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FOR TOP RELIABILITY 
MILITARY AND INDUSTRIAL 

HERMETIC AUDIO AND POWER COMPONENTS... FROM STOCK 

UTC stock hermetic units have been fully proved to MIL-
T-27A, eliminating the costs and delays normally related 
to initial MILT-27A tests. These rugged, drawn case, units 
have safety factors far above MIL requirements, and are 

ideal for high reliability industrial applications. Listed 
below are a few of the hundred stock types available for 
every application. Industrial ratings in bold. 

Typical 

Miniature Audios 

RC-25 Case 

61/64 x 1-13/32 x 1-9/16 
1.5 oz. 

Type 
No 

H-1 
H-2 
H-5 
H-6 

Application 

Mike, pickup. line to grid 
Mike to grid 
Single plate to P.P. grids 

Single plate to P.P. grids, 
DC in Pri. 
Single or P.P. plates to line 
Mixing and matching 

Transistor lnterstage 

Transistor to line 

MIL PrL Imp. 
TYPO Ohms 

TF4RX10YY 50, 200CT, 500CT 
TF4RX11YY 82 
TF4RX15YY 15,000 
TF4RX15YY 15,000 

H-7 
H-8 

H-14 

H-15 

Unbal. 
Sec. Imp. OC in Response Max. level 
Ohms Pm MA 2 db (Cyc.) dbm  

50,000 0 50-10,000 + 5  

135,000 50 250-8,000 +18 
95,000 CT 0 50-10,000 + 5 
95,000 split 4 200-10,000 +11 

TF4RX13YY 20,000 CT 

TF4RX16YY 150/600 

TF4RX13YY 10K/2.5K, Split 

TF4RX13YY 1,500 CT 

150/600 4 
600 CT 0 

4K/1K split 4 

500/125 split 8 

200-10,000 +21 

50-10,000 + 

100-10,000 +20 

100-10,000 +20 

TYPI1 
No. Application 

H-20 Single plate to 2 grids, can 
also be used for P.P. plates 

H-21 Single plate to P.P. grids, TF4RX15YY 15,000 
DC in Pm  

H-22 Single plate to multiple line TF4RX13YY 15,000 

MIL Prl. Imp. 
TYPIJ Ohms 

TF4RX15YY 15,000 split 

Unbal. 
Sec. Imp. DC in Response Max. level 
Ohms Pri. MA -i- 2 db (Cvc.) dbm 

80,000 split 0 30-20,000 +12 

80,000 split 8 100-20,000 

50/200, 
125/500 
50/200, 8 30-20,000 +19 

125/500 BAL.  
H-23 P.P. plates to multiple line 

H-24 Reactor 

H-25 Mixing or transistors to line 

1F4RX13YY 30,000 split 

TF4RX2OTY 

TF4RX17YY 

+23 

8 50-20,000 +23 

450 Hys.-0 DC, 250 Hys.-5 Ma. DC, 6000 ohms 
65 Hys.-10 Ma. DC, 1500 Ohms  

500 CT 500/125 Split 20 40-10,000 +30 

Typical 
Compact Audios 

RC-50 Case 
1-5/8 x 1-5/8 x 2-5/16 

8 oz. 

Typical 

Subminiature Audios 

SM Case 
1/2 x 11/16 x 29/32 

.8 oz. 

Type 
No Application 

H-31 Single plate to 1 grld, 3:1 
H-32 Single plate to line 

H-33 Single plate to low Imp. 

H-35 Reactor 
H-36 Transistor lnterstage 

H-39 Transistor lnterstage 
H-40A Transistor output 

=Jai. 
MIL Pri. Imp. Sec. Imp. OC in Response Max. level 
TYIR/ Ohms Ohms Pri. MA -,- 2 db (Cyc.) dbm  

TF4RX15YY 10,000 90,000 0 300-10,000 +13 
TF4RX13YY 10,000 200 3 300-10,000 +13 
TF4RX13YY 30,000 50 1 300-10,000 +15 

TF4RX20YY 100 Henries-0 DC, 50 Henries-1 Ma. DC, 4,400 ohms. 

TF4RX15YY  25,000 (DCR800) 1,000 (DCR110) .5 300-10,000 +10 

TF4RX13YY 10,000 CT (DCR600) 2,000 CT 2 300-10,000 +15 
TF4RX17TY 500 CT (DCR26) 600 CT 10 300-10,000 +15 

Type 10/ Sec. 
No. CT DC MA* 
H-80 450 120 
H-81 500 /550 65/55 
H-82 540/600 110/65 
H-84 700/750 170/110 
H-89 850/1050 320/280 

TYP0 Sec. 
No. Volts Amps. 
H-121 2.5 10(12) 
H-122 2.5 20(26) 

10(12) 
.6(.75) 

Test 
Volts 
10 KV 
10 KV 

Military Rating 
Fil. Secs. 

6.3V,2A 
6.3V,3A-5V,2A 
6.3V,4A.-5V,2A. 
6.3V,5A.-6.3V,1A.,5V-3A. 
6.3V,8A.-6.3V,4A.,5V-6A. 

Case 
113 
KB 

DC MA* 

130 
75/65 

180/100 
210/150 
400/320 

Type 
No. 
H-131 
H-132 

Industrial Rating 
Fil. Secs, 

6.3V,2.5A. 
6.3V,3A.-5V,2A. 
6.3V,4A.-5V,2A. 
6.3V,6A.-6.3V,1.5A.-5V,4A. 
6.3V,8A.-6.3V,4A.-3V,6A. 

Sec, 
Volts 
6.3 CT 
6.3 CT 
6.3 CT 
6.3 CT 7(8) 

6.3 CT 10(12) 

Amps. 
2(2.5) 

6(7) 
6(7) 

Test 
Volts 
2500 
2500 

Case  
FA 
HA 
JR 
KA 
OA 

Case 
FB 
JA 

HB 
HA 

\. 

cs,cei• 
Z9-e£6' 
Wee, 

Typical 
Power 

Transformers 

Pri: 115V 50/60 Cyc. 
•Choke/Cond. Inp. 

Typical 
Filament 

Transformers 
Pri: 105/115/210/220V 
except H-130 (115) and 

H-131 (115/220) 50/60 Cyc. 

t. 

Typical 

Filter 

Reactors 

TYPil MIL Ind. @ MA Ind. @ MA Ind. @ MA Ind. @ MA Res. Max. DCV Test V. 

Mo. Type Hys. DC Hys. DC 

H-71 TF1RX04FB 20 40 18.5 50 15.5 60 10 70 

H-73 TF1RX04F113 11 100 9.5 125 7.5 150 5.5 175 150 700 

N-75 TF1RX04K8 11 200 10 230 8.5 250 6.5 300 90 700 2500 KB 

H-77 TF1RX04MB 10 300 9 350 8 390 6.5 435 60 2000 5500 MB 

H-79 TF1RX04YY 7 800 6.5 900 6 1000 5.5 1250 20 3000 9000 7x7x8 

Hys. DC Hys. DC Ohms Ch. Input RMS Case 

350 500 2500 FB 

2500 HB 

And Special Units to 
I UNITED TRANSFORMER CORPORATION 

150 VarIck Street, New York 13, N. Y. 

Your Specifications PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF. 
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Is your problem 

Quality 
Maintenande 

Reliability 
of electronic equipment 

Here is your solution! 

100% testing 
—systems, circuits, 

and components_ 

by Automation 

specializes in assuring the reliability of electronic and electrical 
equipment, whether components or complete systems. Automatic testing, 
for factory or for ground support, can accurately and completely diagnose 
electronic systems. Existing and incipient faults are found in far less time 
than by other quality control or maintenance methods. 90% cost reduc-
tions can be expected! Benefit from our extensive experience in adapting 
automatic methods to test problems, either with equipment designed to 
your requirements or with our standard equipments. 

Tape-Programmed Circuit Tester 

Tests electronic and electrical circuits and 

systems according to values punched in tope. 
Model 180 

Automatic Circuit Tester 

Voltages, impedances, resistances, etc. of 

complex circuits and equipment ore checked 

on a go/no-go basis. Model 100 

Automatic Circuit Tester 
Designed especially for rack-mounted test 

installations, this is anotheF in the series of 

CTI Supertesters shown above. Model 104 

Missile Test Console 

Continuously monitors circuits of main mis-

sile wiring harness undergoing 15-minute 

vibration test. Custom mode 

Component Tester 

Insertion of a punched card instantly pro-

grams test series and test limits for any one 

of the seven basic electronic components. 
Model 176 

Missile Check Out 

Performs final electrical test on missile guid-

ance head. Custom made 

Cable Tester 

Simultaneously measures continuity, leakage, 

and d-c hi-pot on complex cable harnesses. 
The latest state of the art in cable testing. 

Model 165 

Missile Hi-Pot Test Station 
Hi-pots main forward and oft missile wiring 

harnesses. Custom made 

Tape Reader 
For programming automatic equipment, this 

reader provides 80 bits of information at each 

advance of the punched tope. Model 171 

Tape Punch and Tape Duplicator 

Facilitates tope programming, and, used with 

above reader, reproduces and speeds editing 

of topes. Models 173 and 174 

CALIFORNIA TECHNICAL INDUSTRIES 
DIVISION OF TEXTRON I NC. 

BELMONT 6, CALIFORNIA 

Foremost in Automatic Testing 

Ell 
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Good anywhere in 

This system adds greatly to your credit when applied 
to the development of communications, telemetering, 
control and other devices. Under terms of membership, 
a wide range of toroids, filters and related networks are 
available. These include a complete line of inductors, 
low pass, high pass and band pass filters employing the 
new micro-miniature /11/CRO/D coils so valuable in 
transistorized circuitry. TypefrIL2 and MICRO/DS 
are micro-miniature counterparts of the popular Burnell 
types TCL and TCH low pass and high pass filters. The 
band pass filter results when cascading a TCL with a 
TCH filter, 

2 kcs to 4.9 kcs — 11/al x 1½ x 
5 kcs and up — x 6 x 

Weight of all IMLP and N1HP Microicls—approx. .3 ozs. each 

Send now for your free membership card in the Space 
Shrinkers Club. And if you don't already have our 

Sizes 0042 and { 400 cps to 1.9 kcs— 'Ht: x 1".!¡.; x 1/2 
filLefil/CRO/DS 

teeeteede, gna 
PIONEERS IN mcromomaturuation OF 
TOROIDS, FILTERS AND RELATED NETWORKS 

or out of this world 

Catalogue #104 describing Burnell's full line of toroids, 
filters, and related networks, please ask for it. 

o 

10 

z 20 

o 

30 

Le 40 

50 

3 
FREQUENCY 

.625F fc IbF 3 5 10 

...MI LOW PASS FILTER 

; 
 „R_Q2Q_Q   
- TYPE .M.LE AAH_P   

Me HIGH PASS FILTER— 

Note: First informal meeting of Club members will be 
held in Burnell Booths 2909-2910 during the IRE Show, 
New York Coliseum, March 21-24. See you there. 

EASTERN DIVISION 
DEPT. E-30 

10 PELHAm PARKWAY 
PELHAm, N. Y. 
PELHAM 8.5000 

TELETYPE PELHAM 3633 

PACIFIC DIVISION 
DEPT. E-30 
720 MISSION ST. 
SOUTH PASADENA, CAL. 

MURRAY 2-2841 
TELETYPE, PASACAL 7578 
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SHOPTALK . . . editorial 

ELECTRONICS AND PSYCHOLOGY. If anyone had asked us, a 
year or so ago, with which sciences electronics was likely to have 
direct interplay, we'd probably not have named psychology among 
the first two dozen. But there's really no holding this technology— 
ultimately, it gets into everyone's backyard. 
There is an article in this issue (p 45) which discusses the intri-

guing possibility that negative or positive ions in the air may affect 
the health and wellbeing of the breather. Since we wake up some 
mornings with inexplicable headaches, stuffed respiratory tract, or 
general malaise, we're intuitively inclined to accept some of the 
research findings mentioned in the story. We're also intrigued by 

some of the ramifications. 
Some storekeepers think that ionizers in an air-conditioning system 

may hold down shoplifting and pilferage. If positively ionized air 
truly contributes to mental aberration we can extend the possible 
applications of ionizers far beyond the department store. How about 
schools and research labs, to encourage clear thinking and produc-

tivity? And in the halls of Congress, and the United Nations? 

Coming In Our March 4 Issue . . 

SOLID-STATE PROGRESS. Some of the most exciting developments 
in our industry are taking place in the application of solid-state 
physics to electronic components, devices and circuits. Nowhere 
was the great interest in solid-state technology more in evidence 
than at the recent International Solid-State Circuits Conference in 
Philadelphia. Some 3,000 engineers attended daytime and evening 
sessions devoted to device applications and circuits. So great was 
the turnout for the first day's papers, particularly those on the 
tunnel diode, that the sessions had to be repeated. 
To bring you highlights of this important conference, Associate 

Editor Perugini and Assistant Editor Lindgren teamed up to cover 
sessions, interview prominent visitors and probe into the possible 
future significance of reported developments. As a result, next 
week's conference roundup adds up to a red-hot progress report on 
solid-state circuits. You'll read about new circuit applications for 
tunnel diodes, the latest trends in microelectronics, results of recent 
investigations into the properties of thin magnetic films, and the 
latest information about storage techniques. 
Some of the interesting developments reported in next week's 

article include a shift register using only tunnel diodes and passive 
elements, an evaporated-film cryotron shift register, an experimental 
solid-state neuron circuit and a semiconductor diode that might be 

used as an inductance. 

PHASEMETER. Measuring phase in the uhf region has generally 
been laborious and less accurate than required for some electronic 
applications, such as phased antenna arrays. 

In our next issue, R. T. Stevens of Electronics Systems, Inc., in 
Boston, Mass., describes a new phasemeter that operates in the band 
from 100 to 520 mc and measures the phase between two signals 
to within 0.2 degree for c-w and to within 0.5 degree for pulsed r-f. 
If the i-f is changed, the same method can be used down to 20 me 
and, with suitable preamplifying equipment, operation up to X band 

is possible. 
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• 
• secure seal. 
• 

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

MOST RELIABLE "WRAP-AND-ENDFILL" FILM 
CAPACITORS-

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

TYPE 158P 

YELLOW--

JACKET® 

CAPACITORS 
for military 

and industrial 

electronics 

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

For complete engineering data on Military-Grade Yellow-Jacket Film 
Capacitors (Type 158P) write for Engineering Bulletin 2301. 
Data on Sprague's Commercial and Entertainment Grade Yellow. 
Jacket Capacitors (Types 148P and 149P) is given in Bulletin 
2063A. Both bulletins are available from Technical Literature 
Section, Sprague Electric Company, 35 Marshall Street, North 
Adams, Massachusetts. 

SPRAGUE COMPONENTS: 

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

HIGH TEMPERATURE MAGNET WIRE • CERAMIC-BASE PRINTED NETWORKS • PACKAGED COMPONENT ASSEMBLIES 
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Are you 

working with 

Switching 
Circuits? 

"Old timer" or "new hand" at designing transistorized switching-circuits, you'll find 
useful information in this 24-page Sylvania booklet now available at no charge! 

"Sylvania Medium and High Speed Switching Transistors" contains practical data that 

will help you select the best transistor-type for a specific application. Typical switching 
circuits, with parts values, are included. Absolute maximum ratings and electrical 
characteristics under minimum, typical and maximum conditions are tabulated for 

many of the SYLVANIA NPN and PNP SWITCHING TRANSISTORS frequently 
specified for electronic computers. Given, too, are mechanical specifications for the 
TO-5 case in which they are supplied. Briefly described are the extraordinary 
SYLVANIA quality-controls and production-techniques that assure reliable perform-
ance of Sylvania Switching Transistors under severe environmental conditions. 

Send for your copy today. Specify the "Sylvania Switching Transistor Booklet." Write: 
SYLVANIA SEMICONDUCTOR DIVISION, Dept. 223-B, WOBURN, MASS. 

SYLVANIA 

Subseary of GENERAL TELEPHONE g ELECTRON/CS rze) 
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AlSiMag ceramics actual size 

Weatute, 
ee(ooftietitu ite et% 

celcoses 

sAlSiMag pioneered the custom manufacture 
of ceramics for modules and for micromodules 
and has long been known for its leadership in 
precision ceramics in small sizes and thin cross 
sections. Long experience has helped produce 
miniature and sub-miniature ceramics to toler-
ances generally associated with fine metal work. 

Uniformity of material and dimension is neces-
sary to reach goals of micro-miniaturization. 

AlSiMag ceramics are playing their part in in-

I  

Mechanical and Electrical Properties of 
AlSiMag Alumina Ceramics 393, 548, 614 

PROPERTY 

Water Absorption 

Specific Gravity 

Density 

Softening Temperature 

Safe Temperature at 
Continuous Heat 

Hardness 

Thermal Expansion 
Linear Coefficient 

Tensile Strength 

Compressive Strength 

Flexural Strength 

Resistance to Impact 
2" rod) 

Thermal Conductivity 
(Approximate Values) 

Dielectric Strength 
(step 60 cycles) 
Test discs 14" thick 

Volume 

Resistivity 
at Various 
Temperatures 

Te Value 

25°C. 
100°C. 
300 °C. 
500 °C. 
700 °C. 

900 °C. 

60 Cycles 
Dielectric 1 MC. 
Constant 100 MC. 

10.000 MC 

60 Cycles 
Power 1 MC. 
Factor 100 MC. 

10,000 MC. 

60 Cycles 
Loss J I MC. 
Factor 100 MC. 

10,000 MC. 

ALSIMAG 393 ALSIMAG 548 ALSIMAG 614 

12 to 18 
Highly Porous 

24 

.087 

1 800 
3 272 

1 400 
2 552 

6 0 tr 10 " 
72 ii 10 

30 000 

10 000 

3.0 

.004 

50 

>to" 

s.o.to" 
1.0.10 10 
7.5 x 

3.6 x 10° 

5 6 x 1e 

835 
1 535 

5.5 

5.3 

.0005 

.0005 

.003 

.003 

14 to 17 
Highly Porous 

24 

087 • 

2 050 
3 722 

1 600 
2, 912 

69 o 10 " 
82 x 10 " 

10 500 

8 000 

3.0 

.004 

50 

>10" 

 >10"  

 >to"  
1.0 x 10" 

2.7 x 10" 

8.0x 1e 

1 000 
1 832 

5.5 

0005 

.003 

0 00 
Impervious 

37 

0.135 

1 650 
3 002 

1 550 
2 822 

9 

6.5 x 10 
7 9 x to " 

25 000 

400 000 

60 000 

70 

.045 

230 

>to" 
2.0 x 10" 
1.1 X 10' 

7,3x10' 

 3.5 o 10" 

6.8 x 1e 

840 
1 544 

9.3 

9.1 

.0003 

0014 

.0028 

.013 

These are the most frequently used AlSiMag 

ceramic compositions for small or thin designs. 

Other AlSiMag formulations are available to 

meet highly specialized requirements. For ad-

vice on such requirements give operating details. 

creasing reliability of these components and in greatly reducing 
sizes of sub-miniature electronic components. 

Even the close tolerances required in vacuum tube insulators and 
spacers are maintained in these AlSiMag microminiature ceramics 
without grinding. Tubes with walls as thin as .010" and flat 
shapes as thin as .005" are produced regularly. 

These precision ceramics are widely used as electron tube com-
ponents . . . supports, spacers, envelopes, windows . . .and as 
micromodule wafers, transistor bases, relay components, etc. 

See Booth No. 4502 at I.R.E. March 21-24. 

e 
• 

, 

A Subsidiary of 
Minnesota Mining and 

Manufacturing Company 

ere, AMERICAN LAVA 
K o CORPORATION 

( CHATTANOOGA 5. TENN. 

581H YEAR OF CERAMIC LEADERSHIP 

For service, contact American Lava representatives in Offices of Minnesota Mining & Manufacturing Co. in these cities (see your local 
telephone directory): Boston: Newton Center, Mass. • Chicago: Bedford Park, Ill. • Cleveland, O. • Dallas, Texas • Los Angeles, Cal. 
New York: Ridgefield, N. J. • Philadelphia, Pa. • St. Louis, Mo • St. Paul, Minn. • So. San Francisco, Cal • Seattle, Wash. 

All other export: Minnesota Mining & Manufacturing Co., International Division, 99 Park Ave., New York, N. Y. 



Get several instruments in one! These 

ïe, 650A-FLAT WITHIN 1 DB, 10 CPS TO 10 MC! 
Many Uses Testing TV amplifiers or wide-band systems, 
measuring filter transmission characteristics and tuned cir-
cuit response, determining receiver alignment, making tele-
phone carrier and bridge measurements. 

Special Advantages No zero set, extremely wide frequency 
range, no adjustments during operation, output voltage at-
tenuator, self-contained VTVM, 2% to 3% stability, simplest 
operation. 

— - 

Frequency Range: 

Stability: 

Output: 

Voltage Range: 

Frequency Response: 

Distortion: 

Frequency Range: 

Frequency Stability: 

Output Waveforms: 

Output Voltage 

4j«r, 650A TEST OSCILLATOR 

Specifications 

10 cps to 10 MC, 6 bands 

2% to 100 KC, -± 3% above 

15 mw or 3 v into 600 ohms; 
6 v open circuit 

0.00003 to 3 y 

Flat within 1 db full range 

Less than 1% to 100 KC, less 
than 2% to 1 MC, 5% at 10 MC 

Output Monitor: VTVM monitors attenuator 
input in y or db 

Output Attenuator: 50 db attenuation in 10 db steps; 
output variable continuously 
from + 12 to — 50 dbm 

Hum: Less than 0.5% full scale 

Price: $490.00 (cabinet) $475.00 (rack mount) 

202A-DOWN TO 0.008 CPS; TRANSIENT-FREE! 

Internal Impedance: 

Sinewave Distortion: 

Ll06 

bab 

0.008 to 1,200 cps, 5 bands 

1%, including warm-up 

Sine, square, triangular 

30 y peak-to-peak across 4,000 
ohms, all waveforms 

Approx. 40 ohms full range 

Less than 1% except 2% on 
X 100 range 

Many Uses Electrical simulation of mechanical phenomena, 
vibration studies, servo research and testing, medical research, 
geophysical problems, subsonic and audio testing. 

Special Advantages No transients, continuously variable 
0.008 to 1,200 cps, electronically synthesized sine, square or 
triangular waves, 1% stability, 0.2 db response, less than 1% 
distortion on all but x 100 range. 

.É13, 202A LOW FREQUENCY FUNCTION GENERATOR 

Specifications 
Output System: Floating; either side may be 

grounded 

Frequency Response; Constant within 0.2 db 

Hum: Less than 0.05% of max. output 

Sync Pulse: 10 v peak neg., less than 5 ,isec 
duration 

Price: $525.00 (cabinet) $510.00 (rack mount) 
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fill so many different needs! 

205AG-SIX INSTRUMENTS IN ONE-20 CPS TO 20 KC! 

Frequency Range: 

Frequency Stability: 

Output: 

Frequency Response: 

Output Impedances: 

Many Uses Measure amplifier gain and network frequency 
response, measure broadcast transmitter audio and loud-
speaker response, drive bridges, use in production testing or 
as precision source for voltages; many other laboratory ap-
plications. 

Special Advantages Completely self-contained high power 
frequency response instrument. No auxiliary equipment 
needed. 5 watts output, 1Pss than 1% distortion, no zero set-
ting. Supplies precisely known voltage, output meter cali-
brated in y and dbm, separate input meter for gain measure-
ments, wide range of output impedances. 

205AG AUDIO SIGNAL GENERATOR 

Specifications 

20 cps to 20 KC, 3 bands 

Better than 2% long term 

5 watts into matched load 

+ 1 db full range to .4- 30 dbm; 
-1- 1.5 db above ± 30 dbm 

50, 200, 600, 5,000 ohms; circuit 
is balanced and center-tapped; 
any terminal may be grounded 

Distortion: 

Hum: 
Less than 1% above 30 cps 

60 db below output voltage or 
90 db below zero level 

Input, Output Meters: Read direct in y or dbm 

Input Attenuator: Extends meter range to + 48 dbm 
and 200 v rms, 5 db steps 

Output Attenuator: 110 db in 1 db steps 

Price: $500.00 (cabinet) $485.00 (rack mount) 

206A-LESS THAN 0.1% DISTORTION TO 20 KC 

Frequency Range: 

Calibration: 

Frequency Stability: 

Output: 

Output Impedances: 

Many Uses Precision, convenient audio voltage source, ideal 
for checking FM transmitter response and distortion; broad-
cast studio performance, high quality, high fidelity amplifier 
testing and transmission measurements. 

Special Advantages Continuously variable audio frequency 
voltage, 0.2 db response. Represents the ultimate in voltage 
output accuracy and low distortion at any level, 2% fre-
quency stability, less than 0.1% distortion. 111 db attenu-
ator with 0.1 db steps. 

206A AUDIO SIGNAL GENERATOR 

20 cps to 20 KC, 3 bands 

Direct in cps, 20 to 200 cps 

-4- 2% including warmup drift 

15 dbm into 50, 
150 and 600 ohms 

50, 150 and 600 ohms balanced; 
600 ohms single ended 

Specifications 

Frequency Response: Better than 0.2 db, 30 cps to 15 KC 

Distortion: Less than 0.1% above 50 cps 

Hum: At least 75 db below output 
or 100 db below zero level 

Output Attenuators: 111 db in 0.1 db steps 

Price: $750.00 (cabinet) $735.00 (rack mount) 

HEWLETT-PACKARD COMPANY 
1008A PAGE MILL ROAD . PALO ALTO, CALIFORNIA, U. S. A. CABLE: "HEWPACK" • DAVENPORT 5-4451 

HEWLETT-PACKARD S. A., Rue de Vieux Billard No. 1, Geneva Cable "HEWPACKSA" . Telephone (022) 26.43.36 

Field representatives in all principal areas 

sales and service on instruments 
di 
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Need 
high capacity, 
heavy duty 

electrolytics ? 

• • • see Mallory! 
Premium performance 

without premium price ... is what you get with Mallory HC (high capacity) 
and NP (non-polarized) plastic-case electrolytic 
capacitors. Developed especially for heavy duty 
industrial applications, they offer you design fea-
tures developed during 28 years of Mallory leader-
ship in capacitor engineering. 

. new silicone vent protects against explosion due to 
overloads or accidental reverse polarity, yet main-
tains correct electrolyte level. Optional epoxy end 
seal gives greatest protection and life. 

. Rated for high ripple currents, HC and NP capac-
itors run 5 to 10 degrees cooler than aluminum 
case, cardboard sleeve capacitors under identical 
conditions. 

. fit standard mounting arrangements, interchange-
able with other style capacitors of same ratings. 

. needs no further external insulation, not sensitive 
to moisture. 

. proved by tests to 30,000 hours. 

For complete information, write to Mallory. For 
prompt delivery, call the nearest distributor listed 
in the column at right. 

leak-proof seal.. 

cool operation .. 

compact size .. 

self-insulated .. 

high stability.. 

Maximum capacity available in each case size at indicated 
voltage rating (additional voltage ratings available as required): 

HC Type NP Type 

Case Size 3 V 15 V 150 V 450 V 3 V 15 V 150 V 450 V 

1 7A6 X 2% 

1 7/16 X 3% 

1 7À6 X 4% 

1 13  As X 3% 

1 "À6 X 4% 

2 'A 6 X 3% 

2 'As x 43/8 

6,700 

8,700 

11,800 

15,900 

21,800 

22,500 

30,500 

2,720 

3,550 
4,780 

6,500 

8,820 

9,050 

12,300 

322 

418 

568 

760 

1,030 

1,060 

1,430 

46 

60 

82 

110 

150 

154 

208 

3,200 
4,150 

5,700 
7,700 

10,400 

10,750 

14,500 

1,190 

1,550 

2,080 

2,860 

3,900 

4,000 

5,400 

128 

166 

225 

308 

415 

430 

580 

19 

25 

34 

46 

62 

65 

88 

Popular and standard values available on the shelf. Other values available on special order. 

MALLORY 
P.R. MALLORY B. CO. Inc. 

P. R. MALLORY & CO.. Inc., INDIANAPOLIS 6, INDIANA 

MALLORY 

HC and NP 

capacitors are 

stocked by 

these distributors: 

Baltimore, Md. 
Radio Electric Service Co. 

Binghamton, N. Y. 
Federal Electronics, Inc. 

Boston, Mass. 
Cramer Electronics 
DeMambro Radio Supply 

Buffalo, N. Y. 
Wehle Electronics 

Camden, N. J. 
General Radio 

Chicago, Ill. 
Allied Radio Corp. 

Cleveland, Ohio 
Pioneer Electronics Supply Co. 

Clifton, N. J. 
Eastern Radio 

Dallas, Texas 
Engineering Supply 

Indianapolis, Ind. 
Graham Electronics 

Los Angeles, Calif. 
California Electronic Supply 
Federated Purchaser, Inc. 
Kierulff Electronics 
Radio Product Sales 

Miami, Fla. 
Electronic Equipment 

Mountainside, N. J. 
Federated Purchaser, Inc. 

New York, N. Y. 
Electronic Center 
Harrison Radio 
Harvey Radio 
Hudson Radio 
Lafayette Radio Electronics 
Terminal Radio 

Oakland, Calif. 
Brill Electronics 
Elmar Electronics 

Oak Park, Ill. 
Melvin Electronics 

Palo Alto, Calif. 
Zack Radio 

Paramount, Calif. 
Elwyn W. Ley 

Pasadena, Calif. 
Electronic Supply 

Philadelphia, Pa. 
Almo Radio 

Reading, Pa. 
Geo. D. Barbey Co. 

Syracuse, N. Y. 
Morris Distributing Co. 

Washington, D. C. 
Capitol Radio 
Electronic Industrial Sales 

Whippany, N. J. 
State Electronics 
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BUSINESS THIS WEEK 

New Machine Converts Computer Data 

Into Visual Form on Microfilm 

Direct conversion of magnetic tape computer output 
to microfilm for storage or for subsequent hard-copy 
processing is now speeded by electronic techniques. 
New system being marketed by Recordak Corp. was 
developed by parent Eastman Kodak, uses monoscope 
tubes as intermediary between taped data and visual 
form. The system is called Dacom (for DAtascope 
Computer Output Microfilmer), can operate on or off 
line, will be used first with an IBM 705 computer. 
Matrix decoder translates the tape-recorded data; 

monoscope tubes for all letters, numerals and special 
characters spell out the message. Scan rate is 2.5 
microseconds for each of 14 lines which are fed from 
the monoscopes through video amplifiers to a cathode-
ray tube. 

An electronically-controlled camera photographs the 
face of the crt automatically on 16-mm film. A page 
containing 66 lines of 130 characters each occupies 
less than half a square inch on the film. Recordak 
says the system has an input rate of 15,000 characters 
a second or more (depending on the computer with 
which it's used), and an output rate of 6,923 lines a 
minute or more. Company says 1,000 ft of Dacom film 
contains the decoded information from more than 35 
2,400-ft reels of magnetic tape. 

Russia's Setun Computer Operates 

On Ternary Rather Than Binary Code 

Soviet Setun computer developed by graduate stu-
dents at Moscow Power Engineering Institute operates 
on ternary rather than binary code, uses 4,000 high-
speed magnetic amplifiers. Institute spokesmen claim 
the new computer—developed as an engineering aid— 
is faster than binary systems and uses fewer com-
ponents. 

Only three stages would be needed to register a 
decimal digit in ternary code, where four are needed 
to express the same digit in binary code. Shifting, 
memory readout and other data transfers would be 
faster. U. S. computer engineers have generally pre-
ferred the binary system because of the greater reli-
ability of standard bistable devices over tristable ones. 
Magnetic amplifiers and phase-locked oscillators are 

among newer developments with reliable tristable 
modes of operation. 

The Setun computer uses a buffered input and stor-
age technique. Main magnetic drum transfers data 
and instructions onto a smaller but faster secondary 
memory of 162 words, which in turn feeds the mag-
netic-amplifier arithmetic units. The system occupies 
about 215 sq ft. 

Highly Sensitive Strain Sensing Element 

Of Whisker Size and High Strength Developed 

Semiconduotor strain sensing element a thousandth 
of an inch in diameter and about one-fourth of an 
inch long has been developed by Electro-Optical Sys-
tems, Inc. and the Army Ordnance Corps' Picatinny 
Arsenal, Dover, N. J. The new element could provide 
aircraft or missiles with strain gauges of 50 times 
greater sensitivity than present metallic devices, EOS 
says. Whisker elements are either grown through 
vapor deposition or made by slicing slivers from 
silicon bars, then lapping and etching them. They 
are said to have an ultimate gage factor of 175 com-
pared to less than five for present wire strain elements. 

ELECTRONICS NEWSLETTER 

New cadmium sulphide field-effect transistor is 
being developed by General Motors Research Labora-
tories and has been successfully demonstrated in such 
electronic circuits as an oscillator, multivibrator, am-
plifier and radiation detector. 

Gerald M. Rassweiler, head of GM's research physics 
department, said the new amplifying photosensitive 
element is an outcome of work in growing single 
crystals of pure cadmium sulphide. The company 
claims that field-effect phototransistors have unique 
characteristics which permit them to "perform new 
and combined circuit functions which are not prac-
ticable with conventional circuit elements." 

New BMEWS contract award of $474,831,000 to RCA, 
detection system prime contractor, pushes the total 
for the ballistic missile early warning system to more 
than $700 million. The Western Electric Co., prime 
contractor for the communications system, has re-
ceived a contract for $66,768,000. 

Soviet remote-controlled farm tractors are sched-
uled to start large-scale tests next year. Control device 
weighing a few pounds is said to control guidance, 
speed, brakes and fuel intake of an unmanned tractor 
from a second tractor some 40 yards behind the first. 

NASA administrator T. Keith Glennan noted in a 
speech recently that his agency's request to Congress 
for the next fiscal year totals $938 million, then 
added: "And you should know that our long range 
planning suggests the expenditure of a total of 12 
to 15 billion dollars for space exploration over the 
next 10 years." 

Federal Aviation Agency has ordered $983,746 worth 
of additional test monitoring control equipment from 
ITT's Federal division to check out the VORTAC air 
navigation system. Gear is used to monitor and con-
trol ground beacons of VORTAC (vhf omnirange-
Tacan). Tacan gives military pilots their distance 
from a ground station and their heading. Commercial 
pilots require additional distance measuring equip-
ment to obtain distance and bearing. 
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Flames swept across the open plains as. 
the Mongol hordes ran in terror from the 
"arrows of flying fire". When the smoke 
had cleared the Chinese had won the 
battle of Pienking with the first rocket. 

Missiles have become greatly more 
sophisticated since this crude unguided 
arrow was propelled by gunpowder packed 
in an open-ended bamboo tube. Today, as a 
vital part of one of the world's largest 
electronics companies, Raytheon's Missile 
Systems Division is making significant con-
tributions to the art of missilry. The excit-
ing new Pin Cushion Project for selective 
missile identification, the constantly ad-
vancing Navy's air-to-air SPARROW III 
and Army's HAWK are examples of their 
outstanding creative work. 

We are seeking highly creative people to 
maintain Raytheon's leadership in this chal-
lenging field. For these people, Raytheon's 
Missile Systems Division creates a climate 
for talent — perhaps your talent. 

M ISSILE" 

aeli CENTURY 

ENGINEERS: immediate openings in 
Data Handling — Circuit Design — 
Packaging —Electro-Mechanical Design— 
Systems Test — Test Equipment Design 
— Systems Analysis — High Power Radar 
Design — Microwave Tube Application — 
High Voltage Power Supply — Modulators 
— Microwave Design — Systems Design 
— VHF Circuit Design — Operations 
Analysis — Radar Systems and Mathe-
maticians. 

Please apply to Mr. W. F. O'Melia, 
Employment Manager, Bedford Labora-
tory, Missile Systems Division, Raytheon 
Company, Bedford, Massachusetts. 

RAYTHEON 
MISSILE 
SYSTEMS 
DIVISION 

...creates a climate for talent. 
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SEPTEMBER 
1957 

Eight scientists with a big idea... 

FEBRUARY 
1960 

A staff of fourteen hundred and still 
growing! The idea has become a 

demonstrated reality...volume production 
of diffused silicon semiconductors, the 

most advanced in the electronics industry. 

545 WHISMAN ROAD / MOUNTAIN VIEW, CALIFORNIA / YORKSHIRE 8-8161 
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(Advertisement) 

On the Market . 
Cold Cathode Trigger-

Timer-Gap Tube 

switches 1000 amperes 

The KP-130 is a subminiature, cold 

cathode tube, capable of switching 

pulse circuits with currents in excess 

of 1000 amperes. 

The KP-130 is one of a family of 

"Krytrons" announced recently by 

KIP ELECTRONICS CORPORATION, 

manufacturer of electron tubes in 

Stamford, Connecticut. 

The KP-130 is a T-3 size (see cut) 

capable of controlling pulse dis-

charges as high as 1100 

amps at 2500 volts. The 

anode delay time (time 

from the application of 

signal until conduction) 

averages 0.2 microsec-

onds. The variation in de-

lay ("jitter") is barely 

measureable, averaging 

less than 0.05 usec. 

Hold-off voltage is in 

the 3000-4000 volt range, 

with higher voltage 

models in development. 

With its high-voltage, 

high-current handling 

capabilities, the KP-130 

will replace timer tubes 

and spark gaps, thereby eliminating 

circuit components and improving 

equipment reliability. 

A low-level radioactive material is 

included for light and dark stability, 

but no external radiation results there-

from. 

Tubes are available from stock. For 

further details, contact KIP ELEC-

TRONICS CORPORATION, Dept. 67. 

Box 562, Stamford, Connecticut. 

Actual Size 

WASHINGTON OUTLOOK 
FUTURE VOLUME of military electronics contracting is almost certain to be 
affected by the furious debate over defense policy now raging on the banks 
of the Potomac. But the precise strength of the impact on the industry 
is still an open question. 

As the debate shapes up now, the odds are that Congress will tack an extra 
$1 billion or so onto the Eisenhower administration's military requests. 
Electronics procurement and R&D figure strongly in just about all the 
projects most likely to be favored: the B70, Polaris-launching submarines, 
the Minuteman ICBM, and reconnaissance and early-warning satellites. 

There's little likelihood that Atlas or Titan ICBM output will be boosted 
beyond present plans (a total of 270 is now scheduled). The Air Force 
has told Congress that unless additional orders are placed by April, the 
extra missiles could not be delivered before the more sophisticated 
Minuteman is in full production. And there's little chance for more 
contracting in the next two months. 

In the past, the Eisenhower administration has purposely delayed or 
neglected to spend extra defense funds voted by Congress. But the fiscal 
1961 military funds will be at the disposal of a new administration. 
A Democrat in the White House would be virtually committed to stepping 
up military outlays; some Washington observers feel that a Republican 
administration headed by Richard Nixon would be almost as favorably 
inclined toward a costlier defense program. 

• Development of stereo broadcasting for a-m radio and television 
will be delayed considerably by the Federal Communications Com-
mission's decision to go ahead first with f-m stereo instead of backing 

a study of all three together. 

The National Stereophonic Radio Committee (an industry group 
set up by Electronic Industries Association) asked FCC last Sep-
tember to sponsor the group officially, as it had the Television Allo-
cations Study Group (TASO). RCA and CBS felt they could not 
participate in the Committee unless the government sponsored it, 
since an industry-controlled effort to work out a standard system of 
stereo broadcasting might run either of the two big networks onto 

the reefs of the antitrust laws. 

Last week FCC declined to chair the group, deciding to go ahead 
with just f-m instead on the grounds that f-m is further developed 
than either a-m or tv. Hearings on a standard system for f-m stereo 
will start about March 15; consideration of a-m or tv stereo systems 
will be delayed indefinitely. 

• Bureau of the Census is cranking up for the first all-electronic nose-
count in the nation's history. Data collected in the 1960 Decennial 
Census will be tabulated from start to finish by computing systems 
and by special equipment designed specifically for the Bureau. 
Three steps are involved in the census tabulation. The raw data 

will be microfilmed at Jeffersonville, Ind., in an abandoned Army 
depot taken over for this census. The film will then be developed, 
and the pencil-mark information will be transferred onto magnetic 
tape by the Bureau's FOSDIC (film optical sensing device for input 
to computers). FOSDIC, installed at the Bureau headquarters in 
Suitland, Md., was developed by Census and Bureau of Standards 

in 1954. 
The tapes will then become input to two Univac 1105 systems now 

operating at Suitland. Two other 1105's—at the Armour Research 
Institute in Chicago and at the University of North Carolina—will be 
used for peak-load scheduling and as standby systems. 
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4-millimicrosec silicon 
mesa computer diodes 
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AT 100 MEGACYCLES VS VOLTAGE 

2 3 4 

1N916 

Vo—VOLTS-dc Vrn 'rrn‘ —VOLTS 

ys. 

• High maximum average rectified forward current (75 ma) 
• Low maximum capacitance (2 inif or 4 1.1lif at zero volts bias) 
• High minimum forward conductance (10 ma at 1 v) 
• Maximum reliability (TI mesa process, TI hard-glass case) 

DIFFUSED SILICON 

HIGH D.SSIRAT'ON 

'- -MOLYBDENUM HEAT SINS 

NUDGED 

-HARD GLASS 

GOLD PLATED 
LOADS FOIl 

SOLDERABIL .TV 

Contact your nearest 
TI sales office today for 
complete specifications 
on the 1N914 and 1N916 
(Bulletin DL-S 1203). 

ANOTHER NEW DIODE/RECTIFIER 
PRODUCT FROM TI I 

GENERAL PURPOSE DIODES • PHOTO DIODES 
• VOLTAGE REFERENCE DIODES • COMPUTER 
DIODES • VOLTAGE REGULATORS • RESISTORS 
AND CAPACITORS • CONTROLLED RECTIFIERS 
• HIGH-CURRENT RECTIFIERS • SPECIAL POTTED 
MODULES. NETWORKS. BRIDGES & COMPLETE 
CIRCUIT FUNCTIONS • ECONOMY RECTIFIERS 
• MEDIUM- & I-1 101-1-VOLTAGE RECTIFIERS 

Design NOW with industry's fastest high-voltage computer diodes 

and benefit from the speed of 4-millimicrosecond switching* and the 
design safety provWed by 75-v PIV. 

TI 1N914 and TI 1N916 silicon mesa computer diodes also feature 

high rectification efficiency (45% at 100 mc), ruggedness and relia-

bility through the combination of the TI mesa process and the TI 

hard-glass package. Both types meet or exceed MIL-S-19500B, with-

standing acceleration of 20,000 G's, shock of 1,000 G's for 1.5 msec, 
and vibration of 30 G's. 

Put them to work NOW in your high-speed computer circuitry for 

missiles and space vehicles. They are ready in production quantities 

through your nearest TI sales office, or in 1-999 quantities off-the-

shelf at factory prices from your authorized TI distributor. 

*10-ma forward, 6-v reverse, recover to 1-ma reverse 

TEXAS *) INSTRUMENTS 
INCORPORATED 
SEMICONDUCTOR-COMPONENTS DIVISION 
13500 N. CENTRAL EXPRESSWAY 

POST OFFICE Box 312 • DALLAS. TEX A, 



For original equipment, direct replacement 

6R-P10 6R-R8 

NEC tubes with new doped-nickel cathode 
Both tube series described here use 
NEC's new doped-nickel cathode core 
material. This 10-year development 
increases emission without raising op-
erating temperature. Oxide evaporation 
rate is lower than any known core 
material. Operating data show tube 
life is extended up to 50%. 

WIDE-BAND AMPLIFIER TUBES : Development began 

seven years ago with the 6R-R8, which was used 
in Japan's first microwave link. A modification, 
6R-R8C, with very low distortion factor, is used in 
coaxial amplifiers. 6R-P10 Power Amplifier Pentode, 

with high mutual conductance and small capacitance, 
is designed for larger power output. 

1191 Home 

Cathod Ratina opS," ;eipn,p 

'PP I1 
Voltage 
lb (v) 

Ect (V) 

pi,,, 

Carrent 

lb (rnA) 

x,o„ 

d I 

Got ( ) 

Cafta, 4181.1 

Interchangeable 

Tubes 
Volt, 

Ef (V) 

Amp. 

If (A) 

Input 

1 

Output 

f 

6R-R8 
Shorp.Cutolf 

Pentode 
6.3 0.3 150 13 12,500 7.8 3.2 wirti 614 0 4 A 

68-RAC 
Sharp•Cutall 

Pentode 
6.3 0.3 150 13 12,500 7.3 3.2 with WI 40 4 A 

6R-P10 
Power Amplifier 

Pentode 
6.3 0.5 150 36 13.300 10.5 2.7 — 

Iro, u,, 

Cothod Rating Maximum 

Plate Voltage 

I, (V) 

Maximum 

Plate Dissipation 

PP (W) 

Varier 
p. (W) 

Maximum 

Trequency 

I (MC) 

,,, ,,o9e 

El (U) 

cprr ,,, 

lf (I)) 

2 8 2 2 01 'Illill 6.3 0.75 150 — — 1200 

2C 39A 

Amplifier 

Oicillator 

(Continuait.) 

6.3 1.0 1000 100 15 2500 

2 C 40 

Amplifier 

Oscillelor 

(Continuous) 

6.3 0.75 500 4 0.75 3370 

2 C 43 

Amplifier 

Oscillator 

(Continuo., A. Pulfe) 

6.3 0.9 3500* 12 1.0 3370 

58 6 I 

Amplifier 

Oscillator 

(Continuout) 

6.3 0.4 350 10 0.5 3700 

Pulse plate Vol tige eb 

2C40 Ii 2C398 

DISC-SEALED TRIODES : NEC designed the first 
disc-sealed tube in 1939, giving NEC many years 
of experience in the design and manufacture of 
this type of microwave tube. Each is a direct re-
placement under all circumstances for the corre-
sponding type. The NEC tube will give longer life, an 
especially important advantage in repeater stations. 

Please write for specifications sheets. 

Aippon Electric Company Ltd 
COMPONENTS / SYSTEMS 

Tokyo, Japan 

16 CIRCLE 16 ON READER SERVICE CARD CIRCLE 17 ON READER SERVICE CARD-4--



Silicon 

General Purpose-Diodes 

ACTUAL SIZE 

• EPA 

TYPE 

erliffMm,. 
Setren 

4 100 Pei 

efl__1111...11. 
Cr`•••••rine 

+1.0 VDC 

:at PaZrrnmuminoDerd'rZipCeru"atainngt 
Voltage , Pa g volts) 

''Ftreitriîluem Current 
(mA) 

NUMBER (M Z•C ig 25•C 
(natte) (mA) 4 ore g 150*C g 2pc g 1513•C 

111156 30 40 .0254 25 54 25 90 5114566 30 100 .0254 25 5 (o) 25 200 70 96457 70 20 .0254 60 sg 60 75 IN157A 70 100 .0254 60 sg 60 200 70 
911450 150 7 .0254 125 54 125 55 1114588 150 100 .0255 125 5 4 125 200 70 
•1 N159 200 3 .025 ge 175 544 175 40 1/1.159/1 200 100 .0255 175 5 4 175 200 70 
16161 30 15 .5 4 25 30 ee 25 60 111161A 30 100 .5 4 25 30 ga 25 200 70 
16462 70 5 .5 ge 60 30 4 60 so 1N462A 70 100 .5 g 60 304 60 200 70 
111163 200 1 .5 g 175 305 175 30 111163A 200 100 .5 4 175 30 gr) 175 200 70 
111464 ISO 3 .5 4 125 30 MI 125 40 16164A 150 100 .5 0 125 304 125 200 70 

.1AN Type 

OTHER ABSOLUTE MAXIMUM RATINGS, 
Power Diss pawn 0.5 Watts (m WC. Power Dissipation 0.25 Watts Pc I50°C. I Second Surge Cur-
rent 1.5 Amperes 25°C. Storage and Operating Temperature Range 80°C to 200°C. 

