


UTC NEW h 
EXPA 1 ED 0 -TAND D 

transistor transformers 
hermetically sealed to MIL -T -27A Specifications. 

UTC DO -T and DI -T transistor transformers pr.vide 
unprecedented power handling capacity and reliability 
coupled with extremely small size. Comparative per- 
formance with other available products of similar size 

are shown in the curves (based on setting output power 

at 1 KC, then maintaining same input level over fre- 

quency range). The new expanded series of units cover 

virtually every transistor application. 

DO -T 
ACTUAL SIZE 

5/16 Dia. x 13/32,1 

High Power Rating . - . up to 100 times 
greater. 

Excellent Response .. twice as good at low 
end. 

Low Distortion . . reduced 80%. 
High Efficiency ... up to 30% better. 
Moisture Proof ... hermetically sealed to 

MIL -T -27A. 

Rugged . .. completely cased. 
Anchored Leads ... withstand 10 pound pull 

test. 

10 Oz. Printed Circuit Use...plastic insulated leads. 

ACTUAL SIZE 

5/18 Dia. a 1/4, 1/20 Oz. 
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And Special (kits to 
Your Specifiica`ions 

DO -T MIL 
No. Type Application 

DO -T1 TF4RX13YY Interstage 

Pri. D.C. Ma.t 
Imp. in Pri. 

20,000 .5 
30,000 .5 

DO -T2 TF4RX17YY Output 500 3 
600 3 

00-T3 TF4RX13YY 

00-T4 TF4RX17YY 

DO -T5 TF4RX13YY 

00-16 TF4RX13YY 

DO -T7 TF4RX16YY 

DO -T8 TF4RX20YY 
TF4RX20YY 

00-T9 TF4RX13YY 

DO -T10 TF4RX13YY 

Output 

Output 
Output 
Output 
Input 

Pri. Pri. 
Sec. Res. Res. Level D1 -T 
Imp. DO -T DI -T Mw. Ne. 

800 850 815 50 DI -T1 
1200 

5600 60 65 100 DI -T2 

1000 3 
1200 3 

50 115 110 100 DI -T3 
60 

600 3 3.2 
1200 2 3.2 

10,000 1 3.2 
200,000 0 1000 

Reactor 3.5 Hys. @ 2 Ma. DC, 1 Hy. @ 5 Ma. DC 
Reactor 2.5 Hys. @ 2 Ma. DC, .9 Hy. @ 4 Ma. DC 

Output or driver 10,000 1 500 CT 
12,500 1 600 CT 

Driver 10,000 1 1200 CT 
12,500 1 1500 CT 

60 100 
115 110 100 DI -T5 

1000 100 
8500 25 
630 
630 DI -T8 

800 870 100 DI -T9 

800 870 100 DI -T10 

DO -T11 TF4RX13YY Driver 10,000 1 

12,000 1 

DO -712 TF4RX17YY Single or PP output 150 CT 10 
200 CT 10 

DO -T13 TF4RX17YY Single or PP output 300 CT 7 
400 CT 7 

DO -714 TF4RX17YY Single or PP output 600 CT 5 
800 CT 5 

DO -T15 TF4RX17YY Single or PP output 800 CT 4 
1070 CT 4 

DO -716 TF4RX13YY Single or PP output 1000 CT 3.5 
1330 CT 3.5 

DO -T17 TF4RX13YY Single or PP output 1500 CT 3 
2000 CT 3 

DO -718 TF4RX13YY Single or PP output 7500 CT 1 

10,000 CT 1 

DO -T19 TF4RX17YY Output to line 300 CT 7 

DO -720 TF4RX17YY Output or line to line 500 CT 5.5 
DO -T21 TF4RX17YY Output to line 900 CT 4 
D0-722 TF4RX13YY Output to line 1500 CT 3 

DO -123 TF4RX13YY Interstage 20,000 CT .5 
30,000 CT .5 

DO -124 TF4RX16YY Input (usable for 200,000 CT 0 
chopper service) 

2000 CT 800 870 100 DI -T11 
2500 CT 

12 11 500 
16 

12 20 500 
16 

12 43 500 
16 

12 51 500 
16 

12 71 500 
16 

12 108 500 
16 
12 505 500 
16 

600 19 20 500 01-T19 
600 31 32 500 DI -T20 
600 53 53 500 DI -T21 

600 86 87 500 DI -122 

800 CT 850 815 100 01-123 
1200 CT 

1000 CT 8500 25 

DO -125 TF4RX13YY Interstage 10,000 CT 1 1500 CT 800 870 100 DI -125 
12,000 CT 1 1800 CT 

DO -126 TF4. .OYY Reactor 6 Hy. @ 2 Ma. DC, 1.5 Hy. @ 5 Ma. DC 2100 
TFC -OYY Reactor 4.5 Hy. @ 2 Ma. DC, 1.2 Hy. @ 4 Ma. DC 2300 DI -126 

DO -T27 TF4..,:20YY Reactor 1.25 Hy. @ 2 Ma. DC, .5 Hy. @ 11 Ma. DC 

TF4RX20YY Reactor .9 Hy. @ 2 Ma. DC, .5 Hy. @ 6 Ma. DC 

00-T28 TF4RX20YY Reactor .3 Hy. @ 4 Ma. DC, .15 Hy. @ 20 Ma. DC 

TF4RX20YY Reactor .1 Hy. @ 4 Ma. DC, .08 Hy. @ 10 Ma. DC 

DO -T29 TF4RX17YY Single or PP output 120 CT 10 
150 CT 10 

00-T30 TF4RX17YY Single or PP output 320 CT 7 
400 CT 7 4 

100 

105 

25 

25 

3.2 10 500 
4 
3.2 20 500 

DI -T27 

D1 -T28 

DO -T31 TF4RX17YY Single or PP output 640 CT 5 
800 CT 5 

3.2 43 500 
4 

D0-132 TF4RX17YY Single or PP output 

00-733 TF4RX13YY Single or PP output 

DO -134 TF4RX13YY Single or PP output 

DO -135 TF4RX13YY Single or PP output 

D0436 TF4RX13YY Isol. or Interstage 

800 CT 4 
1,000 CT 4 
1,060 CT 3.5 
1,330 CT 3.5 
1,600 CT 3 
2,000 CT 3 

8,000 CT 1 

10,000 CT 1 

10,000 CT 1 

3.2 51 500 
4 
3.2 71 500 
4 

3.2 109 500 
4 

3.2 505 500 
4 

10000 CT 950 970 500 DI -T36 

DO-TSH Drawn Hipermalloy shield and cover for DO -T's, provides 25 to 30 db shielding, for DI -T's DI-TSN 
tDCMA shown is for single ended useage (under 5% distortion-100MW-1KC) ... for push pull, DCMA 

can be any balanced value taken by .5W transistors (under 5% distortion-500MW-1KC) 
'DO -T units have been designed for transistor application only... not for vacuum tube service. Pats. Pend. 

UNITED TRANSFORMER CORPORATION 
150 Varick Street, New York 13, N. Y. 

PACIFIC MFG. DIVISION: 4008 W. JEFFERSON BLVD., LOS ANGELES 16, CALIF. 

EXPORT DIVISION: 13 EAST 4Oth STREET, NEW YORK 16, N. Y. CABLES: "ARLAB" 
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I. Allen Mitchell is President and a founder of 
United Transformer Corporation, a company which 
placed its first advertisement in electronics more 
than 25 years ago. 

United Transformer manufactures 700 stock items 
for virtually every application in the electronics field. 
Mr. Mitchell is a graduate engineer who entered 
college at the age of 14. At 16 he was the chief engi- 
neer of a transformer company and at 18 the director 
of engineering. 
Do you, Mr. Mitchell, directly or indirectly influence 
the purchase of electronic equipment for your or- 
ganization? 

Naturally, I do. 
Do you use the electronics BUYERS' GUIDE as your 
source book for electronic purchases? 

Yes. I keep it available in my office at all times. 
How long have you been a subscriber to electronics? 

Since the day of its inception. 
Why have you continued to pay for electronics when 
you can receive ten other electronic publications free? 

To me electronics has a peculiarity. It has excel- 
lent technical coverage. It has the most pages of ad- 
vertising, and naturally I want to keep abreast of the 
industry in terms of the products shown in the ads. 
For a number of years your company has reserved 
the inside front cover of electronics for its sales mes- 
sages. What is behind this decision? 

Basically, we are a key manufacturer in our field 
for engineering products. As such we prefer to main- 
tain a prestige position in the prestige magazine of 
our industry. 

If it's about electronics, read it in electronics 

electronics 
Published WEEKLY plus the mid -year electronics BUYERS' GUIDE 
A McGraw-Hill Publication 330 West 42nd Street New York 36. N. Y. o iUP 
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Burnell & Co. may not be experts in 

the art of head shrinking. But when it 

comes to toroids, filters and related 

networks, Burnell has the know-how 
to solve an infinite variety of small 
space problems. The new /CRO/D 
filters by Burnell & Co. are a notable 
achievement in the shrinking of filters 
which can be designed for low pass or 
band pass applications. 

For example, as a low pass filter, 

Type P starts at 400 cps. Physical 
size is 11/16" x 1-11/16" x 1/2" max. 

For higher frequencies from 5 kc up 

to 100 kc, size is 3/4" x 1" x 1/2". 
The band pass filter, Type/I/LTpic- 

tured here, ranges from 7,350 cycles 

REGISTERED TRADE MARK 

up to 100 kc. Physical size is 1/2" x 

19/32" x 15/16", weight .3 ounces, 
band width 15% at 3 db and + 60% 
- 40% at 40 db. Wherever space and 
performance are critical requirements, 
miniaturized fill2iYP ® low pass 
and band pass filters provide utmost 
reliability as well as more unit surface 
economy on printed circuit boards. 
Completely encapsulated, they are 
ideally suited to withstand high accel- 

eration, shock and vibration environ- 
ments. Write for special filter bulletin 
to help solve your circuit problems. 

cia,needa,cfno. 
PIONEERS IN TOROIDS, FILTERS AND RELATED NETWORKS 

EASTERN DIVISION 
DEPT. E-19 

10 PELHAM PARKWAY 
PELHAM, N. Y. 

PELHAM 8-5000 
TELETYPE PELHAM 3633 

FREQUENCY (KC) 
4 7 10 20 

0 

10 

20 

30 

40 1 

PACIFIC DIVISION 
DEPT. E-19 

720 MISSION ST. 

SOUTH PASADENA, CALIF. 
RYAN 1-2841 
TELETYPE PASACAL 7578 
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SHOPTALK . . 

MICROCIRCUITS. More than a month ago the industry marveled 
at tiny electronic circuits developed under the Army Signal Corps' 
microminiaturization program and elsewhere. Two of our editors 
were already digging for stories in this area. 

This week Associate Editor Mason tells you the business story 
of the Signal Corps program, and what the Navy's doing; the prime 
contractors' roles and who the subs are, what they are doing and what 
this program can mean to the industry. 

Meanwhile, Associate Editor Sideris has been preparing tabular 
articles giving the first actual design information on microcircuit 
components so you can decide how the first fruits of this program 
may fit into your equipment. His first article on this subject will 
appear in our May 15 issue. 

CHALLENGE OF SPACE. Historians centuries hence undoubtedly 
will categorize our times as the second great age of discovery. And 
the seven young men already in training for Project Mercury may 
well turn out to be the Magellans and the Cabots of outer space. 

Electronics will play a major role in the conquest of space. Com- 
munications, guidance and navigation are obvious functions best 
handled electronically. Electronics may also generate the power 
needed aboard a space ship. It might even propel the vehicle itself. 

In November, year 2 of the space age, Associate Editor Manoogian 
was assigned to do a special report on electronics in space. During 
the next six months he traveled, visiting industry and government 
scientists in other cities. He wrote dozens of letters, made countless 
telephone calls, attended pertinent meetings and seminars. Result 
was a 4A -ft stack of documents. 

"The Challenge of Space" brings you the new and pertinent de- 
velopments in space science that relate to our industry. The special 
report begins on p 65. 

Coming In Our May 1 Issue . . . 

IRE HIGHLIGHTS. Every year, the IRE show in New York is a busy 
time for ELECTRONICS staffers. Aside from their important function 
of buttonholing potential authors of future feature articles and digging 
up late, hot news about our fast-moving industry, the editors attend 
technical sessions, take prodigious amounts of notes, snap yards of 
photographs of slides, charts and graphs. 

Next week, three members of our ubiquitous staff bring you the 
results of all this activity in a roundup. In this article by Managing 
Editor Carroll and Associate Editors Bushor and Weber, you'll read 
about new land -vehicle guidance by radar, new progress in medical 
electronics, microwave computers, space -ship tracking plans, minority 
carrier lifetime measurement in semiconductors using microwaves, and 
many other developments. 

WEATHER SATELLITE. Vanguard II, launched late in February, 
was the first of the weather satellites. Despite some operating flaws, 
it is collecting hitherto inaccessible data, and weathermen are excited 
about the future use of satellites in meteorology. 

Details of the instrumentation of the first weather -eye satellite are 
described in an article by R. Hanel, R. A. Stampfl, J. Licht, J. Cressey 
and E. Rich, Jr., of the U. S. Army Signal Research and Development 
Laboratory, Fort Monmouth, N. J. They describe the television -like 
instrument designed to record a picture of the earth cloud cover to 
locate and track major storms. 

4 April 24, 1959 - ELECTRONICS 



new transistors from Sprague* 

SUPER HIGH-SPEED 

r SWITCHING TRANSISTORS 

TYPE 2N501 

Typical Maximum Units 

Rise Time (tr) 9 18 mµsec 

Storage Time (t,) 9 12 mµsec 

Fall Time (te) 7 10 mµsec 

In circuit with current gain of 10 and voltage turnoff. 

Also available as special type 2N501A for 

100° C. maximum storage and 

junction temperatures. 

This table tells the story. Sprague Type 2N501 germanium micro -alloy diffused -base 
transistors are the fastest mass-produced transistors available anywhere! They are 
unexcelled for high-speed computer applications. The ultra -low rise, storage, and 
fall time cannot be matched by any other transistor. 

Ultra -precise process control in manufacture results in superb and consistent high 
quality. The basic electrochemical process of fabrication takes the guesswork out of 
transistor manufacturing. The result is outstanding uniformity of product. 

Because of the electrochemical process, Sprague is able to fabricate a graded -base 
transistor with no intrinsic base region. The Type 2N501 can thus maintain its super 
high-speed switching characteristics right down to its saturation voltage, providing all 
the advantages of direct -coupled circuitry with no impairment of switching speeds. 

Type 2N501 Transistors are available from Sprague now at extremely reasonable 
prices. They are transistors you can use today! You need not delay your development 
work for the future when you design high-speed switching circuits with Type 2N501 
Micro -Alloy Diffused -Base Transistors. 

Write for complete engineering data sheet to the Technical Literature Section, 
Sprague Electric Company, 35 Marshall Street, North Adams, Massachusetts. 

Sprague micro -alloy, micro -alloy diffused -base, and surface barrier transistors are fully 
licensed under Philco patents. All Sprague and Philco transistors having the same 

type numbers are manufactured to the same specifications and are fully interchangeable - 

SPRAGUE COMPONENTS: 

TRANSISTORS CAPACITORS RESISTORS 
MAGNETIC COMPONENTS INTERFERENCE FILTERS 
PULSE NETWORKS HIGH TEMPERATURE MAGNET 
WIRE CERAMIC -BASE PRINTED NETWORKS 
PACKAGED COMPONENT ASSEMBLIES 

SPRAGUE 
the mark of reliability 

ELECTRONICS -April 24, 1959 CIRCLE 3 READERS SERVICE CARD 5 



-155° C 

C 

ESSEX 

Now... all sizes and shapes 
of SX Magnet Wire 
for every "hot spot" application 

MAGNET WIRE Class F (155°C) 

Rounds, squares and rectangulars also available 
with single and double glass coverings 

VERSATILE GENERAL PURPOSE APPLICATION 

Thermalex-F is not a special wire but 
has properties required for a general 
purpose application and can be used 
through the 105°C -155°C temperature 
range ... Class A applications as well as 
Class F ... eliminating the need for buy- 
ing more than one type of magnet wire. 

.. .. 
MIMMIUMEM =====m2-2-0 ..IM 

OUTSTANDING THERMAL STABILITY 
A.I.E.E. #57 "Procedure for Evaluation 
of the Thermal Stability of Enameled 
Wire" which is an accepted test, indi- 
cates a 30,000 hours life at 170°C for 
unvarnished specimens. 

Thermalex-F, a Class F (155°C) magnet wire insu- 
lation developed by Essex, is now available in round 
wire from 11 to 50 AWG size and all Formvar 
sizes of square and rectangular. This full size range 
gives every manufacturer the versatility he needs 
in one insulation type for his exact application! 

SX THE WIRE DESIGNED WITH THE FUTURE IN MIND 

Magnet Wire Division 
ESSEX WIRE CORPORATION 

Fort Wayne, Indiana 
Manufacturing Plants: Birmingham, Ala.; Anaheim, Cal.; 

Fort Wayne, Ind.; Hillsdale, Mich. 

National network of Warehouses and Sales Offices 
... Call your local "Essex Man." 

6 CIRCLE 4 READERS SERVICE CARD April 24, 1959 - ELECTRONICS 



1 R efficiency at 

operating temperatures 

SILICON 

POWER 

TRANSISTORS 
Available Now in production quantities! 

The Westinghouse Silicon Power Transistor pictured 
above is a highly efficient device which greatly increases 
the range of applications for transistors which must oper- 
ate without high losses in the "true power range." Thanks 
to a remarkably low saturation resistance-less than .750 
ohms at 2 amperes and .5 ohms at 5 amperes-these tran- 
sistors possess very low internal dissipation, and can be 
efficiently used in applications where they must handle as 
much as 1000 watts. For example, as a DC switch, handling 
750 watts (150 volts at 5 amps) the internal dissipation is 
about 9 watts, with an efficiency of better than 99%. 

Additionally, and unlike germanium units which are 
limited to approximately 85°C, these transistors can oper- 
ate in ambient temperatures up to 150°C. Thus, even where 
the higher power rating is not required, these units may 
be used for their high temperature capabilities. 

There are a great many applications for which this new 
type of silicon power transistor is ideally suited. It will find 
use in inverters or converters (AC to AC; AC to DC; 
DC to AC; DC to DC), regulated power supplies, servo 
output, and other aircraft circuits, as well as in certain 
amplifiers and switching applications. 

Westinghouse Silicon Power Transistors are available 

3.0 

ó 2.0 

5 1.0 

° 

in 2 and 5 ampere collector ratings. Both of these are 
available in 30, 60, 100, and 150 volt ratings in production 
quantities for your immediate applications. Sample quan- 
tities are available in higher voltage ratings. Call your' 
Westinghouse representative or write directly to Westing- 
house Electric Corporation, Semiconductor Department, 
Youngwood, Pennsylvania. 

rot LECTOR2EMITTER CHARACTERISTIC FOR 1.= 6O0 00 

0 1.0 20 30 40 50 69 
iC-COLLECTOR CURRENT 1 Noe SO 

YOU CAN BE SURE... IF ITS 

LOW SATURATION RESISTANCE 

Important improvements in 
silicon purification and 
transistor fabrication have 
produced a new series of 
Westinghouse Power 
Transistors of exceptionally 
low saturation resistance. 

Westinghouse 
CIRCLE 5 READERS SERVICE CARD CIRCLE 6 READERS SERVICE CARD 



These pages from the new w catalog 
inWAVE ANALYZERS in 10 years! 

/iP 302A WAVE 
AWmyy~eR 

Advantages: 
No calibration or stabilization needed 

Direct readings; accurate 

Measures frequencies 20 cps to 50 KC 

Completely transistorized 

Battery or ac powered ; hum free 
needed 

Low power consumption ; no warm -'JF 

Very sharp acceptance circuits 

AFC; also frequency restorer circuit 

Compact, rugged, versatile 

Uses: and 

Measures and analyzes ftwdamentals, harmonics, 
and 

intermodulation products in telemetering, 

vibration systems as well as audio circuits. Speeds 

analysis of noise and broadcast amplifier character- 

istics; modulation ampler, film sound track and 

recording distortion; hum, network characteristics, 

etc. 

New,Transistorized - Directly 

Measures Wave Components 

NEW MODEL 302A Wave Analyzer represents 
a sig. 

Nnificant improvement in wave analyzer deggnhi 

Completely transistorized, sophisticated in design, 
ghly 

selective, free of tedious calibration and stabilization before 

use-thesefeatures irati ewnew 
of 

t302Ahe 

portant convenience 
and 

accuracy ption 
Other exceptional features are ow power consum 

(in the order 
of 3 watts), provision 

for battery operation 

(18 to 28 volts) as well as ac line power, and elimination 

of warmup time. 
Simple Operation 

In operation the instrument functions as a highly sei ec. 

tive tuned voltmeter. A front panel control selects the fee. 

quency to be measured and Voltage is then read directly 
on 

the front panel meter. 

Basically, Model 302A functions by separating an input 

signal into individual components so that each-the fun. 

damental, harmonics and any intermodulation products, 

be evaluated separately. 

The instrument operates by mixing the input signal with 

internal oscillator adjusted 
automatic 

to 
frequency' coe 

a 
ntroltce f , 

quency of 100 KC. 
constant maintains a constant difference frequency between the; 

put and oscillator signals. hisi insuresur accurate 
measure 

nents despite frequencyi After 

modulation by a voltage from the internal oscillator the 



announce the first major improvement 

signal is passed through a narrow -band crystal filter, am- 
plified and metered. 

Frequency Restorer 
A frequency restorer circuit makes accurate frequency 

measurements possible at each component's frequency of 
the input wave. This circuit supplies a sinusoidal signal at 
the frequency of the specific component which can be meas- 
ured on an electronic counter or observed on an oscillo- 
scope. The amplitude of this signal is determined by the 
level of the selected component. When the mode selector 
switch is in the normal or AFC position, the signal appears 
at the output terminals if the meter is indicating. 

:1Lodel 302A is also particularly useful for measuring 
small signals on noisy systems or transmission lines. When 
the mode selector is switched to "BFO" the instrument 
becomes an oscillator and tuned voltmeter automatically 
tuned by one control to the same or oscillator frequency. 
The selective tuned voltmeter then discriminates against 
the noise and measures the desired signal. 

Speed and accuracy of measuring is enhanced by a lin- 
early calibrated tuning control giving the same "tuning 
feel" throughout range. 

Basic Laboratory Instrument 
Covering the frequency range of 20 cps to 50 KC, the 

new e 302A is equipped to perform a wide variety of daily 
measurements. It has broad usefulness not only in audio 
measurements but in vibration work, telemetry, and carrier 
applications. The instrument is compact, rugged and fea- 
tures conservative design and high quality throughout. 

Specifications 
Frequency Range: 20 cps to 50 KC. 
Frequency Calibration: Linear graduation 1 division per 

10 cycles. Accuracy ± (1 % + 5 - ). 
Voltage Range: 3µv to 300 v, full scale readings of : 

300 v 300 my 300 µv 
100 v 100 my 100 µv 
30 v 30 my 30 µv 
10 v 10 my 

3 v 3 my 
1 v ' 1 my 

Ranges provided by an input attenuator switch and a 

meter range switch in steps of 1:3 or 10 db. Meter 

range is indicated by a dial mechanically linked to input 

attenuator. An absolute -relative switch, in conjunction 

with a variable 10 db control is provided for adjustment 

of intermediate values. 

Warm -Up -Time: None. 

Voltage Accuracy: ±5% of full scale value. 

Residual Modulation Products and Hum Voltage: Greater 

than 75 db down. 

Intermediate Frequency Rejection: Intermediate frequency 

present in input signal rejected by at least 75 db. 

Selectivity: ± 3/ cycle b.w.,-at least 3 db down 

± 25 cycle b. w.-at least 50 db down 

± 70 cycle b.w.-at least 80 db down 

beyond ±- 70 cycle b.w.-at least 80 db down 

Input Impedance:. Determined by setting of input attenu- 

ator: 100,000 ohms on 4 most sensitive ranges, '1 meg- 

ohm on remaining ranges. 

Selected Frequency Output: 1 v open circuit at output ter- 

minals for full scale meter deflection. Output level con- 

trol provided. Frequency response ± 1 db, 20 cycles to 

50 KC. Output impedance approximately 600 ohms. 

open uit at output 
B. 

Out- 

putF. 

O. 
level tcontrolt: 

1 

vprovided Frequencyterminals. response ± 11 db, 

20 cps to 50 KC. Output impedance approximately 600 

ohms. 
Automatic Frequency Control: Range of frequency holdin 

is ±100 cycles minimum. 

Power: 115/230 v ±10%, 50/1600 cycles, 3 watts (ap- 

proximately). Terminals provided for powering instru- 

ment from external battery source. Battery supply e 

28vto18v. 
Weight: Net 43 lbs. Shipping 63 lbs. (cabinet mount). 

Net 35 lbs. Shipping 55 lbs. (rack mount). 

Dimensions: Cabinet Mount: 20X" wide; T2/" high; 

14/" deep. Rack Mount: 19" wide; 10T/z" high; 

13/" deep. 

Price: $1,475.00 (cabinet) ; $1,460.00 (rack mount). 

Data subject to change without notice. 

20 cps 
-50 KC 

1151230V 

MAX INPUT 
PVOLTAGE (0db) 
0.03-300 volts 

l 
INPUT 
AT TEN 

A.C. 
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04 o 

CAL 

/0/REF ADJUST 

0ABSOLUTE/RELATIVE 

AC. 

18-28 V. +'2 BAT 
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OUTPUT 
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Figure i. Block diagram, Model 302A Harmonic Wave Analyzer 
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Cable HEWPACK DAvenport 5-4451 
Field representatives in all principal areas 



EIMAC CERAMIC-METAL REFLEX KLYSTRONS 
FOR SEVERE ENVIRONMENT APPLICATIONS 

In modern airborne and missile sys- 
tems, reflex klystrons must be capable 
of maintaining exceptional frequency 
stability under conditions of severe 
shock, vibration and acceleration. 
Eimac's new ruggedized X- and K -Band 
reflex klystrons achieve this stability 
through an advanced system of stacked - 
ceramic construction and integral 
brazed `dual -cavity' design. 

Ceramic construction permits inter- 
nal electrodes to be supported on rigid 
concentric cones and allows the entire 
vacuum assembly to be furnace -brazed 
into a single rugged structure. The 
resonant cavity design consists of a 
fixed -tuned (and hence rugged) inner 

cavity closely coupled through a ce- 
ramic window to a secondary tunable 
cavity outside the vacuum envelope. 
The external cavity is tuned by means 
of a capacitive slug over a minimum 
range of 700 megacycles per tube. 

This advanced design has resulted 
in a series of four exceptionally stable 
reflex klystrons covering the 8500 to 
11,500 megacycle range at a typical 
output power level of 75 milliwatts. 
At vibration levels of 15 to 20G the 
peak -to -peak deviation of these tubes 
is less than 50 kilocycles for any vib- 
rating frequency from 20 to 2000 
cycles per second, with the force 
applied in any plane of the tube. The 

advantage of this low FM noise level 
in local oscillator service is obvious. 
Ceramic construction and the superior 
tube manufacturing techniques it 
makes possible permit tube or seal 
temperatures of 250°C without impair- 
ment of operation. 

For severe environment microwave 
applications investigate the advan- 
tages of Eimac ceramic -metal reflex 
klystrons. 

EITEL-IVIcCULLOUGH, INC. 

San Carlos California 

.c..r ne.er ....,. ......,,,. ....._ 



BUSINESS THIS WEEK 

ELECTRONICS NEWSLETTER 

AMERICAN ELECTRONICS EXPERTS who vis- 
ited eight Soviet electronics plants said in Mos- 
cow last week that on the management side the 
Soviets are moving towards U. S. ideas of inde- 
pendent, decentralized management and supply 
efficiency. Delegation chairman Ray C. Ellis, Ray- 
theon vice president, said, however, that in none 
of the plants visited was productivity per worker 
greater than in the U. S. because the Russians 
lag in modernization. Ellis told the McGraw-Hill 
World News bureau in Moscow that the group 
saw no technological breakthroughs, described a 
color tv demonstration as "fair" and thinks future 
visiting groups of electronics men should be 
small and specialized for "more depth and less 
breadth." 

SILICON CARBIDE power rectifier that operates 
at 500 C is being evaluated by the Air Force for 
missile and aircraft use. Device was reported 
this month by Cambridge Research Center which 
sponsored an international parley in Boston on 
SiC. Report on Westinghouse work indicates SiC 
holds promise for transistors at 500 C. But re- 
searchers say control of crystal growing for SiC 
transistors is not yet in sight. Limited quantities 
of semiconductor grade SiC are now becoming 
available for basic measurements. Four types of 
growth are being tried : from vapor phase, from 
solution, from melt under pressure and by chem- 
ical decomposition of silicon compounds in car- 
bonaceous atmosphere. 

British Government has appointed an electronics en- 
gineer, D. A. Senior, to its newly created post of 
scientific attache in Moscow. 

PLASMA THERMOCOUPLE, first to convert nu- 
clear reactor power directly into electricity, was 
announced this month by Los Alamos Scientific 
Laboratory. A single cell placed in a reactor far 
exceeded its expected lifetime by operating for 
almost 12 hours with an open circuit voltage of 
3.8 volts and a short circuit current between 30 
and 40 amps. The experimental thermocouple, 
resembling a frozen fruit juice can, uses a 
long -rod containing enriched uranium. Rod is 
suspended in center surrounded by cesium gas. 
It was discovered last year that when cesium gas 
is substituted for one of a thermocouple's two 
contact metals, several hundred times as much 
direct current power is produced. In the reactor's 
core the neutron flux activates uranium fission 
heating in the can's center; flow of reactor cool- 
ant outside can drops temperature of cesium 
plasma. 

NEW SOLID-STATE quantum mechanical amplifier 
that would make use of nuclear spin transitions 

is being studied at St. Louis University under a 
three-year $28,500 contract from Air Research 
and Development Command. Raser, for Radio 
Amplification by Stimulated Emission of Radia- 
tion, operates with improved gain and signal to 
noise ratio as temperature is reduced. 

SATELLITE DETECTION by infrared techniques 
will be studied by Avion division of ACF Indus- 
tries under a research contract from Air Research 
and Development Command. Firm says U. S. 
satellite experience shows that it radiations are 
not only reflected and generated by the satellites 
themselves, but are also caused by interaction of 
the satellites with particles in space. Develop- 
ment problem, says Avion, is to make it detection 
systems much more selective. 

USAF'S GLOBAL COMMUNICATIONS will get a 
boost from an $18,715,141 contract to Philco for 
system modernization. Pact was announced last 
week by Rome Air Materiel Area. Hardware will 
be compatible with the long-range AIRCOM 480-L 
evolutionary improvement program now the sub- 
ject of an ITT study contract. 

UNESCO's second international conference on med- 
ical electronics will be held in Paris from June 24 
to 27, bringing together physicians and medical 
researchers with problems and electronics engi- 
neers and physicists with ideas and techniques. 

TACTICAL EARLY -WARNING air search radar, 
MPS -21, designed for portable field use, has been 
demonstrated to Marine Corps. The 3,500 -lb 
Sperry Gyroscope system is transportable by heli- 
copter or truck, gives 3-D data-range, azimuth 
and elevation-at "long range and extreme 
heights." Search and height -finding reflectors are 
incorporated in a single V -beam antenna. System 
uses an inflatable radome. 

AERIAL NEGATIVE FILM can be printed directly 
by a new Haloid Xerox electronic machine devel- 
oped for the Air Force. Machine spews out a 
9 x 9 -in. print every 21 sec. Firm has broadened 
its dry, electrostatic process into the making of 
continuous tone pictures, and says positive pic- 
tures can also be made from positive film with a 
slight adjustment. 

AIR POLLUTION study involving an electronic 
cleaning process is being aided by a $78,000 grant 
from the National Institutes of Health to the 
Carnegie Institute of Technology. Study will be 
made óf why some waste particles can be removed 
by an electrostatic precipitator and why other 
particles cannot be retained on the collecting 
electrode. 
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Design better products with 

SILICONE -GLASS LAMINATES 

... resist arcing under high voltage 

This AN/FPN-33 Quadradar Transmitter of 
Gilfillan Bros., Inc., of Los Angeles, employs 
silicone -glass laminates to prevent recurrent 
arcing under high voltage and high humidity 
conditions. Gilfillan Bros. also use silicone 
laminates in their Ground Control Approach 
equipment. 

