pusey Ave., 
Collingdale, Pa. 

SHALLCFIOSS 
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(Continued from page 97A) 

electronics industry, and in addition made 
available to the public the "AN" (Army-
Navy) nomenclature system for communi-
cations and electronics equipment, de-
vised by the Joint Communications-Elec-
tronics Conunittee of the Defense Depart-
ment. "Properties of Large Slot Antennas" 
PB 111523, and "A High Vacuum Gold 
Cathode Gaseous Discharge—A Cyclotron 
Effect" PB 111522, are both available 
from the OTS, Commerce Department, 
Washington 25, D. C., for $1.25 each. 
"The Summary of Joint Nomenclature 
System ("AN" System) for Communica-
tions-Electronic Equipment" PB 111581, 
also is available from the Commerce De-
partment, for 25 cents per copy. This re-
port presents a coordinated system of 
nomenclature for communications-elec-
tronic equipment, jointly used by the three 
military services, in a handy chart form. 
The system is useful, it was said, in iden-
tifying equipment references where refer-
ence is made to a new item, or a complete 
listing is not at hand. The coding system 
used in the charts indicates at once the 
type of equipment, where it is normally in-
stalled, and its functional purpose.... 
Technical details on the system for mass 
production of electronics—known as the 
"Modular Design of Electronics" and the 
"Mechanized Production of Electronics" 
—have been made available to industry in 
five reports published recently by the 
Office of Technical Services, Commerce 
Department. The reports include a sum-
mary description of the system, techniques 
of conversion from conventional to modu-
lar design, hand fabrication techniques, 
mechanized production, and manufactur-
ing cost determination. The system of pro-
ducing electronics equipment mechanically 
is not limited to large-scale production, it 
was said. It may be applied equally well to 
model-shop or laboratory practices. It is 
suggested, in fact, that hand assembled 
electronic models be developed and per-
formance tested before large-scale produc-
tion by MPE techniques is attempted. 
Through the application of this system it 
is possible to substantially reduce the lead 
time normally required before full pro-
duction is attained and to stock-pile pro-
duction facilities, it was noted. It requires 
no proportionate increase in skilled man-
power when the standby plant is put into 
operation, OTS said. The five volumes de-
scribing this system are listed below. They 
may be obtained front the OTS, Corn-
tnerce Department, \Vashington 25, D. C., 
at the prices indicated. "Vol. 1, Summary 
of Modular Design of Electronics and 
Mechanized Production of Electronics," 
PB 111275, $2. "Vol. 2, Techniques for 
Converting from Conventional Design of 
Electronics to Modular Design of Elec-
tronics," PB 111276, $2. "Vol. 3, Hand 
Fabrication Technique and Photographic 
Processing for Modular Design of Elec-
tronics," PB 111277, $2. "Vol. 4, Mech-

Pulse sequence changed 

in 10 minutes with 

BURROUGHS PULSE UNITS 

1. Multiple pulse group generator. 
Number of pulses in group van he changed 
by varying delay time in pulse gater. 
Group repetition rate is varied by adjust-
ing frequency of pulse generator. Distance 
between pulses is continuously variable by 
means of a front panel control knob. 

2.10-minute changeover. Engineer simply connects otwii w delay unit into the system 
and sets up controls for new pulse sequence. Units are matched to each other; so no buf-
fers are required. Units connect together through standard cables. 

3. Pulse train genegator. Presto! A com-
pletely new pulse system that generates 
trains of pulses of variable width. Panel 
controls give engineer easy adjustment of 
pulse number, pulse width, interval be-
t ween pulses, spacing of pulse trains. 

urrou Its CORPORATION 

ELECTRONIC INSTRUMENTS DIVISION 
1209 Vine St., Dept. 11-G, Phila. 7, Pa. 

Send me detailed literature on 

Burroughs Pulse Units 

Name  

Position  

Company  

Street  

City Zone 

State  

100 4C 
GENERATOR 

3020 
DELAY 

13011 
DELAY 

  CATER y OUTPUT 

10 0 4C 
GENERATOR e 

1601 
MITER 

13028 
DELAY 

130IC 
Dam 
A2 

 ,I5018 
'DATER 

li 

1301C 
 ) DELAY 

c. 3  

OUTPUT 

FREE ENGINEERING SERVICE 

Let Burroughs engineer a system for 

you. Next time you have a problem 

involving pulses, write Burroughs, 

giving the pulse sequence desired. 

Get back complete information on 

how you can build the needed pulse 

system in just minutes with 

Burroughs Pulse Units. Prove to 

your management how much money 

and time you can save. Write or 

send coupon for literature. 
(Continued on page 98.4) 

PROCEEDINGS OF THE I.R.E. July, 1955 97a 



Stupatoff 
Kovar HARD GLASS Seals 

Here are 5 practical reasons why 

KOVAR AND HARD GLASS 
make the Best hermetic seals 

BEST for thermal endurance 
because the thermal expansion of Kovar matches exactly 

that of hard glass over the entire working range. 

BEST for insulating value 
— because of the high dielectric strength of hard boro-
silicate glass. No silicone treatment is required. 

BEST for hermetic tightness 
—because the fused oxide bond is a chemical bond, form-
ing a true hermetic seal, free from strains at all working 
temperatures. 

BEST for miniaturization 
—because insulating efficiency and high mechanical 
strength of hard glass permit the use of seals of minimum 
size and weight. 

BEST for your product 
—because Stupakoff's broad experience, engineering skill 
and modern manufacturing methods provide hermetic 
seals that are right for your product. You get 
all the advantages that can be secured only with 
Kovar and Hard Glass. 

Stupalioff 
WRITE DEPARTMENT P 
for Catalog 453A, which shows 
all the standard and many of the 
special types of Stupakoff Her-
me•ic Seals. 

CERAMIC & MANUFACTURING COMPANY • LATROBE, PA. 

Division of The CARBORUNDUM Company 

(Continued fron, page 9M) 

Industrial Engineering Notes 

anized Production of Electronics,' I'B 
111278, $4. "Vol. 5, Manufacturing 
Cost Determination," PB 111315, $4. 
... The Office of Technical Services, 
Commerce Department, has listed stud-
ies in the field of electronics in its March 
1955 issue of the "IL S. Government 
Research Reports." The following re-
ports can be purchased from the Photo-
duplication Section, Llrary of Congress, 
Washington 25, D. C., for the reported 
price: " Design and Calibration of Micro-
wave Antenna Gain Standards" PB 
116133, microfilm, $2.50; photocopy, 
$5.25. "Comparison of Linear and Circular 
Polarization at X-band by Means of a CW 
Doppler Radar Operating Over Water" 
PB 116186, microfilm, 81.50; photocopy, 
$1.50. "Aerodynamic and Radar Trans-
missivity Properties of Screen Materials" 
PB 116249, microfilm, $3.25; photocopy, 
$9. "Folded Antennas" PB 116294, micro-
film, $4; photocopy, $11.50. "General 
Study of Rectangular Waveguide (pres-
surized)" PB 116171, microfilm, $2.50; 
photocopy, $5.25. " Noise Studies on CW 
Klystrons" PB 116250: microfilm, $ 1.50; 
photocopy, $ 1.50. "On the Theory of Wave 
Propagation in Non-Homogeneous Media" 
PB 116185, microfilm,$2.25; photocopy, $4. 
"On the Perturbation Theory of Electro-
magnetic Cavity Resonators' PB 115744, 
microfilm, $2; photocopy, $2.75. " Practical 
Transmission Line Network Design for 
VHF and UHF Filter Applications" PB 
115942, microfilm, $5.25; photocopy, 
$16.50. "Microwave Noise Study" PB 
1 16251, microfilm, $3.75; photocopy, 
$10.25. "Study of R-F Performance Meas-
urements—Final Report" PB 116073, 
microfilm, $5.25; photoc,ipy, $16.50. "Syn-
thesis. Final Report" PB 116102, micro-
film, $2.25; photocopy. $4. "Trouble-
Shooting in Electronics Equipment—A 
Proposed Method" PB 116207, microfilm, 
$5; photocopy, $ 15.25. " Use of Real Gases 
in a Shock Tube" PB 116211, microfilm, 
$2.75; photocopy, $7.7  5  The Air 
Force has recently released the results of 
a program of basic research in the field of 
nonlinear servomechanisms. The results 
are described in a research report made 
available to industry by the Office of 
Technical Services, Commerce Depart-
ment. The report, " Research n Nonlinear 
Mechanics as Applied to Servomecha-
nisms," is the result of research done by 
the Cook Electric Co. Laboratories under 
Wright Air Development Center contract. 
The work was aimed at an improvement of 
servomechanism response through the use 
of nonlinear techniques, development of 
practical nonlinear elements to instrument 
these techniques, extension of nonlinear 
servomechanism theory through theoreti-
cal analysis, and formulation of nonlinear 
servo theory into practical design informa-
tion for use by design engineers. The re-
port is available from the OTS, Commerce 
Department, Washington 25, D. C., and 
should be ordered by number—PB 111584 
—priced at $3.75. 
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// weATEVER YOUR Ft/SE NEEDS MAY SE 

You can quickly and easily select a BUSS 
fuse that's right for your fuse application. The 
complete BUSS line includes fuses in sizes 
from 1/500 ampere up, plus a companion line 
of fuse clips, blocks and holders. 

And standardizing on BUSS fuses helps safe-
guard the product and your reputation because 
. . . BUSS fuses are made to protect — not to 
blow needlessly. 

Every BUSS fuse, normally used by the 
Electronic Industries, is tested in a sensitive 
electronic device that automatically rejects any 
fuse not correctly calibrated, properly con-
structed and right in all physical dimensions. 

- YOU CAN TURN 
TO BUSS FOR THE 

RIGHT FUSE!" 

If you should have a special problem in 
electrical protection ... 

The BUSS engineers are at your service and 
can save you engineering time by helping you 
choose the right fuse for the job. Whenever 
possible, the fuse selected will be available in 
local wholesalers' stocks, so that your device 
can be easily serviced. 

Before your final design is crystallized, be 
sure to get the latest information on BUSS 
and FUSETRON small dimension fuses and 
fuse holders ... Write for bulletin SFB. 

BUSSM ANN MFG. CO. Div. McGraw Electric Co. 

University at Jefferson St. Louis 7. Mo. 

IRE .755 

USETRO 
Makers of a complete line of fuses for home, farm, commercial, electronic, automotive and industrial use. TRUSTWORTHY NAMES IN 

ELECTRICAL PROF.( PON 
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CRYSTALS 

CRITICAL QUALITY 
CONTROL 

Means the Finest in 
Frequency Control 

in 

Midland makes more frequency 

control crystals than anybody else. 
Millions are used in two-way 

communications thruout the world. 

Only a product of the highest 
quality rates that kind of demand. 

That's why you know your 

Midland crystal will do a completely 
dependable job for you. 

TFe quality of Midland crystals 

is assured by exacting tests and 
controls through every step of 

processing. It's quality you can stake 

your life on — as our men in the 

armed forces and law enforcement 
do every day. 

ML-200 Series 
for color television 

(also available encapsulated) 

ML-6 Series 
for ranges 1.0 mc 

to 75.0 mc 

MIDLAND 
MINIATURES 
for specified 
performances 

Other standard \ 
types for 

various ranges. 

Specials developed 
and produced to 

individual 
requirements. 

Whatever your crystal need— 
conventional or highly specialized... 

when it has to be exactly right, 
contact 

Manufacturing Co., Inc. 
3155 Fiberglas Road • Kansas City, Kansas 

WORLD'S LARGEST 
PRODUCER OF QUARTZ CRYSTALS 12TH STREET AND FERRY AVENUE 

BETTER 

IMPREGNATING 
EQUIPMENT 

MEANS 

BETTER PRODUCTION 
Whether you impregnate 

electrical windings, transformers, 
castings, paper tubes, etc.— 

with NYECO's better equipment, 
you will get better impregnation 

and more production. 

The New York Engineering 
Company manufactures complete 

systems for vacuum-pressure 
impregnating. Tank sizes range 

from 24" diameter to 12' 6" 
diameter .... depth to suit 

applications. 

For prompt, reliable data anil quotations 

WRITE. 
PHONE 
or WIRE 

s. 

-eipmes•••••1 

NEW YORK ENGINEERI 
75 West Street • New York 6, N. Y. 

PHONE: WHitehall 4-5380 CABLE: NYECO, New York 

CO. 

Our " In- Plant" Testing Facilities 
Can Save You Time and Money! 

Our test equipment and services, set up to meet 
MIL-T-27, assure yo., of prompt approval and mini-
mum delivery time. 

We also have an experienced staff, ai extensive 
research and measurement laboratory, and com 
plete pulse magnetron test equipment. Thus, we can 

offer you top-quality transformers and expert assis-
tance w!th your design problems. 

Write for free literature 

ATLANTIC TRANSFORMER DIVISION 
OF NEW LONDON INSTRUMENT COMPANY, INC. 

30 I-ynes Ave. Groton 4, Conn. 

PHASE 
DISPLAY 

EQUIPMENT 
The PDE-I displays the transfer function of any network, am-
plifier, or system as a polar plot of phase and amplitude, over 
the range of 100 kc to 10 mc. Sweep width is adjustable to 
10 mc. Built-in marker generator. Ideal for transistor studies 
and measuremees. Can be use" in design and evaluation of 
feedback amplifiers and servo systems. Descriptive flyer for-
waded on request. 

LkJ 
.•` IT 

2:M0G 

• . • 

Literature is available on our complete line of color television instruments for the studio, laboratory, 
Ind factory. 

ENGINEERING AND CONSTRUCTION COMPANY 

ESTABLISHED 1920 CAMDEN 4, NEW JERSEY 

WHEN WRITING TO ADVERTISERS PLEASE MENTION—PROCEEDINGS OF THE ¡.R E. 



Ate 
Proti, \ signal liroup Ileetiugs 

ANTENNAS AND PROPAGATION 

Washington Chapter—March 28 

"Ionospheric Propagation" by Alvin 
McNish, National Bureau of Standards. 

AUDIO 

Boston Chapter—April 14 

"The Past, Present and Future of Mag-
netic Recording" by John S. 13oyers, Mag-
netic Memory Devices Division, National 
Company. 

Houston Chapter—March 22 

"A Multi-Loop Self Balancing Power 
Amplifier" by J. Ross MacDonald, Texas 
Instruments, Inc. 

Philadelphia Chapter—March 17 

"Experiences and Observations Along 
the Road to Improved Sound Reproduc-
tion" by E. W. Kellog, RCA (retired). 

Chicago Chapter—February 18 

"Toward Flutter Measurements of 
Magnetic Recorders" by U. R. Furst, 
Furst Electronics. 

CIRCUIT THEORY 

Albuquerque Chapter—March 23 

"Circuit Synthesis with Particular Ref-
erence to Transistors" by Walter Brown, 
Sandia Corporation. 

Chicago Chapter—January 21 

"RF Spectra as Related to Non-Linear 
Circuit Elements" by William Firestone, 
Motorola, Incorporated. 

Seattle Chapter—February 10 

"Digital Computers and Automatic 
Control" by D. R. Brown, M.I.T. 

Syracuse Chapter—March 15 

"Active Filters" by J. J. Suran, General 
Electric. 

COMMUNICATIONS SYSTEMS 

Washington Chapter—March 30 

"Disaster Planning in the Field of Tele-
communications" by Horace R. Hampton, 
C and P Telephone Company. 

COMPONENT PARTS 

Los Angeles Chapter—March 14 

"The Metal Film Potentiometer" by 
D. W. Moore, Servomechanisms, Inc. 

"Instrument Switches" by C. Broneer 
and G. Edwards, both of Aerovox Cor-
poration. 

\ 

...ever SUSPECT those 
"normal" tube failures? 

You should ... because the service 

life of a tube you now accept as normal 
can be greatly extended with IERC 

mounting techniques. With other 

methods, high operating tem-
peratures deteriorate the 

tube ... causing those 

premature, so-called 
"normal" failures! 

HEAl-REOUCING, VIBRATION- PROOF PERFORMANCE 

IERC s complete line of miniature tube shields have 
proved so efficient in reducing bulb temperatures and 
prqlonging tube life that they have become the first 
choice of almost every leading manufacturer of air-
craft radio, missiles, radar, computers and other 
types of precision electronic equipment! 

fb) 4,4 
Patent pending 

RISE ABOVE 
NUDISM IN 

DEGREES C. 

wIIN 

15 100S 
SnlaD 

10 10 

101.0 OISSIPANON . «NUS 

Graphic evidence o IERC's effective tube 
cooling is shown in comparison with harmful 
temperature increases that occur with use of 
JAN type shields. IERC shields are designed 
to rreet requirements of MIL- S- 9372B ( USAF). 

There is an IERC shield to choose 
from for every tube— subminiature, 
miniature, octal and power ! 

Write on letterhead for complete 
illustrated IERC brochures 
and name of nearest service rep-

i resentative, TODAY! 

onal electronic research corporation Internat  • 

16 
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23 Fields of Special Interest - 
The 23 Professional Groups are listed below, together with a brief definition of each, the name of 

ACTIVITIES 
The IRE Professional Group has the respon-

sibility of providing the individual with the 
advantages of a small, select society in the 
field of his specialization, with its own maga-
zine, just as IRE provides him with the ad-
vantages of a large, general society. The 
advantages of the small society relate pri-
marily to meetings and to publications. Spe-

cialized symposia may be arranged either to 
coincide with IRE Conventions or to occur 
where there are places of large activity in the 
field of interest. 

The Group is concerned with the advance-

ment of scientific engineering leading to in-
creased professional standing in its field and 
serves to aid in promoting close cooperation 
and exchange of technical information among 
its members. It provides a forum for discus-
sion and presentation of papers on subjects 
of mutual interest, and provides smaller, more 
compact Groups who may meet on the common 
basis of professional interests. 

Antennas and Propagation 

Technical advances in antennas and 
wave propagation theory and the utili-
zation of techniques or products of this 
field. 

Mr. Delmer C. Ports, Chairman, Jan-
sky & Bailey, 1339 Wisconsin Ave., 
N.W., Washington 7, D.C. 

Fee $4. 11 Transactions, 1 Newsletter, "4, 
"Vol. AP- I, Nos. 1, 2; ' Vol. AP-2, Nos. 1-4; AP-3, No. 1-2. 

Broadcast & Television 

Receivers 

The design and manufacture of broad-
cast and television receivers and com-
ponents and activities related thereto. 

Mr. Wilson P. Boothroyd, Chairman 
Philco Corporation, Tioga and "C" 
Sts. Philadelphia 32, Pa. 

Fee $2. 9 Transactions. ' 1, '2, "3, •5, 6, *7, 
8; BTR-I, No. 1. 

Communications Systems 

Radio and wire telephone, telegraph 
and facsimile in marine, aeronautical, 
radio-relay, coaxial cable and fixed sta-
tion services. 

Mr. Arthur C. Peterson, Jr., Chair-
man, Bell Telephone Laboratories, 
463 West Street, New York 14, N.Y. 

Fee $2. 4 Transactions. 5 Newsletters. 'Vol. 
CS- 1, No. 1; ' Vol. CS-2, Nos. 1-2; CS-3, 
No. I. 

ORGANIZATION 
The IRE Professional Group is established 

under a constitution within the framework of 
the IRE. The constitution defines the technical 
field of interest of the Group, establishes com-
mittee structures, describes broadly its func-
tions and procedures, and fixes a minimum 
level of activity. The management of an IRE 
Professional Group is in the hands of its Ad-
ministrative Committee, the officers and mem-
bers of which are elected annually. The IRE 
provides financial assistance to the Groups in 
accordance with their activity and current 
needs. 

PUBLICATIONS 
Every Group publishes a magazine which is 

called TRANSACTIONS of the Professional 
Group, generally on a regular quarterly sched-
ule. The TRANSACTIONS serve to preserve and 
disseminate the body of knowledge that con-
stitutes the fields of interest of the Groups. 
All editions are distributed without additional 
cost to members who have paid the annual 
assessment. 

The CONVENTION RECORD covering the 
sessions presented at the IRE National Con-
vention is furnished without further charge 
to the members of Groups who have paid 
assessments. 

Audio 

Technology of communication at audio 
frequencies and of the audio portion of 
radio frequency systems, including 
acoustic terminations, recording and 
reproduction. 

Mr. Winston E. Kock, Chairman, 
Bell Telephone Laboratories, Inc., 
Murray Hill, N.J. 

Fee $2. 24 Transactions, 4 Newsletters. "5, 
'7, • 10. 'Vol. AU-1, Nos. 1-6; *Vol. AU-2, 
Nos. 1-5; Vol. AU-3, Nos, 1-2. 

Broadcast Transmission 
Systems 

Broadcast transmission systems engi-
neering, including the design and utili-
zation of broadcast equipment. 

Mr. Oscar W. B. Reed, Jr., Chair-
man, Jansky & Bailey, 1735 DeSales 
St., N.W., Washington, D.C. 

Fee $2. I Transaction, No. 1. 

Component Parts 

The characteristics, limitation, applica-
tions, development, performance and re-
liability of component parts. 

Mr. Floyd A. Paul, Chairman, Ben-
dix Development Lab., 116 W. Olive 
Ave., Burbank, Calif. 

Fee $2. 3 Transactions. •PGCP-1-2-3. 

MEMBERSHIP 
IRE members of any grade are eligible for 

membership in the IRE Professional Groups 
and will receive all Group publications upon 
payment of the prescribed assessments. An 
IRE member may join as many Professional 
Groups as serve his interests and wishes. 

To join IRE Professional Groups, indicate on 
the application coupon in the lower right-
hand corner of the opposite page the Group 
or Groups you wish to join. Detach completed 
coupon and mail with yot.r check for assess-
ments to The Institute of Radio Engineers, 1 
East 79th Street, New York 21, N.Y. 

Aeronautical and Navigational 
Electronics 

The application of electronics to opera-
tion and traffic control of aircraft and 
to navigation of all craft. 

Mr. Edgar A. Post, Chairman, 
United Air Lines, Operations Base, 
Stapleton Field, Denver 7, Colo. 

Fee $2. 13 Transactions, 4 Newsletters, 
'5, "6, '8, & *9, and `Vol. ANE-1, Nos. 1, 
2, 3 and 4. 

Automatic Control 

The theory and application of auto-
matic control techniques including 
feedback control systems. 

Mr. Robert B. Wilcox, Chairman, 
Raytheon Mfg. Co., 148 California 
St., Newton 58, Mass. 

Fee $2. 

Circuit Theory 

Design and theory of operation of cir-
cuits for use in radio and electronic 
equipment. 

Dr. Herbert J. Carlin, Chairman, 
Microwave Research Ineitute, Poly-
technic Institute of Brooklyn, 55 
Johnson St., Brooklyn 1, N.Y. 

Fee $2. 7 Transactions. ' 1, '2, ' Vol. CT- 1, 
Nos. 1-4; CT-2, No. I. 

Electron Devices 

Electron devices, including particularly 
electron tubes and solid state devices. 

Dr. John S. Saby, Chairman, Elec-
tronics Laboratory, General Electric 
Company, Syracuse, New York 

Fee $2. 9 Transactions, 3 Newsletters, 2 
Technical Bulletins. ' 1, "2, '4, ' Vol. ED-1, 
Nos. 1-4; ED-2, No. 1. 

THE INSTITUTE OF RADIO 
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IRE's 23 Professional Groups 
the group chairman, and publications to date. Indicates publications still available. 

Electronic Computers 

Design and operation of electronic com-
puters. 

Mr. Jean H. Felker, Chairman, Bell 
Telephone Laboratories, Whippany, 
N.J. 

Fee $2. 13 Transactions, 5 Newsletters. 
*Vol. EC-2, Nos. 2-4; *Vol. EC-3, Nos. 1-4; 
EC-4, No. 1. 

Engineering Management 

Engineering numagement and adminis-
tration as applied to technical, indus-
trial and educational activities in the 
field of electronics. 

Mr. C. J. Breitwieser, Chairman, 
Lear, Inc., 3171 S. Bundy Drive, Los 
Angeles 34, Calif. 

Fee $1. 2 Transactions, 8 Newsletters. 
*I, *2. 

Industrial Electronics 

Electronics pertaining to control, treat-
ment and measurement, specifically in 
industrial processes. 

Mr. George P. Bosomworth, Chair-
man, Firestone Tire and Rubber Co., 
Akron 17, Ohio. 

Fee $2. 2 Transactions, •PGIE-1-2. 

Information Theory 

Information theory and its application 
in radio circuitry and systems. 

Mr. Louis A DeRosa, Chairman, 
Federal Telecommunications Lab., 
Inc., SOO Waeington Ave., Nutley, 
N.J. 

Fee $2. 4 Transactions, 1 Newsletter. *2, 
*3, 4. 

Instrumentation 

Measurements and instrumentation util-
izing electronic techniques. 

Mr. Robert L. Sink, Chairman, Con-
solidated Engineering Corp., 300 N. 
Sierra Madre Villa, Pasadena, Calif. 

Fee $1. 3 Transactions. *2, *3. 

Medical Electronics 

The application of electronics engineer-
ing to the problems of the medical pro-
fession. 

Dr. Julia F. Herrick, Chairman, 
Mayo Foundation, Rochester, Minn. 

Fee $1. 1 Transaction. 3 Newsletters. *I. 

Microwave Theory and 
Techniques 

Microwave theory, microwave circuitry 
and techniques. microwave measure-
ments and the generation and amplifica-
tion of microwaves. 

Mr. Alfred C. Beck, Chairman, Bell 
Telephone Liboratories, 463 West 
Street, New York 14, N.Y. 

Fee $2. 6 Transactions. *Vol. MTT-I, No. 2; 
*Vol. MTT-2, Nos, 1-3; MTT-3, No. I. 

Nuclear Science 

Application of electronic techniques and 
devices to the nuclear field. 

Dr. Donald H. Loughridge, Chair-
man, Northwestern Tech. Inst., 
Evanston, Ill. 

Fee $2. 1 Transaction, 3 Newsletters. 

Production Techniques 

New advances and materials applica-
tions for the improvement of produc-
tion techniques, including automation 
techniques. 

Mr. R. R. Batcher, Chairman, 240-02 
42nd Ave., Douglaston, L.I., N.Y. 

Fee $1. 

Reliability and Quality 
Control 

Techniques of determining and con-
trolling the gwility of electronic parts 
and equipment during their manufac-
ture. 

Mr. Leon Bass, Chairman, Jet En-
gine Department, General Electric 
Co., Cincinnsti 15, Ohio 

Fee $2. 4 Transactions, 1 Newsletter. * I, *2, 
*3, 4. 

Telemetry and Remote Control 

The control of devices and the meas-
urement and recording of data from 
a remote point by radio. 

Mr. Conrad H. Hoeppner, Chairman, 
Stavid Engineering, Plainfield, N.J. 

Fee $1. Transactions, Newsletter. 1-2. 

Ultrasonics Engineering 

Ultrasonic measurements and communi-
cations, including underwater sound, 
ultrasonic delay lines, and various client-
ical and industrial ultrasonic devices. 

Mr. Morton D. Fagen, Chairman, 
Bell Telephone Laboratories, Whip-
pany, N.J. 

Fee $2. 2 Transactions, 4 Newsletters. * I, 
2. 

Vehicular Communications 

Communications problems in the field 
of land and mobile radio services, such 
as public safety, public utilities, rail-
roads, commercial and transportation, 
etc. 

Mr. W. A. Shipman, Chairman, Co-
lumbia Gas Systems Service Corp., 
120 East 41st St., New York 17, N.Y. 

Fee $2. 4 Transactions, 2 Newsletters. *2, 
*3, *4. 

USE THIS COUPON 

Miss Emily Sirjane 

IRE-1 East 79th St., New York 21, N.Y. 

Please enroll me for these IRE Professional Groups 

PG-7-55 

Name  
Address   
Place   

Please enclose remittance with this order. 

ENGINEERS 1 East 79th Street, New York 21, N.Y. 

"HIE I.R.E. julv, IQ55 1113 \ 



literRA WE ARE SPECIALLY ORGANIZED 
TO HANDLE DIRECT ORDERS OR 
ENQUIRIES FROM OVERSEAS 

SPOT DELIVERIES FOR U.E. 

BILLED IN DOLLARS— 
SETTLEMENT BY YOUR CHECK 

CABLE OR AIRMAIL TODAY 

LOW 
capacitance 
&attenuation 

TYPE ,s.uuFrn IMPED.si O.D. 
C 1 7.3 150 .36' 
Cil 6.3 173 .36. 
C2 6.3 171 .44' 
C 22 5.5 184 .44' 
C 3 5.4 197 .64' 
C 33 4.8 220 .64' 
C 4 4.6 229 1.03' 
C 44 4.1 252 1.03 

NEW MX and SIM' SUBMINIATURE CONNECTORS 
Constant 50n -63n-70n impedances 

TRANSRADIO LTD.138A Cromwell Rd. London SW7 ENGLAND CAKES TRAM», 1.010011 

Fabric- covering problems vary w th the size 

and shape and function of the carrying 

case. Here's the cue for APEXspecialists! 

For fast- colored, durable fabrics to make 

your units SELL faster and LAST longer ... 

ask men who KNOW. 

4/11, 

l"g \skull Group 1111.1 III 

(Continued from Page 101A) 

Los Angeles Chapter—January 10 

"Manufacturing and Application Tech-
niques of Transistors" by Don Combes 
and Leslie King, Hydro-Aire, Inc. 

Philadelphia Chapter—April 20 

"Significant Testing of Super-Reliable 
Components" by John A. Connor and 
Richard H. Baker, Radio Corporation of 
America. 