Silicon 

High Conductance Diodes 
ACTUAL SIZE 

PSI or 
EIA 
TYPE 

NUMBER 

,,,,,„,, 
Saturation 
Voltage 

g, too • 
(ri. 25°C 
(Volta) 

TMiliilnlin-FOrward 
Vol age 

DC et 25°C 
(vo te) 

Maximum Inverse Current 
at Maximum DC Operating 

Voltage 
tea (o,. volts) 

Maxlmum. Average , 
Rectified Current 

,mk 

(a, 
100 mA 

en 
200 mA 

eu 
25°C 

8, 
150°C 

(o. 
25°C 

84 
150•C 

111482 10 1.1 .250 4 - 30r 30 125 50 
1N482A 40 1.0 .025 (a -- 30v 15 200 

200 
70 
70 5114826 40 1.0 .025g - 30v 5 

PS603 40 1.0 .250 (a. - 30v 30 200 100 - 
PS604 10 1.0 .025 Ps - 300 15 200 100 
PS605 10 1.0 .025 (u - 30r 5 200 100 
111483 80 1.1 .250 (a, -. 60r 30 125 50 

11111111144488346 

80 1.0 .0256, - 60r 15 200 70 
IN483 80 1.0 .025 0, -,- 60r 5 200 70 
PS609 80 1.0 .250 (u. - 60v 30 200 100 
PS610 80 1.0 .025 (a - 60, 15 200 100 

1  

PS611 80 1.0 .025 (a - 60v 5 200 100 
150 1.1 .250 (a - I25v 30 125 50 

1N484A 150 1.0 .025 Ms -125r 15 200 70 
IN48113 150 1.0 .0254 -I25r 5 200 70 
PS6I5 150 1.0 .250 4, -125r 30 200 100 
PS6I6 150 1.0 .025 (a -125v 15 200 100 
PS6I7 150 1.0 .025 (a, -125v 5 200 100 
111485 200 1.1 .250 M. -175v 30 125 50 
IN485A 200 I 0 .025 (a - I75r 15 

5 
200 
200 

70 
70 1N4858 200 1.0 .025 (u -175v 

PS621 200 1.0 .250 (0 - I75r 30 200 100 
PS622 200 1.0 .025 (a - 175v 15 200 100 
PS623 200 1.0 .025e, -175r 5 200 100 
111486 250 1.1 .250 (a. -225r 50 125 50 
111486A 250 1.0 .050 (u -225r 25 200 70 
1N4868 250 1.0 .050 (0 -225v 10 200 70 
PS627 250 1.0 .250 (a -225v 50 200 100 
PS628 250 1.0 .050 (a. -225v 25 200 1 
PS629 250 1.0 .050 (a, -225v 10 20G 100 
111487 330 1.1 .250 (a, -300v 50 125 50 
111187A 330 1.0 .100 (a --300v 25 200 70 
PS632 330 1.0 .250 e,. -300v 50 200 100 
PS633 330 1.0 .100 (a. -300v 25 200 100 
IN188 420 1.1 .250 (u -380v 50 125 50 
1N488A 420 1.0 .100 (a, -380v 25 200 70 
PS636 420 1.0 .250.(0. -380v 50 200 100 
PS637 420 1.0 .100 (a. -3.80v 25 200 100 

OTHER ABSOLUTE MAXIMUM RATINGS 
Maximum Power DIsswahon 05 Walls I., 25 C. Maximum Power Dissipation 0.25 Watt Mr 150*C. 
Maximum I Second Surge Current I 5 Amperes (u 25°C Storage and Operating Temperature 
Range -80° to 200'C 

«MR 

Please Note: All specifications and 
information contained herein are current as of: 

February 15, 1960. 

* NEW! 
Fast Recovery 

Low Capacitance 

Computer Diodes 

Type 
Number 

Mkt Sat. 
Voltage 
M 100 ea 

(a) 

Fwd. 
Memel 
ga 1.0v 
(mA) 

ACTUAL SIZE 

Maximum Reverse 
Curran Om) 

Reverse Recovery 
Char« mimics 

0•C 100-C 
Reverse Max. Ream. 

Rm. (ohms) Time ON) 

111925 
111926 
1N927 

111929 

10 
10 
65 

120 10 

1.0 (10v) 

0.1 (10v) 
0.1 (I0v) 
5.0 (50v) 
0.1 (100) 
5.0 (50.) 

20 (10v) 
10 (10v) 
10 (10r) 
25 (50)0 
10 (10r) 
25 (500) 

Inverse Capacitance: Maximum 4.0.mf MI 0 volts 
Typical 1.1 .1 --I0 volts 

206 
2014 

20u 

2011 

0.15 
0.15 

0.15 

0.55 

Standard Encapsulations 

A variety of assemblies can be 
furnished for matched pairs and 
quads, ring modulators, full 
wave and bridge rectifiers and 
many other applications. 
Numerous lead arrangements 

are possible in these three basic 
configurations. Up to four di-
odes or rectifiers can be encap-
sulated in the "S" or "T" 
packages. Up to 12 units can be 
contained in the "II- package. 
The number of units contained 
determines its maximum length. 

Leads .020" diameter, 
1" minimum length. 
Spaced on .1" grid centers. 

DIMENSIONS 

"S" Package 

"R" 

"T" Package 

35 ACTUAL SIZE 

Length 
Width 
Height 
lameter 

"R" Package "S" Package "T" Package 

.375" to 1.75" 
.25" 
.50" 

.45" 

.39" 
AO" 

.50" 

.375" 

*Since preparation of these 

pages, many new and exciting 

devices and types have been 

added to the PSI line and are 

now available. Call your near-
est PSI sales office for latest 

information! Standard Modulator 
Quads.. . Bridge Rectifiers and Rings 

... 10 to 20 KV High Voltage Car-

tridge Rectifiers... and many others! 

Multipurpose Millimicrosecond 

-P-N Triple-Diffused mesa types 

Switching Transistors 

2N1409 2N1410 
MILLIMICRO SWITCHING-Typical 70 ram s. rise time. 

EXTREMELY LOW COLLECTOR SATURATION 
VOLTAGE-Typical .25 volts. 

CONTROLLED DC BETA RANGE-15 to 45 2N1409), 
30 to 90 ,2N1410). 

SUPERIOR PERFORMANCE OVER A WIDE RANGE 
OF COLLECTOR CURRENTS. 

HIGH POWER DISSIPATION-2.8 watts 25° C 
case temperature. 

JEDEC 30 (TO-16) PACKAGE. 

Immediately Available! 
Phone, wire or write for detailed specifica-
tions and curves. 

* 114gt VHF Silicon 

Power Transistors 

N-P-N Triple-Diffused mesa types 

2N1335 2N1336 
2N1337 
Power Amplifiers 

2N1339 2N1340 
2N1341 
Power Oscillators 

HIGH FREQUENCY 170 mc Alpha Cut-off 

HIGH VOLTAGE 160v Peak Collector-Base Voltage 

HIGH POWER 2.8 watts g) 25 C case temperature 

LOW OUTPUT CAPACITANCE 4f typical 

Available in the JEDEC 30 (T0-16) package, these 

units are particularly well suited for general VHF use. 

Applications include power output stages, high level 
video amplifiers, power oscillators, and many others 

requiring the unique combination of high frequency, 
high voltage and high power. 



Silicon 

Subminiature Rectifiers 
ACTUAL SIZE 

MEDIUM POWER TYPES 

EIA 
TYPE 

NUMBER 

* 

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

Peak 
Ins. 

Voltage 
ce) 

Met@num 
Avg. Rectified 
Current (ma) , 

Minimum 
Saturation 
Voltage 
g 100°C 

Maximum 
Reverse 
Current e PIV (nll) 

NUM. Fwd. 
Voltage 

Drop a Is 
.400 mA 
@ DEC (v) 00 25°C di, 150°C 

Ga 35°C (iii 1050°C 

19645 225 400 150 275 0.2 1.0 

171646 300 400 150 360 0.2 15 1.0 

18617 400 400 150 480 0.2 20 1.0 

19648 500 400 150 600 0.2 20 1.0 

18619 600 400 150 720 0.2 25 1.0 

All above types available 
as Air Force Approved Units. 

400 MILLIAMPERE PSI TYPES 

me 25°C-150 mA (i. 150°C 

PSI 
TYPE 

NUMBER 

MAXIMUM RATINGS 
ELECTRICAL 

CHARACTERISTICS 

Pee 
Recur,. 
Inverse 
Voltage 
(volts) 

Meximum 
RMS 
Input 

Voltage' 
(volt@ 

Maximum 
Average 
Rectified 
Current, 
(mA) 

DC Forward 
Voltage 

@ Specified 
Current 
@ WC 

(volto (6. mA) 

Maximum 
A  
Inverse 
Current' 
(d. 100°C 

Imo 

TYPE g 25°C (o, 150°C 

PS 405 50 35 150 1.5 de 500 500 

PS 410 100 70 150 1.5 (r 500 500 

PS 415 150 105 150 1.5 di; 500 503 

PS 420 200 110 150 1.5 (o, 500 500 

PS 425 250 175 150 1.55500 500 

PS 130 300 210 150 1,5 (a, 500 500 

PS 435 350 215 150 1.5 g 500 500 

PS 400 400 280 150 1.5 (., 500 500 

PS 450 500 350 125 1.5 @ 500 500 

PS 460 600 120 125 1.5 (0 500 500 

250 MILLIAMPERE PSI TYPES 

25°C-140 mA @, 100'C 

PS 005 50 35 140 1 é 100 100 

PS 010 100 70 140 I @ 100 100 

PS 015 150 105 140 I @ 100 IW 

PS 020 200 140 140 1(0 100 100 

PS 025 250 175 140 1 @, 100 100 

PS 030 300 210 110 I @, 100 100 

PS 035 350 245 140 I @ 100 100 

PS 040 400 280 140 I @ 100 100 

PS 050 500 350 140 I dy 100 100 

PS 060 603 420 100 1 @ 100 100 

1. Resistir or inductive load. 
2. A ee over one cycle for half wave resist ve or choke input circuit with rectifier operating 

at toIl r ted current and maximum RMS input. 
Storage and Operating Temperature Range-65°C to 200°C. 

500 MA TYPES IN MINIATURE PACKAGE ALSO AVAILABLE. 

New Types! Silicon 

HighVoltage Rectifiers 
ACTUAL SIZE 

EIA 
TYPE 

NUMBER 

Peak 
Inver» 
Voltage 
(volts) 

Average 
Rectified 
Current 
(mA) 

5 25°C e 100°C 

MAX RMS 
Input 

Voltage 
(volts) 

MAX DC Fed 
Vague Drop 
(g) 100 mA DC 

215°C 

Dimensions 
(Inches) 

L DM, 

181730 1030 200 100 700 5 .5 .375 

191731 1500 200 100 1050 5 .5 .375 

191732 2000 200 100 1400 9 1.0 .375 

181733 3000 150 75 2100 12 1.0 .375 

181734 5000 100 50 3500 18 1.0 .5 

182382 4000 150 75 2800 18 1.0 .5 

182383 6003 100 50 4200 27 1.5 .5 

192384 8000 70 35 5600 27 1.5 .5 

192385 10000 70 35 7000 39 2.0 .5 

Maximum DC Reverse Current @ Rated PIV 10PA ® 25°C, 00,«A @ 103°C. 

Maximum Surge Current (8msec.): 2.5 Amps. 
Continuous DC Voltage same as Ply. 
Operating temperature range -55°C to 150*C. 

Silicon Very High Voltage 

Cartridge Rectifiers 

i‘¡ ACTUAL SIZE 

EIA 
Type 

Length 
Inches 

Absolute Max. Rte. 
HON Rea. Load at 

75°C Ambient 
Electrical C vacteristics 

at WC Ambient 

Peak 
Inverse 
Voltage 
Volts 

Max. 
Rectified 
DC Output 
Current 
rea 

Forward 
DC Volt Drop 
at Rated DC 

Current 
Volts 

Reverse 
DC 

Current at 
Rated PIV 
MA 

NI139 4Vis 3600 65 27.0 .025 

N1140 21/2 3600 65 18.0 .025 

N1111 4Vis 1800 60 36.0 .025 

N1142 21/2 4800 50 24.0 .025 

N1143 434. 6000 50 45.0 .025 

#11436 itt,is 6000 65 30.0 .025 

111114 6Vis 7200 50 54.0 .025 

N1145 494. 7200 60 36.0 .025 

N1146 6Vis 8000 45 60.0 .025 

N1147 6Vis 12000 15 60.0 .025 

N1148 6',54 14000 50 52.0 .025 

N1149 VA. 16000 45 60.0 .025 

Storage and Op @tong Temperature Range-55°C to 150°C 

CATHODE 

4F1)5=. 

aczrE : 

.123 MAX. 

Physical Characteristics 
HERMETICALLY SEALED-Glass-to-metal fused and metal-to-
metal welded seals. 

TERMINALS-Tinned copper leads .020 inches diameter. 
Lead length 1 Ve inch minimum. 

MARKING-Wide color band indicates cathode end. (Wide 
band indicates positive bias on Varicaps.) Type number 
designated by color bands reading from cathode. 

ALL DIMENSIONS SHOWN IN INCHES-Patented under one or 
more of the following United States Patents: No. 2815474, 
No. 2827403. Other patents pending. 

Pacific Semiconductors, Inc. 
10451 West Jefferson Boulevard, Culver City, California 
ORegon 8-9013, OSborne 9-4561 • TWX: HAWTHORNE CAL 7414 

EXPORT-Pacific Semiconductors, Inc., 431 Fifth Ave., New York 16, N.Y., U.S.A. CABLE: TELTECHNAL, NY 

SALES OFFICES 

NEW YORK -2079 Wantagh Ave., Wantagh, L.I., NY. 
• SUnset 1-7470 • TWX: WANTAGH NY 2320 

Boston-471 Washington St., Wellesley 81 • CEdar 5-0171 

Glen Falls, N. Y.-19 Merritt Rd. 
Ottawa-227 Laurier Ave. West • CE 2-8504 

PENNSYLVANIA -320 Huntingdon Pike, Rockledge 
Philadelphia, Pa. • Pilgrim 2-8089 

Baltimore, Md.-1811 North Rolling Rd. • Windsor 4-3622 

Madeira Beach, Flo.-P. O. Box 8215 • Phone 7-6126 

ILLINOIS -6957 W. North Avenue, Oak Park, Illinois • 
Village 8-9750 • TWX: OKP 1547 

Dallas-954 Magellan Circle • Riverside 7-1258 

Detroit-29141 Mark, Royal Oak 4 • Lincoln 8-4722 

CALIFORNIA-8271 Melrose Ave., Los Angeles 46, Calif. 
• OLive 3-7850 

Palo Alto-701 Welch Road, Suite 305 • DAvenport 1-2240 

DISTRIBUTORS: ACK SEMICONDUCTORS, INC., 3101 4th Avenue, So., Birmingham, Alabama, FA 2-0588 - TWX: BH 341 • ACK RADIO 
SUPPLY OF GEORGIA, INC., 331 Luckie St. NW., Atlanta, Georgia, JA 4-8477 - TWX: AT 875 • ALLIED RADIO CORPORATION, 100 
North Western Avenue, Chicago 80, Illinois, HAymarket 1-6800 • ALMO RADIO COMPANY, 913 Arch Street, Philadelphia 7, Penn-

sylvania, WAInut 2-5918 • CRAMER ELECTRONICS, INC., 811 Boylston Street, Boston 16, Massachusetts, COpley 7-4700 • DENVER 
ELECTRONIC SUPPLY CO., 1254 Arapaho Street, Denver 4, Colorado, AMherst 6-1671 • ELECTRO SONIC SUPPLY CO. LTD., 543 
Yonge Street, Toronto 5, Ontario, Canada, WAInut 4-9301 • ELECTRONIC SUPPLY, 909 Morningside Drive, Melbourne, Florida, 

PArkway 3-1441 • ELECTRONIC SUPPLY CORP., 2085 East Foothill Blvd., Pasadena, California, MUtual 1-5291 - TWX: PASA CAL 7406 
• ELECTRONIC WHOLESALERS, INC., 2345 Sherman Avenue, N.W., Washington 1, D.C., HUdson 3-5200 - TWX: WA 663 • ELMAR 
ELECTRONICS INC., 140 11th Street, Oakland, California, TEmplebar 4-3311 - TWX: 0A73 • FERGUSON ELECTRONIC SUPPLY CO, 
2316 Puritan Avenue, Detroit 38. Michigan, UNiversity 1-6700 • GENESEE RADIO & PARTS COMPANY, INC., 2550 Delaware Avenue, 
Buffalo 16, New York • GRAHAM ELECTRONICS SUPPLY, INC., 122 South Senate Avenue, Indianapolis 25, Indiana, MEIrose 4-8487 

• KIERULFF ELECTRONICS, INC., 820 West Olympic Boulevard, Los Angeles, California, Richmond 7-0271 - TWX: LA46 • LEW BONN 
COMPANY, 1211 La Salle, Minneapolis, Minn. • OIL CAPITOL ELECTRONICS, 708 So. Sheridan, Tulsa 16, Oklahoma, TE 6-2541 • 

PEERLESS RADIO DISTRIBUTORS, INC., 92-32 Merrick Road, Jamaica 33, New York, JAmaica 3-3456 • PIONEER ELECTRONIC 
SUPPLY CO., 2115 Prospect Avenue, Cleveland 15, Ohio, SUperior 1-9411 • RADIO SPECIALTIES COMPANY, INC., 209 Penn Avenue, 
Alamogordo, New Mexico, HEmlock 7-0370 • RADIO SPECIALTIES CORP., 917 North 7th Street, Phoenix, Arizona, ALpine 8-6121 • 

RADIO SPECIALTIES INC., 6323 Acoma Road, Albuquerque, New Mexico • ROCHESTER RADIO SUPPLY CO. INC., 600 E. Main Street, 
Rochester 5, N.Y. • SREPCO INC., 314 Leo Street, Dayton 4, Ohio • STANDARD RADIO PARTS INC., 827 So. Park Avenue, 
Tucson, Arizona • STANDARD SUPPLY COMPANY, 225 East 6th South Street. Salt Lake City 10, Utah, ELgin 5-2971 • STERLING 
RADIO PRODUCT, INC., 1616 McKinney Avenue, Houston 1, Texas, CApitol 5-1321 - TWX: HO 878 • SYRACUSE RADIO SUPPLY CO., 
621 South Salina Street, Syracuse, New York • TERMINAL ELECTRONICS INC. 236 West 17th Street, New York 11, N.Y., CHelsea 

3-5200 • WHOLESALE ELECTRONIC SUPPLY, 2809 Ross Avenue, Dallas, Texas, TAylor 4-3001 • WHOLESALE RADIO PARTS 
COMPANY, 308 West Redwood Street, Baltimore, Maryland, MUlberry 5-2134. 

C) 1960, PACIFIC SEMICONDUCTORS, INC. 
LITHO IN U.S. A. 



*NEW! 
PD-100 Series 

• 

inierodiode 
(Super miniaturized Silicon Diode) 

1. HIGH POWER DISSIPATION - 250 milliwatts. 

2. HIGH CONDUCTANCE - up to 100 mA g 1 volt. 

3. HIGH VOLTAGE - 200v operating voltage. 

4. FAST RECOVERY - 200K .3 microseconds. 

5. HIGH TEMPERATURE- Operating range -65° C 

to 150 C. 

6. HIGH RELIABILITY. 

PSI PD-100 Series 

iniemdiod?. 
ACTUAL SIZE 

Typo 
Maribor 

Mk. Sat. 
Voltage 
• 100 vA 

(r) 

Min. Fwd. 
Current 
• +1.0v 

(mA) 

Maximum Reverse 
Currant (»A) 

Reverse Recovery 
Charaetristles 

WC 100•C 
Reverse 

Res. (ohm') 
Max. Remy. 
Time (ve) 

PD -101 50 5 1.0 10v , 25 (10r) 100K 1.0 

PD-102 50 20 .5 (10r) 25 (10v) 100K 0.3 

PO403 50 100 .5 (10r) 25 (10r) 100K 0.3 

PD-104 100 5 .5 (10r) 25 (10,) 100K 0.3 

PD-105 100 20 .5 (10r) 25 (I0v) 100K 0.3 

PD•106 100 50 .5 (10v) 25 (10v) 1001( 0.3 

P0-107 Id) 100 .5 (10r) 25 (100) 1001( 0.3 

PO-101 200 10 .5 (10v) 
5 0 100)0 

25 (10r) 200K 0.3 

P0-109 203 10 .025 (10v) 
I. (103v) 

5 (10v) 2006 0.3 

RATINGS 
Maximum Power Dissipation: 250 in« Dr 25"C denote linearly lo 150°C) 

Maximum Storage & Operating 
Temperature Range 65°C to ISO°C 
Peak Pulse Current 
1 »sec., I% duty cycle: 2.0 amperes 
Typical Inverse Capacitance - 10V: bowl 
Handling Instructions: Lead Bending Do not bend closer than 030' from body. 
Color Code: Color dot system reading from cathode or pointed lead end 
Soldering: Heat sink diode body during soldering. 

M
A
X
I
M
U
M
 A
V
E
R
A
G
E
 R
EC
TI
FI
E 

60 

SO 

40 

30 

20 

10 

o 

TEMPERATURE DEBATING CURVE 

P0.106 
PD.I03 
PD. (07 

All 

Other 
Types 

0 20 40 60 80 100 120 (40 

AMBIENT TEMPERATURE (DEGREES CENTIGRADE) 

h 
 I   

COLOR CODE DOT DIA MAY 

PHYSICAL CHARACTERISTICS: 
HERMETICALLY SEALED Bonded Surface films. 

TERMINALS- .004x.019 gold plated leads. Lead length 1/2 

inch minimum. 

MARKING-Cathode end designated by dot on the body 
and also by pointed lead. Type number designated by 
color of the body and color of dot on the cathode end. 

ALL DIMENSIONS SHOWN IN INCHES. 

Zener Diodes 

500 mW Power-Dissipation 
ACTUAL SIZE 

PSI 
Type 

Number 

....- 

Elect. 
Equiv. 

Zener Voltage 
0. 5 WS Sr 26°C 

Maximum 
Dynamic 
Resistance 
(ohms) 
1 

Maximum Inverse 
Current At 

Inverse 
Voltage 
0.0 

E, Min. 
(V) 

E. Min. Is (n 25°C 
(rrA) 

Is (u 100°C 
(PA) 

PS6465 114465 2.0 32 60 75 100 

PS6466 114466 3.0 3.9 55 50 100 

P56467 10467 3.7 4.5 45 5 100 

P56468 10468 4.3 5.4 35 5 100 5 

P56469 111469 5.2 6.4 20 5 100 5 

P56470 171470 6.2 80 10 5 50 5 

I. Measur it al lOrnA DC Zener current with I mA EMS rig al superponed. 

Also Available PS6313-6327 covering 
7.5, to 145, Zener Voltages. 

EIA 
TYPES 

Zone, 
(Breakdown) 

Voltage • 5 mA 

Maximum Inverse 
Current Al 

Inverse 
Voltage 

(sr) 

Maximum 
Dynamk 
Resistance 

(oho.) 
1 

Ea Min. 
(v) 

Ea Max. 
(v) 

lo re WC 
(nA) 

Is ge 100•C 
(aN) 

10702 2.0 3.2 75 100 -I 60 

144703 3.0 3.9 50 100 -1 55 

111704 3.7 4.5 5 100 -1 45 

10705 4.3 5.4 5 100 -1.5 35 

111706 5.2 6.4 5 100 -1.5 20 

174707 6.2 8.0 5 50 -3.5 10 

I. Measured at 10 mA DC Zener current with 1 mA EMS signal superposed. 

Also Available 1N708-1N725 covering 

5.6 v to 30„ Zener Voltages. 

EIA 
typo 

Zener 
Voltage 

E.( Voits)2 

Max. Inverse 
Current 

E. -1V 

u a 

Max. 
Dynamic 

Resistance 
l z 20mA 
lAc 1 mA 

Ohms) 
(Max.) 25°C 150°C 

1N746 3.3 10 30 28 

1N747 3.6 10 30 24 

1N748 3.9 10 30 23 

1N749 4.3 2 30 22 

1N750 4.7 2 30 19 

1N751 5.1 1 20 17 

1N752 5.6 1 20 11 

1N753 6.2 0.1 20 7 

1N754 6.8 0.1 20 5 

1N755 7.5 0.1 20 6 

1N756 8.2 0.1 20 8 
1N757 9.1 0.1 20 10 

1N758 10.0 0.1 20 17 

1N759 12.0 0.1 20 30 

1. +10% Zener Voltage Tolerance 

2. Ez measured at Test Current lz -20mA 

All of the above types can be supplied in ± 5% Tolerance. Add "A" suffix to 
indicate units with ± 5% Tolerance of center Zener Voltage Value. 

* NEW! 
VOLTAGE REFERENCE 

DIODES 
ACTUAL SIZE 

CIA 
Type 

Member 

-...-

REFERENCE VOI-TAGE 
• 7.5 ma. • WC. 

(role s) 
Max. Voltage 
d mee from 
WC Reference 
Velma. (volte) 

-56•C to + 100M 

Max. Dynamic) 
Koolau,» 
(otees) 

MI,. Ara. Max. 

1/12765 6.46 6.80 7.34 ±0.050 20 

162766 12.92 13.60 14.28 *0.100 40 

1142767 19.29 20.40 21.42 10.150 60 

102768 25.84 27.20 21.56 *0.200 80 

102769 32.30 34.00 35.70 ±0.250 100 

1142770 38.76 40.80 42.84 ±0.300 120 

I. Measured with I rinA AC superpos d on 7.5 mA DC 
Max. Operating Temp. Os lz -7.5 mA: -65°C to +175°C. 

PSI Iligh-Q714-ïricae._. 
ACTUAL SIZE 

--

VARICAP 
TYPE 

Capacitance. 

e «DC 
SOME 
(vor) 

Quality 
Factor 
Min. (6) 
0 4VDC 
50MC 

M. to,... „, 
'°:,‘"i."'"•• 
° ,84, (M I 

Minimum 
saturation 
Voltage • um 'ADC 
(VDC) 

Mniunium 
Inverse 
Current 
• 5000C 
(pADC) 

PC -11240 10 50 80 90 1.0 

PC-113.22 22 50 80 90 1.0 

PC -114-47 47 50 80 90 1.0 

CAPACITANCE CHANGE: From 2VDC to 80VDC, 4.0 to 1 Min. 

VARMAP 
TYPE 

Capacitance' 
0 4011C 
SOME 
16641 

Quality 
Factor 
mi n. (Q) 
0 4VDC 
505IC 

Max. 
working 
voltage 
ROC) 

Minimum 
Saturation 
Voltage 
e 10(6,511C 

(VOC) 

Maximum 
I  
Current 
le 75VDC 
(,AOC) 

PC -11540 10 100 100 110 1.0 

PC .116-22 22 100 100 110 1.0 

PC -11747 47 100 100 110 1.0 

CAPACITANCE CHANGE From 2VDC to 100VDC, 5.2 to 1 Min. 
'All capacitance values are rO 20% All values at 25°C 

"VARICAP" is the registered trade-mark of silicon voltage.variable capacitors 
manufactured by Pacific Semiconductors, (nc. 

An entirely new approach to the design of electronic 
tuning, automatic frequency control, harmonic genera-
tion and numerous other circuits is made possible by 
the introduction of these new silicon voltage-variable 
capacitors. The Q specifications of 50 and 100 at 4VDC 
at 50 mc. for the first time combine wide tuning range 
and high Q. Twenty-three other Varieap types ranging 

from 7 to 100 gpf also available. Details on request. 

All High Q Varicap types are available on good 
delivery schedules. 

Fast Recovery Silicon 

Diffusion Computeiodes 

ACTUAL SIZE 

...H. 

"110 
• 

..-"' 

.. 

Type 
Number 

Minimum 
Saturation. 

g,m r,... 
(vans) 

Minimum .U.11 

Forward 

Ma z 
ReverseCurrent 041) 

er Reverse Recovy 
Characteristiee 

0{.1-.1)%lt 
(mA) WC 100•C 

Reverse 
Ruistanee 
(dune) 

Maximum 
Roomy 
Mere (ee) 

, 

1013431 200 10 .0M (10v) 
1 (100v) 

5 (10v) 
15 (100v) 

MK 0.3 

• 

• 

106621 100 10 1 (I0v) 
20 (50v) 

20 (1001 
100 (500) 

1MM 05 

15663 100 100 5 (75v) 50 (75r) 200K 0.5 

15789 30 10 I (20v) 30 (20r) 2001( 0.5 

111790 30 10 5 (20v) 30 (MO 2001( 0.25 

10791 30 50 5 (200) 30 (20v) 2001( 0.5 

111792 
16793 

30 
60 

100 
10 

5 20r) 
I (50v) 

30 (20v) 
30 (50v) 

100K 
200K 

0.5 
0.5 

111794 

MIDIEMBIMMMMIIM 
111796 

60 

60 

10 

100 

5 (50v) 

5 (SOO 
5 (50v) 

30 (500 

EMOMMUMMIEMII 
30 (50v) 

2001( 

100K 

0.25 

0.5 

16797 120 10 I (100,) 30 (100v) 200K 0.5 

111798 120 10 5 (1000) 30 (100v) 200K 0.25 

114799 120 50 5 (100v) 30 (100v) 200K 0.5 

111800 120 100 5 (100v) 30 (100v) 100K 0.5 

111801 150 10 1 (1250) 30 (1250) 2006 0.5 

111802 150 so 5 (125v) 50 (12501 200K 0.5 

111803 200 10 5 (175v) 50 (1750 2001( 0.5 

15804 21:11 50 10 (175v) 50 (1750) 200R 0.5 

1/1659 60 6 5 (500 25 (50r) 400K 0.3 

15660 120 6 5 (100r) 50 (100r) ICON 0.3 

15661 240 6 lO 20(6 100 205e 4006 0.3 

111625 30 4 • 1.5v 1 (20v) 30 (20r) 4036 I /4NC 

16626 50 4 • 1.5r I (35r) 30 (350) 400K I PM 

111627 100 I o) 1.5e I (75y) 30 (750) MOK 1 issec 

111628 150 4 06 1.50 I (125v) 30 125y) 4000 I user 

114629 1111.5.2.1111KnEEMBIELMEMÉLDIMUMIKE=.1 

,,,s. , , •iii, - 

OTHER SPECIFICATIONS: 

Ur:1r% reeasnedCepreernatt.i n1g eemcPeIrludruet YE:TiVeei L3605 Amps. C. 





THE 
WIZARD 
OF 

ODDS He solved a telephone traffic problem two centuries ago 
Jacques Bernoulli, the great Swiss mathematician, pon-
dered a question early in the 18th century. Can you mathe-
matically predict what will happen In hen events of chance 
take place, as in throwing dice? 

His answer was the classical Bernoulli binomial distri-
bution—a basic formula in the mathematics of probability 
(published in 1713). The laws of probability say, for in-
stance, that if you roll 150 icosahedrons (the 20-faced 
solid shown above), 15 or more of them will come to rest 
with side "A" on top only about once in a hundred times. 

Identical laws of probability govern the calls coming 
into your local Bell Telephone exchange. Suppose you are 
one of a group of 150 telephone subscribers, each of whom 
makes a three-minute call during the busiest hour of the 
day. Since three minutes is one-twentieth of an hour, the 

probability that you or any other subscriber will be busy 
is 1 in 20, the same as the probability that side "A" of an 
icosahedron will be on top. The odds against 15 or more 
of you talking at once are again about 100 to 1. Thus it 
would be extravagant to supply your group with 150 trunk 
circuits when 15 are sufficient for good service. 

Telephone engineers discovered at the turn of the cen-
tury that telephone users obey Bernoulli's formula. At Bell 
Telephone Laboratories, mathematicians have developed 
the mathematics of probability into a tool of tremendous 
economic value. All over the Bell System, the mathematical 
approach helps provide the world's finest telephone service 
using the least possible equipment. The achievements of 
these mathematicians again illustrate how Bell Labora-
tories works to improve your telephone service. 

BELL TELEPHONE LABORATORIES 

World center of communications research and development 



ACTUAL 
SIZE 

1 

TYPE SMFB I 

TYPE FIB 

QUALITY 

Allen-Bradley cascaded ceramic feed-thru filters provide 
effective filtering up to and beyond 5,000 MCS 

Type FCS-2 

Actual Size 

Type FCD 

If 40 

Type FIS 
Type SMFO 

rzte-1 
Here's an entirely new concept in ultra-high frequency filtering— 
Allen-Bradley's new ceramic feed-thru filters. Their high insertion 
loss—up to 60 db—effectively prevents feedback and radiation 
from low power circuits operating in the frequency range from 50 
incs to 5000 mcs. 

Astounding in performance, these new A-B filters are actually 
superior to the theoretical ideal capacitor over a wide frequency 
range. Note, in the graph at right, their effective filtering increases 
with frequency—and they have none of the undesirable resonance 
characteristics of standard tubular capacitors. In addition, A-B 
filter elements provide far greater effective capacitance values than 
practical with conventional capacitor designs. Filters are available 
in voltage ratings up to 500 y DC at 125°C. Send for Technical 
Bulletin 5410. 

Allen-Bradley Co., 110 W. Greenfield Ave., Milwaukee 4, Wis. 
In Canada: Allen-Bradley Canada Ltd., Galt, Ont. 

ALLEN-BRADLEY 
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FINANCIAL ROUNDUP 

Stock Tally Reveals Growth 

A vco Corporation 
Sperry Rand Corp. 
Int'l. Tel. & Tel. 
Universal Controls 
Raytheon 
General Electric 
Radio Corp. of Amer. 
General Dynamics 

SHARES CLOSE 
(in 100's) HIGH LOW (Jan. 29) 

26,890 16% 11 34 13 
26,325 27% 21% 22% 
20,285 42% 30 34 36% 
17,676 21% 15% 16% 
17,021 58% 43% 47% 
16,503 99% 74 85% 
16,246 73% 54% 59% 
13,765 54% 41% 56% 

THIS TABLE shows the eight elec-
tronics stocks which have consist-
ently been among the 25 most ac-
tively traded stocks in the period 
from Aug. 3, 1959, to Jan. 29, 1960.* 
A listing made last year (ELEC-

TRONICS, p 21, Nov. 6, 1959) con-
tained substantially the same com-
panies in the following order: 
Sperry Rand, Avco, IT&T, General 
Tel. & Elec., Raytheon, GE, RCA, 
General Dynamics and Universal 
Controls. 
Although volume trading for elec-

tronics stocks in general has fallen 
off in recent weeks, volumes for 
the stocks listed above are higher 
than they were in the November 
listing. At that time Sperry Rand's 
figure for SHARES in 100's was 
12,432--the high score. The lowest 
count was made by Universal Con-
trols, 6,429. For the most part, 
stocks listed have increased in value 
since the last tally. 

• Motorola Inc., Chicago, reports 
a preliminary tally of its 1959 
record year shows sales well above 
$280 million. Net profits exceed 
$14 million, an estimated rise of 
30 percent. The rise is attributed 
to increased sales and earnings in 
entertainment products, as well as 
two-way mobile radio gear. 

• Control Data Corp., Minneapo-
lis, announces net sales of $3.889,-
273 for the six-month period ended 

Dec. 31, 1959. Net income after 
taxes was $249,518. This compares 
with net sales of $1,462,685 and 
net earnings of $31,697 for the 

first half of 1959. Earnings for 
the last six-month period were 
equivalent to 27 cents a share on 

*Tabular information prepared by sta-
tistical research department of Ira Haupt 
& Co., New York, investment bankers. 

PER-
FORMANCE 

—1% 
—3% 
—3 
—1% 
—4% 
+4% 
—6% 
—7% 

the 899,344 shares of common 
stock outstanding. 

• Polarad Electronics, Long Is-
land City, N. Y., reports sales of 

$6,544,676 for the first half of its 
fiscal year as compared with $5,-
818,858 for the same period a year 
ago. Net income for the first half 
of the present fiscal year was 
$374,778, as compared with $148,-
335 in the first half of the preced-
ing year. Company attributes the 
rise to continued growth in sales 
of industrial products. 

25 MOST ACTIVE STOCKS 
WEEK ENDING FEBRUARY 12 

SHARES 
(IN 100's) HIGH LOW CLOSE 

Gen Electric 731 90% 857/8 907/a 
RCA 713 63I/4 591/2  62% 
Collins Radio 647 57 51% 53% 
Varian Assoc 606 46 405/e 431/2  
Westinghouse 581 511/2  471/4  49% 
Sperry Rand 531 233/4 22% 23% 
Monto TV 488 61/2  5% 6% 
Elec & Mus Ind 469 67/e 6% 6% 

Arco Corp 434 131/2  12% 131/4  
Beckman Inst 361 71% 651/4  691/4 
Intl Tel & Tel 359 341/2  331/2  33% 

Univ Controls 355 15% 151/2  151/2 
Litton Ind 340 623/4  58% 611/2 
Gen Tel & Elec 330 77% 76 763/4  
Gen Dynamics 309 48% 461/2 471/a 

Philco Corp 304 30% 281,6 287/e 
Intl Resistance 292 241/2  21 231/4  
Raytheon 270 477/a 45% 471/a 
Lear Inc 254 171/2  157/e 171/4  
Burroughs 248 30% 29% 301/2  
Texas Inst 233 1713/4  1641/4  1701/2  
Reeves Sndcrft 229 101/4 91/2  97/a 

Ampex 223 1057/e 981/2  103 
Zenith 201 1013/4  97 98 

Dynamics Corp Amer 187 11 101/2  10% 

'Hie above figures represent sales of electronics 
stocks on the New :York and American Stock 
Exchanges. Listings are prepared exclusively for 
ELECTRONICS by Ire Haupt .5£ Co., investment 
bankers. 

DIVIDEND ANNOUNCEMENTS 

Friden Inc 

Instrmnts for Industry 
Leesona Corp 
Magnavox 

Amount Dale 
her Share Payable 

$.25 Mar. 10 
2% Mar. 1 
.121/2  Mar. 10 
.25 Mar. 15 

e lflctc 
SPECIALTY SEALS 
precision-made to 
your specifications 

High-temperature 
specialty seals 

vacuum-tight, shock-
and vibration-proof 
A competent, dependable source 
for custom seals is CerMac 
(Ceramic-Metal Assemblies Cor-
poration) . Here experienced and 
skilled personnel employ modern 
precision manufacturing facili-
ties to produce hermetic seals 
and other metallized ceramic 
assemblies of highest quality 
with prompt deliveries. Send 
drawings for quotations. 

Representatives in principal cities 

SHAW INSTRUMENT 
CORPORATION 

Successor to 

CERAMIC-METAL ASSEMBLIES CORP. 
P.O. Box E-328 Latrobe, Pennsylvania 

Phone: Latrobe, Keystone 9-1757 
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Designing in miniature? 

Here's how to save space 

...90% of it! 
New G-C MICROSTACK* for coincident 
current memory systems has a physical 
volume just 10% that of conventional 
stack. MICROSTACK shown with 2560 
cores measures only 1.125" x 1.4" x 1.4", a 
reduction in size from 31/2 " x 31/2 " x 5". 

This miniature stack consists of an array 
of 16 x 16 x 10. Solder connections are 
greatly reduced (from 1192 to 104) , there-
by substantially increasing reliability. 

GENERAL CERAMICS 
, ORIGINATOR Of TNT SOUARE (OOP FERRITE 

Noise level in the new MICROSTACK is 
as low as that of conventional types. The 
new MICROSTACK is available with all 
standard memory cores. Standard pack-
ages are available with coincident current 
wiring in 10 x 10 x 8, 16 x 16 x 8 and 32 x 

32 x 8 arrays. 

For further information, please write on 
company letterhead—address inquiries to 
Dept. E. • Trademark 

General Ceramics Corporation 
KEASBEY, NEW JERSEY, U.S.A. 
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THE NEW 

ANTENNA 

PATTERN 

RECORDER 

* Noise suppressor for better S/N ratio * Bolometer 

burnout protector * DB meter for signal monitoring 

* Automatic single chart cycle advance 

Scientific-Atlanta's new series of rectangular antenna 
pattern recorders bring you new standards of performance, 
reliability and flexibility. 

Compare these key features 

Writing speed of better than 40 inches per second • Log, 
linear, or square root pen response obtained with plug-in 
balance pots • One electronics system drives both polar 
and rectangular recorder heads • Overload indicator to 
prevent amplifier saturation • 60 db dynamic range system 
available • Chart scale expansion of 1:1, 6:1, and 36:1 
• Page size recordings optional at extra cost • 100 db 
gain in bolometer amplifier • Lighted chart • Improved pen 
mechanism • DC input pre-amplifier available • Plug-in 
selective filter • Simplified controls. 

PRICES, Series APR -20 Rectangular Antenna Pattern Recorders 

APR - 21 linear, $4100 — APR - 22 logarithmic, $4300 — 
APR - 23 linear, logarithmic, $4700 — APR - 24 linear, 
square-root, $4700 —APR-25 linear, logarithmic, square-
root, $5300. 

THESE PLUG-INS MEAN 

FLEXIBILITY AND EASY SERVICE 

New high gain, 
low noise bolometer— 
crystal amplifier 

New pen function 
amplifier 

New pen balance 
potentiometer 

Call your nearby S-A engineering rep for a demonstration and complete technical 
information or you may write directly to the factory. Please ask for data sheet Dept. 18 

SCIENTIFIC-•ATLANTA, INC. 

2162 PIEDMONT ROAD, N. E. • ATLANTA 9, GEORGIA 
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ood electronic design 

you limit compromise by 

PROOF: G-E 7077 

over a wide spectrum of 

1-0eKIKEED 

'çt 

WIDE-BAND TAPE RECORDER. 

For Lockheed, California Division, 28 General Electric 
7077's serve as pre-amplifiers in a 14-channel 500-kc 
60"-per-second tape recorder that stores wide-band 
information from an air defense exercise five times as 
rapidly as before. Extreme requirements of frequency, 
timing accuracy, and reproducibility are met by the 
7077's low noise, high impedance, and high Gm. Also, 
the tube's small size matches the miniaturization needs 
of the Lockheed tape-recorder equipment. 

AGC 

GROUND-SURVEYING RADAR. 

Motorola's Western Military Electronics Center in 
Phoenix uses four General Electric ceramic 7077's for 
high-speed RF switching and pulse attenuation in a 
440-mc distance measuring circuit where timing to 
one billionth of a second is needed for pulse delay meas-
urement. Minimum plate-to-cathode capacitance, high 
gain, low noise, and a configuration that makes the 
tube ideal for grounded-grid service, were reasons 
back of Motorola's choice of the G-E 7077. 



involves trade-offs ... but 

using ceramic tubes. 

meets designers' targets 

frequency and function. 

( 
pee 

- -flee 04,A. t 

IIPAlm jaLIS 

MISS-DISTANCE INDICATOR. 

Ralph M. Parsons Company uses seven General Electric 
ceramic 7077's in tuned stages as high-gain, low-noise 
RF amplifiers in its PARAMI system for determining 
air-intercept missile accuracy. A 324-me circuit, the 
Parsons PARAMI system has a gain-bandwidth prod-
uct approaching the limit of the state of the art. 

Phone your nearest General Electric 

New York: Wisconsin 7-4065, 6, 7, 8 Chicago: 

TEMCO 

UHF 

DISTRIBUTED 

AMPLIFIER. 

Many receivers—one antenna, with Temco Electronics' 
broadband distributed amplifier. Arranged in six five-
stage units, 30 G-E 7077's are used as RF amplifiers, 
operating over a 750 mc bandwidth, between 250 and 
1000-me. Fills the frequency gap between TWT's and 
existing distributed amplifiers. 

Receiving Tube Department Office: 

SPring 7-1600 Los Angeles: GRanite 9-7765 

Progress /s Our Most important Product 

GENERAL ELECTRIC 
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HIGH-VACUUM 
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THE KEY TO A TRULY CLEAN VACUUM, 
without fluids or other contaminants, is an 
UlteVac electronic pump. Can operate 
unattended for months or years on a sealed 
system; requires no traps, baffles, or 
refrigeration. Maintains vacuums of 10-9mm 
Hg and below; power failure does not harm 
system since it is sealed after UlteVac 
starts. Serves as its own vacuum gauge. 
Operates in any position; no hot filaments, 
no cooling water. 

Series 110 
1 I sec. 

Series 327 • 270 I, SEC 

ULTEK CORPORATION, only manufacturer 
devoted exclusively to ion pump technology, 
offers stock pumps 1 to 1000 liters/second 
capacity, plus sorption pumps, foreline 
traps, and SealVac fittings which provide 
easy-connecting rotatable flanges. Ultek 
invites comparison of product, service, and 
delivery time, on either standard or modified 
pumps and accessories. Literature on re-
quest—specify application. 

Contact ULTEK. or its exclusive 
representative, Kinney Mfg. Div. of 
The New York Air Brake Co. Sales 
offices in major U.S. cities. 

Booths 43094311 at IRE 

ULTEK 
CORP 

920-E Commercial St. • Palo Alto. Calif. • DA 1-4117 

Selecting New Products 

Harold C. Buell. P. R. Mallory's new 
product-minded marketing vice president 

PRODUCTS INTRODUCED within the 
last five years are accounting for 
45 percent of the average electronics 
firm's current sales. A new prod-
uct's sales contributions generally 
mount from eight percent of the 
total one year after introduction to 
50 percent in 10 years. 
Above figures are taken from a 

survey made last year by Harold C. 
Buell, marketing vice president of 
P. R. Mallory, among 28 electronics 
firms, with sales ranging from $8 
million to $500 million annually. 
They show the importance of new 
products to the electronics industry. 

Measuring Success 

The 28 firms told Buell they 
brought out an average of nine new 
products a year ago. Within a five-
year period 30 new products were 
introduced by the typical firm. Over 
a 10-year period, the number was 53. 

Here's a guide for measuring 
your new product success record. 
Of products introduced in the last 
five years, ait average of 15 percent 
were discontinued during the pe-
riod, survey shows. One- firm dis-
continued 60 percent of its neW 
products over the five year period. 
What are the major 'reasons fer 

discontinuing new products? Mar-
ket changes and unprofitability 
topped the list with 10 mentions 
each. Product obsolescence and in-
adequate screening were close be-
hind. Other reasons given: inade-
quate development, competition, 
lack of proper distribution, produc-

tion difficulties. 
Engineering research is the 

prime source of new product ideas. 
It was mentioned by 22 firms, 
slightly ahead of customers (20 
mentions), and the sales depart-
ment (19). Other idea sources: top 
management, new product groups, 
competitors and market research. 

Screening Procedures 

Despite the importance of new 
products to the electronics industry, 
only 13 of the 28 firms said they had 
a written procedure for screening 
and selecting new product ideas. 

Committees handle new product 
screening in 15 firms. Departments 
handle the function in three firms 
and individuals in eight. On aver-
age, 59 products are screened an-
nually, and 14 get further study. 

Profit potential had to be the most 
important criteria in screening of 
new products. It was mentioned by 
27 firms. Twenty firms listed com-
petitive status. Other frequently-
mentioned criteria were compatabil-
ity with present manufacturing 
facilities and distribution system, 
costs of development and marketing. 

Studies by engineering and mar-
keting research groups, internal 
and external, shared top honors in 
answer to question on methods used 
to study new product ideas. Both 
groups were mentioned by 18 firms. 

Thousands FIGURES OF THE WEEK 
of Units 
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Source: EIA 
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Developing capacitors for unusual situations 

ab's your job...and Cen 

Variable Capacitors 
600VDCW, capacity ranges 
to 250 mmf. Compact con-
struction, 1,/16" wide, we 
long, 11/,‘" deep overall. 
Temperature compensat-
ing units NPO, N650 are 
standard. Other tempera-
ture characteristics avail. 
able on special order. 

CERAMIC 

CAPACITORS for difficult applications 

Ceramic capacitors have almost 
unlimited capabilities ... but utiliz-
ing their full potential demands expert 
knowledge not bound to conuentional 
approaches. Creative engineering, 
involving new concepts and new 
techniques, can broaden your design 
horizons. 