TYPICAL PROPERTIES 
OF SILICONE -GLASS LAMINATES 

Flexural Strength, psi 
at 25C 24 000 
at 260C after 100 hr at 260C 4,600 

Water Absorption, percent . . 0.05 
Electrical Strength, volts/mil 

initial 310 
after 200 hr at 260C . . 327 
after 5000 hr at 260C . . 180 

Dielectric Constant at 106 cycles 
Condition A' 3 67 
Condition D2 3 68 

Dissipation Factor at 106 cycles 
Condition A' 002 
Condition D2 004 

As measured on samples 1/8 inch thick. 
' As received. 
2 After 24 hr immersion in water at 23C. 

WI. a!! flan aVc 
4,9 
a.FYiau 

aLfw+tut VW - 

Silicone -glass laminates are ideal dielectrics for high voltage 
electronic devices operating under extreme humidity condi- 
tions. Made of glass cloth bonded with Dow Corning silicone 
resins, these laminates have high arc resistance, low mois- 
ture absorption, low loss factor. At temperatures as high 
as 250 C, they retain excellent physical and dielectric prop- 
erties. Lightweight yet strong, silicone -glass laminates are 
easy to fabricate and machine. Supplied as tubes, sheets, 
and punched or molded parts by leading laminators. Write 
for FREE BOOKLET. 

now Corning CORPORATION 
MIDLAND. MICHIGAN 
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Dow Corning Silicone Dielectrics 

Aerovox capacitors impregnated with silicone dielectric fluid. 

TV tube evacuation with Dow Corning diffusion pump fluid. 

SILASTIC COVERED WIRE 

RESISTS CORONA, OZONE 

SILICONE DIELECTRIC FLUIDS 

IMPROVE COMPONENT CHARACTERISTICS 

A liquid dielectric, Dow Corning 200 Fluid 
makes higher operating temperatures pos- 
sible, increases stability, aids miniaturization 
and improves characteristics of electronic 
assemblies and components. Silicone fluid 
impregnated capacitors, for example, main- 
tain near -constant capacitance at high and 
low temperatures, show little change in pro- 
perties over a wide range of frequencies and 
environmental conditions. 

CIRCLE 104 READERS SERVICE CARD 

SILICONE DIFFUSION PUMP FLUIDS 

OFFER GREATER STABILITY, ECONOMY 

Because of their great stability, Dow Corn- 
ing silicone fluids make diffusion pump 
operation more efficient and economical. 
They develop vacua in the range of 10-% to 
10-7 mm of Hg; resist oxidation even when 
exposed to air at operating temperatures. 
Dow Corning diffusion pump fluids do not 
decompose into gums or tars . save 
replacement costs and production time. In 
addition, they offer rapid recovery and 
quick pumpdown. 

CIRCLE 105 READERS SERVICE CARD 

Wire and cable insulated with Silastic®, the 
Dow Corning silicone rubber, is easy to 
strip and solder - flexible for quick and 
convenient hookup of electronic components. 
Unaffected by moisture, weathering and tem- 
perature extremes from -90 to 250 C, Silas - 
tic insulation remains flexible and retains its 
dielectric properties despite long exposure 
to corona and ozone. Wire insulated with 
Silastic is readily available from leading 
cable manufacturers. 

High voltage transformer for RCA TV receiver. 
CIRCLE 106 READERS SERVICE CARD 
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A 1 -WATT RESISTOR 

e 
VIE- ,A 

51 -ANDA 

'N Mee W 

A °REGATRON PROGRAMMABLE POWER SUPPLY 

Take t 1 -watt resistor. Place it across the 
programming terminals of a Regatron Pro- 
grammable Power Supply. Instantly you've 
fixed the output voltage to 1/ 1000 of the 
resistance value. For example, a 22,5K re- 
sistor will fix the output at 22.5V. For a per- 
fect repeat every time, use the same resistor. 
For other voltages use a different resistor. 
The output will always equal 1/1000 of the 
resistance value. 

In addition, you'll find that Regatron 
Programmable Power Supplies have all the 
other advanced features you would expect 
in a versatile laboratory instrument; super - 
regulation, vernier as well as main voltage 
control, and more. Compare a Regatron 
Programmable Power Supply with any other 
d -c power source, batteries included. You'll 
find you won't settle for less. 

Regatron Programmable Power Supplies 
are available in voltage ranges covering 0-50 
V dc, 0-100 V dc, 0-300 V dc, and 0-600 V 
dc. Current ratings are up to 3A, depending 
on model. Request Bulletins 350 and 765. 

(Various models without the programming fea 
ture are also available in voltage ranges up to 
1000 V and currents up to 1 ampere.) 

POWER FACT No. 5 Regulation: 

Regulation would appear to be a simple operating characteristic 
of a power supply. Yet much confusion exists concerning the exact 

meaning of the word. Relative regulation, absolute regulation, etc. 

are different aspects which are often confused. 

For definitions and a useful discussion of these matters, send for 

Technical Bulletin No. 2005. It is free of charge. 

,REGISTERED U.S. PATENT OFFICE. PATENTS ISSUED AND PENDING. 

EI 
M 

ELECTRON IC 
M EASU REEM ENTS 
COMPANY, l N C O R P O R A T E D 

EATONTOWN NEW JERSEY 
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CREATIVE MINDS NEEDED to explore new fields in Space Age Elec- 

tronics. Join one of the fastest growing engineering and scientific organiza- 

tions in the new field of Space Electronics. Thus far, Hallamore has had a 

remarkable participation in nearly all of the space frontier programs. .. some 

of which are: 1. Development and manufacture of 4 tracking and telemeter- 

ing stations for Explorer satellites. 2. Development and manufacture of 6 

tracking and telemetering stations for United States Air Force lunar probe. 

3. Development and manufacture of 4 tracking and telemetering stations 

for United States Army lunar probe. 4. Ultra -sensitive receivers for atomic 

cloud propagation studies. 5. Airborne reconnaissance TV system. 6. Under- 

water electromagnetic wave communications studies. 7. Automatic checkout 

equipment for space missiles. Such programs are on contract, and equipment 

is in field operation at the present time. If you have a highly creative mind, 

with an educational background of BS to PHD and an active interest in 

theory, circuit development, or project engineering, we invite you to join our 

outstanding team, to search into the future and to share in the rewards of 

Hallamore's dynamic growth. For further information, please write or call: 

Frank W. Lynch, V. P. Engineering, Hallamore Electronics Company, 8352 

Brookhurst Avenue, Anaheim, California / Prospect 4-1010 : a division of 

The Siegler Corporation. 



The Westinghouse hermetically 
sealed, Polyclad Hipermag core is 
the newest development in cores for 
magnetic amplifier applications. 
Applied over a new specially de- 
signed aluminum box housing the 
core, Polyclad insulation hermeti- 
cally seals the core and allows en- 
capsulating, casting or impregnating 
without altering magnetic proper- 
ties. This special core: 

Stops magnetic amplifier rejects 
caused by changed magnetic values. 
Is suitable for all environmental 
conditions - high temperatures, 
humidity and high -voltage stress. 
Eliminates costly core taping. 
Is tested by Roberts constant -cur- 
rent, flux reset technique, or to your 
specification. 

Available in production lots with 
normal delivery, these cores are 
supplied in special sizes or in stand- 
ard AIEE sizes. 
For more information about these 
or other Hipermag or Hipersil® 
cores, call your Westinghouse repre- 
sentative ... or write Westinghouse 
Electric Corporation, P.O. Box 231, 
Greenville, Pennsylvania. J-70855 

YOU CAN BE SURE IF IT'S 

Westin house 
WATCH "WESTINGHOUSE LUCILLE BALL-DESI ARNAZ SHOWS" 

CBS TV MONDAYS 

CIRCLE 13 READERS SERVICE CARD 

WASHINGTON OUTLOOK 

OBSERVERS expect Congress to tack extra funds on to Navy's fiscal 1960 
appropriation for the electronics -dominated antisubmarine warfare program. 

Navy experts have given the House Appropriations Committee a har- 
rowing picture of Russia's growing submarine strength. Also, details of 
a secret report by the Pentagon's weapon -system evaluation group have 
been leaked. They point up the inadequacy of Navy ASW capabilities-in 
detection, tracking and destruction of enemy subs. 

The Administration's ASW budget for next year totals $1.1 billion, 
about $270 million under this year's program. ASW planners say their 
original budget proposal called for an additional $1.2 billion for procure- 
ment, research and development, and shipbuilding. This sum, ASW officials 
have told Congress, was chopped out by the Defense Dept. and Budget 
Bureau. 

Included in a $71.6 million R&D fund are sums for improved under- 
water communications; development of detection, classification and 
countermeasures equipment; and development of a 3 -dimensional under- 
water test range. 

Then there are : $26.1 million for procurement of improved sonar, train- 
ing gear and identification apparatus; and $260,000 for communications 
equipment. 

The National Aeronautics & Space Administration has scheduled 
launching six space probes and 14 earth satellites for next year. 

Of special interest to the electronics industry is a project to 
develop space maps for charting radiation belts discovered above 
the earth's atmosphere. NASA scientists now want a clearer picture 
of where the radiation is concentrated and how it moves. 

A series of satellites will be sent up to collect this data. It is 
needed before a man is plummeted into space flight, and the 
scientists hope it will shed light on use of space for world-wide 
communications. 

Other major space projects will lean heavily on electronics. 

NASA has earmarked $15.5 million for development of com- 
munications and meteorological satellite systems. This excludes 
costs for launching vehicles. Plans include putting a 740 -lb relay 
communications satellite in a 22,400 -mile orbit. The Defense Dept. 
will probably chip in additional funds. Timetable for the project 
runs for some five years. 

NASA officials say radio -radar equipped navigation satellite sys- 
tems will eventually replace existing long-range navigation systems. 
The satellite systems also seem feasible for use in automatic correc- 
tion of accumulated errors in inertial guidance systems employed 
by military aircraft, surface vessels and submarines. 

Also planned are tracking and data reduction facilities to cost 
$11.5 million; analog computing equipment and a terminal guidance 
facility to cost $2.8 million to be installed at the high-speed flight 
station; $3.3 million for a central flight control and range operations 
facility; a new data reduction center at the Ames Research Center; 
and $10 million for a global tracking and communications system. 

And plans include: general research on atmospheres, ionospheres, 
magnetic field, energetic particles, and gravitional field, and the 
development of geodetic and astronomical satellites. 
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TI APPLICATION NOTE 

+ 

. .../ 
2N338 © \ TEMPERATURE 

03 COMPENSATION 

2N338 

senssstar 

SILICON 
RESISTOR 

-30 V 

DIFFERENTIAL DC AMPLIFIER USING SENSISTOR SILICON RESISTOR. 

Write of your company letterhead for additional applications and data sheet. 
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HOW TO INCREASE DIFFERENTIAL DC AMPLIFIER 
STABILITY WITH Se//S/SLOT SILICON RESISTORS 

Low drift transistor amplifier circuit using 
sensistor silicon resistor gives drift per- 
formance superior to vacuum tube amplifiers 
for low source impedance applications. 

The sensistor silicon resistor has a unique positive tempera- 
ture coefficient of +0.7%1°C plus a constant rate of change 
as shown in the graph to the right. Over a 15°C temperature 
range, the sensistor silicon resistor's temperature -resistance 
curve approaches linearity to an extent that allows its use as 
a compensating component in a differential D -C amplifier. 

This low drift amplifier finds a wide range of low source 
impedance applications in airborne telemetry where the 
performance of other types of D -C amplifiers is limited by 
weight requirements, acceleration, shock, and vibration. It is 
particularly useful with low level transducers such as thermo- 
couples, strain gages and accelerometers. 

DESIGN CONSIDERATIONS 
TI 2N338 silicon transistor provides excellent performance 
as a low drift DC amplifier when used in circuits such as the 
one shown above. 

For optimum performance keep (2R,, + R,) as small as pos- 
sible, preferably less than 200052, and the collector currents 
of Q, and Q, should remain below 100 A. A. 

*TRADEMARK OF TEXAS INSTRUMENTS 

Drift cancellation featured in an uncompensated differential 
configuration provides an amplifier with an equivalent 
input drift of 400 µV/°C or less with standard production 
transistors. 
Drifts as low as 6N,V/°C will result if the compensating cir- 
cuit composed of Q3, sensistor resistor S and their biasing 
resistors is used with a matched pair of transistors. 

CIRCUIT OPERATION 
Sensistor resistor S and its biasing resistor R, serve as a 
voltage source which has an output linearly related to temper- 
ature ... level potentiometer R5 adjusts output voltage E0 

to zero when E,,, is zero ... potentiometer R, adjusts for 
minimum output drift due to ambient temperature changes. 
As temperature increases, the resistance value of S also 
increases causing the base of Q3 to go more negative, thereby 
reducing the collector current of Q3. This temperature - 
dependent current is fed into the differential amplifier 
through R,. 
Depending on the wiper position of R the correcting signal 
may be positive, negative or zero. When the wiper is centered, 
zero correction results. As temperature increases, output 
voltage E. tends to go more positive if the R wiper is placed 
nearer the Q2 emitter and negative if the wiper is placed 
nearer Q1. The optimum setting for R,, can be determined by 
cycling over the desired temperature range to give a minimum 
drift for changes in ambient temperature. 

I 
¢. 

._ .. 'mu I I . I tli hI'E i:^' 

frnm 'THF WriRLOS LARGEST SEMICONDUCTOR PLANT 

TEXAS INSTRUM ENTE 
I NCOR PO R A T E D 
SEMICONDUCTOR -COMPONENTS DIVISION 

POST OFFICE BOX 312 13500 N. CENTRAL EXPRESSWAY 
DALLAS. TEXAS 



FREQUENCY STANDARDS 

*314 e. high 
400 -1000 cy. 

PRECISION FORK UNIT 
TYPE 50 

Size 1" dia. x 334" H.* Wght., 4 oz. 

Frequencies: 240 to 1000 cycles 
Accuracies:- 

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

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

'I 

*31£" 
400 to 500 cy. 

optional 

PRECISION FORK UNIT 
TYPE 2003 

Size 11/2" dia. x 41/2" H.* Wght. 8 oz. 

Frequencies: 200 to 4000 cycles 
Accuracies:- 

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

Double triode and 5 pigtail parts required 
Input and output same as Type 50, above 

FREQUENCY STANDARD 
TYPE 2007-6 

TRANSISTORIZED, Silicon Typ1 
Size 11/2" dia. x 31/2" H. Wght. 7 ozs. 

Frequencies: 400 - 500 or 1000 cycles 
Accuracies: 

2007-6 (± .02% at -50° to +85°C) 
R2007-6 (±.002% at +15° to +35°C) 

W2007-6 (±.005% at -65° to +125°C) 
Input: 10 to 30 Volts, D. C., at 6 ma. 
Output: Multitap, 75 to 100,000 ohms 

FREQUENCY STANDARD 
TYPE. 2001-2 

Size 33/4" x 41/2" x 6" H., Wght. 26 oz., 

Frequencies: 200 to 3000 cycles 
Accuracy: ±.001% at 20° to 30°C 

Output: 5V. at 250,000 ohms 
Input: Heater voltage, 6.3 -12 - 28 

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

ACCESSORY UNITS 
for TYPE 2001-2 

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

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

H-For high freqs, up to 20 KC. 

M-Power Amplifier, 2W output. 
P-Power supply. 

FREQUENCY STANDARD 
TYPE SOL 

Size 33/4" x 41/2" x 53x" High 
Weight, 2 lbs. 

Frequencies: 50, 60, 75 or 100 cycles 
Accuracies:- 

Type 50L (±.02% at -65° to 85°C) 
Type R5OL (±.002% at 15° to 35°C) 

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

FREQUENCY STANDARD 
TYPE 2005 

Size, 8" x 8" x 71/4" High. 
Weight, 14 lbs. 

Frequencies: 50 to 400 cycles 
(Specify) 

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

FREQUENCY 
STANDARD 
TYPE 212IA 

Size 
83/4" x 19" panel 
Weight, 25 lbs. 

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

FREQUENCY 
STANDARD 
TYPE 2111C 

Size, with cover 
10"x17"x9"H. 
Panel model 

10"x19"x8344"H. 
Weight, 25 lbs. 

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

This organization makes frequency standards` 
within a range of 30 to 30,000 cycles. They are 
used extensively by aviation, industry, govern. 
ment departments, armed forces-where maxi- 
mum accuracy and durability are required., 

WHEN REQUESTING INFORMATION 
PLEASE SPECIFY TYPE NUMBER 

American Time Products, ¡nc. 
Telephone: PLaza 7-1430 

Watch Master 
Timing Systems 

580 Fifth Ave.. New York 36, N. Y. 
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With delivery of its 500th system, CEC has an unparalleled back- 
: 

ground in the design, development, and production of automatic, 
'T., 

high-speed digital data handling systeths. Management who demand 

performance recognize CEC as the accepted leader in automatic data 

systems. These proven systems are now reducing telemetry flight -test 

data and processing data from rocket, wind tunnel, jet engine, nuclear 

reactor, and thermal structure test facilities throughout the country. 

EC Consolidated Systems 

CONSOLIDATED ELECTRODYNAMICS 300 N. Sierra Madre Villa, Pasadena, Calif. 

FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL 

500 systems...from 
physical phenomenon to 
final computation, CEC's 

integrated systems provide 
speed and efficiency in 

every phase of operation. 

For information on the proved capabilities of CEC's Systems 
Division, write today for Systems Bulletin 1304-X46, covering 
High -Speed Digital Data Handling; Airborne Engine 
Vibration Monitoring; Rocket and Jet Engine Test; Automatic 
Pilot Plant (Chemical); Nuclear Instrumentation; Fuel Process 
Control (Cryogenic); Missile Ground Support Equipment. 
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TEMCO 
AIRCRAFT -DALLAS 

FROM DESIGN 

TO PRODUCTION 

TEMCO 

FOLLOWS THROUGH 

Temco is regarded by its customers as a follow-through 
company .. with solid performance in every aspect of the 
contract from design to production. We consider it our busi- 
ness to be a partner on the job .. to cooperate willingly, to 
communicate freely. 

Temco follows through by keeping top management and the 
customer informed on overall progress and program status. It 
follows through on quality control .. on materials during test- 
ing without waiting for a go-ahead on the next move. It 
naturally follows that Temco delivers a quality product, on 
schedule, and at the lowest possible cost. 

For many years Temco has grown in the fields of subcontract- 
ing and aircraft modification. In addition it is rapidly develop- 
ing its own proprietary products and participating in prime 
weapons systems development. It has the management, the 
capabilities, integrated skills and facilities to design, develop 
and produce for the electronics, aircraft and missile industries. 
Whether you need a component, subsystem or complete 
system, team up with Temco.. Temco follows through. 

SYSTEMS MANAGEMENT 

DIRECTED RESEARCH 

DEVELOPMENT 

ELECTRONICS AIRCRAFT MISSILES 

PRODUCTION 
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Standby time is no problem with the new, cool (all -transistorized) Mincom C-100. No blowers 

necessary - and the new Mincom Mode! C-100 Instrumertation Recorder/Reproducer is particu- 

larly new in its simplicity and reliability. Six speeds record frequencies from 50 cps to 100 kc. Only 

500 watts input for 14 -track system. No mechanical brakes. Only 0.1% flutter and wow. Instant 

push-button speed control, no belt changes. Interested? Write Mincom for specifications today. 

4..2010 
. 

WHERE RESEARCH IS THE KEY TO TOMORROW 

M I N C O M DIVISION MINNESOTA MINING AND MANUFACTURING COMPANY 

2049 SOUTH BARRINGTON AVENUE LOS ANGELES 25, CALIFORNIA TELETYPE: WEST LOS ANGELES 6742 
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i nts 

totally transistorized 
50 conversions per second 1000 megohms input impedance Fully automatic ranging 

IGITAL LTMETER 

all the features you want 
3 ranges, 9.999/ 99.99/ 999.9 volts 
Automatic, manual and remote ranging 
Automatic polarity 
One digit accuracy 
4 digit in -line visual readout 
BCD and decimal electrical output 
Direct printer operation-local/remote control 
New 51/4" x 19" front panel 
Modular construction throughout 
Provision for external reference voltage 

Model 8409 Voltmeter and Ratiometer 

in a medium -speed digital voltmeter 

Ask your representative for complete information. 

Plus accessory modules for every application 
AC: All transistorized Model 110; 
considerably faster AC/DC conver- 
sion than presently available models.. 
Fully automatic ranging and direct 
AC voltage readout on the Model 
8409. 
Ohmmeter: All transistorized Model KIM -000. Pro- 
vides constant current through test resistor with 
negligible power dissipation. Voltage measurements 
made across resistor and read out directly in ohms 
with fully automatic ranging. 
Also scanners, code converter modules, print control 
modules and many others to solve all digital problems 
-from simple voltmeter applications to complex data 
logging systems. 
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FINANCIAL ROUNDUP 

Firms Report Steady Upturn 
As THE YEAR moves along in its 
second quarter, electronics firms 
are continuing to reflect the steady 
upward trend that characterizes 
the general business picture today. 
Continued expansions and good 
earnings typify this week's an- 
nouncements. 

Electronic Specialty Co., Los 
Angeles, has purchased Electrical 
Engineering & Manufacturing 
Corp., Los Angeles, for an undis- 
closed amount. ESC is a supplier 
of specialized electronic controls 
for aircraft, missiles and space 
vehicles. Combined sales of the 
two companies are reported run- 
ning to about $7 million. The pur- 
chased firm will continue to manu- 
facture a -c ánd d -c motors for 
planes and missiles. 

Lockheed Aircraft, Burbank, 
Calif., has purchased a controlling 
interest in the Puget Sound Bridge 
and Dredging Co., Seattle, Wash. 
Lockheed will use the Puget Sound 
facility for construction of nuclear 
powered submarines capable of 
firing Polaris missiles. It will also 
make use of the Seattle firm's con- 
struction experience in building 
ground support facilities for mis- 
siles and space craft. The con- 
struction firm has estimated assets 
exceeding $10 million. 

Erie Resistor reports satis- 
factory earnings for last year de- 
spite continuation of its plant 
modernization program and the ex- 
pansion of manufacturing and 
marketing facilities. Net sales 
amounted to $21,202,186 as com- 
pared to $24,737,643 for 1957. 
Earnings totaled $510,441 in 1958, 
$542,811 in 1957. Company presi- 
dent G. R. Fryling points to the 
success of his firm's cost -reduc- 
tion program as a decisive factor 
in improving earnings during the 
latter half of 1958. Shareholders' 
equity climbed for the ninth con- 
secutive year. 

Lear Incorporated, Los An- 
geles, announces earnings up 87 
percent for 1958 over the previous 
year, despite slightly reduced 

shipments. Net earnings were 
$1,607,751, equal to 68 cents a 
share on 2,377,081 shares of com- 
mon stock outstanding at Decem- 
ber 1958. This compares with 
$858,921 representing 36 cents a 
share on 2,368,156 shares in 1957. 

Collins Radio stockholders 
have approved reclassification of 
Class A and Class B stock into a 
single class of common. All com- 
mon stock in Collins now has vot- 
ing privileges. 

OVER THE COUNTER 

1958 BIDS 
LOW HIGH 

COMMON 
STOCKS 

WEEK ENDING 
April 3 April l0 

BID BID ASKED 
330 201/2 Acoustica Assocs 31 31 383/4 
13/e 3 Advance Industries 31/e 33/8 37/e 
Sete 61/4 Aerovox 77/8 7aá 85/2 
51/2 15 Appl'd Sci Princet 111/4 9 12 
11/4 87/e Avien, A 91/4 81/2 101/2 
63/4 24 Baird -Atomic 281/2 29 32 
93/4 1338 Burndy 1434 15 163/4 
63/4 9 Cohn Electronics 73/8 73/8 8 

11 221/2 Collins Radio 33 321/4 351/8 
321 49 Cook Electric 431/2 48 541/2 

4 7 Craig Systems 934 97/8 11 
17% 251 Eastern Industries 191/2 19 211/2 

134 82e Elco Corp 71/4 734 834 
101/2 21 Electro Instr 28 27 311/8 
34 49 Electronic Assocs 401/2 39 445/8 

5 11 Electronic Res'rch 161/2 18 197/8 
81/2 1234 Electronic Spec Co 141/e 147/8 161/2 

1514 491/2 Epsco, Inc 36 38 461/e 
51/2 93/2 Erie Resistor 91/2 91/2 101/z 

10 171/2 Fischer & Porter 153/4 15 163/4 
5/ 101/2 G -L Electronics 131/2 13 153/4 

12 27 Giannini 301/2 291/4 3234 
Haydu Elec Prod 51/4 51/4 61/2 

30 39'/ Hewlett-Packard 46 443/4 481/4 
231/4 48 High Voltage Eng 53 521/2 601/2 

134 3 Hycon Mfg 334 35/e 41/2 

11/2 51/8 Industro Trans'tor 51/4 33/4 53/4 
Internat'l Rec'f'r 253/4 241/2 273/4 
Interstate Engin'g 301/2 311/2 3634 

1Vz 43'4 Jerrold 63/e 63/8 71/4 
21 30 D. S. Kennedy 313/4 311/2 361/8 

33/4 29 Lab For El'tronics 32 301/2 355/8 
1910 28 Leeds & Northrup 281/2 28 311/e 

2 31/8 Leetronies 31/4 31/2 41/4 
5 183/4 Ling Electronics 261/2 261/2 311/a 
31/4 81/4 Magnetic Amplifiers 101/e 9 111/4 
27/8 41/2 Magnetics, Inc 51/4 51/e 55/e 

41/8 12 W. L. Masson 141/8 141/2 16 

10% 29 Microwave Assocs 34 35 43 
51/4 1134 Midwestern Instr 111/8 121/4 145/8 

11/8 7 Monogram Precis'o 111/4 107/s 127/2 
31/2 7174 Nardo Microwave 93/4 101/8 111/4 

Narda Ultrasonics 101/8 93/4 11 

91/4 16 National Company 193/4 201/4 221/2 

141/4 56 Nuclear Chicago 38 36 413/8 
41/2 73/4 Pacific Mercury, A 111/4 113/4 1438 

101/8 271/2 Packard -Bell 39 351/2 413/8 
41/4 91/2 Panellit, Inc 77/e 73/4 85/8 

21 533/4 Perkin-Elmer 43 42 465/a 
1118 191/2 Radiation, A 213/4 193/4 237/8 

2112 73/8 Reeves Soundcraft 75/8 63/4 8114 

13 321/2 Sanders Associates 26 271/2 307/e 
Silicon Transistor 9 938 111/4 

7 12 SoundScriher 18 173/4 191/8 
223/4 40 Sprague Electric 46 47 53 
26 35 Taylor Instruments 343/4 341/2 371/4 

51/2 15 Technical Operat'es 18 20 271/4 
51/2 1534 Telechrome Mfg 241/2 26 303/8 
31/4 734 Telecomputing 103/4 107/8 12 

11íe 234 Tel -Instrument 21/2 21/2 3 

83/4 161/4 Topp Industries 143/2 131/2 157/8 

334 103/4 Tracerlah 111/2 113/4 141/8 

11/8 31 Universal Trans'tor 7/2 13/á 17/e 

141/4 40 Varian Associates 491/2 51 631/2 

The above "bid" and "asked" prices prepared 
by the NATIONAL ASSOCIATION of SECURITIES 
DrAi.nes, INc., do nor represent actual trans- 
actions. They are a guide to the range with- 
in which these securities could have been 
sold (the "BID'' price) or bought (the 
"ASKED" price) during preceding week. 

D -C 

OWER 
Precisely Regulated for 

Missile Testing and 

General Use 

SILICON 
POWER 

SUPPLIES 
available in 30 standard- 
ized and mi itariized models 
from 30 to 1500 amps .., . 

6 to 135 volts. CHRISTIE'S 
QUALITY CONTROL is 
approved by the A.E.C., 
leading aircraft and missile 
manufacturers. 

Write For Bulletin AC -58-A. 

CHRI'STIE 
ELECTRIC CORP. 

3410 W.. 6721 Street 
Los Angeles 43,, Calif. 
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Here's 
How to Cut 

Contact Costs... 
Maintain High 
Performance 

Quality... 

Use General Plate Clad 
Contact Materials 

Among the many advantages in using General 
Plate Clad Contact Materials are better electrical 
performance, longer operating life and lower fab- 
ricating costs. 

Single and double inlay, overlay and toplay 
make it possible to manufacture complete contact 
assemblies to close tolerances by single blanking 
and forming operations. Compare this to multiple 
operations whereby the contacts and supporting 
members are fabricated separately and then as- 
sembled by brazing, welding or staking methods 
and you readily see the savings in production 
costs alone. 

But -that's not all ... here at General Plate we 
specialize in supplying you with complete fab- 
ricated clad contact assemblies ready for installa- 
tion. They will save you money, time and trouble 

. . problems of precious metal inventory and 
scrap disposal are eliminated. 

Why not find out how you can cut costs, in- 
crease performance with General Plate Clad Con- 
tact Materials and fabricated assemblies. Write: 

You Can Profit By Using General Plate' 
Clad Contact Materials 

METALS & CONTROLS 

Typical example of how General Plate 
Clad single and double inlay reduces 
fabrication and assembly costs bys mple 
one-step stamping. 

CORPORATION 
General Plate Division v 1304 Forest St., Attleboro, Mass.. 

FIELD OFFICES: NEW YORK CHICAGO DETROIT INDIANAPOLIS MILWAUKEE PASADENA 
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LIBRASCOPE AIRBORNE COMPUTERS* 

IN A CLOUDED MOMENT OF DECISION, Librascope Air- 
borne Digital Computers read-out accurate data ... providing 
fire control, auto -navigation and bombing information The 
reason: experienced Librascope engineers conceive and 
design computers and systems compatible with input data. 
Optimum system accuracy and reliability at minimum size 
and weight is achieved. In the field, Librascope Airborne 
Computers are proving the dependability predicted in lab- 
oratory tests. Many military systems rely heavily on Libra - 
scope equipment and controls for right answers when they 
need them. Adaptable to your needs are our two decades of 
experience creating COMPUTERS, CONTROLS, and SYSTEMS for 
both military and industrial use. 

right 
answers 

when l 
you 

need 
them 

Typical of Librascope's leadership in airborne digital computers are: 
A Incremental digital computer for Navy aircraft calculating bombing and 
navigation information. (Developed in 1954.) B Small transistorized 
general purpose digital computer for such problems as auto -navigation for 
aircraft and missiles. (Developed in 1958.) For detailed information on how 
Librascope solutions can apply to your computer systems problems, write... 

For information on career opportunities at Librascope, 
write Glen Seltzer, Employment Manager. 

IBRASCOPE- 

A 

GENERAL 
PRECISION 

COMPANY 
ve 

LIBRASCOPE, INC. 808 WESTERN AVENUE GLENDALE, CALIF. A Subsidiary of General Precision Equipment Corporation 
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HOW TO MEASURE VSWR 

This microwave measurement bench is for the determination of Voltage Standing 
Wave Ratio using the slotted -line technique. Other systems utilizing directional 
couplers or magic tees for measurement of VSWR are known, but the use of the 
Slotted Section assures maximum accuracy. 

Regardless of the technique used, accurate readings depend on the precision of 
the test instruments involved. When it comes to microwave test instruments PRD 

produces the widest range of the most precise equipment available anywhere in 
the world. 

You will notice in the measurement bench shown that there are four test com- 
ponents separating the klystron tube mount from the Slotted Section. These are: 
A Slide Screw Tuner, ferrite Isolator, Level Set Attenuator, and a broadband direct 
reading Frequency Meter. THE USE OF THESE FOUR COMPONENTS IN THE 
TEST LINE IS MANDATORY FOR PRECISE VSWR MEASUREMENTS! 

The reason for this is clear when you consider the interrelationship between 
VSWR, power, and frequency. 