Washington Chapter—March 16 

"Behavior of Ferrites in Microwave 
Components" by John C. Cacheris, Dia-
mond Ordnance Fuze Laboratory. 

ELECTRON DEVICES 

Boston Chapter—March 30 

"Low-Noise UHF Ceramic-Metal Tri-
ode" by G. C. Downing and W. C. Wicke, 
both of Bomac Laboratories, Inc. 

ENGINEERING M ANAGEMENT 

Philadelphia Chapter—October 27 

"Interaction Between Top-Level Man-
agement and Engineers in a Large Cor-
poration" by J. T. Cimorelli, RCA 

Chicago Chapter—February 18 

"Management Considerations for New 
Product Introduction" by E. H. Waver-
ing, Motorola, Inc. 

New York Chapter—April 21 

"Supervising Engineering Programs 
from the Cost Point of View" by F. X. 
Lamb, Weston Electric Instrument Cor-
poration. 

ELECTRONIC COMPUTERS 

Akron Chapter—April 26 

"Linear Programming" by Joseph E. 
Flanagan, Applied Science Rep. of IBM 
Corporation. 

Boston Chapter—April 21 

"Digital Machines for Nationwide Di-
aling" by John Meszar, Bell Telephone 
Laboratories. 

Boston Chapter—February 24 

"Panel Discussion: Requirements and 
Applications of Computers in Business" by 
Milton Brand, Nowland and Company, 
and Edward L. Wallace, Harvard Business 
School. 

Chicago Chapter—February 18 

"Fundamental Considerations in the 
Design of Magnetic Core Storage Systems" 
by Robert Schuman, Argonne National 
Laboratories. 

Chicago Chapter—January 21 

"Teletype High-Speed Equipment and 
Systems" by W. P. Byrnes, Teletype Cor-
poration. 

(Continued on page 151A) 
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ew 
Core Meter 
Movemegt• 

Shown 
TWICE 
Actual 
Size 

Here's the new Simpson Core-Type Meter 
Movement. It's a more compact, more sensitive, 
self-shielding movement that gives electrical 
measurements with laboratory accuracy, yet 
has the ruggedness to withstand severe 
shocks. Its accuracy specifications are so rigid 
that Simpson engineers had to devise 
unusual production techniques. 

Let Simpson engineers design panel meters 
using the new core movement to your 
special instrument requirements. Simpson 
continues to maintain its large stock of 
standard panel meters in over 700 sizes and 
rc nges, available through distributors. 

RUGGEDIZED METERS 
S mpson's 21/2 " and 31/2 " Panel Meters are 
available in sealed, ruggedized models to 
meet specifications MIL-M- 10304-(Sig. C. 

Movements are sealed against moisture and 
other adverse atmospheres, and are 
spring-mounted to absorb excessive vibration. 

SEND FOR NEW CATALOG 17 

INSTRUMENTS THAT STAY ACCURATE 

e 

5201 W. Kinzie St., Chicago 44, Illinois, Phone: EStebrook 9-1121 

Ir Canada: Bach-Simpson, Ltd., London, Ontario 

PROCEEDINGS OF THE I.R.E. July, 1955 



2% overall accuracy! 
For speedy and accurate VSWR measurements in laboratory 

or production use, the CTI Model I 109 Measuring System 
reads directly, is continuously tunable from 8,500 to 9,600 mc. 

›PECIFICATIONS 

Two VSWR Ranges: 1.02 to 1.2; 1.2 to 2.5 

Attenuation Scale: 0 to co; 1.5 db midscale 
Waveguide Fitting UG-39/U 

Directional Couplers, directivity over 40 db 

[COLOR TELEVISION INCORPORATED 

SAN CARLOS 2, CALIFORNIA 

Visit us at WESCON 

Vieme'et BIG HELP IN 
TERMINAL WIRING! 

Yte- 911210 JONES 
FANNING STRIP 
Connections are made through Fanning 
Strip, on bench or anywhere apart from 
barrier strip, and quickly slipped into 
assembly. 

Designed for use with Jones Barrier Ter-
minal Strips Nos. 131 and 142, for 1 to 
20 terminals. 

Simplifies and facilitates soldering. Insures 

positive correct connections. Saves time. Ideal 
for harness or cable assembly. Strong construc-

tion: Brass terminals, cadmium plated. Heavy 
bakelite mounting. 

Ihe correct wire to 

correct terminal 
every time! 

9.141 
Barrier Strip 

HOWARD B. JONES DIVISION 
CINCH ATANWfACTURING CORPOItATION 

CHICAGO 24, ILLINOIS 
SOISIDIARY OP UNITED•CARR FASTENER COtr 

1-181 
Fanning 
Strip. 
Pat. 
applied for. 

AKRON 

"The Weapon Systems Concept," by Col. E. 
N. Ljunggren, Air Research and Development Com-
mand; April 19, 1955. 

General Electric Lighting Show, and Election 
of Officers; May 17, 1955. 

ALBUQUERQUE-LOS ALAMOS 

"Establishment of Refiabilities for Vacuum 
Tubes in Complex Electromc Devices," by R. O. 

Frantik, and "Quality Assurance or Electron Tubes 
for Maximum Reliability Application," by A. F. 
Hurford, both of Sandia Corporation; May 12, 1955. 

ATLANTA 

"Frequency Control of UHF Oscillators," by 
E. D. Holmes, Georgia Institute of Tech.; April 29, 

1955. 
BEAUMONT-PORI- ARTHUR 

"Antenna Applications in Two Way Radio 
Systems," by T. J. McMullin. Communications 
Engineering Company; May 18, 1955. 

BINGHAltr ON 

"Development of Automation," by T. W. 
Zebley. General Electric Corp.; May 9, 1955. 

BUFFALO-NIAGARA 

"The Evolution of Broad- Band Mixer- Duplex-
ers." by T. N. Anderson, Alrtron, Inc.; April 20, 

1955. 
CINCINNATI 

"Engineering Problems in the Nuclear Age " 
by Rear Adm. H. G. Rickovrr, U. S. Navy; Febru-

ary 24, 1955. 
"The New WLW Cathanode Modulation Sys-

tem," by R. J. Rockwell. Crosley actg. Corp.; 

March 15. 1955. 
Spring Technical Conference; April 15, 16, 

1955. 
CLEVELAND 

"The Weapon System Concept." by Col. E. 

N. Ljunggren, USAF; April 19. 1955. 

DAYTON 

"Semiconductor Physics as Applied7to J unction 
Transistors and Rectifiers," by N. B. Nichols, 

Raytheon Mfg. Co.; April 26, 1955. 

DETROIT 

"Automatic Fabrication of Electronic Equip-

ment," by D. F. Melton, -General Mills, Inc.; 
April IS. 1955. 

ELMIRA-COR4ING 

"Automatic Street Lighting Costrol." by G.W. 
Nagel, Westinghouse Electric Corp.; April 18. 1955. 

EL PASO 

"Engineering Training." by Dr. B. W. Hol-
combe, Texas Western College; February 21. 1955. 

"Audio Engineering," by P. W. Klipsch, Klipsch 

and Associates; March 8, 1955. 
"Intercommunication Systems, Aural and 

Visual." by II. Markowitz, Custom Electronics; 

April 21, 1955. 
EMPORIUM 

"Traveling Wave Tubes." by John Gaenzle, 

Sylvania Electric Products; May 17, 1955. 

FORT WAYNE 

"Basic Concepts of Information Theory," 
by Dr. B. M. Oliver, Hey-lett-Packard Corp.; 

March 31, 1955. 
"Status of Traveling-Wave Tube Develop-

ment," by A. K. Wing. F.T.L.; April 7, 1955. 

HOUSTON 

"Instrument Engineering,' by J. V. Sigford, 

Minneapolis Honeywell RegLlator Co.; May 17. 

1955. 
(Continued on page 10M) 
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Thales ... Gilbert ... Oersted ... 

You'll feel their spirit and 
see the mark of their im-
mortal minds in the modern 
magnetic cores used to pro.. 
duce toroids with the Boesch 
Model TW-200-A. 

Fully automatic, this BOESCH 
Toroidal-Coil Winding Ma-
chine provides industry with 
the ultimate in toroidal-wind-
ing equipment. 

Write today for detailed in-
formation on the BOESCH 
Model TW-200-A and other 
BOESCH winding machines. 

Model TW-200-A 

Now— no licensing, no royalties required 
in the sale and use of BOESCH Machines 

_ . 

BOESCH-
MANUFACTU ING CO.. INC. 

DANBU Y, CONN. 

Pt. UT' 0 G I FZ A IF 
trade mark 

X-Y eEe oRD ER 

MODEL 1. drum type, accepts 81/2 "x11" 
graph paper; traverses each axis in 1 sec-
ond; has full scale ranges of 5 millivolts to 
100 volts; zero set anywhere on the paper; 
portable, self-contained; available also as 
a curve follower for electrical read-out of 
drawn curves. 

AUTOGRAF Recorders, MODELS 1 and 2. provide all the features needed for 
graphic recording of test data, point plotting, and curve following for readout 
purposes. 

MODEL 2 
Flat bed type, accepts 11"x161/2" graph 
paper; same speeds, sensitivities and ranges as 
MODEL 1; zero set anywhere on paper plus one full scale length of zero-offset; 
inputs provided for analog recording, point plotting from digital sources, and 
curve following for computer or data ' eduction use. 

I
MODEL 20 DC VOLTMETER is a servo-
actuates, last, accurate and sensitive in-
strument. Has large, easy-to-read scale for 
general laboratory use where ranges from 
3 millivolts to 300 volts are desired. For 
data handling it is furnished with a built-in 
Coleman digitizer and delivers digital out-
put for operation of printers, typewriters, 
tape or card punches, etc. 

---.., 

MODEL 30 CARD TRANSLATOR con-
verts information from punched cards inv 
point form for automatic plotting. Handle: 
up to 50 cards per minute, 10 to 200 counts 
per inch. Plugs directly into MODEL 2 re-
corder, controls both card reader and re-
corder for completely automatic operation. 

F. L. MOSELEY CO., 409 

IMODEL 40 KEYBOARD provides a con-venient means for plotting large amounts 
of tabular data in point-curve form. Self-
contained voltage source together with full 
three column keyboard in both X and Y 
azes; unit plugs directly into MODEL 2 
AUTOGRAF. 

Bulletins describing these instruments are 
available and we'll be glad to send them to 
you. Write . . . 

North fair Oaks Avenue, Posed ena 3. Cali fo raja 
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you can 

Type H- 14A 

Signal Generator 

Type H-16 

Standard Course Checker 

Type H-12 

UHF Signal Generator 

when there's 

margin for NO 

ERROR 
rely on ARC Test Equipment! 

The Type H-14A Signal Generator has two 
uses: ( 1) It provides a sure and simple means 
of checking omnirange and localizer receivers in 
aircraft on the field, by sending out a continuous 
test identifying signal on hangar antenna. Tuned 
to this signal, individual pilots or whole squad-
rons can test their own equipment. The instru-
ment permits voice transmission simultaneous 
with radio signal. ( 2) It is widely used for mak-
ing quantitative measurements on the bench 
during receiver equipment maintenance. 

The H-16 Standard Course Checker meas-
ures the accuracy of the indicated omni course 
in ARC% H-14A or other omni signal genera-
tor to better than 1/2  degree. It has a built-in 
method of checking its own precision. 
Type H-12 Signal Generator ( 900-2100 mc) 

is equal to military TS-419/U, and provides 
a reliable source of CW or pulsed rf. Internal 
circuits provide for control of width, rate and 
delay of internally-generated pulses. Complete 
specifications furnished on request. 

Dependable Airborne Electronic Equipment Since 1928 

Aircraft Radio Corporation 
BOONTON, NEW JERSEY 

Omni Receivers • 900-2100 Mc Signal Generators • UHF and VHF 

Receivers and Transmitters • 8-Watt Audio Amplifiers • 10- Channel 
Isolation Amplifiers • 1F Receivers and Loop Direction Finders 

Setlionlleelings 

(Continued front pay,' I ,(,A) 

HUNTSVILLE 

"A Contribution to Microwave Measurements." 
by Dr. F. J. Tischer, Redstone Arsenal; April 26, 
1955. 

General Electric " House of Magic"; May 13. 
1955. 

INYOKERN 

"Digital Techniques Applied to Aircraft Fire 

Control Systems," by Robert McIntyre. Libra. 
scope. Inc.; March 21, 195$. 

"Electrical Ceramics," by W. A. East. Consult-
ing Engineer; April 18, 1955. 

"A System for Automatic Target Acquisition 
by a Phototheodolite Utilizing a Remote Tracking 

Radar," by James Sherwin, U. S. Naval Ordnance 
Test Station; May 9, 1955. 

ITHACA 

"Pulse Code Modulation." by S. Shriner, 

Federal Telecommunications Labs.; May 5, 1955. 

LITTLE ROCK 

"High Fidelity Systems for Home Use." by 
J. Spilman, W. M. McClanahan and harry Cooke; 
May 10, 1955. 

LONDON 

"The Application of Transistors in Computer 
Cf-cuitry," by C. D. Florida, The Defence Research 

Board; April 26, 1955. 

LONG ISLAND 

"Nuclear Instrumentation," by R. L. Chase, 
Brookhaven National Laboratories; May 10, 1955. 

Los ANGELES 

"The Role of Scientific Research in the De-
velopment of Missile Systems," by Dr. Ernst 

Krause, Lockheed Missile Systems Division. and 
"A Review of Progress in the Land Mobile Com-

munication Service." by J. F. Byrne, Motorola 

Riverside Research Laboratory; May 3, 195$. 

LOUISVILLE 

"The Application of IBM to Engineering ;Ind 
Statistical Problems," by P. II. Sterbenz, Inter-
national Business Machines Corp.; February 10. 
1955. 

"Recent Advances in tLe Reproducing Art." 

by A. M. Wiggins and Howard Souther, both of 

Electrovoice, Inc.; March 10, 195.5.. 
"I ligh Fidelity— Past and Future," by Marvin 

Camras. Armour Research Foundation; April 14. 
1955. 

M IAMI 

Student papers by the following University ,>f 

Mianii students: S. Aragones, R. Watts, Dave 

Wensley, Ray harper. harry Hoperoft and R. N. 
Stock; April 29, 1955. 

NEW YORK 

"Application of Communication Concepts to 

Infrared Problems," by Dr. M. J. E. Golary. 
Studer Signal Lab.; April 6, 1955. 

"An Experimental Automobile Receiver Em-
ploying Transistors," by T. O. Stanley, and "5 

Watt Transistor Amplifier," by A. I. Aronson, 
both of David Sarnoff Research Center; May 4. 
1955. 

OTTAWA 

"Current Problems in UHF End Microwave 
Multiplex Communication Systems." By Dr. H. J. 
Von Baeyer, Dept. of Defence Production; Election 
of Officers; April 14, 1955. 

Field Trip to RCA Victor Television and 
Home Receiver Plant and Fort Wellington at Pres-

cott, Ontario; May 13, 1955. 

(Cmttinued on page II1A) 
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VARIABLE RESISTORS 
FOR PRINTED CIRCUITS 

VAR E RESISTORS 

FOR SOLDERLESS "WIRE-
WRAP" CONNECTIONS 

Type UPM-45 
For TV preset control applications. Control mounts 
directly on printed circuit panel with no shaft extension 
through panel. Recessed screwdriver slot in front of control and 
3/8" knurled shaft extension out back of control for finger 
adjustment. Terminals extend perpendicularly 7/32" 
from control's mounting surface. 

Type GC-045 
Threaded bushing mounting. Terminals 

extend perpendicularly 7/32" from control's 
mounting surface. Available with or without 

associated switches. 

Type 010 ( Miniaturized) 
Threaded bushing mounting. Terminals 
extend perpendicularly 5/32" 

from control's.mounting surface. 

CHICAGO TELEPHONE SUPPLY 
fee Vieudien 

ilICHARI • INDIANA 
F01100E0 1M 

dlie eve emetee 

Type XP-45 
For TV preset control applications. Control mounts 
on chassis or supporting bracket by twisting two ears. 
Available in numerous shaft lengths and types. 

Type YGC-B45 
Self-supporting snap-in bracket 
mounted control. Shaft center spaced 
29/32" above printed circuit panel. 
Terminals extend 1-1/32" 
from control center. 

Type XGC-45 
For applications using a mounting chassis 

to support printed circuit panel. 
Threaded bushing mounting 

Type WCC-45 
Designed for solderless wire-wrapped connections 
with the use of present wire-wrapping tools. 
Available with or without switch and in 
single or dual construction. 

The controls illustrated are typical constructions 
CTS' years of engineering and technical experience makes available , . . 

many other types for your automation needs. 
EAST COAST OFFICE 
Henry E. Sanders 
130 North Broadway 
Camden 2, New Jersey 
Phone: Woodlawn 6-1668 
TWX No, Camden NJ 380 
Phila, Phone: Market 7-3129 

WEST COAST OFFICE 
Robert A. Stackhouse 
928 S. Robertson Blvd.. 
Los Minks 35, Calif. 
Phone: Crestview 4-5931 

7666 

6815 Oriole Drive 
P.O. Box 7224 
Dallas 9. Tents 
Phone. Dixon 9918 

CANADIAN DIVISION 
C. C. Meredith & Co.. Ltd. 
Streetsvine. Ontario 
Phone: 310 

moos Aires, Argentina 
Montevideo, UnsgB an2 
Rio de Janeiro. 
Sao Paolo. Brazil 

OTHER EXPORT 
Sylvan Simsbury 
8 West 40th Street 
Neer York 18„ New York 
Phone: Pennsylvania 6-8239 



PANORAMIC 
RADIO PRODUCTS. INC. 

5 12 South Second Ave., Mount Vernon, N.Y. 
Mount Vernon 4-3970 

40 cps-200,000 cps 

PANORAMIC 
SWEEP 
GENERATOR 

SG-1 meonseme.:„ 
Assures Convenient 
Accurate Analysis of 
Frequency Responses 
between 40-200,000 
cps because of these 
Unique Advanced 
Engineering Features 

leeenzei:eieea-ktme 
DIRECT READING SCREENS: Frequency and 
amplitude calib-ated for slave 'scopes. 
FREQUENCY RANGE: Log 40-20,000 cps or 
400-200,000 cps, true decade, selectable. Linear 
same as above. Two selectable linear sweep-
widths calibrated and continuously variable 
from 20 kc to IOC cps, and 200 kc to I kc 
Sweepwidth remains constant as calibrated 
center frequency control is varied anywhere 
between 0 to 200 kc. 
AMPLITUDE SCALES: Linear or 2 decade log. 
OUTPUT VOLTAGE: 2 volts into matched 600 
ohm load, flat to within 5%. 75 db attenuation 
In 5 db steps. 
RETURN SIGNAL AMPLIFIER AND ATTENUA-
TOR:Ccvciing range of 40 millivolts to 200 volts. 
DISTORTION: At least 40 db below maximum 
output. 
SCAN RATES: I cps internal or 0.04 to 60 ens 
with Model 1W- I Triangular Wave Generator. 
INTERNAL MARKERS: Passive fundamental fre-
quency null type. i'irreci markers at 40. 1000 and 
20,000 cps. Variable markers 20 to 200,000 cps 
in four decade steps. 
Separate output for variable marker for use 
with Signal Alternator Model SW- I for alter-
nate . sentation of marker and response 
cha , , dic under test. 

Response of an audio band stop filter with 
null marker showing frequency of one peak. 

Write Today for Complete 
Specifications and Prices 

Made by the 
makers of 
Panadaptor, 
Panalyzor, 

Panoramic 
Sonic Analyzer, 

and Panoramic 
Ultrasonic 
Analyzer 

Type PM- I2 shown 

• 
• 
• 
• 

• 
• 

PEAK READING 

R. F. 
POWER 
METERS 
.2 to 700 MCS 
0-50 or 0-500 KW 

These peak reading power meters are designed to accurately measure the peak power of 

pulsed RF signals in the range of .2 to 700 MC with PRF of 800 to 10,000 pps and pulse 

duration of .5 microseconds or more, and less than specified maximum average power 
d ssipation. 

Miolid 

PM- 12 

PM- 18 

Power 
Range VSWR 

Maximum 
Average 
Power 

Dissipation 

Connector Impedance Supply Volfage 

110 volts 
60 cloi 

Accuracy euen. Re Fsii .. 

0-50 kw 1.15 60 watts To 
Be 

Specified 

51.5 -• 10% .2-700MC 

0-500 kw 1.15 500 watts 51.5 110 volts 
60 cos •, 10% .2-700MC 

WRITE TODAY FOR COMPLETE INFORMATION 

ELECTRO IMPULSE Laboratory 
208 RIVER STREET • RED BANK, N.J. • Phone: Red Bank 6-0404 

C.011114- SODIL 
The 1955 IRE DIRECTORY 

• Listing of IRE Member-Engineers 

• Names, addresses, and phone numbers of manufaciuring 
firms in electronics 

• Products and their manufacturers 
• Informative, helpful advertisements 

Publication date—September 15 

Use Your IRE Directory — It's Valuable! 

OTHER NON-FERROUS 

Send for descriptive folder. 

Peaftode  _ 
Consider WIRE and the importance of its 

function in your product. Whether a highly 

engineered application or a simple stapling 

purpose, your choice of the proper alloy or 

composition, temper and type of wire could 
mean success or failure during crucial test. 

round • flat — square 1B. halt-round 

Precision gauges from Vs m .002. 

SPRING WIRE— WIRE FOR INSTRUMENTS — 
ELECTRONICS. STRAND FOR WIRE ROPE AND 
BRAIDED APPLICATIONS — MANDREL WIRE 
— WIRE FOR FORMS — RIVETS — STAPLING 

LITTLE FALLS ALLOYS Inc. 
191 Caldwell Ave., Paterson 1, N. J. 
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Section Ileetings 
  ' 

(Continued if01,1 page 108,4) 

PHILADELPHIA 

"Fundamentals of Color Television," by J. W. 

Wentworth, RCA; March 1, 1955. 
"Color Signal Generating Equipment," by 

Dick O'Brien, CBS; March 8. 1955. 
"Color Reproducing Tubes and Associated 

Components." by B. Loughlin, Hazeltine Corp.; 

March 15, 1955. 
"Color Decoding Circuits." by Jack Avins, 

RCA Industry Service Lab.; March 22, 1955. 
"Measurement and Equalization of Amplifiers 

and Transmission Systems for Color TV Service," 

by Hugh Kelly, Bell Laboratories; March 29, 1955. 
"Colorimetry Problems in Color TV and the 

Effect of Transmission Errors on Color Reproduc-

tion," by Harold Weiss, General Electric Company; 

April 5, 1955. 
"Automatic Electronic Production," by Dr. 

J. D. Ryder, President. IRE; May 4, 1955. 

PHOENIX 

"Series Peaked Amplifier Analyzed on Analogue 

Computer." by Fred Schwepp, Student, University 
of Arizona. and Tapescript "The Physics of Music 
and Hearing." by W. A. Koch, Bell Telephone Labs.; 

April 8, 1955. 

PORTLAND 

"Engineering Aspects of UHF Booster Instal-

lations," and "Engineers are People," both by Dr. 

G. H. Brown, David Sarnoff Research Center; 

April 21, 1955. 

(Continued on page 112.4) 

BE SAFE WITH 

A-27 
LOW- LOSS LACQUER & CEMENT 
• Q-Max is widely accepted as the 
standard for R-F circuit components 
because it is chemically engineered for 

this sole purpose. 
• Q-Max provides a clear, practically 
loss-free covering, penetrates deeply, 
seals out moisture, imparts rigidity and 
promotes electrical stability. 

• Q-Max is easy to apply, dries quickly 
and adheres to practically all materials. 
It is useful over a wide temperature 
range and serves as a mild flux on 

tinned surfaces. 
• Q-Max is an ideal impregnant for 

"high" Q coils. Coil remains nearly 
constant from wet application to dry 
finish. In 1, 5 and 55 gallon containers. 

?elace eeviatteAte, 
MARLBORO, NEW JERSEY 
'MONMOUTH COUNTY) 114 
T•i•ohon•: FRe•hold 8-1880 AP) 

PRECISION 

ATTENUATION 

TO 3000 mc. 

Protected under Stoddart Patents 

six- position 

TURRET ATTENUATOR 

featuring PULL-TURN- PUSH action 

FREQUENCY RANGE: dc to 3000 mc. 

CHARACTERISTIC IMPEDANCE: 50 ohms. 

CONNECTORS: Type "N" Coaxial female fit-

tings each end. 

AVAILABLE ATTENUATION: Arty value from 
1 db to 60 db. 

VSWR: 1.2 max, dc to 3000 mc/s, values from 
10 to 60 db. As value decreases below 10 db, 
VSWR increases to not over 1.5. 

ACCURACY: -± 0.5 db. 

POWER RATING: One watt sine wave power 

dissipation. 

SINGLE "IN-THE-LINE" ATTENUATOR PADS 

and 50 ohm COAXIAL TERMINATIONS 

This new group ol pads and terminations features 
the popular Type C and Type N connectors, and 
permits any conceivable combination of the two 
styles. For example, the two connector types, either 
male or female, con be mounted on the some often-
uator pad, with or without flanges, so that it may 
serve as an adapter as well as an attenuator. 
Frequency range, impedance, attenuation, VSWR, 
accuracy and power rating are as designated 
above. Send for free bulletin entitled "Measure-

ment of RF Attenuation." 

STODDART AIRCRAFT RADIO Co., Inc. 
6644-C Santa Monica Blvd., Hollywood 38, California • Hollywood 4-9294 
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A Versatile' Microwave Amplifier 

''THE MODEL 25 T-W TJBE AMPL FIER' 

*IN PERFORMANCE: 

A single traveling-wave tube provides stable, 

untuned amplification over a 2:1 r-f band . 
at least 30 db gain . . . IS MW output power 

. . 20 db noise figure. 

*IN MODULATION CAPABILITIES: 

Phase modulation by external waveforms— 
permitting high-index modulation at megacycle 

frequencies . . . Amplitude modulation by 

external pulses—faithful reproduction of frac-

tional microsecond pulses, audio frequency 

squarewaves, etc.. . . Combined AM/PM oper-

ation for special systems applications. 

*IN FREQUENCY COVERAGE: 

with two interchangeable traveling-wave tubes, 
the single amplifier covers 2 to 8 Kmc/s . . 

S-band, C-band, Microwave Relay, etc. ( Saves 

the cost of a second amplifier.) 

*IN ADAPTABILITY: 

Weighs only 40 pounds ... operates from 105-

125V, 50-1000 cycle primary supply . .. designed 

for laboratory or field use—mounts in standard 
AID shock tray, 

Price: $1400.00 including Traveling-Wove Tube for 2-4 or 4-8 

Kmc/s ranges. Second tube, $650.00, 

For information an your particular applications write Department A7 

tekillabzi etcov2etafett 
P.O.Box 1111, Palo Alto, California 

• I • 

t'suFt eeecli cl" 

*erne° 
"Specialists in Audio Frequency Crystals" 

One slip can be fatal ... so why take chances 

with ordinary crystals? . . . Specify sturdy 

HEEMCO Ruggedized Crystals. They're 

your best possible insurance against dam-

age due to rough handling . . . in your 

plant, enroute, or during that vital 

period when they're in your cus-

tomers' hands. 
• 
• Heemco Ruggedized Audio Fre-

• quency Miniatures are made in 

• ranges from 2.5 to 20 Kc. Other 
• 
• types from 400 cps to 500 Kc. 

qe Hermetically sealed and avail-

t able to meet quantity schedules. 

WRITE FOR 

LATEST DATA 

SHEETS NOW. 

11111 ELECTRONIC ENGINEERING AND MANUFACTURING COMPANY, INC. 
NEW KINGSTOWN, PENNSYLVANIA 

(Continued from page 111A) 

Student Papers: "A Portable Sodium-Flash 
Recorder," by M. FI. MacKenzie, " Elementary 

Magnetic Digital Computer Component," by R. W. 
Austad, and "Air- Borne Measurements of Low 

Frequency Effective Ground Conductivity in Alas-
ka," by G. M. Stanley; April 30. 1955. 

ROCHESTER 

"Modern Loudspeaker Design." April 21, 1955. 

ROME-UTICA 

"More Significant Characteristics of Nonlinear 
Circuits," by Dr. Ernst Weber, Polytechnic Institute 
of Brooklyn; May 4, 1955. 

SACRAMENTO 

"Planning and Constructing a Television 
Station." by P. K. Onnigian; KBET-TV; Election 

of Officers; May 13. 1955. 

SALT LAKE C:TY 

Demonstration of Boeing Analog Computer. by 

Dr. R. E. Stephenson, University of Utah; April 
13, 1955. 

General meeting; May 17. 1955. 

SAN DIEGO 

"Color Broadcasting Specifications and Appli-

cations." by George Jacobs, Wrather-Alvarez; 
April 2, 1955. 

"Bio-Technology in Engineering." by Dr. A. 

M. Small, Navy Electronics Lab.; May 4, 1955. 

TORONTO 

"Thirty Years in Canadian Radio," by Miss 

Jane Gray, Commentator, CHML; April 18. 1955. 

Tuts", 

'Dynamic Instrumentation." by C. M. Hatha-

way. Hathaway Instrument Co.; April 21, 1955, 

TWIN CITIES 

"Feedback Control Systems— Past. Present 
and Future," by Prof. T. J. Higgins, University of 

Wisconsin; April 26. 1955. 

W ASHINGTON 

"The Navy Creek' Transmitting Sta-
tion," by Cdr. R. G. Bywater, USN" and H. E. 

Dinger, Naval Research Lab.; May 9, 1955. 