That kind of creative engineering is a 
CENTRALAB specialty. As specialists 
in ceramic capacitors, CENTRALAB 
engineers have developed units to 

Precision Temperature 
Compensating 
Capacitors 
Hermetically sealed, T.C. 

10 PPM, capacity toler-
ance 1%. Outer shell 
grounded. Available in 50-
3500 mmf range in NPO. 
Other T.C. ratings pro-
portional. 

meet an enormous variety of difficult 
size and rating requirements beyond 
the scope of oil, mica or vacuum 
capacitors. The unusual designs illus-
trated here are typical of CENTRALAB'S 
answers to the problems no-one else 
could solve. A representative group 
of additional specialized units are 
described in Bulletin #42-719. Request 
your free copy of this bulletin today; 
it will stimulate your thinking towards 
making full use of the design poten-
tial of ceramic capacitors. 

High Voltage Capacitor 
12KVDCW, 2000 mmf; 30 
amps at 30 mc. Unit is 6" 
long, 2" O.D. Extremely 
flexible design—can be 
made to a wide range of 
dimensions and ratings. 
Units that operate at 125°C. 
without derating can be 
designed. 

DC Blocking 
Capacitor 
10KVDCW,1700 mmf10%; 
12 amps at 4 mc, 80 amps 
at 30 mc. Measures only 4" 
high and 4" O.D. at base. 
Ideal for restricted space, 
high reliability applica-
tions. Can be used in par-
allel to handle large loads. 

Ultra-Miniature 
Capacitor 
3VDCW, .01 mmf G.M.V. 
Capacity change +10° to 
+85°C., 25% maximum. 
Approximately 1/4 " diam-
eter. For transistor, cou-
Pling, by-pass, cathode 
and other low voltage, high 
capacity applications. 

ELECTRONICS DIVISION OF GLOBE-UNION INC. 
914B E. KEEFE AVE. • MILWAUKEE 1, WIS. 
In Canada: 669 Bayview Ave., Toronto 17, Ont. 

VARIABLE RESISTORS • ELECTRONIC SWITCHES • PACKAGED ELECTRONIC CIRCUITS • CERAMIC CAPACITORS • ENGINEERED CERAMICS 
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THROW: 20°, 40° 
INSULATION: phenolic 

Widest Option in 
Low-Power Rotary Switches 
C.SECTIONS 

15/16" 

THROW: 30°, 36°, 45° 
INSULATION: stator gloss 
silicone; rotor, KEL-F 

THROW: 30°, 36°, 45°, 
60°, 90° 
INSULATION: phenolic, 
Mycalex, ceramic 

1-9/32' 

THROW: 30°, 45°, 60°, 90° 
INSULATION: phenolic, 
Mycalex, ceramic 

THROW: 25.7°, 30°, 36°, 
45°, 60° 
INSULATION: phenolic, 
ceramic 

THROW: 18°, 20°, 30°, 
36°, 45°, 60°, 90° 
INSULATION: phenolic, 
Mycalex, ceramic 

THROW: 15°, 30° 
INSULATION: phenolic 

THROW: 20°, 40° 
INSULATION: phenolic, 
Mycalex 

L 1-23/32"—i 

THROW: 12.85°, 18 °, 
25.7°, 36° 
INSULATION: phenolic 

2-17/3? 
or 

2-5/16" 

THROW: 12.85°, 25.7° 
INSULATION: phenolic 

METAL PARTS AND FINISHES 

STANDARD COMMERCIAL—Punched steel parts are lead. 
coated, cold-rolled steel. Parts such as nuts, lockwashers, 
etc., are cadmium-plated steel. Shafts may be cadmium. 
plated steel, brass, or aluminum. Brass parts are unplated. 

«1111> 
Famous Oak dou-
ble wiping, high-
pressure design. 
Riveted or eye-
leted in place and 
keyed from turn-
ing. Rotors short-
ing or nonshorting. 

ACCESSORIES 

TROPICAL OR 50-HOUR SALT SPRAY MILITARY SPECIFICA-
TIONS—All steel and brass parts are cadmium-plated and 
chromate-dipped. Stainless steel parts are passivated. 

200-HOUR SALT SPRAY MILITARY SPECIFICATIONS—All 
brass parts are nickel plated. All stainless steel parts are 
passivated. Shafts, "C" washers and index springs, balls 
and plates are stainless steel. 

TYPE 1—Contacts are spring brass, silver-plated. Rotors 
ore brass, silver-plated. Temperature limit: 100°C constant 
ambient. 
TYPE 2—Contacts, spring tempered-silver alloy. Rotors, 
coin-silver alloy. Temperature limit: 100°C constant 
ambient. 
TYPE 3—Contacts and rotor blades made of Oak alloy 

CMS-202. This is a special alloy for high temperature 
operation to 150°C. 
GOLD-PLATED CONTACTS—Type 1 or 2 contacts may be 
gold-plated .0002" thick. Not to be confused with gold flash. 

FOR PRINTED CIRCUITS—Standard Oak contacts with a 
lug extending from the terminal end. Lug inserts in board 
for dip soldering. 

AC SNAP SWITCHES 
—36 models for use 
on most switch types. 
All are UL approved. 

POTENTIOMETERS— 
Customers' choice. 
Mounts on rear of Oak 
switches. Operates by 
switch shaft or sepa-
rate concentric shaft. 

ELECTROSTATIC BEARING STRAPS— 
SHIELDS—Used be- Added shaft support 
tween sections. Sizes on long switches.Steel, 
and shapes for all brass, and phenolic. 
switches. 

CO. 

1260 Clybourn Ave., Dept. G, Chicago 10, Illinois 
Phone: MOhawk 4-2222 

MOUNTING BRACES 
—Prevents frame twist 
on long switches due 
to torsion. 

SEND FOR THIS GUIDE CHART 
TO OAK SWITCHES 

Bulletin unfolds to 17" x 22" wall 
chart (right) which matches 34 ro-
tary switch sections (shown actual 
size) to corresponding frames. Also 
contains specifications and dimen-
sions for rotary, pushbutton and 
lever switches. 

SPECIAL SHAFTS— 
Hollow, dual-concen-
tric, and triple-con-
centric for many 
switches. 
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7.T.74,110•L"." ... 

General Electric has whatever you need in magnet wire 
When it comes to buying fine or ultra-fine magnet wire for 
the electronic industries, just name your specs and General 
Electric can match them. For example: 

What sizes do you need? G-E magnet wire is available in 
sizes No. 4 Awg to No. 50 Awg round. These wires meet 
NEMA standards in every particular yet in many of the 
smaller sizes General Electric offers maximum overall 
diameters which are smaller than applicable NEMA stand-
ards. G. E. also offers several ultra-fine sizes in addition to 
the standard Awg series. 

What temperature range do you need? Operating tempera-
tures for General Electric ultra-fine magnet wire range 
from 105 C through 200 C. 

What properties do you need? There's a G-E type to meet 
any property specification. Here are a few: 

Solderable: Polyurethane 
Polyurethane nylon, polyurethane Butvar 

Self-bonding: Formex" Butvar 
Polyurethane Butvar 

Complementary properties: 
Formex nylon, polyurethane nylon 

When do you need it? You can get most types and sizes of 
G-E magnet wire right out of stock, at G-E warehouses 
spotted all over the country. G-E Plants on both coasts can 
usually make special types and sizes to order, promptly. 

Any more questions? Send for the newest, most comprehen-
sive magnet wire catalog available. To get your copy, simply 
fill in and mail the coupon below. 

General Electric Company 
Wire and Cable Department 
Section W249-299, Bridgeport 2, Connecticut 

D Please send me the brand-new G-E magnet wire catalog—the 
most complete book of its kind available. 

7 Attached is a description of my problem—what do you suggest? 
Name  Title  

Company  

Add ress  

City Zone State  

'Reg. Trade-Mark General Electric Co. 

Progress Is Our Most important Product 

GENERAL ELECTRIC 
ELECTRONICS • FEBRUARY 26, 1960 
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Whatever you need in silver you can find at the 

HANDY & HARMAN SILVER SUPERMARKET 

Special today—and every day— 
silver in every form and grade 
you can name. By the ounce, inch, 
foot, and every other measure 
known to man. 

All are of the consistent quality 
that has made—and kept—Handy 
& Harman first in the manufac-
ture and development of silver 
and silver alloys for industry. 

At the right are some of the 
general forms of silver made by 
Handy & Harman (what you don't 
see, ask for): 

• Fine Silver (wire, strip and foil) 

• Silver Anodes and Grain for plating 

• Silver Contact Alloys 

• Silver Powders 

• Silver Flake and Paint 

• Silver Brazing Alloys 

• Silver Electronic Solders 

• Silver Sintered Metals 

• Solder-Flushed Silver Alloys 

• Silver Chloride and Oxide 

• Coin Silver (wire and strip) 

• Silver Bi-Metals 

• Gold, Platinum and other precious 

metals also available in every form 

you need 

VISIT OUR BOOK 
DEPARTMENT 

We have five Technical Bulletins giv-

ing engineering data on the properties 

and forms of Handy & Harman Silver 

Alloys. We would like you to have 

any or all of those that particularly 

interest you. Your request, by num-

ber, will receive prompt attention. 

Fine Silver   Bulletin A-1 

Silver-Copper Alloys .   Bulletin A-2 

Silver-Magnesium-Nickel Bulletin A-3 

Silver Conductive Coatings Bulletin A-4 

Silver Powder and Flake . Bulletin A-5 

Your NO. Source of Supply and Authority on Precious Metal Alloys 
OFF ICFS AND PLANTS 

HANDY it HARMAN 
General Offices: 82 fulloin Sf., New York 38, N.Y. 

ATLANTA. GA. 
•IIIDREPORT. CONN. 

PROVIDENCE. R. I 

CHICAGO. ILL. 
CLEVELAND. ONIO 

DETROIT. MICIC 
LOS ANGELES. CALIF. 

OAKLAND. CALIF. 
TORONTO. CANADA 

MONTREAL. CANADA 
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1717itaindon. .   7\   
RMC subminiature discaps 

DISCAp 
CERAMIC 

CAPACITORS 

SPECIFICATIONS 

POWER FACTOR: 1.5% Max. © 
1 KC (initial) 

WORKING VOLTAGE: 500 V.D.C. 
TEST VOLTAGE (FLASH): 1000 
V.D.C. 

LEADS: No. 22 tinned copper (.026 
dia.) 

INSULATION: Durez phenolic (3/,¡" 
max. on leads)—vacuum waxed 

STAMPING: RMC—Capacity—Z5U 
INITIAL LEAKAGE RESISTANCE: 
Guaranteed higher than 7500 
rnegohms 

AFTER HUMIDITY LEAKAGE 
RESISTANCE: Guaranteed higher 
than 1000 megohms 

1---10-NnT 

Small is a relative term and at RMC 

subminiature better describes Type 

SM DISCAPS. These DISCAPS meet the 
specs of EIA-RS-198 for Z5U ceramic 
capacitors and are available as described 

in the table below. Type SM DISCAPS 
show minimum capacity change 

between +10°C and +65°C. 

Capacity 
Max. 
Die. 

Max. 
Lead Len. 

Meas. 
Between Leads Tolerance 

.800 .235 l'A" .150 GMV 

.001 .235 l'A" .150 GMV 

.0015 .285 1A'" .250 GMV 

.005 .390 VA" .250 ±20% +80% —20% 

.01 .510 l'A" .375 ±20% +80% —20% 

.02 .675 1%" .375 +80% —20% 

RADIO MATERIALS COMPANY 
A DIVISION OF P. R. MALLORY 8. CO., INC. 

GENERAL OFFICE, 332$ N. California Ave., Chicago 18, lit. 
Two INC Plants D eeeee d Exclusively fo Ceramic COPoditors 

FACTORIES AT CHICAGO, ILL AND ATTICA, IND. 

ELECTRONICS • FEBRUARY 26, 1960 
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Overflow crowd of 1,000 listens at 9 p.m. 

to talks on tunnel diode developments at 
one panel discussion session of Solid-State 

Circuits Conference in Philadelphia 

Diodes: New Market Appeal 
Many tunnel diode circuit designs are being devised for a wide range 

of commercial products—even as research opens new possibilities 

NEW SEMICONDUCTOR DIODES based 
on the tunnel effect delineated by 
Leo Esaki are being developed and 
studied so intensively by electronics 
companies that several commercial 
implications are now recognized by 
technical observers. 

Computers, communications and 
the home entertainment field are 
being singled out by scientists as 
promising areas of application for 
tunnel diode circuitry. 

However, companies with large 
R&D groups seem to be method-
ically investigating all possible 
fabricating materials and circuit ap-
proaches before they invest heavily 
in extensive product engineering 
efforts. 
Tunnel diode circuit design by 

many electronics firms, and R&D 
work by a smaller number, are 
running concurrently. Some circuit 
designers attending the Solid-State 
Circuits Conference in Philadelphia 
recently told ELECTRONICS they had 
not worked with tunnel diodes be-
cause samples had been too costly. 
They said now that germanium 
samples could be bought for as little 
as $10 apiece, their own manage-

Physicist and a technician examine a new 

gallium arsenide tunnel diode under test. 
Characteristic E-1 curve is seen on 

oscilloscope 

ment was certain to give them the 
green light. 

Data on Gallium Arsenide 

The intertwining of tunnel diode 
research and circuit design is 
pointed up by the fact that GE, 
which announced price reductions 
on its germanium samples, has 
stated publicly that, based on the 
latest observations by its scientists, 
gallium arsenide is "the best ma-
terial so far explored and may be 
the ultimate material for the best 
overall performance." 

Oscillation frequencies of 4,400-
Mc have been obtained, says GE, in-

dicating that frequencies well above 
10,000-Mc are possible with gallium 
arsenide tunnel diodes. The com-
pany said new gallium arsenide 
samples would be available to cir-
cuit designers in about six months. 
Industry interest is high also in 
other III-V intermetallic com-
pounds. 

Joint Research 

A number of electronics com-
panies are jointly supporting a 
basic research program at Battelle 
Memorial Institute, Columbus, O., 
which concentrates on the large 
energy gap of the III-V compounds. 



Oscilloscope E-I curve trace comparison of GE tunnel diode made of germanium (left), silicon (center) and gallium arsenide 

Battelle is putting most of its ef-
fort into aluminum antimonide and 
gallium arsenide, but is studying in-

. dium phosphide too. The program 

began two years ago, and is sched-
uled to run another two years. 

Scientists are acquiring data on 
thermoelectric, resistive, magneto-
resistive and Hall effects. 

Outlook for Computers 

One new indication of how seri-
ously computer manufacturers are 
considering application of Esaki 
diodes as switching elements came 
from IBM's advanced systems de-
velopment division in a paper at the 
Solid-State Circuits Conference. 
"Under suitable bias and loading 

conditions," said the paper, "Esaki 
diode circuits can perform thresh-
hold logic and binary memory func-
tions and can provide power gain 
when switched." 

Earlier, ELECTRONICS had re-
ported (p 11, Jan. 8) that IBM 
researcher R. F. Rutz and his col-
leagues had attained a frequency of 
oscillation figure of 5,300 Mc at 
about 1 microvolt. Recently, IBM 
announced that Leo Esaki has taken 
a leave of absence from Sony Corp., 

iv Tokyo, to join IBM's semiconductor 
research department in Poughkeep-
sie, N. Y. 
RCA reports it is investigating 

the use of Esaki tunnel diodes as 
storage elements. Cycle time of less 
than 100 nanoseconds has already 
been achieved. 
Some opinion has been expressed 

that use of tunnel diodes in logic 
circuits will be limited only by the 
design limitations of the circuits 
themselves. New design techniques 
are required to take into account 
the fact that the power source may 
be an integral part of a logic circuit 
using tunnel diodes. 
A GE scientist reports a tunnel 

diode flip-flop digital circuit, which 
overcomes the design problem of 

matching tunnel diode peak current 
characteristics. He said this circuit 
work would be shown and described 
at a conference later this year. 

Flexibility of the tunnel diode's 
performance is noted by another 
GE scientist. He says that because 
of its flat frequency response, the 
same diode can be used to perform 
different functions at several fre-
quencies. Specifically, he reports 
that it has operated as an oscillator 
at one frequency and as an amplifier 
at a frequency low in comparison 
to the first. 

Several company representatives 
see Esaki diode computer develop-
ments heading towards eventual 
substitution of the new units for 
transistors. They predict plug-in 
modules with simpler circuitry than 
that presently used. 

Communications 

Many of the criteria which hold 
for the feasibility of using tunnel 
diodes in computers apply as well 
to electronic telephone switching. 
Since electronic switching in tele-
phony is still in its R&D stages, 
Esaki diodes conceivably could be 
designed into telephone switching 
systems of the future. 

Pulse transmission, including 
television pulse-code-modulation, is 
a communications area in which 
R&D involving Esaki diodes is 
likely to receive attention. 
Masers and parametric amplifiers 

are expected to get limited competi-
tion from Esaki diode devices in the 
space electronics field and in some 
microwave communications equip-
ment because of the higher noise 
level of the latter. Amplifiers using 
present units would be relatively 
inefficient, for example, with the 
conventional sugar-scoop antennas 
used in the Bell System's trans-
continental radio-relay system. 
However, it seems plausible that 

there could be a place for Esaki 

diode amplifiers in certain parts of 
microwave systems, where they may 
operate as high as 30,000 Mc. It is 
believed they could find use in con-
junction with long waveguides in 
which noise is determined by the 
temperature of the material (usu-
ally copper). 
A new broadband amplifier, an-

nounced by Bell Telephone Labora-
tories, makes use of the negative-
resistance of an Esaki diode of 
indium antimonide in combination 
with nonreciprocal ferrite attenua-
tion in order to achieve a high 
amplification ratio without self-
oscillation. 

Bell says the amplifier, which 
operates above 1,000 Mc, is expected 
to have applications in radar, 
microwave radio relay, satellite 
communications and waveguide 
transmission systems. 

"Power requirements are low and 
it is expected that the device will be 
lower in cost and have greater 
reliability than other methods of 
achieving comparable signal ampli-
fication," says Bell. 

Receiver Amplifiers 

RCA scientists identified with 
both defense electronic products 
and home entertainment instru-
ments reported results of recent ex-
periments with tunnel diode ampli-
fiers at the circuits conference. 
Their principal conclusion: "With 
tunnel diode circuitry, negative re-
sistance amplifiers can be made 
practical and useful in various re-
ceiver applications." 

Small size, potential low cost and 
fairly simple circuitry were ad-
vantages cited. The RCA men see 
the tunnel diode amplifier as a basic 
building-block for future micro-
miniaturization. 
A noise factor of less than 4 db 

was measured for one RCA tunnel 
diode amplifier tested in the experi-
ments. 
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Nickelonic News  
DEVELOPMENTS IN NICKEL AND NICKEL ALLOYS AND THEIR APPLICATIONS 

Designers insure 
magnetron reliability 
with 4 nickel alloys 

WALTHAM, MASS: Recently announced 
by Raytheon Company, the #6177 Mag-
netron is compactly designed for height 
finding, other airborne radar uses. Size 
is small, weight only 1 lb, range is 
4261-4300 megacycles at 1 watt. 

To insure the magnetron's operating 
reliability, Raytheon designers use 4 
nickel alloys in 13 critical parts. (8 
parts are numbered in above photo.) 
Designers report why: 

Electronic Grade "A" Nickel offers 
outstanding purity in ribbon (1). 

Inco "220"* Nickel assures proper 
outgassing in washer ring (2), tube 
(3), tube shield (4). 

Another nickel-chromium alloy re-
tains non-magnetic characteristics in 
reed (5), and reed coil support (6). 

Alnico (nickel-iron alloy) magnets 
provide stability (7) ; cupro-nickel pole 
support provides strength, non-mag-
netic characteristics (8). 

Pertinent Literature: Send for 51-B; 
"Nickel Alloys for Electronic Uses" 
(see box, below) and T-15; "Engineer-
ing Properties of Nickel." 

Circle 563 on Reader-Service Card 

Metal that acts like air 
wraps half-mile vacuum 

UPTON, N. Y. In the huge new 25-Bev Synchrotron at Brookhaven National 
Laboratory, Inconel "X"* age-hardenab e nickel-chromium alloy — "a metal that 
acts like air"—is used to contain a 1/2 -mile-long proton beam vacuum cavity. 

Principal reason for the selection of 
Inconel "X" alloy, reports Brook-
haven, was its high electrical resistiv-
ity. This resistivity, about 740 ohms 
per circular mil-foot, results in the 
avoidance of high eddy currents. In 
addition, the low magnetic permeabil-
ity of Inconel "X" alloy, approximately 
the same as air, has virtually no effect 
on the strong magnetic field passing 
through the tube walls to guide the 
proton beam. 

Inconel "X" also benefits vacuum 

cavity tube in other ways 

Its high structural strength permits 
thin-wall construction—tensile strength 
after heat treatment, above 130,000 psi. 
Other physical properties important to 
this application—the alloy's low vapor 
pressure, good degassing, freedom 
from porosity. 

Inconel "X" alloy provides good f ab-
ricability, too—tube is formed in sec-
tions from 0.078-inch sheet, welded 
and flanged. 
Pertinent Literature: Send for 51-B; 
"Nickel Alloys for Electronic Uses." 

circa 564 on Reader-Service Card 

Tube of low-magnetic Inconel "X" alloy carries 
Synchrotron's 25-Bey proton beam between magnet 
jaws. Tube's assembled, in sections, into a circle 

/2 mile around. 

Inspecting one of Synchrotron's 240 magnets. This 
one weighs about 17 tons. Inconel "X" tube fits 
into narrowest gap between jaws. 

Monel speeds sound brazing of resistor caps 
ROCHESTER, N. Y.: Monel* nickel-cop-
per alloy now makes possible, fast, sure 
brazing of connections in resistors de-
signed for severe service by Sage Elec-
tronics Corporation (see photo, left). 

In the caps, Monel alloy also gives 
excellent resistance to corrosion in 
murderous environments... and pro-
vides essential strength for anchoring 
leads. 

Monel boosts durability in other 
electronic components, too 

In one magnetron, for example, Monel 
alloy provides an output flange and 
mounting plate with the toughness and 
strength needed for 6000-hr life. In 
fastenings, Monel alloy stands up 
against both corrosion and hard knocks. 
In backing for contact points, Monel 
alloy contributes important strength 
and brazing properties. 
Pertinent Literature: Send for 51-B; 
"Nickel Alloys for Electronic Uses" and 
T.5 —"Engineering Properties of Mo-
nd and 'It' Monel." 

'Into trademark 
Circle 565 on Reader•Service Card 

Close-up of Monel caps soundly brazed to wire 
winding and leads of semi-finished resistor. Made 
by Sage Electronics Corporation, 302 N. Goodman 
St., Rochester 7, N. Y. 

Newly Revised Booklet —"Nickel Al-
loys for Electronic Uses" —gives you 
facts on 17 freely available nickel al-
loys useful in the electronics industry 
...facts on typical applications, phys-
ical and chemical properties, avail-
able mill forms. Ask us for your copy. 

Our specialists can help you solve 
metal problems. Contact your Inc° 
Alloy Products distributor or: 

HUNTINGTON ALLOY PRODUCTS DIVISION 
The International Nickel Company, Inc. 
67 Wall Street New York 5, N.Y. 

INco, ALLOY PRODUCTS 
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Electron Tube News 
...from SYLVANIA 

Sylvania 
introduces new 
tube outline! 

9-T 
straight-sided 

bantam envelope 
with 9-pin 

miniature pin circle 

Sylvania continues to advance the 
development of new concepts in elec-

tronic tubes. 9-T9 is another example! 
The new "outline" lifts restrictions 

imposed upon engineers who design equip-
TJ to be produced by printed circuit tech-

niques. Now it becomes possible to employ tube 
assemblies capable of high plate dissipation in 

printed circuit boards. This can be done with con-
ventional 9-pin sockets widely used in printed cir-
cuits. The 9-T9 concept of tube design offers unusual 
promises of compactness. 

9-T9 increases volumetric efficiency of the chassis by 
eliminating the relatively large octal base of the T9 
outline. 

9-T9 enables the use of large tube-assemblies in those 
stages where higher power-dissipation capabilities of 
the tube are a design necessity to include reliability. 

9-T9 maintains compactness of the equipment for-
merly afforded by tubes fitted with T6-1/2 header. 

NEW SYLVANIA TUBE-TYPES 
IN 9-T9 DESIGNS! 

6EW7... double-triode ... triode #1 will be 
intended for service as a vertical deflection 
oscillator, triode #2 as a vertical deflection 
amplifier in TV receivers. Note especially the 
high plate-power dissipation capabilities of 
triode #2 in this new tube-type as compared to 
a conventional 9-pin miniature tube. 10EW7 
... identical to 6EW7 in electrical characteris-
tics except for heater power requirements. 

New 9-T9 SYLVANIA designs include a beam-
power pentode with approximately 5-watts 
power output in audio amplifier service; a 
medium-mu triode, beam-power pentode for 
audio amplifier service in low-cost equipment 
where power outputs of 1 to 2 watts are 
required; a medium-mu triode, high perveance 
beam-power pentode for vertical deflection cir-
cuits in TV equipment. 



NEW SYLVANIA TUBES FOR LOW-COST 
STEREOPHONIC AMPLIFIERS 

181188 and 35H58 ... 9-pin 
miniatures feature high-mu 
triode and power-pentode 
in one envelope! 

Looking for sales-building 
record players you can quan-
tity-produce and market? Here 
are 2 new tube-types that will 
help you design stereophonic and 
monophonic amplifiers small enough in 
cost to reach the "popular" market, with 
enough power output to please the music fan 
with a "tight" budget. The triode section of these 
new tubes has a mu of 100. That makes it excellent as 
a voltage amplifier for the types of pickups usually used in 
low-cost phonographs. In typical operation as a class-A 
audio amplifier, the pentode section with only 115-volts on 
the plate can deliver up to 1-watt power output, adequate 
for a small-speaker system. SYLVANIA 18HB8 and 
35HB8 are identical in their electrical characteristics 
except for heater power requirements: 18-Volts at 300-Ma, 
and 35-Volts at 150-Ma, respectively. 

Stereophonic Amplifier Uses 
Only 2 Tubes. Provides Up to 
1-Watt Power Output Per 
Channel With Only .1-Volt 
Input. Uses 2 SYLVANIA 
18HB8 or 35HB8 Tubes. 

NEW SYLVANIA TUBES ANNOUNCED FOR IMPROVED TV-RECEIVER DESIGNS 

8ET7 ... this 
9-pin miniature 
features duo-
diodes for 
discriminator or 
video-detector 
service and a 
pentode section 
for video-output 
service. 

6GN8 ... a 9-pin 
miniature with 
a triode section for 
general-purpose 
use as a voltage 
amplifier or for 
service as a 
sync-separator, 
and a pentode 
section for video-
output service. The 
pentode section is 
equipped with a 
cathode especially 
designed to provide 
"cool" operation 
with resultant 
extended life and 
reliability. 

For further information, contact the Sylvania Field Office nearest you. Sylvania Electronic 

Tubes, a division of Sylvania Electric Products Inc., 1740 Broadway, New York 19, New York 

SYLVAN 

8GN8 9-pin 
miniature 
with electrical 
characteristics 
identical to 
SYLVANIA 
6GN8 except for 
heater power 
requirements. 

Subsidiary of GENERAL TELEPHONE &RECTRONICS 



THE RAW MATERIALS OF PROGRESS 

Circuits of KE1,1-F Plastic film cut 
weight, space, production time 

Miniaturization is given another step for-
ward through use of KEL-F Plastic lami-
nate on printed circuits, such as that shown 
above. Manufactured by Sanders Associ-
ates, Inc., Nashua, N. H., and sold under 
the trade name of Flexprint®, these cir-
cuits provide optimum dependability in 
minimum space. 

The circuit illustrated, for example, weighs 
only 2 ounces—its cable counterpart, 14 
ounces. All conductors are encapsulated, 

M INNESOTA M INING 
. WHERE 

thus there is no penetration of moisture or 
gases. Exact positioning of terminations 
eliminates wiring errors. And because this 
circuit is flexible, no short or open circuits 
will develop due to vibration and shock. 

The plastic is extruded and supplied by 
W. S. Shamban & Company, Los Angeles. 

KEL-F Plastic was chosen as the cover-
coat because of its high dielectric strength, 
excellent chemical stability, zero moisture 

AND 

absorption and fine thermal stability. A 
3M halofluorocarbon product, it can resist 
temperatures from —320° F. to 392° F., 
and remain flexible while providing supe-
rior insulation at all frequencies. 

Look to KEL-F Polymers to solve your 
tough insulation jobs. You'll find them 
readily moldable, while possessing high 
temperature and good electrical properties. 
For free literature, write to 3M Chemical 
Division, Dept. KAX-20, St. Paul 6, Minn. 

"KEL-F" is a Reg. T. M. of 3M Co. CHEMICAL DIVISION 
M ANUFACTURING COMPANY ee. 

RESEARCH IS THE KEY TO TOMORROW COMPANY 
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Project Defender Contracts Awarded or Being Negotiated 

DESCRIPTION 
OF WORK 

AGENCY 

111 

Information center on high altitude weapons etleGIS 
Reentry physics studies  - ' - - 
Omnirange digital radar -V.fiPP!Pafjfjllafaalg 
Electronically-steerable array radar11.11.111111M 
Missile range measurements 
Arcania assignment to AFMTC 411111111111111111111111. 
H-f ionospheric radar research 
Ballistic missile defense system studiesialliiiit 
Atmospheric ionization studies 4,14 

Radar discrimination 
Downrange ship operations diallall.11.111M 
High power radar research 1111111111111111.111111I 
Advanced radar research 11111.1111111111111.11M 
Vertical probe launching 11111111111111111111111111.11 
Decoy sorting radar 
Microwave radar 
Artificial electron cloud study 
Catalytic effects in discharges 
Design of hypersonic intercept systel .11111.11111111111.k 

le Hypervelocity impact research 
Hypervelocity impact research 111111111111111111111 
Photo detachment cross section studieS 
Digital phased array radar 11111111111 
Transmission of ion and atomic beam studiES MM. 
Feasibility studies (satellite defense 

system and missile phenomenology) 
Feasibility studies (space intercept reentry target studies) 
Feasibility studies (primarily GLIPAR) 

die 

41111111111111MMIR 

11111111111111111111111111111111 

ARDC 
ARDC 
ARDC 
ARDC 
ARDC 
ARDC 
ONR 
ARDC 
ARDC 
ARDC 
AOMC 
AOMC 
ARDC 
ARDC 
ABC 
ARDC 
ASO 
BRL 
ARDC 
NRL 
BRL 
NBS 
AOMC 
ASC 
ONR 

AOMC 

ARDC Au Research and Development Command; ONO—Office of Naval Re-
search. AOMC-- Army Ordnance Missile Command; ASC —Army Signal Corps; 
BRL Bab ,stc Research Laboratories; NBS—National Bureau of Standards 

Rand Corp 
MIT 
Columbia University illIMNIMMIIMINIMMI 

Bendix 
in house 
Stanford Research institute 1111111111.1111111111.111r 
in house 
Convair 
A. D Little. Convart i 
Raytheon 

CONTRACTOR 
AMOUNT 

lin thousands) 

'''''111111111111011111111111111•11111•P' 

1INNŒMMINIMINIMIK 

RCA laillagallaniaRIPW 
Cornell Aeronautical Laboratory11.11M1.1111.11Wi 
MIT 1.111111111111111.1.1.1111111 

,AIIIIIIIIIIIIIMMi in house 
Raytheon - 

RCA .411111111.1111.111111111111111M 
ltek 
in house ejrggaraWgaffajallrar 

$ 144. 
4,646. 
1,328 
2,144 
3,435. 
575 
535. 

1,375. 
1.435 
680 

2,700. 
1,361 
550 
397-

1,118. AL 
850 
39 11111 
80. MI 

Convair 1111.111111111.1111.11111111111111. 1,033. 11110 
in house 1.1.11.1111.1111.11111111111 525, •ffl 
in house 1111111111111.111111111300. 
in house 1.11.11111111.1.111111.11.111111111111MMIMIW 30. 111111 
Sylvania lagalialigiganalialffignalrir 1,434- 21111 
Am. M&F 100. ilea 
RCA, GE, Convair, tockheed, Gen. Dynamics, 3,80E. 
Republic, Dikewood Corp., Allied Res, Corp. 
Solar Aircraft, Bendix, Avco Res. Labs, Raytheon, Convair 3,257. 11111 
Gen. Dynamics, Stanford Res., Westinghouse, Aeronutronic 1,783. 
Systems, Allied Res. Assoc., U. of Chicago, Convair, GE Tempo, 
Gen. Mills, Hughes, Industrial Res. Assoc., Ramo Wooldridge, 
RCA, Republic, Technical Operations, Inc. 

Seeking protection until 1980, U. S.  is now  probing for 

Tomorrow's Space Defense Setup 
ATTEMPTS TO COME UP With a 
"breakthrough" to protect the U. S. 
from "extra atmospheric offensive 
vehicles" are proceeding on sched-
ule, says the Advanced Research 
Projects Agency this week. 
Being sought is a new technique 

that will protect this nation through 
1980. Such a system would go far 
beyond capabilities of Nike-Zeus— 
anti-missile missile system now un-
der development by the Army. 
The study program is called 

Project Defender. It's being given 
$106 million, approximately half of 
the Advanced Research Projects 
Agency's budget for fiscal year 
1960. 

Project Defender is master 
minded by ARPA scientists and 
specialists from Air Research and 
Development Command and Army 
Ordnance Missile Command. 

Seek New Concepts 

Whereas Nike-Zeus will attempt 
to intercept an oncoming ballistic 

missile in the terminal phase of its 
trajectory, Defender will study new 
means of destruction from the mo-
ment of launch until impact. To do 
this, all phenomena associated with 
missile flight must be studied— 
both the natural and disturbed con-
ditions of the upper atmosphere and 
the space beyond. 

Emphasis in the Defender proj-
ect is on development of new con-
cepts and the application of new 
techniques. ARPA will not be satis-
fied with less than a "breakthrough" 
system. 
Area of study will be wide. By 

1980, more than ballistic missiles 
will be a threat. There may be ma-
neuverable ballistic missiles, mis-
sile-launching satellites, or satellites 
that can be commanded to reenter 
at specific targets. 

Defender covers more than 50 
programs in the following areas: 
missile characteristics throughout 
the entire trajectory; characteris-
tics of upper atmosphere radar; re-

entry body identification; destruc-
tive mechanism; interception; de-
fense complexes; and exploratory 
research. (For specific contracts, 
see table.) 

Brig. Gen. Austin W. Betts re-
cently told the House Science and 
Astronautics Committee: "The 
study of such things as atomic 
cross-sections, changing molecular 
relationships and electron densities 
is involved. We are experimenting 
with the release of chemicals at 
high altitudes and the observation 
of artificial electron clouds and 
luminescence in order to determine 
basic data which will enlighten our 
understanding of the medium in 
which our weapon systems and 
those of the enemy will have to op-
erate." 

Pushing State of Art 

Defender is pushing the state of 
the art of radar, infrared and opti-
cal sensing, as well as the capability 
to receive, process, communicate 
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and effectively use data collected by 
these elements. 
An important area of the study 

is counter-countermeasures: to de-
termine whether a warhead is 
armed or a dud and to neutralize 
jamming. 
ARPA is currently using existing 

"laboratories," such as the Atlantic 
missile range, for obtaining study 
data. ARDC's JC-131 telemetry air-
craft ply the range during missile 
firings to pick up and record data. 
Two converted ships—ARDC's SS 
Arcania, Army's SS American 
Mariner—are carrying out the same 
mission. 
Defender's major effort will begin 

in early 1962 on Roi Namur Island 
in the South Pacific. From there, 
two high-powered radars and a 
data processing system will monitor 
Nike-Zeus test firings on Kwajalein 
Atoll 45 miles away, and the IRBM's 
fired for the Nike-Zeus' practice 
from Johnston Island, 1,420 miles 
away. 

'Pincushion' Radar 

One radar will be an RCA modi-
fication of the AN/FPS-49 tracking 
radar being built for the Ballistic 
Missile Early Warning System 
(BMEWS). This unit will be ac-
quired for ARPA by the Army Ord-
nance Missile Command. 
The second radar on order is be-

ing built by Raytheon under a $15-
million contract. An advanced 
tracking radar, the 80-ton unit will 
make microwave measurements of 
ballistic missiles outside the earth's 
atmosphere—compiling a billion 
bits of data on every run. 
Named "Pincushion" because of 

its microwave beam pattern resem-
blance, the new radar will transmit 
more than a dozen narrow beams 
from the parabolic, five-story-high 
antenna. 

Key to Pincushion's power is a 
series of Amplitron power tubes 

which make it possible to generate 
tremendous power levels in a rela-
tively small space. Transmitting 
and receiving circuitry will be 
housed in a pair of 17-ft-sq com-
partments mounted on the back of 
the antenna. The radar is scheduled 
for delivery in late 1961. 

Total cost of the Roi Namur fa-
cility, including the radars, com-
puter installation, support facilities 
and one year's operation, will range 
from $75 to $100 million. 

This is the nev knight-kit® ac vtvnklt marks a major achieve-
ment in instrumentauon...ana a ureanthrough in the professional 
instrument price barrier. Here is the only vtvm wit: automatic 
range selection...featuring a self-seeking mechanism which 
automatically selects the proper range when probes are touched 
to the circuit under examination. Simultaneously, a front panel 
light indicates the range in use. There are 11 ranges from 3 
millivolts to 300 volts full scale; frequency response to 2.5 
mc. Reads as low as 100µu. This precision instrument is an 
exclusil knight-kit development, designed for easy as-
sembly. There „ nothing like it on the market, in any form or 
at any price. Available only from Allied Radio $99.50 

9. 

op uo 

o 
o 

o 

Send for special bulletin covering the remarkable specifications and 

full details of the Knight-Kit AC VTVM with Automatic Range Selection 

exclussiovledly b y ALLIED RADIO 
100 N. Western Ave., Chicago 80, III. Dept. 66-B 

the knight-kit DC Lab Oscilloscope 
with interchangeable Vertical Amplifiers 

For the first time—a triggered sweep DC lab scope with plug-
in interchangeable vertical amplifiers, in easy-to-build kit form. 
Highlights: crystal-controlled timing markers; DC amplifiers 
in both horizontal and vertical channels; electronically regu-
lated power supply. Three interchangeable vertical preampS 
available: high-gain differential; wide-band (to 10 mc); and 
dual-trace (also blank plug-in chassis for your own circuitry). 
The only instrument of its kind in kit form. The performance 
Is truly impressive. The price (less preamps) $285 

for full details, ask for descriptive bulletin 
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You get an extra measure of design freedom with 
... POWDERED PERMALLOY FILTOROID® CORES* 

The high permeability and low core loss of pow-
dered permalloy Filtoroid cores can remove design 

roadblocks for you. You can build extra frequency 
stability into filter networks with these cores. 
Their permeability remains stable with changes in 
time and flux levels. Distortion factors are held to 
a bare minimum. Temperature coefficient of in-

ductance is tightly controlled. 

There's extra design flexibility for you, too, in 

«-I TIC VII\1[ AG1N1E 

..- ETAIAS 

the broad range of Filtoroid cores available. 
They're made in three standard permeabilities-
150, 125 and 60—in sizes up to 1.570" 0.D., all 

carried in stock for immediate shipment. 

Our engineers are ready right now to help you 

select the proper Filtoroid core for your filter 
circuits. Write or call for a discussion of your 
needs, or send for Bulletin G-1. 

.MADE UNDER A LICENSE AGREEMENT WITH WESTERN ELECTRIC COMPANY 

transformer laminations • motor laminations • tape-wound cores 
powdered molybdenum permalloy cores • electromagnetic shields 

MAGNETIC METALS COMPANY • Hayes Avenue at 21st Street, Camden 1, N. J. 
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Ions Affect Health, 
Report shows positive ions are harmful, negative 

recommends careful design of gear for use 

IONS IN THE AIR may have a marked 
effect on human health and be-
havior. 

This idea—which has been kick-
ing around the edges of several 
sciences for years—was recently 
revived at a symposium on electri-
cal techniques in medicine and bi-
ology during the Winter General 
Meeting of the American Institute 
of Electrical Engineers. 
A report on experiments with air 

ions in the trachea. indicated that 
positive ions impede the clearing 
action of the breathing passages, 
while negative ions speed it up. 
The report was delivered by 

A. P. Kruegar, M.D., of the Univer-
sity of California at Berkeley, and 
J. C. Beckett of Wesix Electric 
Heater, San Francisco. 
The authors pointed out that, 

while negative ions have been 
shown to aid respiration, "this does 
not mean that negative ions will 
cure a respiratory ailment." Posi-
tive ions, they said, "enhance the 
susceptibility to trauma, may ac-
count for some mucosal irritation, 
and may set the stage for infection 
if other conditions are also present. 

Problems in Space, Submarines 

The report stressed that elec-
trical engineers have a special re-
sponsibility in designing gear for 
use in confined spaces like sub-
marines or spacecraft. Accumula-
tions of positive ions in such a 
closed atmospheric system could 
seriously affect the health and well-
being of crew members. 
"Improved measuring devices and 

techniques," the authors said, have 
helped establish that "a small quan-
tity of electricity could cause meas-
urable response." Applying the 
experimental findings awaits com-
pletion of controlled clinical studies. 

. . . And Department Stores 

The experiments by Beckett and 
Dr. Kruegar reinforce suggestions 
made last year by S. J. Curtis at 
a special session on Ionization and 

Inventories, part of the 39th An-
nual Convention of the Controllers' 
Congress. 

Curtis, who is security superin-
tendent of giant Detroit department 
store J. L. Hudson, suggested that 
ionizers should become standard 
equipment in department stores as 
an aid to keep down pilferage. He 
told the Controllers' Congress that 
not only health but also emotional 
wellbeing and mental attitude are 
influenced by the ion content of air. 

Documentation of ion effects on 
personality and behavior is about 
30 years. old. Dessauer concluded 
in 1931 that negative ions are bene-
ficial to health and positive ions 
harmful. In 1933 at Harvard's 
School of Public Health, C. P. Yag-
lou demonstrated that negative ions 
normalized certain human organ-
isms while positive ions often cause 
headaches and respiratory infec-
tions. 

In 1947, Kornblush and Piersol 
established that the negatively ion-
ized air of spas and health resorts, 
not the mineral waters or climato-
logical conditions, was principally 
responsible for therapeutic effects. 

In 1950, T. Puck at the University 

Radar View of Atlas 

Composite photo shows how the launch-
ing of an Atlas ICBM looks to General 
Electric's radio-command guidance track-
ing radar 

Behavior 
ions beneficial. It 

in closed spaces 

of Colorado reported that viruses 
carry a negative charge, as does 
healthy human tissue. Hence, Puck 
suggested, healthy cells repel virus 
attacks electrically. If a cell has a 
positive ion charge, then the disease 
virus is attracted to the cell and 
attaches itself to it. 

According to a widely held the-
ory, a falling barometer causes the 
emergence from porous soil of dead 
air, highly charged with positive 
ions. This partly accounts for the 
increased irritability, tiredness, 
even headaches, experienced by 
many people before a storm. 

In Germany and Italy, courts of 
law traditionally take into consider-
ation the sirocco and Fohn winds— 
positively charged seasonal winds 
from North Africa and the Alps— 
and reduce sentences for crimes 
committed in the Fohn or sirocco 
season. San Francisco police com-
missioner T. J. Mellon says. "it is 
recognized that positively ionized 
air causes an increase in crime." 

Ionizers 

Positive ionization apparently 
contributes to the cracking of 
"fringe personalities." In summer 
dog days, when the positive ion. in-
dex climbs, more neurotics slip 
across into pathological psychosis 
than at other times. Sex crimes 
rise, suicides increase in number, 
as do crimes of violence—and pil-
ferage and shoplifting become seri-
ous commercial problems. 

Retail-store executives are re-
portedly intrigued with the practi-
cal possibility of reducing shoplift-
ing by artificially controlling ion 
content of air in their stores. Air 
is ionized naturally by solar radia-
tion, by nuclear radiation, or by 
being broken down in an electro-
magnetic field. Ionizing instru-
ments contain a radioisotope in an 
electrostatic field, remove positive 
ions from the air but leave a re-
siduum of negative ions. Equipment 
would be installed as part of the 
air-conditioning system. 
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Moving costly equipment? 
••••••••••••••••••••••••••••••••••••••••• 0000000000 ••• 

Trust everything 

Why you can 
trust your 
Allied Man 

He moves everything, from 

electronic equipment and ex-

hibit displays to household 

goods—and moves them on 

schedule. You can relax. 

From start to finish the entire 

responsibility is in the hands 

of the world's largest mover. 

Call Allied Van Lines, inc. 
Look for your Allied Man's number 

in the Yellow Pages 

under "Movers" 

More people do 
again and again 
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to your Allied Man 

Extra safety for 

high-priced equipment 

Here's part of a shipment worth one million dollars, 

for the aviation industry. It rides in a special Allied 
Van with "air-suspension" springs and was moved 

from the midwest to its eastern destination in record 
time. Moving extremely costly and fragile electronic 

equipment calls for great skill and experience. Here, 
as on every other moving job—"You can always trust 

everything to your Allied Man." 
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VARIAN 

Potentiometer 

RECORDERS 

Something important 

has been added . . . 

5. THE NEW G-22 IS 

2 CHANNEL 
Two channels mean more than 
just an added trace. They make 
the G-22 a correlator of si-
multaneous variables—any pair 
you choose. And among two-
cha nnel recorders, the G-22 is 
the most practical yet— lighter, 
more compact, more versatile 
and lower in cost than any other 
of its type. 

Interchangeable plug-in input chas-
sis; 1% limit of error and one second 
full-scale balancing time; adjustable 
range from 0-10 mv to 0-100 mv; 
dual chart speed standard; four 
speeds optional; portable or panel-
mount versions; weight 35 pounds; 
prIce$975. Full specifications availa-
ble. Write the Instrument Division. 

VARIAN 
associates 
FALO ALTO 1, CALIFORNIA 

U.S. Tubes Popular 
Foreign demand for our tubes, semiconductors 

should increase, nine-country survey shows 

WASHINGTON—ELECTRON TUBES 
and semiconductors manufactured 
in the United States have a good 
reputation abroad, and there should 
be an increasing demand for spe-
cialized types and technically ad-
vanced designs. 

This is the conclusion reached by 
Business and Defense Services Ad-
ministration of the U. S. Depart-
ment of Commerce in a nine-country 
survey report entitled "Electron 
Tubes and Semiconductors; Se-
lected European Countries." 
The survey was based primarily 

on information received from the 
U. S. Foreign Service covering Aus-
tria, Belgium, Denmark, France, 
Italy, Norway, Sweden, Switzer-
land, and the United Kingdom. 

It indicated that American pro-
ducers are supplementing their 
U. S.-based marketing operations in 
some cases by establishing Euro-
pean outlets either through licens-
ing arrangements or by direct in-
vestment. 

Some highlights of the study: 
Austria: The electronics indus-

try, still in early stages of devel-
opment, represents a potential 
market for foreign producers of 
new and technically advanced 
items. The U. S. suppliers, with 
recognized quality items, must 
compete with low prices and easy 
credit offered by competitors. Aus-
tria's electronics trade is largely 
"oriented towards Netherlands." 
Belgium: Manufacture of elec-

tron tubes and semiconductors in 
Belgium is confined to a few firms, 
much of the output coming from 
a subsidiary of the Netherlands 
firm, Philips. The U. S. is expected 
to continue exporting to Belgium-
Luxembourg substantial quantities 
of transmitting and special-pur-
pose tubes, particularly those of 
advanced design. Receiving and 
television picture tubes are sub-
ject to stiff price competition and 
probably will not have an increas-
ing market. 