The Slide Screw Tuner is used to match the klystron output to that of the tandem 
test line, thereby maximizing its output and increasing its stability. 

The use of the ferrite Isolator assures klystron frequency and power stability by 
shielding the source generator from changes in impedance further down the line. 
It accomplishes this with negligible attenuation of the incident power. The Level 
Set Attenuator is used to adjust the amount of power feeding the remainder of the 
test line. 

The reaction Frequency Meter accurately monitors the output of the klystron 
by a resonant dip on the Standing Wave Amplifier. 

A Slotted Section, tuned Broadband Probe, Standing Wave Amplifier, and matched 
Termination complete the precision waveguide, X -band, VSWR bench. A Klystron 
Power Supply to provide the signal source with power and modulation and a Fixed 
Waveguide Attenuator to simulate the unknown are also shown. 

Special problems in VSWR and other related measurements? - Contact our 
Applications Engineering Department. 

We at PRD have pioneered the development of precision microwave test instru- 
ments . PRD is the only pioneer company today producing microwave test 
instruments exclusively. In fact, we're just about the largest microwave company 
in the world ... our cable address is MICROWAVE, New York, USA. 

For technical details and specifications covering products shown write: 

TEST INSTRUMENTS USED 
IN THIS X -BAND VSWR BENCH 

i-809 Klystron Power Supply, catalog page F-10 

2-703 Shielded Tube Mount, catalog page F-8 

3-303-A Slide Screw Tuner, catalog page B-14 

-u-1203 Isolator, catalog page A-21 

5-159-A Level Set Attenuator, catalog page A-17 

6-535 Frequency Meter, catalog page D-12 

7-203-D Slotted Section, catalog page B-11 

8-250-A Broadband Probe, catalog page B-12 

9-277-A Standing Wave Amplifier, catalog page E-7 

10-UNKNOWN-represented by a 140 Fixed Waveguide 
Attenuator, catalog page A-11 

11-116-A Waveguide Termination, catalog page A-19 

MICROWAVE ENGINEERS -SCIENTISTS 
Positions offering stimulating challenges with 
unlimited potential are now open at PRO. Please 
address all inquiries to Mr. A. E. Spruck, PRO, 

202 Tillary Street, Brooklyn 1, New York. 

i' Polytechnic Research and Development Co., Inc. 
202 Tillary Street, Brooklyn 1, New York. Telephone: Ulster 2-6800 

West Coast Office: 2639 So. La Cienega Blvd., Los Angeles 34, California. Telephone: TExas 0-1940 
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4 times actual size 
Mock-up of CLARE Type F 

Relay enlarged to show 
operating mechanism. Note 

bifurcated contacts which 
enable this relay to handle 

a wide variety of 
contact loads. 

You 

With this ONE ` RELAY 
can handle contact loads from 3 amperes down to 1 microampere,1 millivolt 

SPECIFICATIONS 
Ambient Temperature -65° C to +125° C. 
Shock 65 Gs for 11 milliseconds. 
Vibration 5-75 cps at maximum excursion of 

inch, 75-2000 cps at 20 Gs acceleration. 
Dielectric Strength Sea level -1000 volts rms between ter- 

minals and frame, and between adjacent 
circuits; 750 volts rms between con- 
tacts of a set. At 80,000 ft., 350 volts rms. 

Insulation Resistance 1000 megohms minimum at 125° C. 
Coils Coils up to 10,000 ohms available for a 

wide range of voltage or current oper- 
ation. 

Nominal Operating Power 250 milliwatts. 
Pickup Time 3 5 milliseconds nominal. 
Dropout Time 1 5 milliseconds nominal. 
Contact Arrangement 2 pdt (2 form C). 
Contact Rating 3 amps resistive at 28 volts d -c or 115 

volts a -c; also will handle loads of 1 

microampere ß 1 millivolt reliably. 
Contact Resistance 0 03 ohm maximum. 
Contact Life 500,000 operations minimum at amps; 

100,000 operations minimum at3 amps; 
1,000,000 operations minimum at 1 amp. 

Enclosure Hermetically sealed, filled with dry nitro- 
gen at 1 atmosphere pressure. 

Mounting All popular mounting arrangements 
available. 

Terminals Printed circuit; solder; plug-in (match- 
ing socket available). Variations of 
printed -circuit terminal length on 1/10 - 
inch grid spacing available. 

Weight 17 grams. 
Military Specifications MIL -R-25018, except as to contact 

bounce. 

ß 

ACTUAL SIZE 

All popular mounting 

arrangements are 

avaUable. Terminal 

arrangements nicely 

suited to 1/10 inch 

grid spacing. 

In one relay-the Type F-CLARE 
provides a precise component of unusual 
flexibility for long life operation under a 
wide variety of contact loads. 

Tests have shown a performance of over 
22,500,000 operations at 0.1 ampere, 115 volts 
a -c. Minimum contact life at 3 amperes is 
100,000 operations. Contacts have carried 
1 microampere, 1 millivolt for 700,000 oper- 
ations with a failure resistance of 500 ohms, 
with no misses recorded. 

This amazing low-level life is primarily a 
result of the use of gold plated contacts. 
These same contacts, however, will carry 
up to 3 amperes. 

A special plug-in mounting arrangement 
that will stand extreme shock and vibration 
is now available. 

The CLARE Type F Relay is hermetically 
sealed, operates perfectly in a wide range of 
temperatures, withstands heavy shock and 
vibration-is fast and more than moderately 
sensitive. 
Send for Engineering Bulletin No. 124 

Write or call C. P. Clare & Co., 3101 Pratt Blvd., 
Chicago 45, Illinois. In Canada: C. P. Clare 
Canada Ltd., 2700 Jane Street, Toronto 15. Cable 
Address: CLARELAY. 

FIRST in the industrial field 
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AMPEX increases 
signal/noise 

ratio 

A real challenge to magnetic 
tape sensitivity comes with fre- 
quency - multiplexed data. It is 
here that the tape's signal - to - 
noise ratio can mean success or 
failure. The high levels of occa- 
sional combined peaks can build 
up modulation noise between 
channels and seriously affect sig- 
nal output. 
Ampex meets this challenge by 
minimizing tape noise. Painstak- 
ing care in coating composition 
and thickness, plus the exclusive 
Ferro -Sheen process, gives Am- 
pex Instrumentation Tape a com- 
pletely uniform, hard, smooth 
surface that tangibly increases 
its dynamic range. 
Ampex Instrumentation Tape of- 
fers other critical improvements, 
too. A high degree of linearity in 
its anhysteretic induction output 
greatly reduces signal distortion, 
further enhancing the signal-to- 
noise ratio. 
Ampex Instrumentation Tape is 
available on hubs, NAB -type or 
die-cast magnesium -alloy Preci- 
sion Reels. Widths of 1/4", 1" 
and 1" are standard on either 
Mylar* or acetate base, in the fol- 
lowing lengths, reel diameters, 
and base thicknesses: 

AMPEX STANDARD TAPE LENGTHS (feet) 

REEL 

DIAMETER 

BASE THICKNESS (mils) 
1.0 1.5 

m1/2- 
14" 

ON PONT TRADEMARK 

1800 
3600 
7200 

1250 
2500 
5000 

For complete specifications or 
additional tape literature, write 

AMPEX 
MAGNETIC TAPE 
934 CHARTER STREET, REDWOOD CITY, CALIF. 

MARKET RESEARCH 

TANTALUM CAPACITOR SALES 
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Tantalum Capacitor Sales 
SALES of tantalum capacitors in 
1959 are expected to reach $26 mil- 
lion, or some 13 million units. Fore- 
cast anticipates an increase over 
1958 of 30 percent in dollar sales 
and 44 percent in units. 

Last year, some 9 million units 
were sold, worth $20 million. Be- 
tween 1954 and 1958, unit sales rose 
350 percent while dollar volume in- 
creased 567 percent. 

Armed Forces accounted for lion's 
share of 1958 dollar sales, 70 per- 
cent. However, military's portion 
of unit sales last year was only 48 
percent due to concentration of 
Armed Forces spending on higher 
price types. 

Solid -electrolyte sales are grow- 
ing faster than sales of other 
tantalum capacitor types-wire, foil 
or liquid -electrolyte. Of total 1958 
unit sales, approximately 10 per- 
cent (900,000 units) were solid 
types. Used in missiles and other 
airborne equipment, they are ex- 
pected to command an even higher 
share of sales this year. 

Approximate average price of 
four tantalum capacitor types at 
time of this writing were: wire, 
$0.50; foil, $2.50-$4.00 range; 
solid -electrolyte, $1.10-$2.00 range; 
liquid -electrolyte, $2.00. Large liq- 
uid -electrolyte types, however, cost 

Rise 
between $10 and $20 each. 

Characteristics offered by tan- 
talum capacitors include : small 
size, low leakage, long life, low 
power factor, resistance to cor- 
rosion, high reliability, high sta- 
bility of capacitance value and 
light weight of finished product. 

Tantalum capacitors are used in 
missiles, high -altitude aircraft, tele- 
phone apparatus, hearing aids, air- 
borne electronic equipment, atomic 
energy, computers, instruments and 
oil exploration equipment. 

EIA announces a new market 
service for manufacturers selling 
through electronic parts and sound 
gear distributors. Called Buying 
Index of Distributors, it aids parts 
manufacturers to determine if they 
are getting proper share of the 
market in each U. S. county. 

FIGURES OF THE WEEK 

LATEST WEEKLY PRODUCTION FIGURES 

(Source: E(A) Apr. 3, 
1959 

Television sets 111,563 
Radio sets (ex. auto) 263,316 
Auto sets 104,090 

STOCK PRICE AVERAGES 

(Standard & Poor's) 

Electronics mfrs. 
Radio & tv mfrs. 
Broadcasters 

Apr. 8, 
1959 
82.28 
97.24 
92.10 

Mar. 6, Change Front 
1959 One Year Ago 

95,794 +58.7% 
277,682 +77.9% 

41,698 +149.6% 

Mar. 11, Change Front 
1959 One Year Ago 

80.20 +63.7% 
93.97 +116.6% 
87.20 +61.3% 
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AT WORK ON THE MG -4 Fire Control System at the 
Autonetics Division of North American Aviation, Inc., 
at Downey, California, the General Electric Midget 
soldering iron has a man-sized job to do. In delicate 
assemblies like this, the Midget makes soldering easier 
because of its maneuverable, light -weight des:gn and 
excellent heat control. Interchangeable tips, let operator 
tailor soldering to suit each job. 

DEPENDABLE G -E MIDGET IRON cuts costs of producing MG -4 
Fire Control Systems by reaching through maze of resistors, 
small wires, and tiny tubes quickly, easily, efficiently...reducing 

risk cf damage to adjacent parts. Finished assembly, above, is 
one of the MG -4 System components used on North American 
F -86K Sabre Jets. It helps the pilot find aggressor aircraft. 

Autonetics Cuts Sabre let Costs With 

General Electric Midget Solderìnb Irons 

FASTER HEAT RECOVERY and lower 
maintenance of G -E soldering irons 
have been proved by many manufac- 
turers under their own production con- 
ditions-along with competitive solder- 
ing irons. If you would like to compare 
General Electric irons with the irons you 
are now using, call your G -E distributor. 

DELIVERY TODAY is now possible on pop- 
ular soldering irons and other General 
Electric heaters and devices from a local 
distributer near your plant. Your replace- 
ment inventory may be reduced. For the 
name of your nearest stocking distributor 
for G -E heaters and devices, call your 
General Electric Apparatus Sales Office. 

GENERAL 

SAVINGS ACHIEVED by several users 
and information about the construction 
features of General Electric soldering 
irons are included in a new bulletin, 
"Save While You Solder," GED-3553. 
For a copy, call your G -E distributor 
or write Section 724-7, General Electric 
Company, Schenectady 5, New York. 

ELECTRIC 



Westinghouse tube engineering... 
serving the nation through imagination 

1111 ruin 
I 

111 W 

WESTINGHOUSE - 
DEVELOPED 

special vidicon for slow scan 
This new ..!estinghouse vidicon WL -7290 has 
been designed with extremely high dark resist- 
ance, pe..íítting picture retention for both 
slow-- and delayed -scan transmission. 

The WL -7290 is in pro- 
duction. Sample quanti- 
ties immediately avail- 
able. Requests for tech- 
nical data are invited. 

i- 

THE WL -7290 FEATURES: 

ga Standard vidicon quality with normal scan 
Dark current 1/100 of standard vidicon 
Retention of 450 TV line resolution for mini- 
mum of 45 seconds with scan off 

-'` Will operate in a standard vidicon camera 

The WL -7290 is ideally suited to Narrow 
Band Transmission such as telemetering or 
telephone line transmission. 

YOU CAN BE SURE-IF ITS 

Westinghouse 
Electronic Tube DivisionElmira, N.Y. 
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Y 
CRIMP 

and 

PUSH IN 

CONTACTS 

Mod. 2 Insert, 19 -Pole 
with metal housing removed 

THE 
PYLE-NATIONAL 

COMPANY 

-STAR-LINE® CONNECTORS 
WITH NEW MOD. 2 INSERTS FOR 
HIGH-SPEED, RELIABLE TERMINATION 

1. Individual contacts are crimped to wires outside connector by a 
semi -automatic tool, then, for assembly, inserted one by one into insula- 
tion with crimped joint intact. Solder well contacts are also available. 
2. Contact retention ability of resilient insulation exceeds the require- 
ments of MIL C -5015-D even after many reassemblies. 
3. Simplicity of wire termination increases reliability and greatly reduces 
errors in circuitry. Changes in circuitry are simple and speedy. 
4. Up to 100 poles for wires sizes 18, 16, 12 or 10, with no sacrifice in 

-environmental resistance, or ability to meet and exceed MIL C -5015-D 
Ctass A, B, C, E and R. 

'5. Two-piece Mod. 2 Insert is interchangeable within Standard Pyle - 
Star -Line barrel shells with three-piece Mod. 1 Insert. * 

*Mod. I Inserts for wire sizes up to 4/0 are available 
for disconnect and for current rupturing service. 

Environmental Limits of Pyle -Star -Line connectors 

Temperature -80 F. to 225 F. 

Pressure 300 PSI External, 90 PSI Internal 

Chemical Resistance Most acids, most alkalis, oil 

Corrosion Resistance Salt Spray: 300 days without failure 

Dust Resistance Exceed requirements of MIL C-501 SD 

Shock Resistance 50G Minimum 

Vibration Exceed 20G to Method II of Mil C -5015D 

Humidity & Moisture Resistance Exceed Class E. Spec. of Mil C -5015D 

Air Leakage Meet Class E Spec. of Mil C -5015D 

Write for complete specifications: 

1330 North Kostner Avenue, Chicago 51, Illinois 
Connectors Conduit Fittings Circuit Controls Lighting Fixtures Floodlights, 

Branch Offices and Agents in Principal Cities of the U.S. and Conoda 

Railroad Export Department: International Railway Supply Co., 30 Church St., New York 7. N.Y. 
Industriot Export Department; Rocke International Corp., 13 E. 40th St., New York 16, N.Y. 

Canadian Agent The Holden Co., ltd., Montreal 

DIVISIONS: Multi -Vent, Air Distribution Stebe Manufacturing Company, Lighting WHERE QUALITY IS TRADITIONAL 
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NEW FROM 

LC TUNERS 
Why use two-a capacitor and inductor-when one will do? The new 
JFD LC Tuner combines a variable inductor and capacitor in one com- 
pact unit. For space -conscious design engineers this means more circuit 
in less space, better reliability, greater economy, faster assembly, 
reduced size and weight. 

A few of the many advantages of JFD LC Tuners are: 

1. Rugged electro -mechanical construction affords unusually highgtaliiity 
under conditions of severe shock and vibration. 

2. Use of glass or quartz dielectric assures a low temperatire coefficient 
and operation without derating over a wide range of extreme environ- 
mental conditions. 

3. Sensitive adjustment with anti -backlash design for sm tith and posi- 
tive tuning. 

4. Flexibility in design to suit circuit requirements he number of turns, 
types of windings, size and type of capacitor 191áces, Q and other parameters 
can be designed to suit individual circuit requiret,:onts. Performance character- 
istics can also be varied by using other core materials, such as, brass or ferrites, 
by having the piston grounded or ungrounded and by other types of loading. 

This is another example of JFD creative engineering to solve today's 
problems and tomorrow's applications. For information or engi- 
neering assistance on your specific tuning needs, call or write today. 

Panel and Printed Circuit Mounting Types Standard LC Tuners Now Available 

Model 
Self Resonating 

Frequency Range 
Length 

Above Panel Diameter 

LC303 450-700 MC .635 5/16" 
LC304 300-500 MC .845 5/16" 
LC306 200-450 MC 1.104 5/16" 
LC309 125-200 MC 1.691 5/16" 

leYrier 

JFD 
JFD Canada Ltd. 

.- 
51 McCormack St. 
Toronto, Ontario, Canada 

PHONE DEWEY 1-1000 
Pioneers in electronics since 1929 

ELECTRONICS CORPORATION 
1462 62nd Street, Brooklyn, New York 

JFD International 
15 Moore Street 
New York, New York 
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Here are the "basic ingredients" in 
some of today's most advanced design 
concepts . . . Norton Ceramic Ma- 
terials. Exceptionally versatile, these 
exciting materials are meeting operat- 
ing requirements of products and proc- 
esses across industry. 

Norton Ceramic Materials offer de- 
sign engineers a wide range of out- 
standing physical, chemical, thermal, 
and electrical properties. What's more, 
they provide interesting combinations 
of these properties. For example: 
CRYSTOLON* silicon carbide provides 
high thermal conductivity as well as 
exceptional thermal strength; ALUN- 
DUM* aluminum oxide has excellent 
chemical stability in addition to good 
abrasion resistance; MAGNORITE* mag- 
nesium oxide offers high purity, ther- 
mal and electrical resistance; fused 

Dynamic Ideas in Engineering .. . 

ti 

thrive on Norton ceramic materials 

.. ---=i1i,..-- 

zirconium oxide is today's highest 
melting point material available in 
tonnage quantities and it's immune to 
both reducing and oxidizing atmos- 
pheres. And each product has many 
other invaluable properties. 

Think of Norton Ceramic Composi- 
tions as essential components in 
equipment for metal and chemical proc- 
essing, electrical, electronic, ceramic 
and nuclear applications ... as "the 
answer" to literally hundreds of design 
problems. They're manufactured to 
meet highly exacting standards of 
purity, density, shape, size and wear 
resistance . available in granular 
and in fabricated form to meet your 
requirements efficiently and economi- 
cally. For complete details, write for 
"Norton REFRACTORY GRAIN". NORTON 
COMPANY, Refractories Division, 933 
New Bond Street, Worcester 6, Mass. 
TradeMarks Reg. U. S. Pat. Off. and Foreign Countries 

REFRACTORIES 
Engineered... R ...Prescribed 

Making better products . . . to make your products better 
NORTON PRODUCTS Abrasives Grinding Wheels Grinding Machines Refractories Electrochemicals - BENA-MANNING DIVISION Coated Abrasives Sharpening Stones Pressure.Sensitlre rapes 
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This instrument, one of the largest of its kind 
in the United States, will be used by The 

University of Michigan to study radio waves 
emitted by the sun and sources in the galaxy. 

New BLAW KNOX 85 -foot diameter 
Radio Telescope 

This new 85 -foot diameter radio telescope installed atop 
1,100 -foot high Peach Mountain near The University of 
Michigan's Ann Arbor campus represents the latest ad- 
vances in the design of large instruments for radio telescopy. 

Equatorial Mount-The telescope is mounted with its 
polar axis parallel to the earth's axis. The reflector moves 
from the eastern and western horizons about the polar axis; 
and rotates about the declination axis from the north 
celestial pole, through zenith, to the southern horizon. 

Determinate Design-Maximum strength -to -weight 
ratio is achieved through fully determinate design, in 
which each structural member is analyzed for stress and 
deflection before fabrication. The structure is designed to 
withstand 120 mph winds without permanent deformation. 

Design, engineering and fabricating experience like this 
has made Blaw-Knox a world leader in the development 
of reliable operating equipment which embodies the most 
advanced scientific concepts. Blaw-Knox welcomes the 
opportunity to discuss projects and equipment with you. 
Contact the Antenna Group. 

Antennas-Rotating, Radio Telescopes, Radar, Tropo- 
spheric and Ionospheric Scatter. 

BLAW-KNOX COMPANY 
Blaw-Knox Equipment Division 

Pittsburgh 38, Pennsylvania 



increasing 
component 
density ... 

MODEL 1 

Component Density 9 per cu. in Ac 

Diameter 0.625"; Depth 0.371" 
Rating 1/10 watt 

MODEL 6 
Component Density 18 per cu. in.* 
Diameter 0.502"; Depth 0.155" 10% 
Rating 1/10 watt 

MODEL 8 
Component Density 158 per cu. in.* 
Diameter 0.286"; Depth 0.110 t 5% 
Rating 1/10 watt 

. your job .. and Cell 

CenV1 ab 
,R) 

ultra -miniature 
high reliability 
VARIABLE 

`RESTSTnR.fi 

ieS 
for military, commercial, 
transistor, and 
communication applications 
Here is a graphic illustration of how Centralab 
has met your needs for greater and greater 
miniaturization. Pictured (actual size) are 
three ultra -miniature Centralab Radiohms.® 
When introduced, each was the smallest vari- 
able resistor on the market-and was super- 
seded in that position only by the introduction 
of the next smaller Centralab unit. 
These variable resistors are available in a 
variety of mounting styles, to meet the most 
stringent space requirements-further testi- 
mony of Centralab leadership in the develop- 
ment of ultra -miniature components. 
Increasing component density is your job .. . 

and Centralab's. 

SPECIFICATIONS: 
Model 8 Radiohm®: 500 ohms to 10 megohms at 
1/10 watt, wide range of tapers, 250° rotation, 
minimum rotational life 25,000 cycles. 
Model 6 Radiohm®: 500 ohms to 10 megohms at 
1/10 watt, wide range of tapers, 250° rotation, 
minimum rotational life 25,000 cycles. Also avail- 
able with SPST switch. 
Model t Radiohm®: 500 ohms to 10 megohms at 
1/10 watt, wide range of tapers, 260° rotation, 
minimum rotational life 25,000 cycles. Also avail- 
able with SPST switch. 
Detailed specifications are available in Centralab 
Technical Bulletins. Write for your free copies. 
Model 1 and Model 6 Radiohms® are stocked 
by your Centralab distributor, available as the 
B16 and SM control series respectively. 

*Cubic inch, rather than cubic foot, is used 
to provide a more realistic and more readily 
visualized standard of comparison. 

A DIVISION OF GLOBE -UNION INC. 
914D EAST KEEFE AVE. MILWAUKEE 1, WIS. 

In Canada: 804 Mt. Pleasant Rd., Toronto 12, Ont. 

VARIABLE RESISTORS ELECTRONIC SWITCHES CERAMIC CAPACITORS PACKAGED ELECTRONIC CIRCUITS ENGINEERED CERAMICS 
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New from Superior Tube... 

ALL-PURPOSE CATHODE ALLOY 

... for pulse application ...or continuous signal 

--fli'-9-11r--- 

THIS IS X-3012* ... first cathode alloy to do every job well. Use it where you want a 
passive alloy. It has greater emission capacity. Use it where you want an active alloy. It gives 
longer life. And look at these other characteristics: 

1. Both sublimation and interface impedance reduced practically to the vanishing point 

2. Has twice the hot strength of ordinary nickel alloys 

3. Longer sustained life even under high current conditions and with overvoltage abuse 

4. Good cathode coating adherence 

5. Cathodes available from both air -melted and vacuum -melted material 

Alloy X-3012 was developed in the electronic laboratories of Superior Tube. It is a combination 
of nickel, tungsten and zirconium ... selected from a wide range of different heats as having 
the most effective proportions of these three metals. Available now in lockseam, lapseam, and 
Seamless/Weldrawn® cathodes. Write for a detailed technical report. Superior Tube Company, 
2500 Germantown Ave., Norristown, Pa. * U.S. Patent No. 2, 833, 647 (Superior Tube Co.) 

rSu e yè"Z 6e 
The big name in small tubing 

NORRISTOWN, PA. 

Johnson & Hoffman Mfg. Corp., Mineola, N.Y.-an affiliated company making precision metal stampings and deep -drawn parts 
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Find the missing memory plane 
The seven memory planes above each solved some 
special memory problem There is one plane missing. 
It's the one which will solve your problem. You'll find 
the plane at General Ceramics which offers a com- 
plete memory plane service, backed by broad experi- 
ence in the design, engineering and mass production 
of planes, frames and cores. 

DESIGN SERVICE- An experienced design engi- 
neering staff stands ready to analyze your mem- 
ory plane requirement, recommend and develop 
the plane that will meet your application in the 
most efficient and least expensive manner. 
MANUFACTURE- Skilled factory personnel, uti- 
lizing the most advanced equipment and techniques 
and continually working in all phases of memory 
plane development and manufacture will produce 
the plane. General Ceramics has developed and 

wired memory planes containing from 64 to 16,884 
cores each. (Core sizes range from 50 mil OD to 
80 mil OD.) 

QUALITY CONTROL-An expanded testing de- 
partment with fully automatic and semi -automatic 
testing equipment, developed at General Ceramics, 
assures you complete quality control and the high- 
est standards of manufacture. 
STANDARD LINE-Perhaps some of General 
Ceramics' line of standard memory frames will 
meet your requirements. Write for literature on 
General Ceramics standard planes. Address in- 
quiries to General Ceramics Corporation, Keasbey, 
N. J.-Dept. E. 

GENERAL CERAMICS 
ORIGINATOR Of THE MARE (OOP FERRITE 

Manufacturers of FU-RAMIC CORES, MAGNETIC MEMORY COTRES, MEMORY 2LANES, MICROWAVE FERRITES, 
SOLDERSEAL TFRMIPJAI S I-01r.4I TFRAPeDnTIloe ceni e C-ruetzI-e Al el....ow 



Circuits Shrinking Fast 
All three military services are pushing microminiaturization of electronic 
circuits with big industry contracts 

INDUSTRY RESPONSE to the Army 
Signal Corps $5 million micro- 
module development program 
(ELECTRONICS, p 18, June 27, 1958) 
continues to gain momentum this 
week. The project to shrink elec- 
tronic equipment to one tenth nor- 
mal size by building components on 
ceramic wafers has stimulated 332 
inquiries from electronics firms. 

Thirty-three companies have ex- 
pressed interest in applying the 
micromodule concept to their equip- 
ment designs. Of these, seven are 
aircraft or missile manufacturers 
and 15 are electronics corporations. 

During first year of the program, 
interviews were held with 107 com- 
panies. Eight subcontracts have 
been awarded to seven firms 
(Table I). Additional contracts are 
planned, according to prime con- 
tractor RCA, with Weston Instru- 
ment, Sprague and Philco Lansdale 
for resistors, capacitors and tran- 
sistors, respectively. Exact number 
of contracts and volume have not 
been determined for the other com- 
ponents listed in the table. 

The program has already passed 
the half way mark. Complete proto- 
type models for subassemblies will 
be ready by the end of this month. 
Final model design will be com- 
pleted by August. 

Schedule for the remainder of 
the program calls for construction 
of the final model by February 1960 
and test, evaluation and final de- 
livery to the Army by April 1, 1960. 

Navy Microcircuit Plans 
All three services are currently 

working on microminiaturization 

Table 1-Signal Corps 

Components 
Resistors 
Capacitors 

Transistors 
Semiconductor Diodes 

Quartz Crystals 
Relays/Switches 
Cables/Connectors 
Batteries 
Thermistors 

of circuits. The Office of Naval Re- 
search is directing work in molec- 
ular electronics. Molecular electron- 
ics avoids individual components 
by building circuit functions di- 
rectly into the material. 

Much of Navy's microminiaturi- 
zation program is being carried out 
in the Army -Navy Instrumentation 
Program. Objective of ANIP is the 
simplification of cockpit instru- 
mentation systems in aircraft. Com- 
puters and other microminiaturized 
electronic units and new presenta- 
tion techniques will display only the 
essential information to the pilot. 

Directed by the Office of Naval 
Research, Douglas is prime co- 
ordinator for fixed -wing aircraft 
and Bell Helicopter for rotary -wing 
planes. Subcontracts from Douglas 
and Bell have gone to Varo Manu- 
facturing, Servomechanisms, Lit- 
ton, Laboratory for Electronics and 
Kaiser Electronics. 

Litton establishes the funda- 
mental requirements for the com- 
puter as to capacity, speed and logic. 
Varo then determines how these 
basic requirements for performance 
can be met. One technique being 
employed by Varo is production of 
electronic components by vacuum 
deposition of metals (ELECTRONICS, 
p 22, July 11, 1958). 

Varo's requirements, in turn, are 
given to Servomechanisms where a 
search is made for adequate ma- 
terials. Materials are handed over 
to Varo where circuit elements are 
produced. These elements are then 
delivered to Litton to use in the 
computer. 

Servomechanisms is also making 

Micromodule Subcontracting and Plans 

Subcontracts Let Subcontracts Planned 
Weston Instrument Weston Instrument 
Sprague (2) Sprague 
P. R. Mallory 
Philco Lansdale Philco Lansdale 
Pacific Semiconductor -- 
General Instrument 
Midland Mfg. Co. 
none 
none 
none 
none 

digital computer logic and memory 
devices through the interaction of 
magnetic domains in thin films of 
evaporated nickel -magnetic alloys. 
This technique may also result in 
purely electronic data -handling sys- 
tems. 

Kaiser Electronics is developing 
a flat plate tube which will use solid- 
state circuits. Laboratory for Elec- 
tronics is engaged in establishing 
circuit requirements along with 
Varo. 

Other Programs 
Apart from Navy's activity in 

ANIP, money has been appropriated 
for the Office of Naval Research to 
sign a contract with the Stanford 
Research Institute for work on an 
electron -activated technique for mi- 
crominiaturization that will even- 
tually be capable of making one mil- 
lion circuits per square inch. 

USAF will sign a $2 -million con- 
tract with Westinghouse, Baltimore, 
the end of this month for the in- 
vestigation of microminiaturization 
by molecular engineering. The 
specific technique involves con- 
trolled dendritic growth of crystals 
resulting in specific properties. 

A number of companies are work- 
ing independently on molecular en- 
gineering. One such firm is Texas 
Instruments (ELECTRONICS, p 82, 
April 10). 

Exploding Wires 
Simulate Reentry 
TEMPERATURE in million -degree 
range can be produced by the ex- 
ploding wire phenomenon, it was 
reported this month by Naval Re- 
search Lab. 

V. A. Scherrer described NRL 
project at a Boston conference 
sponsored by AF Cambridge Re- 
search Center. Gathering of 200 
scientists heightened importance 
of EWP as basic research tool in 
studying shock waves, missile re- 
entry materials, oxidation of met - 

1 
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als, coating -bonding, and micro- 
second photography. 

Principal sources of energy are: 
discharge from bank of low -in- 
ductance storage capacitors and a 
coaxial cable discharge system. 
Tremendous concentration of heat, 
magnetic energy in fine wire va- 
porizes and disperses material of 
wire in few millionths of a second 
with loud report and a flash whose 
brillance is 20 times that of the 
sun's surface. 

Primary component of energy 
storage system used in NRL project 
is parallel plate capacitor using 
water as dielectric. Capacitor 
stores 15,000 joules of energy at 
500 kv and rings at a frequency of 
about 2 me through the exploded 
wire load. When electrical power 
of 10" watts is deposited in fine 
wires of 0.04 - 3 mils diameter, 
million -degree temperatures are 
possible, Scherrer reported. 

Through use of special x-ray 
spectrographic techniques, NRL re- 
searchers also observed large yield 
of 75 electron volt, 250 ev and 1 

key x-rays. 
It was disclosed at conference 

that a 49.5 kilojoule capacitor dis- 
charge system was established at 
Sandia Corp., Albuquerque, to in- 
vestigate application of exploding 
wires as fuses for proposed Los 
Alamos Scientific Laboratory 12- 
megajoule Project Sherwood ca- 
pacitor bank. 

Geophysics Research Directorate 
of AFCRC, conference host, will 
soon get a 300,000 -joule capacitor 
bank to further EWP studies. 