W ILLIAMSPOR r 

"Guided Missiles are Smarter than People." 

by D. E. Mullen. General Electric; March II, 
1955. 

"Automation," by Ben Warriner, General 
Electric Lab.; April 21, 1955. 

"Traveling Wave Tubes," by Dr. R. G. Hatter, 

Sylvania Electric; May 17, 1955. 

SUBSECTIONS 

BUENAVENTURA 

"Early Guided Missile Development in Ger-

many," by Dr. Willy Fiedler. U. S. Naval Air 
Missile Test Center; April 14, 1955. 

CENTRE COUNTY 

"Automation," by Charles Godwin. Cornell 

University; election of officers; April 21, 1955. 

CHARLESTON 

Tour of Television Station and Radio Studio 
WCSC conducted by Dick Hart, Station Engineer; 
April 26, 1955. 

EAST BAY 

"Radio Astronomy and Its Engineering 
Aspects," by Dr. R. N. Bracewell, University of 
California; May 3, 1955. 

(Continued on page 115A) 
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With the technical experience 

and production know-how gain-

ed in producing fine metal etch, 
ing and in electro-forming, we 

are now manufacturing many 

components for the electronic 

industry. Same specifications call 

for fine mesh up to l.00000() 

holes per square inch. Send us 

your drawings for a prompt 
quotation. 

BUCKBEE 
MEARS 
COMPANY 
Lindeke Building 

SAINT PAUL 1, MINNESOTA 

PRECISI011 
COMPLETE 

COIL FORM SERVICE 

SQUARE AND RECTANGULAR TUBES 

Produced in any length, shape or size from 14" to 
8', wall thickness from .010 to . 125. Fabricated 
from dielectric kraft, fish paper, quinterra or com-
binations, including mylar. Bowed sidewall or 
Di-Formed construction. 

ROUND TUBES 

Produced in any decimal size up to 8' I. D. Fabricated 
from kraft, fish paper, cellulose acetate, mylar, polysty-
rene, quinterra, fibre glass and other dielectric materials. 

• SQUARE TUBES 

• ROUND TUBES 

• RESINITE 
COIL FORMS 

• BOBBINS 

• MANDRIL 
SERVICE 

• FABRICATING 
SERVICE 

RESINITE COIL FORMS 

These coil forms have the highest resistivity of any res.. 
mated product. Furnished plain, embossed, internally 
threaded or triangular shape . . . also flyback trans-
former forms. 

BOBBI NS 
Supplied round, square or rectangular. Cores fabricated 
from any of the above materials. Metal, asbestos, plastic 
or fibre flanges. Constructed to fit smaller spaces and 
permit multiple winding. 

MANDRIL SERVICE 

Accurately ground steel and aluminum coil mandrils at 
cost economy comparable to commonly used undepend-
able wood or undersized steel mandrils. 

FABRICATING SERVICE 

We have modern high speed equipment to provide you 
with any special shape or form . . . rolled, spun, flared, 
punched or formed to your particular requirement. 

Ask about Precision's complete coil form service. 
Request informative bulletin. 

PRECISION PAPER TUBE COMPANY 
2051 West Charleston Street, Chicago 44, Illinois 

Plant No. 2: 79 Chapel Street, Hartford, Con n, 

Representatives throughcut United States and Canada 
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1  Mg III 

simplify 

custom 

FILTER 

installation 
_ 

The 4200 Variable Filter and 4201 
Program Equalizer are now available 
in component form, as illustrated, for 
the custom builder. 

In addition to the flexibility of 
installation, all the features and char-
acteristics of the standard models are 
retained. 

The high and low sections of either 
model may be obtained separately. 
Complete wiring instructions included. 

Send for Bulletin TB-4 

—•---

-•. _ 

Model 4200 Variable Filter 
(Send for Bulletin St 

.dmiummiliinmailimingm ..,...... . _ . 

Model 4201, Program Equalizer 
(Send for Bulletin Et 

Representatives in 
Principal Cities 

HYCOR 
te.ye , me 

subsidiary of International ResIstance Company 
11423 VANOWEN STREET 

NORTH HOLLYWOOD 6, CALIF. 

Transformers for 

special applications 

Need a transformer for a special or unusual applica-
tion? Check thequalifications of Caledonia Electronics. 

1. DESIGN EXPERIENCE. Large staff of design 
engineers with extensive experience in circuit design 
—audio, radar, RF, UHF. Engineers who can under-
stand your circuit needs and know how to meet them. 

2. MANAGEMENT EXPERIENCE. Caledonia's 
management represents more than 250 years cumula-
tive experience in the electronics industry . . . almost 
all associated with the manufacture of communica-
tions transformers. 

3. PRODUCTION EXPERIENCE. Production and 
inspection staffs thoroughly trained in every phase of 
transformer manufacture and quality control. 

This experience has solved successfully hundreds of 
problems in transformer design. For further informa-
tion and help with your problems, write to 

C 1_, E DO 1\T I _A_ 
ELECTRONICS AND TRANSFORMER CORPORATION 

Dept. PI- 7, Caledonia, N. Y. 

I k 
SPECIALISTS 

• Military or special yokes and focus coils designed to your specificat ons. 

• Production yokes for TV sets. 

For your answer to yoke problems write Dr. Henry Marcy today. • 

svntronic 
INSTRUMENTS, INC. 

100 Industrial Road • Addison, Ill. • Phone: Terrace 4-6103 
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(Continued frcm page 112A) 

ERIE 

"The Theory and Application of Quartz 

Ultrasonic Delay Lines," by J. M. Wolfskill and 
"The Theory and Application of Quartz Crystal 

Units." by R. H. Tuznik, both of Bliley Electric 
Company; April 28, 1955. 

LANCASTER 

"An Excursion in Electronics," by C. N. 

Hoyler. RCA Laboratory; May II. 1955. 

Mm-Huason 

"Magnetic Core Circuitry," by Dr. An Wang, 

Wang Labs.; April 19. 1055. 

M ONMOUTH 

"Ferrites at Microwave Frequencies." by A. G. 
Fox, Bell Telephone Labs.; May 18, 1955. 

ORANGE BELT 

"Stereophonic (3D) Sound in Your Home." by 
C. M. Brainard, Master Electronics Company; 

April 25, 1955. 
PALO ALTO 

"Pulse Applications of Junction Transistors." 
by John Linvill. Stanford University; April 21. 

1955. 
W ICISITA 

"Design of Airborne Automatic Antenna Tun-

ers," by L. Hutton, Boeing Airplane Co.; April 27, 
1955. 

Student Branch Meetings 

UNIVERSITY OF AKRON (I RE-AIEE BRANCH) 

"Engineering Ethics" by R. D. Landon, Dean. 
College of Engineering. U. of Akron, and Election of 

Officers; April 25, 1955. 

ALABAMA POLYTECHNIC INSTITUTE (IRE BRANCH) 

"Electronics in Guided Missies" by S. Johnson; 

April 25, 1955. 

UNIVERSITY OF BRITISH COLUMBIA (IRE-Al EE 

BRANCH) 

"Some Aspects and Future Trends of Electrical 

Engineering" by D. Carpenter, President. Research 

Industries, Ltd.. and Elect:on of Officers; March 30. 

1955. 

POLYTECHNIC INSTITUTE OF BROOKLYN (IRE-AIEE 
BRANCH) EVE. DIV. 

"The New High Speed Electronic Printer" by 

Edmund DiGiulio, Field Engrg. Mgr., Control 

Instrument Co.. Brooklyn, N. Y., and Business 
Meeting; April 28, 1955. 

Film, "A is for Atom" and Election of Officers; 

May 11, 1955. 

BROWN UNIVERSITY (IRE-AIEE BRANCH) 

Election of Officers; March 16, 1955. 
"An Inexpensive Voltage Regulator," by 

James Davis, Undergraduate, Brown U.; March 

30, 1955. 

CLARKSON COLLEGE OF TECHNOLOGY (IRE-AIEE 
BRANCH) 

Election of Officers; April 21. 1955. 
"Motors and Motor Control," by D. B. Sey-

more. Westinghouse; April 28. 1955. 

•I.B.M. Computers & Accounting Machines," 
by Mr. Markle. I.B.M. and Film. "Piercing the 
Unknown." and Business Meeting: May 12, 1955. 

(Continued on page 117A) 

BALLANTINE Sensitive, 
Wide Band Electronic Voltmeter 

measures 1 millivolt to 1000 volts 
from 15 cycles to 6 megacycles 

Accuracy 3% to 3 mc; 5% clove 
Input impedance 7.5 mmfds shunted by 11 megs 

When used without probe, sensitivity 

is increased to 100 MICROVOLTS but 

impedance is reduced to 25 mmfds 
and 1 megohm 

MODEL 314 

Price $285 

All Ballantine instruments are 

SENSITIVE — ACCURATE — DEPENDABLE 

• Same accuracy at ALL points on a logarithmic voltage scale and 
a uniform DB scale. 

• Only ONE voltage scale to read with decade range switching. 
• No -turnover- discrepancy on unsymmetrical waves. 
• Easy-to-use probe with self-holding connector tip and unique 

supporting clamp. 
• Low impedance ground return provided by supporting clamp. 
• Stabilized by generous use of negative feedback. 
• Can he used as 60 DB high fidelity video pre-amplifier. 

Write for catalog for more information about this and other 
BALLAN TINE voltmeters, amplifiers, and accessories. 

BALLINTINE LABORATORIES, INC. 
102 Fanny Road, Boonton, New Jerse 
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ANYWHERE! 

LLL 

rrr .L 

for A. C. 

7a Eyeaetd eaeet 

"ite Ptaduce Sated. 

3 

STANDARD and HEAVY DUTY 

'INVERTERS. SUBMINIATURE TRANSFORMER 

Microwave 
Assemblies, 
Radar Components, 
and Precision 
Instruments , 
manufactured and 
designed to your 

specifications, 

• 

• 

N.R.K. MFG. & ENGINEERING CO. 

4601 WEST ADDISON STREET • CHICAGO 41, ILL. • SPring 7-2970 

Wee Coast Representatives TUBERGEN ASSOCIATES 2232 W. I I th St, Los Angeles 6, Calif 

For Inverting D. C. to A. C. ... Speciol.y 

a Designed for operating A. C. Radios, if 
le Television Sets, Amplifiers, Address If 

Systems, and Radio Test Equipment # 

from D. C. Voltages in Vehicles, 

Ships, Trains, Planes and 4r 
111 in D. C. Districts. # 
,S 

5çr • • 
),9 

00000o 

‘,/ NEW MODELS 

NEW DESIGNS 

NEW LITERATURE 

"A"Bothuy 

DC-AC Invaders, Auto 

Radio Vlbrolon 

See yocet foie« en agorae /dame 

AMERICAN TEL.EVISION & RADIO CO. 
.2erate9 P•84..me.e4 & ace 193i 
SAINT PAUL I, MINNESOTA— U. S. A. 

Field tested—used with transistors by leading 
manufacturers in large quantities. 

FRANK KESSLER CO. 
41-45 47th St., Long Island City 4, N.Y. 

Tel: STil'well 4-0263 

ilaIt_  c‘r k 
f• .zt 
0 lc 

I 1 — A---

BLUE .........., II . e-  MAI21 X. ,,., RED 

BLACK 

Square Wave 
Generator 

MODEL 183. This h1gh-quality precision instru-
ment provides square waves for testing the 
transient and frequency response of wide 
band amplifiers, and for accurately measur-
ing their amplitude. 

It features an output impedance of 100 

ohms ct a terminal box at end of 3'- cable; 
frequency range of 10 cps to 1 mc continu-
ously variable over decade steps; rise time 
of 0.02 microseconds at the low impedance 
Output. 

Write for catalog 

I 

..P-P 
LEAD LENGTHS-4"LONG 

--1•3",z 
A 

GREEN 

\\ lIN \VIM] \., lu .\ 1.VFS11 ,11t> P1.1. \ \ II. \ Ill.\ ! J. 



Student Branch Meetings 
taot SINCE 1915 LEADERS IN AUTOMATIC CONTROL 

(Continued from page 115A) 

UNIVERSITY OF COLORADO (IRE-AIEE BRANCH) 
"The Resistor—A Simple Element?" by Harry 

Bishop, Hytronic Measurement Assoc.; May 

1955. 

COLUMBIA UNIVERSITY (IRE-AIEE BRANCII 

"Magnetic Recording" and "Method for Time 

or Frequency Compression-Expansion of Speech" 
(PGA Tape Scripts); April 18-19. 1955. 

Film, "Research and Development at Hughes 

Aircraft Co."; May 3, 1955. 

UNIVERSITY OF CONNECTICUT (IRE-AIEE BRANCH) 

"X- Ray and High Power Electron Tubes," by 
Chester A. Kirka, Machlett Labs. and Election of 
Officers; March 31, 1955. 

"Instrument Servos 8t Their Application to 
Aircraft Auto-Pilots," by F. W. Campbell, Sperry 
Gyroscope; April 28, 1935. 

UNIVERSITY OF DELAWARE (IRE-AIEE BRANCH) 
"Africa," by Professor Earl Parker Hanson; 

March 7, 1955. 

"The Germanium Story," by Dr. S. M. Chris-
tian. "A P-N-P Alloy Junction Transistor for Radio 
Frequency Amplification." by Dr. C. W. Mueller 

and "An Experimental Transistor Personal Broad-
cast Receiver," by L. E. Barton; April 19. 1955. 

UNIVERSITY OF DETROIT (IRE-AIEE BRANCH) 

Student Paper Contest: "An Introduction to 
the Use of Symbolic Logic in the Design of Switch-

ing Circuits." by J. Dennis Kennedy and " Elec-
tronic Comparator." by Albert Vanschaemelhout; 
April 20, 1955. 

"Success Story" (tape and slide talk) and "An 

Introduction to Miniature Low Pass Filters for 
Telemetering in Guided Missile Research," by Vic-
tor Schutzwhol; May 5. 1955. 

DREXEL INSTITUTE OF TECHNOLOGY (IRE-AIEE 
BRANCH) 

"Carbon in Electrical Engineering," by Ber-

nard Silver. Electronite Carbon Co.; April 5, 1955. 

"Microwaves," by Richard A. Dibos, Philco 
Corp.; April 28, 1955. 

UNIVERSITY OF FLORIDA (IRE-AIEE BRANCH) 
"The Trends in Industrial Electrical Distribu-

tion Systems." by C. F. Kucera, Allis-Chalmers. and 
Business Meeting; February 14. 1955. 

"Research & Development of Transformers" 
(Film); March 14. 1955. 

"Digital Computers.' by Mr. Zyrak and Mr. 
Rich, both of Lincoln Lab., M.I.T.; March 28, 
1955. 

Election of Officers; May 9. 1955. 

IOWA STATE COLLEGE (IRE-Al EE BRANCH) 
"Hints in Interviewing for Jobs." by J. J. 

Jondle, Student and Election of Officers; April 27, 
1955. 

"Development of Radar," by C. J. Marshall, 
IRE Regional Director, Region 5; May 6, 1955. 

LAFAYETTE COLLEGE IRE-AIEE BRANCH) 

"Tests on 69Kv Horned Air Brake Switches," 
by Mr. Wesley Smith and Mr. Jack McDonald. 

Pennsylvania Power and Light Company; March 
10, 1955. 

"Electronics in Medicine," by Ray Wiech, 

Lafayette Student '56 and Election of Officers; 
April 14, 1955. 

"High Speed Electronic Flash Photography," 
by Richard B. Hanbicki, Student, Class '56 and 
General Meeting; May 12 1955. 

(Continued on page 118A) 

I  

INCOMING SIGNAL 
(VARIES 

IN FREQUENCY) 

4  

3 
ZERO SET 

OUTPUT SIGNAL 
(RESET 

EACH CYCLE) 

HOW TO ZERO-SET 
RANDOM PHASE VARIATIONS 
Many modern control devices are designed for applications where 
sensed input signais fluctuate randomly about an approximately known 
frequency. In some of these applications, the information is conveyed 
by the phase relationship within one cycle, and the random cycle-to-
cycle phase variations often submerge the signal in noise. Filtering, or 
averaging, techniques may be extremely difficult to devise because of 
the requirement for use within one cycle. 

The ingenious electro-mechanical solution shown above is a typical 
Ford answer to a difficult problem. It is rugged and reliable, yet com-
pact and easy to service. In operation, a constant-speed motor drives a 
resolver at the required speed. The sensed input controls the operation 
of the clutch, and at each zero-crossing in the positive direction, de-
couples the motor from the line. At the same time, the spring-loaded 
heart cam follower resets the synchro shaft to its zero position. 

In this manner, the resolver is reset to a prescribed phase relative to 
the signal at a fixed point of every cycle of the generated signal. 

This is another instance of how Ford's engineering staff selects the 
most efficient device to solve a problem. Here at Ford mechanical and 
electronic devices are given consideration in solving any problem. 

Since 1915 the engineers at Ford Instrument Company have special-
ized in such equipment as computers, controls, and servo-mechanisms 
in hydraulics, electronics, mechanics and magnetics for the Armed 
Forces and for industry. If you have problems in any of these fields, 
it will pay you to discuss them with Ford engineers. 

67 
FORD INSTRUMENT COMPANY 
DIVISION OF SPERRY RAND CORPORATION 

31-10 Thomson Avenue, Long Island City 1, N. Y. 

ENGINEERS 

of unusual abilities can find o future at FORD INSTRUMENT COMPANY. Write for information. 
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NEW "PARAFORMED"=. PAPER TUBES 

with HATSIDE WALLS 

ANY Sl 

SQUARE OR 

RECTANGUUM 

DO YOU HAVE A 

SPACE PROBLEM? 

Eliminates squeezing 

operation of finished 

coil and possibility of 

shorts due to fractured 

enamel insulation. 

WRITE ON COMPANY 
LETTERHEAD FOR 

STOCK ARBOR LIST 
OF OVER 2000 SIZES 

e all.1.7 .V .IALL ROUNDED 

OUTSIDE 

CORNERS 

SQUARE INSIDE CORNERS 

For the first time, a paper tube like this—developed and 
perfected by PARAMOUNT after years of research! No 
artificial heat or pressure is used in its manufacture— 
"PARAFORMING" takes place at the time of actual winding. 
No sharp outside edges to cut the wire during winding of 
coils. Has great rigidity and physical strength. Permits coil 
manufacturers to hold much closer tolerances. No need for 
wedges to tighten the winding on the laminated core. 
Coils can be automatically stacked much faster, too. The 
new "PARAFORMED" tubes are approved and used by 
leading manufacturers. And they cost no more! 

ParaillOUnt PAPER TUBE CORP. 
6 LAFAYETTE ST., FORT WAYNE 2, IND. 

Standard of the Coil Winding Industry for Over 20 Years 

designed 

for the 

user 

by Shasta 

Other Shasta Quality Instruments 

Expanded Scale Frequency Me-
ters and Voltmeters • Log Scale 

Voltmeters • Audio Oscillators 
Square Wave Generators • Power 

Supplies • Wide Band Amplifiers 
Bridges • WWV Receivers • Dec-
ade Inductors. 

S-7 

MODEL 301A 
AUDIO OSCILLATOR 
features: 
* 10 cps to 1 Megacycle 
* ± 1 db Over Entire Range 

* Hum Level Less Than 0.1% 

* Distortion Less Than 1.0% 

* Drift Less Than 2% 

* Low Internal Impedance 

• Exclusive SHASTA Chassis Construction 

brief specifications: 
Frequency Range: 10 cps to 1 mc, 5 steps 
Output Level: -4-4 1 db, 10 cps to 1 mc 
Power Output: 160 mw/101/2 v open circuit/10 V — 

600 ohm load 
Distortion: Less than 1% 
Min. Load Imp.: 600 ohms 
Hum Level: Less than 0.1% of rated load 
Dimensions: 71/4" W x We" H It 83/4 " D 
Price: $ 140.00 f.o.b. factory 

Write today for Technical Bulletin 301A; please 

address Dept. SA 7. 

Shasta eevesure  

BECKMAN INSTRUMENTS INC. 

P 0 BOX 296, STATION A • RICHMOND, CALIFORNIA 

TELEPHONE LANDSCAPE 6-7730 

Student Branch Meetings 

(Continued from page 117,4) 

UNIVERSITY OF LOUISVILLE (IRE-AIEE 
BRANCH) 

Films, "The Germanium Story" and "A P-N-P 
Alloy Junction Transistor for Radio Frequency 
Amplification"; May 5, 1955. 

UNIVERSITY OF M ASSACHUSETTS (IRE-AIEE 

BRANCH) 

"high Fidelity," by D. R. Von Recklinghausen. 

II. II. Scott Inc. and Election o Officers; April 25, 
1955, 

Business Meeting; April 27, 1955. 

UNIVERSITY OF M IAMI (IRE BRANCH) 

Film. "Antennas and Creation of Radio Waves" 
and "Water Purification"; April 21, 1955. 

"Telemetering of Integrated Type Meter Read-
ings over Power Carrier Current Channels," by C. 

W. Cogburn and H. A. Lewis, Joint Lecturers, 
Florida Power and Light Co.; May 3. 1955. 

UNIVERSITY OF M ICHIGAN (IRE-AIEE BRANCH) 

Film, " Industrial Research and Development"; 
March 23, 1955. 

"Single Side Band," by Mr. Bnuene, Collins 
Radio Co. and Election of Officers; April 26, 1955. 

M ICHIGAN STATE COLLEGE (IRE-ALEE BRANCH) 

"Expanding Opportunities for Tomorrow's 
Electrical Engineers" (tape recording and slides); 
April 19, 1955. 

UNIVERSITY OF M ISSOURI (IRE-A1EE BRANCH) 

"Unlimited Horizons," by B. J. George, Kansas 

City Power and Light Co.; April, 1955. 

"Getting Impurities out of Oils by Electric 

Fields." by G. C. Paula, Petrolite Corporation; May 
3, 1955. and "Join IRE as a Student." by Mr. 
Efthim Secretary of St. Louis IRE, and Election of 
Officers. also May 3, 1955. 

MONTANA STATE COLLEGE (IRE-MEE BRANCH) 

"Hammond Organs." by K. J. Bailey. North-

west Hammond Organ Studios; April 20, 1955. 

UNIVERSITY OF NEW HAMPSHIRE (IRE-AIEE 
BRANCH) 

Student Paper Contest; April IS. 1955. 

COLLEGE OF TliE CITY OF NEW YORK (IRE 
BRANCH) 

Talk on Brookhaven Laboratories by Prof. H. 
B. Hansteen, Chairman of E. E. Dept.. CCNY and 

Brookhaven Labs.; April 28, 1955. 

NEW YORK UNIVERSITY (IRE BRANCH) DAY DIV. 

Election of Officers; April 18, 1955. 
General Meeting; April 25. 1955. 

NORTH CAROLINA STATE COLLEGE ( I R E-A E E 

BRANCH) 

"Symbolic Logic in Circuit Design." by Mr. 

O'Conner, IBM.: April 19, 1955. 
"The Basic Principles of the Operation of Mag-

netic Amplifiers," by Clarence Sturzenbecker, 
Western Electric Co. and Installation of Officers; 
May 10. 1955. 

UNIVERSITY OF NORTH DAKOTA 
IRE-AIEE BRANCH.) 

"Swearing as a Communicative Device," by 
Prof. Frederick Kroeger. Faculty, UND; April 27, 
1955. 

NORTH DAKOTA AGRICULTURAL COLLEGE (IRE-
AIEE BRANCH) 

Film, " Electric Proving Ground" and General 

Meeting; May 11. 1955. 

(Continued on page 120A) 
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Designers 

Manfacturers 

Of 

PLASTIC LIGHTING 

PANELS And DIALS 

Specialists 

Ir The 

INTEGRAL LIGHTING 

OF INSTRUMENTS 

Authorized 

LIGHT TESTING 

Facility of Bu-Air 

BODNAR INDUSTRIES 

19 Railroad Ave. 

New Rochelle, N.Y. 

reduce 
* noise 

error 

99% 
mininoise 

ACTUAL SIZE? 

Mininoise Cable, made only 
by Microdot, is ideal for 
low signal levels and high 
impedance terminations. In 
every applicable case, Mini-
noise reduces noise 99 "! 

WRITE for data on Minlnoise cable 
and Microdot coax assemblies. 

^14 

MICRODOT 
1826 FREMONT STREET 

SO. PASADENA • CALIF. 

Uj-

Relay Engineering Principles . . . 

... and relays 

will tell you 

how good 

they are 
Try this experiment. Hold a relay to your ear. 
Snap the armature and listen! Did it sound like a 
harp, or did you hear a solid thud? A GOOD 
RELAY WILL NOT SING. Singing contact springs 
indicate excessive bouncing, vibration and over-
travel, added arcing and mechanical wear, plus 
inaccuracy of contact adjuttment. 

To date, contact support springs have been 
found the most effective means of supplying sure 
control to meet the requirements listed below: 
1 Minimized contact bounce. Impact energy of operation is 
immediately damped by friction between contact spring and 
it:. associated support spring. 

2. Reduced arc damage. Higher rate of contact separation 
and closure with consequent reducfion in arc time. 

3. Decreased overtravel. Pre- tens on of contact springs 
against the support springs proviaes proper contact pressure 
with minimum travel after closure. Thickening of contact 
springs is not a proper alternative as this tends to increase 
the frequency of contact chatter and bounce without provid-
ing suitable frictional damping 'o minimize arcing and 
mechanical wear. 

4. Less mechanical wear. Motion means wear. Support 
springs provide adequate contact oressure without excessive 
spring flexure, thus increasing relcy 

5. Increased sensitivity of adjustment Reduced spring over-
travel permits a smaller armature air gap for greater over-all 
sensitivity. 

The principle of contact support Ipr,ngs is one of many 
exclusive features contributing to the use-tested superiority 
of performance in North Relays of the type shown above. 
Some specific control type switching applications are safety 
controls — switchboards — elevator cortrols — power control 
circuits — carrier application — intercommunication systems 

fire alarms — airport lighting controls and computers. 

Have you received your copy of 
NORTH'S NEW RELAY CATALOG? 

THE NORTH ELECTRIC 
MANUFACTURING COMPANY 

Originators of ALL RELAY Systems of Automatic Switching 
E-47 South Market Street Galion, Ohio, U.S.A. 
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NEW DECADE 
AMPLIFIER  

by FAIRCHILD 
now, four 

amplifiers in one 

versatile 

low-cost package! 

Here is a new high-precision, gen-

eral purpose laboratory tool that 

offers four independent amplifiers 

in one unit. They can be cascaded. 

Long-term accuracy is within 2 per-

cent and simple screw-driver sets 

match circuits exactly. 

Frequency Response 
5 c.p.s.- 3.0 Mc. 1/2 db. 
1 c.o.s.-5.0 Mc. 3 db. 
useful gain beyond 10 Mc. 

Gain 
Voltage gain of 10 ± 2% per 
stage at mid-frequencies. 

Output Impedance 
less than 200 ohms in series 

FENGINE AND AIRPLANE CORPORATION 

The Faircluld Decade Amplifier is 
self-contained with a regulated 
power supply and is fitted with dual 
connectors to take both coaxial and 
standard double "banana" plugs. 
It provides four amplifiers in one 
package at a price comparable to 
that of a single amplifier. 

SPECIFICATIONS 

with a .4 p Id, at mid. 

frequencies. 

Output Voltage 

greater than 15 volts r.m.s. 
per stage. 

Equivalent Noise-and-Hum 
Input 
30 p V at grid. 

Pulse se 

Pise time less thon . 1 p s. 
with virtually no overshoot 
or ring even with severe 
overload; accepts positive 
or negative pulses. 

Input Impedance 
1.0 megohm in parallel with 
O pp f. 

AIRCHILD 
6«.(àidileifeiee ecirioe 

Wyandanch, I.. I., N. Y. 

FAIRCHILD ENGINE AND AIRPLANE CORPORATION 

GUIDED MISSILES DIVISION, WYANDANCH, L I., N. Y. 

Please send me detailed information on the Fairchild Decade Amplifier. 

Name and Company  

Address  

City   Zone State  

Student Branch Meetings 

(Continued from page 11àA 

UNIVERSIl Y or NOTRE DAME E-A EE BRANCH) 

"The Growing Pains within the Telephone 

Company," by Robert Holmes. Indiana Bell Tele-

phone Co. and General Meetirg; March 31. 1955. 

Student Paper Contest; April 26. 1955. 

OHIO UNIVERSITY (IRE-AIRE BRANCH) 

"Analog Computors," by W. C. Meilander, 

Goodyear Aircraft Corp.; April 19. 1955. 

"High Fidelity." by David Ii. O'Brien, Ander-

son High Fidelity Center and Election of Officers; 

May 10, 1955. 

OKLAHOMA A & M COLLEGE (IRE-A(EE BRANcti) 

"Real Time Digital Computer Control," by J. 

F. Nolan and II. E. Anderson. Lincoln Labs. M.I.T.; 

March 31, 1955. 

OREGON STATE ( 701-LEGE (IRE BRANCH) 

"Digital Computers and Automatic Control." 

by David R. Brown, MIT Computer Lab.; February 

IS, 1955. 

UNIVERSITY OF PENNSYLVANIA 

ORE-AlliE BRANCH/ 

"An Experimental Transi,tor Personal Broad-

ast Receiver" ( tapes('ript) and talk by L. E. Bar-

ton. RCA Labs.; May 2, 1955. 

UNIVERSITY OF PLITSBURG11 BRANCH) 

Film. "The Inner Mali S:eps Out"; April 14. 

1955. 

"Ethics and Professional Practice." by Carl 

Long, Pittsburgh Chapter of PSPE; April 28, 1955. 

"Closed Television at Pitt." by Prof, W. S. 