Japan Boosts Tv Set Output 

New $5.5-million tv set plant of Matsushita Electric Co., Osaka, Japan, containing 

355,844 sq ft of floor space, has just gone into production of 80,000 sets a month, 

mostly for export to Southeast Asia 
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Abroad 
Denmark: Here the U. S. market 

is limited because of prices and 
lack of interchangeability of many 
U. S. and European tubes. 
France: The Netherlands share 

of this market is increasing, but 
U. S. producers are likely to retain 
their strong position. The U. S. 
was France's principal source for 
transmitting tubes and a substan-
tial quantity of receiving tubes in 
the first half of 1959. 

Italy: U. S. firms are expanding 
their direct investment and licens-
ing operations in Italy. In spite of 
the fast-expanding Italian elec-
tronics industry, prospects are 
considered good for new and ad-
vanced types of tubes and tran-
sistors. 
Norway: No production here. 

U. S., UK, and Sweden are furnish-
ing a relatively high proportion of 
Norwegian market for power, 
special-purpose and transmitting 
tubes. The Netherlands and West 
Germany are principal suppliers 
of receiving tubes. 
Sweden: Electronic products 

from U. S. are usually priced about 
20 percent higher than those pro-
duced in Sweden and other foreign 
countries, according to the survey. 
There is competition in this mar-
ket from tubes of U. S. design man-
ufactured under license in western 
Europe and marketed in Sweden. 
United Kingdom: Market for 

relatively specialized types. GB ex-
pects to continue shipping large 
quantities of receiving and special-
purpose tubes to U. S. The report 
indicates that investment possi-
bilities for U. S. firms in GB are 
favorable. 

This report is the first of a 
series of three publications being 
prepared in the BDSA Electronics 
division, and can be obtained from 
the Superintendent of Documents, 
U. S. Government Printing Office, 
Washington 25, D. C., for 25 cents. 
The second in the series, which 

will be issued shortly, is entitled 
"Electron Tubes and Semiconduc-
tors; Selected Latin American 
Countries." The third study will 
cover the remaining significant 
countries. 

401,f 
HOW SENSITIVE 

...HOW 

ACCURATE 

CANA 

PORTABLE 

TEST 

METER BE? 

CEC combines laboratory 

precision and field ruggedness 

in its government-approved 45-111 

DBM/DBA Meter. Carry this 

completely portable 10-lb. 

instrument anywhere to measure 
signal and noise levels in telephone 

equipment and systems ...measure 

power in 10 ranges from +30 to 

—90DBM and from +115 to —5DBA 
with F. S. accuracy of ±1db 

make flat or F1A-weighted 

readings directly from a large 
calibrated scale. 

The 45-111 uses low-current-consuming 

transistors and rugged printed-wiring 

circuits. Internal rechargeable batterie 
provide 24 hrs of continuous operation. 

Other portable CEC teet•equipmeid 

1.1,1ll'includes this 45:220 Test Oscillator: 

r Weighs only 7 lbs.... furnishes 

continuously ;variable 'frequencies 

in 4 bands from 15 cps to .150 kci 

qutput is .2 yoits'rms. at 10 rrja. 

ICIRCLE 49 ON READER SERVICE CARD-9-

eleiemidie/À 

For complete information, 

write for Bulletin CEC 7002-X2. 

Electro Mechanical 
Instrument Division 

CONSOLIDATED ELECTRODYNAMICS / pasadena, california 



Continental Connector Announces 

NEW PRINTED 
CIRCUIT 

CONNECTORS 
4 New Designs for Computer Applications 

D 

A A-48-contact printed circuit connector for 6-inch 
printed circuit board; dual row, up to 96 connections. 
"Bellowform" contacts. 
B—Test Point Connector. 28 closed entry contacts, 
threaded mounting inserts molded into body. For dip 
soldering to printed circuit board. 
C-36-contact printed circuit connector for 14-inch 
printed circuit board, featuring new "Bellowform" 
contacts. 
D—Right angle plug and socket for dip soldering to 
printed circuit board; floating mounting bushings, 
28 contacts. 

Proven reliability .. . high precision . .. choice of molding 
compounds. Write for details on complete line of printed 
circuit connectors to Electronics Division, DeJUR-AMSCO 
CORPORATION, 45-01 Northern Boulevard, Long Island 
City 1, N. Y. (Exclusive Sales Agents). 

CONTINENTAL 
.1.. )11.1111.,11111•gaeo. el, 

or,INEc,r Sc:,Fz 

- 
MANUFACTURED BY CONTINENTAL CONNECTOR CORPORATION, AMERICA'S FASTEST GROWING LINE OF PRECISION CONNECTORS 
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SEE US AT THE IRE SHOW BOOTHS 2307-2309 
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GUARANTEE.:. 
for Tung-Sol 2N1313 Computer Transistor 

mean new freedom for designers 

GUARANTEED DESIGN CENTER 

VALUES OF ALL MAJOR PARAMETERS 

GUARANTEED MIN-MAX LIMITS 

FOR ALL MAJOR PARAMETERS 

GUARANTEED DISTRIBUTION OF 

ELECTRICAL DESIGN CHARACTERISTICS 

> GUARANTEED DISTRIBUTION OF 

SWITCHING TIMES 

GUARANTEED UNIFORMITY OF 

EVERY LOT 

THERMAL BOND 

And there's still another. For a nominal additional 
charge any specific electrical design characteristic 
will be 100% guaranteed not to exceed its distribu-
tion limits. These guarantees add up to a marked 
upgrade in circuit design accuracy . . . high reliabil-
ity in operation . . . and consistent repeat perform-
ance. In specifying the Tung-Sol 2N1313 high speed 
switching transistor, you're selecting a transistor 
which features an ideal balance of the most wanted 
characteristics as revealed by a survey of computer 
designers. You're also choosing a transistor which 
offers improved performance at lower cost over most 

of today's popular computer types. 

The 2N1313 is designed to meet vigorous military 
environmental standards. It features "Thermal 
Bond" construction, exclusive with Tung-Sol. The 
transistor junction tab is securely joined to the base 
of the transistor. The bonding material provides 
high heat dissipation while maintaining complete 
base-to-case electrical isolation. 

Tung-Sol Electric Inc., Newark 4, N. J. SALES 
OFFICES: Atlanta, Ga.; Columbus, Ohio; Culver City, Calif.; 
Dallas, Texas; Denver, Colo.; Detroit, Mich.; Irvington, N. J.; 
Melrose Park, Ill.; Philadelphia, Pa.; Seattle, Wash.; 
Montreal, Canada. 

Absolute Maximum 
Ratings (@ 25°C) 

BVc Bo  

BVEBO  

—30 Volts 
—20 Volts 

BVcEx (VBE=0.1V) —20 Volts 
BVcEo —15 Volts 
lc (continuous) 400mA 
IB (continuous) 50mA 

 —65°C to+100°C 
Pc 180mW 

41313, 
Typical Characteristics (@) 25°C) 

Parameter Conditions Min. 
Design 
Center Max. 

2.5 

Units 

µA  
Iceo Vce = —0.5V — 1.5 
Icso  Vcs = —15V — 2 3.5 µA 
11FE 10 = lmA, Vcg = —0.25V 40 70  

30 
125 
50 hrg VCE = —0.35V, lc = 400mA 20 

I a b Vcb = —6V, lc = lmA 6 12 — Mc 
Coe Vce = —6V, IE = lmA, 

f = 1Mc 
9 14 20 API 

µsec 
(tr + to) (rise 
plus delay time) 

let (turn on current to 
base) --.. lmA 

182 (turn off current) 
= 1mA 

lc =.. 10mA 
Ri = 1K 

— 0.45 0.70 

t. (storage) — 0.30 0.60 µsec 

tt (fall) — 0.25 0.40 µsec 
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Probes Etch Hi-Mach Airflow 

For simple or complex constructions, Roya 
has the know-how and capacity to fill your 
multi-conductor cable requirements. Royal 
Multi-Conductor Cables are designed, made, 
and quality-controlled to give you the cable 
characteristics you want most on the job — 
easy workability, foot - after - foot quality, 
topmost dependability. Send us your cable 
specifications ... or ask to have our repre-
sentative call. 

ROYAL ELECTRIC CORPORATION 

301 Saratoga Avenue 

PAWTUCKET, RHODE ISLAND 

la Canada: Royal Electric Company (Quebec) Ltd., 
Pointe-Claire, Quebec 

RO 
ELECTRIC 

on estoc et. of Mane' ""f 

New technique makes patterns of airflow inside 

hypersonic wind tunnel visible in color 

Schlieren photograph shows cone being tested, and above it, one of the probes used by 
MIT researchers. Probes are used in a new technique for making hi-Mach airflow visible 

to the naked eye 

AIRFLOW patterns around a missile 
nose cone inside a hypersonic wind 
tunnel are made visible in brilliant 
oranges and blues by means of a 
new technique developed by re-
searchers at the MIT Naval Super-
sonic Laboratory in Cambridge, 
Mass. 

Use Two Probes 

The researchers place two nega-
tively charged probes in the air 
stream and slightly closer to the 
model undergoing tests than to the 
tunnel itself. 
The tunnel wall is held at a po-

tential positive with respect to the 
probes. 
As the voltage is increased in the 

probes to about 1,100 volts, the 
charge across the airstream excites 
the molecules to luminescence and 
makes the flow patterns visible in 
color to the naked eye. 

This phenomenon, postulated in 
theory but not previously verified 
in a hypersonic wind tunnel, is not 
yet clearly understood, say the MIT 
scientists, but it is apparently ana-

lagous to the aurora. 
For years, wind tunnel operators 

have used Schlieren systems for 
flow visualization, but at the ex-
tremely low pressure and densities 
associated with hypersonic flow 
there are not enough air molecules 
to permit good Schlieren observa-
tions. 
The flow visualization technique 

was demonstrated recently in con-
junction with the anouncement that 
velocities of more than Mach 7 have 
been achieved at the NSL tunnel, 
doubling previous velocity. 

Extending Capacity 

Systems being developed with 
higher temperatures and pressures 
are expected to extend the capacity 
of the tunnel to about Mach 15. 
The NSL supersonic tunnel has 

been used for nondestructive test-
ing of the North American F100 
series, Boeing's Bomarc and the 
Navy's Sidewinder missiles, the 
B58 Hustler bomber, the X-15, the 
experimental B70 aircraft and the 
Navy's F8U. 
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Extending existing modulation systems to make 
more space available in the spectrum, and possibly 
even broadening the useful spectrum . . . this is 
a fundamental problem in modern communications. 
It is the problem to which ITT Laboratories is 
devoting intensive effort. 

At the low end we're designing a new type antenna 
for very low frequencies. With a conventional 
antenna this would require a tower more than three 
miles tall. On the top side — at the high end — 
we're making radiation pattern surveys for the 
super high frequency bands. Here the entire antenna 
consists of a few millimeters of number eighteen 
copper wire. We're matching these efforts with ad-
vances in componentry . . . for instance, the para-
metric amplifier and now the ingenious ferroelectric 
converter which converts solar heat to high voltage 

electricity to power new satellite communications. 

If you are a communications engineer who would 
like to be associated with some of the most signifi-
cant programs in modern communications develop-
ment . . . if you would like to work with men who 
are stretching the spectrum toward direct current at 
the bottom and the cosmic rays at the top . . . 
write Manager Professional Staff Relations . . . 
tell him your interests, your background and the 
,kind of work you would like. 

ITT LABORATORIES 
A Division of International Telephone 
and Telegraph Corporation 

500 Washington Avenue, Nutley, New Jersey 

Fort Wayne, Indiana • Palo Alto and San Fernando, California 



PIEZO- I 
SPRAGUE 

ELECTRIC 
CERAMIC 
ELEMENTS 

ELEMENTS 
FOR ALL 

APPLICATIONS 
AS WELL AS 
COMPLETE 

TRANSDUCER ASSEMBLIES 
FOR MOST APPLICATIONS, 
SUCH AS UNDERWATER 

SOUND AND 
VARIOUS ORDNANCE AND 

MISSILE DEVICES, t 

iprague-developed mass production 
ind quality-control techniques assure 
owest possible cost consistent with 
dmost quality and reliability. Here 
oo, complete fabrication facilities 
permit prompt production in a full, 
vide range of sizes and shapes. 
Look to Sprague for today's most 

pdvanced ceramic elements—where 
:ontinuing intensive research prom. 
ses new material with many proper-
ies extended beyond present limits. 

•eiee 
WRITE FOR 

ter.L. LITERATURE 

SPRAGUE ELECTRIC COMPANY 
35 Marshall Street, North Adams, Moss, 

SPRAGUE® 
THE MARK OF RELIABILITY 

MEETINGS AHEAD 

Feb. 25-26: Scintillation Counter Sym-
posium, AIEE, AEC, IRE, NBS, 
Hotel Shoreham, Wash., D. C. 

Mar. 17-18: Synchro Design and Test-
ing Symposium, Bureau of Naval 
Weapons, Dept. of Navy, Dept. of 
Commerce Auditorium, Wash., D. C. 

Mar. 21-24: Institute of Radio Engi-
neers, International Convention, 
Coliseum & Waldorf-Astoria Hotel, 
N. Y. C. 

Mar. 24-25: Human Factors in Elec-
tronics, PGHF of IRE, Bell Labs 
Auditorium, N. Y. C. 

Apr. 3-7: National Assoc. of Broad-
casters, Engineering Conf. Commit-
tee, NAB, Conrad Hilton Hotel, 
Chicago. 

Apr. 3-8: Nuclear Congress, EJC, 
PGNS of IRE, New York Coliseum, 
New York City. 

Apr. 11-13: Protective Relay Engi-
neers, Annual, A&M College of 
Texas, College Station, Tex. 

Apr. 11-14: Weather Radar Confer-
ence, American Meteorological So-
ciety and Stanford Research Insti-
tute, San Francisco. 

Apr. 18-19: Electronic Data Process-
ing, ARS, Hotel Alms, Cincinnati, O. 

Apr. 18-19: Automatic Techniques, 
Annual Conf., ASME, IRE, AIEE, 
Cleveland-Sheraton Hotel, Cleve-
land. 

Apr. 19-21: Active Networks & Feed-
back Systems, International Sym-
posium, Department of Defense 
Research Agencies, IRE, Engineer-
ing Societies Bldg., N. Y. C. 

Apr. 20: Quality Control Clinic, ASQC, 
Univ. of Rochester, Rochester, N. Y. 

Aug. 23-26: Western Electronic Show 
and Convention, WESCON, Ambas-
sador Hotel & Memorial Sports 
Arena, Los Angeles. 

Oct. 10-12: National Electronics Conf., 
Hotel Sherman, Chicago. 

There's more news in ON the 
MARKET, PLANTS and PEO-
PLE and other departments be-
ginning on p 92. 

...that's what a 
growing numt 
of industrial 
executives ar 
saying and de 

During the past three 
a half years, they anr 

307 
258 
666 

NEW PLANTS 

RE-OPENING 
OF IDLE PLANTS 

PLANT EXPAI 

(Send for the list—address la/ 

They are finding: 
Surplus of industry-minded 
workers ... Strategic locati 
in the great Eastern marke 
access to major trunk line 
roads, and modern highwa 
Turnpike networks ... Por 
Atlantic, St. Lawrence Seas 
and Ohio River system ... 
of industrial raw materials 
components ... 100% low 
plant financing in labor sui 
areas ... Choice of industi 
"parks" and individual pla 

In Terms of Taxes: 

• No state property tax 
• No state tax on personal i 
• Manufacturing exemption 
stock and franchise taxes 
• Low local property taxes 
• No tax on machinery or in 

For free copy of "Plant Location 
Services" pamphlet, or for de-
tails on 100% financing, write 
or call: 

Pennsylvania Department of 
South Office Bulldin 

677 State Street. Harrisbu 
Phone: CEdar 4-2911 
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CBS 
MPH SWITCHING TiNSISTORS 
GIVE YOU 

MISSILE RE I ABILITY 

+..olitamination is eliminated. Baking, surface treatment, electrical 
testing and package welding are all conducted in dry-boxes at a 
dewpoint temperature below —90°F. 

Flat even junctions avoid "hotspots." Precise control 
of time and temperature (±0.03%) of alloying process 
eliminates localized heating, gives long reliable life. 
Characteristics are more uniform. 

Ruggedness exceeds MIL specification. Severe 
requirements for shock (1000 g, 1 ms), vibration (10 g, 
100-3000 cps) and acceleration (20,000 g) are met by:• 
electronic welding of formed lead wires, horizontal base 
!ab, and welded JEDEC TO-9 case. 

More reliable products through Advanced Engineering 

CBS semiconductors 

Here Are 
Some 
of the 

Reasons Why ... 

CBS NPN switching transistors have proved 
themselves in flight in many of our important 
"birds." They have been found to have the advan-

tages of fast switching, high voltage, low cutoff 
current, and low saturation resistance. All 28 of 

these CBS transistors exceed the MIL-T-19500A 
specification. 

This same proven reliability under the most 
adverse environmental conditions is yours for 

military or industrial core drivers, logic circuits or 
general switching functions. Write for complete 
data sheet E-353. Order from your local Manu-

facturers Warehousing Distributor. 

Choose From ... 
28306 28357 

28312 28358 

28356 2N377 

28356A 28385 

28388 

28438 

2N438A 

28439 

2N439A 

28440 

2N440A 

28444 

28445 

28446 

28447 

28556 

28558 

28634 

28635 

214636 

281000 

281012 

281090 

281091 

CBS ELECTRONICS. Semiconductor Operations • A Division of Columbia Broadcasting System, Inc. 
Sales Offices: Lowell, Mas8., 900 Chelmsford St., GLenview 4-0446 • Newark, N. J., 231 Johnson Ave., TAlbert 4-2450 • Melrose Park, Ill., 1990 N. Mannheim 

EStebrook 9-2100 • Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081 • Atlanta, Ga., Cary Chapman & Co., 672 Whitehall St., JAelcson 4-7388 
Minneapolis, Minn., The Heimann Co., 1711 Hawthorne Ave., FEderal 2-5457 • Toronto, Ont., Canadian General Electric Co., Ltd., LEnnox 4-6311 
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here's a complete 
element of your 
block diagram.. 
now available! 

RPM* 
*REGULATED POWER MODULE 

All design, development and production work has 
been completed for you in these RPM power 
modules. Buy them as catalog items, and get 
these advantages: 

16 standard models-125 to 425 volts...50 to 400 milli-
amps, plus 30 standard modifications with extended voltage 
and current ranges. 

Excellent regulation - 0.05% NL to FL, or 10% line change. 

Compactness - RPM units are custom desgined and built 
with our own transformers for most efficient use of space. 

Super-rugged construction includes one-piece, cast alumi-
num housings and MIL hardware. RPM modules can be 
mounted in any position. 

High reliability-achieved by use of top quality components 
throughout, and rigid inspection during production. 

All standard models or modifications thereof can 
be furnished to meet MIL-E-16400B. 

Request ACDC Bulletin 400-A. 

..2..CC ED CC ELECTRONICS, INC. 
2979 N. Ontario St., Burbank, Calif. 

ÇaY« 
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IT'S 
WHAT'S 

IN 
HERE 
THAT 

COUNTS 

Do you know, for instance... which electronic stocks are 
hottest? Who's in the news and why? About "Three Ap-
proaches to Microminiaturization"? About the newest prod-
uct ideas hitting the market? What's up in production? 
Opportunities overseas? What's going on in Washington? 

It pays to know more than the next man! The questions 
above are just 6 reasons why you should subscribe to 
electronics. 
IF YOU'RE ON THE TAG END OF A ROUTING SLIP, 

'get your own subscription. Knowing what's going on is the 
first step to going up. 

Fill in the coupon below right now... it will pay big 
dividends. 

FIND WHAT YOU NEED IN... 

electronics 
•••••••• II•••••••• 11••••••• •••••••• meal. •••• 

Renew my subscription for 3 more years. 
 Enter my new subscription. 

U.S. Subscription Rates:  3 years $12  1 year $6 
Canadian rates $10 for 1 year. Foreign rates $20 for 1 year. 

Name  

Street 

City 7one State  

Company   

Street__  

City 7one State  

Your Title Department 

Product Manufactured or Service Performed  

Mail reply to: electronics, 330 West 42nd Street, New York 36, N. Y. 
CIRCLE 201 ON READER SERVICE CARD—)-

FEBRUARY 26, 1960 • ELECTRONICS 



These General Electric transistors 
meet MIL specs... 

II
M2

1i
ll

!E
i 

USE TYPE NO. 

Amplifier 
& Computer 
NPN 

(Fixed Bed 
Mounting) 

Uni¡unction 
NPN 

(Fixed Bed 
Mounting) 

Audio 
PNP 

Computer 
NPN 

MIL SPEC. 

2N333 

2N334 

2N335 

2N489 
2N490 
2N491 
2N492 
2N493 
2N494 

MI L-T-19500/37A (NAVY) 

MI L-T-19500/37A (NAVY) 

MIL-T-19500/37A (NAVY) 

MI L-T-19500 75 (USAF) 
MIL-T-19500 75 (USAF) 
MIL-T-19500 75 (USAF) 
MI L-T-19500 75 (USAF) 
MIL-T-19500 '75 (USAF) 
MIL-T-19500/75 (USAF) 

2N43A 
2N44A 

MIL-T-19500 /18 (USAF) 
MIL-T-19500 '6 (USAF) 

2N167 MI LT-19500/11 (USAF) 

MAXIMUM 
DISSIPATION VOLTAGE 
@ 25°C RATING 
(mw) P. 

150 

150 

150 

600 
600 
600 
600 
600 
600 

Vca 45 

Ye 45 

We 45 

VB2E 60 
VB2E 60 
VB2E 60 
VB2E 60 
V82E 60 
VB2E 60 

TSTG 
MAXIMUM 
STORAGE 
TEMP. 
(°C1 

150 

150 

150 

175 
175 
175 
175 
175 
175 

CURRENT 
GAIN 

Min. — Max. 

hfb .948 — .976 

hfb .948 — .989 

htb .974 — .989 

77 .51 — .62 
7/ .51 — .62 
7/ .56 — .68 
71 .56 — .68 
n .62 — .75 
7/ .62 — .75 

155 
155 

Vcs 45 
Vos 45 

100 
100 

hfb .968 — .985 
hrE 18 — 43 

70 VcE 30 85 hrE 17 

For your future military-equipment designs, why not consider the following 

devices, now being tested for acceptability under military specifications: 

USE TYPE NO. 

2N332 

2N337 

2N338 

MIL. SPEC. 
MAXIMUM 

DISSIPATION 
@ 25°C 
(mw) P. 

VOLTAGE 
RATING 

Tsto 
MAXIMUM 
STORAGE 
TEMP. 
(°C) 

CURRENT 
GAIN  

Min. — Max. 

z Amplifier 
Q & Computer 
c.) 
=1 NPN 

(Fixed Bed U., Mounting) 

MIL-T-19500/37A (NAVY) 

MIL-T-19500/69A (NAVY) 

MIL-T-19500/69A (NAVY) 

150 

125 

125 

Vca 45 

Ve 45 

Vce 45 

150 

150 

150 

hfb .900 — .953  

WE 20 — 55 

1,55 45 — 150 

2 Aud.o 
7  PNP 
_ 

2N526 MIL-T-19500/60B (NAVY) 225 Ve 30 100 hre 53 — 90 

Z 
a Computer 

PNP 
2 
ce 

2Ni23 
2N396A 
2N404 

MIL-T-19500 30 (USAF) 
MIL-T-19500/64 (NAVY) 
MIL-T-19500/20 (USAF) 

150 
150 
120 

Ve 20 
Ve 30 
Ve 25 

85 
100 
85 

Fin 30 — 150 
hp E 30 — 150 

u., Computer 
o NPN 

2N388 MIL-T-19500/65 (NAVY) 150 Vco 25 100 FIFE 60 — 180 

Improved Design 
General Electric has introduced a series of design improve-

ments which have raised transistor reliability to a new peak. 

One example is G.E.'s "Fixed Bed Mounting." Almost overnight 

it changed delicate grown-junction devices into rugged units 

which far exceed standard military mechanical shock and vibra-

tion requirements. 

GENERAL ELECTRIC 

Tear out this page for ready reference 



General Electric rectifiers meet 
these MIL specs... 

DESCRIPTION TYPE NO. 
INVERSE 

MIL SPEC. VOLTAGE 
MAXIMUM 
loc at T°C 

SURGE 
RATING 

MAXIMUM 
STORAGE 
TEMP. °C 

1N93 MIL-E-1/895B (NAVY) epx 300 75 ma 
at 55° amb. 

25A (1/ 120 sec.) 105° 
Germanium Low Current: 

Alloyed ¡unction type 
combining very low forward 
resistance with high back 
resistance 

Germanium Low Current: 

Designed for high operating 
temperatures and low reverse 
current. 

1N315 MIL-E-1, 1088 USAF) epx 100 100 ma 
at 85° amb. 

5A.(1/120 sec.) 100° 

Silicon Low Current: 
Designed for maximum forward 
conductance at high operating 
temperatures (165°C). 

1N538 
'IN538 

MILE-1/1089 (USAF) 
MIL-E.1/1084A 

Es 200 
Eb 200 

250 ma 
at 150° amb. 

15A (1/120 sec.) 
15A (1/120 sec.) 

175° 

1N540 
`1N540 

MIL-E-1/1089 (USAF) 
MILE-1/1085A 

Eb 400 
Et, 400 

250 ma 
at 150° amb. 

15A (1/120 sec.) 
15A (1/120 sec.) 

175° 

1N547 
"1N547 

MILE-1/1089 (USAF) 
MILE-1 1083A 

Eb 600 
Eb 600 

250 ma 
at 150° amb. 

15A (1/120 sec.) 
15A (1/120 sec.) 

175° 

Silicon Low Current: 

One of the first stud 
mounted series. 

1 

'IN253 

'1N255 

' IN256 

MIL-E-1, 1024A 

MI L-E-1/990B 

MIL-E-1/991B 

*JAN spec. 

El, 75 

Eb 350  

Eb 500 

1000 ma 
at 135° stud 

400 ma 
at 135° stud 

200 ma 
at 135° stud 

4A (1 sec.) 

1.5A (1 sec.) 

lA (1 sec.) 

150° 

150°  

150° 

Watch For: 
IN254, now being tested for *MIL-E-1/989B; INI 99-thru-1206 per MIL-E-1/1108 (USAF); IN645-

thru-9 per MIL-E-1/1143 (USAF). 

Improved Design 
Thermal Fatigue of internal solder joints is another 

pitfall of semiconductor design overcome by General 

Electric. Here the solution takes the form of adding 

"sandwich layers" of very strong metals, chosen so 

that their thermal expansion coefficients prevent 

bimetallic distortion while permitting the use of 

fatigue-free solders. The new design is shown at the 

far left. The common practice, using soft solder 

joints and seals, is at near left. 

Progress /s Our Most Important Product 

GENERAL ELECTRIC 
Semiconductor Products Dept., Syracuse, N. Y. 



A ground or airborne 

lEe Ft CD ..4^ I3A 1\1 D 

Li HF D I 1.- 11=i I 13 I...JTE 
1V1 I_ 1 1E1 r 11=1 

that fills the 500 to 925 mc gap 

Visit with Temco 

at the 

IRE Show 

Booth 3043 

Temco Electronics' new UHF Distributed Amplifier is a 

nontunable amplifier designed for use in the 225 to 925 mc 

frequency range. Using new high frequency ceramic triode tubes, 
plus a new application of parallel circuitry, the amplifier has a 

nominal gain of 20 db in the 500 to 925 mc range and 

slightly lower gain in the lower portion of the frequency 

spectrum. It will boost signals over a broad band with no tuning 

necessary and can be split off to several receivers 
using a single antenna. 

As an instrumentation and measuring aid either at test 
station or remote area, ground or airborne, Temco's UHF 

Distributed Amplifier fills an important gap in the broadband 

amplification frequency spectrum. It makes an excellent 
multicoupler by allowing several receivers to be coupled to the 
same antenna without receiver interaction or loss in system 

sensitivity. Construction of the unit plus the use of triode tubes 
permits economical and simplified maintenance. Now in 

classified operation, Temco's new amplifier offers wide 

military and commercial use. For more information, 
contact Temco Electronics, now. 

Many excellent engineering and scientific positions are now 

open in this and other Temco programs. We invite your inquiry. 

TEMCO ELECTRONICS 

A Division of TEMCO AIRCRAFT CORPORATION P. 0. Box 6191 • Dallas 22, Texas 

MISSILES & AIRCRAFT Ti  OVERHAUL A, AEROSYSTEMS DIVISION INDUSTRr1_ DiviSiON FENSKE, FEDRICK & MILLER, , SIAS,OIARY 
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PHILCO ANNOUNCES 

THE FASTEST 1111611-CURRENT 
SWITFUnÇ.TRANSISTORS! 

• • • • • • e 
* **6* 
$00. 40 

0 0 0 0 0 0 4, lb 0 0 0 0 0 lb e 
0 0 0 0 0 0 4, e 410 0 0 0 0 0 0 0 0 lb 0 lb lb 

10 0 40 40 0 0 0 0 0 40 0 40 0 40 fi 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 40 
4b 0 0 0 40 fb 0 0 0 0 0 0 0 4b 0 

0 0 fi 0 0 fi 0 0 0 01 0 0 0 
0 0 0 0 fi 0 0 0 0 0 0 0 0 

0 0 0 40 0 0 0 41 0 0 40 0 
0 0 0 0 fi 0 lb 0 0 0 0 0 

0 0 40 40 0 0 0 0 40 40 4, lb 
0 e 0 IM a ah ''s e e 0 41, e 2,„ 

fee• • INPUT 
PULSE 

+ 6V — 

— 12V 

INPUT 

600 

TYPICAL 240 mo SWITCHING CIRCUIT 
WITH TURN ON CURRENT OF 20 mo 
AND TURN OFF CURRENT OF 10 mo 

ee ee 

TYPICAL OUTPUT 
PULSE 

TYPICAL CHARACTERISTICS 

PT VcE(SAT) VBE hFE fr 

TYPE CASE G(25°amb. VCES IC= —200Ma VcE-= —1V \fa= —10v 
(Max) (Max) 16= —10ma lc= —200ma lE= 25ma 

2N1495 TO-9 250mw —30v 0.35v 0.60v 60 32Omc 

2N1496 TO-31 'O.5w —30v 0.35v 0.60v 60 320mc 

2111204 TO-9 250mw —20v 0.35v 0.60v 60 32Omc 

2N1494 TO-31 *0.5w —20v 0.35v 0.60v 60 32Omc 

'At 25°C case temp. 

IMMEDIATELY AVAILABLE 

In Design Quantities through 
your Philco Induskial 
Semiconductor Distributor 

MADT* 
2N1495 • 2N1496 
2N1204 • 2N1494 

These Diffused-base 
Transistors are 
capable of utilizing 
the full speed of 
new magnetic film 
memory planes 

These new Philco MADTs are the result of a revolu-
tionary new development of the Precision-Etch process, 
which gives high switching speed at high currents. They 
are capable of switching 400 milliamperes of current at a 
10 mc clock-rate . . . and are the only transistors available 
today that permit full utilization of high-speed magnetic 
film memory planes. The typical fT of 120 me at 100 ma 
makes these units particularly suitable for video drivers, 
pulse line drivers and other high-current switching cir-
cuits. The ultra high-frequency response at the levels 
normally encountered in current-switching logic cir-
cuits, coupled with high dissipation capabilities, makes 
these units desirable for this class of circuit application. 
Both the 2N1495 and 2N1204 are available in studded 

versions for higher power applications. Typical char-
acteristics are shown in the accompanying table. For 
complete application data, write Dept. E-260. 

°Reg. U. S. Pat. Off. 

PIHI I ILCO 
LANSDALE DIVISION • LANSDALE , PENNSYLVANIA 

SEE US Ki 1RE...BOOTHS 1302-1308 
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FIG. 1—Steady-current characteristics 

for space-charge-limited insulators 

with 10 traps/cm and d 10 

microns, IE = 0.1W/v-sec 

Solid-State Dielectric 
Circuit Devices 
Controlled current flow in insulators points to new class of devices. Cad-

mium sulphide diodes have been lobilt and triodes are envisioned 

By G. T. WRIGHT, Department of Electrical Engineering, Birmingham University, Birmingham, England 

A NEW CLASS of solid-state dielectric devices now 
being developed is expected to complement semicon-
ductor devices in applications where insensitivity to 
temperature changes is required, in operation at 
moderately high voltage or impedance levels and in 
high-speed switching or high-frequency applications. 

These devices are the result of experiments show-
ing that large and controllable currents can be pro-
duced in solid insulating materials. Relatively high 

Table I—Symbols 

A --- Electrode area 
d =- Electrode spacing 
6 = Electron charge 

N, = Equilibrium space-

charge density in crystal 
at cathode surface 

= Electron trap density 

V 

V„ 

Vs 
VT 

E 
0, = 

= 

-= Applied voltage 
= Threshold voltage 
= Saturation voltage 
= Trap-filled transition 

voltage 
= PermittiN it y 

Trapping factor 
Electron mobility 

current densities have been obtained in thin insulat-
ing crystals of cadmium sulphide with a few volt; 
applied. 

CURRENT IN INSULATORS—In its pure state, 
cadmium sulphide is an insulator. Possibility of 
achieving current flow in insulators rests on the fact 
that electrons can ttavel freely through any electric 
potential field that is periodic in space. The interior 
of a perfect. crystal represents such a periodic po-
tential field; consequently, an electron should be able 
to travel through it without difficulty. The only con-
dition to be met is that the electron energy be within 
the allowed energy bands of the crystal. 

In normal circumstances, current does not flow 
through insulators. There are two main reasons 
for this. First, the allowed bands of insulators 
seem to be above the energy levels occupied by elec-
trons in metals. This means that, at the contact 
between a metal and an insulator, there is a step in 

ELECTRONICS • FEBRUARY 26, 1960 
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ANODE - 
LEAD 

SILVER 
PASTE i 
ANODE 

' 
CRYSTAL 
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CATHODE 

NO. 10 
SCREW 

(C) 

FIG. 2—Thermionic diode (A), dielectric diode (B) are basically capa-
citors. One form of experimental dielectric diode is shown in (C) 

electron potential energy. This step forms a contact 
potential barrier that prevents large-scale introduc-
tion of electrons into the insulator from an external 
source. Secondly, all real crystals contain lattice de-
fects, some of which are able to act as electron traps. 
This means that even if small numbers of electrons 
do manage to enter the crystals, most fall into elec-
tron traps and are unable to contribute to current. 

Experiments have shown that in the case of cad-
mium sulphide it is possible to eliminate these ob-
stacles to electron movement and obtain current. Ap-
proximate solutions to the equations for current flow 
in insulators are illustrated in Fig. 1 for various re-
stricted ranges of interest. 

DIELECTRIC DIODE—Like the thermionic vacuum 
diode, the dielectric diode is basically a capacitor in 
which the negative plate (cathode) can emit elec-
trons into the normally insulating region between 
the plates. The charge stored on the capacitor is thus 
continuously in transit between the plates, and cur-
rent is obtained. 
The situation is illustrated in Fig. 2, which com-

pares the thermionic and dielectric diodes on this 
basis. A difference between the two, however, is that 
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in the dielectric diode some of the charge in the 
crystal is trapped because even the most carefully 
grown crystals contain some lattice defects. This is 
taken into account by saying that, because of trap-
ping, only a fraction, 0, of the total charge in the 
crystal is free to contribute to current flow. Bearing 
this in mind, the magnitude of the current is given 
in each case by the ratio of free charge to transit 

time. 
Diodes made at present are constructed on the open 

bench from crystals of cadmium sulphide. This ma-
terial grows quite readily into thin, flat crystal plates 
by condensing the vapor in nitrogen at a temperature 
of about 900 C. The transparent, yellow crystal 
plates, about 30 microns thick, are taken directly 
from the growing furnace and soldered with indium 
onto brass stubs which act as heat sinks (Fig. 2C). 

Diodes constructed in this way have reverse resist-
ances typically of the order of 10" to 10" ohms; for-
ward currents in the dark are typically in the range 
of a fraction of a microampere to tens of milliamperes 
at 10 volts applied, depending on the trap content 
of the crystal. Steady-current and pulse current 

characteristics are shown in Fig. 3. 

TRAP-LIMITED CURRENT—At small applied volt-
ages the charge injected into the crystal is small. 
Most of this charge falls into deep-lying traps for 
which O is very small and is voltage dependent; thus 
currents are very small and non-linear. This is the 
deep-trap limited region in Fig. 1. 
As the applied voltage rises, more charge is in-

jected into the crystal and eventually a voltage VT 
is reached at which all deep-lying traps are filled. 
At this point the current rises extremely rapidly to-
wards the theoretical space-charge-limited curve. 
This is the trap-filled transition region in Fig. 1. 
For a crystal 30 microns thick with 10" traps/cma, 
V, 1,000 volts. 

In order to obtain useful current at small voltages, 
traps as deep as this must be reduced in number. 
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FIG. 3—Steady-current (A) and pulse-current (B) characteristics measured in forward direction for space-charge-limited diodes 
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Using very careful crystal growing techniques, di-
odes can now be made with trap-filled transition volt-
ages of the order of a volt or so. This indicates that 
deep-trap densities have been reduced to levels of the 
order of 10" to 10's a cubic centimeter. 

SQUARE-LAW RESPONSE—When deep traps have 
been reduced to negligible proportions, the current 
is space-charge-limited and follows a square-law de-
pendence on applied voltage. In general, however, the 
crystal may contain large numbers of shallow traps. 
These are traps which are well above the Fermi 
level in the crystal, while deep traps are those that 
are well below it. For shallow traps it is found 

that the trapping factor may be very near unity; 
for instance, if the crystal contains 10' traps/cm' 
at a depth of 0.2 ev, then O = 0.9. In these cir-
cumstances O is independent of voltage and the cur-
rent follows a modified square-law dependence on 
voltage lying just below the theoretical square-law 
curve. Thus, i = 9 E OAV2/8 d' and in a crystal 
with E = 10' f/m, = 0.05 m'/V-sec, A = 1 min2 and 
d ------ 10 microns, the current is theoretically equal to 
100 ma at 10 volts applied. This is the modified square 
law region in Fig. 1. 
Many diodes have now been made in which this 

square-law dependence of current upon voltage has 
been found. These diodes are effectively free from 
deep electron traps. 

TEMPERATURE SENSITIVITY—Diodes operating 
under space-charge-limited conditions should be little 
affected by moderate temperature changes, particu-
larly if the degree of trapping is small. Measure-
ments over the temperature range 120 C to —190 
C show that, in general, there is little variation in 
diode characteristics above room temperature but 
that the current at constant voltage increases slowly 
as temperature falls, as shown in Fig. 4. 

FAST-PULSE RESPONSE—Response of these di-
odes to switch-on and switch-off operation should be 
extremely rapid. Anticipated response times are of 
the order of the electron transit time and should be 
in the range 10-" to 10-' second depending on crystal 
thickness and applied voltage. This was tested, using 
very fast voltage pulses. For both switch-on and 
switch-off operation, the steady state was reached in 
a time less than three millimicroseconds, which was 
the response time of the equipment used. Further, an 
integration of reverse current while being pulsed 
showed, as expected, that there was no detectable 
mechanism analogous to hole storage in semicon-
ductor diodes. 

SATURATION CURRENT—The proportional cur-
rent region in Fig. 1 represents saturation current. 
This occurs at high applied voltages which are suffi-
cient to move the whole cathode space-charge across 
the crystal. The onset of saturation current occurs 
at the voltage V.. 

In the proportional current region, the current is 
given by i = e g N. AV/d and is proportional to the 
applied voltage. This region has not yet been ob-

-100 

TEMPERATURE IN DES C 

FIG. 4—Temperature variation of forward current at constant 5 
v. Rise of current as temperature falls is attributed to change in ir 

served experimentally because power dissipation in 

the crystal limits the voltages which can be applied. 

POTENTIAL APPLICATIONS — Experimental 
work has shown that space-charge-limited current of 
practical magnitude can be achieved in insulators. 
One of the most interesting space-charge-limited 

dielectric devices that can be envisaged is that 
formed by inserting a control grid into the dielec-
tric diode to form a dielectric triode. The small 
dimensions which this device would have to have in-
troduce many technical problems connected, in par-
ticular, with intricate crystal shaping and the precise 
placing of minute electrodes. However, design cal-
culations indicate that the development of such a 
device is worthwhile. 

The dielectric triode would have the very high in-
put impedance of the vacuum triode and would 
possess similar anode and grid characteristics, thus 
enabling it to use the same type of circuits. Gain-
bandwidth products approaching 1,000 mc should be 
realizable and, by using a crystal containing large 
numbers of shallow electron traps, it should be pos-
sible to obtain a mutual conductance rising to high 
values at high frequencies. 
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Designing Transducers 

Key element in determining performance 

of modern sonar systems 

is the transducer. ln this article, 

data for selection of materials 

and backing-plate design 

for a desired beam pattern are given 

By GEORGE RAND, Sperry Gyroscope Company. 

Di‘,ision of Sperry Rand Corporation, Great Neck, New York 

I
MPORTANT CHARACTERISTICS of 
sonar transducers are resonant 

frequency, efficiency, voltage re-
sponse, directivity pattern, power 
handling capability and impedance. 
These factors are largely deter-
mined by the type, size and mount-
ing of the active elements of the 
transducer. The three classes of re-
versible elements generally used in 
sonar transducers are magneto-
strictive, piezoelectric and electro-
strictive. Electrodynamic trans-
ducers, similar to loudspeakers, are 
used to some degree at low fre-
quencies. 

Transducer Types 

Magnetostriction, associated with 
ferromagnetic metals, iron, nickel, 
cobalt and alloys of these metals, 
refers to the change in dimensions 
of these materials when placed in a 
magnetic field. 

Magnetostrictive transducers are 
characterized by rugged construc-
tion, relatively high weight, high Q, 
low driving impedance, and narrow 
bandwidth. The unloaded Q may be 
several hundred; when the trans-
ducer is water loaded, the Q can 
vary between 5 and 40, with the 
usual value between 10 and 15. The 
piezoelectric potential (piezo—, 
Greek combining form for press or 
pressure electric) in a crystal is 
directly proportional to the mechan-
ical stimulus producing it. 

Of the several hundred types of 
piezoelectric crystals, only Rochelle 
salt, lithium sulfate, and ammonium 
dihydrogen phosphate (ADP) are 
used to any extent in sonar work. 
Rochelle salt is little used because 
of its water-solubility and wide vari-
ation of electrical characteristics 
with temperature. Lithium sulfate 
is particularly well suited for wide-
frequency-band omnidirectional hy-

d rophones. 
The majority of crystal sonar 

transducers, particularly units in-
tended for high-power operation, 
use ADP crystal elements. These 
crystals provide high electrome-
chanical coupling, are linear, re-
versible, have no hysteresis effects, 
and are extremely stable up to 100 
C. They will not dehydrate since 
they contain no water of crystall-
ization. At operating temperatures, 
ADP has a higher electromechani-
cal coupling coefficient than any 
other available nonferroelectric 
crystal. (See Fig. 1.) 

The fundamental resonant f re-
quency of a freely vibrating ADP 
crystal plate is expressed approxi-
mately by 

f, = [64.7 — 13.6 (W/L)2]/L (1) 

where W and L are the width and 
length (in inches) of the crystal, 
and f, is in kc. 

Electrostrictive Elements 

Electrostriction is defined as the 

CRYSTA'._ 
STACKS 

RUBBER 
FACE 

BACKING 
PLATE 

FIG. 1—Typical plane-faced transducer 

uses ADP crystals surrounded by castor 

oil, an efficient sound coupler 

deformation of a dielectric when 
subjected to an electric field and 
occurs as a low magnitude effect in 
all materials. Barium titanate 
ceramic, a material gaining wide 
use in sonar transducers, manifests 
large electrostrictive effects when 
its molecular electric dipoles are 
oriented by means of a polarizing 
voltage. When stressed, barium 
titanate behaves as though it were 
piezoelectric and develops potential 
differences. It is produced by com-
mon ceramic techniques and can be 
shaped into complex forms. 

Principal advantages of barium 
titanate for sonar transducer use 
are its high dielectric constant and 
relatively low impedance, resistance 
to moisture, ruggedness, ability to 
operate over wide temperature 
ranges, low relative cost per surface 
area, and the fact that it can be pro-
duced in a great variety of sizes 
and shapes. 

Transducer Materials 

A summary of the characteristics 
of various transducer materials is 
shown in Table I. The electrome-
chanical coupling coefficient, defined 
as the ratio of mechanical energy 
stored to the electrical energy ap-
plied, is a measure of the element 
efficiency and is shown for both the 
parallel and transverse modes. In 
the parallel mode, the axes of polar-
ization and stress are in the same 
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FIG. 2—Resonance design curves for 21,2 x 11,4 x 1,4-in. ADP crystal 

with single backing plate 

direction, while in the transverse 
mode the polarizing axis is at right 
angles to the stress. Frequency 
constants listed are for a freely vi-
brating bar in electric short circuit 
condition. 

Choice of the specific active ma-
terial to use in a sonar transducer 
is based on numerous factors and 
no specific rules can be given. It can 
be generally stated, however, that 
above 100 kc barium titanate is usu-
ally found most suitable, while in 
the 10- to 100-kc region all three 
types—magnetostrictive, piezoelec-
tric, and electrostrictive—can be 
designed for efficient operation; be-
low 10 kc barium titanate appears 
to be a convenient material to use. 
Eddy current losses, which increase 
as the square of the frequency, limit 
the operation of magnetostrictive 
elements at the upper frequencies; 
the size and weight of these ele-
ments become excessive at the lower 
frequencies. 

Backing Plate Elements 

In a hydrophone, nonresonant 
operation is usual since it is desired 
that the response be flat over a wide 
frequency range. When a trans-
ducer is designed for an active 
sonar system, the equipment must 
obtain the maximum possible detec-
tion range with the available power 
and the transducer efficiency has to 
be considered. For this type of op-
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FIG. 3—Chart for determining directivity pattern of a piston radiator 
in salt water 

eration, the transducer is designed 
to operate at or very close to reso-
nance; in high power sonar systems, 
the transducer voltage or current 
usually becomes prohibitive if the 
transducer is operated away from 
the resonant region. 
The basic half-wavelength trans-

ducer elements become impractical, 
however, at the lower frequencies 
because of their large size. For ex-
ample, the longest ADP crystal that 
can be profitably produced is about 
3 inches. This will give a resonant 
frequency of about 21 kc; for lower 
operating frequencies, the reso-
nance of this element must be modi-
fied by the addition of reactive ele-
ments or backing plates. 

In a design using backing plates, 
a portion of the crystal is replaced 
by a metallic plate so that the effec-
tive over-all length of the combi-

nation element is a half-wavelength. 
The acoustic reactance of the back-
ing plate viewed from the crystal-
backing plate junction is derived 
from transmission line theory: Zn 
tan (cuLn/Vn) --= —Z, tan (cuLdVe) 
where Z = characteristic acoustic 
impedance, L = length, V = veloc-
ity of sound in the material, and 
= 2 7r X frequency. Subscripts 

B and C refer to the backing plate 
and crystal, respectively. Dimen-
sions of the transducer element can 
then be calculated from this rela-
tionship. Design curves for single 
backing elements are shown in 
Fig. 2. 