Help From Space 

Employing technique used in computer 
analysis of missile flight magnetic data, 
Lockheed scientists have helped develop 
new weapon for early detection of hard- 
ening arteries. Heartbeat pulsations of 
patient are recorded by vasocomputer 
(right) on to missile -type magnetic tape 

FAIRCHILD POTS ARE 
TORTURE TESTED 

ONLY FAIRCHILD TORTURE -TESTS 1 OUT OF 

EVERY 100 PRODUCTION UNITS 

Check these additional Fairchild Reliability Features: 

V FAIRCHILD Quality Control also continuously samples productiontt 
for compliance with engineering specified standards fo,r materials 
and processes in accordance with MIL Q 5923C and MIL STD 
105A. 

FAIRCHILD has complete test equipment on the line and each as- 
sembler checks his own work - in addition there is an independent 
100% sub -assembly and final inspection. 
FAIRCHILD has complete environmental facilities in duplicate for 
engineering prototype as well as production testing. 
FAIRCHILD development units are tested to complete environ- 
mental exposure before they are released to production. 
FAIRCHILD uses pilot production to insure performance before 
full production begins. , FAIRCHILD pots are type tested to insure performance beyond 
applicable military and customer specifications. 

Only Fairchild Linear and Non -Linear Pots incorporate all of the 
above Reliability features. These High Reliability units can be 
had in 3/8" to 5" diameters, single and multi -turn, in standard 
and high temp versions and with accuracies as high as .009%. 

For more information write Dept. 28E. 

RELIABILITY 
INSIDE 

THE 

BLACK BOX 

l/MCCl/LD 
CONTROLS CORPORATION 

COMPONENTS DIVISION 

225 Park Avenue 6111 E. Washington Blvd. 

Hicksville. L I.. N Y. los Angeles, Cal. 

A Subsidiary of Fairchild Camera and Instrument Corporation 

Potentiometers Gyros Pressure Transducers Accelerometers 
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RECENT RAYTHEON DEVELOPMENTS 
IN MICROWAVE FERRITE DEVICES: 

NEW MASER CIRCULATOR FOR L -BAND 

AVAILABLE IMMEDIATELY 

FOR YOUR APPLICATION. 

TYPICAL SPECIFICATIONS 
CLL1 CLL2 

Frequency range 

Isolation 
Minimum 
Maximum 

Insertion loss 
Minimum 
Maximum 

Power Average 

VSWR 
Minimum 
Maximum 

Weight (max.) 
Max. dimension 

1260 ± 25 mc 

20 db 
25 db 

0.3 db 
0.4 db 

5 watts 

1.08 
1.25 

9.0 lbs. 
71/2 in. 

1400 ± 25 mc 

20 db 
25db 

0.3 db 
0.4 db 

5 watts 

1.08 
1.25 

9.0 lbs. 
71/2 in. 

MINIATURE. THREE -PORT 

DEVICE WITH COAXIAL FITTINGS 

MEASURES ONLY 71/2 INCHES, 

WEIGHS 9 POUNDS 

An entirely new Raytheon technique has made pos- 
sible the design of an extremely small low -frequency 
circulator. The three -port device has Type N coaxial 
connections and is designed for use with masers and 
parametric amplifiers at L -band. 

The new circulator, designated CLL1, combines an 
extremely low insertion loss of 0.3 db with 25 db iso- 
lation and VSWR of less than 1.1 centered at any 
frequency from 900 to 1,600 mc. With a permanent 
magnet, as illustrated, performance is typically 0.4 db 
and 20 db with a maximum VSWR of 1.25 over any 
50 mc band. However, with a tuned magnetic field, 
the same performance is obtainable over a 100 mc 
band. 

To learn more about this significant development or 
other important Raytheon advances in microwave fer- 
rite devices, please write stating your particular area 
of interest to the address below. 

RAYTHEON MANUFACTURING COMPANY 
SPECIAL MICROWAVE DEVICES 
WALTHAM 54, MASSACHUSETTS 

ñYTHE EXCELLENCE IN ELECTRONICS 
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AIRBORNE 
INSTRUMENTS 
LABORATORY 
A DIVISION OF CUTLER -HAMMER, INC. 

160 Old Country Rood, Mineola, L. 1., N. Y. 

Ploneet 2-0600 

LQWG1211Zg`lirTOG1rO 
(with no roadmaps) 

In providing the electronic systems for successful space travel the electronic engineer 
faces a lack of known landmarks. Man's present knowledge of space is so limited that 
many of the problems are still not clearly defined. Even more staggering is the unknown 
nature of space itself ... infinite reaches .. , with no roadmaps to guide us. 

The major problem confronting electronics space researchers is to design spaceborne 
equipment which will operate reliably without human attention over extended periods 
of time. This equipment must also be small enough and light enough to be carried 
by the space vehicle, yet it must be sturdy enough to withstand enormous shocks, and 
sensitive enough to react instantaneously to any emergency. These specifications are 
without precedent. 

Designing electronic systems for space vehicles still on the drawing board is the 
goal of the Space Technology Program at AIL. This is only one of the many programs 
concerning advanced design and systems management, currently under way at Airborne, 
that have created immediate openings in the following fields: 

Advanced Electronic Design Engineering Product Design Operational 
Analysis Data Processing Reliability Circuit Design Electronic 
Counter-measures Field Engineering Radar Systems Antenna Design 
Systems Analysis and Management Microwave Systems Air Traffic Control 

General Benefits Program and Relocation Expenses. Send resume to Howard J. 
Gresens who will arrange an appointment at your convenience. 
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COMPLETE LINE 125° C 

SERVO MOTOR TACH GENERATORS 
to your precise specification 

-- Both Damping and Integrating types available with parameters to your requirement. -- Comp ete size range: 8. 10, 11, 15, 18. Can be designed with gear train. 

-54 C to 1-125 C ambient temperature range. ®-- resigned to MIL -E-5272. 

Assembled under closely controlled environmental conditions. 

'. 

1 
.,. . ... r a tlt+ 

400 CPS 

Oster Type Size tesglh 
lushes 

WI. 
Oz. 

Rotor 
Inertia 
gm cm= 

8MTG-6201-01 8 1.850 2.3 0.77 

*10MTG-6228-02 10 2.157 4.2 0.72 

10MTG-6229-12 10 2.100 2.9 1.09 

*10MTG-6229-03 10 2.100 2.9 1.09 

10MTG-6229-15 10 2.100 2.9 1.09 

*10MTG-6232-05 10 2.104 4.2 1.1 

11MTG-6251-13 11 2.531 7.0 1.3 

11 MTG-6251-00 11 2.531 7.0 1.1 

11 MTG-6254-01 11 2.200 6.0 1.1 

15MTG-6280-01 15 3.281 14.0 5.3 

t*15MTG-6276-03 15 3.875 15.0 4.4 

18MTG-6302-02 18 3.680 20.0 5.7 

18MTG-6302-04 18 3.680 20.0 5.7 

. it 
r;_ '.adlneettw 

SERVO MOTOR - TACHOMETER GENERATORS 

MOTOR GENERATOR 

Rated Voltage 

0 1 0 2 

No load 
spud 
RPM 

Watts 
per phase 
@ Stall 

Stall 
Torque 
OZ. IN. 

End. 
Volt. 

Output 
Volts per 

1000 RPM 

lie.% 
to 

3600 RPM 

Null 
MV 

Phase 
Shift 

(qí25°C 

26 

115 

33/ 16.5 

26 

26 

115 

115 

115 

115 

115 

115 

115 

115 

40/20 

115/57 5 

52/26 

26 

26 

36/18 

115/57.5 

40/20 

115/57.5 

115/57.5 

57.5 

115/57.5 

115/57.5 

6,500 

9,500 

9,500 

10,500 

10,500 

6,500 

6,500 

6,500 

6,500 

5,000 

8,500 

9,000 

4,800 

2.2 

2.8 

3.0 

3.0 

3.0 

3.5 

3.5 

3.5 

3.5 

6.2 

5.8 

16.0 

9.2 

0.16 

0.26 

0.28 

0.26 

0.26 

0.26 

0.63 

0.63 

0.63 

1.5 

0.70 

2.7 

2.4 

26 

115 

26 

18 

26 

115 

115 

115 

115 

115 

115 

115 

115 

0.25 

0.45 

0.45 

0.3 

0.3 

0.30 

0.55 

0.55 

0.55 

3.0 

2.75 

3.0 

3.0 

0.5 

1.5 

1.5 

1.5 

1.5 

1.5 

0.5 

15 

1.5 

0.2 

0.2 

0.2 

0.2 

15 

19 

13 

12 

12 

15 

19 

19 

19 

13 

13 

13 

13 

± 5' 

± 10° 

+ l0' 

± 10° 

± 10' 

± 10' 

± 10' 

± 10' 

± 10' 

± 5' 

± 0.5° 

± 5' 

± 5' 

*These units designed for 85 C ambient but same characteristics can be designed for 125°C. ¡Additional 21.4 watts for heater, the values given are independent of ambient temperature. 

Other products include servos, synchros, 
resolvers, motor -gear -trains, AC drive 
motors, DC motors, servo mechanism as- 
semblies, reference and tachometer gener- 
ators, servo torque units, actuators Wind 
motor driven blower and fan assembl es. 

MANUFACTURING CO. 
Your Rotating Equipment Specialist 
Avionic Division 
Racine, Wisconsin 

237 North Main Street 

EASTERN OFFICE 
Hempstead, L. I, New York 
Phone: IVanhoe 3-4653 
TWX Hempstead N. Y. 705 

Engineers For Advanced Projects: 

5333 So. Sepulveda Blvd. 

WESTERN OFFICE 
Culver City, California 
Phones: EXmont 1-5742 TExos 0-1194 
TWX S. Mon 7671 

Interesti*tg, varied work on designing transistor circuits and 
servo mechanisms. Contact Mr. Robert Burns, Personnel 
Manager, in confidence. 
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MASER 
The Maser is a microwave amplifier utilizing energy stored 
in a molecular or atomic system. Emission of energy is stimu- 
lated by the input signal. Masers operate at liquid helium 
temperatures and have low noise levels, approaching zero db. 

Recently, a university research laboratoryf used LINDE 

single crystal synthetic ruby (A1203 with Cr203 additive) in 
a three -level solid state Maser. The ruby crystal was placed 
in the Maser's tuned cavity and a magnetic field of 4200 gauss 
was applied. To bring electrons from a ground state into a per- 
missible higher energy level, a pumping frequency of 24 kMc 
was used and the Maser amplified signals at 9.3 kMc. 

LINDE supplies other crystals, including rutile, spinel, and 
sapphire. (A1203). Sapphire is used in infrared optical sys- 

(Maser Action in Ruby, by G. Makhov, C. Kikuchi, J. Lambe, and 
R. W. Terhune. "Physical Review," Vol. 109, No. 4, p. 1399, Feb. 
15, 1958. 

"Linde" and "Union Carbide" are registered trade -marks of Union Carbide Corporation. 

tems, windows for higher power microwave tubes, spacers 
and supports in vacuum tubes, radiation pipes. It has strength 
at elevated temperatures, melts at 2040°C., is hard, inert, non- 
porous, and can be sealed to metals and glasses. Sapphire is 
available in the shape of domes, windows to 41/2 inches in 
diameter, rods and special configurations. 

For more information, write Crystal Products Department, 
LINDE COMPANY, Division of Union Carbide Corporation, 30 
East 42nd Street, New York 17, N. Y. 
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What the eye would see on the other side of the moon has intrigued and defied the imaginations of scientific 

minds for centuries. But there's another way to look at moor trips-from a very much down-to-earth point 
of view. The Space Age is bu_lt upon the ingenuity and capabilities of American scientists and engineers 
who hake solved the myriad problems of the space arts-propulsion, stabilization, and control of launching 
vehicles-and the transmittal, reduction', and analysis of data so that man can comprehend the scientific 

import of his achievement. The Telecomputing Corporation, through the specialized activities of its six 

divisions, has contribu:ed significantly to advancements h each of these areas of the space arts. Look to. 

the skills, experience, and facilities of Telecomputing for the solution of your control and data processing 
problems. Write today for your copy of the TC story-"Blueprint For Progress:" 

DIVISIONS AND SUBSIDIARIES 

OF TELECOM'PUTING CORPORATION 

BRUBAKER ELECTRONICS An R & D leader in the field of ground 

B and airborne IFF components, test & checkout equipments - 
lb IFF systems analysis-Air Traffic control systems-radar bea- 

conry- detection equipments. 

YY 
WHITTAKER DYP.D Leading producer cf electrically driven and 

Y Y spring -wound free gyros, rate and floated rate gyros for 
® advanced missile systems-rate cf roll, pitch, and yaw indica- 

tors for manned aircraft-bank and turn indicators. 

Q 
DATA INSTRUMENTS Pioneers in equipments for fast and accu- 
rate analysis of test data, with automatic recording of punched 
curds, tapes or printed lists-far ai -craft and missile flight 
tests, industrial and scientific applications. 

E S ENGINEERING SERVICES Specialists in rapid, accurate reduc- 
tion and evacuation of military and commercial data. Currently 
handling data reduction for daily missile firings at Holloman 
Air Force Base. 

Y M w 
WHITTAKER. CONTROLS The 'argent developer and builder of 

W custom-built high-performance hydraulic, pneumatic, and fuel 
ID valves, controls, and regulators for advanced missile, aircraft, 

and industrial applications. 

NUCLEAR INSTRUMENTS Designers and builders of high quality, 
reliable equ pments for prelaunch cieckled! and testing of 
nuclear special weapons. 

TELECOMPUTING CORPORi'.TIION 
915 North Citrus Ave.,, Los Angeles 3E, California 
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Tubes and Transistors Push 
Fast-moving developments in both arts underscore the need for better 

flow of information to engineers who must apply them 

IMPROVED design and manufactur- 
ing techniques for both tubes and 
transistors are pushing electronic 
engineering into an unparalleled 
state of flux this year with regard 
to future equipment applications. 

Tubes, particularly those de- 
signed for high -frequency broad- 
band applications, are challeging 
transistors with rugged and com- 
pact construction which often em- 
ploys ceramics. 

Transistors, with their small size, 
mechanical ruggedness and low 
power requirements, are moving 
towards higher frequency applica- 
tions, more standardization, greater 
reliability and lower cost. 

Some Confusion 

Today, some engineers tend to 
become confused when they inter- 
pret manufacturers' specifications. 
They often use a transistor or tube 
to the limit of one of its characteris- 
tics without realizing they are 
overstepping the ability of the unit 
in other respects. Then they start 
talking about "bad transistors" or 
"bad tubes." 

Some writers of military specifi- 
cations invariably tend to dictate 
the use of transistors largely be- 
cause they feel top military or 
management brass want the "new- 
est" devices used. Thus transistors 
are often misapplied, because less 
reliability data is presently avail- 
able. 

More data will soon be forthcom- 
ing. Several transistor manufac- 
turers have indicated they are 
intensifying efforts to get feedback 
from customers and to keep tabs 
on uses. 

Individual engineers hold varied 
opinions about the future of tubes 
and transistors. Conservative en- 
gineering opinion holds that despite 
future design and manufacturing 
strides, tubes and transistors will 
each retain intrinsic advantages in 
different areas of application. Many 
engineers closely associated with 
either tubes or transistors admit 
they are not overly familiar with 

the latest developments in the other 
field. 

The accelerating sophistication of 
both tubes and transistors has in- 
creased the burden of evaluation by 
engineers in various segments of 
the industry. It also complicates 
the task of communicating such 
data to other engineers. 

Tube Makers Organize 
Recently eight electronics firms 

that manufacture both tubes and 
transistors-in some cases within 
the same division of the corpora- 
tion-did something to bolster the 
position of tubes. 

An Electron Tube Information 
Council was formed to emphasize 
the engineering factors involved in 
selection of a tube (ELECTRONICS, 

p 11, Apr 3). Participating so far 
are CBS-Hytron, GE, Philco, RCA, 
Raytheon, Sylvania, Tung -Sol and 
Westinghouse. 

Tubemen are distinguishing be- 
tween tubes of today and tubes of 
tomorrow. Data is already being 
made available about new ceramic 
tubes, such as that used in the final 
amplifier of Pioneer IV to transmit 
up to 407,000 mi. at 890 mc. New 
reliability data will soon be sent 
out, including data on tubes used 
in the Sage system and in missile 

guidance through outer space. 
"The forthcoming years will see 

a tremendous growth in the pro- 
duction and use of electronic de- 
vices and equipment," says the 
Council. "In this expansion both 
vacuum tubes and semiconductor 
devices will have their place. . . . 

It is the considered opinion of this 
Council that only by engineering 
test can the best device for the 
applications be determined." 

For many users the choice will 
get down to electrical character- 
istics per unit cost. 

Transistors Do Talking 

Receiving tube sales dropped 
from $384 million in 1957 to $342 
million last year. Transistor sales 
climbed from $70 million to $113 
million. However, most tube people 
feel that last year's recession largely 
caused the decline in tube sales. 
They think new designs will bring 
new growth. 

Spokesmen for firms making 
transistors, some for only three 
years, emphasize that they are also 
optimistic. They are, for the most 
part, letting their product do the 
talking. They are also becoming 
particularly interested in expanding 
their market by having transistors 
properly used. 

Checking Helicopter Gear 

Helicopter's electronic system being "debugged" in mockup before installation in six 
Sikorsky S -58's soon to be delivered to Coast Guard. Gear includes instruments for all- 
weather flying, communications and automatic stabilization 
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TWA BOEING 707 
Our congratulations to you-the scientific planners, engineers and technicians of the great 

United States electronics industry! Thanks to your skill, air travelers today are enjoying 

the miracle of pure -jet flight. So fast they fly half a mile every three seconds. So quiet, 

smooth and vibration -free, they relax completely. Thanks to your inventive genius, they 

are enjoying the magnificent TWA BOEING 707 -fastest Jet airliner in the world! 

TWA 
TRANS WORLD AIRLINES 
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The Mark 
of Reliability 

in 
GLASS -TO -METAL 

SEALS 

. ..: r 

+,. 1 

.1114. 

Compression End Seals 

Threaded End Seals 

Transistor Closures 

P ug-in Connectors 

Diode Closures 

Miniature Closures 

Single Lead Terminals 

Color Coded Terminals 

Multiple Headers Custom Sealing Service e 
Consult E-1 for 

Complete Design - 

Engineering Service 

on your next 

Sealing Problem ... 
Sales Engineers 

Located in all 

Principal Cities 

The E -I line provides designers with the versatility of the most complete 
selection of standard seals in the industry. Proof of their dependable 
performance is the fact that E -I Seals were employed on the Atlas Missile 
Program ... are specified for critical assignments industry -wide on both 
commercial and military equipment. 
Select your seals from the E -I standard line or ask E -I for quotations on 
custom sealing components of your own manufacture. Either way, E -I 
engineers will work with you in meeting your sealing requirements, quickly 
and economically ! 

ELECTRICAL INDUSTRIES 
A Division of Philips Electronics, Inc MURRAY HILL, NEW JERSEY 

PATENTED IN CANADA, NO. 523,390; IN UNITED KINGDOM, NO. 734,583; LICENSED IN U. S. UNDER NO. 2561520 
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PHILCO IS PEOPLE 
From advanced research and development to mass production, installation and servicing of 
countless electronic products and systems, Philco is people. Here is a closely integrated 
organization of scientists, engineers, installation and service specialists, ready to meet any 
('1 nlleuge for creation of military, industrial and consumer electronics systems. 

PHILCO IS FACILITIES 
To assist this outstanding organization of skilled and dedicated people, Philco has 
amassed millions of dollars worth of intricate equipment in plants and laboratories 
from coast to coast. Philco facilities include: the world's most advanced research labs; 
environmental test facilities; specially equipped design and engineering labs, plus 
prototype and model shops; and the most advanced mass production facilities. 

PHILCO IS CAPACITY 

At Philco the world of tomorrow is NOW! Here are human resources, plus 
ultra -modern facilities, plus tremendous accumulated experience in research and 
development. Here too, are unlimited career opportunities in the fields of 
missiles and guidance, weapons systems, All -Transistor computers, infra -red, 
advanced radar techniques and communications systems. At Philco, versatility 
is the key to tremendous capacity in advanced technology. Make Philco your 
prime source for prime contracts from development to delivery. 

PHILCO 
GOVERNMENT & INDUSTRIAL DIVISION 

4700 Wissahickon Avenue 
Philadelphia 44, Pennsylvania 

4' 

ti 

{ 
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will these alumina ceramics give you 

SMALLER, LIGHTER, MORE RUGGED UNITS? 

AMERICAN LAVA C 
,n,%zY Or te4iNNFtOTA M139#NG AND 

Miniature AlSiMag Alumina Ceramics-some as thin 
as 0.005"-are being used in electron tubes, micro- 
wave windows, transistor platforms ... as insulators 
in hearings aids ... in digital counter tubes, radio 
crystal cages ... in high temperature transformers, 
relays, fuses, micro -modules . . . high temperature 
amplifiers ... and other high temperature devices 
including high temperature printed circuitry ... as 
well as various mechanical applications. 

The relatively high strength of these thin ceramics 
and their superior performance in high temperature, 
high frequency applications may help you answer 

the demands for smaller, lighter, more rugged units. 
This strength also sharply reduces damage from 
fatigue failure, heat deterioration, shock and vibra- 
tion, and makes new automatic assembly operations 
practical. 

Since these thin ceramics were pioneered by Ameri- 
can Lava several years ago, demand has increased 
rapidly and steadily. Spurred by constantly increas- 
ing requirements, our production facilities are now 
capable of shipping in volume and at practical 
prices, small intricate shapes that were considered 
impossible as recently as 1955. 

Free bulletin and typical samples of thin AlSiMag Ceramics sent on request 

A Subsidiari' of 
Minnesota Mining and 

Manufacturing Company 

AMERICAN LAVA 
CORPORATION 

CHATTANOOGA S. TENN. 
57TH YEAR OF CERAMIC LEADERSHIP 

For service, contact American Lava representatives in Offices of Minnesota Mining 8 Manufacturing Co. in these cities (see your local telephone 
directory): Atlanta, Ga. Boston: Newton Center, Mass. Buffalo, N. Y. Chicago: Bedford Park, Ill. Cincinnati, O. Cleveland, O. Dallas, 
Texas Detroit, Mich. High Point, N. C. Los Angeles, Cal. New York: Ridgefield, N. J. Philadelphia, Pa. St. Louis, Mo. St. Paul, 
Minn. So. San Francisco, Cal. Seattle, Wash. Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. O. Box 757, London, Ontario. 

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



Pulse Notes 

Ferrite vs. 

oriented grain 
si/icon steel cores 

Which is better, a pulse transformer 
with a ferrite core or one with an ori- 
ented grain silicon steel core? The an- 
swer is determined by the application. 
There are many kinds of magnetic ma- 
terials available to the designer. Ferrite 
and oriented grain are only two. At 
Pulse Engineering, we choose the ma- 
terial best suited to solve the problem. 
A comparison of some of the basic 
magnetic properties of silicon steel and 
ferrite indicates the basis of choice. 
One and two mills are the preferred 
thicknesses of oriented grain silicon 
steel tape for use in pulse transformers. 
These steels can be operated at rates of 
change of flux up to 8 kilogauss/µsec 
without excessive eddy current loss and 
to peak flux densities above 10,000 
gauss. Under these conditions effective 
pulse permeabilities of 5000 are ob- 
tained in most "C" core configurations. 
For a given rate of change of flux, pulse 
losses in steel cores are directly related 
to tape thickness. The loss in l mill 
tape is about 25% of that in 2 mill tape. 

Properties of Ferrites 
Ferrites have much lower eddy current 
losses. They can be operated at much 
greater rates of change of flux. Twenty 
kilogauss per µsec is not uncommon. 
Under these conditions, eddy current 
losses are about 8% of those for 2 mill 
steel. Permissible peak flux densities 
are much lower. Typically, 1800 gauss. 
Permeabilities of ferrite materials used 
in pulse transformers are relatively 
lower than silicon steels ranging from 
1100 to 2000. 
High permeability and flux density ca- 
pabilities of silicon steels are admir- 
ably suited for long pulse, high power 
transformers. For pulses shorter than 
.25 µsec, the lower losses of ferrite pro- 
vide more efficient transformer designs. 
For more information on pulse trans- 
formers, call your nearby Pulse Engi- 
neering representative or write to De- 
partment E-4 

7 

Pulse 
Engineering 

Inc. 

560 Robert A 
SANTA CLARA, CALIFORNIA 

New Markets In Basic 
It's now predicted that, within six years, elec- 

tronics will be "the only way" to control manu- 

facturing processes 

GROWING INTEREST in electronic 
control of today's mass production 
methods is opening new fields for 
computer manufacturers and in- 
strument makers. 

Last month at the ninth annual 
Iron and Steel Conference of the 
Instrument Society of America in 
Pittsburgh, officials of major steel 
companies heard talks on electronic 
control. 

An on-line computer system was 
described for open-hearth furnace 
operation. F. C. Schneider of Gen- 
eral Precision Controls said the 

computer will scan, compute and 
log approximately 200 variables 
from twelve open-hearth furnaces. 

In addition to computers, elec- 
tronic process control instruments 
are gaining in importance to steel 
makers. A Virginia operator who 
processes coal for steel mills has 
placed in operation an electronic 
radiation gage to govern the sepa- 
ration of ash from coal. 

Electronic instruments have been 
recently installed to measure the ex- 
act footage of sheet steel coming 
out of a rolling mlil. This is done 
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Electronic controls such as these in a rolling mill of the Aluminum Co. of America are 
finding new markets in industry 
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Metals 
by putting a magnetic pulse into 
the steel at twelve -inch intervals 
and detecting the passage of each 
pulse on a scanner located at fixed 
distance along the processing line. 

Operators say the magnetic pulse 
system gives a much more accurate 
footage count than they had been 
able to obtain with tachometers at- 
tached to the rollers. 

Chemicals, Too 

The chemical industry is also 
showing great interest in electronic 
controls. At a symposium in St. 
Louis a few weeks ago, chemical 
producers discussed the new de- 
mands being placed on them by cur- 
rent technological and political 
changes. Says H. K. Nason, a vice 
president of Monsanto Chemical, 
"This is especially true within the 
structure which includes instru- 
mentation, automatic process con- 
trol and systems engineering." 

A spokesman from du Pont said 
his industry's investment in auto- 
mation grows larger every year, 
and is primarily in small separate 
units whose good performance is 
essential to plant operation. 

He discussed the use of general 
purpose computers to keep track of 
instruments, study maintenance 
performance and schedule preventa- 
tive maintenance. 

In a report on control systems for 
the chemical industry, J. L. Kelly 
of American Cyanamid told his 
audience : "The electronic control 
system is found in the role of new- 
comer despite the fact that earliest 
control loops were electrically oper- 
ated. Nevertheless," he added, "due 
to the growing complexity of indus- 
trial processes, it (electronics) will 
be the only method that will control 
the 1965 plant." 

One instrument maker, discussing 
increased electronics use, told ELEC- 
TRONICS of four firms with a long 
record of service to the steel and 
chemical control industries who 
have, during the past year, 
switched from production of pneu- 
matic and hydraulic equipment to 
an almost exclusively electronic 
line. 

Reliability Testing 
AUTOMATED FOR YOU 

at United States Testing Company 

You can profit from the cost -saving, time -saving digital read-out sys- 
tem which automates Quality Assurance programs done by United 
States Testing Company. Now, under all environmental conditions, 
readings can be machine -recorded, error -free, every 3 seconds with 
accuracies of 0.1%. Reliability of resistors, capacitors, semi -conduc- 
tors, transformers and other components ... also systems ... can be 
predicted quickly and economically ... failures analyzed. Tests meet 
military, government and commercial specifications. 

Complete environmental laboratory includes facilities for simulat- 
ing high and low temperatures, humidity, altitude, immersion, salt 
spray, sand and dust, rain, fungus, vibration, shock and acceleration. 

Save investment in laboratory equipment ... free needed operat- 
ing funds. Use United States Testing Company's extensive facilities. 
Detailed confidential reports at completion of project. Write for quo- 
tation. No obligation. 

Complete facilities in the fields of chemistry, 
metals chemistry; metallurgy; physical testing of 
materials; engineering analysis of mechanical, 
electro -mechanical, and electronic devices; site 
inspection; package testing; psychometrics and 
certification services for product quality control. 

United States Testing Company, Inc. 
1415 Park Avenue, Hoboken, N.J. 

FREE! 

jahSend 
for facili- 

ties bulletin 
580L Branch 

Laboratories 

The 
World's Most 
Diversified 

Independent 
Laboratory. 

BOSTON BROWNSVILLE DALLAS 

DENVER LOS ANGELES MEMPHIS 

NEW YORK PHILADELPHIA 

PROVIDENCE TULSA 
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. Kearfott 
analog- to- digital 

converters 
accuracy, reliability, varied capacities and codings 
Kearfott's direct drive converters translate shaft rotation into electrical and visual 
digital form. These mechanically positioned units consist of coded drums, the number 
depending on the code and total count. The first, or units drum, connects directly to the 
input shaft and rotates as the shaft turns. On models where more than one drum is used, 
high speed odometer type gearing provides interconnection. All models can be read "on 
the run" or "on demand" and all tracks may produce simultaneous or serial readings, 
depending on the interrogating pulse. 
The high performance and quality of Kearfott's analog -to-digital converters are assured 
by stringent testing for: 
Mechanical Accuracy: The location of any code transition point must fall within one- third bit of its true angular position. 
Low and High Temperature: All units operate efficiently at temperatures ranging from - 65° F to + 260° F. 
Brush Skip: Conducted in conjunction with tests for temperature, vibration, shock and 
acceleration. A typical brush skip test employs 200 µsec., 23V DC amplitude interrogat- 
ing pulses at 4000 cycles per second. With the shaft rotating, each output drum track is 
monitored for a total of 500,000 pulses, in which "lost" counts or "skips" will not 
exceed 1 in 15,000. 
Shock: Kearfott converters are subjected to 18 shocks in three different planes with 
shock loading of ± 15 g's. 
Vibration: Units must withstand vibration s between 5 and 500 cps with applied load of±10g's. 
Acceleration: All units are subjected to radial accelerations of varying magnitudes up 
to a maximum of ± 7.5 g's. 
Life: Over 1 million linear feet (1000 hours at 82 RPM) of continuous brush travel on 
drum coded patterns can be achieved without excessive wear to drums, brushes or other 
sub -components. 

Write for new ADAC brochure. 

ANALOG -TO-DIGITAL CONVERTER CHARACTERISTICS 
Kearfott Unit No 
Code (1) 
No. of Drums' 

Range 

423830-1 
B.D. 

1 

O to 84 in 
348.5° of arc. 

11.5° dead spot 
coded O 

423607-1 .... 
B.D. 

1 

-19 to 0 
to + 19 

Y1241 -11A 
B.D. 

2 

0 to 359 

. .. P1240 -11A 
. .. B.D. 

3 

(±) 0 to (-0999 
(-) 999 to (-) 0 

Y1240 -11A .... 
B.D. 

3 

0 to 359.9 

U1240-11 
B.D. 

4 

0 to 359.9 

P1241 -11A 
C B (Gray) 

5 

0-32,768 (2 °) 

Bits per Revolution 85 39 40 20 40 40 16 
Revolutions for Total Range 1 1 9 100 90 90 2,048 
Volts D.C. 23 12 . 23 23 23 23 10.5 
Current (ma.) 20 20 20 20 20 20 20 
Inertia (gm. cm.2) (2) 158 48 104 28 158 100 20 
Unit Diameter (in.) 21/8 13/4 11546 1%6 11546 1 875 1%6 
Unit Length (in.) 31/32 11A, . 1-43/64 11546 23%, 2.8125 3 
Life (3) revolutions or 103 

0.5 0 1 

106 
1.0 

hours 
1.0 1.0 2 (break) Static Torque (in. -oz.) (4) .5 

1 (running) 
Weight (oz.) 5 3 5 5.75 4 7 75 6.5 5 
Maximum Speed (RPM) 1100 250 300 400 300 700 600 
Dielectric (Volts DC) 500 500 500 500 500 -.. 500 500 

(1) B.D. (Binary Decimal), C.B. (Cyclic Binary). 
(2) Inertia measured at maximum trip. 