I.acey, Faculty. U. of P. and E:ection of Officers; 

May 12, 1955. 

RENSSELAER POLYTECHNIC P.:Sri r u rl. (IRE-

AIEE BRANCH) 

"Atomic Power," by Commander Naymark. 

USN Retired, presently with G.E.; April 26. 1955. 

"Progress in Flight Control Development," by 

Robert Wanamaker, G.E. and Election of Officers; 

May 10, 1955. 

SAN JOSE STATE COLLEGF ( tRI, BRANCH) 

"Klystrons- What They are and Where They 

are Used," by B. Hadley. Varian .‘ ssociates; 

February 17, 1955. 

"IRE's Relation with Student Members", and 

"Transistor Switching Circuits." hy Dr. Pettit. 

Prof. of E.E., Stanford U.; March 10. 1955. 

"Multiplexing" and " RC A Ergineering," by 

E. Napier. RCA; April 21, 1955. 

SOUTH DAKOTA SCHOOL OF M INES & TECHNOL-

OGY ORE BRANCH) 

Election of Officers and "Sucuess Story," by 

L. J. Linde, Allis-Chalmers ( slides); April 13, 1955. 

UNIVERSITY OF SOUTHERN CALIFORNIA (IRE-AIEE 

BRANCH) 

"history of RCA. " by Maurice Frank°, RCA; 

April 13. 1955. 

General Business Meeting; Apra 20. 1955. 

VILLANOVA UNIVERSITY (IRE-Al EE BRANCH) 

"The G.E. Solar Battery," by Dirk Burke. 

"Tape Recorder Design" by Tulvio Durand and 

"Functional Color, " by James Wreenski, all Senior 

E.E. Students, Villanova U.; March 30. 1955. 

"Cromby Generating S-..ation." by Wilmon 

Ware, Philadelphia Electric Co.; April 13, 1955. 

"Safety. " by M. Frank V. Connelly, Sun 

Oil Company; April 27. 1955. 

12o\ WHEN WRITING TO ADVERTISERS PLEASE 

(Continued on page 141.-I) 
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Engineers are 
educated to 

specify and buy. 

To give you a complete selling program 
to radio and electronic engineers, 

E provides all 3! 
"Proceedings of the I.R.E" 
puts your product promotion monthly before the "thinking 
and doing" engineers in the fabulous, fast-moving radio-
electronic industry. Circulation 41,625 (ABC). 

Founded in 1913, "Proceedings of the I.R.E" is the authoritative work-book 
of America's fastest expanding industry. In it, electronic advances, years 
ahead of the times, are published every month, thus, keeping engineers up 
to the moment on all that is new in engineering research and application. 
Its advertising is a constant product parade of the best this industry manu-
factures. A vital service to all men who specify and buy, it is a proved 
vehicle for your consistent product promotion— with prestige! 

IRE DIRECTORY 
provides 35,000 IRE members educated to buy and specify 
with your detailed product data for ready reference all year 
long. 

The IRE DIRECTORY is their working encyclopedia... it organizes, codes, 
simplifies and "indexes for use" a vast and complex industry. They look 
to its listing of men, firms and products as vital working information. Wher-
ever you find IRE members, you'll find IRE DIRECTORIES close at hand 
for ready reference. The cost of keeping your product story before 35,000 
engineers is less than you'd expect. The price of one page is less than one-
half of the three cents postage required to mail 35,000 letters. 

RADIO ENGINEERING SHOW 
... the eye-opening event of each radio-electronic year... 
where over 40,000 engineers come to you for all that's new. 

Bringing buyers and sellers face to face to discuss engineering needs and 
product performance is one of IRE's great services to an industry where 
understanding is the key to progress. The Radio Engineering Show com-
pletes with actual product presentation the balanced promotion package 
of "Proceedings of the I.R.E" for product promotion and the Radio Engi-
neers Directory for product reference. 

For complete facts, ask IRE about all 3! 
THE INSTITUTE OF RADIO ENGINEERS 

Adv. Dept., 1475 Broadway • New York 36 • BRyant 9-7550 
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Take a look at the record... 

WITHIN THE LAST YEAR, 

MORE THAN 500 
EXPERIENCED ENGINEERS AND SCIENTISTS* 

CHOSE DESIGN AND DEVELOPMENT CAREERS 

WITH 

Today ... RCA opens 

new opportunities for you to join 

these progressive, creative engineers in... 

RCA! 

NEW EXTENDED 

SYSTEMS 

ENGINEERING 

CONCEPTS 

NEW, 

MOST ADVANCED 

ELECTRONIC DATA 

PROCESSING 

SYSTEMS 

AN ENTIRELY 

NEW PR3GRAM 

IN 

GUIDED MISSILE 

ELECTRONICS 

NEW CHALLENGES 

IN 

AVIATION 

ELECTRONICS 

NEW FIELDS 

IN 

ELECTRON TUBE 

DEVELOPMENT 

RCA advancement creates opportunities with a future .. . openirgs which are available today for engineers and scientists who 
can move ahead professionally with the world leader in electronics. 

At the RCA engineering locations listen in the chart, you'll find the kind 

of living and working conditions you and your family consider most 

attractive. 

RCA of fers you... facilities unsurpassed in the electronics industry ... everyday 

association with top engineers and scientists. Plus RCA benefits that 

include: tuition refund plan, a company-paid insurance program for 

you aid the family, modern reirement plan, relocation assistance. 

A carefully- planned advancement program helps you move ahead 

financially and professionally! 

RCA was also chosen by several hundred recent engineering graduates, field service engineers and other categories of experienced 
professional engineers or scientists. 



with your future in mind 

Check the chart below for 

positions which interest you most... 

FIELDS OF ENGINEERING ACTIVITY 

TYPE OF DEGREE AND YEARS OF EXPERIENCE PREFERRED 

Electrical 
Engineers 

Mecnan,cal 
E gincers 

Physical 
Science 

Chemistry 
Ceramics 

Glass Technology 
Metallurgy 

1-2 2-3 4 + 1-2 2-3 a -, 1-2 Z-3 4+ 1-2 2.3 4+ 

SYSTEMS 

(Integration of theory, equipments, and enviromnent 
lo create and optimize major electronic concepts.) 

AIRBORNE FIRE CONTROL W W 

DIGITAL DATA HANDLING DEVICES C C C 

MISSILE AND RADAR M M M 

INERTIAL NAVIGATION M M M 

COMMUNICATIONS , 
C 

0 

C 
0 

DESIGN • DEVELOPMENT 

LLLLLLLLLLLL COLOR TV TUBES— Electron Optics— Instrumental Analysis 
--Solid States ( Phosphors, High Temperature Phenomena, 
Photo SEnsitive Materials and Glass to Metal Sealing) 
RECEIVING TUBES— Circuitry—Life Test and Rating—Tube 
Testing-- Thermionic Emission 

H H H H H H H H H 

Semi-CONDUcrOaS--Transistors—Semi-Conductor Devices H H H H H H 

MICROWAVE TUBES—Tube Development and Manufacture 
(Traveling Wave—Backward Wave) 

H H H H H H H H 

GAS, POWER AND PHOTO TUBES— Photo Sensitive Devices— 
Glass to Metal Sealing 

LLLLLLLLLLLL 

AVIATION ELECTRONICS—Radar— Computers— Servo Mech- 
anisms—Shock and Vibration—Circuitry— Remote Control 
—Heat Transfer— Sub-Miniaturization--Automatic Flight 
—Design for Automation—Transistorization X 

F 
X 

M 
C 
F 
X X 

F 
X 

M 
C 
F 
X X 

F 
X 

M 
C 
F 
X 

RADAR—Circuitry—Antenna Design—Servo Systems—Gear 
Triins—Intricate Mechanisms--Fire Control 

X 
F 
X 

M 
C 
F 
X XX 

F 

M 
C 
F 
X X 

F 
X 

M 

C 
F 
X 

COMPUTERS — Sy-stems— Advanced Development— Circuitry 
—Assembly Design— Mechanisms—Programming 

CCCCCCCCC 
F 

M 

F F 

M 

F F 

M 

F 

COMMUNICATIONS—Microwave— Aviation— Specialized 

M.litary Systems F 

M 
C 
F F 

M 
C 
F F 

M 
C 
F 

RADIO SYSTEMS— HP-VHF—Microwave — Propagation 
Analysis—Telephone, Telegraph Terminal Equipment 

0 0 
F 

0 0 
F 

0 0 
F 

MISSILE GUIDANCE—Systems Planning and Design— Radar 
—Fire Control—Shock Problems—Servo Mechanisms F 

M 
F Le 

M 
F 

. 
F 

M 
F 

COMPONENTS—Transformers—Coils— TV Defection Yokes 
(Color or Monochrome)—Resistors 

C C 
' 
C C C C 

MACHINE DESIGN H H H H H H 
Mech. and Elec.—Automatic or Semi-Automatic Machines 

Location 
Code 

C—Camden, N. .1.—i i Grea:er Philade phia near many suburban 
canimunities. 

F.—Florida—on east central coast. 

H—Ftairlson. N. 1.—iust 18 minutes from downtown New York. 

L—Laasaster, Pa.—about an hour's drive west of Philadelphia. 

Please send resume of education and 
experierce, with location preferred, to: 

M—Aloorostown. N. .—quiet, attractive community close to Phila. 

0—Overseas—domestic and overseas locations. 

W—Waltham, Mass — near :he cultural center of Boston. 

X— Los Angeles. Calif.—west coast electronics center. 

Mr. John R. Weld, Employment Manager 

Dept. A-13G, Radio Corporation of America 
30 Rockefeller Plaza 

New York 20, N.Y. 

RADIO CORPORATION of AMERICA 

Cope elf 1M. Hat io Co'aoratu:n of America 



MISSILE 

ELECTRONICS 

Missile guidance systems research and 

development requires a high order of 

creative ability. The systems approach to 

guidance, control and transmittal of 

information presents complex problems to 

those capable of applying advanced 

physical concepts and circuitry. 

Environmental conditions dictate 

development of components capable of 

performance far beyond that normally 

encountered in electronic packaging 

problems. 

Continuing developments a re 

creating new positions for those 

capable of making significant 

contributions to the technology 

of guided missiles. 

MISSILE 

SYSTEMS 

DIVISION 

research and engineering staff 

LOCKHEED AIRCRAFT CORPORATION 

VAN NUYS • CALIFORNIA 

The following positions of interest lo 
I.R.E. members have been reported as 
open. Apply in writing, addressing reply 

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 I.R.E. 
I East 79th St., New York 2 N.Y. 

ELECTRONIC ENGINEER 

Excellent opportunities with expanding Radia-
tion Instrument Development Group for recent 

graduates in F.. E. or Physics and :Or engineers 
with 1-5 years experience. Send res-une and sal-

ary required to Tracerlab, hie., Western Div., 

2030 Wright Ave., Richmond 3, Cal,f. 

PROFESSOR 
Professorial position open on the ficulty of the 

Dept. of Electrical Engineering of a midwestern 

university. Faculty rank and salary will be de-
termined upon qualifications of the applicant se-
lected. Position starts in September 1055. A 

Ph.D. degree is desirable, but not necessary, if 
the applicant has a sufficiently strong research 

and pulification record. Box 809. 

(Coniintted Ms page 126.-l) 

ENGINEER 
ME or EE 

2 or more years 
experience 
in radar 

or allied fields 

The rapid growth of this major 
company has created an open-
ing in development and design 
engineering . . . with a pro-
gressive organization, long an 
established leader in the elec-
tronics field. The location of 
the job is in upper New York 
State at one of the country's 
best known electronics centers. 

Interviews will he arranged 
promptly for qualified appli-
cants. Please send complete re-
sume, in confidence, to: 

Box 824 

Institute of Radio Engineers 

1 East 79th St. 

New York 21, N.Y. 
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mu YOU 

11111••••••••••• 

•••••••••• 

•MI.O•0 ••••••• 

ELECT, ONI 
1 i . 

ELECTRONIC PHY 

Benda Radio has new, 

exceptional opportunities forudvalicene 

while working on: 

RADAR 

MISSILE GUIDANCE 

AIRBORNE COMMUNICATIONS 

MOBILE COMMUNICATIONS 
•••k•-, 

AUTO RADIO 

Expand the horizon of your future with Bendix Radio—a leader & pidneer in the elec-

tronics field, one that has the knowledge, strength and resources to stay cut front during 

the competitive days aheadl Your part is EASY! WiPhone write . . . or send us a 
\ 

post card. Simply statlyour name, address and phone number, your education and 
1 

experience. We'll carrY, he hall from there! All replies held in strictest confidence, and 

we guarantee speedyiacti.on 

Address: Mr. L. H. Yogi* 
Dent. M 
Bendix Radio 
Baltimore 4, Md. 
Phone: VAlley 3-2200 

or\, 

nnP4e—Rado 
DIVISION OF 

13EN ) IX AVIATION 
CORPORATION 

Baltimore 4, Maryland 
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SERVO ENGINEER... STOP HUNTING! 

Here's your chance to head up a vital project for a leading 

manufacturer of precision electronic components. 
You'll assume full responsibility for development of digital 

and analog servo systems, for new commercial applications in 
industrial process control. 

You'll set up your own staff and equipment layout for our 
new plant, now abuilding at Newport Beach ... Southern Cali-
fornia's most livable, smog-free community. 

If you're an electronic engineer with several years of per-
tinent experience, send a full confidential resume to our 
Technical Employment Manager. 

P. s. We have several other excellent openings for highly quali-

fied electronic, electrical and mechanical engineers ... and 
for physicists. 

Helipot Corporation 
South Pasadena 5, California 
a division of Beckman Instruments, Inc. 

BECKMAN 

Engineers 
with experience in 

computers 

microwave 

pulse techniques 

servo- mechanisms 

related circuit design 

leading designers and manufact-

urers of electronic instrumentation 

offer outstanding opportunity, 

top pay, moving allowance, 

benefits, plus the charm of san 

francisco living. 

please send resume. 

Berkeley ceeuee 
BECKMAN INSTRUMENTS INC. 

2200 WRIGHT AVE., RICHMOND 3, CALIF. 

r Electronic 
ENGINEERS 
& PHYSICISTS 

More Than 23% of 
Your Time is spent at work. 
Doesn't it seem worth while, then, to spend 
a little time investigating the job possibili-
ties at National Company where you can 
spend that important one quarter of your 
life in satisfying and rewarding work. 

This future-minded firm has grown 
continuously in the field of electronic 
design and manufacture since 1914. Their 
products are in use in the scientific, 
governmental, industrial, and commercial 
fields. Their employees work in warm, 
friendly surroundings with due recognition 
given for effort and talent. 

Their present needs are for creative 
people who can originate ideas and develop 
them through the prototype stage. 

If you sincerely believe you can fit in 
with our ideas and have a B.S. or higher 
degree, you are invited to send your 
resume to: 

Mr. John A. Bigelow 

National 

NATIONAL COMPANY, INC. 
60 Sherman St. Malden, Mass. 

(Continued from page 124A) 

SALES ENGINEER 

We have an opening for a technical salesman, 

preferably with experience in the development 
and design of capacitors. Headquarters will be 
in Lee, Massachusetts. After a training period, 
the position will involve some travelling, princi-
pally in the east. The right man can expect an 
attractive fixed salary and emienses with an ex-
cellent opportunity for advancement. All inquiries 
will be treated in strictest confidence, and should 
be directed to the personal attention of Mr. 
l'eter Schweitzer, Peter J. Saweitzer, Inc., 261 
Madison Ave., New York 16. N.Y. 

ELECTRONIC SALES ENGINEER 

A growing group of electronic manufacturers' 
representatives serving in the southeast since 
1924 requires an electronic sales engineer. Ap-
plicant should be married and be between the 
age of 30-35, willing to travel two-thirds of the 
time. Contracts cover industrials and distributors. 
Prospects for partnership interest to qualifying 
applicant. Send complete resume with photograph. 
Box 812. 

PRODUCTION ENGINEER 

Electronic engineer with pr.zducti.m experience 
to supervise production and test personnel and to 
set up production and test scilities for small 
electronics manufacturer. Salary $4stoo to $6000. 
Live in attractive small town with the opportunity 
of taking graduate work at the Pennsylvania 
State University. Reply to Community Engineer-
ing Corp., P.O. Box 824, Strie College, Pa. 

ENGINEERS 

Television receiver deflection systems engineers 
wanted. Development and prsiduct design. Both 
color and monochrome. Send resumes to Dept. 
RT- I, Technical Employment Office, General 
Electric Company, Electronics Park, Syracuse, 
N.Y. 

ELECTRONIC ENGINEER 

Electronic Engineer with audio experience de-
sired on Consultant basis. Write, giving general 
information and fee expected. Box 813. 

PATENT ATTORNEY OR AGENT 

Capable and experienced min good elec-
tronics background. Chemical experience also de-
sirable. To engage in patent work in electron 
circuits and devices, in compiny carrying for-
ward advanced research and development pro-
grams in monochrome and color TV, transistors 
and other semi-conductive devices, vacuum tubes, 
UHF and microwave systems. preferably with 
minimum of supervision. l'riar experience and 
educational qualifications will be recognized in 
scope of work, responsibility and compensation. 
Box 814. 

ELECTRICAL ENGINEERS—PHYSICISTS 

Permanent staff positions ale open for BS or 
advance degree electrical engineers or physicists 
with a minimum of 3 to 5 years electro-magnetic 
and propagation experience in the fluids of direc-
tion finding, antenna design, m rowave and radar 
techniques. Send statement of qualifications and 

interest in industrial and defen research to S. J. 
Keane, Physics Dept., Southwest Research Insti-
tute, 8500 Culebra Road, San Antonio, Texas. 

(Continued on page 128.4) 
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Systems Development 

and 

The Ramo-Wooldridge Corporation 

The Ramo -Wooldridge Corporation (except for the 
specialized activities of our subsidiary, Pacific Semicon-
ductors, Incorporated) is engaged primarily in develop-
ing— and will soon start to manufacture— systems rather 
than components. For military customers our weapons 
systems responsibilities are in the fields of guided mis-
siles, fire control, communications, and computers. Our 
non-military systems activities are in the general area of 
automation and data-processing. 

Emphasis on systems development has consequences 
that profoundly affect all aspects of an organization. First, 
it demands an unusual variety of scientific and engineer-
ing talent. A single systems development project often re-
quires concurrent solutions of challenging problems in 
the fields of electronics, aerodynamics, propulsion, ran-
dom phenomena, structures, and analytic mechanics. 
In addition, the purely technical aspects of a systems 
problem are often associated with equally important non-
technical problems of operational, tactical, or human 
relations character. 

Therefore, competent systems development requires 
that a company contain an unusually large proportion 
of mature, experienced scientists and engineers who have 

POSITIONS ARE AVAILABLE FOR 

SCIENTISTS AND ENGINEERS IN 

THESE FIELDS OF CURRENT 

ACTIVITY: 

a wide range of technical understanding and an unusual 
breadth of judgment. Further, all aspects of company 
operations must be designed so as to maximize the effec-
tiveness of these key men, not only in the conduct of 
development work but in the choice of projects as well. 

At Ramo -Wooldridge we are engaged in building such 
a company. Today our staff of professional scientists and 
engineers comprises 40% of the entire organization. Of 
these men, 40% possess Ph.D. degrees and another 30% 
possess M.S. degrees. The average experience of this 
group, past the B.S. degree, is more than eleven years. 
We believe the continuing rapid growth of our pro-

fessional staff is due, in part, to the desire of scientists 
and engineers to associate with a large group of their 
contemporaries possessing a wide variety of specialties 
and backgrounds. It is also an indication that such pro-
fessional men feel that the Ramo -Wooldridge approach 
to systems development is an appropriate one. 
We plan to continue to maintain the environmental 

and organizational conditions that scientists and engi-

neers find conducive to effective systems development. 
It is on these factors that we base our expectation of 
considerable further company growth. 

Guided Missile Research and Development 

Digital Computer Research and Development 

Business Data Systems Development 

Radar and Control Systems Development 

Communication Systems Development 

The Ramo-Wooldridge Corporation 
DEPT. P, 8820 BELLANCA AVENUE; LOS ANGELES 45, CALIFORNIA 
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( APPLY 

TO A' 

READ WHAT HAPPENED WHEN 

WE PUT OURSELVES IN THE 

"ENVIRONMENTAL TEST CHAMBER" 

Both the Electronics and the Air Arm Divisions of the West-
inghouse Electric Corporation are expanding. We need experi-
enced electronic engini2ers for advanced design and development 
work . . . so we put ourselves in the "environmental test 
chamber" to see just what we have to offer the people we need. 

We found that we have a professional atmosphere that is 
ideal for the engineer. We offer advanced study at company 
expense and merit promotions that assure a good future. 

Our income and benefit advantages scored high on this test, 
too. Finally, there were many "extras," like the Westinghouse 
Patent Award Program, that make investigation of the current 
openings worthwhile for all electronic engineers. 

Openings exist in tile fields of— 

COMMUNICATIONS 
(Microwave) 

FIRE CONTROL 
RADAR 
COMPUTERS 

BOMBER DEFENSE 
MISS LE GUIDANCE 
FIELD ENGINEERING 
TECHNICAL WRITING 

Send resume outlining education and experience to: 

Technical Direcror 
Dept. 192 
Westinghouse Electr.c Corporation 
2519 Wilkens Avenue 
Baltimore 3, Md. 

ILLUSTRATED BROCHURE 

WILL BE SENT TO 

ALL APPLICANTS. 

(Continued from page 126A) 

PHYSICIST OR ELECTRONICS ENGINEER 
Physicist or electronics engineer to design, con-

struct and install set-ups to obtain data on engine 
ignition, performance. Diversified projects might 
require mechanical or electranic instrumentation, 

also design of auxiliary control circuits. Electric 
Auto-Lite Company, Toledo 1, Ohio. 

ENGINEER 
Exceptional opportunity. If you have experi-

ence in design, construction and evaluation of 
high voltage, high frequency circuits. Requires 
ability to design circuits incorporating transistors, 
magnetic amplifiers and semi conductors. Electric 
Auto-Lite Company, Toledo 1, Ohic. 

INSTRUCTOR OR ASSISTANT PROFESSOR 
University in southwest has an opening for 

either an instructor or an assistant professor of 
electrical engineering in the communications field. 
Salary and title commensurate with education 
and experience. Instructor with BS permitted to 
take courses for an advanced degree. Box 817. 

ELECTRONIC ENGINEER OR PHYSICIST 
BSEE or BS Physics. 2 years experience in 

acoustics, electronic instrumentation or equiva-
lent. Imaginative, resourceful person with good 
working knowledge of electronic circuits and 
physics is needed for research in underwater 
sound and oceanographic instrumentation. Must 
be unusually versatile and hare a snicere interest 
in the marine sciences. Occas,onal periods at sea. 
Faculty rating. Moderate salary. Send complete 
resume. Marine Laboratory, University of Miami, 
Coral Cables, Florida. Att: Dr. H. B. Moore. 

(Continued on page 130.9) 

THE APPLIED PHYSICS LABORA-
TORY OF THE JOHNS HOPKINS 
UNIVERSITY offers an exceptional op-
portunity for professional advancement 
in a well-established Laboratory with a 
reputation for the encouragement of in-
dividual responsibility and self-direction. 

Our program of 

GUIDED MISSILE 
RESEARCH and 
DEVELOPMENT 

provides such an opportunity for men 
qualified in: 

DESIGN AND ANALYSIS OF 

PULSE CIRCUITS 

RESEARCH AND DEVELOPMENT IN 

RADAR AND MICROWAVES 

ELECTRONIC PACKAGING 

DEVELOPMENT OF TELEMETERING, 

DATA PROCESSINQ. AND 

SPECIAL SWITCHING EQUIPMENT 

MAGNETIC AMPLIFIER DESIGN AND 

ANALYSIS 
DEVELOPMENT AND APPLICATION 

OF PRINTED CIRCUITS 

SERVOMECHANISMS AND CONTROL-

SYSTEM ANALYSIS 

Please send your revume !o 
Professional Staff Appointments 

•
•
•
•
•
•
•
•
•
•
•
 O
O
O
O
O
 0
0
0
0
0
0
 O
0
0
0
0
0
0
0
0
 •
•
•
•
•
•
•
•
•
•
 

APPLIED PHYSICS LABORATORY 
THE JOHNS HOPKINS UNIVERSITY 

8621 Georgia Mange 

Silver Spring, Maryland 
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• Even casual visitors have told us that a trip through 
IBM's new Research Laboratory at Poughkeepsie, 

N. Y., is a revealing experience. 

But engineers often say that what they sense here 

is even more impressive than what they see! 

What the engineer feels immediately at IBM is an 
air of freedom. .. the exciting presence of new ideas 

. . . the stimulation of important things happening. 

This, we believe, is the climate in which truly cre-

ative engineering is born and grows—the climate 

that makes working at IBM so truly satisfying for 

engineers. 

We believe, too, that this climate has contributed 

beyond measure to IBM's leadership, recognized 
the world over, in the field of data processing for 
business, science, government. 

INTERNATIONAL BUSINESS MACHINES CORPORATION 
590 Madison Avenue, New York 22, N.Y. 

For outstanding creative men in scientific and 
technical fields, IBM offers unlimited opportunities 
to make important and rewarding contributions 

WORLD'S LARGEST 

PRODUCER OF DATA PROCESSING 

MACHINES 
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How 
To Be Happy 
Though 
An Engineer...* 
As several surveys* have pointed out recently, too often an 
engineer's lot is not a happy one. Sometimes he feels he is re-
garded merely as an unusually versatile machine, rather than a 
person with skills, and aspirations, and ideas. 

As far as we know, none of these surveys got around to ECA... 

or the statistics might have looked brighter. We are thoroughly 
convinced that engineers are people, they are professionals, and 
they are to be treated and respected as such. 

Evidently this course meets with approval because engineers 

who join us, stay. This indicates, we think, that they are reason-
ably happy with their work and their environment. 

The work itself is of a kind engineers find particularly interest-
ing, and requires a highly creative and often unorthodox 
approach. Engineering such as this is responsible for ECA's 

leadership in the development of automatic controls, electronic 
business machines, analog and digital computers. 

That's why ECA is interested in engineers gifted with unusual 

talent and imagination. If you are such a man—looking for an 
environment in which your abilities will be appreciated and in 
which you can find both professional and personal satisfaction 
—we'd like to talk 'with you. 

Please write details of your background and experience to Mr. 
W. F. Davis, Dept. 719. 

I. Professional Engineers Conference Board for Industry survey, 
"How to Train Engineers in Industry" 

2. University of Chicago Survey of Employee Attitudes 
3. National Society of Professional Engineers, 

"A Professional Look at Engineers in Industry" 

ELECTRONICS 

CORPORATION 

OF AMERICA 

77 Broadway Cambridge 42, Mass. 

(Continued from page 128A) 

ELECTRONIC ENGINEER 
Openings for engineers w:th 1 to 5 years ex-

perience in circuit design : or communications, 
medical electronics instrumentation and computer 

fields. Small, rapidly growing electronics com-
pany with unusual profit sharing and patent pro-
gram. All voting stock owned by employees; 
tuition reimbursement plan, medical aid plan. 
Write or call American Electronic Laboratories, 
Inc., 641 Arch St., Philadelphia, Pa., Att: Dr. 
Riebman. 

ASSISTANT PROFESSOR, COMMUNICA-
TIONS, ELECTRONICS 

Real opportunity for young Ph.D. interested in 
both teaching and research. Rapid advancement 
possible for man with initiathe and ability. Write: 

Chairman, Div. of Engineering, Brown Univer-
sity, Providence 12, R.I. 

INSTRUCTOR 
Instructor in electrical ergineering beginning 

September 1955. One interested in teaching funda-
mental electrical engineering subjects. Salary de-
pends on qualifications. Opportunity for advance-
ment. New building and equipment. Apply Chair-
man, Dept. of Electrical Engineering, University 
of Nebraska, Lincoln 8, Neb. 

PROFESSOR 
Position as Assistant Professor in electronics 

at a Middle Atlantic university. Undergraduate 
and graduate instruction. Doctorate in E.E. or 

physics preferred, but will consider experience 
as alternate. Salary $5000 for a nine month ses-
sion. Box No. 818. 

(Continued on page I ?2.1) 

ENGINEERS 
Why use a shotgun when a 

rifle approach is more 
effective? 

IA FREE SERVICE TO YOU) 

Our clients pay all expenses, 
including our charges: 

PARTIAL LISTINGS 
MANAGER DESIGN & MFG. $ 20,000 
BUSINESS MACH. CHIEF 
ENGINEER 15,000 

NUCLEONIC CHIEF ENGI-
NEER To $ 15,000 

NUCLEONIC ENGINEERS $10 12,000 
PROJECT LEADER M.E. 
RADAR PEDISTAL 
GEARS $ 9-11,000 

RADAR ENGRS. E.E $10 12,000 
MAGNETIC CIRCUITRY To 5 12,000 
BUSINESS MACHINE E.E.$10-12,000 
BUSINESS MACHINE M.E. $10-12,000 
COMPUTER ENGINEERS s 6 12,000 
LOGICAL DESIGN S 6-10,000 
MATHEMATICIANS 8 12,000 
PULSE CIRCUITRY 7-12,000 
AVIATION INSTRUMENTS $10 12,000 
TECHNICAL WRITERS, 
E.E. $ 7- 8,000 

PHYSICISTS, SOLID 
STATE s 9-12,000 

SHOCK & VIBRATION 5 7- 9,000 
ELECTRONIC PROCESS-
ING To $ 8,500 

AIRBORNE ELECTRONICS $ 8 14,000 

Mail 3 resumes in confidence to: 

HARRY L. BRISK 
Member 

ACCREDITED PERSONNEL SERVICE 
Since. 1;17 

Suite 936, 12 S. 12th St., Phila. 7, Pa. 
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Planning a New England vacation? 