Double Backing Plates 

Double backing plates, consisting 
of two dissimilar materials bonded 
together, often results in a greater 
decrease in over-all length of the 

Table I—Characteristics of Sonar Transducer Materials 

Material 

ADP, 45 deg Z-eut.   15.4 

Barium titanate.   1,700 

Barium titanate with 4 percent 1,200 
lead addit ive 

Barium t itanate with 5 percent 1,200 
calcium additive 

Rochelle salt. 45 deg X-cut 500 
(20 C) 

Frell Ile 11, Elt t r chunical 

Dielectric Constant Coupling Coefficient 
Constant Ike .. inch) Parallel Transverse 

65 0.3 

103 0.48 0.22 
105 0.4 0.16 

112 0.44 0.17 

83 0.7 
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Table II—Length of ADP With Backing Plates for 10 kc Resonance 

Element Over-all Length of Element 
(inches) 

ADP alone  6.5 
Dural & ADP   2.5 ADP & 7.2 Dural (total =9.7) 
Dural, steel & ADP (double backing plate) ..   2.5 ADP, 1 Dural, & 1.15 steel 

(total =4.65) 

element. The savings in element 
length resulting from the use of 
these backing plates can be seen in 
Table II. The bandwidth, imped-
ance, and other characteristics of 
these elements differ from the cor-
responding values for a single crys-
tal and must be considered in the 
ultimate design. 
For double backing plate ele-

ments, the dimension of the indi-
vidual plates can be chosen for 
many materials so that a minimum 
over-all length is obtained. For the 
particular case in which a quarter 
wavelength of crystal is used, the 
lengths L, and L2 for the shortest 
over-all length are given as: 

L, - 
CO 

(i/z2) RZ`/Z2) - (V2/ 171)1 } 1 

(Z1V2/Z2V) - 1 

V2 L2 = - tan--(0 

(Z,/Z,) I(Z1172/Z2V1) — II  y 
(21/Z9) — (V,,/171) 

A variable backing plate trans-
ducer with a variable length mer-
cury column as backing plate oper-
ates between 48 kc and 90 kc with 
reasonable efficiency.' A comprehen-
sive analysis of multiple backing 
plate transducers with accompany-
ing design charts has been made.' 

Directivity Patterns 

Relatively narrow beam patterns 
are used in sonar for target loca-
tion and sonar transducers are con-
sequently several wavelengths in 
size. At 20 kc for example, the 
wavelength of sound in water is 
about 3 inches and an echo-ranging 
scanning sonar transducer would 
have an active dimension of about 
15 inches. This would produce a 
beam pattern whose width at half-
power points is 10 degress. 

In the forming of directivity pat-
terns, the sonar transducer is analo-
gous to the antenna of a radar sys-
tem; an interesting similarity 

arises from the fact that the signal 
wavelengths of certain radars and 
sonars are the same. For example, 
the wavelength of both the electro-
magnetic radar signal in air at 
9,375 me, X-band, and the acoustic 
wave in sea water at 47 kc is about 
1.25 inches. 
Sonar transducers are composed 

of a large number of closely spaced 
individual stacks, elements, or crys-
tals. Since the individual spacing is 
a fraction of a wavelength, the 
transducer can be assumed to form 
a smooth radiating surface with di-
mensions equal to those of the ac-
tive face of the transducer. Whether 
this surface is of uniform ampli-
tude or has a prescribed distribu-
tion depends on the beam pattern 
and secondary lobe suppression re-
quirements. The configuration of 
the transducer active surface is also 
governed by considerations of effi-
ciency and bandwidth. This requires 
that the radiation loading be resis-
tive rather than reactive and there-
fore necessitates a radiating area 
closely packed with active elements 
and having linear dimensions of 
several wavelengths. 

Directivity Charts • 
Sonar transducer directivity pat-

terns can usually be described in 
any one plane by one of two rela-
tionships: the first applies to a line 
source made up of a large number 
of points of equal strength and 
phase separated by very small dis-
tances, while the second is for a 
circular surface source with all 
parts of the surface vibrating with 
the same strength and phase. The 
beam pattern of a plane rectangular 
source in any normal plane is the 
same as the product of the direc-
tional characteristics of two line 
sources of dimensions equal to the 
length and width of the rectangle. 
For nonsymmetrical transducers, a 
different beam pattern exists for 
each possible axis of rotation. 

Charts for determining the direc-

10 
co 1st null 
17.8 1st lobe max. 
co 2nd null 
23.8 2nd lobe max. 
0. 3rd null 

tivity pattern of circular piston and 
line transducers are given in Figs. 
3 and 4. The following example 
demonstrates the use of the direc-
tivity pattern charts. A circular, 
flat-faced (circular piston) baffled, 
depth sounding transducer has an 
active diameter of 10 inches and is 
to operate at 30 kc. All parts of the 
surface are assumed to be vibrating 
with the same strength and phase. 
Find the beamwidth of the trans-
ducer at the operating frequency. 
The frequency-diameter product 

is 30 kc x 10 inches = 300 kc-
inches. Using this value to enter 
Fig. 3, the beam pattern is deter-
mined as tabulated in Table III. 
The following problem is typical in 
transducer design. 

Design a circular piston (search-
light) type of transducer, resonant 
at 16 kc, having minor lobes at least 
15-db below the major lobe, and a 
beamwidth of 34 degrees at the 6-db 
down points. Single ADP crystal 
plates 2 x x inches are avail-
able for use. The transducer is to 
be used both as projector and hydro-
phone and is required to have a min-
imum receiving response of —80 
db/1 volt/mierobar and an electri-
cal resistance of less than 600 ohms. 
With this value of resistance, the 
transducer voltage will be at a rea-
sonable level when the required 
power input of 500 watts is applied. 

Design Approach 

From Fig. 3 the transducer 
should have an effective radiating 
diameter of approximately 9.3 
inches. The basic half-wavelength 
resonant frequency of the ADP 
crystals can be found from Eq. 1 
to be 25 kc. The thickness of back-
ing plate required to produce reso-
nance at 16 kilocycle can be found 
from Fig. 2. If steel is used, 

Table III—Beam Pattern from 
Chart in Fig. 3 

Db down from Total/beamwidth 
max./response (Deg) 

3 12 
6 17 

21 
28.4 
38.3 
52.2 
65 
81 
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then Z,, = 39.3 x 10' gm/cm' sec, 
= 5 x 10 cm/sec, and for the 

ADP crystal, Z. = 5.9 x 10' gm /cm' 
sec, Ve = 3.28 x 10' cm sec. The 
desired resonant frequency can thus 
be obtained by bonding the ADP 
crystals to a 1.84 cm (0.725 inch) 
thick backing plate. 

Receiving Response 

The receiving response of a trans-
ducer is defined as the open circuit 
voltage at the electrical terminals 
when an acoustic pressure of 1 
dyne'cm' (1 microbar) is applied 
to its face. In order to calculate the 
response of the transducer, an 
equivalent electromechanical circuit, 
such as shown in Fig. 5, must be 
obtained. In this circuit: C, 
electrical capacitance = 3.25 (LW/ 
T), µid; N = electromechanical 
transducer ratio z-.- 7.29 /W, volts/ 
Newton; C„, = mechanical compli-
ance = 1.92 ( L/WT) x 10', me-
ters/Newton; M = effective mass 
of crystal = 1.21LWT x 10', kilo-
grams; Z,, = radiation load = WT 
X 10', kilograms/second; R,, 
motional losses = R,, (1-E)/ (E), 
kilograms/second; M,, = effective 
mass of backing plate, kilograms; 
R,. = electrical losses, ohms; and 
L,W,T = length, width, and thick-
ness of ADP crystal in inches. 
The backing plate can be consid-

ered as a lumped mass since at reso-
nance it is only a small fraction of 
a wavelength in thickness. The radi-

FIG. 5—Equivalent circuit of an individual transducer element with 

ADP crystals and backing plate 

ation load, Z,„ in this case is en-
tirely resistive and equal to the 
characteristic impedance of water 
times the active area of the trans-
ducer. The applied force corre-
sponding to a pressure of one micro-
bar at the face of an individual 
crystal is equal to 2.02 x 10-' New-
tons. By assuming low electrical 
losses, the output voltage can be 
found by use of Fig. 5 and conven-
tional circuit theory to be approxi-
mately —70 db/volt/microbar. 

Transmitting Response 

The power transmitting response 
is the pressure (expressed in deci-
bels referred to one microbar) at a 
distance of one yard from the acous-
tic axis of the projector when one 
watt is applied to its electrical ter-
minals. This can be found from 
TR = 71.6 + DI ± 10 log E where 
DI = transducer directivity index 
(18 db for this example, see ELEC-
TRONICS, 33, p 41, February 19, 
1960), E = electroacoustic efficiency 
of transducer (estimated to be 
0.55), 71.6 = a conversion factor to 
convert electric power to acoustic 
pressure for water at one yard. For 
this example TR = 87 db/microbar ' 
yd. For an input of 500 watts, the 
maximum transmitted pressure will 
be 114 db/microbar /yd. 

For high efficiency as a projector, 
the active surface must be closely 
packed with crystal material. A 
total of 150 of the available crystals 

will be used for the active diameter 
of 9.3 inches. 

Electrical Impedance 

The electrical impedance looking 
into the electrical terminals can be 
calculated from the circuit shown 
in Fig. 5. The component R,, repre-
sents the various motional losses 
associated with the crystal and has 
been expressed as a function of the 
radiation resistance and the esti-
mated efficiency. For a transducer 
efficiency of 55 percent, the im-
pedance is approximately 300 — 
51,800 ohms for the 150 crystals in 
parallel. 
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Unity-Gain Amplifier 

An isolation amplifier is described whose gain stability and input 

impedance characteristics excel over conventional cathode followers 

By GARETH M. DAVIDSON and ROBERT F. BRADY, 
Project Engineers, Desearch Dept., Arma Div., American Bosch Arma Corp., Garden City, N. Y. 

AVANTAGES of this isolation am-
plifier are its simplicity and 

high order of precision. Normally, 
the precision provided by these am-
plifiers can be obtained only by us-
ing series or parallel feedback am-
plifiers. 

In a conventional cathode fol-
lower (Fig. 1), the effective gain 
stability factor (5) is approxi-
mately equal to the reciprocal of the 
amplification factor GO of the tube. 
This factor normally limits the 
nominal accuracy of transmission 
to the order of a few percent. In 
the new circuits (Fig. 2 & 3), 8 is 
approximately equal to the recipro-
cal of the product of the p'S of the 
two halves of the tube. Thus, it is 
possible to obtain a transmission ac-
curacy of a few tenths of one per-
cent with ordinary tubes. 
An additional feature of the cir-

cuit shown in Fig. 2 is its excep-
tionally high input impedance. In 
a normal cathode follower, the input 
impedance has a minimum value 
which is determined by the grid-to-
plate interelectrode capacitance. 
For most tubes, this capacitance 
is a few picofarads. In Fig. 2, how-
ever, the plate of the input tube is 
driven to almost the same potential 
as the input grid. Hence, the effec-
tive input capacitance is greatly re-
duced. The reduction factor is 
about equal to the µ of the cascode 
tube section (171„). Thus, an effec-
tive input capacity of a small frac-
tion of a picofarad can be obtained. 
This is of particular importance in 
h-f applications. 

No-Load Gain Stability 

In the simple cathode follower of 
Fig. 1, the ideal no-load voltage gain 

+300 

0.05 
(NOMINAL) 

FIG. 1—Conventional cathode follower 

(K) at low frequencies is e,,/ e, = 
iil (1+10 • 
The gain stability factor (8) of a 

vacuum-tube circuit as a function 
of the µ of the tube is 

dK IK = dK  
6 =  X — µ dpK 

Thus, 8 of a cathode follower is 

(1 + et) —  — X — — 
(1 + gr 

In Fig. 2A, the output of cathode 
follower V,.4 is supplemented by 
feedback to the grid of V,,„ which 
also acts as a cathode follower. The 
ideal or no-load gain (K,) is de-
rived from the equivalent circuit, 
which is shown in Fig. 2B. 

C2 P2e02 = 
(1) 

—eg2 = 0 
eii2 = Pi(et — es) 
e2 — — e2) — piets(ei — e2) = 
e2(1 + gips) = et(Pt gigs) (2) 
Ki = eti(1 eis)/[1 1.4(1 p2)] 

The ideal gain stability of Fig. 
2 may be investigated under three 
conditions: /4 may be assumed con-
stant while µ, is variable, µ, may be 
assumed constant while µ2 is vari-
able, or µ, and µ, may be considered 
as equal and varying together. 
With le.2 constant: 

Pei pt Pip2)(1 1.12) — 

± Pii+2)( 1 /42)] 

a = (1 1- e4 1- e4e4)2 >< 
(pi + mig2)/(1 5152) 

= 1/(1 ± PI 4- piet2) lhatees 

Similarly, with is, constant: 8 
1./gieg.,. = 

Ki= g)I(1+ 12+ µ2) and Sp e--2/p2 

Thus the gain stability of the new 
circuit is greatly improved over 
that of the cathode follower. 

Table I gives ideal-circuit, and 
other mathematical expressions for 
the circuits of Fig. 1 and 3; deriva-
tions of the expressions for Fig. 3 
are similar to the derivations for 
Fig. 2. 

Gain Stability With Load 

Now that we have seen what the 
gain stability of the three circuits 
is under ideal (no-load) conditions, 
let us see what can be achieved in 
a practical circuit. Here we assume 
a non-zero plate resistance (r„) 
and a finite load (Rx). 

(A) +300 

12AT7,-' 
VIBI 

430 

K X1,000 

I2AT7 
VIA 

0.05 \ 
(NOMINAL) 

92 

+0-f '2 
9, 

(C) 

Ckp2 

FIG. 2—Isolation amplifier (A) and its 
equivalent circuits, (13) and (C) 
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Offers High Stability 
Deriving the gain expression for 

the loaded circuit of Fig. 2: 

pieo + g2ea - + r7,2 + RK) 
= e1 - ipRK 

efid = Piet - in(Tri piRK) 
ei(ei +piRK )l - 

in(rpt +re -I-RK) -0 
C2 = 

  PiRKei(1 1-p2) 
9..10 +PO ±RK( 1 4-141 +111g2) +rp2 

K.= piRK(1+ /42) /141(1 -Fa2) 
RK(1 +pi d-p1142) +re) 

Let g„ be a constant and assume 
r„, = r„, and that g, = 
Now K/,8 x g/K equals 

= [rpi (1 -Fp2) -I-RK -1-r„21/[r,,,(1 -I-P3) 
RK(1 +pi -1-ptp2) -Fro] 

If m = RI; Ir,,, 
= (2 +211.- /[2- - g-Fm+ (1 ±p -1-1.42)] 

Let kci be constant; now 

(5=ii(l+m)/112-Fp-f-m(1+µ±1.42)1(1-h.01 

Let gi and iza vary together: 

a= (2 -1-3p+m-F2ing + Ai2) 
{ 1 -1-g[2-Fp -Fm(1 -1-14-1-142)] 

FIG. 3-Analysis of this isolation amplifier 
is similar to analysis for Fig. 2 

Table II compares the reciprocal 
of gain stability as a function of in 
for the circuits of Fig. 1, 2 and 3. 
The curves of Fig. 4 show some of 
the data of this Table. 

Table II shows that variations in 
pa form the major contribution to 

Table I-Equations for Fig. 1 and Fig. 3 

Condit ion (s) 

/(1) 
842 coast. 

I, pi mist. 
I f /2 1 = ;22 
/, P1 M2 2) 

Fig. 1 

= xi« 1 +P) 
8=-- 1/12 

Lo) K, = eiRK/frp-1- (a +1)RE1 

L, µ2 coast. â= (r, RK) 
RK +PRO 

L, cone,. = (1 -1-m)/[1 1-ni (1 -1-1.4)] 

2„ =--r„/11-1.1 
C1„--.C„r+Ciedig 
Co e,--• Ckp 

Fig. 3 

K = (144-M1/£24-m2) (I +pi +/-12-1- pip2) 

8'1 ituk 
1 114)1.12 

IC; = (,12 +2 g) (1 +21À+ 1+2) 
(3=2,',22 

RIC Gil -1-Pip2+p2)  
K , = rni (1 -I-p2) -PRK(1 + pi 4- p2 -Fpip2) -Frp2 

(5= ±m (1 +2p -1-p2)1 

6=12+g-1-m(1+,1)J/ 

4+4p 4-2m +21..en+ p2 

r-"- R2±/4)+M(1 +2it+/42)](2±P) 

2 0 = Er J,24-rp1( 1 1- P2)1 / (1 + P1122+ 142) 
C ir,"--"Cg81 /121 Pe.+Cepligl+Cokile62+Cup2 

Co "--•• C,,81 !84., 

(1) Ideal (no-load) case; (2) Both p's vary; (3) Finite load 

Table II-Comparison of Gain 
Stability Reciprocals 

rn 

Fig. 1 Fig. e Fig. 3 

Variation Variation 

82 ni pl. 1,2 1,1 1,2 

Il 
1 

2 
3 
4 

5 
10 
20 

51.0 
26.0 
34.4 
38.2 
41.0 
42.4 

46.3 
49.4 

2,601 2.601 2,601 
1.350 49.0 17.4 
1.750 95.4 90.4 
1,965 141.0 130.5 
2.090 183.1 171.3 
2,180 222.0 207.5 
2,370 400.0 348.0 
2,480 715.0 547.0 

(1) I Is the ideal ease 

2.500 2.500 2,500 
1.330 51.0 49.2 
1,755 97.3 94.0 

1,990 142.8 135.8 
2,120 186.7 171.8 
2,165 227.5 211.0 
2,382 417.0 365.0 
2,500 715.0 572.0 

Table Ill-Comparison of 
Circuits"' 

Fig 1. Fig. 2 Fig. 3 

1/6 45 200 215 
1.5 0.03 1. 

Pf ) 0.5 0.01 0.01' 
Zé (ohms) "re 196 204 200 

(1) 12AT7 values assumed: p =50; 

gm = 5 X 10-3mho; r„ = 10,000 ohms; 
Coz, = 1.5, Cok = 2.2, Cpi, = 0.5, ppf 

800 
cc 
o 

700 

4: 600 

e 500 
400 

5 10 
m RK/rp 

15 20 

FIG. 4-Curves for Fig. 2 and 3 are for 
case of u, and Ar2 varying together 

gain instability. Ordinarily gi and 
would vary together. 

Output Impedance 

Output impedance (Z.) of Fig. 2 
is e,/i,„ where e, is the no-load out-
put voltage and i„ is the short-cir-
cuit output current. From Eq. 2 

e2=e1/21(11-/22)/El-Fiti(1-1-p2)1 
Calculating i,, and Z„, 

- i.(rpi+rp2)+Pical p2e„.2 = 
= ei and ea =1.41(1-i.erpt 

(/£2+ 1 ) ±rp21 Klel (1 ±e42) =0 
= (1 -1-µ2)/Erst(1 +r,,,] 

Z,, = 

Output impedances for Fig. 1, 2, 
and 3 are 196, 204, and 200 ohms, 
respectively. 

Input Capacitance 

For Fig. 2C, the 1-f input capaci-
tance C,„ is derived for the no-load 
case. Using Eq. 1 and 2, and ea = 
e, - e,„ 

e3=eigu.42/(1+;41+141/22) 
=h, 1e1= (11+12) /el 
= e2)j (deg.( ,' (e,) (el - e3).iwC„pi/ei 
=:/wegkiE1 /0+14+,41W] 

4-jc,IC„„i[(1±Pi)/(1 +pi +pip2)1 
.'. for large a, 

/pip2+ Cam /P2 

Therefore the input capacitance 
of Fig. 2 is less than that of a cath-
ode follower by a factor about equal 
to the g of a tube section. 

The expressions for the output 
capacitance (C.) of Fig. 2 are de-
rived similarly to the input capaci-
tance. The C. of Fig. 2C is about 
Ck„, g„,. About the same result would 
be obtained for Fig. 3. 
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Selective Paging System 

Transmitter excites single-wire loop surrounding area to be covered. 

Receiver attracts attention by buzzer or flashing lamp and may be 

as a voice intercom. Up to 45 individual stations may be contacted 

By J. G. DeGRAAF, Senior Engineer, NIRA Company, Emmen. Holland 

EARLY INDUCTIVE PAGING SYS-

TEMS had the disadvantage 
that calls were picked up by all re-
ceivers within the transmitter field. 
This simple transistorized induc-
tion paging system uses coded 
transmissions so that any one of 
45 different receivers can be 
selected. 
The receiver attracts the at-

tention of the user by either a 
built-in buzzer for normal use or a 
flashing light when carried into 
noisy areas. By operating a switch 
on the pocket receiver, a voice mes-
sage can be received. 

System Requirements 

The ideal paging system signal 
should be received only by the one 
person to whom the particular call 
is directed. The calling signal must 
be restricted to a determined area 
so that systems operating on sim-
ilar frequencies may be used in 
adjacent buildings. The system 
should have a visual signal for 
noisy areas. Speech transmission, 
if any, should be f-m to reduce in-
terference and improve intelligi-
bility. The receiver must be small, 
self powered and without controls, 
and its calling signal must be 
short and automatically switched 
off to prevent unnecessary annoy-
ance. The absence of persons to be 
located must be automatically indi-
cated to prevent loss of time. The 
system must be flexible to meet 

FIRST CARRIER SECOND 
FIGURE FRED (NC) FIGURE T (SEC) 

1 16 I I/ 76 

2 20.6 2 I/ 84 
3 18 3 1/92 
4 24 4 i / 100 
5 28.8 5 1/111 

6 1/124 
7 1/135 
8 1/147 
9 1/162 

FIG. 1—Coding used by calling system. 
As illustration, receiver 11 uses 16-kc car-
rier keyed at 1/76 second with 50-kc source 

the requirements of any business. 
The system uses a transmitter, 

control installation and a loop an-
tenna that surrounds the area that 
requires the paging signals. 

Depressing a combination of but-
tons on the control unit produces 
a signal in the receiver being paged. 
The six-transistor receiver re-

quires a field strength of 50 x 10' 
cerstedts and uses two rechargeable 
batteries of 150 ma hours. 
The total current consumption 

of the receiver is 1.5 ma when a 
call is not being received. As the 
capacity of the internal batteries is 
150 ma hours, the receiver can op-
erate for about 100 hours before 
requiring battery recharging. 
The calling signal consists of a 

selected carrier frequency keyed on 

used 

and off at a selected rate as shown 
in Fig. 1. For example; receiver 
number 24 is tuned to a carrier fre-
quency of 20.6 kc at a repetition 
time of 1/100 of a second. 

Signal Transmission 

The keyed carrier is applied to a 
single-wire loop antenna that sur-
rounds the area in which the calls 
are to be made. 

Each receiver is tuned to one of 
the five available carriers keyed on 
and off at one of the selected nine 

rates. 
The control unit, shown in Fig. 

2, selects the carrier frequency and 
the repetition time of the trans-
mitted signal. A timing circuit 
within the control unit shuts off 
transmission after a predetermined 
time has elapsed. 
The carrier is keyed on and off 

by a multivibrator. The multi-
vibrator is slightly frequency 

FIG. 2—Basic operation of transmitter 
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Uses Coded Transmission 

modulated by a wobbulator circuit 
so that its repetition time varies 
slightly. When this occurs, the 
keyed signal passes back and forth 
across the receiver resonant-reed 
relay frequency, thus causing the 
buzzer or light to operate intermit-
tently. It has been found that an 
intermittent signal attracts atten-
tion faster and is less disturbing 
than a continuous signal. 
Wobbulating the repetition rate 

also makes the receiver system in-
dependent of slight variation in the 
keying code due to temperature or 
component variation. The wobbu-
lated signal could also be coded to 
produce identifying signals at the 
receiver. One of these codes is used 
to announce that a voice message is 
to be transmitted. 
The basic transmitter is shown 

in Fig. 3. Multivibrator V, and 
has its frequency determined by 
the selection of coupling capacitors 
C, and C. by the control unit. 
The wobbulator is a relaxation 

sawtooth oscillator consisting of 
resistor Ri, capacitor C„ and neon 
lamp I,. The sawtooth signal is ap-
plied to cathode follower V,. The 
signal output of the cathode fol-
lower is in the grid return circuit 
of the multivibrator so that the 
sawtooth frequency modulates the 
multivibrator. 
The carrier frequency is deter-

mined by the tank circuit of oscil-
lator V3. The carrier frequency and 
the keying signal are applied to the 
grids of parallel-connected output 
tubes V„ and V. The output tubes 
supply power to the loop antenna. 
Capacitor C, resonates the loop an-
tenna for maximum output. 
When a voice signal is to be 

transmitted, the keying multivi-
brator is removed from the circuit 
and the audio is used to frequency-
modulate the carrier. To remove 
shock hazard from the loop antenna, 
the positive d-e supply for the 
transmitter is grounded. 

Each receiver fits into pocket which charges internal batteries and informs control desk 
that receiver is not in use 

FIG. 3—Multivibrator V -V, has repetition rate 

Figure 4 shows the basic opera-
tion of the receiver. The keyed r-f 
carrier is picked up by a ferrite an-
tenna and amplified. The signal is 
then demodulated and applied to a 
resonant-reed relay. When the in-
coming pulse rate is the same fre-
quency as the resonant reed, the 
relay contacts interrupt current 
flowing through a miniature loud-
speaker to cause an audio tone to 
be generated. Operating the re-
ceiver speech reception pushbutton 
connects the emitter follower to the 
output of the detector and the audio 
signal is then passed to the loud-

TO LOOP ANT. 
0.005 0.0047  

350K e--14 
C4 

ECC82/12A07 

0 K 390K/ 

slightly varied by wobbulator 

8+ 

FIG. 4—Basic operation of receiver 

TO 
LOUD 
SPEAKEP 

speaker. 

The incoming signal is picked up 
by ferrite antenna L, shown in 
Fig. 5, which is tuned to the chosen 
carrier frequency. The signal is am-
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X 1,000 

FIG. 5—Five-tran-

sistor receiver 

uses resonant-

reed relay for 

signaling 

(A) 

plified by Q„ Q. and Q3. Transistor 
Q. has a high-value base bias re-
sistor R, and is coupled to 
through a high-value capacitor. As 
a result of this high RC value, Q. 
is partially cut off at large signal 
input voltages thus obtaining a 
degree of age. 
The collector current of Q. flows 

through the primary winding of 
tuned transformer T,. The trans-
former is tuned to the same carrier 
frequency as L,. Resistor R„ be-

tween the collector of Q. and the pri-
mary of T,, limits the current flow 
through the transformer primary. 

Selectivity is further improved 

by the low value of the base re-
sistor R.. Transistor Q, only oper-
ates when the signal voltage has 
reached a certain level. 

Detection 

Transistor Q, operates as an 
emitter follower. The high input 
impedance of the transistor has 
practically no damping effect on the 
tuned transformer T,. To prevent 
oscillation due to feedback between 
the coil of resonant relay K, and the 
ferrite antenna, the relay coil would 
have to be shielded. As shielding 
adds weight, the following method 
of r-f filtering is used. 

In the detector circuit shown in 
Fig. 6A, j,, = ir, r = and 
ir = Thus i, and V. ± 
V„, ± V, = O (a-c voltages), where 
V, = i,R/ (1 ± j(oRC), V., = —.11/ 
jo,C and Vo = iR = i,R. Then 
[iiR/ (1 + iwRC) — idjwC i,R] 
= 0, i„ = j. — j,, [ii(R/C (1 ± 
j(oRC)] — (i,./jc,e) (ii/jwC) 

i,R = O. Thus, i, = i, (1 ± jwRC)/ 
[jcuRC ± (1 ± juiRS) 2] and V. = 
iiR/ (1 ± jcuRC) = i,R/ (1 + 3jwRC 

— w' R' C2) 
Thus, for the high frequencies at-

tenuation is proportional to the 
square of the frequency. The same 
attenuation can also be obtained 
with the filter shown in Fig. 6B. 

Since Q. has a certain input im-

pedance, the filter of Fig. 6B would 
also attenuate the lower frequencies 
due to the voltage divider of R„ and 
the input impedance of Q.. The 
filter of Fig. 6A does not have this 
disadvantage nor does it use extra 
parts. 
The detected audio signal is am-

plified by Q. which has the coil of 
resonant relay K, in its collector 
circuit. When excited, the resonant 
relay reed vibrates at its natural 
frequency, thus interrupting the 
current flow through the loud-
speaker to make an audible tone. 
As the transmitted signal is wob-
bled back and forth across the reso-
nant reed frequency, the audible 
frequency will be interrupted. An 
amplifier with a lamp may be con-

SPEECH SWITCH 
RELEASED 

SPEECH CALLING 
FRED FRED 
(F-M) IA-M) 

SPEECH SWITCH 
DEPRESSED 

FIG. 7—When Q of tuned circuit is reduced, 

f-m voice signals can be received 

FIG. 6—Detector 

circuit used to 

prevent r-f feed-

back from the re-

sonant•reed relay 

nected in parallel with the loud-
speaker to make a visible signal. 

Voice Messages 

To receive voice messages, the 
selectivity of tuned transformer T, 
must be decreased to improve 

speech reception. 
When pushbutton switch S, is de-

pressed (see Fig. 5), the upper sec-
tion connects the base of Q, through 
resistor R, to the battery voltage 
thus causing slight damping of the 
tuned circuit and biasing Q, in such 
a way that detection is no longer 
delayed. The lower portion of the 
switch connects emitter follower Q. 
into the circuit. 
At the transmitter installation, 

the audio signal is used to fre-
quency modulate another carrier 
slightly displaced in frequency from 
the a-m calling signal. When the 
Q of tuned circuit T, is reduced by 
depressing the speech pushbutton, 
the f-m signal is slope detected as 

shown in Fig. 7. 
When not in use, the receivers 

are stored in individual pockets on 
a mounting rack. Each receiver is 
assigned its own pocket and each 
pocket has charging contacts so that 
when the receiver is installed metal 
strips on the side of the plastic ease 
make contact to charge the receiver 
internal battery. A buzzer arrange-
ment indicates when the receiver is 
inserted the wrong way. 
When the receiver is installed in 

its mounting pocket, it closes a 
switch to inform the control desk 
that the particular receiver is not 
in use. 
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Power Amplifiers Using 
Electro-Optical Effects 

Here is a listing of the 27 power amplifiers that can be designed to use 

various combinations of electric, radiative and thermal power 

By G. DIEMER, N. V. Philips Gloellampenfahriehen, Eindhoven, Netherlands 

INTEREST IN ELECTRO-OPTICAL effects such as photo-
conductivity and electroluminescence has grown con-
siderably during recent years because of the possi-
bility of practical applications in electronic circuits. 
The most useful common criterion for the feasibility 
of electro-optical solid-state devices is their perform-
ance as power amplifiers. 
Any power amplifier is based on a control of source 

power (which brings the device materials to a con-
dition deviating significantly from thermal equilib-
rium) by means of an input power, resulting in an 
output power flow. (See Fig. 1). For the sake of 
brevity we will confine ourselves to three kinds of 
power: electric (including magnetic and either d-e 
or a-c up to microwave frequencies), radiative 
(either quanta onwards from the infrared, or corpus-
cular) and thermal. These will be denoted by e, r and 
t respectively. 

MORPHOLOGY—Because of the various possibili-
ties of interaction between radiation, heat and charge 
carriers in semiconductors, the nature of source 
power, input power and output power may in general 
be an arbitrary combination of e, r and t. Based upon 
this phenomenological discrimination, the morphol-
ogy of 27 possible amplifier types is listed in Table I. 
One should bear in mind that in many cases the 

source power is necessarily of a composite nature. 

ELECTRIC 
RADIATIVE INPUT 
THERMAL JPOWER << 

ELECTRIC 
t RADIATIVE SOURCE n,_ 

THERMAL POWER 

OUTPUT 
POWER 

FIG. 1— General scheme of a power amplifier 

ELECTRIC 
RADIATIVE 
THERMAL 

Thus, for example, the photoconductor has a mainly 
electric power source, but it would not work if the 
photoconductor material were not in good thermal 
contact with a thermal power source, taking out the 
heat dissipated in the electrical conduction process. 
Similarly the Lossev effect could give rise to power 
amplification if with a small bias voltage the addi-
tional power needed to have the carriers jump across 
the barriers is provided by intimate contact with a 
thermal power source (for example of room temper-
ature). Since this device is at the same time acting 
as a Peltier cooler, this does not contradict ther-
modynamics. 

Not all combinations are equally interesting. The 
e (..) r and r (..) e combinations, of which elec-
troluminescence and photoconduction are the proto-
types, form a special category. To stress the change 
in nature of power and at the same time to include 
devices with a gain less than unity, devices in this 
category will be referred to hereafter as mutators 
rather than as amplifiers. 

MUTATORS—The most striking differences from 
other existing types arise from the fact that mutators 
transfer power by quantum or corpuscular radiation, 
obeying the laws of geometrical optics. This gives 
rise to two useful features. First, a beam of radia-
tion can give a one-way power transfer from A to B 
while electrically A and B can be completely discon-
nected. Second, such a beam can be split into differ-
ent energetically uncoupled sub-beams while, con-

versely, beams originating from different sources can 
be united into a single one without causing crosstalk 
between the different channels. 

Due to the change in nature, the output of such a 
mutator cannot be fed to the input of the same kind 
of mutator. Also, internal feedback is negligible. 
Two different mutators can, however, be used in 
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INPUT 
POWER 

SOURCE 
POWER 

LOSSEV 
REGION 

 mailum 
OUTPUT 
POWER 

INTRINSIC 
REGION SOURCE 

POWER 

PHOTOCONDUCTIVE 
REGION 

FIG. 2—Electric amplifier can be made by building electroluminescent 
and photoconductive mutators into same bulk of material 

cascade, resulting in two types of "straight" ampli-
fiers. The first is an e ( ) r±r(..) e electric am-
plifiers. The second is an r (..) e e (..) r radia-
tion amplifier. 

Regenerative feedback and bistable operation is 
possible with these straight amplifiers. Also, we think 
that in some respects they may become superior to 
the competing straight amplifiers listed in Table I, 
first because of the features mentioned above and 
second because, in general, a separation of different 
functions gives more freedom for optimum use. 

STATE OF THE ART—We will summarize the 
state of the art by discussing the amplifier proper-
ties mentioned above for the e (e) r mutator, based 
on electroluminescence, and the r (e) e mutator, 
based on photoconduction. As far as technology is 
concerned, simple and cheap techniques exist for 
both devices whereby multi-element arrays with elec-
trode-leads can be prepared. These techniques include 
printing, spray coating and dipping, sometimes 

followed by sintering at moderate temperatures. 
Gain and power output of an e (e) r device should 

be improved. With the Destriau effect, however, no 
big improvements are to be expected.' Therefore, we 
are concentrating on the Lossev effect. With amplifi-
cons' and visual display devices, the output and gain 
for visible radiation should be improved. We think 
this can best be done by separating the functions of 
carrier injection and luminescence, such that layers 
of well-activated luminophors like ZnS can be used 
as a body material'. With mutators for electric cir-
cuits, the emission should be preferably in the in-
frared, where it can be matched to fast photocon-
ductors of high gain. A more practical solution with 
III-V compounds like GaP seems to be around the 
corner'. 
The r (e) e photoconductors can have high gain 

and power output but the bandwidth has been up 
until now much smaller than that of the e (e) r 
devices (approximately 100 cps with CdS, 1,000 cps 
with CdSe). For operation of the CdSe device, we 
have developed a red electroluminescent ZnSe powder 
of high efficiency. 
The III-V compounds are also being investigated 

for the problem of gain-bandwidth products. The 
gain-bandwidth product is proportional to the mo-
bility and the square of the maximum field strength 
(which is limited by breakdown and heat dissipation). 
Thus, we are studying III-V compounds with mod-
erate energy gaps (between 1 ev and 2.5 ev). 

OPTICAL MATCHING — With these materials 
which, in general, have a high refractive index, opti-

Table I—Electro-Optical Power Amplifiers 

Input Source 
Power Power 

Output 
Power Examples and Effects On Which Amplifier Is Based 

Electric 
Electric 
Electric 
Radiative 
Electric 
Electric 
Thermal 
Radiative 
Radiative 
Radiative 
Electric 
Radiative 
Radiative 
Thermal 
Thermal 
Thermal 
Thermal 
Electric 
Thermal 
Thermal 
Radiative 
Electric 
Thermal 
Radiative 
Electric 
Thermal 
Radiative 

Electric 
Electric 
Radiative 
Electzié 
Electric 
Thermal 
Electric 
Radiative 
Radiative 
Electric 
Radiative 
Radiative 
Thermal 
Radiative 
Thermal 
Thermal 
Electric 
Thermal 
Thermal 
Radiative 
Thermal 
Radiative 
Electric 
Thermal 
Thermal 
Radiative 
Electric 

Electric 
Radiative 
Electric 
Electric 
Thermal 
Electric 
Electric 
Radiative 
Electric 
Radiative 
Radiative 
Thermal 
Radiative 
Radiative 
Thermal 
Electric 
Thermal 
Thermal 
Radiative 
Thermal 
Thermal 
Thermal 
Radiative 
Electric 
Radiative 
Electric 
Thermal 

Transistors, Hall effect parametric devices, tunnel effect devices 
Electric modulation of Destriau effect, electric modulation of Lowy effect 
Suhl effect, field quenching of photoconductance 
Photoconductance, infrared quenching of photoconductance, phototransistors 
Ettingshausen effect, magnetic cooling 
Nernst effect 
Temperature dependent impedances 
Maser, optical maser, infrared stimulation of phosphorescence 
Radiative modulation of photovoltaic effect 
Photoelectroluminescence, radiative modulation of Lossev effect 
Gudden-Pohl effect, field quenching of fluorescence 
Infrared quenching of phosphorescence 
Radiative modulation of selective emission 
Temperature quenching of fluorescence 
Thermal modulation of thermal conductivity 
Thermal modulation of Seebeck effect 
Thermal modulation of Peltier effect 
Righi-Leduc effect 
Thermal modulation of selective emission 
Temperature quenching of fluorescence 
Radiative modulation of thermal conductivity 
Gudden-Pohl effect, field quenching of fluorescence 
Thermal quenching of electroluminescence 
Seebeck effect of photoconduction 
Lossev effect 
Thermal modulation of photovoltaic effect 
Peltier effect of photoconduction 
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cal matching is difficult to achieve because of the 
total reflection of radiation at the surface of the 
material. This drawback could be converted to an 
advantage by building the e (e) r and the r (e) e 
mutator into two parts of the same bulk material, 
each of which should, of course, be activated accord-
ing to its own function. (See Fig. 2). 

Compared to the transistor, one has here a greater 
freedom in choosing the material (resulting, for ex-

_ ample, in better temperature dependence) and, owing 
to the radiative link, a better electrical isolation 
between input and output. 

It should be borne in mind, however, that in some 
applications not too fast a response is wanted. Thus 
slow CdS photoconductors are useful in amplificons 
for radar- and X-ray viewing, in automatic bright-
ness control of tv sets (where they are adapted to 
the response time of the human eye) and in switches 
in electric musical instruments (where they smooth 
the transients). 

Impedance of the low-ohmic .Lossev device can, 
moreover, be matched much more easily to other low-
ohmic, solid-state devices than that of the Destriau 
device. However, a combination of many Destriau 
elements in parallel can be matched to a ferrite, for 
example for tv scanning'. Photoconductors can be 
matched to high as well as to low impedances by 
variation of electrode geometry. 

The problem of cross-talk in cross-bar systems can 
be solved with non-linear elements. We have added a 
new type of sprayed and sintered photodiode, based 
on the combination of a photoconductor and an elec-
tret.' 

LIFETIME—With suitable activation and protec-
tion against moisture, sulfide and selenide materials 
can have an operational life of several thousand 
hours. It is our experience that trivalent metals" are 
superior to halides for so-called coactivation, as 
halides give rise to electrolysis. 

The temperature stability is in general superior to 
that of a germanium transistor; for example, CdS, 
Cu and Ga photoconductors and ZnS, Cu and Al 
electroluminescent layers can easily stand operating 
temperatures up to above 80 C. 

Noise in these mutators has up until now not been 
studied very extensively, but we know that in general 
the mutators discussed will not be of especially low 

noise. The application will thus not be in low level 
amplification but rather in switching, logic, memory 
and other devices operating at not too low a signal 
power level. 

OTHER POSSIBILITIES--It should be borne in 
mind that tunnel effects can be used for amplification 
and modulation in a wider sense than in the tunnel 
diode only. Tunneling from localized levels, lying near 
one of the electronic bands, which are kept in a non-
thermal equilibrium situation by a power source can 

also give rise to negative resistances and, thus, to 
switches and amplifiers of a kind different from that 
of the mutator combinations discussed above. 

Glossary of Terms 

DESTRIAU EFFECT.—Sustained emission of light by suitable 
phosphor powders embedded in an insulator and subjected 
only to the action of an alternating electric field. 
ETTINGSHAUSEN EFFECT.—When a metal strip is placed 

with its plane perpendicular to a magnetic field and an 
electric current flows longitudinally through the strip, cor-
responding points on opposite edges come to different 
temperatures. 

GUDDEN-POHL EFFECT.—The momentary illumination pro-
duced when an electric field is applied to a phosphor 
previously excited by ultraviolet radiation. 

HALL EFFECT.—When a metal strip is placed with its plane 
perpendicular to a magnetic field and an electric current 
flows longitudinally through the strip, a potential differ-
ence is developed ac,Jss the strip. 
LOSSEV EFFECT.—Radiation resulting from recombination 
or charge carriers injected in a pn or pin junction biased 
in the forward direction. 

NERNST EFFECT.—When a metal strip is placed with its 
plane perpendicular to a magnetic field and heat flows 
through the strip, a potential difference is developed 
across the strip. 

PELTIER EFFECT.—When electric current flows across the 
¡unction of two properly chosen materials, an evolution or 
absorption of heat occurs at the ¡unction. 
PHOTOVOLTAIC EFFECT.—When radiant energy, commonly 
light, is incident upon the ¡unction of two dissimilar 
materials such as a pn or metal-semiconductor junction, an 
electromotive force is produced. 
RIGHI-LEDUC EFFECT.—When a metal strip is placed with 
its plane perpendicular to a magnetic field and heat flows 
through the strip, a temperature difference is developed 
across the strip. 
SEEBECK EFFECT.—When one junction of two properly 
chosen materials in a closed circuit is heated with respect 
to the other ¡unction, an electric current flows across the 
¡unction. 

SUHL EFFECT.—When a strong transverse magnetic field 
is applied to an n-type semiconducting filament, holes 
injected into the filament are deflected to the surface 
where they may recombine rapidly with electrons showing 
a much reduced lifetime, or be withdrawn by a probe 
as if conductance had increased. 

TUNNEL EFFECT.—The probability that a particle of given 
potential energy can penetrate a finite barrier of higher 
potential. 
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FIG. 1—Reactance-switch modulator using an inductor (A), cycle of operation (B), simplified inductance-switch circuit (C), and reactance-

switch modulator using a capacitor (D) 

Frequency Modulation 
By Reactance Switching 
With this method, it is possible to use a fixed reactance to frequency-

modulate a resonant circuit. Resonant frequency is a function of voltage 

By M. MICHAEL BRADY, w. W. Hansen Laboratories of Physics, Stanford University, Stanford, California 

MANY METHODS ARE available for 
producing f-m by varying the reso-
nant frequency of a parallel-reso-
nant circuit. Most methods vary 
the resonant frequency by varying 
the magnitude of a reactive element 
in the circuit (e.g., capacitive mi-
crophone across a parallel resonant 
circuit). Such reactive changes, 
however, require a change in some 
physical dimension. Practically, it 
is more desirable to voltage-control 
some element of the resonant cir-
cuit. 
The earliest voltage-controlled 

frequency modulator was the react-
ance-tube circuit. Its overall linear-
ity is poor, however; also, it may 
load the main resonant circuit in an 
undesirable fashion. 
More recently the reverse-biased 

pn junction has been used in f-m 
circuits. The capacitance associated 
with a pn junction becomes a func-
tion of the potential across the junc-
tion when a reverse bias is applied. 
An ordinary junction diode, a spe-
cialized voltage-variable capaci-

tance diode,' or a transistor' may be 
used. It is possible to obtain very 
broad-band high-linearity f-m with 
a reverse-biased pn junction; a 
sweep generator with a 200-kc 
sweep width at a center frequency 
of 500 kc has been designed.' In 
such circuits, however, too much 
a-m may result. 

It is possible to use a fixed react-
ance to frequency-modulate a reso-
nant circuit. A switching circuit 
can be so arranged that a fixed re-
actance is switched in parallel with 
the main resonant circuit during a 
portion of every cycle; the resonant 
frequency of the total circuit can 
then be made a function of the po-
tential or current that controls the 
switching element. The switching 
circuit may use a triode,' or a diode 
and may employ either a capacitor 
or an inductor as the fixed react-
ance.' ° 
The inherent advantages of the 

reactance-switch type of frequency 
modulator are that wide frequency 
deviation with very little a-m is 

possible, and the circuit is exceed-
ingly simple and uses readily-avail-
able components. 

Reactance Switching 

A practical circuit for reactance-
switching frequency control using 
an inductor is shown in Fig. 1A. 
Resonant circuit Li and C, has a 
frequency of w0. Inductor L, is 
switched across the resonant circuit 
during a portion of each cycle de-
termined by the voltage difference 
between the resonant circuit volt-
age E, and the controlling voltage 
E,. Capacitor C, is a bypass at the 
operating frequency while resistor 
R, loads the controlling signal. 
The effective mechanism of the 

circuit is shown in Fig. 1B. From 
zero to time t„ the resonant fre-
quency is coo. From t, to t, inductor 
L, has been switched in parallel 
with L, and the resonant frequency 
of the circuit is thus raised. From 
t, to t, the resonant frequency is 
again wo. Thus, over a number of 
cycles, the resonant frequency 
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' This common game is a sequential machine. Its inputs are the possible moves at a giren state. Its state is the arrangement of numbers at a given time 

States in a Sequential Machine 
A "sequential machine" is any device pro-
ducing prescribed sequences of outputs in 
response to given sequences of inputs. The 
theoretical problem of designing a machine, 
satisfying certain specifications with the 
fewest possible number of states, is now 
under study by IBM scientists. 
The operation of a sequential machine is 

not necessarily completely specified. Some 
states may have no specified transitions for 
certain inputs, and some states may have no 

assigned outputs. For this general case, a 
technique has been developed for reducing 
a given machine to an equivalent machine 
with a minimum number of states. The pro-
cedure is to construct a state diagram of the 
machine which describes input and output 
sequences. Then through the use of a tran-
sition-matrix representation, a minimum-
state diagram is obtained, which is equiv-
alent to the original machine in the sense 
that it will produce the same sequences of 

outputs for the given sequence of inputs. 
Earlier reduction procedures have been 

applicable only to state diagrams having 
known transitions for each input at each 
state. The extension of the procedure is im-
portant since many practical sequential 
machines (such as computers) require a 
specified operation for only a certain set of 
sequences of inputs. 

IBM® RESEARCH 
Investigate the many career opportunities available in exciting new fields at IBM Internation”1 14-1.:- .• 



changes as a function of the control 
potential E,. 