(3) Under recommended conditions. 
(4) At room temperature. 

Engineers: Kearfott offers challenging opportunities in advanced component and system development. 

IA Ka GENERAL 
PRECISION 

COMPANY 

KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
A subsidiary of General Precision Equipment Corporation 

Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J. 
Midwest Office: 23 W. Calendar Ave., La Grange, Ill. 

South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, Calif. 
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The Old !ront'.t 

Model 310 a complete miniature 
V -O -M with single switch selection 
and the ranges and accurac- of units 
several times its size. Used with 
Model 10 clamp -on ammeter plugged 
in it becomes one of the wor d's most 
versati e pieces of test equipment- 
even measuring current floe without 
stripping wires. 

; ; ! ̀ 

..The New frontiers 

Model 630 -PL V -O -M with such ad- 
vanced features as an unbreakable 
clear plastic front for wide range, 
shadowless, instant vision, polarity 
reversing switch, s ngle king size 
knob for selecting both range and 
circuit, continuous resistance read- 
ings from 0.1 ohm to 100 megohms. 

Tr. piett Electrical 
Instrument Company 

are in science, design, production 

The new frontiers are being exploited by companies 
which like Triplett have worked the frontier of elec- 

tronics for over 55 years. 
Working the frontier means being on the spot 

with the equipment to develop and maintain this 
new made world. Triplett has a history of over 50 

years of being first with the best in panel instru- 
ments and test equipment at a practical cost. 
Triplett is still working on the frontier of electronics 
with such innovations as these: 

t'Ovër:55 :ëàrsrEXpEt .ëñçe; [l iîñstrúijiéñt 

Model 690-A, a new Transistor Tester 
with more Triplett "plus" in accuracy 
and simplicity, for testing leakage and 
gain of all low and medium power PNP 
and NPN transistors. Small, rugged, 
battery -operated, it measures DC Beta 
from 5 to infinity. Affords exact tests for 
shorts, checks forward & reverse leakage 
of diodes. Features single switch selec- 
tion of transistor types, positive "off" to 
prevent accidental battery drain, separate 
"calibrate" and "gain" buttons eliminate 
errors, transistor socket and external 
leads for any basing arrangement. 

New Unimeters-a great step 
forward in increasing meter in 
ventory flexibility while cuttin' 
inventory cost. These Select 
Your -Range unimeters consist o 
only two basic meter movements 
which can be combined with an 
one of a number of separate dial 
component units for a wide variet 
of meter ranges. Movement 
quickly and simply slide onto dial 
components and lock together 
no soldering, no wiring. Exclusiv 
Triplett Bar -Ring construction fo 
self -shielding, greater accurac 
and sensitivity. 



Du Pont ... manufacturer of Hyperpure Silicon 
offers the services of technical specialists 

When you specify Du Pont HYPERPURE Silicon, you 
get a product of highest dependability as well as ex- 
pert technical assistance, when needed. Experienced 
Du Pont Technical Specialists will gladly discuss tech- 
niques of crystal growing and materials processing 
with you. What's more, you can take advantage of 
Du Pont's new $3,000,000 Technical -Service Labora- 
tory designed for researching customer problems. 

Floating zone single crystals of Du Pont HYPER- 
PURE Silicon are available in a wide range of resistivi - 
ties. Du Pont HYPERPURE Silicon is also supplied in 
densified cut rods ... and rods suitable for float zone 
refining. They're offered in several grades with care- 

fully controlled purity levels. 
Here's more news: Du Pont's new Brevard, N. C., 
plant has a capacity of 70,000 lbs. of HYPERPURE Sili- 
con per year. That means you're assured of a prompt 
supply of high -purity silicon in the form you need. 
For more information, write Du Pont ... pioneer 
producer of semiconductor -grade silicon. 

HYPERPURE SILICON 

Free booklet is available upon request. It de- 
scribes the manufacture, properties and uses 
of HYPERFURE Silicon. E. I. du Pont de Ne- 
mours & Co. (Inc.), Pigments Dept., Silicon 
Development Group, W ilmington 98, Delaware. 
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NOW... UNIFOF3M 

SILICON DIODES 
FROM 

CONTINENTAL 
THROUGH 

*CONTROLLED FUSION ¡TECHNIQUE 
The Controlled Fusion Technique effects precise c 
of the junction formation and its geometry, resul 
improved parameter values and exceptional prod 
formity. This process is one factor contributin 
high reliability and advanced characteristics of t 
Continental product line of signal silicon 
diodes. 

trol 
g in 
uni- 

to the 
initial 

Rigid limits covering the sharpness o 
the knee or"hardness" of the reverse 
characteristic, although not usually 
specified, are included in the exact- 
ing monitoring of Continental 
diode production. This checks all 
processes following junction forma- 
tion, and diodes which meet these 
limits must have a crystal surface free 
of harmful contaminants which can change the diode 
performance with age-sometimes catastrophically. 

The improved parameter values are in good balance to 
allow the diodes to be used in most circuit positions 

4 

without resort' to types which penalize one value to gain 
in another. T f table lists several types representative of 
production. 

Diode 
Type 

Working 
Voltage 

VRM 

Forward 
Current 

@. IV 

Reverse Current 
@ VRM 

25°C 150°C 

CD1113 130 V 250 mA .005µA 5,°aA 
CD1114 180 250 .005 5 
CD1115 225 250 .005 5 
CD1116 300 250 .010 10 

Other, less severe, specifications can also be met and the 
uniformity of production allows the acceptance of double 
ended specifications when necessary for circuit performance. 

A brochure describing the diodes more fully and listing 
available types is awaiting your request for a copy. 

CONTINENTAL DEVICE CORPORATION 
12911 CERISE AVENUE HAWTHORNE CALIFORNIA 
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NOW 
GROW CRYSTALS EASILY 

New !ow -cod crystal growing furnace 
for prcclv.ci-tg single crystals of sili- 
con, germanium, and intermetallic 
comprounis with reliability and con- 

sistertry high quality. 

Here's an inexpensive, packaged, production unit for making crystals for 
diodes, transistors, photocells, solar cells or infrared detectors. The new unit 
combines the three essential features needed for successful operations: 

Precise temperature control of the melt - can be maintained within one- 
half degree. 
Vibrationless operation is achieved through special shock mounts, flexible 
drive shafts, and precision ground screws. 
Freedom from contamination is assured by leak -free fabrication and careful 
selection of materials used in the hot zone. 
This furnace is a real money-maker. You can grow a 1.550 gram crystal in 

about three hours. It is practically foolproof to operate, easy to maintain. 
Because it is a resistance furnace, it has a lower initial and operating cost. 

It has exceptional flexibility. Rates of seed rotation, pulling rate, crucible 
rotation, and crucible withdrawal in either direction are all variable and 
independently controlled. Diameters variable to 11% inch, length to 10 inches. 

Investigate how much money this unit can make for you. Call or write us 
today for a quotation or for more detailed information describing the Model 
2801-B Crystal Growing Furnace. 

EQUIPMENT 
CORPORATION 

NRC EQUIPMENT CORPORATION 
A Subsidiary of National Research Corp. Dept. 36D 

160 Charlemont St., Newton 61, Massachusetts 
DEcatur 2-5800 

SALES OFFICES: Atlanta Boston Chicago Cleveland 

Detroit Houston Los Angeles New York Pittsburgh 
West Coast:499 Hamilton St., Palo Alto, Cal., DAvenport 6-3455 
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Transponder Traces Boxcars 
New device may soon solve a big railroad 

industry problem-following rolling stock 

TRANSPONDER developed by Link 
Aviation may soon be at work solv- 
ing one of railroading's most dif- 
ficult problems . . . tracing rolling 
stock. 

Operation of the transponder 
(see photo) calls for attaching the 
small plastic encapsulated response 

This transponder relays an electronic 
identity signal while moving past a sta- 
tionary interrogator 

circuit to each boxcar and installing 
interrogator loops along the road- 
bed. As the car passes the inter- 
rogator loop, an induction field is 
set up which triggers the response 
circuit. The resulting reply pulse is 
relayed to a central tracer location. 

Each response circuit is designed 
to emit a unique signal to identify 
the car it is attached to. 

The response circuit includes a 
transistor, two coils and filters, a 
diode and two ferrite rods. One rod 
receives the interrogator signal, the 
other emits the reply pulse. 

The interrogator is a coil of wire 
buried in the roadbed or placed 
within 1,000 ft of the track. 

Other possible applications for 
the system besides railroads exist 
in motor freight and public trans- 
portation. 

Solid -State Work Moving Into Infrared 

SOLID-STATE research is headed 
toward infrared -optical work in 
submillimeter wavelengths, accord- 
ing to Harvard professor Nicholas 
Bloembergen. 

A solid-state infrared quantum 
counter under development at Har- 
vard promises spectroscopy much 
higher resolution in millimeter 
range. 

Maser -like device uses para- 
magnetic salts, is basically an 
energy converter, with a multiplier 
phototube as quantum counter and 
an arc or gaseous discharge for 
optical pumping. 

The infrared quantum counter 
was proposed by Bloembergen be- 
fore an American Physical Society 
meeting this month at MIT. The 
device is not yet in operation. 

Bloembergen said a maser used 
as coherent infrared generator with 
an infrared quantum counter as 
a detector would comprise a "very 
powerful combination." Masers in 
the infrared -optical range are under 

development by Columbia's C. II. 
Townes. 

Also at APS meeting, Bernard 
Mathias of Bell Labs reported 
evidence that superconductivity and 
ferromagnetism are positively re- 
lated-not mutually exclusive. 

Combining magnetic metals like 
chromium, manganese, iron with 
other metals can make alloys that 
become superconducting at re- 
latively high cryogenic tempera- 
tures. 

Mathias said discovery of fer- 
romagnetic superconductors makes 
possible synthesis of new magnets, 
also metals which are superconduct- 
ing and behave like strong magnets 
at same time. 

Probably three years will be 
needed to evaluate impact of the 
discovery, the Bell Labs scientist 
said, but he said it may result in 
simplification of design and other 
improvements in superconductive 
memory devices such as the cryo- 
tron. 

sub -miniature 

capacitor meets 

MIL -C-92 (Proposed) 

High torque -to-mass ratio- 
excellent mechanical stability! 
Designed for high torque -to-mass ratio 
and excellent mechanical stability, the 
tiny "T" capacitor shown above has a "Q' 
greater than 3000 at 1 mc. and a very 
low temperature coefficient. Rotor and 
stator plates permanently soldered .. . 
rotor contact spring is beryllium copper ... plates are .0003" silver-plated brass 

. ceramic is Grade L-4 or better stea- 
tite, DC -200 treated. Terminals provided 
for printed circuit board applications. 
Requires only two small machine screws 
for chassis or panel mounting. Available 
for use on government contracts in pro- 
duction quantities with approval of the 
U. S. Army Signal Corps only. 

For specifications 
and further infor- 
mation on the "T" 
capacitor describ- 
ed above, write for 
Data Sheet 758. 

sióavA r I 
,- 

ACTUAL SIZE 

OTHER CAPACITORS-In addition to the 
sub -miniature "T" capacitor described 
above, E. F. Johnson also manufacturers 
a complete line of other air variable ca- 
pacitors. Types include: ceramic soldered 
Type "L's", Type "M" miniatures, Type 
"K" to JAN -C-92, and many other types. 
For complete specifications on all John- 
son electronic components, write for your 
copy of our newest components catalog, 
described below. 

New, 

Write today for our newest com- 
ponents catalog, listing complete 
specifications and prices! 

Capacitors Knobs and Dials 
Sockets Inductors Pilot 

Lights Connectors Insulators 

I.E. JOHNSON CO. 
1820 Second Ave. S.W. Waseca, Minn. 
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Calibrate RF Output and 

Percent AM directly 
-with these new BRC Signal Generator 

Calibrators -from 500 KC to 1000 MC 

RF Range: 500 kc to 1000 mc 

RF Voltage Measurement Levels: 

INPUT: 0.025, 0.05, 0.1 volts 
OUTPUT: 5, 10, 20 µv (245-C) 

0.5, 1, 2 µv (245-D) 

RF Voltage Accuracy: 
INPUT: ±10% 500 kc to 500 mc' 

+15% 500 mc to 1000 mc' 
''when supplied from a 50 ohm 

nominal source, with a VSWR 

<2 
OUTPUT: ±10% 500 kc to 500 mc 

±20% 500 mc to 1000 mc 

RF Impedance: 
INPUT: 50 ohms 

OUTPUT: I 50 ohms 
'at output jack on instrument 

and at output connector of 
Type 517-8 Output Cable 

Available in Two Calibrated, 
Low Level Output Ranges - 

Type 245-D: 0.5, 1 and 2 Microvolts 

Type 245-C: 5, 10 and 20 Microvolts 

Provides direct calibrated measure- 
ment of RF voltage at 0.025, 0.05 
and 0.1 volts 

Affords direct calibrated measure- 
ment of percent AM 

Provides calibrated source of RF 
voltage at 0.5, 1 and 2, or 5, 10 
and 20 pm 

Completely transistorized - no ex- 
ternal power source required 

Portable-simple to operate 

58 

RF VSWR: 
INPUT: <1.3 500 kc to 500 mc 

<1.6 500 mc to 1000 mc 
OUTPUT: <1.05 500 kc to 100 mc' 

<1.07 100 mc to 500 mc' 
<1.1 500 mc to 1000 mc' 
*at output connector of 

Type 517-B Output Cable 

AM Range: 1O to 100% 

AM Accuracy: ±10% 30 cps to 15 kc' 
±15% 20 cps to 20 kc' 
*modulating frequency 

AM Frequency Range: 20 cps to 20 kc 

RF Input Requirements: 0.05 volts 

Unique design features make Type 245 Signal -Generator Calibra- 
tors ideally suited for laboratory, production and field applications 
in the calibration of signal generators and the testing of receivers. 
No corrections of any kind are required over the entire frequency 
range; the instrument is direct reading in both input and output 
voltage level as well as percent AM from 500 kc to 1000 mc. Com- 
pletely transistorized, the circuit is designed for maximum stability 
and reliability. Only two simple balance adjustments are required, 
permitting rapid measurement. Prices; TYPE 245-C $390. - 
TYPE 245-D $385. F.O.B. Boonton, N. J. 

THE NEW BRC CATALOG-ask for your copy today! Contains 
complete data and specifications on Boonton Precision Test Equip- 
ment including new instruments with exclusive design features. 

th Precision Electronic Instruments since 1934 
ANNIVERSARY 

BOONTON RADIO CORPORATION 
BOONTON, NEW JERSEY, U.S.A. 
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For close capacity tolerance 
and capacitance stability 

Gudeman capacitors are made in a 
wide range of capacitance values, 
voltages, and cases. Natvar Styrollex 
film is used in all Gudeman poly- 
styrene capacitors. 

Natvar Products 
Varnished cambric-sheet and tape 
Varnished canvas and duck- 
sheet and tape 
Varnished silk and special rayon- 
sheet and tape 
Varnished papers-rope and kraft 
sheet and tape 
Varnished, silicone varnished and 
silicone rubber coated Fiberglass`-- 
sheet and tape 
Slot cell combinations, Aboglas® 
Isoglase sheet and tape 
Isolastane® sheet, tape, tubing and 
sleeving 
Vinyl coated and silicone rubber 
coated Fiberglas tubing and sleeving 
Extruded vinyl tubing and tape 
Styroflex® flexible polystyrene tape 
Extruded identification markers 

T.M. (Reg. U.S. Pat. Off.) OCF Corp. 
We will be very happy to supply information 

on any of our products on request. 

Polystyrene Capacitors 

are wound with 

NATVAR 

Gudeman plastic dielectric 
capacitors arc processed in a special area 
where temperature and humidity arc closely controlled. Dust 
and other contaminants are filtered out, and as an extra precaution, 
operators wear nylon caps, smocks, and gloves. Operators like 
Styrollex because it winds easily. Quality control inspectors like it 
because the capacitors test out "on the nose' with a minimum of rejects. 

The Gudeman Company, Chicago, one of the principal capacitor 
manufacturers, uses Natvar Styroflex film in their new series X-727 
and X-728 capacitors. These polystyrene capacitors are used in such 
exacting applications as: critical timing circuits requiring capacitance 
stability, and low dielectric absorption; tuned circuits; Iaboratory 
standards; analog and digital computing circuits; circuits requiring 
storage capacitors with long time constant; and radiation counters. 

Natvar Styroflex film is used as the dielectric because it has all of the 
outstanding properties of polystyrene plus toughness, uniformity, and 
complete flexibility due to bi -axial orientation during the manu- 
facturing process. 

Natvar Styroflex is available in standard thicknesses from .00033" to 
.006" in rolls from 1/2" to approximately 10" in width, or in special 
put ups to meet manufacturing requirements. 

NAT VAR 
FORMERLY THE NATIONAL VARN 

TELEPHONE 

FULTON 8-8800 
201 RANDOLPH AVENUE 

CORPORATION 
ISHED PRODUCTS CORPORATION 

CABLE ADDRESS 

NATVAR: RAHWAY, N. J. 

WOODBRIDGE, NEW JERSEY 
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"7d,taibite" 
DIRECT 
READING 
Directional 

RF 

WATTMETER 

MODEL 43 
An insertion type instrument used 
to measure forward or reflected 
power in coaxial transmission 
lines in the frequency range 25 
to 1000 mc. Directional selectiv- 
ity is accomplished by fingertip 
rotation of element to point ar- 
row in direction of power to be 
measured. Calibration charts or 
full scale meter adjustments are 
not needed for this direct read- 
ing instrument. 

The lightweight and portable 
Model 43 may be used on mobile 
or fixed equipment. It is recom- 
mended for accurate measure- 
ment of forward or reflected 
power...transmission line loss... 
insertion loss of components, such 
as filters, connectors, switches, 
relays, etc.... antenna matching 
work...continuous monitoring of 
transmitter output and ...VSWR 
in complete systems in operation. 

SPECIFICATIONS 
Each model 43 Directional Watt- 
meter is made up of a line sec- 
tion, an indicating meter and 
plug-in measuring elements all 
contained in an aluminum case. 

ELEMENTS: Available in the combi- 
nations of power and frequency ranges 
listed below: 

FREQUENCY RANGE: 25 to 1000 mc 
in five ranges: (25-60mc) (50-125mc) 
(100-250mc)(200-500mc) (400-1000mc) 

POWER RANGE: 10 to 500 Watts in 
six ranges: (10W) (25W) (50W) (100W) 
(250W) (500W) 

"Termeliní" 
RF Load 
Re,.stor, 

BI 

OTHER BIRD 

Coaxial 
RF Filters 

ACCURACY: +5% of full scale 
VSWR: Below 1.05 for complete unit 
and two connectors. 

QUICK - CHANGE CONNECTORS: 
Two TYPE "N" FEMALE connectors which 
mate with UG/21/8 are supplied UN- 
LESS OTHERWISE SPECIFIED. Optional: 
(Male or Female "HN") (Male or Female 
"C") (Male "N") and (Female UHF: 
SO -239) 

WEIGHT: 4 pounds 

DIMENSIONS: 7" x 4" x 3" 
Complete Specifications BULLETIN #436 
Sent on Request. 

PRODUCTS 

coc. 0i 

RF Sr.i.ches 

Termoline 
RF Absorption 

Wortmeters 

II 
ELECTRONIC CORP. 

EXpress 1-3535 
1800 E. 38 St., Cleveland 14, Ohio 

Western Representative: 

VAN GROGS COMPANY, Woodland Hills, Calif. 

MEETINGS AHEAD 
Apr. 28-30: Power Sources Conference, 

USA Signal Research & Devel. Lab., 
Fort Monmouth, Shelburne Hotel, 
Atlantic City, N. J. 

Apr. 30 -May 1: Controllable Satellites 
Conf., ARS, MIT, Cambridge, Mass. 

May 3-7: Electrochemical Society, 
115th Annual Meeting, Hotel Shera- 
ton, Philadelphia. 

May 4-6: Aeronautical Electronics, 
National Conf., PGANE of IRE, 
Biltmore Hotel, Dayton, O. 

May 4-7: Instrumentation Flight Test 
Symposium, ISA, Seattle, Wash. 

May 4-8: Society of Motion Picture & 
Television Engineers, Annual Con- 
vention, Fontainebleau Hotel, Mi- 
ami Beach, Fla. 

May 5-7: Electromagnetic Relays, 
National Conf., NARM, Oklahoma 
State Univ., Stillwater, Okla. 

May 5-7: USA National Committee, 
URSI, PGAP, PGCT of IRE, Wil- 
lard Hotel, Wash., D. C. 

May 6-8: Electronic Components Con- 
ference, AIEE, EIA, IRE, WCEMA, 
Benjamin Franklin Hotel, Phila- 
delphia. 

May 6-8: Seventh Region of IRE, 
Technical Conf. & Trade Show, 
Univ. of Mexico, Albuquerque, N. M. 

May 11-13: Power Instrumentation, 
National Symposium, ISA, Kansas 
City, Mo. 

May 11-13: Automatic Techniques, 
Joint Conf., PGIE of IRE, AIEE, 
ASME, Pick -Congress Hotel, Chi- 
cago. 

May 12-14: Assoc. of American Rail- 
roads, Communications Meeting, 
Netherland -Hilton Hotel, Cincin- 
nati, O. 

May 18-20: Instrumental Methods of 
Analysis, ISA, Shamrock -Hilton 
Hotel, Houston, Tex. 

May 18-20: Electronic Parts Dis- 
tributors Show, EISC, Conrad -Hil- 
ton Hotel, Chicago. 

May 21-27: Transistors and Assoc. 
Semiconductor Devices, Interna- 
tional Cony., Institution of Elec- 
trical Engineers, Earls Court, Lon- 
don. 

There's more news in ON the 
MARKET, PLANTS and PEO- 
PLE and other departments be- 
ginning on p 118. 
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When a mighty "Thor" blasts off from Vandenberg 
Air Force Base it is checked out, launched and 
tracked by Packard Bell's ground support equipment 
and Missile Impact Prediction System. 

ENGINEERING BEYOND THE EXPECTED 
The Missile Impac7 Predictor is one -eighth the size and 
was built at one -teeth the cost of previous systems. 

Ground support equipment matches the reliability built 
into the "Thor." All combine to guarantee an effective 

weapon for retaliation or 

space exploration... 
destination known. 

PACKARD BELL ELECTRONICS 
Technical Products Division 

Los Angeles 64, C&if. BR. e- 171 
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NEW SHOCKLEY TRANSISTOR DIODES 
COMBINE FAST SWITCHING WITH HIGHER POWER HANDLING 

CHARACTERISTICS OF SHOCKLEY 4 -LAYER TRANSISTOR DIODES 
Available in production quantities 

TYPE 
NO. 

Switching 
Voltage 

(Vs) 

OTHER CHARACTERISTICS OF ALL UNITS 

TYPE D TYPE AD 

TYPE D 3± 2; 10± 5; 2C±5and 
4N20D 20 ± 4 Holding Current (/h) 35 ± 10 ma. 15 ± 10 and 35 ± 10 ma. 

4N25D 25 ± 4 
< 1 or> 50 on special order. 

4N30D 30 ± 4 Holding Voltage (Vh) 0.5 to 1 volt 0.5 to 1 volt 
4N35o 35± 4 Switching Curreilt (Is) <200µamps. <200µamps. 
4N40D 40 ± 4 

"On" Time Constant 0.1 µs (Circuit will deter- 0.1 its (Circuit will deter- 4N45D 45 ± 4 

4N50D 50 ± 4 mine specific switching time) mine specific switching time) 

4N55D 55 ± 4 ? Generally < 100 µ,µL Exact Generally < 100 µµL Exact 
4 N60D 60 ± 4 Capacitance value dependent on Vs and value dependent on Vs and 

4N80D 80 ± 8 rt applied voltage. applied voltage. 

4N120D 120 ± 12 "' Ambient Temperature p -60°C. to 100°C. -60°C. to 100°C. 
4N200D 

TYPE 

200,± 20 

AD 
Current Car n ryi g 

Capacity 

50 ma. steady d.c. or 2 amp. 
pulse current --50 fas (or less) 

300 ma. steady d.c. or 20 amp. 
pulse current --50µs (or less) 

4N3OAD 30 ± 4 

_ 

pulse duration. pulse duration. 

Roff - > 1 megohm !toff > 1 megohm 4N4OAD 40 ± 4 
4N5OAD 50 ± 4 - Resistance (R) Ron - < 7 ohms at 7h + 25 ma. Ron - < 7 ohms at Ih + 25 ma. 

4N200AD 200±20 .: -<2 ohms at2 amps .. -<1 ohm at3amps. 
(typical value 0.2 ohms) (typical value 0.06 ohms) 

I 

1 

Faster switching .. . 

determined by an "on" time 
constant of approximately 
0.1 µs and an "off" time 
constant of approximately 
0.2 as ... coupled with 
increased power handling 
ability, are now available 
with the Shockley 4 -layer 
transistor diode -a two - 
terminal, self -actuated 
silicon switch with operating 
characteristics based on the 
principles of transistor 
action. 
This new device is solving 
critical solid-state circuitry 
problems in many fields, 
requiring close tolerances 
...and unfailing reliability. 

Shockley Transistor Corporation 
Stanford Industrial Park, Palo Alto, Calif. 

A SUBSIDIARY OF BECKMAN INSTRUMENTS. INC. 

TYPICAL APPLICATIONS 
PULSE GENERATORS 
PULSE AMPLIFIERS 
OSCILLATORS 
RELAY ALARM CIRCUITS 
RING COUNTERS 
DETONATOR FIRING CIRCUITS 
MAGNETRON PULSING 
SONAR PULSING 
TELEPHONE SWITCHING 
COMPUTER CIRCUITS 

ENGINEERING DATA 
AND ASSISTANCE 

Our engineering staff, under 
the direction of Dr. William 
Shockley, will assist in solving 
circuitry problems using 
standard transistor diodes; 
also, will develop custom units 
to meet individual specifi- 
cations. Write to Dept. 2-9. 
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Shock ........ 

& Vibration 
........ 

. . . . . . . . . . 
Special synchros have been designed at Clifton Precision to meet shock 
requirements as high as 80 g's. Vibration requirements involving 0 to 
2000 cps and 20 g's have also been met. Clifton's versatility in the design 
of brushes and slip rings has permitted us to meet very exacting customer 
specifications. Let us know your requirements! 

Temperature 
A year and a half ago we announced our synchros 
for direct turbo jet engine mounting which success- 
fully resist 450` F. Since then we have progressed to 
where we are developing synchros that withstand 
800` F for short periods and retain their precision 
characteristics. 

Our high temperature resistant line of synchros can 
now be obtained in sizes 8, 10 and 11. High tempera- SI2E 8 SYNCHRO 
ture units also available in our servo motors, motor ACTUAL SIZE 

generators and precision computing resolvers. 

Radioactivity ...........e . 
We recently delivered radioactivity resistant synchros to a manufacturer 
of radioactive material handling equipment. When tested, these synchros 
successfully resisted unremitted radiation from 1 Kilocurie of Cobalt 60 

for 2 weeks. The synchros remained functional in all respects i.e. accu , 
racy, nulls, lubrication, insulation unimpaired. 

For information call or write: Sales Department, 9014 West Chester 
Pike, Upper Darby, Pa. (Suburban Philadelphia.) Hllltop 9-1200 or our 
Representatives. 

LOOK TO CPPC for ANY ROTARY COMPONENT 

CLIFTON PRECISroe DUCTS CO., INC. 
TS, PA. 

ENGINEERS-Do you want rapid growth as an "extra" in your career? 
w.;. rl..,:.J n R......r, Pore.,nnol [lirortnr lent H4 

80 g's 

20 g's 
O to 2000 
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Thorough Testing Assures Hermetic Seal 
of Mallory Type E Silicon Rectifiers 

Mallory Type E "Top Hat" silicon rectifiers are designed for the most 
severe environmental conditions. And we make sure that each one is 
capable of taking extreme duty, by giving its hermetic seal a rigorous 
test before the rectifier is shipped to you. First, it's immersed for 15 
minutes in a bath of ethylene glycol at 150° C. After five minutes at 
room temperature, it is plunged into a -65° C acetone/dry ice bath. 
This process is repeated 3 times. Then the rectifier is subjected to 20 
psi pressure in alcohol before being tested. 
It's a more thorough way of testing ... and it's your assurance of top 
quality and long, dependable life of Mallory Type E silicon rectifiers. 

All Mallory silicon rectifiers feature the diffused junction in a design that increases rectifier 
area for higher efficiency and long service life. Metallic contacts are gold plated for 
cleaner junctions and greater reliability. And 100% production testing by automatic 
equipment eliminates any chance of human error. 

MALLORYP. R. MALLORY a CO.Inc. 

Type "T" Type "P" 
encapsulated silicon for fuse type clip 
rectifiers for high quality mounting where sim- 
and reliability at corn- plified replacement is 
mercial prices, required. 

P. R. MALLORY & CO. INC. 
ELKON DIVISION 

Semiconductor Department 

DU QUOIN, ILLINOIS 
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Throughout the ages men have had the urge to cross the frontiers of knowledge 
and explore the unknown. Bold and imaginative men have always strived to 
attain new goals, never accepting the status quo. 

In early times, this compelling urge caused adventurous men to venture 
far out into great unknown lands and oceans to discover and explore. Men with 
this spirit today venture into the contrasting small world of the atom, equipped 
with the modern tools of science. 

Man has also looked to the heavens to discover and understand the mysteries 
of the universe. His efforts have been limited, first by his eyes, later by the 
telescope and most recently by instrumented rockets and satellites. Soon, how- 
ever, he will be free of these limitations when he himself ventures into the 
unknown. 

This achievement will require a sharp break, in many ways, with the past. 
In the past one man often made discoveries that changed the world and man's 
future. Tomorrow's discoveries in space will more often be the results of men 

working together, each contributing his specialized knowledge of the complex 
technology that will be required. As will be seen in the following pages, 
electronics and the electronics engineer will play an essential part in almost 
every phase of the venture into space. 

Human and scientific resources that will get man into space are available 
now. However, many of our present-day ideas for the future will probably 
have to be modified. The ways in which things will be done tomorrow are not 
all known today. 

The techniques and equipment discussed in this article represent today's 
thinking. Tomorrow's concepts may bear little resemblance. 

Timetable for Future Interplanetary Space Operations' 

'80= 
'60 = 

'40 - 
'20 - 
'10 

2,000 

'90 
'85-- 
'80- 
'75 = 

'70 - 
'65 - 
'62 - 
'60- 
'59 - 

1958- 

\\ Basic Scientific Studies 

r Engineering Development 

Successful Prototype Flights 

Operational Period 

Manned Unmanned Manned Manned Unmanned Man ned Manned Manned 

Semi-space Terrestrial Venusion Lunar Space Exploration Solar Martian 

Operations Space Exploration Exploration Reconnaissance Of Universe Exploration Exploration 

Hyperatmospheric Operations Reconnaissance Reconnaissance Probing Reconnaissance Reconnaissance 

Probing 
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ELECTRONICS 
IN SPACE . 

ENVIRONMENT 

Electronic equipment and components must be designed to 

operate in a relatively unknown environment. Known space 

temperature data and recent radiation measurements indicate that 

serious limitations may be imposed on some materials 

EARTH is one of the smaller planets that revolve 
around the star we know as the Sun. This Sun is 
a minor star in a local galaxy of hundreds of billions 
of stars that constitute the Milky Way, a disk -like 
system about 100,000 light years in diameter and 
20,000 light years thick at the center. Our planetary 
system is 30,000 light years from the galactic center 
and rotates about this center once every 250 -million 
years at 600,000 mph. 

Pluto, the farthest planet from the Sun, is about 
5i light -hours away. In comparison, the nearest of 
the other star systems to our Sun is Alpha Centauri, 
at a distance of 4 light-years. Outside the Milky Way 
the nearest galaxy, Andromeda Nebula, is 2.2 -million 
light-years away. The Milky Way and Andromeda 
Nebula are only two of hundreds of millions of gal- 
axies in the Universe. This then is the great un- 
known that man will enter with his first successful 
space flight as the initial step. 