Visit Raytheon 

Raytheon Missile and Radar Division's new laboratory 
next to Hanscom Air Force Base, Bedford, Mass. Another 
engineering facility nears completion at Wayland, Mass. 

,§7.1 

Following your visit with us, be our guest for lunch or 
dinner at the picturesque Wayside Inn, South Sudbury, 
Mass., immortalized by Henry Wadsworth Longfellow. 

If you vacation in New England this summer, 

we'd like to have you pay us a visit to 

talk over the interesting things we are doing 

and see how you might fit into our progressive 

engineering set-up. You will see some of our 

engineering and test facilities and your 

questions will be answered frankly. 

Research, development and engineering 

positions are open in the fields of missiles, 

radar, communications, semi-conductors, 

microwave tubes and industrial electronics. 

Write for FREE map 

Visit us at the Administration Building, 

Willow St., Waltham, Mass. — ask for or 

telephone L. B. Landall, Professional 

Personnel Section, Waltham 5-5860, ext. 412. 

Write him today for simplified map showing 

you the best routes to Waltham. 

You'll find a friendly greeting awaiting you — 

be sure to drop in and see us. 

Excellence in 
Electronics 

RAYTHEON MANUFACTURING COMPANY 

PROCEEDINGS OF THE I.R.E. July, 1955 
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ENGINEERS 
DESIGNERS- DRAFTSMEN 
Electronic Mechanical 

Keep Your 
Eye 
on the 

Ball 

In your career, as in successful baseball, golf or tennis, 
it pays to keep your eye on the ball. Keep your eye on 
the advantages only a young, yet securely established 
company can offer. MeIpar is young enough to welcome 
new ideas, to recognize and award achievement, yet big 
enough to offer stability and growth to those who look 
to the future. 

Superb new laboratory facilities just completed this 
year; an engineering staff of the highest calibre; long-
range military and industrial research programs; and an 
ideal family environment in pleasant Fairfax County in 
northern Virginia ... these are just some of the many 
benefits you'll find as a member of the MeIpar staff. 

Keep your eye on a career with MeIpar, leader in 
electronic research and development. 

For personal interview send resume to 
Technical P I Rep atine, 

eSubsidiary of Westinghouse Air erolt• Co. 

3000 Arlington Blvd., Dept. IRE- 19, Falls Church, Virginia or 11 Galen St., Watertown, Mass 

melpar, inc. 

• Network Theory 
• Systems Evaluation 
• Automation 
• Microwave Technique 
• UHF, VHF or SHF 

Receivers 
• Analog Computers 
• Digital Computers 
• Magnetic Tape 

Handling Equipment 
• Radar & Countermeasures 

• Packaging Electronic 
Equipment 

• Pulse Circuitry 
• Microwave Filters 
• Flight Simulators 
• Servomechanisms 
• Subminiaturization 
• Electro-Mechanical 

Design 
• Quality Control & 

Test Engineers 

ELECTRONIC ENGINEERS 
mnie 
‘‘a CAREER 

with a PRESENT rrwilár. 
as well as a FUTURE!" Imigrimin. 

IN THE FIELDS OF 

FIRE CONTROL 

PULSE TECHNIQUES 

ANTENNAS 

RADAR 

submit resume lo 
Dr. R. E. Wilson 

ELECTRONIC COUNTERMEASURES 

MICROWAVE TECHNIQUES 

NETWORK THEORY 

OPERATIONS RESEARCH 

research laboratories 
701 LAMONT STREET, N.W. WASHINGTON 10,D.C. 

a division of EMERSON RADIO & PHONOGRAPH CORPORATION 

(Continued from page 130A) 

RADAR, SERVO COMPUTER ENGINEERS 

Immediate openings on highest technical level 
with national leader in armament and commercial 
projects, in research, design and development of 
airborne fire control systems and guided mis-
siles. Unlimited opportunity for rewarding career, 
with graduate study program, profit-sharing 
bonus, pension plan; accident, life, health insur-
ance. Pleasant suburban location. Send resume 
to Engineering Personnel Manager, Emerson 
Electric of St. Louis, 8100 W. Florissant, St. 
I.ouis 21, Mo. 

PROFESSOR 

Associate and Assistant l'rofessor in Electrical 
Engineering Dept. of a state university located 
in the middle west. Specialization in electronics 
and microwaves required. Ph.D. or S.D. in elec-
trical engineering or physics desired but will con-
sider M.S. Part time research available. Box 819. 

ENGINEER 

Engineer with Electrical Engineering or 
Physics degree and training in microwave de-
vices. Position involves analyzing creative re-
search for invention in the fields of microwave 
instruments, antennas and vacuum tubes. Patent 
knowledge beneficial, but not required. Submit 
inquiries to Engineering Personnel Division, 
Sperry Gyroscope Co., Great Neck, LT., New 
York. 

DIRECTOR 

Director, research and development guided mis-
sile field for top-rated company on East Coast. 
No fee. $ 15,000-$18,000. Guilford Personnel 
Service, American Bldg., Baltimore, Md. 

ELECTRONIC ENGINEERS 

The U.S. Air Force has a continuing need for 
electronic engineers in overseas locations. Salaries 
range from $ 5000. to $8000. per annum. Applica-
tion may be made to Chief, Overseis Employment 
Branch, Directorate of Civilian Personnel, Ilqs., 
USAF, Att: AFPCP-D-3, Washington 25, D.C. 

SALES ENGINEER 

Sales Engineer needed with BEE degree in 
Metropolitan New York area. Write in detail. 
Box 820. 

COIL ENGINEER 

Coil engineer needed. Must lie experienced in 

design of deflection yokes. Send resume of edu-
cation and experience to Box .821. 

Use your 

IRE Directory 

It's valuable! 
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Boeing electrical engineers have vital and rewarding jobs 

•1 his is the Boeing 8-52— mightiest of 
the world's jet bombers. The "wraps" 
are off it now. Some of the electrical 
engineers who macle important contri-
butions to its design are now at work on 
the B-52's further development. àlany 
more are working on other exciting 
"years-ahead" airplanes and guided mis-
siles. But these new Boeing aircraft are 
classified, and cannot be shown here. 

Electrical engineers at Boeing have the 
satisfaction of vital jobs, where only con-
stant experimentation can keep up with a 
progressing field. The importance of 
their art is steadily increasing in guided 
missile control, structural and flight test 
instrumentation, radar systems, acoustics, 
electro-mechanisms, antenna develop-
ment, and many other specialties. 

Boeing engineers can point with pride 
to recent developments like the B-47 and 
B-52 jet bombers, the KC-135— Amer-
ica's first jet tanker, and the IM-99 
Bomarc pilotless interceptor. These 
Boeing engineers are now at work on 
widely diversified projects: rocket. ram 
jet and nuclear propulsion. supersonic 
flight, research in new materials, and 
many more. The result will be planes 
and missiles that will fly even faster, 
farther, and higher, and deliver an even 
greater punch. 

These are evidences of Boeing's con-
tinuing growth—a growth made possible 
by uncompromising insistence on engi-
neering excellence. Boeing employs twice 
as many engineers now than at the peak 
of World War II. But even more engi-

neers are needed for Boeing's research, 
design and production teams. 

If you want the satisfaction of doing 
an important job— if you want individual 
recognition and regular merit reviews— 
if you want to work with the finest equip-
ment and the pick of the nation's engi-
neers— then it will pay you to investigate 
career opportunities at Boeing. 

JOHN C. SANDERS, Staff Engineer— Personnel 
Boeing Airplane Co., Dept. G-41, Seattle 14, Wash. 
Ple‘ise send further information for my analysis. 
I am interested in the advantages of a career 
with Boeing. 

Naire 

University or 

cortege(s) Degree(s) Year(s) 

Address 

City    Zone State 

Asnow.rorAw 
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Electronic Engineers 

Unusual opportunities for professional 
development and recognition 

Sperry, a pioneer in many fields for 43 years 
takes another forward step in its consistent growth 
and expansion. You are invited to investigate these 
new openings. 

Over 1500 employees have been associated 
• RELOCATION with Sperry for more than 15 years . . . ample 

ALLOWANCES evidence of opportunity, good salaries, excell ent 
• LIBERAL EMPLOYEE benefits and fine working conditions that make for 
BEFITS a bright future. 

• ADEQUATE HOUSING 
IN BEAUTIFUL T 
STUYBPEURe9:A COO RY 

• TUITION REFUND 
PROGRAM 
(9 graduate schools 
in area 01 Plant) 

• MODERN PLANT 

WIEITCH Len" TIES FACILI 

e ASSOCIATION WITH 

OUTSTANDING 
PROFESSIONAL 
PERSONNEL 

Digital Computer Engineers—Positions require familiar-
ity with Digital to analogue data converters. Pulse 

circuits, Logical design, Sampled data system studies. 
Memory devices. 

Electronic Engineers and Physicists— Interesting, Non-
routine assignmtnts in the fields of Radars, Missile test 
equipment. Microwave ferrites, Solid state devices, 
U.H.F. receivers and transmitters, Klystron and travel-
ing wave tubes. 

Interviews con be arranged on Saturday at our plant 
and may be arranged in your city. 

SPERRY GYROSCOPE CO. 
DIVISION OF THE SPERRY CORP. 

Great Neck, Long Island, New York 

CAREER OPPORTUNITIES 

ELECTRONIC and MECHANICAL ENGINEERS 
PHYSICISTS and PHYSICAL CHEMISTS 

Desiring the challenge of interesting, diversified, important projects—Wish-
ing to work with congenial associates and modern equipment and facilities— 
Seeking permanence of affiliation with a leading company and steady advance-
ment—Will find these in a career here at GENERAL MOTORS. 

Positions now open in RESEARCH, ADVANCE DEVELOPMENT and 
PRODUCT DESIGN 

COMMERCIAL AUTOMOBILE RADIO 
MILITARY RADIO, RADAR and ELECTRONIC EQUIPMENT 
EL F. C 7RONIC COMPONENTS 

IN "I RICATE MECHANISMS such as tuners, telemetering, mechani-
cal linkage, controls, etc. 

ACOUSTICS—loud speakers, etc. 
TRANSISTORS and other SEMICONDUCTORS—with leader-

ship by a physicist with an outstanding record in this field. 
TRANSISTOR APPLICATIONS 

Salary increases based on merit and initiative. 

Vacations with pay, complete insurance and retirement programs. 

Relocation expenses paid for those hired. 

Inquiries invited from recent and prospective graduates as well as experienced 
men with baccalaureate or advanced degrees in physics, electrical or mechanical 
engineering, chemistry, metallurgy. 

All inquiries held in confidence and answered—Write or Apply to 
Personnel Department 

DELCO RADIO DIVISION 
GENERAL MOTORS CORPORATION 

1446 South Ilome Ave. 
KOKOMO, INDIANA 

l'om lUllS il iii 

By Armed Forces Veterans 

In order to give a reasonably equal op-
portunity to all applicants and to avoid 
overcrowding of the corresponding col-
umn, the following rules have been 
adopted: 
The Institute publishes free of charge 

notices of positions wanted by I.R.E. 
members who are now in the Service or 
have received an honorable discharge. 
Such notices should not have more than 
five lines. They may be inserted only after 
a lapse of one month or more following a 
previous insertion and the maximum num-
ber of insertions is three per year. The 
Institute necessarily reserves the right to 
decline any announcement without assign-
ment of reason. 

ADMINISTRATIVE ENGINEER 

BSEE, LLB, Senior Member IRE, under 40. 
6 years Signal Corps technical-administrative, 9 
years research and manufacturing, extensive pat-
ent knowledge. Experienced in organizing and 

supervising group, personnel training, technical 
specification drafting, liaison. Desires supervisory 
position with coming research or manufacturing 
concern. Box 820 W. 

ELECTRONICS ENGINEER 

Striving, conscientious engineer for automa-

tion or missile development. BSEE 1951 Ill. In-
stitute of Technology. 3 years experience in 
phono amplifiers, tape recording, multiplex com-
munication in microwave. Box 822 W. 

FIELD OR SALES ENGINEER 

Experienced in electronics field engineering 
with diversified background in guided missile 
systems, test equipment and prototype electronics 
work. Retired Army Warrant Officer. Desires 
field or sales engineering position in Florida area. 
Box 823 W. 

ENGINEER 

2 years toward BEE degree. Age 27, married, 
3 children. PA years Navy ETM 2 cl., WW IL 
3 years field experience in radar and communica-
tion equipment. Presently engaged in flight simu-
lator field. Desires any work permitting comple-
tion of studies toward degree. Box 824 W. 

SALES—ADMINISTRATIVE ENGINEER 

BSEE 1948. 7 years experience administrative 
engineering and military electronics equipment 
design in U.S. and abroad; present advancement 
too slow; age 34, married, 2 children; Tau Beta 
Pi; desires sales or administrative engineering 
electronics or allied field Soutl-ern California or 
Mediterranean area; present salary $7700. Box 
825 W. 

PATENT ENGINEER 

Professor engineering, Senior Member IRE; 
registered to practice before U.S. Patent Office. 
Available on part time basis because of change in 
employer's operations. Full time offer considered. 
Box 826 W. 

ELECTRICAL ENGINEER 

BSEE 1950. Experience in pet-oleum geo-
physics, broadcast, communicztions radio, mili-
tary electronics. Interested in electronic design, 
development, test or field engineering. Location 
preference southwestern or southern area. Will 
carefully consider any offer. Box 827 W. 

(Continued on Inge 136A) 
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If you are interested in guided missiles this book will interest you. Here is one of the 
most complete guides to job opportunities in the guided missile field yet published. In this book, you will find not only a 
complete outline of the objectives and accomplishments of the Bendix Guided Missile Section, but also a detailed back-
ground of the functions of the various engineering groups such as system analysis, guidance, telemetering, steering 
intelligence, component evaluation, missile testing, environmental testing, test equipment design, reliability, propulsion, 
and other important engineering operations. Send for your free copy today. 

23 challenging opportunities in the 
newest and fastest growing branch of 

the aviation industry are now open 

Bendix job opportunities in guided missiles range from top 
senior engineers to assistant engineers, junior engineers, 
technicians, and a score of other assignments. 

Qualified men are given real job responsibility with 
Bendix and grow with the development of what is not only 
the nation's most important weapon system, but a project 
that will undoubtedly lead to new and important long-
range commercial applications. 

And at Bendix you will be associated with top missile 
authorities and have at your command unexcelled engineer-
ing and manufacturing facilities. 

If you are interested in a future in guided missiles, the 
first step is to fill out the coupon and mail it to us today. 

Rssilo Sect,on, Employment Department M 

Bendix Products Division, Bendix Aviation Corporation 

401 North Bendix Drive, South Bend, Indiana 

Flouse send me a copy of the book 

"Your Future in Guided Missiles." 

Name  

Address 

City 

State— 
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Restat11.4 complete facilit 

for INSTRUMENTATION DES 

Melbourne, Fle 

It • Orlando, Fla RADIATION In 
• Instrumentation Electronics • Avionics 

ENGINEERS 

Find Out About (;PL's 

INTEGRATED APPROACH 
To Research Engineering 

A continuous flow of stimulating and varied projects 

are laid before the staff of General Precision Labora-

tory, Incorporated. 

Sometimes research and development engineers work 

together as a cooperative, specialized professional 

team. Often one or two devote all their energies 

to a long-range basic problem. All are engaged in 

challenging work which encourages them to broaden 

their interests beyond their immediate fields of con-

centration. 

Your family will enjoy your career at GPL as much 

as you, for you'll make your home in beautiful 

Westchester, noted for its high standard of living. 

Only an hour away is New York City, with all its 

famous cultural and educational advantages. 

GENERAL PRECISION LABORATORY INC. 
A subsidiary of General Precision Eginininint Co: potation 

63 Bedford Road 

Pleasantville, New York 

WHAT GOES ON 

IN THE GP LAB: 

RESEARCH 

& DEVELOPMENT 

WORK IN: 

Electronics 

Television 

Aircraft & Missile Guid-
ance, Control, Simula-
tion 

Radar, Microwave, Ultra-
sonics 

Systems Engineering: 
(aeronautical, naval, 
industrial) 

Precision Mechanics, 
Ceramics, Optical 
Devices 

Instruments, Servos, 
Controls: 
(hydraulic, pneumatic, 
magnetic, electronic) 

Expenses will be paid for 
qualified applicants who 
come for interview. We re-
gret we can consider only 
U.S. citizens. Please write 
complete details to Mr. 
H. F. Ware 

By Armed Forces Veterans 
(Continued from page 1344) 

ENGINEER 

BSEE 1951, I.I.T. Eta Kappa Nu. Age 25. 
2 years experience in adapting power system 

analysis to digital computers. 2 years experience 
at White Sands in programming and in trouble 
shooting a large scale digital computer. Desires 
position involving logical design of computers. 
Box 838 W. 

ELECTRONIC ENGINEER 

BEE 1953. Age 25. 5 years electronic experi-
ence, including 2 years shop and teeing, 1 year 
assistant project engineer on classified Navy 
project. 2 years as radio officer USAF. Desires 
responsible position in production or development. 
Box 839 W. 

INSTRUCTOR 

BSEE, MSEE. Age 29, married, 1 child. Grad-
uate work in advanced electron tube circuits, net-
work analysis and synthesis, and feedback sys-
tems. Mathematics minor. Licensed radio amateur. 
1 year communications ( R.F.) design and de-
velopment; 1 year analogue computer circuit re-
search and design; 3 years applied transistor 
research. Excellent references. Desires a full 
time teaching position in an institution that lias 
an E.E. graduate school (Ph.D.) with privilege 
of engaging in six semester hours per semester of 
graduate study. Available September 1, 1955. 
Box 840 W. 

ELECTRONICS SCIENTIST—INSTRUCTOR 

Age 29, 1tS in niathernatc›, Surnina cum 

laude. Minor in physics, graduate work in mathe-
matics for 2 years. University mathematics in-
structor for 3 years. 1st class radio-telephone 
license with radar endorsement. Air Force elec-
tronics instructor for 3 years. Excellent refer-
ences. Desires position with definite possibility of 

advancement. Box 841 W. 

ELECTRICAL ENGINEER 

BS in math. 1950, BEE 1954. IRE, AIEE, 
EIT (Ohio). Age 29, married, I child. 1 year 
experience with resistor components. Desires po-
sition in power or electronics field. Location 
Florida. Box 843 W. 

COMPUTER ENGINEER 

BEE, MSEE. 8 years extensive experience in 
analog computer field. Supervised large group of 
engineers in computer system and component de-
sign. Desires position of responsibility with op 
portunity for growth. Box 844 W. 

ENGINEER 

Age 28, married. BS in EE, working on MS. 
2 years ETM 2/c in WW H; 5 years experi-

ence in VHF.T.JHF TV tuner design; precision 
radar receiver circuit design, some video and 
pulse work. Desires challenging position with 
medium size company. $7,000 minimum. Prefer 

east. Box 853 W. 

(Continued on page 139A) 

Use Your 

IRE Directory. 

It's Valuable. 
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Research Specialist Edward Lovick ( right) 

discusses application of experimental 

slot antenna in the vertical stabilizer of a 

high-speed aircraft with Electronics 

Research Engineer Fred R. Zboril 

and Electronics Research Engineer 

Irving Aine. 

Lockheed antenna program 

offers wide range of 

assignments 

Airborne Antenna Design is one of the fastest-growing areas of 

endeavor at Lockheed. Advanced development projects include 

work on stub, slot, reflector-type, horn and various dipole antennas. 

These diverse antenna activities reflect the full scope of 

Lockheed's expanding development and production program. 

For with 13 models of aircraft already in production and the 

largest development program in the company's history underway, 

the work of Lockheed Antenna Designers covers virtually the 

entire spectrum of aircraft, commercial and military. 

Lockheed's expanding antenna development has created a number 

of new positions on all levels for qualified antenna designers. Those 

interested are invited to write E. W. Des Lauriers, Dept A-8-7. 

Lockheed increases engineers' salaries 

LOCKHEED 

Salaries, rate ranges and overtime benefits have been increased. 

In addition, employe benefits add up to approximately 14% of each 

engineer's salary in the form of insurance, retirement pension, etc. 

Generous travel and moving allowances enable, you and your family 

to join Lockheed at virtually no expense to yourself. 

An address by Edward Lovick on "An Electronic Square-Rooter and 

Pattern Integrator for use with Antenna Range Systems" is available 

to interested engineers. Address inquiries to Mr. Lovick. 

AIRCRAFT CORPORATION 

CALIF OR .NIA DIVISION • BURBANK CALIFORNIA 
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ENGINEERS 
for immediate placement 

ENGINEERING AT NCR: 

1. Immediate, permanent positions in Mechanical 
and Electrical Engineering Divisions. 

2. Engineering project work in Adding Machines, 
Cash Registers, Accounting Machines, Computers, and 
related Data Processing Equipment in Dayton, Los 
Angeles, and Ithaca, New York. 

3. Work involving design, development, and pro-
duction engineering of mechanical, electronic, and 
electromechanical devices. 

4. Some experience in development, design, and 
application of high-speed, light-weight mechanisms of 
the intermittent motion type is desirable, but not 
essential. 

5. Ample training and indoctrination is available to 
all employees. 

ELECTRICAL ENGINEERS 
MECHANICAL ENGINEERS 
ELECTRONIC ENGINEERS 
MECHANICAL DRAFTSMEN 

AS AN NCR ENGINEER you, with your family, will 
enjoy: 

1. UNLIMITED OPPORTUNITY in the bread, ever-
expanding field of Business Machine Engineering. 

2. AN EXCELLENT SALARY, plus exceptional 
benefits of lifetime value for you and your family. 

3. A RECREATIONAL PROGRAM for year-round 
enjoyment of the entire family including a new Country 
Club with 36 holes of golf, and a 166-acre park for 
outings with swimming, boating, and supervised play 
for the children. 

4. LIVING IN DAYTON . . . considered one of the 
cleanest and most attractive cities in the Midwest with 
outstanding school facilities. 

5. YOUR WORK AT NCR with its friendly, family 
atmosphere, with its employee morale at a very high 
level, and with people who, like yourself, have decided 
to build their professional future with NCR. 

ACT AT ONCE—Send resume of your education 

and experience to: EMPLOYMENT DEPARTMENT, TECHNICAL PROCUREMENT SECTION 

THE NATIONAL CASH REGISTER COMPANY 
Dayton 9, Ohio 

McDONNELL 
MISSILE 
DIVISION 

McDONNELL AIRCRAFT CORPORATION 

St. Louis, Missouri 

We have excellent opgs for w ell trained and experienc 
enin ed 

engineers and scientists to staff our expanding Missile Division. 

Typical fields of engineering and development include 
systems analysis, aerodynankics, dynamics, servomechanisms, 

structures, design and fabrication. Projects now under contract are part of the nation's most vital 
research and development programs. These include 'I missile 
development projects, 2 automatic fire-control projects, and a 

special electro-rnechanica1 computer project. 
POSitiOnS available offer challenging creative w ork and a 

stimulating professional enviro sum 
nment. 

Qualified individuals are invit maries of ited to subm 

their education and experience to our Technical Placement 

. McDonnell Aircraft Corporation 

Supervisor P. O. Box 516 
St. Louis 3, Missouri 

MMONNELI ae . 

DENVER 
RESEARCH 
INSTITUTE 

The Denver Research Institute 
invites inquiries from electronics 
engineers who desire opportuni-
ties in challenging electronic re-
search and development 
grams including: 

Computer Development 

Radio Communications 

Television 

Information Theory 

Data Reduction 

Pulse Circuitry 

Instrumentation 

pro-

Consideration will be given to 
men with all grades of education 
and experience but particularly 
to those with the Ph.D. degree. 
Replies should be addressed to: 

Personnel Director 

UNIVERSITY OF DENVER 

Denver 10, Colorado 
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By Armed Forces Veterans 

(Continued from page 136A) 

SENIOR ELECTRONIC DEVELOPMENT 
ENGINEER 

BS 1950. Age 25, married. 3 years video, pulse 
and ultrasonic systems development, project level, 
(patents) some guided missile system develop-

ment, 2 years Army electronics instructor. De-
sires responsible R & D position. Box 854 W. 

ELECTRONIC ENGINEER 

BSEE January 1951. Age 27, married, 2 chil-
dren. 31,' years experience in circuit development, 
instrument and communications systems plan-
ning, and ordnance testing. 1 year administrative 
and supervisory experience. Desires position offer-
ing responsibility and advancement in San Fran-
cisco area. Box 855 W. 

ENGINEERING PHYSICIST 

BS Physics, MSEE. 4 years experience in in-
dustrial electro-mechanical, electronic instrumen-
tation. 2 years instrumentation experience as 

assistant project engineer in nucleonics branch 
of Signal Corps on A.E.C. project. Employer 
going west. Desires eastern area position. Excel-
lent record and references. Box 856 W. 

REGISTERED PROFESSIONAL ENGINEER 

Senior Member IRE seeks position where 
unique combination of technical and administra-
tive ability and experience can be put to good 
use as director of engineering, technical manager, 

(Continued on page 141A) 

DU MONT 
Instrument Division 
needs additional high calibre 

engineers for 

Electronic Instrumentation 

Missile Work 

Test Equipment 

Timing and Pulse Circuits 

Video Circuits 

Electro-Mechanical Devices 

Recording Systems 

for both commercial 
and government output 

Contact 

Mr. William A. Pappamestor 

Employment Manager 

ALLEN B. DU MONT 

LABORATORIES, INC. 
35 Market Street 

East Paterson, New Jersey 
or at 

11845 Olympic Blvd. 

Los Angeles, California 

ENGINEERING 
OPPORTUNITIES 

ot cal 

*ENGINEERING 
BROCHURE 
TO QUALIFIED 

APPLICANTS 

A DIVISION OF GENERAL DYNAMICS CORPORATION 

CONVA1R-Pomona is engaged in develop-
ment, engineering and production of elec-
tronic equipment and complex weapons 
systems. The Convair-Pomona engineering 
facility is one of the newest and best equip-
ped laboratories in the country. The work 
in progress, backed by Convair's outstand-
ing record of achievement, offers excellent 
opportunities for recent graduates and ex-
perienced engineers in the following fields: 

ELECTRONICS 

DYNAMICS 

AERODYNAMICS 

THERMODYNAMICS 

OPERATIONS RESEARCH 

HYDRAULICS 

MECHANICAL DESIGN 

LABORATORY TEST ENGINEERING 

Generous travel allowance to engineers who 
are accepted. 

•For further information on Convair and its 
fields of interest, write at once, enclosing a 
complete resume to: 
Employment Department 3-E 

POMONA, CALIFORNIA 
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SCHENECTADY 

UTICA 

SYRACUSE 

At General Electric plants and laboratories 
from New York to California, G.E. engineers 
are constantly planning new and revolution-
ary advances in the field of electronics. 
And with each new development, they are 
broadening the scope and opening new chal-
lenges and new opportunities in this young 
and fast-growing field. 

Thus, the opportunity is ever-increasing at 
General Electric. If you are interested in tak-
ing on new challenges... in working with the 
finest facilities... in growing along with this 
leader in industry, you are invited to apply 
now for positions open at Schenectady, Utica, 
Ithaca, Syracuse, and Clyde, New York; 
Owensboro, Kentucky; and Palo Alto, Calif. 

New 

GENERAL ELECTRIC 
Opportunities 
Throughout the Country 
In Advanced Electronic 
Developments 

ENGINEERS • PHYSICISTS 

Posit ions available in the following fields: 
Advanced Development, Design, Field Service 

and Technical Writing in connection with: 
MILITARY RADIO 8. RADAR • MULTIPLEX MICROWAVE 

MOBILE COMMUNICATION • COMMUNICATIONS 
ELECTRONIC COMPONENTS 

TELEVISION, TUBES 8. ANTENNAS 

Bachelor's or advanced degrees in Electrical 
or Mechanical Engineering, Physics, and 
experience in electronics industry necessary. 

Please send resume to: 

Dept. 7-5-P, Technical Personnel 

GENERAL ELECTRIC 
ELECTRONICS PARK, SYRACUSE, N. Y. 

tomorrow's OPPORTUNITY 
for experienced 

ELECTRONIC ENGINEERS 
and 

ELECTRONIC TECHNICIANS 

If you can develop new computer cir-
cuits using magnetic cores, transistors, 
printed wiring, and other new tech-
niques, we have a good position avail-
able for you. 
You will work with the outstanding 

computer men who developed the ERA 
1101, ERA 1102, and ERA 1103 Com-
puter Systems, the Univac File Comput-
er, ERA magnetic drum memories, and 
other equally famous Remington Rand 
systems. 

Computer experience is not necessary. 
Your proficiency in related fields will be 
rewarded from the start, and you will 
work in the fastest-growing organization 
in the data-processing field. Opportuni-
ties for advancement will be numerous. 

Positions are also available for new 
engineering graduates and technicians 
who want to learn digital techniques and 
systems. Pay, special benefits, and 
opportunities for advancement are most 
attractive. 

• 
Please send an out-
line of your training 
and experience to 
Mr. J. N. Woodbury: 

..... 

oday 

ILLUSTRATED — 

Designs for new Remington Rand ERA com-
puters that are now under development. 
Upper: general purpose digit register. 
Lower: packaged transistor logic element. 

•   

FNGINEERING /Z::>ESEARCH /eSSOCIATES DIVISION 
1907 W Minniihoho Av... • Si. Paul W4, Minnesota 
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Supervisory 

Engineers 

for major manufacurer of 

Electron4c Tubes 

Location: Eastern Seaboard 

RECEIVING TUBE 
DESIGN 

SECTION SUPERVISOR 

APPLICATION ENGR 

SECTION SUPERVISOR 
Minimum 5 years experience 

in the same or Weed work. 