Analysis of the circuit is rela-
tively straightforward. The diode 
is assumed to be ideal: that is, it is 
a self-operated switch that closes 
when its terminal voltage is posi-
tive and opens when its terminal 
voltage is negative? With the ideal 
diode, then, there are obviously two 
states of the modulating portion of 
the circuit. In Fig. 1C, when E, is 
greater than E„ the diode is con-
ducting and the loop equation for 
the circuit can be written: 

Li' = — E2 (1) 

where the prime indicates the first 
time derivative. When E, is greater 
than Ei, the diode is nonconducting, 
and the current i is zero. These 
two states then define the condi-
tions on the current i. Assuming 
that the voltage E, is produced by a 
sinusoidal voltage generator of con-
stant frequency and amplitude 
(Fig. 1C), a solution for i may be 
obtained in terms of a Fourier 
series through consideration of the 
necessary boundary conditions. Us-
ing the conventional notation for 
Fourier coefficients and taking only 
the first terms of the series: 

i = (El/co.L2) 
(A./2 ± A 1 cos col ± 131 sin col) (2) 

E, was assumed to be a sinusoid, so 
the dimensions of the coefficient of 
coscot must be susceptance while 
those of the coefficient of silica- must 
be conductance. The A„ term merely 
defines a steady-state component. 
The equivalent parallel impedance 
presented to the main resonant cir-
cuit by the modulating circuit may 
then be written: 

+jXp = co„L2 j IIA II) (3) 

Using a Capacitor 

A practical circuit for reactance-
switching frequency control using 
a capacitor is shown in Fig. 1D. The 
operation of the circuit is funda-
mentally the same as that of Fig. 
1A, except that the frequency is 
lowered when the capacitor is 
switched in. The diode is now in 
parallel instead of in series with the 
modulating signal source in order 
that a return path for the steady-
state component of the modulating 
current exist. A choke is provided 
to isolate the r-f circuit from the 

FIG. 2—With Eq. 8 and this plot, the exact 

frequency deviation to be expected in a 

practical reactance-switching circuit can 

be determined 

modulating circuit. 
Analysis of the capacitor-

switched circuit follows closely that 
of the inductor-switched circuit. 
In Fig. 1D the diode will conduct 
as long as i, is greater than i and 
will be open when i is equal to or 
greater than i,. Equation for the 
loop including C, may be written: 

i = C,E'r (4) 

where E, is voltage across Q. If 
E, is of frequency w„, then when the 
diode is conducting, current i is: 

to„C,E', (5) 
An equation for i, expressed by only 
the first two terms of a Fourier se-

ries, is: 

i = co0C,Ei (A0/2 + Ai cos col 
131 sin cot) (6) 

E, was assumed to be a sinusoid, 
so the dimensions of the coefficient 
of coswt must be conductance while 
those of the coefficient of simut 
must be susceptance. The equiva-
lent parallel impedance presented 
to the main resonant circuit by the 
modulating circuit may then be 

written: 

= (11 co.,C2)(111A11 —illBil) (7) 

All that remains to completely 
describe the behavior of the react-
ance-switch circuits is to describe 
the coefficients A, and B,. Letting 

the coefficients B, for the induct-
ance and A, for the capacitance 
equal D, the coefficient A, for the 
inductance equal F' and the coeffi-
cient B, for the capacitance equal 
G, Eq. 3 and 7 may be re-written: 

R,, +,îX „ = ohlt. ±j/IFI) (8) 
R jX,, = (1/ co„C2) (OM j /IGI) 

For the switched inductance, E, can 
vary from zero to E,; values of E„ 
greater than E, are meaningless, 
for the inductor L, is then not con-
nected to the resonant circuit dur-
ing any portion of the operating 

cycle. Likewise, the current i in 
the switched capacitance circuit 
cannot exceed the current j,. The 
coefficients D, F and G of Eq. 8 
are then plotted against E„/E, or 

i/i, in Fig. 2. 
As can be seen from Fig. 2, there 

is a relatively large linear range 
of the coefficients F and G, and 
thus a large range of available 
linear f-m. It is desirable for the 
parallel resistance R, to be as high 
as possible; therefore, if linear f-m 
is desired, operation should be at 
as low a value of .E2/E, or i/i, as 

possible. 
If the change in resonant fre-

quency Aw is very small with re-
spect to the resonant frequency de-
termined by 0)0 = 1/VL,C,, then the 
usual approximations (0,4,' > > ,lej; 
w„,/(co„ -FAco) 1) yield the follow-
ing expressions for frequency de-
viation (for switched inductance 
and switched capacitance, respec-
tively) : 

ticu ca,FLI/2L2 (9) 
Aco cu,GC2'2C, 

Equation 8 and Fig. 2 can be 
used to determine the exact fre-
quency deviation to be expected in 
a practical circuit, while Eq. 9 pro-
vides an approximation for small 
frequency deviations. The react-
ance-switch circuit has been used 

successfully.' Figure 2 and the 
method of evaluating the coefficients 
are derived from the work of G. K. 
Freilich Hansen of the Danish 
Atomic Energy Commission Re-
search Establishment Riser, Ros-
kilde, Denmark. 
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That Gremar connectors are speci-
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RESEARCH AND DEVELOPMENT 

Thin Film Balanced Modulator 
COMPLETELY passive balanced 
modulator circuits may be evolved 
using thin (less than one micron) 
single-domain permalloy film. The 
proposed modulator was described 
at the 1960 Winter Convention on 
Military Electronics by R. L. 
Samuels and A. A. Read, Electrical 
Engineering Department and Engi-
neering Experiment Station, Iowa 

State University of Science and 
Technology. The work was partly 
supported by the National Science 
Foundation. 

Ferromagnetic Film 

Vacuum deposition of single-
d qmain thin films has led to their 
:,pplication in low-loss inductors in 
which self-inductance can be varied 
parametrically at frequencies from 
d-c to several hundred me.' 2 Avail-
ability of such inductors suggested 
their application in a suppressed-
carrier double-sideband modulator. 

Films used were of 80-20 per-
malloy vacuum deposited in the 
presence of an external magnetic 
field to a thickness of 2,000 A (2 x 
le cm) in the form of disks about 
8 mm in diameter. A film so de-
posited has a low anisotropy in the 
plane of the film and a very large 
demagnetizing factor for rotation 
out of the plane of the film. 
The films are essentially single 

magnetic domain structures. A 
domain possesses a saturation mag-
netization vector M per unit vol-
ume, which represents the intrinsic 
magnetic flux density of the ma-
terial. With no external magnetic 
fields, M lies in the plane of the film 
in the easy or rest direction. In the 
plane of the film but normal to the 
easy direction is the hard or trans-
verse direction. 

Figure lA shows a coordinate 
system for a single domain thin 
film. External fields 11 R and Ii along 
the rest and transverse directions 
respectively cause M to rotate 
through angles cf) and tp. The equa-
tion of motion for M is similar to 
that of a damped gyro. If h,, is held 

constant and hr varied sinusoidally 
with time, the tip of M precesses, 
tracing out a path that is essenti-

ally a flat ellipse. 
The large demagnetizing fields 

normal to the plane of the film con-
strain angle Ili. But the low aniso-
tropy provides limited contraining 
forces in the plane of the film so 
that 0 can become quite large. Prac-
tically, M can be assumed to move 
back and forth in the plane of the 
film. If both 11,, and hr vary rapidly 
with time, the motion of M can be-
come a complicated Lissajous pat-
tern, but its motion remains es-
sentially in the plane of the film. In 
practice, rotation out of the plane 
can be neglected and quasistatic 
conditions assumed for frequencies 
below vhf at least. 

Modulator Windings 

In Fig. 1B the axis of the carrier 
winding is parallel to the rest di-
rection; the axis of the output wind-
ing is parallel to the transverse di-

rection. A modulation winding can 
be added in parallel with the output 
winding or the output winding it-
self used as the modulation wind-
ing. Because of the mutually per-
pendicular orientation, no voltage 
is induced in the output winding if 

(A) 

no currents flow in the modulation 

or output windings. 
Assume that d-c bias current lb 

and a carrier current j,. at an angu-
lar frequency to, flow in the carrier 
winding. A d-c current flows in a 
separate modulation winding (not 
shown) in parallel with the output 
winding. This current establishes 
a magnetic field in the transverse 
direction producing a torque that 
rotates vector M through an angle 
0, establishing a flux linkage in the 
output winding. When M is rotated 
away from its rest position, the 
fields established by the a-c carrier 
current in the carrier winding exert 
added forces on M, rocking it back 
and forth around some equilibrium 
value of 4,, thus constantly changing 
the magnetic flux linking the output 

winding. 
Voltage is induced in the output 

winding at carrier frequency and of 
amplitude determined largely by the 
equilibrium angle of rotation estab-
lished by the amplitude of the d-c 
current. Nonlinearity in modula-
tion current can be kept small if 
the maximum angle of 4) is kept 
small. A variable capacitor across 
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FIG. 1—Coordinate system of single-domain thin film is shown at (A) and alignment of 

windings at (B) 
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FIG. 2—Single winding was used for both output and modulation in experimental 

modulator circuit 
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SNARK 

NIKE B 

BOMARC 

NIKE ZEUS 

SPARROW I 

SPARROW II 

SPARROW III 

NIKE HERCULES 

SIDEWINDER 

REGULUS II 

VANGUARD 

REDSTONE 

JUPITER C 

PERSHING 

BULL PUP 

MERCURY 

POLARIS 

CORVUS 

FALCON 

om Designs Assembly Savings /meo 
Ciffrca//lenkneureAnstrumeme gal/ Bearings./ 

Helping customers simplify instrument assembly is a 
specialty of the N/D engineering group. How? Through 
creative Miniature/Instrument ball bearing application 
and design. Often, a new ball bearing design will pro-
duce assembly savings in excess of its additional costs. 
Integral ball bearings, too, very often cut down difficult 
and costly hand assembly of shaft and parts. 

A timely example of N/D customer assembly savings 
can be seen in Nike Ajax and Hercules missile ground 
support. Here, special N/D Instrument ball bearings are 
now used in precision potentiometers. New Departure 
engineers recommended eliminating two single row 
instrument bearings, mounted in duplex and requiring 
precision spacer and separate guide roller. They 

"VI I NI I PVIr ILJ F2 E 

replaced this assembly with a special N D double row 
high precision instrument ball bearing with integral 
outer race guide roller . . . and shaft mounted with a 
nut. This one recommendation produced cost savings 
of over 400%! In turn, the customer was able to reduce 
the potentiometer selling price to the government. 
What's more, the New Departure Instrument Ball Bear-
ings improved potentiometer reliability! 

You can look to minimum assembly costs and unsur-
passed reliability. Include an N/D Miniature/Instrument 
Bearing Specialist in your early design level discussions. 
For immediate information or assistance, call or write 
Department LS., New Departure Division, General 
Motors Corporation, Bristol, Connecticut. 

imme. 
-row nnEnrr BALA- BEARINGS 

proved re//ability you can bu//a' around 
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Now you can record test data on-the-spot. In both lab and field you 
get accuracies equal to or better than big, rack mounted units. Just pick 
up and move a multi-channel (up to 14) PI tape recorder! reproducer 
as you would any other item of test equipment. 

Instead of 1,000-lb. cabinets, requiring 1000 watts, you're working 
with recorders 10 times smaller and lighter, using 250 watts or less. 

In the field, you get laboratory performance under the most difficult 
environments. PI fits many places where 19-inch racks won't go. One 
man can carry a rugged PI recorder to virtually any test site. 

How did PI put precision in a small package? By combining transistor-
ized electronics with unique stacked reel tape magazines. PI recorders 
use standard tapes and heads, are compatible in every way with standard 
recording practices and other recording equipment. 

May we suggest you call your PI representative to arrange a demon-
stration? If you are uncertain who he is, please write direct. Address 
Dept. 18. 

Precision Is Portable 

PRECISION INSTRUMENT COMPANY 
1011 COMMERCIAL STREET • SAN CARLOS, CALIFORNIA • PHONE: LYTELL 1-4441 5 

the output terminals can tune out-
put to resonance. The tuned circuit 
partially suppresses carrier har-
monics and increases useful output 
amplitude. 
A time varying modulation cur-

rent slowly rotates M back and 
forth around the rest direction 
while the carrier current rapidly 
rocks M around its equilibrium posi-
tion. Thus suppressed-carrier 
double-sideband modulation is pro-
duced. 

Experimental Verification 

A ferromagnetic film research 
group at Iowa State University car-
ried out investigations to verify 
predicted results. A single wind-
ing in the arrangement in Fig. 2 
was used both as modulation and 
output winding. Carrier frequency 
was kept constant at 4 mc. Sinu-
soidal frequencies from 20 cps to 
20 kc and square wave frequencies 
up to 100 kc were used to modulate 
the 4-mc carrier. Carrier feed-
through of 2.5 mv peak for zero 
modulation was measured. Carrier 
feedthrough measurement with 
modulation could not be made with 
the equipment available but there 
is ample reason to believe that it 
can be kept very low. 

Experimental results generally 
verify theoretical expectations, but 
one of the most difficult problems 
experienced was that of properly 
aligning the two windings and the 
film. This problem might be partly 
overcome by evaporating films that 
have a much smaller anistropy, 
making the system less sensitive to 
alignment. Also sandwitching tech-
niques might be used and the induc-
tors potted to maintain correct 
alignment. 
A balanced modulator should be 

possible that would be almost com-
pletely immune to a wide range of 
mechanical and thermal environ-
ments. 
The authors acknowledge the as-

sistance of St. Paul Remington 
Rand Univac for providing films, to 
their colleagues at Iowa State Uni-
versity and elsewhere, particularly 
A. V. Pohm and R. D. Anderson. 

REFERENCES 

(1) A. A. Read and A. V. Pohm, Magnetic 
Film Parametric Amplifiers, Proc Nat 
Elect ("oaf, 13, 1939. 
(2) A. A. Read and A. V. Pohm, Para-
metric Amplifier Uses Thin Films, ELEC-
TRONICS. 32. p 92, Nov. 13, 1959. 
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Mass Spectrometer 
Going Into Orbit 

MINIATURE mass spectrometer will 
be orbited in a satellite by the 
National Aeronautics and Space 
Administration in 1961. This light-
weight instrument is now under-
going prototype testing. 
The double-focusing mass spec-

trometer was designed by Consoli-
dated Systems, a subsidiary of Bell 
& Howell/Consolidated Electrody-
namics Corp. to measure elements 
in the exosphere. It will be capable 
of accepting particles from wide 
entrance angles with energy be-
tween -±-12 volts. It can measure 
ions, molecules, atoms and free 
radicals at altitudes between 150 
and 600 miles above the earth. 

Atmospheric Structure 

Recent rocket firings have given 
limited data about the structure of 
the upper atmosphere. The spec-

trometer will analyze samples for a 
year. By analyzing neutral particles 
in addition to ions, scientists may 
gain a better understanding of the 
effects of solar and cosmic energies 
on the gases near our planet. Infor-
mation will be telemetered to 
ground receiving stations. 

Neutral particles will be ionized 
by an electron beam outside the 
satellite shell, accelerated and di-
rected into the magnetic analyzer 
and separated according to their 
masses. Ions can be admitted di-
rectly into the analyzer when the 
ionizing beam from a rhenium fila-
ment is automatically switched off. 
The electron beam can be switched 

on to ionize and thus analyze atoms, 
molecules and free radicals. 
A permanent magnetic will be 

used to deflect the ions into paths 
appropriate for their. masses. 

Cycling 

A binary solid-state logic circuit 
will change potential between ions 
and molecules. Mass range will be 
for six constituents (hydrogen 
atoms, nitrogen and oxygen atoms 

and molecules, and water vapor), 
in addition to reference level and 
total current measurements. An 
electrometer amplifier will amplify 
the signal corresponding to ion cur-
rents as low as 10' amp. 

sophisticated 
servo 

solutions 
size 8's that do the work of 10's ... 15's with 100,000 rad/sec2 

acceleration...11's and 18's with inertia or adjustable velocity damp-

ing. Extract your solution from an infinitude of BECKMAN servomotors. 

To satisfy the unknowns 

in your system, 

try these representative specs 

on your slipstick. 

Excitation 

Length, inches 

No-load, rpm 

Torque at stall, 
oz. In. 

Acceleration at 
stall, rad/sec' 

Output voltage 

volts/1,000 rrnn 

Null voltage, 
millivolts 

Additional damping 
available 

dyne cm. sec. 
radian 

Size 8 servomotor. 
rate generator 

Model 8MG420/410 

26v 
400-cycle 

1.350 

6,000 

0.22 

68,000 

0.1 

4 

Size 11 velocity. 
damp servomotor 
Model 11VM460 

115v 
400-cycle 

2.033 

5,300 

0.63 

22,200 

10-100 
(adjustable) 

(-Du (2) 1055 

Size 15 servomotor 
Model 15SM461 

115v 
400-cycle 

1.375 

6,000 

1.45 

100,000 

Size 18 inertia. 
damp servomotor 
Model 18IM460 

115v 
400-cycle 

2.525 

4,700 

2.35 

22,200 

MMO 

940 

There are 1000 standard & spec types available in these popular 012e0 

For complete 
crib-sheets... specs, drawings, 

torque speed curves 

and unit characteristics... 
write for data 

file A93. 

Beckman/ 
Helipote 

Helipot Division of Beckman Instruments, Inc. 
Fullerton, California 

Engineering representatives in 29 cities 

potentiometers: dials: delay lines: expanded scale meters: servomotors: breadboard parts 
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COMPONENTS AND MATERIALS 

Sealed-Off Power Source for S-Band 
By ARNOLD HASSE-DUBOSC, President. American Radio Company Inc., New York City 

A HIGH-POWER pulsed klystron, 
originally designed as a power 
source for a 2 BeV linear accelera-
tor which is actually being built by 
the Compagnie Generale de TSF for 
the Paris University in Orsay, has 
several original aspects that make 
it useful as a final stage for a long-
range radar or in tropospheric scat-
tering communications. 
The AX-436 klystron of CSF is 

an S-band klystron that is sealed-
off, operates at low voltage and has 

no cavity tuning. 

Voltage and Load 

One of the most interesting fea-
tures of the tube is connected with 
the low voltage of 250 kv allowed by 
a beam perveance as high as 2.10' 
resulting in a beam impedance of 
1,000 ohms. Such voltage and load 
seem to be the optimum for the 
minimum cost of modulators, a 
question of great importance for 
systems using as much as several 
tens of tubes. For the tube itself 
above values involve not only easier 
insulation and X-rays shielding but 
also a lower Q of the cavities so that 
non-critical fixed tuned cavities can 
be used instead of fragile or cum-
bersome tunable systems. 
The tube is essentially made of a 

thick cylindrical wall of copper. 
Cavities and drifts are massive 
blocks brazed inside the wall; the 
resulting accuracy of construction 
secures the possibility of pretuning 
the cavities at determined frequen-
cies. The blocks are shaped to pro-
vide space for water cooling in 
order that no thermal drift of r-f 
power can occur. 

Tube Recovery 

All other components—water-
cooled collector, gun, input and out-
put circuits—are assembled by 
means of removable and bakable 
tight joints; so the tubes can be re-
covered at low cost. 
A small ceramic seal is used for 

the UG-496/U coaxial input which 
is housed in the thickness of the 
wall. The output power is taken 

Four-cavity klystron, the AX-436, with 

coils removed 

from the output cavity through a 
circular ceramic window and an 
S-band waveguide. The window is 
properly shielded to prevent trou-
bles due to parasitic radiations or 
discharges. Possibility of gun oscil-
lations has been suppressed by 
proper design. 
Owing to the longitudinal posi-

tion of the output circuit above the 
tube, the outside of the wall is kept 
clear for introduction of the focus-
ing coils. Any set of coils fits elec-
trically any tube and only minor ad-
justment of the total current may 
be required. 
A titanium pump is incorporated 

and allows the tube to be operated 
sealed off. The main purpose of this 
pump is to take care of eventual 
outgassing of the tube during 
sealed-off operation, resulting in 
longer life. As the pump acts also 
as a vacuum gauge, both operations 

can be manually or automatically 
switched on. 

Power and Efficiency 

At the left is a photograph of a 
tube where the coils have been re-
moved. Figure 1 is a typical plot 
of the variation of r-f peak power 
with the voltage (curve A) ; the 
corresponding efficiency is also 
plotted (curve B). 

Average power tests were made 
up to 5 Kw, although the first ac-
celerator using these tubes requires 
only 2.5 Kw from each of the six-

teen klystrons. 
It can be seen that 30 Mw are ob-

tained at a voltage quite lower than 
300 kv and that efficiency is higher 
than 40 percent. Some recent work 
has confirmed the values of the or-
der of 50 percent obtained in lab-
oratory conditions could be ac-
counted for on production tubes. 

Stagger Tuned 

The tube has four cavities, the 
second and the third ones stagger-
tuned for optimal efficiency at 3000 
Mc. The saturation gain in the 20 

32 

28 

24 

20 

16 

12 

4 

o 
120 160 200 240 

VOLTAGE IN KV 

FIG. 1—Peak r-f power (A) and efficiency 
(B) curves of the pulsed klystron 
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Mw range is 43 db. 
Though the tube is designed for 

systems working at fixed f re-
quency, the tube operates satis-
factorily over a frequency range 
of the order of 100 Mc. At a 
given voltage the output level can 
be kept constant at 1 db over a f re-
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3 STOCK RELAYS 

Type 

DO 
AC-DC 

for Day-In 
Day-Out 
Reliability 

For Severe Shock and Vibration 
A rugged relay, particularly adaptable to aircraft and mobile applications. 
Design of molded parts around contact arms prevents mechanical injury. 
Available in twenty-three 3-pole and 4-pole types. Coil Wattage: 3.00 
watts, DC operation; 6.00 watts, 60 cycle AC. Maximum temperature 
rise 45° C, DC; 75° C, AC. Coil Operating Voltages: from 6 to 230 
VAC (60 cycles) and 6 to 220 VDC. Contacts: Fine silver. Rated for 
115 VAC or 32 VDC, non-inductive load. Weight: 3-pole, approximately 
5 ounces; 4-pole, 6 ounces. 

Compact and Lightweight 
A general-purpose relay of wide application. Handles loads usually de. 
manded of much larger relays. Meets rigorous aircraft relay standards. 
Twenty single-and double-pole types. Coil Wattage: 2.5 watts, DC; 3 
watts, 60 cycle AC. Maximum temperature 45° C, DC; 65° C, AC. 
Coil Operating Voltages: from 6 to 230 VAC (60 cycles) and 6 to 220 
VDC. Contacts: Fine silver is standard. Rated for 115 VAC or 32 VDC, 
non-inductive load. Weight: Approximately 4 ounces. 

111, 

Twin Coils for Extra Sensitivity 
Similar in construction to Model DOS. The DOSY relay is adaptable to 
a wide range of electronic applications such as plate circuit controls or 
as overload or underload controls in DC circuits to signal attainment of 
predetermined current levels. Four single- and double-pole types. Coil 
Wattage: 1.00 watt, with maximum temperature rise of 45° C. Contacts: 
Fine silver. Rated for 115 VAC or 32 VDC, non-inductive load. Weight: 
Approximately 41/2  ounces. 

Type 
DOS 
AC-DC 

01131111TE' 
QUALITY 
Components 

,i1111111111.111.1 
Write for Stock Catalog 30 

Also other quality relays of many types 

S • RESiSTORS • RELAYS 

TAP SWITCHES • R.F. CHOKES 

VARIABLE TRANSFORMERS 

TANTALUM CAPACITORS 

GERMANIUM DIODES 

(MITE MANUFACTURING COMPANY 
361 0 Howard Street, Skokie, Illinois 
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save costs, save labor, save design time with 

SORENSEN "SOLDER-IN'S" 
Miniature transistorized, component-type power-packs 

• DC-to-DC Converters (Series QC)• DC-to-AC Inverters 

(Series QI) • Highly-regulated D-C Supplies (Series QM) 

MORE THAN 180 MODELS! 

• If you have 117 vac, 60 or 400 cps, available, and need 3-36 vdc regu-
lated to ±-0.05% If you have available standard 6-, 12-, or 28-volt 

d-c sources and ... • If you need 115 vac, 60 cps, at up to 200 watts, 
or ... • If you need 115 vac, 400 cps, at up to 240 watts, or ... U If you 

need d-c voltage in the range 30 to 1000 vdc 
Then you should get complete data on Sorensen miniature transis-

torized dc-to-ac inverters (Series QI), dc-to-dc converters (Series QC) 

and highly-regulated supplies (Series QM). They're completely tubeless; 
no moving parts. They can replace vibrator-type supplies, rotary inverters 
or dynamotors—with greatly reduced weight, size, complexity, and cost. 

Write for bulletins on 
these compact, low-cost CONTROLLED 
power sources, or see your 

Sorensen representative. 
Sorensen & Company, Rich-
ards Avenue, South Norwalk, PRODUCTS 
Connecticut. 9.49 

POWER 

... the widest line lets you make the wisest choice 

quency range of 2.5 percent by ad-
justing the input signal. At con-
stant input the bandwidth is 40 Mc. 

Ceramic Filters Improve 
Receiver Selectivity 
CERAMIC FILTERS used in the new 
design of HEATH KIT'S all transistor, 
multi-band communications-type re-
ceiver are claimed to improve selec-
tivity and help reduce size and cost. 
The i-f amplifier sections contain 
TRANSFILTERS for shaping the band 

pass. 
Alignment is simplified in the i-f 

amplifier sections and a fixed nar-
row band pass is achieved. The new 
receiver design incorporates two 
models of the new ceramic filters 
which were recently introduced by 
Clevite Electronics Components Di-
vision of Clevite Corp for i-f stages 
of a-m transistor radios. 

Conventional receiver design re-
quires a combination of double-
tuned and single-tuned i-f trans-
formers to obtain the necessary 
selectivity. The Heath MOHICAN 
GC-1 design uses two double-tuned 
transformers and two each of mod-
els TF-01A and To-01A ceramic fil-
ters. According to Heath engineers 
who designed the unit, its selectiv-
ity is 3 kc wide at 6 db down and 
25-kc wide at 60 db down. 
The ceramic filters set the width 

of the top portion of the i-f pass-
band and the input and output 
transformers need only be peaked 
for maximum gain and skirt selec-
tivity. Resonant frequency of these 
units is stable ± 0.1 percent from 
—20C to + 60C and varies only 0.1 
percent per decade of time. 

Interstage Couplers 

The To-01A ceramic filters are in-
terstage couplers providing imped-
ance coupling between the first and 
second, and between the second and 
third i-f transistor stages. These 
filters combine the functions of im-
pedance transformation and fre-
quency selection of the 445-kc i-f 
frequency. The TO filter is a ceramic 
unit with impedance matching char-
acteristics. This piezoelectric disc 
vibrates at the first overtone of its 
fundamental radial mode. It forms 
a four-terminal network with a high 

tr. 
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impedance and a low-impedance 

pair of electrodes. The operation of 

these filters is the same as that of 

crystal lattice filters. 

With appropriate circuit design, 

the ceramic filter replaces trans-

former, inductive and capacitive 

elements used in conventional fre-

quency selective circuits. Band 

width is 4 to 7 percent at 6 db and 

••• insertion loss at 445 kc is 2 db 

maximum. 

Emitter Bypass 

11 The TF-01A filter is an emitter by-

pass frequency selective element 

also resonant at 445 kc. In combi-

nation with the To-01A, it gives the 

receiver's i-f stage selectivity supe-

rior to that obtained by four tuned 

stages in LC circuits. 

Thermoelectric Cooling 
Using Semiconductors 
ECONOMIC APPLICATIONS of thermo-

electric cooling are now possible 

using new semiconductor materials 

such as bismuth selenide, bismuth 

sulphide, lead and antimony tel-

lurides, claim General Electric Co. 

Ltd., London. 

Cooling units for an automatic 

dewpoint hygrometer and a cooled 

baffle for an oil-diffusion vacuum 

pump are already developed, and 

work is proceeding on a domestic 

refrigerator unit. 

With a refrigerator, a small rec-

tifier-transformer unit is needed to 

give the required d-c, but the unit 

should still be competitive with con-

ventional equipment. 

Preparation of semiconductor al-

loys for thermoelectric use is easier 

than for transistors as polycrystal-

line structure is acceptable and the 

impurity requirements are less 

stringent by a factor of 104 or 10e. 

Thermocouples are either cut from 

ingots or sintered from powder 

pressings and soldered together. 

Temperature difference across 

the thermocople of 30 to 50 deg. C. 

is obtained in some applications, 

but when cooling the air in an en-

closure temperature gradients be-

tween the junction and the air limit 

the temperature difference to 20 to 

30 deg. C. Many future applications 

are now under review. 

yourse or wit o ir e 

KE THE CUSTOM CABLE 
Whether your spec is simple or complex . . whether your require-

ments are large or small ... we will produce a custom cable designed 
for your specific needs. 

Because of our huge on-the-shelf inventory of over 5,000 wire items, 

we can immediately draw from stock each component of a required 

cable. Then by using our special manufacturing equipment (or by 
hand if necessary), we create on very short notice the specific 
"customized" cable you require. 

Our Cable Engineering staff has developed specialized techniques 
and enginering know-how to create short-run custom cables to meet 
a wide range of environmental needs. 

Let us consult with you and quote — no obligation. Just write our 
Custom Cables Department. 

CABLE A CABLE 

Ani 

Irifled Copper 
Shield 

IRE BOOTH 4103 • IRE BOOTH 4103 • IRE BOOTH 4103 • IRE BOOTH 4103 • IRE BOOTH 4103 

Conductors to 

MIL.W.16878C 

Poly,nylchlonde 

Braided 

Copper 

Shield 

Polyethylene 

Insulation i 

Polyvinylchloride 

Jacket 

Coaxial Cable 

Silver-plated 

Shield 

Above are two examples of Alpha's diversified range of custom 

cabling capabilities — to meet MIL or your own specifications. There 
are virtually no minimum quantities required. In fact, the complete 

order for Cable B called for 10 sections each of 13-feet 4-inch lengths. 

ace 
PH L EX® Tubing & Steeving 

ALPHA WIRE CORPORATION • 200 Varick Street, New York 14, N. Y. • AL 5-5400 

Pacific Division: 1871 So. Orange Drive, Los Angeles 19, California • WE 8-9141 
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PRODUCTION TECHNIQUES  

Solve Tin-Nickel Plating Problems 
widow , and I :aiises (ti res 

Non-adherent deposits. pitting or 
high-tin deposits traced to organic con-
taminants 

Inorganic contamination caused by 
lead content >25 ppm, antimony 
>0.4 g/l, cadmium n >1.5 g/l, copper 
>0.2 g/l, iron >0.5 g/l, zinc >1.5 g/l 

Pitting caused by fine air bubbles at 
cathodes, bubbles dispersed in solution 
by filters 

Solution becomes imbalanced and fails 
to maintain proportion of 65 tin-35 
nickel due to aerial oxidation of stan-
nous tin (stannic tin content above 
300 g/l): stress in deposit changes from 
tensile to compressive; insufficient tin 

High-tin deposit resulting from bath 
temperature being too low 

Layering resulting from variations in 
bath temperature 

Chloride buildup in old solution; form-
ation of chloride crystals in filters 

Inefficient filtration; contamination 
during filtration 

Tin loss from anodes resulting in sludge 
in tank 

Treat solution m it h activated carbon in 
spare tank. allow carbon to settle out, filter 
and return solution to plating tank 

Plate out on dummy cathodes at low cur-
rent densities overnight; minimize carry-
over from other processes; use nickel anode 
hooks and fittings and approved jig coatings 

Correct filter; or filter only during idle 
periods, shutting olf filter an hour before 
plating 

Reduce stannous tin oxidation by avoiding 
air agitation, keep filter hoses below solu-
tion surface; add stannous chloride and 
low-lead ammonium bifluoride, correct pH 
to 2.5 with ammonia; use 28% nickel alloy 
anodes (add 1 nickel anode for each 3 alloy 
ano(les). or separate tin and nickel anodes 

Maintain bath at 70 C, +10 C, —5 C 
(158 F, +18 F, —9 F) 

Cathode agitation, preferably vertical 

Cool solution over weekend in spare tank, 
filter after crystals form; flush filters with 
makeup water before daily shutdown 

Back filter pads with Terylene cloth, filter 
steadily if possible; use compatible filter 
linings and stainless steel or nickel fittings 

Remove tin or alloy anodes if bath is to be 
idle for several days 

PRECAUTIONS THAT Should be fol-
lowed to obtain a satisfactory tin-
nickel electroplate were recently re-
viewed' in the quarterly journal of 

the Tin Research Institute, Green-
ford, Middlesex, England. The proc-
ess was introduced by the Institute 
8 years ago and is now frequently 
used in electronics production. 
The plating, 65 tin-35 nickel, is 

bright, hard, nonmagnetic, and has 
excellent solderability, corrosion 
resistance and covering power. 

Deep tubes can be plated inside 
without internal anodes. The solu-
tion is made up of commercially 
available stannous chloride, nickel 
chloride and ammonium bifluoride. 

Stannous tin content of the solu-
tion should be checked every other 
day by simple titration. Nickel, 
stannic tin and fluoride can be 
checked monthly. Accumulated 
chlorides should be removed by 
crystallization monthly. Problems 
and cures reported in the review 
are summarized in the table. 

REFERENCES 
(1) R. M. Angles, Some Practical As-

pects of Tin-Nickel Plating, Tin and Its 
1-,r‘s, Is. Autumn, 1959. 

Sound Waves Measure Nose Cones 
Ultrasonic resonance thickness gage is used by Brunswick-Balke-Collender Co., Marion, 

Va., to check thicknesses of reinforced radomes and nose cones. Thicknesses range from 
0.02 to 0.5 inch and tolerances from 0.001 to 0.005 inch. The gage, made by Branson 

Ultrasonics, Stamford, Conn., can also be used while the radome is still on a mandrel. 

The instrument is shown in use on a filament-wound Bomarc nose cone 

Electron Beams Weld, 
Saw, Drill Tiny Holes 
ELECTRON BEAM metalworking 
equipment developed by the Carl 
Zeiss Foundation, Oberkochen, 
Germany, was recently demon-
strated in New York City. It is ex-
pected to find applications in the 
production of microminiature elec-
tronic devices and in fabrication 
of vacuum evaporation masks. 

The electron beam process can be 
used for surface treating, welding, 
milling or drilling. The intensity of 
the beam can be adjusted to heat, 
melt, fuse or vaporize the material 
in the target area. Energy intensi-
ties as high as 600 megawatts per 
square inch are obtained. It has 
been used for working tungsten, 
hard glass and other difficult ma-
terials. 
To weld, the parent metal on 
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Attention!! 

BIG NEWS 

FROMMINCOM 

AT THE 

IRE SHOW 
March 21st 

A most important development in the instrumentation recorder/reproducer field will be unveiled 

by Mincom at the IRE Show in New York. It's an all-new system, the Mincom Model CM-100. 

Be there to see it. Wrapped up in one compact rack, CM-100 is a highly versatile all-purpose work-

horse, capable of handling practically every instrumentation job (For example: 500 kc at 60 ¡Ps, 

24 minutes playing time). Built to Mincom's high reliability standards, it's the year's biggest 
news in magnetic tape recorder/reproducers. See it at Booth 3923. 

... WHERE RESEARCH IS THE KEY TO TOMORROW 

MINCOM DIVISION M INNESOTA M INING AND M ANUFACTURING COMPANY 
2049 SOUTH BARRINGTON AVENUE • LOS ANGELES 25. CALIFORNIA 
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...no soldering 
application's 

too difficult! 

Kester Solder 
Kester's latest development . . ."44" RESIN-

CORE SOLDER has a perfected activated resin 

flux for faster assembly line soldering. Like 
all Kester Flux-Core Solders, it will solve 

many circuit design and development 

requirements. Used by leading electronic 

manufacturers everywhere. 

Other Rosin-Resin Flux-Core Solders also 

available as well as many "Specialized" Flux-

Core Solders. 

Write today for free 78-page Kester technical 
manual "SOLDER ...Its Fundamentals and Usage." 

KESTER SOLDER COMPANY 
4204 Wrightwood Avenue, Chicago 39, Illinois 
Newark 5, New Jersey • Brantford, Canada 

ANAHEIM. CALIFORNIA 

Over 60 Years' Experience In Solder And Flux Manufacturing 

Cross-section of weld made in 0.4-inch-

thick stainless steel 

either side of the weld zone is 
melted so that the parent metals 
will fuse. The configuration of the 
weld can be electronically con-
trolled. To machine small, odd-
shaped holes and cuts, such as those 

in Fig. 1, the target area is vapor-
ized. 

Holes as small as 0.0008 inch have 
been produced to date. Most of the 
energy is dissipated in vaporizing 
the material. A temperature of 
11,000 F in the target area, for ex-

ample, produces a temperature of 
500 F at a distance of 1 micron from 
the cut. The beam is pulsed, with 
the duration of the pulse adjusted 
to suit the material being worked. 
The equipment consists of an 

electron gun, beam focusing, moni-

toring and control elements, a vac-
uum chamber in which the work-
pieces are placed, and the operator's 
viewing apparatus. The beam path 
can be controlled automatically by 
relays, magnetic tape or television-
type controls (it was reported that 
a tv picture was reproduced in steel 
as a laboratory experiment). 

Hamilton Standard Division of 
United Aircraft, Windsor Locks, 

FIG. 1—Cross-section of holes drilled with 

electron beam. Each profile has an overall 

width of about 1 mm 
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From the home of cPitemled cAoneettine 

CENTURY COLORBAR 
Visual Monitor Model 20E 

A few of the typical applications of this EEZE Reading 
Colorbar Visual Monitor: 

• Strain gage net work alignment 
• Jet engine function analysis 
• Magnetic tape editing 
• Telemetry monitoring 
• Presentation of test cell and test-stand 
parameters 

• Observation of vibration modes 
• In-flight monitoring of safety parameters 
• Reactor control monitoring 

Let us incorporate this instrument into your system 
applications 

century 
ELECTRONICS and INSTRUMENTS, INC. 

The Home of Planned Pioneering 

TWX-TU 1407 . . . Phone LUther 4-7111 

P. 0. Box 6216, Pine Station, Tulsa 10, Oklahoma 

Serviced by Systems Engineering Offices of 

airsupply-Aero Engineering Division 
of the Garrett Corporation . . . Offices in all Principal Cities 

111111111111ummal 

See it in operation at the IRE Show! Booths 3608 - 3610 — in New York, ,1larch, 1960 
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Changing Concepts of the Cosmos— 

Custom 
electronic 
cables 
shielded or 
jacketed in 

Ii y 

\\\SHIELDED 
ZIPPERTUBING 
Zippertubing lets you make custom 
cables anywhere, any time without the 

aid of machinery or other equipment. 
You get 100% shielding coverage of 

wires, cables, and branch-out cable as-
semblies. One inexperienced man can 
do the job in one easy, timesaving 

operation! Cables can be permanently 

sealed or simply zipped closed for easy 

re-accessibility to conductors. 

ZIPPERTUBING' NOW AVAILABLE IN 

MATERIALS TO MEET EXTREME TEM-
PERATURE AND USE CONDITIONS ... 
Zippertubing is available in aluminum, 

copper, or co-netic steel. These con-
ductive metals are combined with 

vinyl, Teflon, Mylar, Nylon or fiber-
glass for abrasion resistance. There is 
also Zippertubing to stand up against 

nuclear rays and Thermazip for the ex-
treme temperatures of missile blast. 

ZIPPERTUBING MEETS MIL SPECS. 
If you design or work with electronic 

cables, it will pay you to investigate 

Zippertubing. Send for free literature 
and the name of your closest field 

representative. 

Pat. or Pat. App. For 

THE Zjppertubing® co. 
752 S. San Pedro St, Los Angeles 14, Calif. 

Conn., will manufacture the ma-
chines this year. They will be avail-
able on lease from Hamilton Elec-
trona, Inc., New York, N. Y. 

Simulated Transformer 
Tests Magnetic Sheet 
MAGNETIC SHEET material can be 
tested nondestructively for core loss 
by passing the sheet through a 
shell-type transformer in which the 
core element is replaced by the mov-
ing sheet. Yokes are arranged above 
and below the sheet, providing small 
air gaps for uniform flux distribu-
tion. The magnetizing element is a 
flat exciting coil over the width of 
the sheet. A similar coil measures 
induced voltage. The core loss ra-
tion is measured and indicated by a 
light-beam wattmeter. A machine 
which tests 2 to 5 tons of material 
an hour by this method is in use 
in Hungary, according to a report 
(European Technical Digest 2646) 
by the European Productivity 
Agency, Paris, France. The method 
is also reported in use in the U. S. 
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Photocell Monitors 
Diameter of Wire 
PHOTOELECTRIC DEVICE, servo-con-
trolled to monitor the diameter of 
wire as it is drawn, has been de-
veloped by the Central Laboratory 
for Automation, Moscow, USSR, 
McGraw-Hill World News reports. 
A plate with two slots is provided 

with a light source on one side and 
a photocell with lenses on the other. 
The wire passes in front of the 
first slot, which is equipped with a 
servo-driven shutter. The second 
slot is a smaller, reference slot 
whose light passage area equals 
the normal light passage area of 
the first slot and wire. 
The light beam is chopped by 

an oscillating mask so that it alter-
nately passed through the slots. If 
slot areas are equal, the photocell 
produces equal current pulses. If 
slot areas are unequal, pulses are 
unequal. The error signal is ampli-
fied to drive the first slot's shutter 
servomotor. The shutter is moved 
until the two light passage areas 

are balanced, providing for indica-
tion of wire diameter variation. 

The Sun 
Man, firing the first hydrogen bomb, 
tapped the basic source of energy 
that feeds the sun and stars. Deep 

in its interior, the sun, in effect, explodes many 
billions of hydrogen bombs every second. About 
two million tons of matter vanish, are trans-
formed and appear again as radiation. Every 
second. 

The sun itself would explode in a flash, if 
it were not for the heavy overlying mass, which 
cushions the explosions and turns what would 
otherwise be a cosmic detonation into a smooth, 
quiet burning. 

The sun has been reacting in this turbulent 
way for several billion years. And taking its 
time too; about 50 million years must elapse 
before the liberated energy from the explosion 
finally worms its way to the surface. It then re-
veals, to impatient earth scientists, important 
facts about the sun. 

The sun is composed entirely of hot gas— 
most of it stagnant. But the outer 10 per cent 
rises and falls, boiling violently, making the 
sun appear mottled. 

Here and there we see sunspots, irregular 
dark areas that increase and decrease in num-
ber in a cycle of -about 11 years. Astronomers 
once believed them to be raging solar hurri-
canes. But recent studies indicate that the spots 
are islands of relative calm in an otherwise 
stormy ocean of seething gas. Regions frozen 
into immobility by the intense magnetic fields 
pervading the spot area. 

The surrounding regions, which are violent-
ly stormy, present quite a display: weird moun-
tains of pink flame, called prominences, soar 
to great heights. Geysers and jets spurt upwards 
hundreds of thousands of miles. Blinding erup-
tions of hydrogen gas form the solar flares. 

All these areas—the quiescent sunspots and 
the cataclysmic storms—are enveloped by a 
deep layer of still hotter gas: the solar corona, 
whose edges seem to ring the sun with a halo 
or crown. An impressive crown it is, with a 
temperature of about a million degrees (Centi-
grade) and a breadth that embraces the earth 
and extends far beyond. 

With a trace of royal high-handedness, the 
corona often disturbs the earth's magnetic field, 
triggers the glowing northern lights, or plays 
havoc with radio communications. Small va-
garies in the earth's physical environment over 
which the sun exercises such benevolent control. 

We must know the sun better. We must 
understand its radiation more completely,— 
how much, of what types, and how it distributes 
itself when it leaves the sun—if space travel 
is to become a reality. 

Our present ideas about the sun, based on 
the best available knowledge, will undoubtedly 
change profoundly in the years ahead—as space 
probes penetrate into the corona( envelope and 
relay back to us pertinent information about 
interplanetary depths. 

Because we believe that cosmography—the 
geography of the cosmos—will play a vital 
role in the future, McDonnell Aircraft has in-
stituted important basic research in astronomy, 
solid-state physics, chemical kinetics and mathe-
matics. 

These research programs are oriented 
toward a fuller understanding of the universe: 
That men—men of all nations—may cooperate 
in the exploration of space, the moon, the sun, 
and the planets. That, through such adventure, 
men may better understand themselves and 
one another. 

NFDONNELl e  
ST. LOUIS 66, MISSOURI 

We invite inquiries froto engineers and scientists interested in 
participating in current space programs at McDonnell Aircraft. 
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On The Market 

Miniature Delay Line 
for computers 

AD-Yu ELECTRONICS LAB., INC., 249 
Terhune Ave., Passaic, N. J. Type 
7C series was developed to meet the 

Microvoltmeter 
transistorized 

need for compact delay lines with 
low attenuation, linear phase shift 
characteristics, and wide bandwidth 
in many applications such as com-
puters, radar and power circuits. 
Some of the features are hermetic-
ally sealed construction, operating 
temperature ranging from —35 C to 
+125 C with 500-v peak working 
voltage, and temperature coefficient 
0.005 percent per deg C. Rise time 

is 7 percent of the time delay f( 
most types. Frequency response 
over 10 mc bandwidth with attent 
ation less than 1.2 db per µsec d 
lay at low frequencies. Size is 
in. by I in. sq, 3t in. long, for uni 
having 1 µsec delay or less. Tin 
delays range from 0.1 µsec up to 1 
µsec, and impedances range fro 
150 ohms to 1,000 ohms. 
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SMITH-FLORENCE, INC., 4228-23rd 
Ave. West, Seattle 99, Wash. Model 
951 is a differential voltmeter which 
compares a precise internal voltage 
with the unknown voltage to be 
measured. Since the two voltages 
are adjusted to be equal, no current 
will flow from the unknown into 

the instrument, thus the input 
impedance is determined by the 
leakage resistance of the internal 

Power Supply 
compact unit 

SOLIDYNE, 7460 Girard Ave., La 
Jolla, Calif., announces a well regu-
lated d-c power supply designed pri-
marily for transistor circuit work 
and other applications where recur-
rent spikes and other transients 
would damage equipment under 

test. Voltage and current meters 
are provided for accurate setting of 
output voltage and continuous mon-
itoring of load currents. Voltage 
output is adjustable from 5 to 35 

with a maximum current of 2 
amperes. Either the positive or 
negative terminal may be grounded 
or the output can be floating. Regu-
lation is better than 0.1 percent and 

Waveguide Switches 
2.6 to 90 kmc 

insulation. Unit is capable of mea 
uring voltages between 10 y ai 
1 µv. The null indicating meter o 
erates over seven ranges, fro 
10 y full scale to 10 µv full scale. I 
strument accuracy is 0.01 perce: 
+0.5 µv in differential mode. Inp 
impedance at null is infinite. Dri 
is less than 0.5 eLv on null indicatc 
Price is $1,350. 
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variation in output voltage is nev 
more than 30 mv. Ripple is hE 
down to less than 1 mv. 
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Phase Generator 
0.1 to 135,000 cps 

DYTRONICS, 78 Sunnyside Lane, 
Columbus 14, Ohio. Model 410 of-
fers both a phase shifter and a 
phase difference generator operat-
ing with high accuracy over a range 
from 5 cps to 135,000 cps. By the 
addition of an external capacitor 

DEMORNAY-BONARDI, 780 S. Arroyo 
Parkway, Pasadena, Calif. New 
E-plane waveguide switches are 
used to transfer the connection be-

the low-frequency limit can be E 
tended below 0.1 cps. Accuracy ON 
the a-f spectrum is 0.1 deg wi 
decreasing accuracy above and 1 
low the audio range. InstrumE 
can be used for the calibration 
phase measuring instruments or 
a phase measuring device when us 
with an external phase detector. 
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tween waveguides. Transfer m 
be direct or by remote control. T 
switch types are supplied. One 
2-way exchange, which switches 
common waveguide to either ad 
cent waveguide. Disconnected wa' 
guide is terminated in a matcf 
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PROFESSOR MIZZLE VON BOMB presents 
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° HAF RECOR.DED 

MEIN ZINGIN 1 
VOICE FOR 

POSTEkITYO ! 

(WHO SIGNED DER COMPLAIN1 

\ EDISON 
MACHIN' 

TAKING A DOG'S 
VO[2.D OVER 
MEIN! 

If Professor von Bomb had run a frequency curve 
before torturipg his dog, he might be out of captivity 
now. SIE's ARP-2A Audio Response Plotter records 
everything in the audio range in chart form in 
seconds — keeps the SPCA from the door. 

Frequency coverage 
AC signal levels, linear 
DC volts, linear 
Maximum sensitivity 

"Zing Out" loud 

and clear for the 

SIE representative. 

Write today for prices and specifications. 

SOUTHWESTERN INDUSTRIAL ELECTRONICS CO. 
A DIVISION OF DRESSER INDUSTRIES. INC. 

10201 Westheimer • P 0 Box 22187 • Houston 27, Texas • HO mestead 5-3471 
CABLE: SIECO HOUSTON TWX: HO-1185 

20-20,000 cps 
0-40 db 
0-1 y 
10 my full scale 
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Effective component protection is hard to supply under condi-
tions of violent acceleration, high ambient temperature, and 
vicious vibration. But in military electronic gear, transistors must 
get unfailing protection against these threats to reliable operation. 