Table I-Distc aces of Solar System Bodies 

Mean Dist. 
from Sun 
(X 106 mi) 

Distance to Earth 
(X 106 miles) 

Average Time 
for One -Way 
Communica- 

tion maz min 

Mercury 36 138 48 8 min 
Venus 67 162 24 8 min 
Earth 93 
Mars 142 249 34 13 min 
Jupiter 484 602 366 45 min 
Saturn 887 1,030 734 1 hr, 12 min 
Uranus 1,790 1,960 1,610 2 hr, 40 min 
Neptune 2 800 2,920 2, 680 4 hr, 10 min 
Pluto 3,680 4,680 2,650 5 hr, 30 min 
Moon 0.253 0.222 1.27 sec 
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FIG. 1-Temperatures attained in space by black or gray bodies 
of various shapes 

SOLAR SYSTEM Table I lists the distances of 
the planets in our solar system from the Sun and 
Earth and Table II lists some of their orbital and 
physical characteristics. 

Typical of the environmental factors that must be 
considered when designing electronic hardware are 
temperature and radiation. 

Table II lists temperatures that may be encountered 
on other planets. Outside the protective shields of 
planetary atmospheres, bodies in space can reach 
much higher temperatures. At the Earth's distance 
from the Sun but outside its atmospheric shield 
a black body can reach temperatures of 300 to 400 K; 
Fig. 11 illustrates the temperatures of various shapes 
of black or grey bodies at various distances from the 
Sun. Table III' lists maximum operating tempera- 
tures for typical electronic components. 

Cosmic radiation space may present a serious haz- 
ard, not only to humans, but also to improperly 
shielded components and materials. This radiation 

41 

ELECTRONICS - April 24, 1959 67 



FIG. 2 -Radiation in Earth's vicinity is in form of two concentric doughnut -shaped belts; contour lines of this cross-sectional representation 
indicate particle counts per second. Outer belt is believed to be caused by spurts of gas from Sun 

is in the form of high-speed particles from space - 
about 80 percent being protons and the remainder 
comprising other subatomic particles' Recent obser- 
vations in the Earth's vicinity have established that 
it is surrounded by doughnut shaped belts of radia- 
tion. As illustrated in Fig. 2, the inner belt reaches 
its peak at about 2,000 miles and the outer peak at 
about 10,000 miles from the Earth. Farther out the 
radiation steadily diminishes to extremely low values 
beyond 40,000 miles. The maximum radiation in- 
tensity in each of the two belts reaches about 25,000 
counts/sec, or about 40,000 particles/sq cm/sec.' 

Table Ill -Approximate Temperature Limits of 
Conventional Electronic Components 

Batteries 225 C A -C Generators 250 C 

Bearings 540 C A -C Servo Motors 500 C 

Capacitors 500 C Insulated Wire 500 C 

Circuits 550 C Potentiometers 200 C 

Relays 125 C Radiation Detection Tubes 100 C 

Selsyns 450 C Semiconductor Silicon 200 C 

Transformers 500 C Semiconductor Germanium 75 C 

Tubes 600 C Semiconductor Selenium 125 C 

Table II -Motions and Physical Characteristics of Solar System Bodies 

Mercury 
Venus 
Earth 
Mars 
Jupiter 
Saturn 
Uranus 
Neptune 
Pluto 

Moon 

Number 
of 

Satellites 

Mean 
Diameter 

(miles) 

Escape 
Velocity 

(mph) 

Rotation 
Period 
(days) 

Revolution about Sun 
Probable 

Atmosphere 
Period 

Mean 
Velocity 
(mph) 

Inclina- 
tion to 
Ecliptic 

0 3,100 9,400 88 88 days 107,000 7° 
CO3 0 7,700 22,500 225 days 78,200 3° 24' 

1 1 7,900 25,200 365 days 66,600 0 
H20, CO,, N, 2 4,200 11,200 1.03 687 days 54,000 1° 51' 

12 87,000 133,500 0.41 11.9 yr 29,150 1° 18' CH4, NH3, Hr, He 
9 72,000 79,300 0.43 29.5 yr 21,600 2° 29' CH4, NH,, H,, He 
5 32,000 46,800 0.45 84 yr 15,100 46' CH4, NH,, Hs, He 
2 27,600 50,400 0.66 165 yr 12,200 1° 46' CH4, NH3, H,, He 
0 3,600 24,000 6.03 248 yr 10,450 17° 9' - 

2.160 5,400 27.3 days 2,300 5° 8' 
(about Earth) 

Maximum 
Surface 

Temperature 
(deg C) 

+400 
+ 94 
+ 60 
+ 30 - 129 - 152 - 168 
-200 - 223 

-152 
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ELECTRONICS 
IN SPACE . 

PROPULSION 
Continuously powered interplanetary flights cannot be attained 

with conventional chemical rockets. Once vehicles attain escape 

or orbital velocity, supplementary electronic propulsion may be 

used to provide continuous thrust 

DEVELOPMENT of adequate propulsion systems will be 
the engineering key to successful space flight. Two 
distinctly different phases must be considered. 

A high -thrust propulsion system is necessary to 
get a vehicle off the earth's surface and to attain 
escape or orbital velocity. Once escape velocity is 
attained, the vehicle will rise through the earth's 
gravity field without additional propulsion; theoret- 
ically it will continue on into space, traveling a para- 
bolic trajectory, and ultimately reach infinity with 
zero velocity. Table II lists the velocities necessary 
to escape some of the bodies in the solar system. 

At orbital velocity, which is less than escape veloc- 
ity, centrifugal force balances the gravitational force 
on the vehicle, causing it to travel a circular orbit 
as a satellite. The farther the vehicle is from the 
earth, the less the velocity necessary to keep it in 
orbit. 

Escape velocity, at any level of a satellite orbit, is 
approximately 1.4 times the orbital velocity at that 
level.' Therefore, a low -thrust propulsion system is 
sufficient to provide the additional velocity increment 
necessary to escape the orbit and travel to any other 
planet's orbit 

Numerous electronic propulsion systems have con- 
siderable promise as low -thrust rocket engines. Their 
characteristic properties of long operating time at 
small propellant consumption rates make them par- 
ticularly attractive for long interplanetary flights 
since they can, if desired, provide continuous ac- 
celeration during entire flights. 

ION ROCKET-One electronic system under devel- 
opment utilizes an ionic propellant. 

As illustrated in Fig. 3, propellant material is 
vaporized and introduced into an ionizing chamber 
at a controlled rate. The ions are extracted from the 
chamber by a negative electrostatic field of approxi- 
mately 10' v/ft and accelerated to exhaust velocities 
of 300 to 400 x 10' mph to provide the main com- 

ponent of thrust. Experimental results have tenta- 
tively established the minimum accelerating voltage 
for efficient operation at 10 to 12 kv.' 

Electrons produced in the ionization process are 
returned to the power source that supplies the ion- 
izing chamber and the accelerating field; they are 
then recreated by thermionic emission and acceler- 
ated by a positive electrostatic field to a velocity ap- 
proximating that of the ions and are recombined 
with the ions in the exhaust trail in back of the 
vehicle to neutralize space -charge effects on the 
vehicle. The accelerated electron stream also makes 
a small contribution to the engine's total thrust. 

Propellants of the highest possible atomic or molec- 
ular weight, which form singly charged ions, are 
most efficient; ions of equivalent atomic or molecular 
weight much less than 100 produce thrusts too low 
to be especially useful. Possible propellant materials 
include liquids such as mercury and solids like uran- 
ium tetrachloride, cesium, thorium and rubidium. 

The mechanics of the ionization chamber depend 
to a degree on the ionization potential of the propel- 
lant. Some low -potential materials can be ionized by 
the simple boiling of hot tungsten or platinum sur- 
faces. Other materials must be vaporized by electron 
bombardment of a target anode, or require high- 
energy arcs for efficient ionization. 

PLASMA ROCKETS-Much work is also being done 

IONS 

ELECTRONS 

ION 
THRUST 

OUTPUT 
t+t 

e ELEC 
TRONS EJECTED 

ELECTRONS 
l -I 

FIG. 3-Basic components of ion -drive propulsion system 
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Scientist in charge of Los Alamos Laboratory's solar sail develop- 

ment adjusts counterweights on miniature dynamic mockup. Electric 
motor spins plastic sheet flat by centrifugal force 

on various types of plasma propulsion systems. 
Thermal plasma accelerators are essentially arc 

devices, as illustrated in Fig. 4A. Nitrogen, hydro- 
gen or argon gas is fed into a cylindrical arc cham- 
ber where it is heated to 10,000 to 100,000 F and 
ionized as it passes through the arc. A combination 
of thermal and magnetic pinch effects on the arc con- 
centrates most of its energy at the center of the 
cylinder of flowing gas plasma, causing the plasma 
to exit from an orifice in one of the electrodes at 
velocities up to 10,000 mph. As ions and electrons 
remain mixed in a plasma, neutralization is not 
necessary in any of the plasma accelerators. 

Heat transfer from the gas to the chamber walls 
causes 25 to 40 percent of the total electrical input 
power to be absorbed in cooling the electrodes. 
About 50 percent of the input power is used to 
ionize the gas, leaving 5 to 15 percent for kinetic 
motion of the plasma propellant 

Magnetic -plasma or magnetohydrodynamic de- 
vices impart an accelerating force to a plasma pro- 
ducing current by the interaction of a varying 
magnetic field. The magnetic field is produced by 
the return current in fixed external conductors. 

One of the simplest magnetic plasma accelerators 
is shown in Fig. 48.7 Initiation of a spark between 
the conductors, which are in an atmosphere of 1 

micron Hg, vaporizes sufficient material from the 
conductors to produce a plasma of metallic ions 
and electrons. Buildup of the spark -producing 
current in the conductors creates an increasing 
magnetic field that accelerates the plasma away 
from the electrodes at velocities as high as 20 
cm/µsec. Plasma motion can be restricted to the 

FIG. 4-Plasma engines use high -temperature heating (A) or 
interaction of a varying magnetic field (B, C, D and E) to 
impart accelerating force on plasma 
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Exhaust plasma from experimental General Electric T -tube acceler- 

ator deflects scale vane, visible in porthole at left, to give approxi- 

mate indication of thrust produced 

axial direction by adding a magnetic field parallel 
to the axis. 

In the accelerator illustrated in Fig. 4C, a uni- 
form radial current sheet is drawn between two 
coaxial conducting cylinders and accelerated by the 
increasing magnetic field .° The current sheet forms 
a shock wave, in the gas mass preceding it, that 
heats and ionizes the gas. An axial magnetic field 
keeps the plasma away from the walls of the co- 

axial cylinders. 
Exhaust velocities as high as 500,000 mph have 

been obtained using hydrogen or deuterium as pro- 
pellants. 

An electrodeless accelerator is illustrated in Fig. 
4D.° A current pulse through the single -turn con- 
ductor causes a rapid buildup of an axial magnetic 
field. The electric field induced breaks down the 
gas in the tube and produces circular current loops 
in the plasma that are in opposite phase to the cur- 
rent loops in the external conductor. The magnetic 
field confined between the external conductor and 
the plasma current sheets implodes the plasma 
inwards toward the axis. The plasma then expands 
symmetrically outward along the axis from the coil 
region and reaches velocities of 10 cm/µsec. 

Table IV-Characteristics of Rocket Engines 

Specific 
Impulse 

(sec) 

Ratio of Thrust 
to Engine Weight 

Vehicle 
Acceleration 

(g) 

Chemical 200 to 400 50to80 1.2 to 1.5 

Nuclear 400 to 1,000 10 to 50 1.2 to 1.5 

Ionic 5,000 to 20,000 0.0005 to 0.00005 0.00001 

Plasma 300 to 20,000 0.1 to 0.001 

Full-scale mockup of Rocketdyne experimental ion -drive engine that 

will weigh about 11/2 lb and produce about 1/4 -lb thrust. Electrical 

power will be supplied by nuclear reactor power generator 

T -TUBE ACCELERATOR Figure 4E illustrates 
an experimental accelerator whose electrodes and dis- 
charge region are arranged in a T geometry.» After 
a discharge is initiated, return current from the gun 

passes through a single -loop coil so located as to 
produce a magnetic field normal to the current 
passed within the tube. The Lorentz force thus 
created is perpendicular to the field and the plasma 
current accelerates the plasma out the side arm 
of the tube. 

Operating at a 20 -cps firing rate, in an ambient 
air pressure of 0.2 mm Hg, this device produces 
about 0.25 lb of thrust at 57,000 ft/sec for 500 joules 
power input.' Higher velocities can be obtained 
by using lower molecular weight gases instead of 
air as propellants. 

The high currents that are necessary for these 
magnetic accelerators are usually supplied from high - 
voltage storage capacitors that are discharged by 
spark -gap switches. The switches are triggered by 

high -voltage pulses. 
All of the electronic propulsion systems covered 

require high power inputs; 200 to 300 kw input is 
necessary to produce about a pound of thrust. Suit- 
able power -generation equipment must therefore ac- 

company ionic or plasma rockets into space. 

PHOTON SAILING Numerous proposals have 
been made to solve the power -generating problem by 
harnessing solar energy in a photon sail. Photon ra- 
diation on a huge sail of aluminized -plastic film could 
provide estimated thrusts of 1.7 x 10' to 2 x 10' 
lb per sq ft of reflecting surface for infinite periods of 
time.» " 

Table IV lists some of the performance character- 
istics of present and future propulsion systems." 
Specific impulse in generally used as a figure of merit 
and is equal to the pounds of thrust per pound of fuel 
consumed per second. 
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ELECTRONICS 
IN SPACE 

COMMUNICATION 
Cosmic noise sources and Earth's outer atmosphere, which is 

opaque to much of electromagnetic spectrum, will probably 
present greatest limitations in Earth -to -Space communications. 
Transmissions in free space should be relatively easy 

SPACE COMMUNICATION systems will play a vital role 
in interplanetary flight. Besides providing contact 
with the occupants of space vehicles, communication 
links will be necessary for data transmission, naviga- 
tion and guidance, and other important functions. 
Evaluation of present-day knowledge of the problems 
that may be encountered indicates that, with refine- 
ment and evolution, current communication tech- 
niques can be adapted for space. 

Communications in space may be grouped into two 
categories : between points in space or points in space 
and the Earth. For line -of -sight transmissions in 
free space, the signal power at the receiver is given 
by the one-way range equation 

P PTGTA R = PTGTGRC2 
4,rD2 (41rDf)2 

where P. is radiated power, GT and GR are transmit- 
ing and receiving antenna gains, c is velocity of prop- 
agation, AR is effective receiving antenna area and 
f is frequency. For isotropic antennas (gain = 1), 
the range equation reduces to PR/PT - (c/a Df)2, 
which is equal to free -space loss; expressed in deci- 
bels, free -space loss = 36.6 + 20 (log D + log f) and 
is given in nomogram form in Fig. 5' for various 
transmission distances from the Earth at different 
frequencies. Actual losses for Earth -to -space com- 
munications will be higher than this basic loss be- 
cause of propagation losses incurred in the Earth's 
atmosphere. 

PROPAGATION CHARACTERISTICS - To much 
of the electromagnetic -wave spectrum, the Earth's 
atmosphere acts as an opaque barrier. There, how- 
ever, are two regions of partial transparency; an op- 
tical window in the visible wavelength region of 5 x 
10' to 10' cm and a radio window in the vhf, uhf 
region from 1 cm to 10 m. In addition, there are 
some other partial transparencies, in the i -r and x-ray 
regions. 

Even in the radio -window region, numerous factors 
cause varying degrees of signal attenuation in the 
troposphere and ionosphere. Referring to Table V" 
(see p 74), which lists some of the propagation char- 
acteristics of frequencies of 3 me to 1.5 x 10' mc, 
it would seem that frequencies between 100 and 
10,000 me are suitable for line -of -sight communica- 
tion between space vehicles and Earth stations.' 

Effects of auroral reflection, absorption and scat- 
tering, predictable radio -star interference and signal 
fading due to Faraday rotation of the plane of polar- 
ization can often be neglected above 1,000 mc. How- 
ever, water -vapor absorption becomes more serious 
at frequencies approaching 10,000 mc, particularly 
at small angles above the horizontal." 
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FIG. 5-Nomogram for determination of free -space trans- 
mission loss at various distances from Earth 
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TYPICAL CRYSTAL MIXERS 

REGION OCCUPIED BY fl 
RECENT CRYSTAL MIXERS 

I 

1 AND TWT 

~QUIET VACUUM TUBE 

ATMOSPHERIC 
ABSORPTION 

NOISE 

OXYGEN 
WATER VAPOR 

FUTURE COOLED CRYSTAL 
MIXERS--, 

REGION OCCUPIED BY MASER 
DEVICES 

COSMIC NOISE FROM: 

-NEUTRAL H2 

GALACTIC 
CENTER 

HORIZ RAY PATHS 

2 3 5 10 20 
REQUENCY IN itMC 

30 

VERT 
RAY 
PATHS 

0 

1900 } 

500 á 

100 

50 

10 

100 

As listed in Table II, many of the planets in the 
solar system have atmospheres of various kinds and 
degrees. The effects of these gases on propagation 
may have to be considered for space -to -planet com- 
munications. 

Vehicles in line -of -sight communication with each 
other in space would probably be limited in operating 
frequency only by the refractive effect that occurs at 
very low frequencies within regions of space in which 
charged particles and a magnetic field are simul- 
taneously present. Operating frequencies of 22,000 
or 60,000 me would minimize interference with Earth 
communications services because of the absorption 
by water vapor and oxygen in the Earth's atmos- 
phere." 

ANTENNAS-Transmission range can be increased 
by judicious choice of antennas for ground stations 
and space vehicles. 

For the space vehicle it is desirable to employ a 
large directive antenna to obtain maximum gain, yet 
the antenna's size must be compatible with that of the 
vehicle and its beam width must not be so small as 
to greatly increase tracking difficulties. 

For ground stations, large high -gain tracking an- 
tennas, similar to those used for radio astronomy, 
are available. To track a moving vehicle in space, 
the ground antenna's scan rate and beam width must 
be such that the ground -to -space signal will be orig- 
inated by the leading edge of the main lobe and the 
return signal from space will be received by the lobe's 
trailing edge. 

The circular parabolic -reflector antenna is one of 
the most advanced of the mechanical scanning types. 
This anntenna can provide power gains of 7Af %c= 
(A = aperture area), with main -to -minor lobe ratios 
of at least 40 db and illumination efficiencies of 55 
to 65 percent over a wide range of frequencies." 

At certain times, such as orbiting during takeoff 
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FIG. 7 -Overall limitations on receiver sensitivity due to various 
cosmic, atmospheric and receiver noise sources 

FIG. 6 -Equivalent temperatures of various sources of noise 

FIG. 8-Ionized field in Sun's vicinity refracts communication 
paths in its near vicinity 

or reentry, scan rates of at least 3 deg/sec may be 
necessary. If the inertia of mechanical scanñing an- 
tennas becomes too great to achieve this rate, elec- 
trical scanning techniques may be necessary.' 

Fading from Faraday rotation losses in the atmos- 
phere may be avoided by circular polarization of the 
antennas; this, however, would result in a 3 -db loss 
over the power that could be received with linear 
polarization.' 

NOISE-Receiver noise level usually determines the 
weakest signal that can be received. Development of 
maser and Nonlinear -reactance amplifiers, such as 
the parametric amplifier, have lowered the noise level 
due to amplification to such a low level that external 
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TROJAN 
SATELLITE 

FIG. 9-Relay satellite placed at o Trojan point of two bodies 
in space will remain stabilized in that position 

noise sources picked up by the receiving antenna 
have become the limiting factors in sensitivity. The 
noise power received by an antenna can be expressed 
in terms of antenna noise temperature by the rela- 
tionship T. = P./KB, where P. is the antenna noise 
power, K is Boltzman's constant and B is receiver 
bandwidth. 

The limiting factor in the high -frequency band 
may be atmospheric noise. This noise varies with 
season and time of day, the highest level prevailing 
over land in tropical regions. Cosmic and solar noise 
present limitations as the communication antennas 
will act as radio telescopes; the least noise of this 

Table V-Propagation Characteristics 

Frequency Type Characteristics 

3 me ground wave 

whistlers 

reflected by ionosphere, 
follow Earth's curvature 

follow magnetic field lines 

3 to 30 me ionospheric reflected by ionosphere 

3 to 100 me ionospheric scattered in ionosphere, 
reflected by aurora, re- 
flected by meteors, line of 
sight 

100 to 10,000 me tropospheric scattered in troposphere, 
diffracted by obstacles, 
line of sight 

10' to 7.5 X 108 me millimeter 
and infrared 

absorbed by atmosphere, 
line of sight 

7.5 X 108 to 
1.5 X 10' me 

light visible to eye, scattered 
by atmosphere, absorbed 
by clouds 

type is from the galactic polar regions and the most 
from along the galactic equator and near the galactic 
center." 

Another possible source of interference that a 
space vehicle may encounter is the multipath that will 
be received when the vehicle is in the near field, or 
Fraunhoffer region, of a planet. A signal to the 
vehicle will be reflected by the planet as a constant - 
intensity echo throughout this near -field region be- 

cause the planet's large effective area will cause it 
to be, in effect, a non -point source. In addition, the 
incident -signal wavefront progressing around the 
planet's curvature will result in a train of delayed 
reflections that will cause the multipath signal to have 
a ringing effect." 

Figure 6 illustrates recent estimates of the equiva- 
lent noise temperatures presented by various sources 
of receiver and background noise. An overall picture 
of the limitation of noise is presented in Fig. 7." 

Since narrow bandwidths increase receiver sensi- 
tivity and reduce interference, they will undoubtedly 
be resorted to as a method of conserving power in the 
initial space flights that may have only limited power 
available for communication purposes. 

RELAY SATELLITES-Communications to and 
from space or in space will be restricted for some 
time to line of sight by the propagation character- 
istics of the frequencies used. At times, however, 
the terminal stations will be so located that they will 
be out of line of sight. For example, a space vehicle 
in back of the Moon or a vehicle or planet eclipsed by 
the Sun would be out of communication with the 
Earth. Also, if the communication path passes near 
the Sun, it might be appreciably refracted by the ion- 
ized field from the Sun's corona; Fig. 8 illustrates 
how rays of 60 or 100 me will be bent at various dis- 
tances and angles to the Sun "' 18 

These difficulties may be circumvented in the future 
with satellite relay stations stratigically located in 
space. Three satellites, spaced equidistantly in a 
central body's equatorial plane and orbiting in syn- 
chronism with its rotation, would constitute one form 
of relay. The satellites could be either active or pas- 
sive relays; active relays could function as storage 
and readout devices as well as repeaters. Passive re- 
lays could be reflectors in the form of spheres, seg- 
mented spherical surfaces, Van Atta arrays, corner 
reflectors or plane surfaces." 

One way of transmitting near or around the Sun 
would be to place a relay satellite at a Trojan point 
of one of the planets. In a two -body system, the two 
points on either side of a connecting line through the 
bodies that would form two adjacent equilateral tri- 
angles are termed Trojan points. Satellites placed at 
either of these two points would be stabilized there 
by the gravitational forces of the bodies involved. If 
Mercury and Earth were in the positions shown in 
Fig. 9, the Trojan points of Mercury and the Sun 
would be A and B, and those of Earth and the Sun 
would be C and D. A satellite placed, arbitrarily, at 
C could be used to communicate between Earth and 
Mercury."' so 
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ELECTRONICS 
IN SPACE 

NAVIGATION 
AND GUIDANCE 

Initial stages of interplanetary flights can be navigated by refined 
versions of conventional radio or interial guidance techniques. 

Once in space environmental limitations may necessitate use of 
some form of celestial navigation 

ANOTHER PROBLEM facing man as he ventures into 
space is that of interplanetary navigation. A mis- 
take may take him to infinity. 

Space flights in the near future will undoubtedly 
be propelled by ballistic rockets, using chemical pro- 
pellants. As the technology progresses, spacecraft 
will probably also be powered by electronic or similar 
forms of propulsion that will be capable of producing 
a low -thrust over a long period of time, but will be 
incapable of providing the necessary high thrust for 
putting the vehicle into space or an orbit around the 
Earth. 

BALLISTIC ROCKET GUIDANCE -With ballis- 
tic rockets, a power impulse is applied for a short 
initial period and the rest of the flight is unpowered, 
with the vehicle coasting in the complex gravitational 
field of interplanetary space. Guidance accuracy is 
thus established by the vehicle's position and velocity 
at the instant of transition from powered to free 
flight. 

There are maximum tolerable errors for the 
angular alignment and the magnitude of the velocity 
vector of the vehicle at the time of power cutoff. 
As illustrated in Fig. 101e' n for a particular trip the 
least speed error is permissible for the greatest align- 
ment error and the least error in the velocity angle 
is permissible for the greatest speed error. Values for 
comparable curves for interplanetary trips would be 
several orders of magnitude greater than those for 
the trips shown. 

This initial guidance could be established by in- 
ertial or radio techniques, similar to those in current 
missiles. 

terplanetary expeditions with electronic or similar 
forms of continuous propulsion will require much 
more complex guidance. 

First, as illustrated in Fig. 11 the vehicle must be 
guided into a satellite orbit around the Earth in the 
ecliptic or reference plane in which the Earth orbits 
about the Sun. This may be done directly, if the ter- 
restial latitude of the launching site is not more than 
23.5 deg North or South (the angle of the inclination 
of the ecliptic plane to the equator), by present-day 
satellite launching techniques. 

Once in orbit, the electronic propulsion system 
would spiral the vehicle .outward into or beyond the 
region where the Sun's gravitational field predomi- 
nates over that of the Earth. In that region, the 

LOW -THRUST PROPULSION GUIDANCE In - 
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Space vehicles may utilize beam -riding systems for terminal naviga- 
tion and guidance, as in this Arma illustration 
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SCIENTIFIC SATELLITE (±100 MILES) 

IMPACT ON MOON 

IMPACT ON MOON (±100 MILES) 

0.01 

AROUND MOON 
RETURN TO 
BRAKING ECLIPSE 

0.001 
0.001 0.01 0.1 

SPEED ERROR IN PERCENT 

FIG. 10-Maximum permissible errors for angular alignment and 
magnitude of space vehicle velocity vector at power cutoff 

vehicle would be directed into an elliptical transfer 
orbit around the Sun, calculated to intercept the orbit 
of the destination planet. Where the orbit planes in- 
tersect, the vehicle is directed into an orbit around 
the planet; this new orbit will be at an angle to the 
ecliptic, as can be seen from Table II. 

Guidance considerations for the Earth -to -satellite 
orbit phases of the flight are similar to those involved 
in the initial guidance of ballistic missiles. 

INERTIAL GUIDANCE Basically, inertial guid- 
ance systems consist of three accelerometers, mounted 
on a stabilized platform, and a computer as illustrated 
in Fig. 12. The accelerometers integrate the vehicle's 
accelerations to yield velocity components along three 
orthogonal axes. The accelerometer axes are main- 
tained at a fixed spatial orientation and isolated from 
rotational motions of the vehicle by a set of gyro- 
scopes placed in a frame with three degrees of free- 
dom relative to the vehicle. 

The computer operates on the accelerometer indi- 
cations and provides output signals to control the 
vehicle's roll, pitch and fuel cutoff point. In addition, 
a continuous measurement of velocity and position 

- - MARS 

SATEL 
CR 

=LIPTICAL TRANSFL° 
PATH 

SUN 

SATELLICE 

IN3710L ' CR81T 

ASCENT 

EARTH 

FIG. 11-Possible ;light path for Mars trip by space vehicle with 
chemical and electronic propulsion 

in an internal frame of reference is also provided. 
Speed accuracy is determined primarily by the ac- 

celerometers and orientation accuracy by gyroscopic 
performance. Acceleration errors are oscillatory in 
nature rather than increasing with time. Gyroscope 
drift, however, leads to platform misalignment that 
increases with time. 

Once the vehicle is in midcourse, the inertial guid- 
ance would provide a continuous measurement of 
position as long as the vehicle is in acceleration. How- 
ever, long interplanetary missions, a year or longer 
in time, would impose serious limitations on this 
form of guidance. 

As the inertial guidance system would be operating 
in free space, the oscillatory error characteristics 
would be modified so that a constant acceleration 
error, for example, would increase at iat2 instead of 
as a byunded oscillatory function. An acceleration 
error that would produce an error of 1,000 feet in a 
normal missile flight application would instead pro- 
duce an error of approximately 100,000 miles after 
1 year of operation in space.' 

During extended conventional aircraft or missile 
flight, buildup of gyroscope drift errors is minimized 

Data processing 'installiftton at Convair determines satellite orbits from sacking information 
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FIG. 12-Basic inertial guidance system necessary to obtain proper 
velocity vector during initial flight phase 

by Schuler tuning, which relies on the Earth's gravi- 
tational field for its operation. The gravitational field 
becomes too weak for this technique when the vehicle 
is far out in space or if the vehicle is made almost or 
partially weightless in a satellite or elliptical orbit 
by centrifugal force. This particular problem may 
be solved in the future by development of all -elec- 
tronic gyroscopes that use no moving parts; one pro- 
posed system would utilize the electron spin in para- 
magnetic materials to achieve extremely high ac- 
curacies. 

Since a vertical reference vector normal to the 
Earth's surface beneath a vehicle in a satellite orbit 
closely coincides with the gravity vector, the vertical 
vector could possibly be used to replace the ineffec- 
tive gravity vector to minimize gyroscope drift error 
accumulations. The Earth's horizon could be scanned 
or sensed by an infrared system to establish the 
vertical reference vector in day or night, during all 
kinds of surface weather." 

Present-day radio techniques may possibly also be 
used for midcourse guidance, but these systems in- 
volve almost all the atmospheric propagation prob- 
lems of space communications. 

CELESTIAL NAVIGATION Celestial naviga- 
tion may be the most suitable recourse for inter- 
planetary flight. The techniques would probably be 
variations or three-dimensional forms of methods 
now used in two-dimensional form. 

The coordinate system in which the navigation 
problem will be worked out will probably have as its 
base circle the ecliptic, the plane of the Earth's orbit. 
Position is specified by celestial latitude ß and 
celestial longitude X; ß is measured from the ecliptic 
plane and X from the vernal equinoctial point. 
Counterparts of terrestial latitude and longitude are 
declination and right ascension. Center of the co- 
ordinate system will be at the center of the body 
about which the vehicle is orbiting-initially the 

CONES OF 
POSITION 

LINES OF POSITION 

SUN 

TO STAR I 

TO 

_/STAR 
2 

FIG. 13-Position in space along radial component can be fixed from 
two stars and Sun 

Earth, then the Sun and finally the destination planet. 
To establish position uniquely on a spherical sur- 

face by measurement of directions generally requires 
knowledge of direction of three points, at least one 
of which is at a finite distance. 

Figure 13 illustrates a method of determining 
position in space by using stars as two reference 
points and the Sun as a third." The locus of position 
of a measurement between the Sun and another star 
is a cone whose apex is the Sun. Another cone of 
position is provided by a second Sun -star measure- 
ment. The intersections of the two cones yield two 
straight lines of position. Ambiguity may be elimi- 
nated by knowing beforehand the approximate posi- 
tion so that the measured result will be in the form 
of a correction to an assumed latitude and longitude. 
A third cone of position would also remove the am- 
biguity of the two lines of position and may also 
improve the accuracy of the measurement slightly. 

Celestial latitude and longitude may be determined 
in this manner without reference to time; a time 
reference is necessary only when comparing with 
the vehicle's predicted position in its transfer orbit 
about the Sun. 

Because the stars are considered for all practical 
purposes to be at infinity, they can only be used to 
determine the direction of the radius vector from the 
center of the coordinate system, in this case the Sun, 
to the vehicle and the vehicle's direction of travel."' " 
For absolute position, the magnitude of the radius 
vector must also be known. This radial coordinate 
may be determined without a time reference by meas- 
uring the vehicle's distance from the Sun at any in- 
stant with a thermal radiation sensing system's or by 
measuring the apparent diameter of the Sun. 