• Salary open. 

• Outstanding opportuni•ies for 

professional progress. 

Traveling and moving expenres paid. All re-
plies confidential. Send resume in Bun I.R.E. 
649, 221 W. 41 Si., N.Y. 

e§ieneiggaiMieeneeeMMOMM§e.eiê 
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By Armed Forces Veterans 
(Continued from page 139A) 

technical sales director, or similar position. Age 
39. Broadly experienced in most aspects of elec-
tronics, radio and TV stations, networks, general 
management. Known in industry for books and 
articles on TV. Taught at 2 universities. Special-
ized in TV and films for TV. Prefer connection 
with broadcast organization or similar. Box 
857 W. 

ELECTRONIC DEVELOPMENT ENGINEER 

BSEE, graduate u.ork. Married. 4 years ex-
perience R & D on electronic ordnance devices. 
Performed original research, supervisory experi-
ence, Government contract support and liaison. 
Desires stimulating position in electronic weapon 
design group with opportunity for creative work 
and advancement. Box 858 W. 

PATENT ENGINEER 
Electrical engineer with patent experience in 

mechanical, electrical and nuclear arts. Member 
of Illinois and Fed. bars. Registered patent 
lawyer. At present available in midwest on part 
time basis or as independent. Box 859 W. 

ENGINEER 
WASHINGTON REPRESENTATIVE 

Government engineer. Age 34. Nearing the 
Government ceiling, wants to grow. Has been 
'roject Engineer or Supervisor at NBS, NOL, 
BuORD., BuShips ami Army. Knows electronics 
for missiles, fuzes, ships, air defense and nuclear 
.cience; Government contract law and patents. 
Best schools and references. Box 860 W. 

CORNELL 

AERONAUTICAL 

LABORATORY, INC. 

of Cornell University 

âeekin.2 

ELECTRONIC ENGINEERS 
for positions in all levels of 

experience above Junior 

Engineer 

Communications 

Dynamic Control Systems 

Aircraft Instrumentation 

Radar 

Computers 

Electrical Measurements 

Varied Electronic Circuits 

Servo-Mechanisms 

Missile Guidance 

Microwave 

If you have a B.S. degree and 

experience, imagination and 

potential, we invite you to 

communicate with our Em-

ployment Manager 

Box 235 Buffalo 21, N.Y. 

SPEEDY PATHS TO SUCCESS FOR MEN 
OF TALENT AT SYLVANIA 

Career positions with 

ELECTRONIC SYSTEMS DIVISION 

Between 1917 and 1953. the electronics industry grew 
21% ... Sylvania grew 32%. 

That is why Sylvania today offers important paths 
to quick success for men of talent. 

Here, individual achievement is swiftly recognized 
and rewarded, as witness the fact that the average 
age of top level executives is only 15. In this stimu-
lating Sylvania atmosphere, original thinkers can 
and do go far. 

BOSTON 
Laboratory 

Majors in E.E., M.E., 
Math, Physics. Research 
& Development experi-
ence in — 
Countermeasures 
Systems Analysis 
Transistor Applications 
Noise Studies 
Antenna Res. & Dey. 
Systems Development 
Mechanical Design 
Miniaturization 
Digital Computer 

Circuits & Systems 
Circuit Design 
Shock & Vibration 
Technical Writing 
Missile Analysis 

BUFFALO 
Engineering 

Majors in E.E., M.E., 
or Physics. Experience 
in Product Design and 
Advanced Develop-
ment in— 

Circuit Design 
Systems Development 
Pulse Techniques 
F.M. Techniques 
Equipment Specifications 
Components 
Microwave Application 
Servo Mechanisms 
Subminiaturization 
Mechanical Design 
Shock & Vibration 
Heat Transfer 

INTERVIEW AND RELOCATION EXPENSES 
WILL BE PAID BY SYLVANIA 

Sylvania provides financial support for advanced 
education as well as liberal insurance, 

pension and medical programs. 
Please forward resume to: 

Professional Placement Supervisor 

SYLVANIA ELECTRIC PRODUCTS INC. 

Thomas A. Tierney Randall A. Kenyon 
100 First St. 175 Great Arrow Ave. 

Waltham, Mass. Buffalo 7, N. Y. 

SYLVAN IA 
SYLVANIA ELECTRIC PRODUCTS INC. 

Your inquiries will be answered within two weeks 
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has a future for 

ELECTRONIC 
ENGINEERS 
in these specialized fields 

Career-minded men with several 
years specialized experience, 
and preferably with advanced 
degrees, are invited to join our 
rapidly expanding programs in 
industrial and military electronics. 

Address inquiries to: 

Technical Employment Manager 

TRANSISTOR CIRCUITRY 
Transistorization and subminiaturization of advanced 
missile guidance and airborne radar systems. 

MICROWAVE ANTENNAS 
Research, development, and design of airborne an-
tennas in C, L, K, S, and X-bands for missiles and 
radar equipment. 

TEST EQUIPMENT 
Test equipment design for radar and missiles systems 
and equipment manufacture. 

INDUSTRIAL TELEVISION 
Development, design, and product engineering of 
closed-loop TV systems, including monitor, cornera, 
and automatic controls. 

RADAR 
Study, analysis, and development in highly advanced 
radar techniques and electronic counter-measures. 

MISSILES 
Research, analysis, and development in guidance and 
control systems, components, and systems test 
equipment. 

FARNSWORTH ELECTRONICS CO. 
Fort Wayne, Indiana 

A division of International Telephone and Telegraph Corp. 

ELECTRONIC 
ENGINEERS 

This is 

the smart 

way to an 

unusual, 

creative 

career 

In 

The difference between an 
ordinary engineering job and a crea-
tive career at Air Associates is like 
night and day. 

Here, assignments are exciting and 
challenging. Projects fire the imagina-
tion. Talent is quickly recognized, 
quickly rewarded. 

If you are an engineer with vision, 
you belong here. 

We're a young-minded organiza-
tion with a lot of enthusiasm. As we 
enter our 28th year, we're happily 
confronted with the need for contin-
ued expansion. 

You who join us can count on per-
manent association . . . advancement 
and salary dependent solely on ability 
. . . working side-by-side with other 
top-notch professionals. You will be 
encouraged to assume responsibility 
from the start. You will receive liberal 
company benefits. Your home will be 
in a quiet suburb with easy access to 
New York. 

Openings are for section and proj-
ect heads, seniors, intermediates and 
juniors to work on product develop-
ments of items like I.F. amplifiers, 
pulse circuits, servo systems, missile 
and aircraft control systems, advanced 
transmitters and receivers, and special 
devices of an R & D nature. For an 
appointment, write, wire or phone, 

James Moss, Personnel Manager 

All Replies Answered Promptly 

SSOCIATES, 

511 Joyce Street, Orange, New Jersey • Orange 6-4200 

ENGINEERS 
PHYSICISTS 
e FOR THE NEW EXPANDING te 

ELECTRONIC TUBE DIVISION OF 

Westinghouse 
in Elmira, New York 

. . . where you will find challenging oppor-
tunities, and receive professional recognition. 
Work and live in the beaetiful Southern Tier 
of New York State . . . in an uncrowded rural 
atmosphere, with complete advantages of city 
life. 

DESIGN. DEVELOPMENT and APPLICA-
TION ENGINEERS: Image Orthicon or 
Vidicon, receiving tubes. 

MICROWAVE TUBE DESIGN ENGRS.: 
Design of Magnetrons. Traveling wave tubes, 
PR and AIR tubes, reference cavities. 

Above openings are for Engrs & Physicists 
with B.S.,Master's or Doctor's degree. Also: 

ELECTRICAL ENGIN. For Equipment De-
sign: Designing, coating, and guiding construc-
tion of processing and testing equipment, e.g. 
seasoning and test units, induction heaters. 
X-ray seasoning and test units, wave guide 
apparatus, high frequency oscillation test 
units, automatic receiving tube test circuits. 
MANUFACTURING ENGIN.: Electrical and 
Mechanical engineers, and physicists to work 
on microwave, image orthicon, sad other tube 
types. 

Interviews in your area, or travel expenses 
paid for interviews in Elmira. Send resume: 

WESTINGHOUSE ELECTRIC CORP. 
Electronic Tube Div. Elmira, N.Y. 
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Student Branch Meetings 
• • 

(Continued horn page 120A) 

VIRGINIA POLYTECHNIC INSTITUTE 

(IRE-AIEE BRANCH) 

Film on the Manufacturing of Paper and Gener-

al Meeting; February 22. 1955. 

Demonstration of Microwave Communications 
by representatives of Bivins and Caldwell; March 1. 

1955. 
Election of Officers and General Meeting; March 

29. 1955. 

W ASHINGTON UNIVERSITY (IRE-AIEE BRANCH) 

Election of Officers and Business Meeting; 

March 31. 1955. and •A Thickness Gage Using 
Radioactive Isotopes." by Bush and Wallscheidt 
and "Analog Computer" by Rojko Also, March 

31, 1955. 

UNIVERSITY OF W ASHINGTON (I RE-A I EE BRANCH) 

"Civil Service Employment Opportunities," 

by Mr. Wihrow, Seattle City Light; April 6, 1955. 

W AYNE UNIVERSITY (IRE-AIEE BRANCH) 

"Engineering and Management," by Ray 
Plourde, Detroit Edison Co.; April 28, 1955. 

UNIVERSITY OF W ISCONSIN (IRE-AIEE BRANCH) 

"Patent Law." by John Leib, Patent Attorney 
for Allis-Chalmers Co.; April 21, 1955. 

"The Network An2lyzer," by James Skiles, 
Instructor at U. of Wisconsin and Election of 
Officers; May 9, 1955. 

W ORCESTER POLYTECHNIC INSTITUTE (IRE-AIEE 
BRANCH) 

"Hi Fi Demonstration and Lecture," by D. R. 

Von Recklinghausen and E. G. Dyett. Jr., of H. H. 

Scott Co.; April 12, 1955. 

UNIVERSITY OF W YOMING (IRE-AIEE BRANCH) 

"Success Story," by Robert L. Hudelson, Stu-
dent Member and Generz.I Meeting; April 26, 1955. 

N 

TRANSISTOR 
ENGINEER 

for 

DESIGN or 
DEVELOPMENT WORK 
Background in Phystes. Chemistry. Metal-
lurgy or Mechanical Engineering essential. 
Must possess high degree of mechanical 
and chemical Ingenuity, interested in ad-
vanced product development of new types 
of silicon and germanium transistors. 

B.S. or M.S. In above or allied fields or 
equivalent training required. 

Direct experience in transistor technology 
desired: however, several attractive posi-
tions are available for competent men with 
less experience. 

OPPORTUNITY 
. . to work In atmosphere conducive to 

.personal advancement and professional 
growth. In new laboratory located In 
nearby Lansdale. l'a., 45 minutes from 
downtown Philadelphia. 

UNEXCELLED 
PROFESSIONAL 

EMPLOYEE BENEFITS 
.• . attractive. congenial suburban living 
conditions; and convenient facilities for 
advanced studies. 

Submit Complete Resume 
In Confidence To 

PHILCO 
CORPORATION 

Salaried Personnel Department 

Philadelphia 34, Pa. 

engineers 

scientists 

live 
and work in 
smog-free 

Albuquerque 
famous for its 
high, dry, sunny 

climate 

Sandia 
Corporation 

A SUBSIDIARY OF THE 
WESTERN ELECTRIC 

COMPANY 

offers challenging 
new career 

opportunities 

Sandia Corporation operates Sandia Laboratory under contract 
with the Atomic Energy Commission. Sandia engineers and 
scientists work in the forefront of a new field — the design and 
development of atomic weapons vital to the nation's defense. 
Graduate engineers and scientists will find excellent profes-
sional opportunities in these specific fields: 

ENGINEERS — Mechanical, electrical, electronic; with BS or 
higher degree. Design, development, and preparation for pro-
duction of electro-mechanical systems and components, elec-
tronic devices and test sets, antennae, test and design evalua-
tion of electrical and mechanical components. 

PHYSICISTS AND ENGINEERING PHYSIaSTS — with MS or PhD 
degrees. Openings for classical theorists, experimentalists, in 
the iields of weapon systems analysis, blast wave propagation 
and diffraction, evaluation of present weapon designs, recom-
mendat cns for new weapons. 

MATHEMATICIANS — PhD level, in field of applied mathe-
matics, probability studies, fluid dynamics, statistics, weapon 
systems analysis. 

AERODYNAMICISTS — PhD, MS, or BS with at least 5 years 
experience. To perform analytical or experimental aero studies. 

QUALITY CONTROL, TEST & EVALUATION ENGINEERS — Set up 
and peeform electro-mechanical tests, environmental testing, 
evaluate resu ts, devise new test methods, statistical quality con-
trol. Appropriate college degrees required. 

Sandia Laboratory is located in Albuquerque — a modern, 
cosmopolitan city of 160,000, rich in cultural and recreational 
attractions and famous for its delightful year-around climate. 
Working conditions are excellent. Employee benefits include 
liberal paid vacation, free group life insurance, sickness bene-
fits, and a generous contributory retirement plan. Compensa-
tion ;s comperitive with that offered in other industry, and there 
are many opportunities for advancement. Housing is readily 
obtained, ano accepted applicants receive a generous moving 
allowance. Personal interviews will be arranged for qualified 
applicants. For additional information, or to apply for em-
ployment, please write 

SANDIA BASE 

PROFESSIONAL EMPLOYMENT DIVISION 554 

DIA 
•re',7/ 

ALBUQUERQUE, NEW MEXICO 
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ENGINEERS and DESIGNERS NEEDED 
for: 

MISSILE GUIDANCE BOMBING NAVIGATIONAL NEW CIVIL AVIATION 
SYSTEMS COMPUTER SYSTEMS PRODUCTS 

JET AND TURBO-PROP AIRBORNE FIRE 
ENGINE CONTROLS CONTROLS 

GM CAREER OPPORTUNITIES IN 

Systems Engineering and Analysis 

Experimental Engineering 

Development Engineering 
Project Coordination 

AND WE ALSO NEED: 

Design Engineering 

Product Engineering 

Product Evaluation 
Field Engineering 

DESIGNERS • CHECKERS • LAYOUT MEN 

Positions Are Permanent Excellent Advancement Opportunities 
Every inquiry treated confidentially and given 

immediate attention and personal reply. 

WRITE TODAY FOR EMPLOYMENT APPLICATION 

Mr. Louis R. Berks 

Supervisor of Employment 

AC SPARK PLUG DIVISION 

Precision Instrument Plant 

GENERAL MOTORS CORPORATION 

Milwaukee 2, Wisconsin 

PHOTO-EMISSIVE EXPERIENCE 

Old established firm manufacturing electronic tubes desires serv-
ices of several engineers or physicists familiar with photo-emis-
sive and photo-conductive devices. Firm is embarking on manu-
facture of pickup and storage tubes. Chance to get in at the start 
of a new operation. Location New England. State complete 
qualification, salary desired, citizenship status and references. 
Reply: 

Box 810 

INSTITUTE OF RADIO ENGINEERS 

1 East 79th Street, New York 21, N.Y. 

SellIflONDI7t TOD DEIrELOPMENT 
DEVICE ENGINEERS PRODUCTION ENGINEERS 

APPLICATIONS ENGINEERS SALES ENGINEERS 

Responsible positions are now available with one of the leading and fastest 
growing semiconductor manufacturers. These are outstanding opportunities 
for Physicists and Engineers in research, development, or production of ad-
vanced germanium and silicon diodes and transistors. 

Experience in semiconductors or other components such as tubes or capaci-
tors is desirable. 

Send resume or call 

Transilron elf`41•Ig ronit• corporal ¡on 

107 Main Street. MelrelSe. Mass. 
NIElrose .1-9600 

wealendi, 

in 

needs 

ELECTRONIC 

ENGINEERS 

SOUTHERN CALIFORNIA 

Unusual engineerirg positions in 
Radar, Sonar and Telerreterirg are avail-
able at Pacific Divisior, Bendix Aviation 
Corporation in North Hollywood, California. 
These positions, which are directly asso-
ciated with our long-range projects for 
industry and for defense, are available at 
all levels. 

Please address inquiries to: 
W. C. WALKER 

Engineering Employ:rei' Manager 

7 eoci ic DiWsion 
—Bendie Aviation Corporation 

N 02m n OL ysC0 . C•die 
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Newslem Produrls 

(Continued from page 20A) 

Clip-Type Rectifier 

A new snap-in type rectifier featuring 
a clip arrangement which does not require 
tools for assembly, speed assembly time, 
and eliminates broken studs, has just been 
announced by the Radio Receptor Co., 
Inc., 240 Wythe Ave., Brooklyn, N. Y. 

(Continued on page 147A) 

0 WANTED 
ENGINEER WITH 

EXPERIENCE IN 

VHF OR UHF 

Interesting creative work with the most 

resourceful and progressive firm in the 

field of television equipment. 

This position Is permanent. It will offer 

every opportunity for un l mited advance-

ment and for developing a successful 

career. Tie rant is now housed in a 

newly-acquired larger Kidding, only 22 

miles from downtown New York City. The 

surroundirgs old atmosphere are stimula-

ting and corgeoial. 

Attractive Salary 
Write stating qualifications. 

BLONDER-TONGUE LABORATORIES 
526-536 NORTH AVENUE 

WESTFIELD, NEW JERSEY 

161.11111.11111.03 

transistor and 

digital computer techniques 

APPLIED TO THE DESIGN, DEVELOPMENT 

ANC. A.PLICATION OF 

AUTOMATIC RADAR DATA PROCESSING, 

TRANSMISSION AND CORRELATION 

IN LARGE GROUND NETWORKS 

Engineers 

Physicists 

Digital computers 
similar to successful 

Hughes airborne fire control 
computers are being 

applied by the Ground Systems 
Department to the 

information processing and 
computing functions of 

large ground radar weapons 
control systems. 

The application of digital and 
transistor techniques to the prob-
lems of large ground radar net-
works has created new positions 
at all levels in the Ground Sys-
tems Department. Engineers and 

physicists with experience in the 
fields listed, or with exceptional 
ability, are invited to consider 
joining us. 

TRANSISTOR CIRCUITS • DIGITAL COMPUTING NETS • 

MAGNETIC DRUM AND CORE MEMORY • LOGICAL DESIGN • 

PROGRAMMING • VERY HIGH POWER MODULATORS AND 

TRANSMITTERS • INPUT AND OUTPUT DEV7CES • 

SPECIAL DISPLAYS • MICROWAVE CIRCUITS 

Scientific and 

Engineering Stall HUGHES 
RESEARCH 

AND DEVELOPMENT 

LABORATORIES 

Culver City, Los Angeles County, California 
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ENGINEERS DESIGNERS 

ELECTRONIC 

Experience in research & develop-

ment of pulse circuitry, computing 

components and servo systems. 

SYSTEMS (E. E.) 

For work in the development of air-

borne navigational equipment. 

MECHANICAL 

2-3 years' experience in the design 

of precision instruments. 

ELECTRONIC 

ELECTRO-MECHANICAL 

MECHANICAL 

I. Electronic or electrical packag-

ing. Knowledge of sub-minia-

turized techniques. Work is as-

sociated with servos, amplifiers 

and computers. 

2. Mechanical or electro-mechani-

cal packaging of precision flight 

instruments. 

The modern facilities and congenial atmosphere 
at Kollsman, designers of America's finest aircraft 
instruments, provide an environment conducive to 
truly creative work. 

Please submit complete resumes 
to Employment Manager. 

kollsrnan INSTRUMENT CORPORATION 

80.08 45th AVENUE, ELMHURST, NEW YORK • SUBSIDIARY OF SlawIced COIL PRODUCTS CO. INC. 

PHYSICISTS and ELECTRICAL 
ENGINEERS for APPLIED RESEARCH 

Expanding research program is creating new opportunities for physicists and 
electrical engineers to work in the fields of magnetics, electrostatics, elec-
tronics, solid-state devices, electron tube research, feed back control systems, 
radiation, reactor technology, mathematical physics, and allied areas. Prefer 
men at the M.S. or Ph.D. level of training although a limited number of posi-
tions are also available at the B.S. level. These are career-type openings offering 
excellent professional advancement and promotional opportunities. All applica-
tions handled promptly and confidentially. Please write today to 

The Personnel Alnunger 

BATTELLE NIEMOBIAL INSTITUTE 

505 King Avenue, Columbus I, Ohio 

EXPERIENCED ENGINEERS 
Electron Tube Circuit Applications 

New England's largest tube manufacturer has several career openings in its ex-
pansion program for qualified engineers at top Group Leader level. Require minimum 
of 5-10 years' experience in electron tube industry. 

RAYTHE 
Please send complete resume to Technical Placement Office 

RAYTHEON MANUFACTURING COMPANY 
Receiving and Cathode Ray Tube Operations 

55 Chapel Street, Newton, Mass. 

ENGINEER 

ELECTRONIC 
and 

MECHANICAL 
The Radio and Television Depart-

ment of General Electric, situated 

in beautiful Electronics Park, is ex-

panding its staff of det,elopment 

and product design engineers. 

Those graduate engineers who 

qualify for current openings will 

find excellent opportunities for 

professional development through 

association with the outstanding 

engineers and scientists concen-

trating on research, development 

and design in all branches of the 

electronics industry. 

Electronics Pork is headquarters 

for the Electronics Division of GE, 
including the Electronics Labora-

tory, Radio and Television Depart-

ment, Semi-conductor Products, 

Communications Equipment, Broad-

cast Equipment, Cathode Ray Tube 

Department, Components Depart-

ment and Government Equipment 

Department. 

Salary scales for engineers are 

strictly competitive, and based on 

individual ability and experience. 
And, in addition to its comprehen-

sive system of benefits, General 

Electric is noted for its stability. 

Current openings include: 

ELECTRONICS ENGINEERS 

ENGINEERING SUPERVISORS 

MECHANICAL ENGINEERS 

VHF and UHF Head-End Design 

Audio and High-Fidelity Products 

Advanced Development 

Deflection Component Design 

Deflection Systems 

Color Television 

Transistor Circuits 

Metal-forming and Plastics 

Please send 

complete resume to: 

MR. JAMES STARK 

GENERAL ELECTRIC 

Electronics Park 

Syracuse, N.Y. 
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(Continued from page 145A) 

The new device, known as a Qui-klip, 
was developed in conjunction with the 
Tinnerman Products Corporation of Cleve-
land, manufacturers of speed-type fasteners. 
It does not require special sockets for 
mounting, only needing, according to 
Radio Receptor, two round holes to be 
snapped into place. In addition, solderless 
connecters are available for making electri-
cal contact to the rectifier. 

Miniature Transformer 
A new " Miniformer" miniature trans-

former, reduced in size and weight but of 
superior efficiency, has been introduced by 
Gramer-Halldorson Transformer Corp., 
2734 N. Pulaski Rd., Chicago 39, Ill. De-
signed primarily to meet the smaller space 
requirements of hearing aid components, 
the new "Miniformer" has additional ap-
plications where space and weight factors 
are of prime importance such as: com-
puters, pocket radios, FM transceivers, 
telephone recorders, air borne equipment, 
and so forth. This unit measures Xeg X 
inch and weighs 0.004 pound. The 100W72 
interstage transformer, illustrated, has a 
match impedance of: primary, 20,000 
ohms; secondary, 1,000 ohms; resistance: 
primary, 1030 ohms; secondary, 167 ohms. 
Power rating for primary inputs from 1 

(Continued on page 148A) 

ELECTRONIC AND ELECTRICAL 
ENGINEEES AND 
MATHEMATICIANS 

Research & Jevelopment 

Internationally Known research 
organization seeks engineers and 
mathematicians for challenging 
research and development pro-
grams in the following fields: 

Radio and Radar Communica-

tions 

Electronic Instrumentation 

Operations Research Analysis 

Mathematical Services Utilizing 
Analog and Digital Computers 

Electric Machine Components, 
Measurements 

These are permanent positions 
offering excellent opportunities 
for personal and professional 
growth. We invite your inquiries 
regarding available positions on 
our staff in the above fields. Ad-
dress replies to: 

Mr. T. E DePinto 

ARMOUR RESEARCH FOUNDATION 

of Illinois Institute of Technology 

10 West 35th St. 

Chicago 16, Illinois 

ii : 

ENGINEERS 
Fulfill professional and personal objectives . . . with 
an outstanding firm in its field. 

Challenging openings for experienced engineers 
with degrees or equivalent experience in: 

ELECTRICAL • ELECTRONIC • MECHANICAL 
Research, Development, De-
sign & Field Engineering on: 

• Countermeasures 
• Fire Control Radar Systems 
• Underwater Sound Systems 
• Magnetic Amplifiers 
• Communications Equipment 

• Navigation Systems • Guidance Systems 
• Beacons • Electronic Installation 
• Flight Simulators • Antennas 
• Radar & Sonar Trainers• Telemetering 
• Circuit Design 

• DEVELOPMENT ENGINEERS 
Junior & Senior 

LOCATION: 

ENVIRONMENT: 

ABOUT THE 
COMPANY: 

ITS 
BENEFITS: 

• FIELD ENGINEERS 
(Local & Field Assignments) 

WHAT STAVID 
OFFERS YOU 

On U.S. Highway 22, thirty mile. ( 45 minutes) from New 
York City, near the beautiful Watchung Mountains, awl 
within one hour'• drive to the seashore. Enjoy all the ad-
Nantage• of the city, the mountains, and tile sea_hore, a• 
well as excellent schools, homes, churches and shopping 
facilities all conveniently located. 

One of the finest plants of its kind . . . spacious, modern, 
air-conditioned. Conducive to bringing out the beet of your 
abilities l 

Organised in 1945. Engaged in  h, design and develop. 
ment for the Armed Services. The company has steadily 
progressed and grown since its inception, and new employa 
over 400. Position• are permanent, with opportunities for 
your development matching our own constant expansion. 

• Pension Plan • Paid Vacations 
• Group Life Insurance • Education & Tuition 

Assistance 
• Paid Holidays • Other Group 
• Paid Sick Leave Insurances 

• Recreational programs: golf, softball, 
bowling, picnics, dances. 

Interviews in Your Community by Appointment 
Send resume, write or call 
for additional information. 

STAVID ENGINEERING, INC. 
U.S. Highway 22, Watchung, P.O. Plainfield, N.J. Plainfield 1-1600 II 

..ekkesfiee:e • 
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SYLVANIA'S 
CALIFORNIA RESEARCH LABORATORY 

(San Francisco Bay Area—Near Palo Alto) 

Needs experienced creative engineers for a long 
range research and development program in micro-
wave electronic systems and components. Also needs 
experts in design and custom packaging of 
specialized electronic communications equipment. 

We have specific openings for 

ENGINEERING SPECIALISTS and SENIOR ENGINEERS in: 

SYSTEMS ANALYSIS For weapons systems planning, 
operational analysis and data handling problems 

MICROWAVE ANTENNAS For investigation of new con-
cepts in polarization and pattern control, direction find-
ing and multi-function radiators. 

MICROWAVE CIRCUITS For advancements in synthesis 
of filters, broadband mixers, power dividers, etc., in-
volving modern techniques of stripline, ridge guide and 
periodic structures. 

TRANSMITTER DEVELOPMENT For research ard devel-
opment involving microwaves and pulse techniques. 

FIELD ENGINEERING For advanced engineering field 
tests o: prototype equipment. 

COMMUNICATIONS SYSTEMS For design and develop-
ment of complex communications systems. 

Please send 
complete resume to 
JOHN C. RICHARDS 

Electronic 
Defense 

Laboratory 
Box 205 

Mountain View, 
California 

ELECTRONIC 

Sylvania offers the finest facilities and 
equipment available. We also provide 
financial support for advanced education, 
as well as a liberal insurance, pension 
and medical program. 

Our Laboratory is located 5 voiles 
from Palo Alto in the San Francisco Bay 
area, close to excellent schools and 
universities, unexcelled living conditions, 
ideal climate and ample housing. 

RELOCATION EXPENSES PAID 

DEFENSE LABORATORY 

SYLVANIA 
SYLVANIA ELECTRIC PRODUCTS INC. 

volt to 7 volts: 2.5 milliwatts. Other im-
pedance matches are also available. Leads 
are color-coded, high temperature plastic 
insulated. For complete engineering data 
and a circular on this and other miniature 
transformers write to the company. 

400-cps Motor 

Combining good speed regulation with 
a very low slip, the new AC-93 miniature 
subtract ional induction motor produced by 
Dalmotor Co., 1360 Clay St., Santa Clara, 
Calif., offers favorable application charac-
teristics for magnetic tape recorder opera-
tion; servo or actuator motor; and geo-
physical-equipment uses. Although the 
standard unit is an induction motor, its 
design is such that it can be supplied with 
minor changes, as a synchronous unit with 
reduced power output. 

(Continued on page 151A) 

ELECTRONIC ENGINEERS 
ADVANCE YOUR CAREER 

WITH A LEADER IN 

WESTERN ELECTRONICS 

An expanding program oil 

• research • development 

• production 

• specialized military 
equipment 

• advanced commercial design 

• real creative challenge 

Special receivers and trans-
mitters, DF and DME, various 
instruments and Transistor 
applications— special devices. 
Studies in noise, radar, minia-
turization and test equipment. 
Relocating expenses, good in-
surance plan, central location. 
steady advancement. 

¡sed memo to L D. Stearn 
Engineering Employment teenager 

I lolfiitan 
LABORATORIES, INC. 