They get it, most fully, wilh atlee mounting clips. 

atlee clips are provably better in three ways: 

HOLDING POWER. Under severe shock and vibration, these 
clips actually mold themselves tighter to the transistors. There's 
no visible shifting or twisting, no lead-breaking resonance, and 
the dislodging force actually increases. 
COOLING EFFICIENCY. With atlee clips, this approaches to 
within 1070 of "infinity" — the ideal derating curve for a tran-
sistor with an infinite heat sink which keeps the case temperature 
from rising above the ambient level. 
ELECTRICAL INSULATION. When required, these clips can be 
coated with Dalcoat B — an exclusive high-dielectric enamel 
that has twice the dielectric strength of Teflon but conducts heat 
as well as mica. 
There are still more reasons why engineers who seek perfection 
choose atlee transistor clips. They know that Atlas E-E is the 
pioneering company in the development of component holders 
of all types, with unequalled years of specialized experience, and 
a complete line of clips for all case sizes and mounting require-
ments. They have learned it costs no more to get the best . . . and 
that Atlas E-E makes these "little things" as though they were 
the biggest things in the circuit. 
DESIGN FOR RELIABILITY WITH atlee —  a complete 
line of superior heat-dissipating holders and shields, plus the 
experience and skill to help you solve unusual problems of hold-
ing and cooling electronic components. 

atlee corporatiorx 
(Formerly Atlas E-E Corporation) 

47 PROSPECT STREET, WOBURN, MASSACHUSETTS 

load. The second is a 4-way ex-
change, which switches two pairs of 
waveguides. The switches are used 
in measurement set-ups, and in ex-
perimental and operational systems. 
All units are plated nickel over sil-
ver and copper. Sizes range from 
2.6 to 90 kmc. Prices are $591 to 
$919, depending on size. 

CIRCLE 305 ON READER SERVICE CARD 

Fabricator 
improved version 

WALES-STRIPPIT, INC., 225 South 
Buell Road, Akron, N. Y. Model 
15A Strippit fabricator is designed 
for punching, notching and nib-
bling, particularly for prototype 
work, short or medium production 
runs. This latest version features 
a new Electro-Hydramatic head 
which is the part of the machine 
controlling the power stroke of the 
rain. This feature eliminates the 
need for pressurized air required 
on earlier models, thus simplifying 
the design of the control mecha-
nism. Fabricator punches round or 
shaped holes up to 3?;, in. in di-
ameter in any sheet material (in-
cluding p-c boards) up to I in. mild 
steel. Maximum notching capacity 
is 5 in. by 5 in. in lz in, mild steel, 
and it will do straight line or con-
tour shearing at 165 strokes per 
minute in 3. in. mild steel. 
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Paints and Pastes 
many uses 

MATERIALS FOR ELECTRONICS, INC., 
152-25 138th Ave., Jamaica, N. Y. 
Time tested paints and pastes 
(silver, gold, platinum) have been 
developed for the coating of ceram-
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HERE'S WHY P&B TELEPHONE TYPE RELAYS GIVE YOU 

reliable performance over long life 

Armature Pin Bearing shows 
only .0005' increase in clearance 
after 300 million operations. 

Husky Armature Arm 
prevents sagging 
or bending. 

Heavy Duty Frame 
maintains dimensional 
stability, adds to 
relay's sensitivity. 

BS SERIES TELEPHONE TYPE 

Measure the thickness of the BS series armature 

arm. You will find the cross section area is greater 

than ordinary relays of this type. Here is the kind 

of quality that spells dependability. 

Observe that the stainless steel hinge pin runs 

the full width (not just half) of the armature, pro-

viding optimum bearing surface. This pin, operat-
ing in a stainless steel sleeve, shows only minimal 

wear during nearly a third of a billion operations. 

Best of all, P&B quality costs no more. A whole 

new plant is being devoted to the production of 

high performance telephone type relays. Your near-

est P&B sales engineer will be happy to discuss your 

relay problems. Call him today. 

BS SERIES ENGINEERING DATA 32 
I 

L.• 

 ri»  
--

GENERAL: 
Breakdown Voltage: 1000 volts rms 60 cy. min. 

between all elements. 
Ambient Temperature: —55° to +85' C. 

+125°C available on special order. 
Weight: 9 to 16 ozs. 
Terminals: Pierced solder lugs; 

Coil: One -16 AWG wire 
Contacts: Two ,18 AWG wires 

Enclosures: Dust covered or sealed 
CONTACTS: 

Arrangements: DC—up to 28 springs 
AC—up to 24 springs 

Material: 'A." dia, twin palladium. 
Up to dia, single silver. 
Other materials on special order. 

GS SERIES--Excellent sensi-
tivity: 50 mw per movable arm 
minimum (DC). For aPPlioa-
lions requiring many switch-
ing elements in small space. 

Load: 4 amps at 115 volts, 60 cycle resistive 
Pressure: 15 grams minimum 

COILS: 
Resistance: 100,000 ohms maximum 

Current: 10 amps maximum 
Power: DC-50 Milliwatts per movable arm. 

Greater sensitivity on special order. 
AC-17.9 volt-amps. 

Duty: Continuous 
Treatment: Centrifugal impregnation 
Voltages: DC—up to 300 volts with series 

resistor. AC—up to 250 volts, 60 cy. 
MOUNTING: Two .8-32 tapped holes 34" oc. 

Other mountings on special order. 

LS SERIES -Medium coil relay 
with short springs and light 
weight armature for fast 
action, reliability and long life. 

TS SERIES- -Short coil relay is 
available in AC and DC versions. 
Long life construction. Can be 
supplied WC) with up to 20 
springs (10 per stack). 

Pa B STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 

POTTER G BRUMFIELD 
DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY, PRINCETON, INDIANA 

IN CANADA: POTTER & BRUMFIELD CANADA LTD., GUELPH, ONTARIO 
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ELECTROMAGNETIC & MAGNETOSTRICTIVE 
Fixed, Tapped and Variable 

DELAY LINES 
AUDIO, HIGH FREQUENCY 

AND MICROWAVE 

FILTERS 

Variable 
Magnetostrictive 

Delay: 2 to 
500 secs 

Variable, 
Lumped Constant 

Rectilinear 
Delay: 0 to 
20 ,,secs. 

Variable, rotary commutating, 
Delay: 0 to 3 if secs 

fit-Ifes C.E.C.'s Filter Engineering Dept. offers 
standard and special design filters to 
customers requirements. This includes 
special variations in passband width, 
impedance, frequency response and 
attenuation to meet the required spec-
ifications. C.E.C. covers the entire 
spectrum from the audio frequencies 
through the microwave region, with 
low, high, band pass, and RF filters. 

0 COMPLETE 
SOURCE FOR DELAY 
LINES, FILTERS AND 

'ASSOCIATEDCLRCUITR 

C.E.C. offers special delay 
lines, delay systems and inte-
grated engineering services 
to customer requirements. En-
gineering services have been 
rendered for: remote con-
trolled delay systems; delay 
line-amplifier combinations, 
motor commutated, rugged-
ized variable delay lines; 
microwave delay lines; lines 
matched to high simularity; 
very high delay accuracies, 
variable lines with non-linear 
taper and highly miniaturized 
printed circuit lines. 

Audio Bandpass 
fr 1.05 kes to 

52.6 )(es 

Microwave 
Bandpass 
f 9 kmc 

See us at IRE Show, Booth 1902 
ENGINEERS: Your career 

starts on a higher platform at C.E.C. 

ies, mica, plastics, etc. Manufac-
tured by DeGussa, the preparations 
can be used in the manufacture of 
capacitors, coils, oscillators, printed 
circuits, and in high frequency en-
gineering. They can be applied by 
brush, spray-gun, dipping, or screen 
printing, and are supplied ready for 
use in air-dry and fire-on types. All 
coatings are solderable and can be 
electroplated. 
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Miniature Relays 
for a-c uses 

THE HART MFG. CO., 202 Bartholo-
mew Ave., Hartford, Conn. "Dia-
mond H" series RA and SA are her-
metically sealed, aircraft-missile 
type relays for a-c applications. 
Either half-wave or full-wave sili-
con diode rectifiers are installed in 
the sealed case to provide for use 
of up to 125 v, a-c, on the coil. Units 
are available with shock and vi-
bration resistances of 30 and 50 g 
and for temperature ranges from 
—65 C to 125 C. Designed and rug-
gedly built to provide reliable, 
chatter-free performance, the units 
are available in a wide variety of 
standard mounting arrangements, 
including AN type connector 
mounting. 
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Teflon Film Tape 
varied applications 

PERMACEL, New Brunswick, N. J. 
Type 423 Teflon film tape is a two 
mil Teflon film with a pressure-
sensitive adhesive. It can be used 
in electrical applications for hold-
ing and insulating where a class 
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Model pictured is a unique design, developed by 
Hydro-Aire Electronics for ground support equipment, 
which combines three AC/DC Power Supplies in one package. 

Another New Hydro-Aire Product 
for the Aircraft, Missile Support, 
Missile and Electronics Industries 

The AC/DC Power Supply shown is typical of many new electronic products being developed, 
engineered and produced by Hydro-Aire -- a name well known for quality, reliability and 
fast delivery. The unit illustrated is one of a unique family of fixed voltage, transistorized, 
power supplies. Through unusual design, Hydro-Aire engineers have combined three power 
supplies into a single package. The same basic circuit allows regulated outputs over a wide 
range. Range is determined by selection of transistorized, printed circuit, plug-in modules. 

Characteristics Model #50-121 
Input: 120 ±- 5 % VAC 

Outputs: 28 VDC @ 2.5 amp; 120 VDC @ 250 ma; 
250 VDC @ 500 ma 

Regulation: --- 0.1% for combined temperature, time and load variations 
Temperature: —10°F to ± 125°F operating; - 54°F to +165°F non-operating 
Ripple: 5 millivolts RMS (maximum) 
Size: 834 x 17 x 20 (for 19" rack mounting) 

Weight: approximately 70 lbs. 

Write for Catalog Order your copy of our new Electronics catalog. It contains detailed 
facts, specifications. Send for your copy today —on your letterhead, please. 

MlillOAIRE 
BURBANK. CALIFORNIA 

Division of CRANE CO. 

Solid-state devices include 
time delay relays, voltage 
regulators, power supplies. 
inverters. Rotating compo-
nents. motors, tachometers. 
generators. 
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superb new 
NULL 
DETECTOR 

The new Keithley 151, incorporating 
a unique photo-conductive modulator 
of Keithley design, is useful wher-
ever a suspension galvanometer can 
be used, and where a galvanometer 
is not sufficiently sensitive, fast or 
rugged. Currents as low as 2 x 10-13 
ampere can be detected. 

Ranges: 11 linear ranges in lx and 
3x steps, from 100 1.,v to 10 v f.s.; 5 
non-linear ranges, 0.001 to 10 y f.s., 
each covering three decades. 

Accuracy: Linear ranges, +3% of 
f.s.; non-linear, ± 10% of input. 

Input Resistance: 10 megohms on 
all ranges. Max. power sensitivity 

over 10-17 watt. 

Response Speed: On 100 i.w range, 
2.5-sec.; 1-sec. on all others. 

Noise: Below 2% f.s. all ranges. 

Zero Drift: Less than 10 v per day. 

Output: 10 volts at 1 ma f.s. 

Price: 151 Cabinet Model . $395.00 
151R Rack Model . $385.00 

For full details write: 

1-‹E I 1---1 

I N 

1 2.415 EL) IC 1_1 ID AVN.I L.J E. 

L_ EN/ E L—A NI 0 e, 1-11 CD 

180 C tape is required; for coil 
wrapping and as a conductor in-
sulation for armature and field 
coils. For industrial applications, 
Permacel 423 is anti-stick, self-
lubricating, temperature and corro-
sion resistant. It is readily print-
able with ordinary printing inks. 
An interliner is provided to facili-
tate the die-cutting of Permacel 
423 into any desired shape. 
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Tiny Lampholder 
two-terminal 

THE SLOAN CO., 4029 Burbank 
Blvd., Burbank, Calif. New Color-
Lite two-terminal, subminiature 
lampholder is designed for use with 
both neon and incandescent bulbs. It 
mounts in a 7/16 in. hole. Unit fea-
tures the engineered lens and pro-
motes uniformity of panel design 
and uniform light distribution. 
Major applications of the model 856 
include missile test stands, aircraft, 
computers, laboratory and produc-
tion line and quality control equip-
ment. 
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Pot Cores 
3/8 in. diameter 

FERROXCUBE CORP. OF AMERICA, 

Saugerties, N. Y. Type 332P ( in. 
diameter) pot cores, now being used 
for pulse transformers and kindred 
applications, are designed to meet 
the assembly and mounting require-
ments of all component manufac-
turers and are available in several 
varieties, including one which has 
a hole in its center post to accept a 
No. 1 screw. Samples, in sufficient 

PSI AUTHORIZED 
DISTRIBUTORS 

Contact one of these PSI 
Distributors for fast 

delivery at factory prices! 

ACK SEMICONDUCTORS, INC. 
Birmingham, Alabama 

ACK RADIO SUPPLY or GEORGIA, INC. 
Atlanta, Georgia 

ALLIED RADIO CORPORATION 
Chicago 80, Illinois 

ALMO RADIO CORPORATION 
Philadelphia 7, Pennsylvania 

CRAMER ELECTRONICS, INC. 
Boston 16, Massachusetts 

DENVER ELECTRONIC SUPPLY CO. 
Denver 4, Colorado 

ELECTRO SONIC SUPPLY CO., LTD. 
Toronto 5, Ontario, Canada 

ELECTRONIC SUPPLY 
Melbourne, Florida 

ELECTRONIC SUPPLY CORP. 
Pasadena, California 

ELECTRONIC WHOLESALERS, INC. 
Washington 1, D.C. 

ELMAR ELECTRONICS, INC. 
Oakland, California 

FERGUSON ELECTRONIC SUPPLY CO. 
Detroit 38, Michigan 

GENESEE RADIO & PARTS CO., INC. 
Buffalo 16, New York 

GRAHAM ELECTRONIC SUPPLY, INC. 
Indianapolis 25, Indiana 

KIERULFF ELECTRONICS, INC. 
Los Angeles, California 

LEW BONN COMPANY 
Minneapolis, Minn. 

OIL CAPITOL ELECTRONICS 
Tulsa 16, Oklahoma 

PEERLESS RADIO DISTRIBUTORS, INC. 
Jamaica 33, New York 

PIONEER ELECTRONIC SUPPLY CO. 
Cleveland 15, Ohio 

RADIO SPECIALTIES COMPANY, INC. 
Alamogordo, New Mexico 

RADIO SPECIALTIES CORP. 
Phoenix, Arizona 

RADIO SPECIALTIES, INC. 
Albuquerque, New Mexico 

ROCHESTER RADIO SUPPLY CO., INC. 
Rochester 5, N.Y. 

SEATTLE RADIO SUPPLY, INC. 
Seattle, Washington 

SREPCO, INC. 
Dayton 4, Ohio 

STANDARD RADIO PARTS, INC. 
Tucson, Arizona 

STANDARD SUPPLY COMPANY 
Salt Lake City 10, Utah 

STERLING RADIO PRODUCT, INC. 
Houston 1, Texas 

SYRACUSE RADIO SUPPLY CO. 
Syracuse, New York 

TERMINAL ELECTRONICS INC. 
New York 11, N.Y. 

WHOLESALE ELECTRONIC SUPPLY 
Dallas, Texas 

WHOLESALE RADIO PARTS COMPANY 
Baltimore, Maryland 

ingaimarimaraarmie. 
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from PSI...Very High Voltage Cartridge Rectifiers 

NO VOLTAGE DERATING 
over entire TEMPERATURE RANGE 

55°C to 150°C! 
EXTREMELY RUGGED • NON-METALLIC "COLD" CASE • 

WIRE-IN LEADS • EASY-TO-MOUNT • USE IN PRINTED CIRCUITS 
No need to "over specify" for voltage derating con-
siderations! These PSI 1N1730 and 1N2382 silicon 
rectifier series provide the lowest voltage drop, the 
highest current ratings and best reverse leakage 
characteristics of any available types. 
The component diode strings are welded and 

packaged in non-metallic cases. The units are com-
pact, light weight and easy to mount. With no heat 
sink requirements they are particularly suited to 
printed circuit board applications. 

Electrical Specifications 

MAXIMUM RATINGS ELECTRICAL CHARACTERISTICS 

Maximum Max. DC 
Average Rect. Rev. Current EIA 

TYPE 
NUMBER 

Peak 
Inverse 
Voltage 

Maximum 
RMS Input 
Voltage. 

Curren • i mA) Max. DC Fwd, 
Voltage Drop 
5 100mA DC 

8 Rated Ply (ea) 

00 09 5 25°C € 100-C 5 25°C € 2.5`C gi 100°C 
041730 1000 700 200 100 5 10 100 
1N1731 1500 1050 200 100 5 10 100 
101732 2000 1400 200 100 9 10 100 
101733 3000 2100 150 75 12 10 100 
1111734 5000 3500 100 50 18 10 100 

I N2382 4000 2800 150 75 18 10 100 
1 02383 6000 4200 100 50 27 10 100 
102384 8000 5600 70 35 27 10 100 
102385 10000 7000 70 35 39 10 100 

• Resistive o inductive load. 
OTHER SPECIFICATIONS: 
Continuous DC voltage same as Ply. 
Maximum surge current (Smsec.) at 100°C: 2.5 amperes. 
Operating temperature range: —55°C to 150°C. 

SALES 

OFFICES 

NEW YORK — 2079 NVantagh Ave., 
Wantagh, L. I.. St Tnset 1-7470 

TWX: WANTAGH NY 2320 

BOSTON — 471 Washington Street, 
Wellesley 81 • CEclar 5-0171 

PHILADELPHIA — 320 Huntingdon 
Pike, Rockledge • Pilgrim 2-8089 

TWX: ROCKLEDGE PA 1064 

PSI Authorized Distributors from c 
Distributor List in adjacent column 

Nine types...1,000 to 10,000 VOLTS! 

Types 1N1732 
and 1N1733 
Length 1.0" 
Diam. .375" 

Types 1N1730 
and 1N1731 
length .50" 
Dim..375" 

Types 1N1734 
and 1N23132 
Length 1.0" 
Diam. .500" 

Leads: All Types 
.030" diameter 

11/4 " minimum length 

Types 1N2383 
and 1N2384 
Length 1.5" 
Diam. .500" 

ACTUAL SIZE 

Type 1N2385 
Length 2.0" 
Diameter 
.500" 

FAST DELIVERY... IN PRODUCTION QUANTITIES! 
Phone, wire or write for detailed specifications, 
curves, prices and delivery schedules. 
Also ask about the extensive line of PSI Standard 

and Special Encapsulations . . . Ring Modulators, 
Bridge Rectifiers, Matched Pairs and Quads. 

TIRE BOOTHS 2742-274_1.1 
BALTIMORE — 1811 North Rolling 

Road, Windsor Building • 

Windsor 4-3622 
MADEIRA BEACH, FLA.—P.O. Box 

8215 • WAverly 1-9735 
OTTAWA — 227 Lauier Ave., West • 

CE 2-8504 
CHICAGO — 6957 W. North Avenue, 
Oak Park, Illinois • Village 8-0750 

TWX: OPK 1547 

oast-to-coast can supply up to 
• 

DALLAS -2681 Freewood Dr. 
I' ). Box 0067 • Riverside 7-1258 

DETROIT-1204 No, Woodward. 

Royal Oak • Lincoln 8-4722 

LOS ANGELES — 8271 Melrose Ave. 

OLive 3-7850 

PALO ALTO — 701 Welch Road, 

Suite 305 • DAvenport 1-2240 

999 units at factory prices. See 

Pacific Semiconductors,  Inc. 
A SUBSIDIARY OF THOMPSON RAMO WOOLDRIDGE INC. 

1 2955 Chadron Avenue, Hawthorne, California 

ELECTRONICS • FEBRUARY 2.'„ 191,0 
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ENGINEERING 

ON BENDIX COMPONENTS 

NON-BUFFERED CASCADED 
RESOLVER CHAINS 
FOR NAVIGATIONAL, GUIDANCE, AND FIRE CONTROL COMPUTERS 

Newly-developed techniques enable 
Eclipse-Pioneer to solve coordinate 
transformation problems using size 
10 (or smaller) resolvers with per-
formance exceeding resolver chains 
using size 23 resolver and feedback 
buffer amplifiers. 
Our design philosophy is based 

on the premise that all component 
parameters will be allowed to fluctu-
ate with variations in excitation 

voltage, frequency, and ambient 
conditions. All resultant signal 
variations can be closely predicted 
through digital computer analysis. 
As a result of Eclipse-Pioneer's 

experience in utilizing resolver 
chains in its navigational systems, 
considerable data has been compiled 
which may be helpful in solving 
your problems. Write us today for 
complete information. 

TYPICAL PROBLEM 

LOT 

PRESENT 
POSITION 

NORTH 
POLE 

OF 

GREAT 
CIRCLE 

CENTER 
OF EARTH 

2---EqUATOR 

PROBLEM: Design a computer to pro-
vide an aircraft with continuous bearing 
and range information along the arc 
of a great circle. 

CA—Bearing 

LOT—Alongitude measured from 
present position to target 

Lp—Latitude of present position 

LT—Latitude of target 

D—Great Circle distance from present 
position to target. 

SOLUTION 

COMPUTING RESOLVERS 

Eclipse-Pioneer Division 
Teterboro, N. J. 

COMPENSATING RESOLVERS 

ljénofeij 
AVIATION CORPORATION 

District Offices: Burbank and San Francisco, Calif.; Seattle, Wash.; Dayton, Ohio; and Washington, D. C. 
Export Sales & Service: Bendix International, 205 E. 42nd St., New York 17, N. Y. 

quantities to enable research and 
development engineers to conduct 
investigations in the light of their 
own specific application require-
ments, will be furnished promptly 
on request. 
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Accelerometer 
self-generating 

GULTON INDUSTRIES, INC., 212 Dur-
ham Ave., Metuchen, N. J. Model 

A-3109 accelerometer is less than 
0.1 in. in height, 0.5 in. in diameter, 
and weighs gram. It is partic-
ularly suited for use in wind tunnel 
testing of simulated aircraft where 
weight is an important factor in 
selecting an instrument to deter-
mine wing flutter, tab buzz or con-
trol system response. The minute 
profile of the accelerometer permits 
it to be inserted between the skin 
and strut of a plane or missile. It 
can also be built into many types of 
electronic gear as a permanent in-
stallation. Housed in aluminum it 
has an acceleration range of 0.5 to 
500 g, a useful frequency range of 
3 to 4,000 cps, and a sensitivity of 
2 mv/g minimum. Operating range 
is —65 F to +250 F. Resonant fre-
quency is 12 kc minimum. 
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Commutators 
motor driven 

COMPUTER INSTRUMENTS CORP., 92 
Madison Ave., Hempstead, L. I., 
N. Y. Model MG215 is an 18 seg-
ment commutator designed to be 
driven to a minimum life of 30,000,-
000 revolutions at a rate of 1,000 
rpm by the 50 y d-c motor, and 
gear assembly. Speeds are avail-

100 CIRCLE 100 ON READER SERVICE CARD 
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Which of these 
Craig skills and 

services 
can help you ? 

111› Systems housing — light weight, high strength 
aluminum shelters, vans and trailers. 

> Systems components — telescoping antenna 
masts, transit cases, cabinets, equipment racks. 

a> Systems installation service — layout and 
installation of transportable systems, through 
final checkout. 

lb> Systems packaging research — engineering design 
and development for ground support and 
electronic equipment protection. 

I> Complete production facilities — to handle your 
complete packaging assignment. 

111> A unique "aluminum-chemkal research" service — 
engineering "brainpower pool" for solving 
virtually any problem in aluminum and foamed 
plastic fabrication. 

WRITE TODAY FOR CRAIG'S NEW COM-
PLETE 16 PAGE CAPABILITIES BROCHURE 

SYSTEMS, INC. 

Dept. F-2, 360 Merrimack St., Lawrence, Mass.- Tel. MUrdock 8-6961 

Business systems and equipment are another Craig specialty through 
LeFebure Corporation, Cedar Rapids, Iowa — a Craig subsidiary. 

CIRCLE 205 ON READER SERVICE CARD 
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YOU CAN SAVE 

UP TO 50% ON 
SMALL PARTS LIKE THESE 

by using 
TRADEMARK 

BEAD CHAIN 
Multi-Swage 

PRODUCTS 

Every year Bead Chain pro-
duces billions of tubular metal 
parts for electronic and me-
chanical applications. Multi-
Swage eliminates costly turn-
ing, drilling, stamping and 
forming—automatically swages 
from flat stock into strong 
precision forms with positive, 
tight seams. If you're a volume 
user of such parts, in any 
metal, up to X" diam. x lh" 
long, find out how much Multi-
Swage can save you. Send 
sketch or standard parts for 
prompt estimate. Write for 
catalog today. 

THE BEAD CHAIN MANUFACTURING CO. 
88 Mountain Grove St., Bridgeport, Corm. 

11.0414•01/4/41-41H*CeelKHINININIFINHO* 
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able from 100 rpm to 3,000 rpm 
with a-c or d-c motors. Units are 
available from a 5 segments com-
mutator in a in. diameter or a 
50 segment commutator in a 5 in. 
diameter. Any number of gangs 
may be mounted. Line should be of 
interest to engineers engaged in 
work involving telemetering, samp-
ling, data scanning, time sharing 
and multiplexing. 
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Signal Source 
remote tuned 

SCIENTIFIC-ATLANTA, INC., 2162 
Piedmont Road, N. E., Atlanta 9, 
Ga. Model SS305 signal source is 

primarily designed to provide a 
source of remotely tunable r-f 
power for antenna pattern ranges. 
Suited to remote tuning, control, 
and band switching at distances of 
more than a mile, it covers the fre-
quency range from 50 to 2,000 mc 
calibrated to an accuracy of -±-2.0 
percent. Instrument provides a 
minimum r-f power output of 80 
mw across an impedance of 50 
ohms. This output can be sine or 
square wave modulated. A con-
venient servo null lamp indicates 
completion of tuning. The SS305 
can be retuned to a given frequency 
with an accuracy of -±0.5 percent. 
Price is $3,850. 

CIRCLE 314 ON READER SERVICE CARD 

Military Diodes 
silicon glass 

SILICON TRANSISTOR CORP., Carle 
Place, L. I., N. Y., has available 
seven diodes designed to meet latest 
military specs. Three of the silicon 
glass diodes are general purpose 
types and four are fast switching. 
The general purpose types are: 

CIRCLE 

ENGINEERING 

ON OTHER BENDIX I 

COMPONENT PACKAGES 

GEAR HEADS 
Compact units that provide output 

motor speed reductions. 

These easily detachable heads are 
available in various frame sizes, and 
supply reductions in ratios ranging 
from 7.22:1 to 42,471.90:1. Ball bear-
ings are Class A. B. E. C. 5, or better, 
and gears are cut to AGMA Precision 
II tolerances, or better, with backlash 
held to 30 minutes, or better. Adapt-
able to variety of motors and motor 
generators. Write for details. 

CODED COMMUTATORS 
Shaft position-to-digital converters in 
miniature. 

For use with digital control systems, 
data processing equipment, or com-
puters, these small devices convert 
analog information to binary digital 
form. Size particularly suits them to 
airborne applications. Unit shown 
consists of 7-digit converter utilizing 
linear, doublebrush, natural binary 
code. Each track brush is split for 
better contact. Unambiguous output 
giving shaft resolution to 1 part in 
128 can be provided. Ask for details 
on the many models available. 

Manufacturers of 

GYROS • ROTATING COMPONENTS 

RADAR DEVICES • INSTRUMENTATION 

PACKAGED COMPONENTS 

Eclipse-Pioneer Division 

‘71énofi," 
AVIATION CORPORATION 

Teterboro, N. .I. 
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IRE BOOTH 4103 
IRE BOOTH 4103 

IRE BOOTH 4103 

COMPLETE 

ALPHLEX® 
TUBING AND SLEEVING 

• Plastic Tubing 
• Plastic Zipper Tubing 
• Silicone Rubber Fiberglass Tubing 
• Silicone Impregnated Fiberglass Sleeving 

• Plastic Impregnated Fiberglass Sleeving 

• Varnish Impregnated Tubing & Sleeving 

• High Temperature Fiberglass Sleeving 

• Teflon Tubing 

ALPHLEXqt tubing is available 
for IMMEDIATE DELIVERY from your local 

Alpha Wire electronic parts distributor. 

Write for free ALPHLEXe catalog . 

eleCtoniCs 

ALPHA WIRE CORPORATION • 200 Varick Street, New York 14, N. Y. 
t (a  ri v 

In the 13 Western States , call on our new Pacific Division: 1L8o7S Sou th 
AngelesCalifornia 

CIRCLE 207 ON READER SERVICE CARD 

TELEX LABORATORIES 
Designers and Manufacturers of 

COMMUNICATION ARRAYS 

FOR THE ARMED FORCES 

and Commercial Service 

"TRI-BAND " 
MODEL 

I XCYST 
111420 

Power rating-
1.5 Kw.,100'. A.M. 

Rotatable 
52 ohm 
Single-

Transmission-
Line Array 

(Higher ratings 
available) 

Specifications: 
Gain 11Mc.-8.0 db, F/B 24 db E-Plane B-W VsPower-66° 
Gain 14MC.-8.4 db, F/B 24 db E-Plane B-W VsPower-60° 
Gain 20Mc.-8.6 db, F/B 24 db, E-Plane B-W VsPower-56° 
Wind surface-13.36 sq. ft. Load at 100 mph.-423 lbs. 
Turning radius-23 ft. Container size-12"x12"514' 
Antenna weight-160 lbs. Shipping weight 200 lbs. 
Antenna rated design with Vs" radial ice-110 mph. 

For information or 
to order, phone 
PRospect 5-7252 

or write 

Department SC. 

/ Communication and TV Antennas 

Col Ibrated for 
easy assembly to 
specifications and 
center frequency 
of your choice. 
Custom Quality 
construction 
throughout. Sug-
gested rotator for 
above — Telrex 
Model 500-RIS. 
Also available: 
Over 172 off-the-
shelf fixed or ro-
tatable high-per-
formance arrays. 
7Mc. to 600Mc. 
Mono, Duo, Tri 
and Multi-band 
individually fed 
or single line 
feed, and me-
dium to extra 
heavy duty rota-
tor-indicator con-
trol systems, ro-
tated masts, and 
towers. 

• Telrex is 
equipped to design 
and supply to 
our specifications 
or yours, Broad-
band or single 
frequency, fixed or 
rotary arrays for 
comm Jnications, 
FM, TV, scatter-
propagation, etc. 

ig Consultants 
and suppliers 
to communication 
firms, universities, 
propagation 
laboratories and 
the Armed Forces. 

rex LABORATORIES 
ASBURY PARK 25, NEW JERSEY, U.S.A. 

AN 1N457, —8, and —9. The fast 
switching are Signal Corps types 
1N662, 1N663, 1N643 MIL and 

1N658. 
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Crystal Can Solderer 
automatic 

REEVE ELECTRONICS, INC., 609 W. 
Lake St., Chicago 6, Ill., announces 
the Reevelec automatic miniature 
crystal can solderer. The unit, con-
sisting of an induction heating gen-
erator with special tooling, elimi-
nates time and expense of soldering 
miniature crystal cans and also pro-
vides a remarkable decrease in re-
jects, due to heat caused frequency 
changes. The soldering job is 95 
to 100 percent efficient in the elimi-
nation of leakers. No flux enters the 
can to cause crystal damage. 
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D-C Power Supplies 
modular units 

DRESSEN-BARNES CORP., 250 N. 
Vinedo Ave., Pasadena, Calif. Ten 
modular d-c power supplies with 
outputs ranging from 28 y d-e, 2 
amperes, to 500 y d-c, 300 ma, are 
now available with silicon rectifiers. 
Nine of these supplies are also 
available for 50 to 400 cycle opera-
tion. The modules are for use in-
dividually or with the company's 
multiple output rack mounting kits. 
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Yo'u 
ought to 
see -r4Rat 
P over e 5151 
up to 

POWER SOURCES, INC. 

Burlington, Massachusetts 
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/There's 
going to be 
a meeting 

Who's going to get together and what are they going 
to talk about? 

Electronics men are meeting all over the country to 
talk about everything from ultrasonics to quantatum 
electronics. 

electronics tells you where and when "Meetings 
Ahead" ... gives you the highlights later on. 
Another reason why it will pay you to subscribe to 

electronics (or renew your subscription) right now. Fill. 
in the box on Reader Service Card. Easy to use. Postage 
free. 

FIND WHAT YOU NEED IN... 

electronics 

Fine Laboratory 

Instrumentation 
designed for easy operation 

ours-rooer Pow« son, arose. ra 

, Cubic Model 701-B 

•Klystron 
Power 
Supply 

A compact unit providing all electrode 
and modulation potentials necessary for AM, 
FM and CW operations in: 

Development work 
Microwave research 
Production test 
VSWR determination 
Attenuation measurement 

The 701-B offers these advantages: 

Extended bea-m voltage operation to 600 V 
CW or square wave operation without re-
adjustment of the reflector voltage 
Greater voltage stability 
Switch voltage overlap for proper vernier 
control operation 

Minimum FM modulation of the klystron 
Human-engineered for convenience 

Cubic Corporation for the ultimate in pre-
cision electronic equipment: 

Microwave instrumentation 
Test equipment 
And a complete line of digital 
instrumentation 

INDUSTRIAL DIVISION 

UBIC CORPORATION 
5575 Kearny Villa Road, San Diego 11, Calif. 

Electronic Engineering With a Dimension for the Future 

ELECTRONICS • FEBRUARY 26, 1960 
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STRAIN RELIEFS 
The insulating bushing 
that anchors a cord set 
to an electrically oper-
ated machine or appli-
ance. 

JUNCTION-TERMINAL 
BUSHINGS 

Eliminate "pig-tails" — Miniature 
size. Snap-in assembly, color or 
number coded. Can be used as 
plug-in receptacle. Simple quick 
disconnect. 

RIECIEBXEll* 
Fit curved surfaces 

Nylon bushing — brass tab 

firt 

eikom Snap Bette 
10 Sizes tor holes from %".ie 

into 
diameters. Span 
panels UP to ttuc'• 

dia. — various loc‘1,tsn 

SP YUL 

FREE SAMPLES! roSuHRI NCGHSO IOCEF 
H EYM A N 

MANUFACTURING COMPANY I 
KENILWORTH 2, NEW JERSEY 
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AIDS LUBRICATION 

UNIQUE STABILIZATION 

ALLOYS READILY 
- 

Metal, wire, foil 
ribbon, pellets, spheres, 
powders, "Indalloy" solders, etc. 

Write Dept.E-11for new Indium bulletin 

"INDALLOY" Intermediate Solders 

II] LIJ' 

T H E INDIUM 
CORPORATION OF AMERICA 
1676 Lincoln Avenue • Utica, New York 

Since 1934 . . . PIONEERS in the 
Development and Applications of Indium for Industry 

Literature of 
the Week 
A-C CAPACITORS. General Elec-
tric Co., Schenectady 5, N. Y. Bul-
letin GEA-6789A, four pages, pro-
vides detailed information on 
general purpose a-c capacitors 
used for improving motor perform-
ance and power factor. 
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TRANSISTOR CHOPPER. Airpax 
Electronics Inc., Cambridge Divi-
sion, Cambridge, Md. Bulletin C-98 
describes type 6025 transistor 
chopper, with self-contained drive 
transformer, having spdt switch-
ing action for operation over a 
chopping range from 50 to 5.000 
cps. 
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SELENIUM RECTIFIERS. Radio 
Receptor Co., Inc., 240 Wythe Ave., 
Brooklyn 11, N. Y. Flat type sele-
nium rectifiers are described in 
bulletin 295, an 8-page brochure 
presenting the basic rectifier in-
formation, product description, 
and methods of selecting the right 
rectifier for a circuit. Prices are 
included. 
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VIDEO TAPE HANDLING. Min-
nesota Mining & Mfg. Co., 900 
Bush Ave., St. Paul 6, Minn. 
Proper handling and storage of 
video tape are discussed in "Video 
Talk" Bulletin No. 1, now avail-
able. 
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PULSE TRANSFORMERS. Valor 
Instruments. Inc., 13214 Crenshaw., 
Gardena, Calif. Bulletin PT160 
describes in detail a line of minia-
ture pulse transformers for block-
ing oscillator pulse coupling, in-
verting and impedance matching. 
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MAGNETIC TRIGGERS. Avion 
Division of ACF Industries, Inc., 
11 Park Place, Paramus, N. J., of-
fers a four-page brochure on its 
complete line of magnetic triggers 
for silicon controlled rectifiers. 
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GAS CHROMATOGRAPH. Minne-
apolis-Honeywell Regulator Co., 
Industrial Division, Wayne and 
Windrim Aves., Philadelphia 44, 

Systems management 
competence in design, 
fabrication, structural 
construction, installation, 
operation, training, 
and maintenance of: 

1. Space surveillance 
systems 

2. Transportable com-
munications systems 

3. Instrumentation, con-
trol, and switching 
systems 

4. Telecommunications 
systems 

5. Integrated lawci, sea, 
and air communica-
tions systems 

6. Data systems 

4LCORPORATION 

CABLE I ALPHA DALLAS 
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FEBRUARY 26, 1960 • ELECTRONICS 

104 CIRCLE 104 ON READER SERVICE CARD 



ONE STATION 

TWO TALENTS 

1. Stations with the dual capability of tracking earth 
satellites and deep space probes are being 
engineered and constructed by Alpha Corporation 
as part of Alpha ground-based surveillance 
systems for space research. A station tells the user 
the location of the vehicle ... collects and processes 
telemetered data ... transmits command 
communications. Alpha integrated communications 
systems link each tracking station to a computing 
facility, providing a complete surveillance complex 
for all locative and communications functions. 

More than 600 designers, engineers, scientists, and 
constructors are teamed and oriented at 
Alpha Corporation to assume total management 
responsibility world-wide for complete projects of the 
magnitude described. These specialists select 
the most dependable equipments and services from 
industry to provide the ultimate in systems reliability. 

CORPORATION 
A SUBSIDIARY OF COLLINS RADIO COMPANY 

SYSTEMS DESIGNERS, ENGINEERS, CONSTRUCTORS, WORLD-WIDE I RICHARDSON, TEXAS I TELEPHONE DALLAS ADams 5-2331 
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LOIN ix RA 
WE ARE SPECIALLY ORGANIZED 
TO HANDLE DIRECT ORDERS OR 
ENQUIRIES FROM OVERSEAS 

SPOT DELIVERIES FOR U.S. 
BILLED IN DOLLARS— 

SETTLEMENT BY YOUR CHECK 

CABLE OR AIRMAIL TODAY 

capacitance 
&attenuation 

TYPE mu Fitt IMPED.n O.D. 
C 1 7.3 150 .36' 
C11 6.3 173 .36 
C 2 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 1.03e 
C 44 4.1 252 1.03' 

N w MX and SW SUBMINIATURE CONNECTORS 
Constant 50n-6311-70n impedances 

TRANSRADIO LTD.138A Cromwell Rd. London SW7 ENGLAND CABLES TRANSRAD, LONDON 

CIRCLE 212 ON READER SERVICE CARD 

RIBBONS •STRIPS 
* PURE TUNGSTEN 

* MOLYBDENUM 

and OTHER METALS 

IN 

ULTRA THIN SIZES 
to 

TOLERANCES CLOSER THAN COMMERCIAL STANDARDS 

by 

— of — 
* THORIATED TUNGSTEN 

* SPECIAL ALLOYS 

OUR SPECIAL ROLLING TECHNIQUE 
Note: for highly engineered applications—strips of TUNGSTEN 

and some other metals can be supplied 

ROLLED DOWN TO .0003 THICKNESS 
• Finish: Roll Finish—Black or Cleaned 
• Ribbons may be supplied in Mg. weights if required 

For HIGHLY ENGINEERED APPLICATIONS 
DEVELOPED AND MANUFACTURED BY 

• RO SS CID . 15 BiEfEtKIM,HA0N,,, ST.c.0 
WN.0Yrt.h328:20N414 Y. 
rtlandt 

7-0470 

Pa. Instrumentation data sheet 
10.15-20 describes how the F&M 
model 202 gas chromatograph, em-

ploying an ElectroniK recorder, 
has increased the speed, scope and 
accuracy of gas chromatographic 

analysis. 

WAVEGUIDE DATA. Narda Mi-
crowave Corp., 118-160 Herricks 

Road, Mineola, N. Y. A new 
"Standard Waveguicte Data Chart", 
featuring military as well as EIA 
designation numbers, shows virtu-
ally all required electrical as well 

as mechanical parameters for wave-
guides in use today. 

CIRCLE 386 ON READER SERVICE CARD 

WAFER CAPACITORS. Corning 
Glass Works, Bradford, Pa., has 

available four-page data sheets de-
scribing glass-dielectric wafer ca-
pacitors. Reference File CE-1.02 
should be requested on company 

letterhead. 

GALVANOMETER. Photovolt 
Corp., 95 Madison Ave., New York 
16, N. Y. Bulletin 965 describes 
model 45 multiple-reflection gal-
vanometer for the indication of 
minute d-c currents and voltages 
in research and in production lab-

oratories. 
CIRCLE 387 ON READER SERVICE CARD 

CAPABILITIES BROCHURE. Ad-
ler Electronics, Inc., One Le Fevre 
Lane, New Rochelle, N. Y. An illus-
trated 4-page brochure describes 
recent major projects and capa-
bilities of the company's Communi-
cations Systems Division. 

CIRCLE 388 ON READER SERVICE CARD 

SEALS AND FASTENERS. A. P. 

M. Corp., 252 Hawthorne Ave., 
Yonkers, N. Y. A 16-page general 
catalog (359A) illustrates and de-
scribes the company's entire line 

of high-pressure. vibration-resist-
ant seals and fasteners. 

CIRCLE 389 ON READER SERVICE CARD 

SOLID STATE POWER PACKS. 
Electronic Research Associates, 
Inc., 67 Factory Place, Cedar 
Grove, N. J. Bulletin 20-1059 pro-
vides full descriptive material on 
a newly introduced line of high 
current, miniaturized, solid state 

power packs. 
CIRCLE 390 ON READER SERVICE CARD 
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Expanding a capability. 
Raytheon's Airborne Electronic Subdivision this month occupies a new 

multi-million dollar research and development laboratory. 

Creative effort within this new facility will be directed at featherweight 
transistorized Doppler radars; altimetry and terrain clearance techniques; 
satellite weather radar studies; airborne early warning radars; missile boost, 
flight and terminal guidance problems; radiometry; and other areas. 

Like the B-58's sophisticated search and Doppler radars, the systems, 
subsystems or equipments developed will find application in manned aircraft, 
missiles, drones, and a variety of space carriers. 

To engineers and scientists with particular interest in this work, the new 
laboratory offers complete professional satisfaction in an academic environment. 
For immediate information on select staff appointments, write Mr. Donald H. 
Sweet, Engineering & Executive Placement, Raytheon, 624 P Worcester Road, 
Framingham, Mass. (suburban Boston). 

RAYTHEON 
EXCELLENCE 

IN ELECTRONICS 

AIRBORNE ELECTRONIC 
GOVERNMENT EQUIPMENT DIVISION 

nword  
AIRBORNE 

ELECTRONIC 
SUBMARINE SYSTEMS 

SIGNAL MANAGEMENT 
HEAVY SANTA 

ELECTRONIC BARBARA 



1.11EA 

MODEL 1500 
with 

Dual Ranges 
to 40,000 
Ampere-Turns 

MODEL 107A 

MODEL 

13 years' magne.t charug:s 

• experience ts 

tng 

I 
f the asking—send ts 
irlrostroted data shee • 

Designed for production, research and instrument re-
pair work, the Model 1500 will magnetize the new 
cobalt platinum and barium ferrite materials as well 
as all the Alnicos. It will saturate large switchboard 
meter assemblies and all panel type instruments and 
uses most existing adapters designed for the Model 
107A. Wire-wound fixtures are plugged into front 
panel through a safety interlock system providing 
maximum operator protection. Operates from 115-
volt, 60 cps line. Size 11 x 20 x 15; weight 125 lbs. 
Price $995. 

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 

A basic condenser discharge unit for most medium 
size magnets, the Model 107A provides ranges of 
12,000 and 24,000 ampere-turns. It is capable of 
saturating most instrument magnets, including the 
new core type mechanisms, using adapters or 
wire-wound fixtures. Designed for continuous 
duty. Operates from 115-volt, 60-cycle line. 
Price 5590. 

111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

A high powered magnetizer (up to 200,000 
ampere-turns) capable of charging large Al-
nico and ceramic magnets of various shapes or 
pole configurations. Adapters for multi-pole 
rotors, rod, bar, ring and other shapes are 
available. Designed for continuous produc-
tion use. Size 30" x 33" x 38"; weight 235 lbs. 
with 200-uf unit. Price of basic unit is less 
than $2100. 

Performance of all models is rigidly guaran-
teed. Prices are net f.o.b. Boonton, N.J. and 

subject to change without notice. 

NEW BOOKS 

The Properties, Physics and 
Design of Semiconductor 
Devices 

By J. N. SHIVE. 

D. Van Nostrand Co., Inc., I), 1-
ton, N. J., 1959, 487 p, $9.75. 

THIS BOOK is another of the Bell 
Laboratories series related to 
semiconductor devices including the 
more classic materials. The book is 
divided into two sections. Part I 
encompassing Chapters 1-14 pre-
sents a discussion on various semi-
conductor devices from an empiri-
cal point of view. The practice 
followed by the author in this sec-
tion of the book is a description of 
the devices, their characteristics 
and properties followed by typical 
applications. Part II, Chapters 
15-25, discusses solid state electron-
ics leading to an understanding of 
the device physics and ultimately to 
design principles. 
The text has been prepared for 

the advanced undergraduate and 
graduate student. In addition, it is 
supposed to serve as an introduc-
tion to interested potential semi-
conductor workers possessing a 
technical background. 

This is a unique book coming into 
a most rapid moving technical area. 
It covers material not normally 
covered by modern semiconductor 
texts, particular reference being di-
rected to the treatment of thermis-
tors, selenium and copper oxide 
varistors, subjects with which many 
semiconductor engineers possess 
only a passing familiarity. This 
book should have preceded its fa-
mous ancestors, the three "Transis-
tor Technology Volumes."—BER-
NARD REICH, U. S. Army Signal Re-
search and Development Labora-
tory, Fort Monmouth, N. J. 

Accident Prevention Manual 
For Industrial Operations 

By R. J. SULLIVAN, et al. 

National Safety Council, Chicago, 
Ill., 1959, 1,542 p, $15.50. 

THIS MEATY, expanded and revised 
fourth edition of the National 
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Safety Council's industrial safety 
practices manual is based on the 
experiences of some 7,000 firms and 
46 years. Except for a brief histori-
cal look at industrial safety and the 
staggering cost of industrial acci-
dents (15,000 lives and $4 billion 
a year), it is packed with specific 
techniques for reducing injury and 
occupational ailments, and safety 
management information. 

Since the topic is so broad, the 
specialist in electrical or radiation 
hazards won't find every available 
detail on the subject. As a day-to-
day reference for the safety man, 

11 production engineer or plant man-
ager, the manual should prove in-
valuable. Most safety organization 
practices, machine safety and mate-
rials handling precautions discussed 
are relevant to electronics produc-
tion equipment and methods. 
Where detailed information is 

generally useful, such as in the de-
sign and use of machine tool guards, 
the information is plentiful. The 
chapters on industrial hygiene and 
industrial poisons, concluding with 
a 25-page table of chemical haz-
ards, are especially useful. In it 
are included most of the solvents, 
etchant,s, chemicals and materials 
used in the fabrication of elec-
tronic devices. A chapter concen-
trating on atomic radiation and its 
biological effects, is new. 

Managerial aspects of safety are 
summarized in sections on safety 
organization, education and human 
relations; insurance and compen-
sation laws and procedures in the 
various states; accident records 
keeping, use and cost analysis; and 
in-plant medical services. Organ-
izations and officials which can as-
sist in solving safety problems, or 
which can provide standards and 
educational material, are also listed. 
—G. S. 

The Radio Amateur's 
Handbook 

By the ARRL HEADQUARTERS STAFF. 