Planetary observations can be used to obtain ab- 
solute position, both angular and radial coordinates, 
with greater geometric accuracy than star fixing. 
This technique, however, requires a precision clock 
to fix the planets' locations at any instant. 
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ELECTRONICS 
IN SPACE 

POWER GENERATION 
Manned space vehicles with electronic propulsion will require 
hundreds of kilowatts and even megawatts of continuous elec- 
trical power. Complete nuclear reactor installations may have to 
be designed into vehicles to supply this power 

RECENTLY -LAUNCHED SATELLITES and space probes 
have had relatively low electrical power requirements 
-of the order of watts. As the scope and sophistica- 
tion of their instrumentation are steadily advanced, 
their power requirements will concurrently increase 
into the kilowatt range. Finally, the advent of 
manned interplanetary flight and electronic propul- 
sion systems will boost power needs into the range 
of megawatts. 

While considering the power necessary for getting 
man into space and to distant bodies in the solar 
system, thought must also be given to making him 
self-sustaining once he reaches his destination; here 
again, need arises for relatively large amounts of 
continuous electrical power. 

Power for present-day and near -future short-term 
space applications will undoubtedly be continued to 
be supplied by solar cells, fuel cells and other forms 
of batteries discussed in "Power Sources for Space 
Age Electronics," ELECTRONICS, March 20, 1959. How- 
ever, these power sources must be reappraised for 
long-term high -power applications of the future. 

CHEMICAL BATTERIES -Highest theoretical 
performance for a straight chemical reaction is at 
this time that obtained from a hydrogen -oxygen fuel 
cell. Though their theoretical upper limit is 1,400 
w-hr/lb., present cells deliver only about 300 w -hr/ 
lb.; improvements may raise this figure to 1,000 
w-hr/lb .2, 

" 

Since batteries are essentially low -voltage devices, 
reliability considerations may limit battery packs to 
about 10 kv. Their sensitivity to ambient tempera- 
ture and need to be kept warm may further limit 
performance in a space environment; in addition, 
zero -gravity and various forms of radiation may also 
have deleterious effects. 

Chemical batteries will probably be most useful 
in long space flights as energy -storage devices to 
supplement other prime sources of power during 

peak -load or nonproductive periods; zinc -silver bat- 
teries, for example, can deliver 700 w/lb for periods 
of about a minute. 

SOLAR POWER-.Approximately 1.35 kw of solar 
power is incident per square meter at the Earth's 
distance from the Sun'' " 

The simplest way to harness this energy at the 
present time is through use of batteries of silicon 
solar cells. Assuming that 30 to 50 percent of the 
power incident on these cells is reflected, and includ- 
ing other losses, the conversion efficiency above the 
atmosphere should be about 9 to 12 percent." This 
efficiency is currently attained with selected cells that 
produce approximately 135 w per square meter of cell 
surface. 

On a weight basis, a bare cell will deliver about 
300 w/lb in full sunlight; including the weight of the 
supporting structure and protective cover for a bat- 
tery of cells, the output drops to about 3 w/lb. Im- 
provements in packaging of the cells and production 
techniques, to produce lighter and thinner cells, may 
result in outputs of 5 w/lb. 

Present cells have small areas due to the necessity 
for single -crystal construction and internal resistance 
considerations. They require surface temperatures 
of about 70 F to reradiate wasted energy and there- 
fore may require surface cooling for efficient opera- 
tion. Radiation in space will probably not present 
any deleterious effects on the cells' life span. 

Since many hundreds of thousands of solar cells 
would be necessary to generate power in the kilowatt 
region, their use for the present seems to be limited 
to low -power applications. For continuous power, 
during periods that the cells may not be in sunlight, 
energy storage must be provided in the form of bat- 
teries. 

THERMIONIC CONVERTER-One of the solar 
devices that offers great promise for future devel- 
opment is the thermionic converter.' Figure 14 shows 
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a basic system arrangement. A reflector collects the 
incident solar energy into a container whose opening 
is just large enough to include the area of intense 
heat flux concentrated by the reflector. The container 
is lined with thermionic converter cells, their cathodes 
facing the inside so as to be at approximately 2,000 

F. Anodes face the Sun and are at about 1,000 F; 
this temperature is sufficiently high to reradiate 
wasted energy. 

It is estimated that 25 w/lb will be produced for 
the converters alone and 12.5 w/lb including the 
weights of the reflector and radiator. Future work 
seems to be in the area of finding materials having 
the proper electron work functions for the operating 
temperatures desired. 

LUNAR POWER STATION-Solar energy inci- 
dent on the Moon may be utilized to generate electrical 
power for future Moon dwellers; a recent proposal 
suggests taking advantage of the vacuum on the 
Moon to convert large amounts of solar energy to 
electrical power by the photoelectric effect " 

To construct the Moon power station, a thin plastic 
sheet, coated with a 1 -micron thickness of photosensi- 
tive material, would be stretched and supported over 
several acres of the lunar surface. A thin wire mesh 
would then be placed over, but insulated from, the 
plastic -film photocathode as a photoanode. Insulated 
sections of this assembly would be series connected 
for higher voltages, as desired. Internal impedance 
would be lowered to 0.1 ohm or less. 

The solar conversion efficiency would depend, along 
with other factors, on the work functions of the ma- 
terial used; the lower the work function, the longer 
the cutoff wavelength and the larger the portion of 
the solar spectrum that can be usefully converted. 
Early experiments have yielded efficiencies of 0.1 
percent, but efficiencies up to 25 percent are expected 
with further development. 

The complete power station operating at 25 -percent 
efficiency would produce 300 w/lb or 118 w/sq m. 
These power values are for the Sun at zenith and 
would change throughout the lunar day. 

An important consideration when using solar power 
in any form is that the intensity of the incident solar 
energy rapidly decreases as the distance from the 
Sun is increased. For example, the power from the 
Sun in the vicinity of Mars is only half that obtain- 
able near the Earth. 

NUCLEAR POWER-Generation of large quanti- 
ties of electrical power for long periods of time will 
probably be accomplished by some form of nuclear 
power. 

Radioisotopes may be used in numerous ways. A 
direct way is to collect the beta particles emitted by 
an isotope like strontium 90; such a battery would 
produce about 10 kv at 50 µµa, or 0.2 w-hr/lb over 
the isotope's half-life of 28 years.' 

Another recently developed battery utilizes thermo- 
couples to convert the radiation from gm of polo- 
nium 210 into 5 w of electrical power; this device will 
produce about 2,600 w-hr/lb for a 140 -day half-life 
period, increasing in efficiency as temperature de- 
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FIG. 14-Basic arrangement for thermionic-converter system 

Test chamber for plasma thermocouple is inspected Ey two of 
scientists that developed new power generator at Univers ter of Cali- 
fornia's Los Alamos Scientific Laboratory 

SHOCK FARTIALi7 
FRONT IONIZED GAS 

FIG. 15-Piasma-fission resides would produce electricity directly 
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FIG. 16-Basic plasma -metallic thermocouple 

creases. Further development may produce 10 to 
1,000 kw-hr/lb. 

Though isotope power sources may ultimately out- 
perform chemical batteries, their future use may be 
influenced by the fact that there may never be suffi- 
cient material available to permit their large-scale 
operation?. " 

Nuclear reactors seem, at this time, to be the way 
to supply the hundreds of kilowatts or megawatts of 
power that will be needed for electronic propulsion. 

The great weight of fission reactor sources is due 
to the conventional methods used to convert the ther- 
mal energy into electrical power. Application of 
superconductivity concepts to the electrical conver- 
sion equipment may help to reduce their weight sub- 
stantially." There is hope, however, that fission 
energy may be converted into electrical power directly 
in the reactor. 
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FISSION -PLASMA REACTOR -- A proposed 
plasma reactor would operate in a fashion opposite 
that of a magnetic plasma accelerator for propulsion 
use." 

As illustrated in Fig. 15, the reactor would be a 
cylindrical shape containing uranium 235 gas, at 
just below criticality. An initial disturbance at one 
end of the cylinder will cause the gas at that end to 
become critical and the resulting fission energy will 
drive a shock wave to the other end of the tube. As 
the ionized gas or plasma behind the shock wave 
passes through the magnetic field, part of its kinetic 
energy will be transferred to the external circuit as 
an induced current in the magnetic circuit. Reaching 
the other end, the plasma will be sufficiently com- 
pressed and heated to become critical and institute a 
shock wave in the reverse direction. The magnetic 
field would be maintained by a resonant circuit formed 
by the coil and capacitor. 

It is estimated that a 26 by 150 ft reactor will pro- 
duce 20 cps power of 480 kw, at an overall efficiency 
of 20 percent. 

PLASMA THERMOELECTRIC CELL --Another 
direct conversion system, which is now under devel- 
opment, is based on a plasma thermocouple. As illus- 
trated in Fig. 16, one of two metallic elements of a 
conventional thermocouple is replaced by a plasma of 
ionized gas. Since the thermoelectric power of the 
plasma is about 1 mw/C compared to 1 icv/C for 
metals, the current flow through the cell is about 1,000 

times greater.' 
An experimental thermoelectric cell utilizing a 

cesium plasma at 300 C and hot and cold junction tem- 
peratures of 2,630 C and 350 C has produced about 
10 w per sq cm of emitter surface at 5 -percent effi- 

ciency. 
The author thanks the individuals, societies and 

companies that so freely offered their cooperation in 
this undertaking. 
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NA17 100 10 3 60 amps 1.Iv at 3 amps .5 
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NA57 500 10 3 60 amps l.iv at 3 amps .5 

NA67 600 10 3 60 amps l.1v at 3 amps .5 

NORTH AMERICAN ELECTRONICS, INC. 
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THAT NEVER LEAKS 

To achieve umbrella -like radar protection Hughes engineers 
at Fullerton, California, have developed systems which 
position radar beams in space by electronic rather than 
mechanical means. These unique three-dimensional radar 
systems are digitally programmed to instantaneously detect 
high-speed enemy aircraft, even at low altitude. 

Other defense systems under development at Hughes in 
Fullerton are Data Processors which monitor the movement 
of hundreds of aircraft, store the information and assign 
defense weapons; radars with beams capable of detecting 
and tracking missiles; and new radar systems for installa- 
tion on surface and subsurface naval vessels. 

Research & Development Engineers use REAC computing equipment 
as an aid in such complex problems as systems simulation. 

Newly instituted programs at Hughes have created immediate 
openings for engineers experienced in the following areas: 

Semiconductors 
Field Engineering 
Microwave Engineering 
Industrial Dynamics 
Communications 
Digital Computers 

Development Engineering 
Systems Analysis 
Industrial Systems 
Circuit Design 
Components Engineering 
Electron Tubes 

Write in confidence, to Mr. Tom Stewart, 
Hughes General Offices, Bldg. 6-D4, Culver City, California. 

0195e. HUGHES AIRCRAFT COMPANY 

Other Hughes activities are delving into similarly ad- 
vanced areas of electronics. Engineers at Hughes Research 
& Development Laboratories are probing into the effects of 
nuclear radiation on electronic equipment, studying ad- 
vanced microwave theory and applications, and examining 
communication on a spatial scale. Applying this advanced 
type of creative engineering to commercial projects is the 
task of engineers at the Hughes Products activity. 

The highly advanced and diversified nature of Hughes 
projects offers creative engineers and physicists the oppor- 
tunity to build a rewarding career in a progressive and 
expanding environment. 

Reliability of the advanced Hughes Electronic Armament systems 
can be insured only with the equally advanced test equipment 
designed by Hughes El Segundo engineers. 

Creating a new world with ELECTRONICS 

I- 

HUGHES 
L 
HUGHES AIRCRAFT COMPANY 
Culver City, El Segundo, 

Fullerton and Los Angeles, California 
Tucson, Arizona 
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It takes a TEAM 
to solve timing problems 

The control of time is an extremely complex science 
that demands a thorough knowledge of many individ- 
ual technologies. For this reason, Haydon maintains 
a team of engineering specialists to provide the reser- 
voir of skill, knowledge, experience, and creative abil- 
ity necessary to solve industry's timing problems. 
When you submit a timing problem to Haydon, it's 
handled by a team of specialists - not an individual 
engineer. And you can be sure the Haydon Timing 
Team is equipped with all the electric, electronic, me- 
chanical and manufacturing know-how needed to 
analyze your requirements and develop the best possi- 
ble new or modified timing unit for your specific 
application. 

Correctly designed and efficiently manufactured, 
Haydon timing devices are exhaustively tested before 
release to a customer. The results are uniformly high 
quality devices that are known for fine performance, 
and long life. May we put our Timing Team to work 
for you? 

A few units from the complete Haydon line are shown 
at the right. Send now for further information, out- 
lining your requirements. 

Hay -clon 
AT TORRINGTON 

DIVISION OF 
GENERAL TIME CORPORATION 

2428 EAST ELM STREET 
TORRINGTON, CONNECTICUT 

Headquarters for Timing 

ELAPSED TIME 
INDICATOR 
ED -71 

Compact, low-cost instrument 
for machine tools, 
communications equipment and 
other commercial applications 
where an accurate record of 
operating time is desired. 
Time Registered: 9,999.9 hours. 
Weight: 5 oz. Voltages: 120 or 

240 v, 60 cps. Power Required: 
2.5 watts at 120 v, 60 cps. 

A -C 
TIMING MOTORS 

A complete line of synchronous, 
compact timing motors, speeds 
from 1/60 to 60 rpm. 
Guaranteed torques from 6 
ounce -inches to 30 ounce -inches 
at 1 rpm. Voltage ranges 
103-132 and 206-264 vac, 
50 or 60 cps. 

INTERVAL TIMER 
Directly controls heavy duty 
electrical loads. Type AD can 
be supplied with up to 3 SPST 
switches. Type AT has I SPST 
switch only. Intervals available 
with dial and knob: 15,60 and 
180 minutes. Intervals to meet 
your specific requirements can 
be supplied. Voltages: 120 or 

240 v, 50 and 60 cps. Switch 
Rating: 28 amps, 250 vac 
non -inductive; 1 hp, 240 vac. 
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300% MORE FLEXIBLE 
THAN SILICONE VARNISHED GLASS SLEEVING 

Ben -Har "1258", a completely new extruded 
silicone rubber insulating tubing, uses a new 
formula and a new (patent pending) extrusion 
process that permits accurate dimensional control. 

700% MORE FLEXIBLE 
THAN TEFLON TUBING 
Ben -Har "1258" is the toughest, most flexible, most resistant and 
resilient unsupported tubing ever developed. It has high tensile 
strength - over 1200 pounds per square inch. It will withstand 
continuous operation from -85°C. through 260°C. Ben -Har 
"1258" has a higher rated temperature performance than conven- 
tional Class H tubings that cost more. It is highly resistant to 
heat -aging, never losing its flexibility. Its elasticity permits a snug 
fit over wires and connections. Ben -Har "1258" is resistant to 

1) abrasion 
2) cut -through 
3) corona attack 
4) harmful radiation 

Available in standard wall thicknesses of .015 and .035 in a com- 
plete color range. Special dimensions can be custom engineered. 
Write for samples and data - or ask to see a Bentley, Harris 
representative. 

BENTLEY, HARRIS 
FLEXIBLE SLEEVINGS 

BENTLEY, HARRIS MANUFACTURING CO. 
400 BARCLAY STREET CONSHOHOCKEN 4, PA. 

Telephone, Norristown, Pa.: TAylor 8-7600 

ELECTRONICS - April 24, 1959 CIRCLE 64 READERS SERVICE CARD 85 



Ceu1ii (Ç,4 

PHILCO 
announces a new family 

of LOW COST Medium Power 

Alloy Junction Transistors 
Introducing a completely new family of PNP 
germanium transistors, especially designed to meet 
rigid military and industrial specifications ... at 
lowest possible prices. 

These transistors are available in production 
quantities, for use in teletypewriters, control 

amplifiers, ignition systems, mobile radios and 
desk calculators (2N1124); servo amplifiers, volt- 
age regulators and pulse amplifiers (2N1125, 
2N1126, 2N1127); medium power audio and 
switching applications (2N1128, 2N1129, 2N1130). 

Also available in quantities 1-99 from your local 
Philco Industrial Semiconductor Distributor. 

Make Philco your prime source of information for all transistor applications. Write to 

Lansdale Tube Company, Division of Philco Corporation, Lansdale, Pa., Dept. E 259. 

l'il 

TYPE 

2 N 112 4 

VCB 
Max. 

(Volts) 

40 

Vat 
Max. 

(Volts) 

35 

Peak lc 
(Amps) 

0.5 

P Max . 

(Watts) 

0.3 

F 6 

Mc) 

0.4 
Min 

Beta 

hfe 
40 

Min 

Applications 

For high voltage general purpose use 
in amplifier and switching. Small signal 
beta controlled. 

PRICE 

$ 1.30 

( 11I 
2N1125 40 40 0.5 0.3 1.0 

Min 

hi; 
50-150 

@ 0.5 amp 

For high voltage, higher frequency 
industrial amplifier and switching 
systems. Large signal beta controlled. 

$1.90 

2N1126 40 35 0.5 1.0 0.4 
Min 

ht. 
40 

Min 

1 watt version of 2N1124 for servo 
amplifiers and relay actuators. Small 
signal beta controlled. 

Si .80 

2N1127 40 40 0.5 1.0 1.0 
Min 

hrx 
50-150 e 0.5 amp 

1 watt version of 2N1125 for servo 
amplifiers and control systems. DC 
beta controlled. 

$2.40 

2N1128 25 18 0.5 0.15 1.0 
lus 

70-150 
For low distortion, high level driver 
and output application. Small signal 
beta controlled. 

$ .95 

2N1129 25 25 0.5 0.15 0.75 
hrs 

100-200 
@ 0.1 amp 

For high gain general purpose ampli - 
fier and switching. Typical DC beta 
165. 

$1.10 

2N1 130 30 0.5 0.15 0,75 
hrs 

50-165 
(J 0.1 amp 

For higher voltage, higher level ampli - 
fier and switching applications. Typi- 
cal DC beta 125. 

.95 

Available in Production Quantities -Also Available from Local Distributors 

PH I LCO CORPORATION 
LANSDALE TUBE COMPANY DIVISION 

. IA 
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Operator tracks airborne object 
with 12 -in. telescope 

Joy -Stick Control Aids 
Telescope Tracking 
Operator manipulates control stick, commanding servo positioner of tele- 

scope. Servo's response matches physical and psychological response of 

operator. Telescope is positioned on remote object by radar and then is 

directed by operator 

By RICHARD L. SCHAUM, Circuits and System Designer, 
and D. W. SAVAGE, Package Designer, Sandia Corporation, Albuquerque, New Mexico 

AIDED -TRACKING SYSTEMS help operators of fire - 
control equipment and theodolites to follow a mov- 
ing target by supplying control functions which 
are not found in simple operator -turret servo loops. 
Aided tracking in this system is accomplished by 
replacing a simple rate signal with a composite of 
displacement, acceleration, and rate functions. Thus 
the operator only has to add corrections to a tracking 
vector if the tracking rate changes. He no longer has 

to crank in a vector corresponding to the varying 
displacement produced by a moving target. 

The aided -tracking system to be described is 
supplemented by a radar acquisition system which 
automatically positions the turret on a remote 
target. When the operator sees the target he takes 
control with the aided -tracking system. 

OVERALL OPERATION-The aided -tracking sys- 
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gives him a sense of the magnitude of the output 
signal. 

A sine wave is applied to the grid -cathode circuit 
of V and 17, When the stick is moved, a signal is 
developed across resistor R, by the capacitance. to 
ground (16 to 23 µµf) at the grid of V14. The signal 
magnitude depends on the phase shift introduced by 
varying differential capacitor C,. The amplified signal 
at the plate is rectified by voltage doubler D, and 
D2. This doubler produces a positive voltage output. 
Similarly the doubler of Vin produces a negative 
output. When C1 is in the neutral position, the volt- 
ages are equal and the output voltage to the com- 
puter is zero. 

Electrical balance and circuit sensitivity are both 
adjusted with potentiometers R2 and R3, which vary 
the amplitudes of the modulation voltages. Ripple at 
the output is minimized by the use of balanced modu- 
lation. 

The output impedance of the manual control is 
about 1 megohm. Figure 3A is a plot of the output 
voltage of the manual control measured with no 
load. A capacitance differential of about 14 µµf de- 
velops 15 v. Figure 3B shows the voltage output of 
the manual control versus a constant force exerted 
through 360 deg. Although the vector outputs at 
45, 135, 225, and 315 deg are reduced, the reduction 
does not noticeably change the output control char- 
acteristics. 

COMPUTER -SERVO AMPLIFIER-A typical input 
voltage is shown in Fig. 4A and the corresponding 
output voltage is shown in Fig. 4B. The hump start- 
ing at t, is caused by bumping the stick and produces 
the displacement component of the signal. The rate 
component is developed by a continuing pressure on 
the stick. Once a correct rate has been established, 
the operator reduces the stick output to zero until a 
new rate correction is required. 

COMPUTER -SERVO AMP DITHER 

R9 I00K IOOK 
AQUISITION SIGNAL 60 -CPS 
FROM DEMOD 

MANUAL COMP - 
CONTROL -0- SERVO -111--,TURRET DITHER 

AMPL 

LEAD TURRET RADAR 
NET -- DEMOD -f SYNCHRO SYNCHRO - 

FIG. I-Manual and radar inputs control operation of aided tracker's 
two channels. Only one channel is shown 

tern contains one azimuth and one elevation chan- 
nel. Since the channels are identical, only one will 
be described. 

Each channel consists of a manual control, com- 
puter, servo amplifier and a hydraulic -valve sole- 
noid which actuates a turret -drive mechanism 
(Fig. 1). The operator deflects a control stick in 
the direction he 'wishes to move the telescope, much 
in the manner that one operates an aircraft control 
stick. This output is applied to a computer network 
which shapes the signal to provide a composite of 
displacement, rate, and acceleration functions. Thus 
modified, the signal is applied first to a servo amplifier 
and then to the turret drive mechanism which in 
this application is electrohydraulically operated. 

MANUAL CONTROL-The manual control is a dif- 
ferential capacitor transducer C, in Fig. 2. Fore and 
aft deflections of the stick provide down and up sig- 
nals; lateral deflections provide left and right signals. 
Vector movements produce both azimuth and eleva- 
tion outputs. Full output in any direction is produced 
by a stick deflection of about 0.095 in, which requires 
16 pounds of force. The force exerted by the operator 

MANUAL CONTROL 

03 

01' 
+250V IN459 

MEG 

180K C2 
0.02 02 0.04 

IN1459 -- 
C7 SI 

0.5 
100K 

R4 
I MEG 

C41 

1N472 
1 

MEG 

IN459 +250V 

0.04 0.02 

N ) 
IN459 

VI 

K = X 1,000 

220K 

22 K 33 K 

220K 

V4 

15V, A -C V CK6112 CK6111 
60 -CPS 

FIG. 2-Section of capacitor C, controls the current through the solenoid. After passing through the lead network and R., the radar acquisition 
signal is applied to a grid of V2 

V2 CK6111 3 

VALVE 
SOLENO D 

yt 

TO II+250V 
R 
IIK 

3K 

R6 

300 
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ID 

12 

e 

4 

0 4 8 12 16 

STICK FORCE 1N POUNDS 

(A) 

AL wry 
(B) 

FIG. 3-The two manual control outputs are determined by the 
stick (A). Relative voltages produced when the stick is deflected 
by a constant force in a 360 -deg arc (B) 

was probably traveling at a slower rate than the 
target rate. 

The input signal is applied to the integrating cir- 
cuit, which includes D,, R,, and C, (Fig. 2). Zener 
diode D, is a voltage -variable resistor capable of 
being changed from about 20 megohms to thousands 
of ohms by a voltage difference across it. In effect, 
this provides a short time constant in the integrating 
circuit when a change of rate is desired, and an 
extremely long time constant when no change is 
required. The resistance versus voltage character- 
istic of a typical 1N472 diode is plotted in Fig. 5. 
Potentiometer R., adjusts the ratio of the displace- 
ment voltage to the rate voltage. 

The servo amplifier consists of a cross -coupled 
amplifier and cathode followers. Stage V, of Fig. 2 
drives the hydraulic -valve solenoid to a 10 -ma max- 
imum differential current. Potentiometer R, bal- 
ances the current through the solenoid coils. Al- 
though the bias point is not critical, neither output 
triode should conduct more than about 5 ma to avoid 
over driving the coil. Exceeding the rated current 
through the coils of some types of valves causes 
sticking, which can result in serious transients in the 
hydraulic system. 

The hydraulic valve coils are center tapped, but 
since the outer coil has higher resistance than the 

Z1./3 
a. GO 
4- 1- 
D J 

K J 
w O > 
dz 

C> 

óz 
CC- 

/ 
/ 

0 V 

TIME -- TOT TIME -TO T 

(A) (8) 

FIG. 4-Output obtained for a typical input voltage (A). During 
the first portion of the time constant of the computer, the output 
rate (B) is proportional to voltage input and stick displacement 

inner coil, resistor R, is added in series with the low 
resistance coil to balance the amplifier load. 

When new amplifiers or stick modules are installed, 
it is difficult to perform the initial balance operations 
without isolating the stick output from the amplifier. 
Switch S, is therefore provided to ground the ampli- 
fier input. The manual control may then be balanced 
by releasing the switch and adjusting R, and R, until 
the desired sensitivity and balance are attained. 

If the target moves out of angular range during 
tracking, a limit stop applies a reversed rate signal 
to the computer, thus causing the turret to back 
away. 

Dither is applied at R, to counteract stiction effects 

1 

VOLTS 

FIG. 5-A linear voltage increase across a 1 N472 diode causes a 
logarithmic decrease of diode resistance 

at slow speeds. A 120 -cps ripple voltage is used 
because the hydraulic system is sensitive to 60 cps. 
Potentiometer RA adjusts dither amplitude. 

RADAR ACQUISITION-Radar acquires the target 
at long ranges. The radar synchro signal is demod- 
ulated, and then applied to a lead network whose 
output goes to the computer (Fig. 1). The lead 
network stabilizes the operation of the acquisition 
system. 

Since the acquisition signal is applied through a 
resistance, R,,, the operator can override it with an 
aided signal. Resistor R lowers the response of the 
turret to an acquisition signal, but this is not an 
important factor. 

Radar rate signals are stored in the computer 
thereby minimizing discontinuities in tracking when 
the operator assumes control. 

APPLICATIONS-The aided -tracking system has 
greatly improved the quality of photographic data 
used in solving ballistic problems. The system's suc- 
cessful use in several telescope turrets suggests its 
application to other tracking operations. For ex- 
ample, the system could be modified for effective 
naval gun laying where one operator, rather than 
two, would perform both azimuth and elevation op- 
erations. By adding variable angular displacement 
between the operator's telescope and the gun, target 
lead would be autcmatic. 
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Series Diode Increases 
Triggering sensitivity of monostable mu ltivibrators may be greatly increased 

by using a semiconductor diode as a series nonlinear element in the feed- 

back loop. Good stability can be achieved 

By MIRKO M. VOJINOVIC,* Visiting Research Engineer, Carnegie Institute of Technology, Pittsburgh, Pa. 

OLUTION OF MANY electronic 
switching problems, such as 

registration of nuclear radiation, 
pulse analysis, counting and time 
modulation, would be facilitated if 
triggering sensitivities much higher 
than those offered by conventional 
monostable multivibrator circuits 
were available. 

To improve the triggering sensi- 
tivity of the conventional mono - 
stable multivibrator, the stable - 
state loop gain must be increased 
to a value only slightly smaller 
than unity, which is the condition 
of self -triggering.' Stability and 
reliability requirements, however, 
demand a small stable -state loop 
gain. These conflicting conditions 
limit the triggering sensitivity of 
practical circuits to the order of 
volts. 

To improve triggering sensi- 
tivity, conventional multivibrator 
circuits may be redesigned to avoid 
the normally encountered sensi- 
tivity limiting factors." In this 
article, the details of such circuits, 
using a series nonlinear element as 
a switch in the feedback path are 
discussed. 

Main Requirements 
To improve the triggering sensi- 

tivity of the monostable circuit, 
more efficient loop -gain control than 
that achieved with the gradual 

FIG. 1-Basic monostable multivibrator 
circuit using a nonlinear resistance 

curvature of vacuum -tube charac- 
teristics is desired. However, the 
advantageous gain characteristics 
of vacuum tubes may be retained 
if the loop gain is triggered by 
switching the characteristics of a 
passive nonlinear element added 
to the vacuum -tube circuit, instead 
of the gain of the tubes themselves. 

A way in which a nonlinear 
passive element can be used for 
loop -gain control of a plate -to -grid - 
coupled monostable multivibrator 
is shown in Fig. 1. The resistance 
R of the nonlinear element placed in 
the feedback loop together with 
ordinary resistor R, represents a 
nonlinear voltage divider. If both 
tubes V, and V, are normally on 
supplying a constant gain, the 
values of R and R, can be adjusted 
so that the loop gain has a desired 
value less than unity; this is the 
condition for maintaining the stable 
state. The circuit can be triggered 
by applying a signal to the non- 
linear voltage divider to change its 
voltage attenuation factor and con- 
sequently, the loop gain of the 
circuit. 

The effect of the nonlinear volt- 
age divider is shown in Fig. 2 
which gives curves of loop gain for 
different input signal amplitudes 
in the case of the conventional and 
the sensitive multivibrator. The 
rate of change of the sensitive cir- 
cuit loop gain acounts for its high 
sensitivity. 

Ideal Element 

Best results dictate an ideal non- 
linear element with resistance 
equal to zero when conducting and 
an infinite resistance when non- 
conducting. Therefore, an element 
exhibiting the highest rate of 
change of resistance in the range 
used in the circuit is required. A 

second requirement is that the ca- 
pacitance of the nonlinear element 
should be small to avoid capacitive 
closing of the feedback loop. 

For this application, semicon- 
ductor diodes provide suitable non- 
linear elements. Figure 3 shows 
average resistance as a function of 
voltage for a typical germanium 
point -contact diode and a similarly 
rated silicon junction diode. In the 
range from a few thousand ohms 
to several megohms, both diodes 
exhibit a similar rate of change 

5 

4 

3 

2 

ó 

_ 

CONVENT 
0.1 02 03 0.40.50.607 08 09 I 1.1 

PULSE HEIGHT (V) 

FIG. 2-Loop gain plotted as a function 
of input signal amplitude for conventional 
and modified multivibrator 

of resistance with respect to volt- 
age. However, germanium point - 
contact diodes commonly have ca- 
pacitances one order of magnitude 
smaller than similarly rated silicon 
junction diodes. Germanium diodes 
are thus more suitable. When there 
is a choice of germanium diode 
type, those exhibiting higher back 
resistance and smaller capacitance 
are preferable. 

Design Considerations 

Design of highly sensitive trigger 
circuits is straightforward with 
a diode as the nonlinear element; 

Now with Inst. of Nuclear Sciences 
"Boris Kidric" Belgrade, Yugoslavia 
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Multivibrator Sensitivity 

GERMANIUM 
POINT - 
CONTACT 

SILICON 
JUNCTION 

-0.2 -0 1 0 +0.1 
APPLIED VOLTAGE IN VOLTS 

FIG. 3-Typical curves of average diode 
resistance as a function of applied voltage 

only small parameter changes need 
be made. Since both V1 and V2 

(Fig. 1) are conducting in the sta- 
ble state, it is necessary to adjust 
the amplification to some specific 
value. The next step is to select the 
diode and the linear resistance Rb 
and to ascertain that the diode can 
exhibit an inverse resistance Rd 
high enough to satisfy the condition 
of stability Rd > R, (A - 1) , 
where A is the amplification of 
tubes V1 and V2, Re is the linear 
resistance of the voltage divider and 
R,, is the inverse resistance of the 
diode. At the same time it is nec- 
essary to insure that the rate of 
change of Rd with respect to applied 
voltage is high. 