(.11181..1101, mor•rftw O 001111, ) 

$761 S. HILL ST., LOE ANGELES. 
CALIF. 
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• • • for those 
who (ralify 

offers 
ELECTRONIC 
ENGINEERS 

Security 

• 

• 

• 

HEAVY BACKLOGS 

SOUND FINANCING 

TOP BENEFITS 

Understanding 

MANAGEMENT 

BY ENGINEERS 

EDUCATIONAL 

AID 

MINIMIZED 
RED-TAPE 

Know how 
VARIED 

SPECIALIZATION 

FLEXIBLE 
ORGANIZATION 

VERSATILE 
PERSONNEL 

Send resume to R. F. Lander 

Electronic Ensine rin3 Company 

of 

ISO SOUTH /61.•A: ADO 
LOS ANGFLFS S CALIPIPINIA 

UNIVAC 
The FIRST Name 

in Complete Electronic Computing Systems 

As the UNIVAC takes its place in more and more industries, 

REMINGTON RAND has greatly expanded its research 
and development work in order to continue its leadership 
in electronic computing equipment. 

There are many positions recently opened at all levels 
in all phases of research, design, development, and 
application of computing and allied equipment. Even 
though your training and experience may not be con-

nected with computers, we are willing in many cases 

to provide the necessary training. Individual cases can 
be evaluated during interview. 

• System Studies 

• Logical Design 

• New Components 

• Solid State Physics 
• Semi- conductors 
• Magnetic Materials 
• Storage Techniques 
• Circuit Design 

• Pulse Techniques 

• Input- Output Devices 

• Product Design 

• Test Equipment Design 

• Computer Development 

and Design 

• High Speed Electro-

Mechanical Devices 

• System Test and 

Maintenance 

The rapidly expanding engineering program has created many perma-
nent positions paying excellent salaries. These positions offer personal 

challenges as well as outstanding opportunities for professional de-
velopment. The possibilities for graduate study in this area are excellent 
and the company has a liberal plan for reimbursement of tuition ex-
penses. Other company benefits include retirement and group in-
surance. 

Replies Kept Strictly Confidential 

FOR INTERVIEW, WRITE TO 

.7Prinntiegere Mane 

ECKERT- MAUCHLY DIVISION 
2300 West Allegheny Ave. Philadelphia 29, Pa. 
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CIRCUIT ENGINEERS 

Why Not Work in Vacationland? 
One of the many advantages in working for Sanders Associates, Inc. is the site of 

the plant itself: Nashua in lovely New Hampshire, New England's most beautiful 

state. Less than one hour from both the White and Monadnock Mountains, with 

cool streams, crystal lakes, lush green foliage, Nashua's many natural recreational 

facilities abound. Or, if you prefer the surf and the sea, you're les than one hour 

from world-famous Hampton and Rye Beaches. 

Of distinct advantage, too, is Sanders' working environment: the small, effective 

engineering groups working on a variety of projects, the balance of military and 

commercial work, the realistic management BY engineers FOR eng neers make way 

for quick professional growth and personal advancement. 

Noteworthy "firsts" developed at Sanders include printed "strip line" plumbing, 

tape resistors, the world's smallest rate gyro. On the staff are some of the top 

electronics experts in America, and a good many of the most promising junior 

men — exceptional engineers with the "something extra" that makes the difference 

between competence and real talent. 

To complement this fine team and to permit further expansion, Sanders is adding 
a few engineers with at least 3 to 5 years experience in missile guidance, pulse 

and doppler radar, microwave antenna, airborne navigation, pr-nted circuit and 

component development. 

If you are an exceptional engineer — have not only talent, but ambition and drive 

—Sanders can provide unusual opportunity. Address inquiries to Mr. J. I. Chesterley. 

eSSOCIFITES RI70ERS 

INÇOIDOSAI t 
137 Canal St., Nashua, New Hampshire 

DEVELOPMENT ENGINEERS and PHYSICISTS 

RADIO AND RADAR SYSTEM APPLICATIONS 

TRANSISTORS AND MAGNETIC AMPLIFIERS 

SERVOMECHANISMS AND ANALOGUE DEVICES 

ELECTROMECHANICAL CONTROLS AND ACTUATORS 

We are now staffing the new Electronics Laboratory of our Aero-

nautical Division in Anaheim, California. The selection of associates 

is based on consideration of their demonstrated abilities and interests 

in connection with our long-range laboratory plans. Careful attention 

to engineering and operational planning and to the selection of critical 

control problems assures opportunities 

for continuous professional develop-

ment. The efforts of a relatively small 

but select staff are being applied on 

projects requiring engineering ingenuity 

essential to advancing the art of control 

in the aeronautical field. 

Aeronautical Division 

SAMA ANA ItEEWAY AT EUCUD AVENUE 
ANAHEIM. CAMORNIA 

Positions are available at all levels of 

laboratory work. Please direct inquiries 

to Vernon Vogel, Electronics Labora-

tory Director. 

MECHANICAL 

ENGINEERS 

Interested in 

the Electronics Field 

• 
Responsible engineering posi-
tions open with a major indus-
trial leader located in upper New 
York State . . . at one of the 
country's most advanced elec-
tronics centers. 

These openings require experi-
ence in mechanical engineering 
of electronic ecuipment, or me-
chanical design experience and 
an interest in electronics. 

Work is in de!-Àgn and develop-
ment, requiring no drafting 
board or floor work. 

To arrange 
for convenient interview, 

send resuenes to: 

Box 823 

Institute of Radio Engineers 

1 East 79th st. 

New Yorl 21, N.Y. 
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(Continued from page 11.8A) 

Operating at 115 volts, 400 cps, 1 
phase, the unit has an rpm of 11,800 with a 
15 watt output. Locked rotor torque is 1.8 
ounces/inches minimum. Maximum power 
input is 45 watts, and rotation is reversible. 

/111\ 
A-\1111111,wouill lirouplinqs 

(Continued from page 104A) 

Los Angeles Chapter—February 17 

"How to Run Computing Installations: 
A Panel Discussion," moderator, Abe 
Faren; panel members, Don Madden; 
Frank Cazzone; E. M. McCormick; Fred 
Hollander. 

(Continued on page 152A) 
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I
. THE JOHNS HOPKINS UNIVERSITY 

APPLIED PHYSICS LABORATORY 

Electronics Engineer 
(MAGNETIC AMPLIFIER 

EXPERIENCE) 

THE APPLIED PHYSICS 
LABORATORY OF THE 
JOHNS HOPKINS UNIVER-
SITY has open a Senior-Staff 

position in the theory and design 
of magnetic amplifiers and re-
lated devices for guided-missile 
controls. Applicants should have 
five years' electronic circuit ex-
perience, including one or more 
years in the magnetic-amplifier 
field. 

THE LABORATORY 
OFFERS— 

A creative professional atmos-
phere, progressive wage policy, 

and excellent benefits with regard 
to vacation, pension, advanced 
education, etc. 

Please send resume te: 

Professional Staff Appointments 

•
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•
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8621 Georgia Avenue 

Silver Spring, Maryland 

food for thought 

Do you know that the Navy's new Martin four-jet 
P6N1 Scamaster is one of the most talked-about de-
velopments in the aircraft industry today? Do you 
know why it may change our whole basic concept 
of military operations? 
And are you aware of the other big things that 

have been happening at Martin in recent months 
...and that are happening today? 
Do you know what possibilities— futures— careers 

—these developments have created for engineers who 
value opportunity more highly than the status quo? 

If not, you'd do well to write to J. M. Hollyday, 
Dept. P-7, The Glenn L. Martin Company, Balti-
more 3, Maryland. 

...and he will tell you the Martin story. No mat-
ter how limited or how extensive your background, 
you will find it food for thought. 

MAI eV TIP 
SA LT/MORE • MA RYLA IV C' 
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TO THE FINE ENGINEERING MIND 

SEEKING THE CHALLENGING PROJECTS IN 

ELECTRICAL DESIGN 
ELECTRICAL DESIGN ENGINEERS are offered unusual career opportunities now 
at Convair in cool, beautiful San Diego, California, in these fields: Power Genera-
tion for aircraft and missiles; Power Distribution for aircraft and missile, test, 
and ground support equipment; Instrumentation for the evaluation of loads on 
established electrical systems; Systems & Controls involving the design of electri-
cal circuits, switches, valves, and .control panels for ground operated components. 
Engineers are needed for the design of electrical equipment to withstand extreme 
temperatures, corrosive effects, atmospheric conditions, shock and vibration. 

ELECTRICAL DRAFTSMEN are needed to work with the Design Engineers in the 

fields listed above for the completion of circuits, components, and systems. 

CONVAIR offers you an imaginative, explorative, energetic engineering depart-
ment to challenge your mind, your skills, and your abilities in solving the com-
plex problems of vital, new, immediate and long-range programs. You will find 
salaries, facilities, engineering policies, educational opportunities and personal 
advantages excellent. 

SMOG-FREE SAN DIEGO, lovely, cool city on the coast of Southern California, 

offers you and your family a wonderful new way of life ... a way of life judged 
by most as the Nation's finest for climate, natural beauty, and easy ( indoor-
outdoor ) living. 

Generous travel allowances to engineers who are accepted. Write at once 
enclosing full resume to: 

H. T. Brooks, Engineering Personnel Dept. 807 

CONVAIR 
A Division of General Dynamics Corporation 

3302 PACIFIC HIGHWAY SAN DIEGO, CALIFORNIA 

4 Professional Group Ileetings 

(Continued from Page 151A) 

Los Angeles Chapter—January 10 

"The Bendix Combination G.P. and 
Differential Analyzer" by Max l'alevsky, 
Bendix Computer Division. 

"Transistor Flip-Flops" by Chris Wan-
lass, Ramo-Wooldridge Corporation. 

New York Chapter—February 14 

"The Naval Ordnance Research Cal-
culator (DORC)" by Byron L. Havens, 
Engineer in Charge of DORC Project. 

• New York Chapter—January 20 

"Bi-Lateral Magnetic Selection Sys-
tems for Large Scale Computer Memory" 
by Amir H. Septhban, Monrobot Lab-
oratories. 

"High Speed Core Memory" by E. J. 
Otis, Air Force Cambridge Research Sta-
tion. 

New York Chapter— December 16 

"Feasibility of an All Magnetic Com-
puter" by Isaac Auerbach, Burroughs Re-
search Center. 

New York Chapter—November 23 

"The Logical Principles Employed in 
Underwood Electronic Computers" by 
Evelyn Berezin, Underwood Corporation. 

"The Type of Circuitry Employed in 
Underwood Electronic Computers" by 
Albert Auerbach, Underwood Corporation. 

New York Chapter—October 26 and 27 

"Project Cyclone" by Leo Bauer, 
Reeves Instrument Company. 

INFORMATION THEORY 

Albuquerque-Los Alamos Chapter— 
March 9 

"An Example in Statistical Communi-
cation Theory" by Walter E. Brown. 

INSTRUMENTATION 

Houston Chapter—March 22 

"A Multi-Loop Self Balancing Power 
Amplifier" by J. Ross MacDonald, Texas 
Instruments, Incorporated. 

MEDICAL ELECTRONICS 

San Francisco Chapter—April 7 

"Electronic Instrumentation in Sur-
gery," by Bertram Feinstein, Mt. Zion 
Hospital. 

"The New Operating Room at Mt. 
Zion Hospital" by Mr. Carter Collins, Con-
sultant, Research and Development Lab-
oratories, U. C. Medical Center. 

MICROWAVE THEORY AND 
TECHNIQUES 

Northern New Jersey Chapter— 
February 16 

"Microwave Applications of Ferrites" 
by J. H. Rowell, Bell Telephone Labora-
tories. 

(Continued ni Page 155A) 
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/ THE 

/ NORDEN 
LABORATORIES 

Offers Unusual 

Opportunities For 

Competent Engineers 

\ / 
ELECTRONIC / 

\\ / ELECTRO- / 

)( MECHANICAL / 
/ / 

••••• 

For Research and 

Development work on 

Radar 

Servo Mechanisms 

Microwave Equipment 

Antennas 

Infrared Equipment 

Communications Equipment 

Computers, Digital and 

Analog 

Gyroscopes 

Television 

/ 
X 

• Excellent Working 
Conditions 

• Liberal Employee 

Benefits 

• Merit Salary Reviews 

e Ideally located in 

Westchester County 

Please telephone or send 
resume and salary requirements 

to the Personnel Department. 

Al! inquiries will be handled 

in confidence. 

I THE NORDEN 
I LABORATORIES 

121 Westmoreland Avenue 

White Platns, New York 

Mite Plains 6-4300 

A division of 

NORDEN-KETAY 
CORPORATION 

ENGINEERS 
10 •At'lleeet,e,.., 

Creative 

Opportunities 

with 

Republic Aviation 

Electronics Engineer 

Familiar with airborne electronic equipment 

(communications, navigation I.F.F., Radar 

and Autopilots) preferably with 2 to 4 years 

aircraft experience. Should be a college 

graduate. Duties will include system in-

vestigations, establishing test procedures 

and conducting environmental tests on air-

borne electronic equipment and components. 

Computer Engineer 

To supervise maintenance and to design 

special circuitry for computers. Experience 

with either analogue or digital computers 

required. College graduate preferred. 

Senior Power Plant Engineer 

Three to eight years aircraft power plant 

experience. Capable conducting power plant 

testing in conjunction with jet engine and 

induction system analysis. B.S. in M.E. or 

A.E. 

Antenna Engineer 

To conduct pattern studies, design proto-

type antennas and supervise flight tests of 

new antenna installations. College graduate 

in Physics, Math or E.E. 

Electronic Instrumentation Engineer 

Three to five years aircraft instrumentation 

experience required. Knowledge of trans-

ducers, amplifiers and recording equipment 

used in experimental research testing of hi-

speed jet aircraft is essential. Knowledge of 

servo loop theory as applied to aircraft sys-

tems coupled with ability to properly instru-

ment, record and analyze is desirable. 

Graduates with E.E. degree preferred. 

Please address complete resume, outlining 
details of your technical background, to: 
Assistant Chief Engineer 
Administration 
Mr. R. L. Bortner 

ITineenfIBL Al VAIAll areeiriv 
FARMINGDALE, LONG ISLAND, NEW YORK 
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CUBIC RESEARCH 1111 
MR WEAPONS re PRIEM' 

• Provides accut :ei.leídata 
tsé • Accelerates r pan Evaluation 

MISS 
DISTANC8 

CUBIC RESEARCH IN ELECTRONIC 

PROBLEMS— IN FREQUENCIES 

FROM D.C. TO MICROWAVE—AIDS 

GOVERNMENT AIRCRAFT AND AIR 

ARMAMENT TESTING 

o 

Transmitter 

\ Analogue 
Data 

Presentation 

?i )  

>utorrad, 

DIpatal,er 

.. _ 

Maprualc 

Tape 
Storage 

and 
Playback 

MASTER STATION— 

. = MULTIPLE OR SINGLE 

DATA 

J1 Attention! 
A Relaxed Life for You and 
Your Family in Vacation-

land. Interested? 

CUBIC CORPORATION of San Diego offers this 
and more to Engineers who are anxious to ad-
vance themselves and get more out of life 
at the same time. Note these advantages: 

• Long-range, challenging programs 
• Chance to grow with a rapidly growing company 
• Extremely diverging problems 
• Management by engineers 
• In an area where there's plentiful housing and at reasonable costs 

THIS CAN ALL BE YOURS! Write today for details. 

CUB C CUBIC 
CCDF2P0F2ATION 

ELECTRONIC EQUIPMENT 
RESEARCH...DEVELOPMENT 

2481 CANON STREET, 
SAN DIEGO, 6, CALIFORNIA 

How SYLVANIA 
Can Help You 
in the Missiles Field 
thru its Stability 
and Diversity 
Sylvania has established a Missile 
Systems Laboratory. New laboratory 
facilities are nearing completion. 
This 54 year old company, renowned 
for its consumer products, and 
supplying vital "heart" parts to 
other manufacturers, now brings 
its research, know-how, stability and 
diversity to the guided missiles field. 
Behind this important new Sylvania 
laboratory stands the versatility, 
drive and dedication that has seen 
Sylvania expand to 45 plants and 
16 laboratories, while doubling its 
engineering staff and almost 
tripling sales in the past 6 years. 

Permanent positions 
are now open in these fields: 

ANALYSIS & DESIGN OF 
SEARCH RADAR SYSTEMS 

ANTENNA THEORY & DESIGN 

ANALYSIS OF MISSILE 
GUIDANCE SYSTEMS 

MATHEMATICAL ANALYSIS & 
SYSTEM DESIGN OF FIRE CONTROL 
& COMPUTER EQUIPMENT 

INERTIAL GUIDANCE OR 
INFRA-RED FOR DETECTION 
& TRACKING 

SERVO SYSTEM 
DESIGN & ANALYSIS 

AERODYNAMICS 

PROPULSION 

AIRCRAFT OR MISSILE 
STRUCTURES 

Relocation and interview expenses will been. 
Please forward resume to: 

Mr. Robert Koller 
Supervisor of Professional Placement 

missile systems labofatory 

Sir- SYLVANIA 
SLECTRIC PRODUCTS INC. 

151 Needham Street, Newton, Massachusetts 
IA .uleurliew /oration bid I miles frem derineetra leeteal 
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PROFESSIONAL SERVICES 
Edward J. Content, P.E. and Staff 

INTERNATIONAL RADIO CONSULTANTS 
Pan American Radio Tangier Intl Zone 

Bldg., 16 Rue Delacroix Morocco 

Specialized in the design, construction, 
foreign. Electronic, projects, and advising 
governments at Int'l Telecommunications 
Union. 

CROSBY LABORATORIES, INC. 
MURRAY G. CROW: & STAFF 

RADIO-ELECTRONIC RESEARCH 
DEVELOPMENT & ENGINEERING 

COMMUNICATIONS, FM & TV 
ROBBINS LAVE 

HICKSVILLE, NEW YORK 
HICKSVILLE 3-3191 

TRANSISTOR ENGINEERING 
S. Moskowitz D. D. Greig N. J. Gottfried 
Product Transistorization. Complete service in 
consulting, research, development, and produc-
tion on transistor circuitry, products and in-
strumentation. 

c/o Electronic Research Associates, Inc. 
67 East Centre Street, Nutley, N.J. 

NUtley 2-5410 

ELK ELECTRONIC LABORATORIES, INC. 

Jack Rosenbaum 

Specializing in design and development of 

Test Equipment for the communications, 
radar and allied fields. 

333 West 52nd St., New York 19, PL-7-0520 

FREDERICK RESEARCH CORPORATION 

Carl L. Frederick, D.Sc., President 

Bethesda 14, Maryland • OLiver 4-5897 

Engineering Research and Development, Eval-
uation, Technical Writing and Publishing—Elec-
tronic and Electro-mechan cal Systems, Test 
Equipment, Radio Interference, Instrumenta-
tion, Controls. 

HIGHLAND ENGINEERING CO. 
William R. Spittal & Staff 

Specialize in Design and Development of 
Transformers, Chokes, etc. 

for the 
Electronic, Industrial and Allied Fields. 

Westbury L.I., N.Y. EDgewood 3-2933 

HOGAN LABORATORIES, INC. 
John V. L. Hogan, Pres. 

APPLIED RESEARCH, DEVELOPMENT, 
ENGINEERING 

Est. 1929. Electronics, Optics, Mechanisms, 
Facsimile Communication, Digital Computers, 
Electro-sensitive recording riedia, Instrumenta-
tion. 
155 Perry Street, New York 4 CHelsea 2-7855 

INTERFERENCE TESTING AND 
RESEARCH LABORATORY, INC. 

Rexford Daniels E. T. Buxton P. B. Wilson 

150 Causeway Street, Boston 14, Mass. 
Lafayette 3-7826 

Specializing in the desigi and testing of 
equipment to meet Military and FCC specifica-
tions for radio interference. 

LEONARD R. KAHN 
Consultant in Communications and Electronics 

Single-Sideband and Frequency-Shift Systems 
Diversity Reception - Modulation Theory 

Television Syttems 

Elizabeth Bldg., 22 Pine St., Freeport, L.I., N.Y. 
Freeport 9-8800 

George W. Baker, Pres. 

KIP ELECTRONICS CORPORATION 

Electron tube consulting and design. 
Research and development and preparation of 
prototype electron tubes. 

29 Holly Place, 
Stamford, Connecticut 

DAvis 3-5116 

ARNOLD S. J. LEE - KENNETH B. MORRIS 
Consultants in Control Engineering, Electro-
mechanical Devices, Medical-Physical In-
struments. 

Development of New Devices and Pre- Produc-
tion Models—Building of Developmental De-
vices. 

P.O. Box 301 MUtual 1-4525 BELMAR, N.J. 

Harry W. Houck Martial A. Honnell 
John M. van Beuren 

RESEARCH ENGINEERS 
Specialists in the Design and 

Development of Electronic Test Instruments 

c/o MEASUREMENTS CORP. 
BOONTON, N.J. 

L. I. GASTRIOTA M. WIND 

S. W. ROSENTHAL P. G. MARIOTTI 

Microwave Consultants 
Radio Frequency and Microwave Components 

Cable—Waveguide—Coax 
Dielectric Evaluation 

Telephone G.P.O. Box 844 
13Oulevard 3-2096 Brooklyn I. N.Y. 

Professional Group *dings 

(Continued from page 152A) 

Northern New Jersey Chapter— 
January 19 

"A Display of X-Band Impedance on 
an Oscilloscope" by Henry L. Bachman, 
Wheeler Labortories. 

NUCLEAR SCIENCE 

Connecticut Valley Chapter— 
February 23 

The following three films were pre-
sented: "Bikini- Radiological Laboratory," 
"Nuclear Reactors for Research," "Opera-
tion Ivy." 

Chicago Chapter—February 18 

"Trends in Reactor Development" by 
Lloyd V. Berkner, Associated Universities, 
I ncorporated. 

Chicago Chapter—December 17 

"Radio Carbon Dating" by James R. 
Arnold, Institute of Nuclear Studies, Uni-
versity of Chicago. 

Washington, D. C. Chapter—March 25 

"An Accounting of the Benefits of 
Nuclear Energy" by Clifford K. Beck, 
North Carolina State College. 

RELIABILITY & QUALITY CONTROL 

Washington, D. C. Chapter—April 13 

"Statistical Methods for Engineers" by 
Leon Bass, Quality Control Div., Jet En-
gine Div., General Electric Company. 

(Continued on page 158A) 

Olympic Radio & Television, Inc. 
Radio—Electronics 

Consulting—Research—Development 
Environmental Tests Performed 

for the Industry 

B. Parzen — E. Bradburd 
Olympic Building, Long Island City I, N.Y. 

STillwell 4-6961 

EVERT M. OSTLUND 
Consulting Radio Engineer 

Radio—Microwave 
Communication—Control 
Systems and Equipment 

Planning, Research, Development 

ANDOVER, NEW JERSEY 
Tel.: Lake Mohawk 8635 

PENN-EAST ENGINEERING 
CORPORATION 

(Formerly—Atlantic Electronics Corp. 
of Port Washington, N.Y.) 

Designers of Industrial Controls 
Gereld L Tawney, Robert R. Sparacino, 
Warren M. Janes, Richard C. Tawney 

P.O. Box 240, Telephone Kutztown 2675 

PICKARD AND BURNS, INC. 
Consulting Electronic Engineers 

Analysis and Evaluation of Radio Systems 

Research, Development, Design and Production 
of Special Electronic Equipment and Antennas. 

240 Highland Ave. Needham 94, Mass. 

SIDNEY PICKLES 

Consulting Radio Engineer 
Antennas & Transmission Lines 

Phone: Post Office Box 643 
Monterey 5-3379 MONTEREY, CALIFORNIA 

Paul Rosenberg Associates 
Consulting Physicists 

100 orrvorma Lys. • MOUNT VERNON, NSW TORS 

CABLE PHYSICIST mourat vernon 7.8040 

NORMAN B. SAUNDERS 

Circuit Engineering 

(Especially Transistor) 

WESTON 92, MASS. 

M. D. Ercolino and Associates 

ANTENNA CONSULTANTS 
Research and Development 

Communication Arrays 
Commercial and Amateur 

FM and TV 

c/o TELREX, INC. ASBURY PARK, N.J. 
Phone Prospect 5-7252 

WHEELER LABORATORIES, INC. 
Radio and Electronics 

Consulting — Research — Development 

R-F Circuits — Lines — Antennas 

Microwave Components—Test Equipment 

Harold A. Wheeler and Engineering Staff 

Great Neck, N.Y. HUnter 2-7876 
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COMMUNICATIONS EQUIPMENT CO. 

MICROWAVE COMPONENTS 
10 CM.-RG48/U Waveguide 

10CM ECHO BOX: Tunable from 3200-3333 Mr. 
For checking out radar transmitters, for spertrum 
analysis, etc. Complete with pickup antenna 
ami coupling devices  $17.50 

POWER SPLITTER for use with type 726 or any 
10 CM Shepherd Klystmn. Energy Is fed from 
Klystron antenna through dual nick-up system 
to 2 type "N" connectors  $12.50 

LHTR. LIGHTHOUSE ASSEMBLY. Tarts of 
RT39 APG 5 & APO 15, Receiver and Trans. 
Cavities w/assoc. Tr. Cavity and Type N CMG. 
To Reeve. Uses 2C40, 2C43, 11327, Tunable APE 
2400-2700 MCS. Silver Plated  $15.00 

BEACON LIGHTHOUSE cavity p/o 17PN-2 Beacon 
10 rm. Mfg. Bernard Rire. each  $27.50 

MAGNETRON TO WAVEOU1DE Coupler with 
721-.'. Duplexer Cavity, gold plated  $31.50 

72IA TB BOX complete with tube and tuning 
plungers  $12.50 

McNALLY KLYSTRON CAVITIES for 7078 or 
2K213, 27110-2900 Me.  $4.00 

AS14A AP- 10 CM Pick up Dipole with "N" 
Cables  $4.50 

HOLMDELL-TO-TYPE "N" Male Adapters. W. E. 
21)1672134  $2.75 

I.F. AMP. STRIP: 30 MC. 30 d.b. gain, 4 MC 
Band-wldth. uses 6AC7's-with video detector. 
A. I".('. less tubes  $17.50 

BEACON ANTENNA, AS31/APN-7 in Lucite huh. 
Type "N" feed  $22.50 

ANTENNA, AT49A/APR: Broadband Conical, 
300-3311., MC Type "N" Feed  $12.50 

"E" PLANE BENDS, 00 deg. less flanges  $7.50 

3 CM.-RG 52/U Waveguide 
3CM. DIPOLE FEED. l L. for Al's 1") .. 514.50 
MITRED ELBOW, east aluminum. 11,..i"x%" W.G. 
W.E. Flanges. "E" Plane  $3.50 

FLEX. WAVEGUIDE SECTION. 1 ft. long. With 
l'o,_40/in;_29 fis tges. Attenuation is less than 
01 (lb. at 9375 me. and VSWIt Is less than 
1.02  $7.50 

3 CM ANTENNA ASSEMBLY: Uses 17" parab-
oloid dish. operating from 24 ode motor. Beam 
pattern: 5 deg. In both Azimuth and elevation. 
Sector Scan: over 160 deg. at 35 scans per 
minute Elevation Scan: over 2 deg. Tilt: fiver 
24 deg.  $35.00 

Cross- Guide Directional Coupler, rit-40 output 
flange. Main Guide Is 6" bong, with 90 Deg. 
"E" Plane bend at one end, and is lilted with 
Std. 39/110 40 flanges. Coupling figure: 
20 alb Nominal  $22.50 

RG52/U Waveguide in 5' lengths. fitted wIth 30 
flanges to 11140. Silver plated .. per length $5.00 

Rotating- Joints supplied either with or without 
sleek mountings. With U1140 flanges . each. $17.50 

Bulkhead Feed•thru Assembly  $15.00 
Pressure Gauge Section with 15 II). gauge  $ 10.00 
Directional Coupler. 110-40/1' Take off 20(11) $17.50 
MAGNET AND STABILIZER CAVITY For 2.141 
Magnet  $24.53 

Rotary joint choke to choke with deck   
ing  $17.50 

90 degree elbows. "E" plane 21/2 " radius ..$8.50 
ADAPTER. waveguide to type "N". 17G 81-1% 

p/o TS 12. TS -11 Etc  $7.50 
ADAPTER. UG-163/U round cover to nnerial IST1,, 

Flange for TS 45.  $2.50 ea. 