The American Radio Relay League, 
Inc., West Hartford, Conn., 1960, 
728 p (including catalog section 
and 16-p index), $3.50. 

THE ARRL HANDBOOK, 37th edi-
tion, has come a long way since 1928 
when we discovered a thin, rebound 

...and now for 

a spot of welding! 
Still at it? Trying to improve potentiometer reliability by building 
'em yourself? Well, you're on the right track about one thing — 
welding's a sure way to eliminate a lot of operational headaches 
— like gassing contamination of contact metals at high temperature, 
from organic solder flux. No chance of "cold joints", either, to in-
crease circuit resistance. No soldered connections to come loose 
under vibration and shock. Welding is the way to reliability! 

But why set the wife's drapes afire to get a reliable, all-welded pot? 
Utilizing welding techniques, Ace produces reliable potentiometers 
operable at temperatures exceeding 150°C. and 
able to withstand 50 G's at 2000 cycles. All this, 
plus extremely low contact resistance and long. 
er rated life. All taps, end connections, resistance 
elements, contact assemblies and terminal leads 
are specially prepared beforehand — then welded 
with pure nickel or palladium silver. So, for 
built-in reliability through sounder construction 
techniques, see your ACErep! 

This 2" AIA Acepot® (shown V2-scale) incorporates all these ex-
clusive welding construction features, for superior reliability. 

ACE ELECTRONICS tASSOCIIATES,.INC. 
99 Dover 

Aceeet® 

SOrnerset 6-5130 PAX SMVL 181 West. Union WUX 

Acetrine Acesete Aceohrn® 'Reg. Appt, for 
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BECAUSE 
IT'S DIGITALLY 
PROGRAMMABLE-
NEW 
CON AVIONICS 
DC POWER 
SOURCE... 

...INSTANTLY PROVIDES ON COMMAND ANY VOLTAGE 
FROM 01 TO 50 VOLTS DC—UP TO 15 AMPERES 

Another first by Con Avionics, this digitally programmable power source 
translates manual push-button setting or output of your program device 

into the selected voltage. It can be made to respond to any digital 
code from sources such as paper or magnetic tape readers, punched 
card readers, or keyboards. Voltages may be changed from any setting 
to any other within 300 milliseconds. Voltage is stable and accurate 
within --_ 0.1% of the selected value. Ripple is less than 0.05% rms. 

The completely self-contained design of the Con Avionics DC Power 
Source eliminates external rheostats, step switches and other devices. 
This unit reduces equipment complexity in data systems, automatic 

checkout equipment or precision testing applications. 
Outstanding results are obtained both in the lab and on production work. 

CONSOLIDATED AVIONICS CORPORATION 
A SUBSIDIARY OF CONSOLIDATED DIESEL ELECTRIC CORPORATION 

800 Shames Drive • Westbury, L. I. • EDgewood 4-8400 

copy of the first edition at the local 
public library. Then known as 
Handy's Handy Handbook (after 
F. E. Handy, first compiler and 
long-time communications manager 
of the League) this perennial-to-be 
altered our adolescent and adult 
life completely. Out of our attic 
listening post went the crystal set 
tuned to KDKA; in came a regen-
erative short-wave receiver with 
Lorentz coils, Hartley oscillator-
transmitter with a 201-A tube and 
B-eliminator power supply. At age 
15 we had our own ham call, a Fed-
eral Radio Commission station and 
operator license on the wall. 
Hundreds of thousands of people 

around. the world have felt the im-
pact of this book since it made its 
appearance in 1926. Many radio 
amateurs have grown into the in-
dustry as engineers, technicians and 
communicators. The armed forces 
use it as a training text. 

Industry engineers and techni-
cians find the Handbook's compre-
hensive tube and transistor tables 
valuable in that within one text they 
get the data contained in a dozen 
manufacturers' manuals. Moreover, 
they have in one text more than a 
score of chapters on practical two-
way radio communication plus un-
derstandable theory. 
The 1960 version of the Handbook 

comes in a sprightly two-toned 
green paperboard cover with about 
ten percent revision over its 1959 
predecessor. It's too early yet to 
determine whether the colorful 
cover will pass the stain tests of 
workbench soldering flux, chain-
smoking engineers or avid dinner-
table-reading pursuers of the hobby, 
but the engineer-ham board of ed-
itors of the ARRL Handbook aren't 
too worried. They are well over the 
three million mark in distribution 
—probably a world's record for a 
radio text.—H.M.McK., W10EG/2 

Circuit Theory of 
Linear Noisy Networks 

By H. A. HAUS and R. B. AMER. 

Technology Press of the Massa-
chusetts Institute of Technology 
and John Wiley and Sons, Inc., New 
York, 1959, 79 p, $4.50. 

Tins book is the second of a series 
designed to fill a need in science 
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and engineering for systematic 
publication of research studies 
largeer in scope than a journal arti-
cle and less ambitious than a fin-
ished book. Authors designate their 
book as a monograph written to pre-
sent reativlely recent work in a 
comparatively undeveloped field. 
This monograph is concerned with 

describing the noise performance 
of a two-terminal pair ampli-
fier. More specifically, it is con-
cerned with the problem of isolat-
ing the study of noise performance 
from specific physical mechanisms. 
In the course of the study repre-
sented by the book, it was recog-
nized that matrix algebra and a 
proper eigenvalue formulation 
would be needed. It became possible 
to furnish a single number to char-
acterize amplifier noise perform-
ance on the basis of signal-to-noise 
criterion. Resulting theory clears 
up questions of the noise perform-
ance of low-gain amplifiers (that 
is, the effect upon noise perform-
ance of degenerative feedback) and 
provides the first systematic treat-
ment of the noise performance of 
negative resistance amplifiers. 
The authors are sensitive to the 

question of an optimum-noise cri-
terion and admit that such a cri-
terion will serve primarily to indi-
cate the extent to which a given 
design fails to achieve best noise 
performance. That is, one may not 
attempt to realize the optimum 
noise performance directly, but in-
stead use it as a guide to detect 
onset of diminishing returns in ef-
forts to improve noise performance. 

The book deals with impedance-
matrix representations of linear 
networks and formulations of the 
characteristic-noise matrix. Canon-
ical forms of linear noisy networks 
are developed, the purpose of these 
forms being to exhibit those es-
sential noise characteristics which 
are invariant under all lossless net-
work transformations which pre-
serve the number of terminal pairs. 
Noise measure and an analysis of 
the network realization of optimum 
amplifier noise performance are also 
treated. 

This book is elegantly written 
and well organized. It is a sig-
nificant contribution to the analy-
sis of noisy networks by matrix 
methods.—LEONARD S. SCHWARTZ, 

New York University, College of 
Engineering, New York. 

r 

HIGH POWER 
IN SMALL PACKAGES 

Yuba-Dalmotor Division is modern, 

diversified and flexible— 

from design through production 

Constant-Speed Motor/SC-23 

Speed-Regulated Motor/SC-5 

;Motor Generator/MG-1 

Yuba is constantly developing precision specialty 
components for integrated electronic systems in aircraft, 
missiles and industry. Yuba's proven capabilities for 
research, design, development and production assure you 
of the finest in precision equipment. In the field of 
airborne motors and generators, for example, Yuba-

Dalmotor Division has moved ahead. They will design 
and produce to your strict specification—with minimum 
lead time. Shown above are several of the Yuba-Dalmotoes 
carefully produced precision products. 
Yuba also produces signal converters, radio sondes, 

special purpose computors, telemetering and communi-
cations systems, and special instrumentation as well as 
mass-produced precision motors of all sizes. 

specialists in electronic and 
electromechanical equipment 

YUBA-DALMOTOR DIVISION 
1375 El Camino Real, Santa Clara, California 

YUBA CONSOLIDATED INDUSTRIES, INC. 

Sales Offices in Atlanta • Buffalo • Chicago • Cleveland • Houston • Los Angeles • New York 

Philadelphia • Pittsburgh • San Francisco • Seattle 
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THE NEW Nems-Clarke 1906 AM/ 

FM/CW Receiver has been reduced 

in height from 83/à" to 31/2 " with no 
sacrifice of performance. With a 

tuning range of 30-260mc it gives 

more information while using less' 

space. The 1906 Receiver has wide 

application in surveillance, counter-

measures, direction finding and sim-

ilar specialized military functions. 

1906 RECEIVER 

Tuning Range   30-260mc (two bands: 30-60rnc, 
60-260mc switched) 

6db maximum 

  50 ohms unbalanced to 
Type N connector on rear apron 

65db minimum 

60db minimum 

21.4mc 

'Ç IF Bandwidths: 300kc, 20kc (iwitchable from free 
panel) 

Power Input: 115/230u AC, 50;60 cycles, 100w approx. 
Sine   19" wide, 31/2" high, 15" maximum depth 

Noise Figure   

Input Impedance 

IF Rejection   

Image Rejection   

IF   

N'IVIS • CLA.R.K.E CCD. 
A DIVISION 

OF VITRO 

CORPORATION 

OF AMERICA 

919 JESUP-BLAIR DRIVE 

SILVER SPRING 
MARYLAND 

PRECISION ELECTRONICS SINCE 1 9 0 9 

THUMBNAIL REVIEWS 

Design of Transistorized Circuits for 
Digital Computers. By Abraham I. 
Pressman, John F. Rider Publisher, 
Inc., N. Y., 1959, 324 p, $9.95. This 
book gives a brief account of the 
fundamentals of logic circuits and 
transistors, a more complete ac-
count of diode gating and transistor 
switching. Detailed examples show 
how to design diode-transistor and 
all-transistor logic circuits. Though 
math is simple, many topics are 
treated too concisely to call this an 
intermediate-level text. 

The Electric Arc. By J. M. Somerville, 
John Wiley & Sons, Inc., New York, 
1959, 150 p, $2.50. This monograph 
is for the nonspecialist, giving a 
concise account of the physical 
processes which operate to allow 
the passage of large electric cur-
rents through a gaseous medium, 
and across the junctions between 
gases and metallic conductors. 
Much of this material has not pre-
viously been available in English. 
This is not a reference book, thus 
no attempt is made to give an com-
prehensive account of the numerous 
technological applications of arcs. 
There are a large number of refer-
ences, mostly to recent work. 

English-Spanish Comprehensive Tech-
nical Dictionary. By L. L. Sell, 
McGraw-Hill Book Co., Inc., 1959, 
1,079 p, $35.00. This large volume 
contains over 400,000 technical 
terms and expressions on atomic 
and nuclear engineering, industrial 
electronics, automation, analog and 
digital computers, data processing, 
business machines, microwaves, tele-
communication, facsimile, guided 
missiles, satellites, and the like. 

Inventions Patents and Their Manage-
ment. By A. K. Berle and L. S. de 
Camp, D. Van Nostrand Co., Inc., 
Princeton, N. J., 1959, 602 p, $12.50. 
The sub-title of this book is "How 
to develop, protect and profit from 
new products and new processes." 
Subject matter is covered in twenty-
four chapters, including one chapter 
each on trade marks and copyrights. 
Many practical points about the 
patent system are brought out and 
many case histories are cited. 

This is not a book devoted strictly 
to patent law. As the authors point 
out, a patent is worth to the holder 
as much as he can realize from it, 
either by licensing, outright sale or 
by exploiting it himself. There are 
tricks and pitfalls no matter how 
the inventor proceeds and a great 
deal of time and money can be lost 
by simple ignorance. The practical, 
profitable approach to inventing is 
emphasized. 
No mention is made of the dif-

ferences that may be peculiar to 
specific industries and the elec-
tronics industry is not even listed 
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in the index. Although too expensive 
for those only casually interested 
in the subject, the book can fill a 
nitch in many company libraries. 

Notes on the Quantum Theory of An-
gular Momentum. By E. Feenberg 
and G. E. Pake, Stanford University 
Press, Stanford, Calif., 1959, 56 p, 
$1.25. Originally written to assist 
graduate students in reading re-
search papers on atomic, molecular 
and nuclear structure, these notes 
constitute a review, on an elemen-
tary level, of material usually in-
cluded in a one-year course in quan-
tum theory. Also, matrix elements 
of scalar, vector and tensor opera-
tors are computed and applied to 
derive several useful relations in 
theory of magnetic moments, elec-
tric quadruple moments and dipole 
transition probabilities. 

Nuclear Technology For Engineers. 
By R. Hobart Ellis, Jr., McGraw-
Hill Book Co., Inc., New York, 1959, 
283 p, $9.80. This book starts with 
the theory of radioactivity and goes 
on to describe methods for detecting 
and measuring radiation; interest-
ing applications of radionuclides as 
tracers in medical and other spheres 
are then outlined. Sources of high-
level radiation are next discussed 
and put to more uses than the 
reader might have envisaged. Two 
final sections deal with nuclear fis-
sion and nuclear fusion. The value 
of the book (which is fairly expen-
sive) lies in the techniques pre-
sented, rather than in the theory 
which it develops. 

A Treatise on Algebraic Plane Curves. 
By J. L. Coolidge, Dover Publica-
tions, Inc., New York, 1959, 513 p, 
$2.45. Advanced students and teach-
ers will welcome this unabridged 
reprint of one of the few full cov-
erages of this subject in English. 
An account is given of the present 
status of the theory of algebraic 
plane curves and their relations to 
various fields of geometry and 
analysis. 

Experimental Music. By L. A. Hiller, 
Jr., and L. M. Isaacson, McGraw-
Hill Book Co., Inc., New York, 1959, 
197 p, $6. Treats in detail techniques 
used to produce music by means of 
electronic automatic high-speed digi-
tal computers. Since book is for 
musicians and general readers, the 
text is essentially nontechnical al-
though some knowledge of statistics 
and probability would be helpful. 

The Birth of a New Physics. By I. B. 
Cohen, Doubleday & Co., Inc., New 
York, 1960, 200 p, $0.95. Writte.n 
primarily for students, this book dis-
cusses the search for a new physics 
to describe the dynamics of a mov-
ing universe. A major aim of book 
is to indicate the penetrating force 
and deep effect that a single idea 
may have in altering the whole 
structure of science. 

MOTORS 
Sub-Fractional H. P. 

H.P. 1/500 to 1/2 

CPS 50, 60, 400 or 
variable 

Phase 1, 2 or 3 

Volts 115, 230. Also 
specials 

Speeds to 3600 at 
60 cps 
to 24000 at 
400 cps 

BLOWERS 
C F M to 750 max. 

Types Single, double, 
inverted 

Housings 2'y' to 11 1/2 ", 
vertical, overall 

Mountings Flange, foot, 
cone 

t-t  

motors 
blowers 

fans 

FANS 
C F M 

Types 

Blades 

Mountings 

to 1000 max 

Axial, vane axial, 
ALTIMATIC 

2" to 12" 

Venturi, toot 

OUR FIELD ENGINEERS WILL GLADLY 

ASSIST YOU IN YOUR COOLING 
PROBLEMS 

Air-Marine motors and cooling units have been 

designed and tested to meet the specifications of both 

the military and industry. 

air-marine motors, inc. 
A it, 

369 Bayview Avenue 
Amityville, L.I., N.Y. 

2221 Barry Avenue 
Los Angeles, California 

in Canada AAE Limited, Weston, Ontario 

WRITE TODAY FOR OUR NEW CATALOG 

See us at the I.R.E. Show—Booth 2601 
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PLANTS AND PEOPLE 

Uses 'Engineering Modules 
To MEET existing and anticipated needs for additional engineering, manu-
facturing and administrative facilities, Radiation, Inc., Melbourne, Fla., 
Fas undertaken a long-range expansion program. 
The company has acquired a 60-acre tract five miles south of the present 

facility and an option on an adjacent 60 acres. The new plant complex 
consists of a group of medium-sized buildings, called "engineering 
modules". Each module will have 22,000 sq ft of work space. Three of 
these modules are already in operation. The 37,000-sq-ft administration 
building, recently completed, will serve as national headquarters for the 

firm. 
Manufacturing done by the company is essentially assembly of compo-

nents, augmented by specialized precise machine work. The real core of 
the company is engineering accompanied by development and limited pro-
duction of complex electronic equipment generally keyed to the limits of 

the state of the art. 
The new plant makes it possible to adapt general-purpose buildings to 

specialized work with complete provisions for flexibility during growth— 
and even during retrenchment—with the least possible financial risk. The 
company is growing, the art is progressing and this plant can vary to 
accept any reasonably foreseen changes with practically unlimited expan-

sion, company officials claim. 
Some of the most advanced architectural features include: orientation 

of buildings for best natural light and minimum air conditioning load, 
easily accessible, large, paved parking areas for each module, special acous-
tical treatment, a comfortable and "open look" in the administration build-
ing's customer reception area, partitions that can be relocated and special 

roof-installed antenna testing facilities. 

Acoustica Hires 
0.E. Mattiat 
APPOINTMENT of Oskar E. Mattiat 
as chief scientist of Acoustica As-
sociates, Inc., of Plainview, N. Y., 
and Los Angeles, was recently an-
nounced. 

Mattiat has been engaged in the 
development of acoustic systems 
and piezoelectric devices since 1934 
at the German General Electric Co. 
in Berlin, the Clevite Research 
Center in Cleveland and, more re-
cently, at the Astrophysics Devel-
opment Corp. division of Curtiss-

Santa Wright 
Calif. 
At Acoustica, 

Corp. in 

which 

Barbara, 

manufac-

tures ultrasonic cleaning, gaging 
and processing systems, he will be 
responsible for all developments in 
the fields of piezoelectric and mag-
netrostrictive ceramic materials. 

According to Robert L. Rod, 
president, the addition of Mat-
tiat to the Acoustica staff will per-
mit an increased effort to be made 
in the areas of improved ceramics 
capable of use in the nation's space 
and submarine warfare programs, 
as well as in areas involving such 
products as microphones, phono 
pickup cartridges, earphones and 
measuring devices which make use 
of these novel ceramic materials. 

EFCON Employs 
Prolect Engineer 
JOSEPH SIPOVIC was recently named 
project engineer of the Film Ca-
pacitor division of EFCON, Inc., 
New York, N. Y. 

Formerly chief engineer with 
the Condenser Products division of 
New Haven Clock & Watch Co., 
Sipovic comes to EFCON with a 
quarter century's experience in the 
capacitor field at Condensor Prod-
ucts and at Micamold Electronics 
Mfg. Corp. 

Name G.A. Peck 
SIE President 
GEORGE A. PECK has been named 
president of Southwestern Indus-
trial Electronics, Inc., of Houston. 
He succeeds Keith R. Beeman, who 
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Specifications on 
all standard seals — 

E-1 Short Form 
Catalogs 

Bulletin SCT-59 
on Single Lead 
Terminals 

Bulletin TCT-59 
on Tubular 
Terminals 

- in commercial equipment and vital military programs 

For proven reliability in severe environments, select your seals 
from the E-I standard line of application tested hermetic ter-
minals. E-I offers designers the complete flexibility and econ-
omy of standardized production on all types of seals ... from 
single lead terminals to sub-miniature closures. Proof of their 
reliability is the fact that leading manufacturers specify E-I 
for every type of seal application. Request catalog on standard 
types, or send drawings on seals for special requirements. 

SINGLE LEAD 
TERMINALS 

PLUG-IN 
CONNECTORS 

CUSTOM 
SEALING 

TRANSISTOR 
CLOSURES 

THREADED 
SEALS 

END 
SEALS 

ELECTRICAL 
INDUSTRIES 

A Division of 
Philips Electronics 
«E Pharmaceutical 
Industries Corp. 

e MURRAY HILL, N.J. 
Patented in Canada, No. 523,390; 
in United Kingdom, No. 734,583; 
licensed in U.S. under No.2561520 

MINIATURE I 
CLOSURES I 

MULTIPLE 
HEADERS 
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GE Promotes 
Woolaver What types of RF CONNECTORS 

are you looking for? 
The 19 IPC RF Connector Series shown above provide you with 
over 1000 individual connectors that meet varied application and 
environmental conditions. Whatever your requirements are in 
size, weight, coupling method, voltage or temperature limits, you 
can depend on IPC for top availability and top performance. 
IPC Engineering, Laboratory, Quality Control and Manufac-

turing are concentrated under one roof in the most modern, best 
equipped facility of any connector manufacturer—a 100,000 square 
foot completely air conditioned plant with dust and humidity 

controls. 
In availability, engineering service and modern manufacturing 

methods, IPC continues to be first in RF connectors. 

INDUSTRiAL PRODUCTS-DANBURY KNUDSEN 
a division of Amphenol-Borg Electronics Corporation 

33 E. FRANKLIN Si., BANBURY, CONN. 

call: Pioneer 3-9212 

resigned to accept new position 
with SIE's parent firm, Dresser In-

dustries, Inc. 
Peck had been vice president and 

general manager of Stromberg 
Carlson's Electronics division. 
Beeman, in his new position with 

Dresser, will be engaged primarily 
in investigating new product possi-
bilities and in broadening the appli-
cation of Dresser's present products 
line both in seismic, instrumenta-
tion and the general electronics 
field. 

THE GENERAL ELECTRIC CO., Syra-
cuse, N. Y., recently promoted 
Arling Woolaver to transistor prod-
uct sales manager in the Semi-
conductor Products department. He 
had been the department's district 
sales manager for New Jersey and 
eastern Pennsylvania. 

In his new position, Woolaver re-
places C. J. Goodman who was re-
cently appointed eastern regional 
sales manager for the department. 

Two Elected to 
Ling-Altec Board 
JAMES O. WELDON and Lee D. Web-
ster have been elected to the board 
of directors of Ling-Altec Electron-
ics, Inc. The new directors were 
also named to the executive com-
mittee, and Webster was promoted 
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from vice president to executive 
vice president. 
Weldon is president of Continen-

tal Electronics Mfg. Co., which was 
founded in 1947 in Dallas and be-
came a subsidiary of Ling-Altec 
last year. 
Webster joined Ling-Altec as 

vice president, secretary and treas-
urer in 1958. 

News of Reps 
MECO (Measurement Equipment 
Co., Inc.) is a new rep organiza-
tion located in Wakefield, Mass., 
to serve the electronics and related 
industries in the New England 
area. The company, founded by 
Donald A. Jenkins and John Riley, 
will specialize in the fields of 
microwave instrumentation and 
systems components, laboratory 
and special purpose power sup-
plies, signal sources, and digital 
equipment. 

Appointment of S. B. M. Associ-
ates of Rochester and Albany, 
N. Y., as sales rep for the Shockley 
Transistor Corp., Palo Alto, Calif., 
is announced. Rep firm will cover 
New York State, with the exception 
of New York City, Westchester 
County and Long Island. 

Longstreet Smith Associates, Inc., 
sales reps for Mid-Eastern Elec-
tronics, Inc., have opened a new 
office in Albuquerque. They will 
handle Mid-Eastern's line of 
power supplies, ultra high resist-
ance measuring instruments and 
test equipment for all of New 
Mexico. 

Television Communication Prod-
ucts, Inc., Dallas, Texas, has been 
named authorized field engineer-
ing and sales rep for Adler Elec-
tronics, Inc., New Rochelle, N. Y., 
in the states of Texas, Oklahoma, 
Kansas, Missouri, Arkansas, Loui-
siana. 

Bussmann Mfg. Division of Mc-
Graw-Edison Co., Newark, N. J., 
announces the appointment of Art 
Cerf & Co., of Newark, N. J., as rep 
covering upper New York State, 
New Jersey, eastern Pennsylvania, 
Maryland, District of Columbia, 
and Virginia. 

See us 

at the I.R.E. 
Show: Booths 
3215 and 3217 

r 
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FREQUENCY —MC— 

Model 524 
DESIGNED TO REJECT INTERFERENCE IN "L" BAND 

When size and weight are important factors in your 

rf filter selection, turn to Bird Electronic for your 
source of supply. Our engineers will design an rf 

filter to serve your exact requirements with partic-
ular attention to component density, accuracy, ease 
of application and long-life performance. 

Our physical facilities to produce and deliver quan-
tity orders dependably can be relied upon to meet 
your production schedules. 

SPECIFICATIONS 

SIZE: 4-3/4" x 34" x 1- 1/2 " 

WEIGHT: 5 ounces 

PASS BAND: 225 to 400 mc 

CUT-OFF FREQUENCY: 400 mc 

POWER RATING: 50 watts 

RF INPUT IMPEDANCE: 50-ohm nominal 

ATTENUATION: Less than /2 in pass band; 80 db in stop band 

VSWR: Insertion loss and VSWR are very low in pass band 

CONNECTORS: Most miniature types 

81 

Model 5241 

1R ELECT 1 CORP. 
CHurchill 8-1200 (Cleveland)  

30303 Aurora Road, Solon, Ohio 
Western Representative: 

VAN GROOS COMPANY, Woodland Hills, Calf. 
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builds em 
for heavy loads 

and long 
service! 

Cramped quarters 

don't cramp the style of 

ADVANCE midgets and 

miniatures. You can use 

them on loads from 1 to 

10 amperes continuously 

... and at three times their 

rating intermittently— 

with complete safety. 

They'll resist shock and 

vibration ... stand up 

under temperature 

extremes. You'll find them 

readily adaptable to any 

mounting need ... any 

type of duty. 

Some examples: 

MK SERIES 
Extreme light weight and small size 
—requires only .5 Cu. in. mounting 
space. Switching is above ground, 
insulation material is silicone glass. 
Beryllium copper armature hinges 
provide stability under shock and 
vibration. 

Miniature Telephone Type 
TQ SERIES 
Only .94 cu: inches in size, yet this 
relay carries 3-amp. loads in any 
combination up to 6 PDT. Mechani-
cally secured throughout, it's 
extremely efficient. Non-gassing in-
sulation. Withstands 106 vibration. 
Temp. range: —50° to +85°C. 

General Purpose Midget 
GH SERIES 
Engineered for high efficiency in 
thousands of applications. The small 
size of these midgets allows installa-
tion where space is a problem. Avail-
able in open types, 5- and 10-amp. 
ratings.. ..in dustite plastic enclo-
sures, 5 amps., and 5-amp. plate cir-
cuit types. 

AVAILABLE OFF THE SHELF 
from your local 

Elgin-Advance Distributor 

ELGIN-ADVANCE RELAYS 
A PRODUCT OF ELECTRONICS DIVISION 
ELGIN NATIONAL WATCH COMPANY 
2435 NO. NAOMI sT., BURBANK, CALIF. 

COMMENT 
Information Retrieval 

A short item in the Electronics 
Newsletter (p 11, Dec. 18 '59) has 
given rise to considerable interest 
in this office. The paragraph which 
begins "Chemistry information re-
trieval .. ." describes certain USSR 
developments in a field of research 
in which we are seriously involved. 
The Patent Office and the Na-

tional Bureau of Standards have, 
for several years, been engaged in 
a joint research project in the field 
of information retrieval. A consid-
erable portion of the joint effort 
has been concentrated on the devel-
opment of a system known as Hay-
stag, which uses a general-purpose 
computer to perform searches of 
large document files for chemical 
information. For about a year and 
a half the Haystaq team has di-
rected its attention to the search-
ing of chemical structures, based 
largely on a topological tracing 
techniques . . . 

HERBERT R. KOLLER 

U. S. PATENT OFFICE 
W ASHINGTON, D. C. 

A brief discussion of the Hay-
stag project, not referring to it 
by that name, appeared in Re-
search & Development, p 124, Feb. 
12, with the headline "Computer 
Searches for Patents." 

Minification 

I answer your call for takers, and 
support your well-reasoned state-
ment justifying the use of minia-

turize instead of minify (Comment, 
p 104, Jan. 22). 

In the process of language de-
velopment, usage certainly exerts a 
more powerful influence than the 
dictum of the purist. This is in-
evitable; in the interchange of 
ideas, man's needs are better taken 
care of by a clear understanding of 
words rather than by their gram-
matical rigor . . . 

JOHN J. RIVERA 

IT&T LABORATORIES 
NUTLEY, N. J. 

. . . Mr. Frank C. Smith Jr. 
of Southwestern Industrial Elec-
tronics was quoted as supporting 
promotion of the word minif y. 
Some years ago I staged an. ardent, 
albeit ineffective, one-man cam-
paign among ad agency personnel 
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BENDIX REDUCES PRICES 
ON PYGMY® CONNECTORS! 

A timely message from G. E. Steiner, General Manager, 

Scintilla Division, Bendix Aviation Corporation, Sidney, New York: 

As a result of our increased production volume, we are pleased to 

be able to announce that effective March 1, 1960, the prices of 

Bendix Pygmy Electrical Connectors, including those certified under 

MIL-C-26482 specification, will be reduced on all new orders received. 

Reductions are as follows: 

PYGMY-Standard Types (solder type contacts) 

PYGMY-CE Series (crimp type contacts) 

% reduction 

approx. 4% 

approx. 6% 

At a time when price increases bid fair to become the order of the 

day, we are taking this step toward helping to reduce military 

and commercial equipment costs. It is in line with our policy of 

always offering our customers the best product at the lowest possible 

price consistent with efficient design and manufacturing practice. 

Scintilla Division 
Sidney, New York 

GENERAL MANAGER 

‘17Zno9), 
APIATICN CORPORATION 
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—.mum 

you save 50% on Top-Quality 
Test Instruments 

Hi -Fi • Ham Gear 

KITS AND WIRED 
for professional and home use 

TEST INSTRUMENTS 
battery eliminators 
battery testers 
bridges 
decade boxes 
electronic switch 
flyback tester 
oscilloscopes 
probes 
signal and 

sweep generators 
tube testers 
transistor tester 
vacuum tube 

voltmeters 
volt-ohm-

milliammeters 
LIFETIME service aild calabration guarantee. 
IN STOCK at your neighborhood EICO dealer. 

Send now for FREE catalog E-2A 

HI-FI 
stereo and monaural 
tuners 
preamplifiers 
power amplifiers 
integrated amplifiers 
speaker systems 

HAM GEAR 
cw transmitter 
modulator-driver 
grid dip meter 

OVER 2 MILLION 
EICO Instruments in 
use throughout 
the world. 

L7Eico  
33-00 N. Blvd., L. I. C. 1, N. Y. 

... praised by the experts 
as BEST BUYS IN ELECTRONIC 

SEE US AT THE IRE BOOTH 3505 

CIRCLE 213 ON READER SERVICE CARD 

%00 
WHO 
DROPPED 

THE BINOCULARS? 
With everybody watching each other 

along the DEW line and the Iron Curtain 
these days, electronics has replaced bin-
oculars. 
What's happening in the giant markets 

for missile controls, radar and communi-
cations equipment? 

electronics tells how things are going, 
keeps you informed of developments as 
they occur. This is a good time to sub-
scribe or renew your subscription. Just 
fill in box on Reader Service Card. Easy 
to use. Postage free. 

FIND WHAT 
YOU NEED IN... 
electronics 

handling electronics accounts and 
various others in the electronics in-
dustry for this same cause. Despite 
my protests, the word miniaturize, 
ugly and deformed as it is, seemed 
to grow in acceptance. The battle 
may have been lost by now, but I 
would like to go on record in sup-
port of Mr. Smith's motion. 
My basis for calling the word de-

formed is that miniaturize is com-
pounded of a Latin prefix and a 
Greek suffix. Both parts should at 
least be drawn from related lan-
guages if a word is to be a proper 
word. Thus only two possibilities 
emerge: either a completely Greek-
rooted word, which would give us 
mieronitize, or a completely Latin-
derived word, which would be the 
far simpler and more pleasant 
minify. 

Five years of usage may have 
established the twisted, ungainly 
and cacophonie miniaturize as the 
preferred form. However, many of 
us in the world who still value lan-
guage will be indebted to you for 
any plugs you might give to mini-
fication. 

DAN MEYER 

DRESSER INDUSTRIES 

DALLAS 

Shift Register 

I have read with interest the ar-
ticle "Six Ways to Use Magnetic 
Shift Register Elements," by J. Por-
ter, in your Jan. 15 issue (p 80). 
The article provided a useful com-
parative description of several of 
the shift-register circuits currently 
available. 

Unfortunately, an error has oc-
curred in Table I of the article that 
is of great enough magnitude to 
warp the comparison rather seri-
ously. The output voltage of the 
voltage controlled shift register 
should be listed as 3.0 volts instead 
of 0.3 volts. Since 0.3 volts would 
be considered totally inadequate by 
most shift-register users, whereas 
3.0 volts is usually satisfactory, it 
is felt that the voltage controlled 
shift register is not fairly pre-
sented in this tabulation . . . 

B. F. WAGNER 

GENERAL ELECTRIC 

SYRACUSE, N. Y. 

Author Porter regrets what 
turns out to have been a typist's 
error; he missed it and so did we. 

do you know 
what's expected 
from 
semi-conductor 
materials? 

There were more than a 
dozen articles on semi-
conductor materials in 
electronics in recent months. 
Each was specially edited to 
give you all key facts, ideas or 
trends —and there's more com-
ing! Accurate electronics' re-
porting tells you what's hap-
pening now . . . what's ex-
pected in materials and com-
ponents. Don't miss dozens of 
articles on basic subjects ed-
ited to keep you informed, help 
make your research, develop-
ment, sales and marketing 
plans pay off. It pays to sub-
scribe to electronics (or re-
new). Fill in box on Reader 
Service Card now. Easy to use. 
Postage free. 

FIND WHAT 

YOU NEED IN 
electronics 
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ENGINEERS 

positions of 

UNIQUE 
RESPONSIBILITY 

on 

ELECTRICAL 
DESIGN 

BS in EE with electronics op-
tion required for work in con-
nection with the design and 
installation of electronics sys-
tems on submarines. Experi-
ence in the design, installa-
tion and/or testing of mili-
tary electronics equipment 
and/or systems (radio, radar 
or sonar) is desirable. 

General Dynamics, Electric 
Boat Division, as the leader 
in the nuclear powered sub-
marine field, offers a high de-
gree of responsibility and op-
portunity for broad profes-
sional development. If you 
are interested please write de-
tails of your background and 
experience to James P. 
O'Brien, Technical Employ-
ment Supervisor. 

GENERAL DYNAMICS 
Electric Boat Division 

Groton, Connecticut 

way between N, York 
and Beaton near X, o. 

EMPLOYMENT OPPORTUNITIES 

FIELD ENGINEERS Thumbing through the pages of 
this magazine points up a salient 

fact — there's a field engineer shortage, or at least, there's a 

shortage of good ones. The only investment an engineer has to 

make in order to change jobs is a short resume, a e stamp and 
an envelope. But what does the new job mean ? Does it mean more 

routine work in a different location, and a few extra dollars in 

the paycheck; or does it mean the opportunity to utilize all your 

skills in a position where you can really move ahead? • If the 

job turns out to be the former, you've spun your wheels profes-

sionally. On the other hand, if the job requires real use of your 

technical talent, and it's with a growing, wide-awake organiza-

tion, then your future is just about what you make of it. • This 

brings us to what we want to say about our organization— 

General Electric's fast-moving Ordnance Department. We're not 

Utopia for a field engineer, but who is? We're fast on our feet, 

and we want field engineers who can keep the present hardware 

going while formulating new equipment and systems 

concepts. There's plenty of opportunity to em-

ploy "blue sky" thinking as long as you 

can plug it into a solid engineering ap-

proach. Field engineers are important 

to our future because they deal di-

rectly with our customers, and suc-

cess in this area means just one 

thing — more business for us. • If 

you're convinced you've got to 

change jobs, why not let us tell 

you how a field engineering posi-

tion with Ordnance Department 

will lead quickly to an advanced posi-

tion in R&D, manufacturing, market-

ing or product service management. 
g Immediate assignments are available on such 

advanced weapons systems as Polaris, and the Atlas 
Tracker Antenna — if you have a BSEE or BSME with 2-4 years 

experience in electronics weapons systems, computers, tran-

sistors, gyros, ballistics, telemetry, data analysis or servo sys-

tems. • Assignments are principally at domestic bases that in-

clude Portsmouth, N. H.; Charleston, S. C.; Newport News, Va.; 

Key West and Cape Canaveral, Fla.; Mare Island (S. F.) and 
Sunnyvale, Calif. Please write, including salary ttequirements 
to: Mr. R. G. O'Brien, Rm. 69WH. 

ORDNANCE DEPARTMENT 
or THE DEFENSE ELECTRONICS DIVISION 

ELECTRIC 
100 PLASTICS AVENUE, PITTSFIELD, MASSACHUSETTS 
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EMPLOYMENT OPPORTUNITIES 

MR. ENGINEER... 

Retain your Identity at 
Instruments' 
SYSTEMS DIVISION in 

BECKMAN Orange County California 

Here's your chance to be a big fish in a small pond . .. not that 
our Systems Division is too small . . . it's just that we're not so 
large and over organized that the individual and his efforts are 
submerged in a mass of humanity and a welter of paper work. 
Our business is the design, development, and manufacture of 

proprietary electronic data processing and data acquisition system 
. . . research and development study projects pertaining to satel-
lite programs . . . varied engineering design projects and other 
activities with both military and commercial significance. 

There's amplc elbow room for the non-organization man in any 
one of the following professional areas: 

Logic Design Systems Design 
Analog Design Systems Engineering Digital Design 

Project Management Project Enginering 
Electronic Design Systems Evaluation and Modularization 

Field Engineering Applications Engineering 
If you'd like to receive more information about us, we suggest 

you write to our Mr. J. W. Carlton enclosing a brief description 
of your background. 
Beckman Systems, 325 North Muller, Anaheim 3, California 
(25 miles south of Los Angeles, near the Pacific Coast) 

TEST. 

ENGINEERING • 

SUPERVISOR 
Unusual opportunity in 

an executive position for 

an EE graduate with 5 

to 10 years engineering 

experience, preferably 

electronics. 

Background must include 

some experience with 

automated test equip-

ment. 

SALARY RANGE 

$1 5-1 7,000. 

All confidences respected 

Large Midwest Electronics Firm 

P-3706—Electronics 
520 N. Michigan Ave.. Chicago 11, Ill. 

• 

Need Engineers? 
Contact them through this 

EMPLOYMENT OPPORTUNITIES section 

MANUFACTURERS' 
REPS and AGENTS 

WANTED! 
Excellent opportunity for Reps interested 
in offering a unique new plating and 
stamping service to semiconductor and 
component manufacturers. To be partner 
on accounts you bring in. Modern facilities. 
Write 

RW-3658-1tilect ronics 
Class Adv., Div., P.O. Box 12, N.Y. 36, N.Y. 

POSITION VACANT 

Teaching and Research. Attractive opening 
for Electrical Engineer with Ph.D. Lo help 
develop graduate program, supervise gradu-
ate research and do some teaching. En-
couragement given to private research and 
consultation. Good salary and faculty rank-
ing will be offered to exceptional individual. 
Position available September 1960 or 
sooner. Write Dean of the School of Engi-
neering, Vanderbilt University. Nashville 5. 
Tenn. 

t
MANUFACTURERS' 
REPRESENTATIVES 

t IN THE 

ELECTRONIC INDUSTRY 

SAMUEL K. MACDONALD, INC. 
manufacturers representatives over 25 years 
1531 SPRUCE STREET, PHILA. 2, PA. 

Territory, Other Ofnces, 
Pennsylvania • New Jersey Pittsburgh 
Delaware • Maryland Baltimore 
Virginia • West Virginia Washington, D.C. 
District of Columbia 

CONTACTS 

"HOW TO MAKE MONEY 
Mobile Radio 'Maintenance" 
AUTHORITATIVE GUIDEBOOK 

ABOUT TOE BOOM .1 TWO.WAYROIIII.E•RADIOI 
GIVES FACTS. FIGURES. PAY RATES. 

WRITE TODAYI 

LAMPKIN LABORATORIES, INC. InslrumenIs D. BRADENTON, FLA. 

CIRCLE 460 ON READER SERVICE CARD 

SEARCHLIGHT 
SECTION 

(Classified Advertising) 

BUSINESS OPPORTUNITIES 

EQUIPMENT - USED or RESALE 

WANTED 

ENGINEER OR 
ENGINEERING FIRM 

. . . Specializing in the development and 
manufacture of special type metals and 
alloys such as are required in the pro-
duction of components for the semi-con-
ductor industry. 
We are willing to finance and assume part 
ownership responsibilities. 

B0-3705—Electronics 
Class Adv., Div., P.O. Box 12, N.Y 36, N.Y. 

CIRCLE 461 ON READER SERVICE CARD 

ESTABLISHED 

PLATING 
PLANT WANTED 

Seek Established electroplating plant 

for the miniaturized semiconductor and 

component field. Must have accounts. 

no-3659 Electronics 
Class. Adv. Div., P.O. Box 12, N.Y. 36, N.Y. 

CIRCLE 462 ON READER SERVICE CARD 

MANAGEMENT PERSONNEL 
with limited capital 

and/or INNOVATIONS 
Successful ventures require interdependent 
specialization under modern economic 
conditions. 

Profitable investment outlets may exist in 
association with people who possess both 
proven backgrounds and innovations. 

Write for further information to 

BENHARD ASSOCIATES 
Dept. EL 

1123 Western Saving Fund Bldg. 
Phila. 7, Pa. 

CIRCLE 463 ON READER SERVICE CARD 

PLATING SPECIALISTS 
for the 

ELECTRONICS INDUSTRY 
Gold, Silver, Nickel, Tin, Cadmium PLATING 
to any thickness. 

PALUMBO BROS., INC. 
347 Ferry St. Newark 5, N. J. 

MArket 2-5060 • Est. 1915 
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WAVEGUIDE 
FERRITE 
ISOLATORS 

Specially designed to offer maximum 
isolation with minimum insertion 
loss, six broadband isolators cover 
a frequency range of 3.95 to 26.5 
KMC/S. 

Conservatively rated at 5 watts, 
these rugged units can dissipate 
FIVE TIMES as much power with 
only temporary electrical character-
istic degradation. 

PRO FREQUENCY MINIMUM LENGTH 

TYPE (KMC/S) ISOLATION (INCHES) 

1205 3.95-5.85 16 db 83/4 
1204 5.85-8.20 20 db 61/2 
1206 7.05-10.0 24 db 5 
1203 8.20-12.4 30 db 61/4 
1208 12.4-18.0 24 db 6 
1209 Fl 18.0-26.5 24 db 41/2  

Complete specifications on the PRD 
Type 1203, 1204, and 1205 are con-
tained on page A-21 of the PRD Cata-
log E-8. For a copy of this 160 page 
designers' workbook containing data 
on hundreds of quality microwave 
instruments from PRD, the company 
that's FIRST IN MICROWAVES, 
send your request on your company 
letterhead please. 

II you want specifications on PRD 
Waveguide Ferrite Isolators, simply 
fill out inquiry card in this magazine. 

10 POLYTECHNIC RESEARCH 
& DEVELOPMENT CO., INC. 

Factory & General Office: 
202 Tillary St., Brooklyn 1, N. Y. 

Ulster 2-6800 
Western Sales Office: 
2639 So. La Cienega Blvd., Los Angeles 34, Calif. 
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How Do YOU Define Switch Noise? 
ROTARY SWITCH 
CONTACT NOISE 

Here's how ¡DL analyzes it! 
These data are important considerations in switch applications 
and provide you with valuable criteria for systems evaluation, 

Ritary Switch 

LOW LEVEL (0.5 mv or 0.50 rime) TELEMETERING 

EQUIVALENT CIRCUIT 

Rotary Switch 
Contact 

Ring 

HIGH LEVEL OM TELEMETEIUNG 
EQUIVALENT CIRCUIT 

IDL quality control and inspection procedures insure that 
these "Standards of Excellence" are mainta'ned in the pro-
duction of high speed, sealed rotary switches for critical 
applications. Typical products are indicated by these units. 

30 RI'S, 
2 Poles'''. 
30 Points 

60 RPS 
2 Poles 
60 Points 

7.2 RPS 
2 Poles 
45 Points 

Write IDL for your free copy of "Rotary Switch Contact Noise" 
SEE US IN IRE BOOTH =2106 

INSTRUMENT DEVELOPMENT LABORATORIES, INC. 
▪ Subsidiary of Royal McBee Corporation 

51 MECHANIC STREET, ATTLEBORO, MASSACHUSETTS, U.S.A. 

CIRCLE 215 ON READER SERVICE CARD 

NEW S UTI 
TO RELAY TESTING PROBLEMS 

SCHMELING 
MODEL 140 UNIVERSAL 

RELAY ANALYZER 
... FOR F.AST, 
AC OTJR-ATE, 

TE STING OF 

RELAYS 

Quantitatively checks relay 
operation under actual contact 

current 

AUTOMATIC MODELS 
AVAILABLE — Call or 
write for complete 
information on 
standard and auto-
matic models, today! 20 FIRST 

• Precise Check of Pull-in and 
drop-out Voltage 

• Exact Measurement of Contact 
Make and Break Time 

• Accurate Evaluation of 
Contact Bounce 

• Overlap Time on Make Before 
Break and Break Before Make 

Contacts 

• Contact Resistance 
Measurement under Both Load 

and Dry Current Conditions 

eV* gel/mks 9 DIVISION OF RARITAN INDUSTRIES CORP. 

STREET, KEYPORT, NEW JERSEY. U.S.A. 
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The Smallest ratary Switch ever made! 
Daven's New Series G Sub-Miniature Switch.. .112" Diameter! 

A new sub-miniature rotary selector switch, developed by 

DAVEN, is specifically suited for application in missiles, 
aircraft, handy talkies, field pack sets, frog-man communi-

cation equipment, and all types of mobile apparatus. This 
explosion-proof, waterproof switch has the same reliability 

as its bigger brothers ... but in a fraction of the space. 

It meets applicable military specifications on tempera-

ture, humidity, corrosion, vibration, acceleration, shock 
and immersion. 

This unit is available as a single pole, 10 position switch 
and can be obtained with up to four poles on a single deck. 

• 005 

-7203n 28 THREAD 

125 

Contact Resistance: Less than .008 ohm. 

Contact Rating: 1 ampere, 250V D. C. into resistive load. 
350 MA, 100V D. C. into inductive load. 

Insulation Resistance: 200,000 megohms between any two 
terminals or between any terminal and shell. 
Measured at 25° C., 50% RH, at sea level. 

Life Expectancy: 50,000 cycles minimum 
Shaft and case: Stainless steel 
Panel and hub: Glass filled epoxy 
Contacts and terminals: Silver alloy 
Rotors: Rhodium plated beryllium copper 

Write today for comprehensive technical report 

on the new Series G Sub-Miniature Rotary Switch. 

THE DAVEN CO. 
LIVINGSTON, NEW JERSEY 

TODAY, MORE THAN EVER, THE DAVEN © STANDS FOR DEPENDABILITY! 
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BALANCED 
LINE FOR 
BALANCED 
DESIGN..! 

.1c) 

• "Balanced for versatility" best describes RCA's hi-fi tube line: Balanced for power... gain ...sensitivity— 

versatile enough for every hi-fi application from preamplifier to power amplifier— in mono and stereo—and in 

any power range! II Never have so many features been incorporated in only four tube types: RCA-7025— 

high-mu twin triode... a "must" for extremely low-noise, low-hum preamplifiers; RCA-7199—sharp cutoff 

pentode and medium-mu triode in one envelope. Here's versatility for those low level stages; RCA-6973—a 

miniature beam power tube that makes amplifiers compact and powerful. A pair in class ABi, delivers up to 

20 watts! And RCA-7027-A—glass-octal beam power tube offers power deluxe—up to 76 watts from a pair in 

class ABI with only 2% distortion! R Specify RCA's balanced hi-fi line for your new designs, and use the proven performance of RCA 

tubes to insure the success of your product. Ask your RCA Field Representative for details. For technical data, write RCA Com-

mercial Engineering, Section B-19-DE-4, Harrison, N. J. 

RADIO CORPORATION OF AMERICA 
Electron Tube Division Harrison, N. J. 

field offices 
EAST: 744 Broad Street 
Newark 2, N. J. D HUmboldt 5-3900 

MIDWEST: Suite 1154, Merchandise Mart Plaza 
Chicago 54, III. D  WHitehall 4-2900 

WEST: 6355 E. Washington Blvd. 
Los Angeles 22, Calif. El RAymond 3-8361 