MICROWAVE ANTENNAS 
3 em. Horn, 1" x 14". smith twist and 

IRO deg. bend. With dielectric 
window  Ai shown $22.50 

AT49/APR-Broadband Conical, SOI) 
3300 MC, Type N Feed  $8 95 

Discute Antenna. AS 125 APR. 1000-3200 me. Stiila 
supported with type "N" Connector  $14.50 

ASI4A/AP. 10 CM pick up dipole easy, complete w/ 
length of coax ansI "N" connectors  $4,59 

AS46A/APG•4 Vogl Antenna, 5 element array - 922.50 
30' Parabolic Iteflertor Spun AltunInum dish  $4.85 

AN/APA-12-Sertor Scan adaptor for APS-2 radar 
Complete Kit  $37.50 

TPS-3. 10 Ft. Dish. "Chicken Wire" Paralsila. Ex-
tremely lightweight. portable  $125.00 

AN- 154 3 vertical working against a rectangu-
lar mesh approx. 384'. Freq. 140-200 me. with 
lobing switch 1115v. 60 rY) and portable slatted 
crate. Extremely rugged  $27.95 

LP- 24 Alford loop, for use with glide- path transmitters 
CVIRN-1, etc.1 100-108 mr.  $32.50 

PULSE MODULATORS 
MIT. MOD. 3 HARD TUBE PULSER: Output Pulse 
Power 144 KW ( 12 KV at 12 Amp). Duty Ratio . 
.0111 duranion: 5, 1.0, 2.0 mierosec. Input 
voltage: 115 v. Pm t., 2400 cps. Uses: 1-711t, 4.89 I:. 
3-'72's, 1-73. New  Less ('over $ 135 

ASD Modulator Units. mfd. by Sperry. Hard tub, 
pulser delkers Pk. palm, of 144 kw. Similar to 110,1. 
3 unit. Brand new, less tubes  $85.00 

Airborne RF head. model AIA. delivers 50 Kw peal: 
output at 9)00 me. at . 001 duty. Complete with 
!miser unit and all tubes. Used, exil.).   $ 185.00 

VACUUM TUBES 
11:21 $ . 28 5.13:c $ 4.75 7001) 
11 .50T .45 5230 14.5,, 703A 
IPSO 1.10 C.511/51'30 1.111 7114A 
2(221 .35 C0.1/5C21 4.50 705A 
2( .22/7193 . 07 7C4/1203A . 18 7011)1 
21.26A .08 9(11/ 3.45 7061) 
2221A 2.25 10V .10 706EY 
'" 2.50 1511 .15 7116CY 
2226 2.50 39/44 .08 7092, 
2.127 3.00 (11159 39.5(1 709.1 
2.129 18.50 OK1111 35.011 7132, 
2.131 13,95 (1K61 50.00 (I- 722A 
2.132 14.50 1/K62 54.0)) 725.1 
2.137 9.511 CE(172 .59 7302, 
2.138 9.110 MI.- 1110 69.50 800 
2.139 8.25 14511411 .25 801 
2248 22.50 227A /50 837 
2.156 48.50 268A 2.25 843 
2262 6.75 3111.1 .50 861 
3EPI 1.75 3552, 12.50 864 
3FP7 1.10 35616 10.50 1176 
4234 23.50 393A 4.511 884 
4238 85,00 41 -A 6.10 CKI005 
4242 47.50 01.4712, 2.10 1625 
51,1'7 1.10 M1,531 2.75 1619 
5G1'1 4.50 532/11332 1.10 1626 
5HP4 3.50 01.559 .75 1629 
5223 "4.59 71108 8.75 8012 

9.75 
1.50 
.95 
.75 

9.75 
14.75 
9.75 
9.75 
2.10 
2.45 
.85 
.1111 

write 
8.50 
.65 
.25 
.85 
.19 

12.00 
.19 
.75 

1.10 
.35 
.20 
.15 
.10 
.10 

1:75 

POWER TRANSFORMERS 

COMBINATION-1 1 5V/60 - INPUT 
CI- 133 150-C-150V/65MA, 6.3V/2.5A.6.3V/0.6A $ 1.79 
CI- 127 900V/25MA PK. 5V/2A. 2V/7.5A .  2.79 
CT-006 350-0-350V/120MA. 5VCT/3A, 2.5VCT/ 

12.5A. 2.5VCT/3.5A   4.39 
CT-965 78V/0.6A, 6.3V/2A   1.95 
CT•004 350-0-350V/90MA. 5VCT/3A, 2.5VCT/ 

I2.5A   4.60 
CT-002 350-0350V/50MA. 5VCT/2A. 2.5VCT/ 

7.5A   3.65 
CT-479 7000V/.018V, 2.5V/5A/17.800 V. Test   22.50 
CT-013 450-0450V @ 200MA. 10V/1.5A, 2.5, 

3.5A. 5V/3A   4.35 
CT-403 350VCT .026A 5V/3A   2.75 
CT-931 585VCT .086A 5V/3A, 6.3V/6A   4.25 
CT•929 4200V/.00IA, 2.5V/2A, 6.3VCT/.6A   5.35 

PLATE- 115V/ 60 -- INPUT 
PI. 07 400VCT/4.0 AMPS For RA43   17.50 
PT 034 I25V/45MA ( For Preamp)   1.15 
PT 157 660.0-660VAC (500VDC) or 550.0-550 

VAC (41)0VDC) at 250 MADC   8.70 
PT 167 14004-1400 VAC (300MADC) or 1175-

0.1175 VAC ( 1000V DC) at 300 MADC 22.50 
PT 168 2100-0.2100 VAC ( 1750VDC) or 1800-

0.1800 VAC ( 1500 VDC) at 300 MADC 33.00 
PT 371 210•0•210V at 2.12 Amp,   9.45 
PT 133 3140/1570V. 2.36KVA   85.00 
PT 801 22.000V/234 MA.. 5.35 KVA  115.00 
PT 521 7500V/.06A. Half Wave   59.50 
PT 913 2500V/I2 MA H'SLD   4.95 
PT 12A 280VCT/1.2A   3.95 
PT-38-2 37.5/40V AT 750 MA   2.15 

FILAMENT- 115V / 60 -- INPUT 
FT- I10 5VCT @ 10A 25KV Test   17.50 
FT- I57 4V/I6A, 2.5V/2.75A   2.95 
FT- 101 6V/.25A   .79 
FT-924 5.25A/21A, 287.75V/6.5A   14.95 
FT-824 2x26V/2.5A, 16V/1A, 1.2V/7A, 6.4V/I0A 

6.4V/2A   8.95 
FT-463 6.3VCT/1A, 5VCT/3A. 5VCT/3A   5.49 
FT-55-2 7.2V/21.5A. 6.5V/6.85A, 5V/6A. 5V/3A 8.95 
FT-38A 6.3V/2.5A, 2x2.5V/7A 5KV Test   2.79 
FT- 650 2.5V/I0A-3KV TEST LO- CAP   7.50 
FT-025 2.5VCT/10A, IOKV TEST   6.95 

FILTER CHOKES 
Stock Description Price 

CH- 9I4 I2HY/250 MA 2500 V. Test   $3.25 
CH -CEC 117: 9-60)1/.05-400 MA, 10 KV Test _ 914.95 
CH- 113 2.5H/700 MA, 2.5 KV Test   5.75 
CG•044 8.5H/350 MA, 3.5 KV Test   6.35 
CH- 291 0.IH/12 A. DCR: 0.3 Ohms   12.50 
CH-322 .35H/350 MA-I0 Ohms DCR   2.75 
ÇH-141 Dual 7H/75 MA, IIH/60 MA   4.69 
CH•69-1 Dual 120H/17 MA   2.35 
CH-8-35 2x.5H/380 MA/25 Ohms   1.79 
CH- 776 1.28H/130 MA/75 ohms   2.25 
CH-344 1.5H/145MA/1200V Test   2.35 
CH-43A 10HY/15 MA-850 ohms DCR   1.75 
CH-366 20H /300 MA   6.95 
CH-999 15HY/I5 MA-I00 ohms DCR   1.95 
CH•445 0.5HY/200 MA. 32.2 ohms, 3000 V.T  1.39 
CH- 170 280.5H/380 MA. 25 ohms   2.79 
CH-533 I3.5H. 1.0 AMP DC, 13.5 KVINS   29.95 

I. F. AMPLIFIER STRIPS 

Model Li. ) 1, renter frequency. Bandwidth 2.5 M... 
gam ..,") ills. Uses 5 stages of 6AC7's. IIas I). I. 
Restorer and Video Detector. A.F.C. Strip included. 
Input impedance: 50 ohms. I.ess tubes  $17.50 

60 MC. Miniature IF strip. 11Sing 6AK5's 60 Me eenter 
Freq. Gain: 95 it, at Bandwidth of 2.7 51e. New. 
Complete with tubes  $15.00 

SPECIALS 
500 MC, RECEIVER. Type ASIL 

loes ea:1,v-tuned 

tubes   
11m 

and Mixer. Pilla 
o seillator. I. F. is 6c. New. lesi. 
be  $7.50 

CAPACITOR. Split Stator, 30-2011 
MME, per section, e KV. iv irking, 

$A151. 14,. 
33110-311118570115, 1IallorY  7960. air space -M 0.168", fg. Cardwell   NF1-1 Noise Filters. Rated 100A./35 volts DC  

POWER SUPPLY and modulator, 5IP-20. For TA- 12 
transmitter. Dynamotor rated: Input: 28 VDC/14.8A. 

TU -6 Taming Units for BC 375 transmitter. 1$12ra1.151.01 
()titian 540V/4511 MA, New   

RANGE CALIBRATOR. Sickles. Moil Ill, l'or a$r3r9u5- 
New. nouplete with case   

rate cheeking of Sweeps, Markers, and Range )(ropes 

RA-58 Power Supply, Input: 115 VAC, 110 ey. 1 1,1$1a18s5e.. 
((input: 10 KV35 MA. Ideal as 111- Pot Supply .. 985. 

CONVERTER: Navy Type CA.10-:)11444. 1111,11t: 115 
VDC. ()mind 28V 1)1 ./21) A or 12 V DC/411 A. New, 

WIRE: TYPE WD3/TT. Similar to W-130, PXeept$6c7,1- 0 
eomplete with Filter. Starting Box, etc.   

PANORAMIC ADAPTER AN/APA-10. A comrinpede Praene-1 
ton- braid covered. On 1- mile reels   

orainic Adapter and Scope. Has 3 inputs for feeding 
in receiver I, l's of 455KC, 5.211e nr 30 Mc. Designed 
also to be used as regular scope for testing other 
equipment. lias troth vertical and horizontal push-pull 
amplifier inputs. etc. Complete with 21 tubes includ-
ing 3" CR tube and instruction manual. $115e) 
For operation on 115V 400--

TEST OSCILLATOR TS-47/APR, 40-2111104- Mc. Fun-
damental coverage 40-500 Mc in two ranges. Star-
11101lieS Mane 2000 Mc. Provides a calibrated ( dial 
accuracy -t 0.7 per rent) H.E. source for testing re-
ceiving equilinu•nt. Output 311W or more up to 400 
Mr, less on harmonics. C.W.. mod, puise or suis-
ovase output. Operates on 115/2.30 60 Cy. or batteries. 
l'art of AI'lt eounterrneasures equip- $16500 
ment. New   

NAVY ADF Receiver DZ-1, made by RCA. Continuous 
15 to 1750 ke in 6 hands, gear- train timing with ver-
ruler and coarse settee, limad or sliarp Pand-pass. 
Ile 1ICW. All controls on front panel. Ni, hearlaelles 
of mechanical 1>r electrical control interconnolions. 
Beautifully built with 5-gang tuning capaeitor. 
shielded tubes and roils. 8 tubes: 3-61)6, 2---711, 
2-6(26, 1-41. Complete with tube., less $2295 
lower supply   

HydrOphono. MODEL MI-2. A lattice of 3 crystals in a 
disk like structure: 17-37 Kr. High hop  $27.50 

AN/CRW-3A Remote ointrol receiver. for operating tar-
get planes. etc.. New, with soun‘lproof mtg. box. $34.50 

TEL. REPEATER, EE 89, complete with tubes and 

TEL. REPEATER. EE 99, with 12 vile. vibrator $$14,i1F 5e0or 
tech. manual   

supply ( PE 204)   
F.T.&R. 101-A. Two-wire applique, contains equally.-
jog &Oyes, an,1 balancing circiait4. Used for adapt-
ing 2- wire military ',Prints to 4-wiee systems  $47.50 

RADAR TRAINER. Model 15-C. Brand new, complete 
with prilse generator. power supply, main unit. all 

of 455, 5.25. or 30 rae, operates from 11 5V, 400 : 6 "2: 

estiles and instnartion hook   
ID-60/APA-10 PANADAPTER. nui7 be lased with 1E 

$150 
UNDERWATER MICROPHONES. Model JR-Cniisi1,5,0s 

of a moriale of 7 crystals. May be used at 17-37 Kr 

SA4A/APA-1 Motor Driven Coaxial Ant. Switch D$P271)519. 
nrunidireetional. 50 ohm output   

Continuous Operation from 24VDC. Completely $ En-
closed   24.50 

MP- 22 MAST BASE Mobile Antenna Mount   4.59 
SAIA/APN-I Altitude Limit Switch for APN-1 Altim-

eter 7.95 
ALTITUDE INDICATOR for APN - 1   
C-387-D Flnal P r .A. Coil for BC6I0 2-3.5 MC, Va lia2 11.110a 

Link   4.89 
RA-74 Power Supply for Super Pro   69.50 
C48/ARC-5 Control Box for ARCS   4.49 
1-22/ARC-5 Junction Box   3.49 
T-t2.1.ArtniLler type  ryMpelerophone complete with prearnp. tube 
de $24.50  

DYNAMOTORS 
INPUT EILTPUT 

TYPE VOLTS AMPS VOLTS AMPS Price 
35X.059 19 3.8 405 .095 $4.35 
POS X - 15 14 2.8 220 .08 8.95 
DA-7A 28 27 1100 .400 15.00 
DM 33A 28 7 540 .250 3.95 
23350 27 1.75 285 .075 3.95 
B-19 12 9.4 275 . 110 8.95 

500 .050 
DA•3A • 28 10 300 .260 6.95 

150 .010 
14.5 5. 

28 19 1000 .350 17.50 
14 2.8 220 .08 8.95 
18 3.2 450 .06 2.50 
12 2.3 250 .05 6.95 

375 .150 6.95 
• Replacement for PE 94. 

PE 73 CM 
BD 691 
DAG-33A 
DM 25t 
BOAR 93 28 3.25 
t Less Filter. 
t Used, Excellent. 

PE 94-, Brand New 

INVERTERS 

5  95 

800-IB Input 24 vdc. 82 A. Output: 115 V, 800 cy. 7A. 
1 phase. Used. excellent  $18.75 

PE- 218H: Input: 25/28 vdc. 92 amp. Output: 115V 350/ 
500 cy 1500 Volt-ampere. NEW  $32.50 

MAIL ORDERS PROMPTLY FILLED. ALL PRICES F.O.B. NEW YORK CITY. SEND M.O. OR CHECK. ONLY SHIPPING SENT C.O.D. RATED 

CONCERNS SEND P.O. PARCELS IN EXCESS OF 20 POUNDS WILL BE SHIPPED VIA CHEAPEST TRUCK OR RAILEX. 

131 Liberty St., New York 7, N. Y. Dept I-7 Chas. Rosen Phone: Rigby 9-4124 
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-----

10 MV 
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inch 

PRECISION 
PRESENTS 
THE NEW MODEL ES-550 

High Sensitivity, Wide Band 

5" OSCILLOSCOPE 

Far aborator:,, industrial and technician. A rug-
ged, dependable instrument for broad coverage 
of modern electronic oscillograph applications, 
INCLUDING COLOR TV. High sensitivity PLUS 
single, overa I wide-band frequency response, 
and many other special performance features — 
at most sensible price. 

* Pose-Pull, Wide-Band Vertical Amplifier: 
10 MV,, inch sensitivity. 2 Megohms, 22 mmfd. 
Ore DB from 10 cps. to 3.5 MC-3 DB at 5 MC. 

*Direct Reading, Peak to Peak Voltage Calibrator 

* Vertical Pattern Reversal Switzhing Facility 

* Push- Pull, Wide-Range Horizontal Amplifier: 
100 MV/inch sensitivity. 2 Megohms, 25 mmfd. 
One DB from 10 cps. tc 1.0 MC-3DB at 2 MC. 

* Lilear, Multi-vibrator Sweep Circuit: 
10 voles to 100 KC. 
Amplified snoop retrace blanking. 

* Amp'ified Auto-Sync Circuit 

-14 Foar Way Sync. Selector Switch provides for 
internal Negative, Internal Positive, External 
and Line Synchronization. 

* "Z" Axis Input for blanking, timing, marking. 

* Built-in 60 cps Phasing and ranking Controls. 

* All 4 Deflection Plates AvailaVe directly 
(at rear), with full beam ceitering facilities. 

*Tube Complement: 12AV7 " V" Cathode 
Fo.lower-Ampl. 6U8 "V" Ampl.-Phase Splitter, 
Two 6CL6 Push-Pull "V" Dr vers. 6U8 " H" Cath-
ode Follower•Ampl. 604 " H" Phase Splitter. Two 
1231,7 Push-Pull "H" Drivers. 12AV7 Linear-
Sweep. 6BH6 Auto-Sync. Ampl, 12AU7 Sweep 
Retrace Blanking Ampl. 0.A2 Voltage Regula-
tor, 5V4 Low Voltage Rect. Two 1V2 High Volt-
age Rect, 5CP1/A CR Tube. 

* High Contrast, Filter Type, Calibrating Screen 

* Fully Licensed under AT&T and RCA patents. 

Model ES-550 Deluxe: ( Illustrated) In custom-
styled, blue-grey ripple finished steel cabinet; 
2 color satin-brushed aluminum panel and con-
trast.ng dark blue control Knobs. Case Dimen-
sicms 81/4 x 14 1/2  x 18 1/2  inches. Complete with 
all tt.bes, including 5CP1/A CR tube. Compre-
hensive Instruction Manual. 

Net Price ;215.00 

Model ES-550 Standard: Electrically identical to 
above but in standard black cabinet with black 
anodized aLuminum panel. Case Dimensions 

x 141/2 n 181/2 inches. Complete as above. 

Net Price: ;210.00 

PRECISION Test Equipment is avail-
able and on display at leading elec. 
Ironic parts distributors. IT  directly 
to factory for netc 1955 catalog. 

PM:Irjr,A70.1 Apparatus Company, Inc. 

TO- 31 114th Street, Glendale 27, L. I., N. Y. 
',port: 450 Broadway, New Tork 13, LI. S. A. 

Canada: Lila, Rod. Corp., Ltd., SO Ktnciold Aye.. Toronto in 
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PRECISION 

PHASE 
MEASURING 

INSTRUMENTS 
.0001 CPS to 500 MC 

ACCURACY 0.1 DEGREE 

PRECISION 
PHASE METER 

TYPE 405 

le 0.3 VOLT SENSITIVITY 
• NO AMBIGUITY AT ZERO DEGREE 

• 0.25° RELATIVE ACCURACY 

• PHASE READING INDEPENDENT OF 

SIGNAL AMPLITUDES PRICE: $485 

NEW  PRECISION 
PHASE DETECTOR 

1 YPE 

205 

• MEASURES TIME DELAY WITH 1% 

ACCURACY 

• MEASURES PHASE DELAY WITH 0.1° 

ACCURACY 

• 10 KC TO 15 MEGACYCLES. 0.01 

VOLT SENSI'IVITY  
   PRICE: $445 

  H-F PHASE end VECTOR 
VOLTAGE METER—TYPE 213 

lii kr• to 7.00 tae. ' 5'; accuracy. PRICE: $228 

  VECTORLYZER, TYPE 202 
Vt-lor gliftertoo, of two toll age,. Plia, 

homi.t.11 PRICE: $4-15 

  PHASE ANGLE COUNTER 
1C) 11/11 2 6 to 
1 lam CPS, Arco, aeY ' I 

100.0111.. 

PRICE: $918 

WRITE FOR DATA! 

451 HIGHLAND AVE. • PASSA1C,N.J. 
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Electronic Engineering Co. of Calif. ( Empl.) I49A 
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VEHICULAR COMMUNICATIONS 

Detroit Chapter—April 20 

"The Design of Receivers for Split 
Channel Operation" by R. L. Casselberry, 
General Electric Company. 

Houston Chapter—April 26 

"Progress in Mobile Communications 
Equipment Design" by J. A. McCormick, 
Mobile Communications Equipment, Gen-
eral Electric Company, Syracuse. 

There is a 

KAHLE 
MACHINE 
to speed every 

operation in the 

manufacture of 

• DIODES 
• TRANSISTORS 
• RADIO TUBES 
• TRANSMITTING TUBES 
• CATHODE RAY TUBES 

• X-RAY TUBES 

• MERCURY SWITCHES 
• RELATED DEVICES 

SUB- MINIATURE TUBES 

Wire or write — sending details of 
your requirements or problems. 

he akreENGINEERING COMPANY 
1312 Seventh St., 

North Bergen, N.J. 

SAVE 
MONEY   

RADIO RECEIVING 

24 HEAD TUBES 

CATHODE RAY 

TUBES 

GRID WINDER 

Designers and builders of 

special automatic and semi-

automatic equipment for all 

industrial operations. 

have your electronics eng 
problems solved abro , 

Only New London offers 
th s unusual (and economical) service: 
electronics research and development per-

formed by engineers in Israel. 
This exceptional facility, located near 

Tel Aviv, enables you to employ leading 
specialists in solving your audio, VHF and 

neering 
d! 

pleted in minimum time, with utmost effi-
ciency, and at no sacrifice o' quality. 

The engineers employed by the American 

Eastern Electronics Div:5'0n are top special-
ists in circuitry. Many ore U.S.•traineci, with 
considerable experience in U.S. industries. 

They have at their disaosal all the advan-
tages of extensive, modern laboratories, 

UHF problems. And doing so actually costs and can supply you with complete plans 
mwch less. Furthermore, projects are corn- and prototypes to your specifications. 

Look into this new service today—proposals on request 

NEW LONDON INSTRUMENT COMPANY, INC. 

AMERICAN EASTERN ELECTRONICS DIVISON 
82 Union Street New London I, Conn. 

Te /on: 
•Trademark loi DuPoNT 
tetralluoroethylene resin. 

• • 
INQUIRIES !INVITED ON 

TAPE • SHEET • ROD • TUBES 

Molded and Machined Parts 

O. J. Maigne Co. 
321 PEARL STREET • NEW YORK 38, N. Y. • WORTH 2-1165 
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1000 to 2500 Volts 
D.C. at 5 Milliamperes 
Maximum 

This electronically regulated power supply is designed to serve as a d.c, power source at high voltage 
and low current. An ideal unit for applications requiring greater thou usual stability and accurate 
voltage adjustments. 
Especially useful for the operations of photo- multiplier tubes, cathode ray tubes, traveling wave tubes. 
Geiger- Mueller counters, and similar applications, particularly when more than one of these devices 
is operated at exactly the same voltage. 
No meter is required. Accurate voltage readings are made directly trans a 15 turn vernier dial which 
is calibrated to read 1 volt per scale division. 

Write for Literature on Other 

High Voltage Regurnted Power 

Supplies. 

MODEL 810-5 SPECIFICATIONS 

• REGULATION: Output voltage varies less than 
.01% per volt change of line voltage and less than 
.1 volt with variation of output current from 0 to 5 
Milliamperes. 

• RIPPLE: Less than 5 Millivolts r.m.s. 
• STABILITY AND DRIFT: Output varies less than 
0.1% for any setting of the output dial over a 
period of 72 hours and less than 0.03% per hour. 

Either positive or negative terminal may be grounded by a front 
panel switch. 

FUR.ST 

ELECTRONICS, INC. 
3326 W. Lawrence Ave., Chicago 25, Illinois 

TRAVELING-WAVE TUBES 

A backward-wave oscillator for X-Band 

application, the Huggins Type HO-2B 
is voltage tuned front 7 to 14 kmc. 
requiring no mechanical adjustment. 
Producing medium power, it is readily 
adaptable to microwave frequency 
sweepers in automatic testing, and 
wideband receiving-transmitting uses. 

X- Band (8.2 to 12.4 kmc) 

Power 15 mw (mum() 

Voltage 500 to 2000 
(approx) 

GENERAL CHARACTERISTICS 

frequency range 7 to 14 kmc 

power output 10 dbm min ( 7.6-13.7 kmc) 

4 dbm min ( 7.0-14.0 kmc) 

helix voltage 300 to 3400 volts d-c 

cathode current 12 ma 

capsule length 10% in. 

Capsule diameter 1 in. 

net weight 1 lb 

HUGGINS LABORATORIES 
MENLO PARK 2 CALIFORNIA 

DISPLAY ADVERTISERS 
Hill Electronic Eng. & Mfg. Co.   
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Microdot Div., Felts Corp.   

Microwave Consultants   
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North Electric Mfg. Co.   119A 
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NEW 
CHEMELEC CONNECTORS 

Aluminum Base Type CNA 

Compression Mounted, 
TEFLON- Insulated Terminals 

2 to 34 Pins 

Lower Cost . . . High Performance 

These Chemelec Connectors are designed for low loss, high 
frequency service in interconnection of radio, radar and 
other electronic equipment—where connectors must be 
unaffected by a wide range in ambient temperatures, pres-
sure altitudes, humidity and mechanical shock and vibration. 

Current rating is 3 amp. for .040 pins and 5 amp. for .063 
pins. Voltage rating is 3,300 V. RMS (short time test at 
sea level). 
The TEFLON insulation is serviceable at temperatures 

from minus 110°F to plus 500°F, for operation in pressure 
altitudes from 0 ft. to 60,000 ft. Water absorption is zero by 
ASTM Test. 
TEFLON will not carbonize under arcing, and will not 

support combustion. Its dielectric strength is greater than 
500 Volts/Mil. 
Lower prices are accomplished by individual compression-

mounted, TEFLON-Insulated Terminals in low-cost alumi-
num bases. 

These same terminals are also available for compression-
mounting, directly into drilled or punched holes in the chassis 
itself, without need of additional hardware. (see below). 

Write for 
Catalog EC-455. 

Fluorocarbon Products, Inc. Division of 

UNITED STATES GASKET CO., CAMDEN 1, NEW JERSEY 
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IlL9111 
FABRICATORS OF FLUOROCARBONS 

AND OTHER PLASTICS 

Represen:atives in principal cities It roughout the world 
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FIRST— 
In harness racing as in capacitors you pick the leader by 

looking at the record. That's why at Cornell-Dubilier, we're 

mighty proud of our record of new capacitor designs, 

consistent dependability and outstanding field performance 

—a record no other company can even come close to 

approaching. That's the record of 
,e-pm-powor tank 

crcuit alma capacitors. 

C-D...45 YEARS OF FAMOUS FIRSTS 
Typical of these " Famous Firsts" ars the cxatnples shown here 
just three of the hundreds of money-saving answers in 
capacitors a C-D engineer can show you. Write to 
Cornell-Dubil:er Electric Corp., Dept. M7S, South Plainfield, N. J. 

ONSISTENTLY EPENDABLE 

D. oRNELL. imiLIER CAPACITORS 
•LANTS IN 50. 1,50•11 PLC, N. .1. H•PW ElEOPORD. rEORCE51,0 PHD CP,101,51C. 10555.. PrIOVIDINCE AND HOPE vAELIV. •. I ; 

11101.51.10,01.15, 1.0.; SANFORD AND rut.. SPRINGS. M. C., 10.1•SIDIAAV. NAOIANT CORP., CLEVELAND, OHIO. 

THERE ARE MORE C- D CAPACITORS IN USE TODAY THAN ANY OTHER MAKE 



R-F Bridge 
400 Kc to 60 Mc 

The Type 1606-A Radio-Fre-

quency Bridge is a new, improved 
model of the popular Type 916-A 
R-F Bridge which has served the 
communications field for well over 
a decade. 

This G-R instrument reads both 
resistive and reactive components 
of impedance directly on separate 
dials. All variable elements are pre-
cision capacitors making possible 

highest accuracies in measurements, 
particularly at the upper radio fre-

quencies. For direct impedance 
measurements of antennas, trans-
mission lines, circuit elements and 
other low impedances, this versa-
tile r-f tool is invaluable. With an 

external parallel capacitor, tuned 
circuits and other high impedances 
also can be measured. 

The new General Radio R-F 
Bridge has greater sensitivity, uses 
new variable capacitors whose ro-
tors and stators are milled from 
solid blocks of aluminum for mini-
mum loss, is less than one-half the 
volume of its predecessor and con-
tains only one bridge transformer 
for coverage of the whole frequency 
range. Dial locks are provided to 
prevent accidental movement of the 
initial balance control, and a sim-
plified system of connection to the 
unknown is made available. 

Those who have worked with the 
first G-R Radio-Frequency Bridge 
will find te new model an even 
more convenient and useful instru-
ment. New materials, techniques 
and operating improvements, 
many suggested by customers, 
make this the finest R-F Imped-
ance Bridge yet made available. 
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INPUT RESISTANCE 

OR REACTANCE ( Z‘) OHMS 

Transmission Line 

Measurements 
The Generai Rad:o R-F Bridge is an 
invaluable commLnications-engineer-
ing tool. Indicated at right are input 
resistance and reactance of a trans-
mission line w,th characteristics and 
termination indicated. Solid lines are 
obtained from detailed computations; 
circles from measurements with the 
new Type 1606-A R-F Bridge. 

&. 

Type 1606-A Radio-Frequency Bridge ;535 

Type 1606-P1 Luggage-type Carrying Case ... facilitates 
transportation and insures safe storage ;15 

Frequency Range: 400 kc to 60 Mc 
Resistance Range: 0 to 1000 ohms 

Reactance Range: + 5000 ohms direct reading at 1 Mc— range varies inversely 
as frequency 

Basic Accuracy: -r (1% ± 0.1 ohm) for Resistance and + (2% + 1 ohm) for 
Reactance; slightly less accurate at higher frequencies — high-
frequency corrections provided 

Accessories Supplied: Coaxial cables for connecting generator and detector, 
two leads of different lengths for connecting unknown impedance 
to bridge, Type 874-11358 Panel Connector 

Dimensions: 121/2 x 91/2 x 131/4 inches Net Weight: 23 lbs (29 lbs with 
carrying case) 

GENERAL RADIO Company 
11=1:112===1/11 

90 We& Sir,' 9.w roho • 
1055 130t Sdorr Spring. Md. WASHeGYON. . C 

York Road & Guernary Arrnur. Abington. Po 1h0LkOtlreOk 

920 S. Michigan Acc CHICAGO 
WOO N. Seward St. LOS •Homs IS 