As an example, consider the cir- 
cuit of Fig. 4A. Assuming that the 

8+ 
6AC7 6AC7 

1.5 K 

400 V 
µµF 

IOOK 

300 

K=X 1,000 

100µµF 100µµF 

IN34A 

50 

IOOK 

IOOK 5K 

500 

BIAS 

transconductance of each tube is 
5 X 10-3 mhos, the total amplifi- 
cation A in the stable state is ap- 
proximately A = g2mRi R2 = 56. 
The resistances Re and Rd must 
satisfy the condition of stability; 
accordingly, if R, = 5,000, Rd > 
275,000 ohms. Figure 3 shows that 
a 1N34A germanium diode satis- 
fies this condition. Furthermore, 
the rate of change of Rd in the 
range to be used is fairly high. 
According to the curve in Fig. 3, 
the voltage across the diode for 
critical resistance should be about 
-0.02 v. By changing the bias 
voltage V, it is possible to control 
the diode inverse resistance and 
thus the triggering sensitivity. 
Figure 5 shows the threshold sensi- 
tivity for various values of bias 
voltage for the circuit of Fig. 4A. 

Example 
Triggering sensitivity of the 

cathode -coupled trigger circuit can 
be increased with similar methods. 
The second tube need not neces- 
sarily be a pentode and this offers 
the possibility of using triode -pen- 
tode tubes, making the circuit com- 
pact. One practical circuit using 
a type 6U8 triode -pentode is shown 
in Fig. 4B. 

Circuit stability against self - 
oscillation and threshold stability, 
which are important properties of 
trigger circuits in general, become 
critical in high -sensitivity trigger 
circuits. 

Since small signals on the grids 
can trigger the circuit, it is im- 
portant to minimize capacitive 
coupling between grids and plates 

6U8 

(B) 

+200V 

FIG. 4-Examples of sensitive multivibrator design: (A) satisfies stability criterion; (B) is 
ci cathode -coupled version of circuit 

of the tubes. In fact, the use of 
triodes allows only small improve- 
ments in sensitivity and a really 
high -sensitivity trigger circuit can 
be realized only with pentodes. 

Semiconductor diode properties 
depend somewhat on ambient tem- 
perature, and if the circuit is to 
be designed for maximum sensitiv- 
ity, it is necessary to compensate 
for temperature variations or to 
regulate the temperature. An ad- 
vantage of semiconductor diodes 
in comparison with thermionic 
diodes is the absence of heater sup - 

0.2 0.4 0.6 0.8 

Vb IN VOLTS 

FIG. 5-Threshold sensitivity characteristics 
of Fig. 4A 

ply voltage variations. Differences 
between diodes are easily compen- 
sated by changing the bias. 

In most cases, without special 
design precautions a stability of 
about 5 percent is achieved with 
threshold levels of a few millivolts 
and a stability of about 1 percent 
between 5 and 20 my for ±5 percent 
line variation. 

The author expresses his thanks 
to E. M. Williams for discussions 
and help in carrying out this work. 

REFERENCES 

(1) G. Haas, Angenaherte Berechnung 
des Kippforganges Beim Multivibrator, 
Zeitschrift fur Angewandte Physik, VI, 
p 399, 1954. 

(2) K. Kandiah, A Sensitive Pulse 
Trigger Circuit with a Stable Threshold, 
Proc IEE, 101, Part II, p 239, 1954. 

(3) M. Vojinovic, Increased Sensitivity 
of Trigger Circuits, Bulletin of the Insti- 
tute of Nuclear Sciences, 8, p 123, 1958. 

ELECTRONICS - April 24, 1959 91 



Photoemissive Television 
Seventeen commercially available photoemissive camera tubes are listed, 

including image orthicons, iconoscopes, image converters and image dissectors 

By ARTHUR S. KRAMER 
T,,.lutical t>iv., _1. U. DnTh,nt Laborab,ries, East Paterson, N. J. 

Table I-Commercially Available Photoemissive Camera Tubes 

Tube Type and 
Manufacturer 

Description Deflection/Focus Sens; tivitv 

Diamond Cold -cathode image dis- Both magnetic k 12 µa/ 
U330AF sector '_',B;U h timgtvn lumen 

RCA 
RCA 7037 Image orthicon Both magnetic Good color picture w i t I i 177, ft -c 

illumination on scene 

RCA 6474/1854 Image orthicon Both magnetic Good color picture with 350 ft -c 
illumination on scene 

RCA 1850-A Iconoscope Magnetic deflection 
Electrostatic focus 

20 ft -c highlight gives 0.25 µa 
signal output 

RCA 6849 Image orthicon Both magnetic Can produce signal information 
with 0.00001 ft -c 

RCA 5820 Image orthicon Both magnetic Can produce signal information 
with 0.0001 ft -c 

RCA 6032 Three -electrode image 
converter 

Electtostatic focus 5 µa/lumen (infrared) 

RCA 6914 Two -electrode image con- 
verter 

Electrostatic focus Conversion index is 15 

RCA 6929 Two -electrode image con- 
verter 

Electrostatic focus Conversion index is 10 

Westinghouse 
WL -7198 Image orthicon Both magnetic Can produce signal information 

with 0.00001 ft -c 

WL -5820 Image orthicon Both magnetic Can produce signal information 
with 0.0001 ft -c 

GE 
GL -5820 Image orthicon Both magnetic Can produce signal information 

with 0.0001 ft -c 

GL -6849 Image orthicon Both magnetic Can produce signal information 
with 0.00001 ft -c 

ITT Labs 
IC6 Unipotential image tube 20 µa/lumen 

6839 Image tube Electrostatic focus 30 µa/lumen 

6411/1C-16-3 Image converter 25 µa/lucnen 

D(30)T13 Image dissector Both magnetic Luminous sensitivity is 15 µa/ 
2,870 K tungsten lumen 

Spectral Response 
in Angstroms 

Peak at 7,800 

Peak at 4,250; good 
from 3,500 to 5,300 

Peak at 4,250; good 
from 3,500 to 5,700 

Peak at 4,600; good 
from 4,200 to 5,300 

Peak at 4,250; good 
from 3,500 to 5,700 

Peak at 4,250; good 
from 3,500 to 5,700 

Peak at 8,000; good 
from 6,700 to 9,200 

Peak at 8,000; good 
from 6,700 to 9,200 

Peak at 8,000; good 
from 6,700 to 9,200 

Peak at 4,250; good 
from 3,500 to 5,700 

Peak at 4,250; good 
from 3,500 to 5,700 

Peak at 5,500; good 
from 3,300 to 6,000 

Peak at 5,500: good 
from 3,300 to 6,(1110 

Peak at 8,100; good 
from 6,700 to 9,250 

Peak at 8,000; good 
from 6,900 to 9,000 
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Camera Tubes 
LAST WEEK'S ISSUE listed commercially available vidi- 
con camera tubes. Table I here lists commercially 
available camera tubes other than vidicons-image 
orthicons, iconoscopes, image converters and image 
dissectors. These are photoemissive tubes rather than 

photoconductive, as was the vidicon. 
Conversion index referred to in the table is the 

ratio of the luminous flux from the fluorescent screen 
to the product of the luminous flux incident on the 
infrared filter and the filter factor of 11.6 percent. 

Resolution Special Considerations Applications and Features 

300 lines for 30 -mil 
aperture 

Overall gain of 11 stages of electron multiplication 
is 680,000 

For industrial closed-circuit tv 

500 lines (color) 

500 lines (color) 

450 lines 

500 lines 

18 line-pairs/mm 

25 line-pairs/mm 

25 line-pairs/min 

Maximum illumination of photocathode is 50 ft -c 

Maximum illumination of photocathode is 50 ft -c 

High signal-to-noise ratio 

Minimum operating temperature of target section 
is 35 C 

Maximum operating temperature of any part of 
bulb is 50 C 

Minimum diam of fluorescent screen is % in 

Anode supply voltage (d -e or peak a -c) is 16,000 v 

Anode supply voltage (d -c or peak a -c) is 12,000 y 

For color cameras using simultaneous pickup of 
studio or outdoor scene 

For color cameras using simultaneous pickup of 
studio or outdoor scene 

For tv pickup from motion -picture film or slides 

For industrial and scientific research with extremely 
low light levels 

For tv broadcasting with either outdoor or studio 
pickup 

For viewing of a scene with infrared radiation using 
suitable optical systems 

For viewing of a scene with infrared radiation using 
suitable optical systems 

For viewing of a scene with infrared radiation using 
suitable optical systems 

At least 500 lines Maximum operating temperature of any part of 
bulb is'71 C 

Maximum operating temperature of any part of 
bulb is 50 C 

For service in industrial, airborne or other military 
applications where standard image orthicons cannot 
be used 

For broadcast use in both studio and outdoor 
applications 

Maximum operating temperature of any part of 
bulb is 50 C 

Maximum operating temperature of any part of 
bulb is 50 C 

For broadcast use in both studio and outdoor 
applications 

For observation of fluoroscopic screens, starlit 
scenes and direct star images 

20 line-pairs/min 

40 line-pairs/mm 

20 line-pairs/min 

Maxinwnr anode operating voltage is 6,000 y 

Maximum ambient temperature is 75 C 

Maximum cathode -to -anode voltage is 16,500 y 

Overall gain of 11 stages of electron multiplication 
is 1,300,000 

For viewing of a scene with infrared radiation using 
suitable optical systems 

Functions as an electronic shutter for photographing 
short -duration events 

Inspection of photographic film, medical and 
biological research, temperature distribution in 
heated objects 

For use as a slide or facsimile scanner 
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D -C Operational Amplifier 
Transistor operational d -c amplifier meeting military requirements for air- 

borne computer applications is described. Circuit includes a low-level 

silicon transistor chopper with input impedance of approximately 1 megohm 

and a highly efficient output stage 

By W. HOCHWALD and F. H. GERHARD, 
Autouetics, A Division ut North An,eric., Aviation, Inc., Downey, California 

OPERATIONAL amplifiers are the 
important component building 

blocks in analog computers. When 
equipped with appropriate feed- 
back networks and drift -compen- 
sating circuits, these devices are 
generally capable of voltage or cur- 
rent summation, integration and 
differentiation with computing ac- 
curacies on the order of 0.01 per- 
cent under laboratory conditions. 

Development of a completely tran- 
sistorized amplifier to meet equiva- 
lent accuracy requirements under 
airborne environmental conditions 
presents a number of problems. 
Foremost of these are the provision 
of input current sensitivity in the 
region of 100 µµa and a dynamic 
output range on the order of ±50 
v d -c. Furthermore, a filter with a 
time constant of about 10 seconds 
is normally required in this type 
of amplifier. This filter is diffi- 
cult to obtain with inherently low 
transistor circuit inpedance levels. 
The amplifier to be described here 
uses silicon transistors throughout, 
including the chopper circuit, to 
achieve computing accuracies of 
0.005 percent over an ambient tem- 
perature range of -55 C to +85 C. 

Summing Amplifier 
Figure 1 is a simplified schema- 

tic diagram of the amplifier con- 
nected as a summing amplifier with 
two inputs: The input-output re- 
lationship will be independent of 
amplifier characteristics and ap- 
proach the ideal relationship e _ 

- e,Z,/Z, if the gain of 
the amplifier is sufficiently high 
and the effects of d -c drift in the 
transistor circuits are made suffi- 
ciently small. This is accomplished 
by a chopper amplifier, integrating 
amplifier, a -c preamplifier and out- 
put power amplifier forming the 
overall d -c operational amplifier. 

The amplifier sections are con- 
nected to provide two signal paths 
for the small input error signal 
e,. The d -c and low -frequency com- 
ponents are amplified in the chopper 
amplifier -integrating amplifier com- 
bination while the higher frequency 
a -c components are amplified in the 
preamplifier. The two signals are 
combined at the input of the output 
power amplifier and further ampli- 
fied in this section. Effective pre - 
amplification of d -c input signal 
components in the essentially drift - 
f ree chopper section minimizes the 
effect of d -c drift in the succeeding 
direct -coupled circuits, while pro- 
vision of the alternate a -c signal 
path achieves amplification of high - 
frequency signals beyond the capa- 
bilities of the chopper amplifier - 
integrator combination. 

The integrating amplifier per- 
mits obtaining the long time 
constant filter at the output of the 
chopper amplifier with relatively 
low resistor and capacitor values, 
since time constant multiplication 
by the gain of the integrating amp- 
lifier is effectively achieved. The 
filter thus formed is required to 
remove chopper frequency signals 

originating in the chopper ampli- 
fier. 

Chopper Amplifier 
The chopper amplifier is the most 

critical portion of the entire ampli- 
fier and its accuracy is largely de- 
termined by the characteristics of 
the transistor chopper. A pnp 
microalloy silicon transistor was 
chosen for use as the chopper (Q, 
of Fig. 1) because of its excellent 
high -frequency characteristics and 
the inherently small magnitude and 
stable nature of the internal sources 
of offset errors. A 350 -cps chopper 
was selected as a compromise be- 
tween frequency -dependent offset 
errors in the transistor and time 
constant considerations in the amp- 
lifier. 

Transistor chopper Q, is operated 
in the inverted connection to min- 
imize internally generated offset 
voltages. Offset effects are further 
reduced by actuating the collector - 
base control junction with a half - 
wave rectified square wave which 
alternately provides sufficient base 
current for the closed -switch state 
or zero voltage for the open -switch 
state. This rectified square wave 
is provided by the flux oscillator 
circuit Q, and Q. and diode D,. 
Operation with zero voltage across 
the control junction of the transis- 
tor chopper for the open -switch 
state is possible since the transistor 
open -switch resistance is greater 
than 50 megohms for the normally 
small d -c input signals to the chop - 
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With Transistor Chopper 
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FIG. 1 -Schematic of the operational amplifier. Drift compensation achieves accuracy of 0.005 percent or less in analog computers 

per. This mode of operation avoids 
temperature dependent leakage cur- 
rent errors normally observed in 
back -biased chopper circuits. 

Offset Effects 

The zero control Ri for nulling 
the nominal effects of offset in the 
modulator circuit inserts a variable 
square wave into the collector cir- 
cuit of the transistor chopper. This 
method corrects the voltage offset 
directly at the source. The zeroing 
voltage is applied only during the 
instant when the transistor chopper 
is in the conducting state, thus 
again eliminating errors from leak- 
age variations which would other- 
wise occur during the nonconduc- 
ting state of the chopper. The 
low-pass filter R_C, is incorporated 
to prevent a -c components of the 
input signal from overdriving the 
high -gain a -c amplifier. 

The effects of switching tran- 
sients or spikes from junction ca- 
pacitance and carrier storage effects 
in the chopper transistor are 
reduced in the design of the a -c 

amplifier. Accurate clipping of the 
spike is provided at the output of 
the amplifier by saturation of Q,, 

and control of the amplifier a -c in- 
put impedance and gain. This re- 
duces the offset caused by the 
switching transient by an approxi- 
mate factor of 3. 

Bias stability in the a -c amplifier 
is provided using a minimum of 
capacitance. Two feedback net- 
works are incorporated-a low-pass 
network from the collector of Q2 to 
the base of Q4, and another from 
the collector of Q,, to the emitter of 
Q7. This arrangement also provides 
the stable input impedance and 
gain essential for setting the ac- 
curate clipping level of the switch- 
ing transient mentioned previously. 

Demodulator Qo is used to recover 
the d -c component of the signal. 
Blocking of large positive voltages 
is accomplished by providing a 
large switching voltage at the base 
of Q,,. As mentioned previously, the 
amplifier has an internal chopper 
power supply, consisting of stages 
Q1 and Q2 and a saturable trans- 

former in a flux oscillator config- 
uration. However, the square -wave 
voltages required to actuate the 
chopper, demodulator and zero con- 
trol circuits are all referenced to 
ground. It is therefore possible if 
desired to provide a single chop- 
per supply for multiple installations 
without a separate isolation trans- 
former in each d -c amplifier. 

Integrating Amplifier 
Figure 1 includes a schematic of 

the integrating amplifier. A time 
constant of approximately 12 
seconds is obtained by use of a two - 
transistor circuit and a feedback 
network comprising a 2-µf capacitor 
C2, and a 30,000 -ohm resistor R,,. 
The amplifier employs an npn and 
pnp transistor circuit, which pro- 
vides cancellation of the base -to - 
emitter voltage variations which 
are functions of ambient tempera- 
ture. Base current level of the input 
stage of the amplifier is minimized 
by employing a pnp silicon tran- 
sistor which has high d -c ß at low 
collector currents. 
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Minimization of base -to -emitter 
voltage variations and reduction 
of the base current with resultant 
smaller magnitude variations are 
essential, since these variations ef- 
fectively represent offset errors. 
These can be appreciable in spite 
of the fact that this portion of the 
circuit is preceded by the d -c gain 
of the chopper amplifier. The di- 
rect -coupled amplifier is bias -stabil- 
ized automatically since it is in the 
d -c signal path of the overall ampli- 
fier, which is normally stabilized by 
external feedback networks. 

A -C Preamplifier 

Again referring to Fig. 1, the a -c 
preamplifier consists of an emitter 
follower Q. driving a common - 
emitter amplifier Q19. This arrange- 
ment provides an a -c input imped- 
ance of approximately 300,000 
ohms. The large emitter resistor R. 
provides sufficient bias stability to 
reduce offset variations referred to 
the input of the overall amplifier to 
a negligible value. Because of their 
inherently high frequency response 
characteristics, npn silicon tran- 
sistors are used which permit ex- 
tension of useful overall amplifier 
gain to frequencies above 100 kc. 

Output Power Amplifier 
Essential feature of the output 

power amplifier is efficient provi- 
sion of a large dynamic voltage 
range and sufficient current capac- 
ity to drive a number of computing 
networks or other useful loads. 
Utilization of large dynamic volt- 
age range effectively minimizes per- 
centage errors from offset and drift 
in an operational amplifier. 

To achieve these objectives the 
output power amplifier included in 
Fig. 1 was selected. This circuit 
consists of composite emitter -fol- 
lower Q. and Q19, common -emitter 
amplifier Q. and diode D6. For 
positive output, the diode is back - 
biased and may be considered an 
open circuit. The circuit then con- 
sists of the composite emitter -fol- 
lower stage Q and Q. driven by 
common emitter stage Q19. 

For negative outputs, the diode 
is forward -biased providing a low 
resistance path from the collector 
of Q. to the load. The base -emitter 
junctions of Q17 and Q. are back - 
biased and are therefore noncon- 

ducting. The circuit then functions 
as a common -emitter output stage. 
This arrangement results in a great 
improvement in efficiency compared 
to conventional single transistor 
common -emitter or common -collec- 
tor power output stages. 

Other salient features of the out- 
put power amplifier are : two power 
resistors R° and R. limit the output 
current and thereby provide protec- 
tion of circuit components in the 
event of accidental shorting of the 
output; two additional gain stages 
Q. and Q16 are included to perform 
voltage level shifting operations 
and achieve the required power 

Layout of operational amplifier avoids 
closing of feedback loops through stray 
capacitances 

gain; negative feedback is used in 
amplifier stage Q. and also from 
the emitter of Q. to the base of Q15. 

This arrangement provides gain 
stability over the entire passband 
of the amplifier, which is essential 
for proper high -frequency cutoff 
control. Cutoff of the entire ampli- 
fier at 100 kc is accomplished by 
networks R5 -C, and R. -C.. These 
phase -control networks are de- 
signed to reduce the effects on fre- 
quency response of beta -cutoff and 
collector capacitance in the tran- 
sistors of the a -c preamplifier and 
output power amplifier, as well as 
parasitic capacitances in the layout. 
Capacitors C4, C6 and C, stabilize 
the local feedback loop around Q16, 

Q1°, Q. and Q19. 

Connection of Q. as a common - 
emitter amplifier with negative 
feedback provides the low input im- 
pedance required for efficient sum- 
mation of the two signals from the 
integrating amplifier and the a -c 
preamplifier, respectively. 

Power Supply 
The amplifier circuit requires 

only two supply voltages, namely, 
±55 v, although several convenient 
lower voltage levels are derived 
internally by Zener diode voltage - 
divider networks which are not 
shown in Fig. 1. The d -c input re- 
sistance of the amplifier is approxi- 
mately 1 megohm. The nominal 
d -c gain of the chopper amplifier is 
1,300, the d -c gain of the output 
power amplifier is 50 and that of 
the integrating amplifier, 200; this 
results in a d -c open -loop gain of 
approximately 13 x 10°. The volt- 
age gain of the a -c preamplifier and 
power output amplifier combined is 
approximately 3,000 at 100 cps, and 
2,500 at 400 cps. The output voltage 
range is +45 v to -45 v into a 
1,500 -ohm load. 

Extensive tests of the amplifier 
have shown that the offset remains 
consistently less than 300 µv re- 
ferred to the input when the ampli- 
fier is operated over an ambient 
temperature range of -55 C to +85 
C. The offset has been found to re- 
main less than 50 µv over periods of 
several hundred hours under lab- 
oratory conditions. Care in me- 
chanical layout and guarding of the 
critical input circuit portions by 
grounded circuit lines have resulted 
in leakage current errors of less 
than 10-° amp, referred to the input 
under conditions of high humidity. 

REFERENCE 
(1) Patent pending on this circuit. 
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Induction Potentiometers 
Twenty-six commercially available induction potentiometers in five frame 

sizes are listed with their important characteristics in Table I 

By FRANKLIN G. FINK, Senior Development Engineer, Loral Electronics Corp., New York, N. Y. 

INDUCTION POTENTIOMETERS are resolver -type syn- 
chro components which can provide an accurate linear 
indication of shaft rotation about a reference posi- 
tion. This voltage takes the form of a polarized 
voltage whose magnitude is proportional to angular 
displacement and whose phase relationship indicates 
the direction of shaft rotation from a known ref- 
erence position. 

Since these potentiometers have no sliders, there 
are no circuit interruptions or wear. The units are 
used as potentiometers within the linear range where 

high sensitivity, high resolution and low wear at 
high speeds are called for. 

A resolver may be used as an induction potentiom- 
eter with excellent linearity over a ±45 -deg range. 
This may be accomplished by shorting one pair of 
stator leads and applying the input voltage to the 
other pair of stator leads through a resistor of 500 
to 2,500 ohms. If one of the rotor leads is terminated 
in the proper resistor, the other rotor winding will 
have an output that increases linearly with shaft 
rotation. 

Table I -Commercially Available Induction Potentiometers 

Manufacturer 
Model \untlter 

Frante 
Size 

Input 
in 

volts 

Length 
in 
in, 

Lu tpt Input 
Poner Impedance 

in in ohnts 
w.attn 

i.inearitp 
in 

percent 

Max -1 Sensi- 
Linear livity 
Range in 
fil (leg v/deg 

Phase 
Shift 

in 
deg 

Residual 
Null Volts 

in mv 

LTC 8 -Al (C) 
LTC 8-A4 (C) 

8 
8 

113 
26 

1.241 
1.241 

0.320 
0.273 

1,170 -{- j6.660 
110 + j530 

0.3 
0.5 

50 0.20 
30 0.30 

15 
6.5 

15 
15 

LTC 10-A4 (C) 10 26 1.241 0.304 47 +1430 0.5 50 0.48 5 15 
LTC 10-A5 (C) 10 26 1.241 0.430 74 +1330 0.5 50 0.46 9.5 15 
LTC 10-A6 (C) 10 115 1.241 1.120 776 --- /2,930 0.3 30 0.33 8 15 

LTC 11-B2 rCr 11 115 1.600 0.230 1,900 + /10,700 0.5 50 0.216 3.4 15 
LTC 11-B3 i C : 11 115 1,600 0.138 2,330 +114,300 0.5 50 0.33 3.8 15 
LTC 11-B4 (C 11 115 1.600 0.138 2,330 +114.500 0.3 50 0.215 3.8 15 
LTC 17-B5 (C. 11 26 1.600 0.144 160 + j854 0,5 50 0.34 5.5 15 
LTC 11-B6 ( C 11 115 1.600 0.221 1.310 +1875 0.5 50 0.02 5 15 
LTC 11-B7" (C. 11 16 1.600 0.322 746 + j145 0.5 45 0.113 15 
B915 -0I r 11 26 1.704 1 37 + jl(1(1 0.25 60 2.308 9 80 
l i 9 15-u 2 F; 11 115 1.704 1 479 + 12,21.7 0.23 60 0.522 9 80 
FII\1-1i,-Ail \l, 11 
h-1 I \I -lo --1 2 \I 11 

115 
26 

0.5 
0.5 

0.25 
0.25 

0.5 
0.5 

IT 11 26 1.775 0.15 24 + j123 0.25 85 0.107 5 7 
(T ( 11 26 1.775 0 1 265 +11,240 0.25 85 0.316 20 
(T) 11 115 1.775 (1,45 265 + j1,240 0.25 85 0.620 40 

B1P 1.> A \ 15 26 1.631 1 2 35 0.391 1,5 
B1P13íIT \ 13 26 1.631 1 2 35 0.45 1.5 
B11'151) r \ 13 26 1.631 1 2 35 0.45 1.5 
B1P15G iA 15 26 1.631 1 2 30 0.50 1.5 
BIPI.-,I' r 1 15 26 1.631 1 2 30 0.45 1.5 
AY210h-12 Br 15 10 1.631 32.7 + /144 60 0.32 9 18 
AY2105-43 r Ii 15 15 1.631 5 30 11 40 

FJ i: 43-16-1' I í 23 50 2.875 4 1.5 

\II unit: 100 iepl those marked (a) 50 cps (b) 60 cps 
(A) Anmrivau 1,l trenies (B) Bendix (C) Clifton (D) Diehl (K) Kearfott (M) ]\luirhead (T) Transicóil 
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Automatic Control With 
By juggling logical -circuit building blocks, a designer can devise reliable auto- 

matic controls for industrial equipment. Basic static -switching elements 

and some typical applications of these elements to automatic -control opera- 

tions are described 

By D. W. JOHNSON, Industry Control Dept., General Electric Co., Roanoke, Va. 

COMPLICATED INDUSTRIAL equip- 
ment and processes require 

extremely reliable and versatile 
automatic controls. Circuits that 
use static components such as semi- 
conductors and magnetic amplifiers 
and perform logic operations pro- 
vide such controls. 

Logic elements are shown in Ta- 
ble I and compared to interlock or 
relay arrangements that perform 
the same operations. Each example 
of a logic element indicates the in- 
put conditions that are required to 
produce an output. 

The logic elements that will be 
described consist of semiconductors 
and magnetic amplifiers which oper- 
ate at low power and voltage levels. 

Multipurpose Block 

Multipurpose blocks, which are 
composed of static components, have 
flexible input -signal and biasing ar- 
rangements. The multipurpose 
block shown in Fig. 1 can be set up 
to perform various logic operations 
by manipulating these arrange - 

INPUTS 
A 750 

B 750 

C 750 

p 750 

r 750 

-2 OFF OFF 

TO 

BIAS 

3,700 

ON 

300 T 

ments. 
The magnetic amplifier in the 

multipurpose block consists of two 
load windings and three control 
windings. A positive signal at ter- 
minals A or B tends to turn the am- 
plifier on by passing current 
through the ON control winding. A 
positive signal at terminals C, D 
or E tends to turn the amplifier off. 
The third control winding is con- 
nected to a bias supply that tends to 
turn the amplifier off. Thus the rel- 
ative amounts of current through 
the control windings determine 
whether an output is or is not pres- 
ent at F. The output is a full -wave - 
rectified pulsating voltage, whose 
average value is 6 v. 

Input signal and bias magnitudes 
are expressed in control units such 
as -1, 0 and +1. Each unit is equal 
to 2.4 ampere turns. A six -volt sig- 
nal at an input terminal supplies 
2.4 ampere turns to a control wind- 
ing and is therefore equivalent to 
one control unit. 

Figure 2A shows the input sig- 

OUTPUT 
F 

MINIMUM 
CIRCUIT 

L'AD 1,500 

+6V 

240 

t 
COMMON 

A -C POWER -20V 

FIG. 1-Multipurpose circuit; the control -winding arrows denote the direction of current 
flow that produces an ON or OFF effect on the output 

Inserting a multipurpose block in mount- 
ing bus 

nal arrangement. When input de- 
vice S, goes on, it generates a 6 -volt 
input signal that is applied to a 
building block circuit. Switch S, 
may be a limit switch. 

Since the saturation curve, Fig. 3, 
of the magnetic amplifier is approx- 
imately square, the amplifier is 
switched on or off sharply. The bias - 
winding setting determines the 
number of input control units that 
turns the amplifier on or off. 

When a magnetic amplifier goes 
off, its output normally does not 
drop all the way to zero. The mini- 
mum circuit indicated in Fig. 1 

brings the output near zero by cir- 
culating current through control 
windings of the amplifier. 

Time Delay 

The main difference between the 
time -delay unit, Fig. 2C, and the 
multipurpose block is the absence 
of oFF windings on the delay. Con- 
necting a capacitor between termi- 
nal B and common causes a time 
delay when the unit is deenergized. 
The time delay in energizing the 
unit is negligible as the resistance 
from A to B is small. 
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Static -Switching Circuits 
+105 V COMMON 
BUS Si 2,000 R 

BUS 

+6V 
TO BLOCK 

INPUT 

VALUE OF R1 

BLOCK LOAD RI 
(mol (ohms) 

8 150 
16 200 
24 270 
32 390 
40 910 
48(mox) NO RESISTOR 

A 

ON --+ 

330 330 

B 

C 

750 3,300 

Cl 

2 
OFF ON TO SAME 

T TO 
BIAS 

OUTPUT 
a MIN. 

CIRCUIT 
600 T AS FIG.1 

COMMON 

A 
N 

B 

a_ 

04 

0 C 
04 

"(---OFF 

o -2 -I 0 +I +2 
UNITS OF NET. INPUT SIGNAL 101 

B 

FIG. 2-Input bus circuit to logic circuits (A), saturation 
time -delay circuit (C) and OR block (D) 

Other units provide delays when 
they are energized and others pro- 
vide two delays : one when energized 
and one when deenergized. 

The OR block in Fig. 2D con- 
sists of a set of rectifiers so con- 
nected that a signal on any input 
terminal brings an output to termi- 
nal F. 

Figure 3 shows an npn transistor 
switch. The output of a magnetic 
amplifier, which is pulsating d -c, 
passes through a d -c blocking ca- 
pacitor into the primary of trans- 
former T,. The secondary voltage 
is rectified and then applied to tran- 
sistor Q switching Q, into satura- 
tion. Rectifiers 1N91 and 1N536 
prevent reverse current flow in the 
transistor. 

Relay -to -Static Conversion 
Figure 4A shows a relay control 

circuit and its conversion to a 
static -switching circuit. The relay 
circuit is a raise -lower arrangement 
that is controlled by control 
switches S, and S and limit 

C 

F F 

tit 
OUTPUTS 

D 

f4 

44 

N 

A 

B 

C 

D 

curve of magnetic amplifier (B), 

switches S, and S,, and is so inter- 
locked that raise and lower relays 
K, and K_. cannot both be energized 
at the same time. Switch S. can 

Table 1-Logic Symbology Used in 

LOGIC 
ELEMENT SYMBOL 

AND M 

N 

OR 

AND NOT 

OR NOT 

M 

N 

F 

OUT: 

F 

OUT: 

M F 

N OUT: 

M F 

N OUT: 

M 

OR+NOT= N 

AND p 

TIME DELAY, 
DEEN. 

TIME DELAY, 
EN. 

stop operation at any time. 
Here is how the circuit operation 

that energizes raise -relay K, is de- 
scribed in logic terms : NOT stop 
switch, AND raise switch, AND S, 
AND NOT relay K,. The correspond- 
ing expression for relay K, is sim- 
ilar. Figure 4B shows logic symbols 
that represent these expressions. 
The raise and lower blocks in the 
static -switching circuit (Fig. 4C ) 

are multipurpose blocks that per- 
form the operations shown in 
Fig. 4B. 

Sensing Voltage Levels 

Figure 5 (left) shows a static cir- 
cuit that turns on transistor switch 
Q. when the voltage across the recti- 
fier bridge reaches 50 v. Input -wind- 
ing GJ of the multipurpose block 
that is used in this circuit isolates 
the output. This winding can receive 
as much as 750 v. Positive feedback 
through winding CD causes more 
of a snap action when multipurpose - 
block A switches on transistor Q,. 

Interval Timer 
The output voltage of the timer 

shown in Fig 5 (right) goes on and 
off for intervals determined by ca- 
pacitors C, and C,. Blocks A, B, D 
and E are multipurpose units and C 
and F are time -delay units (on deen- 
ergizing). Bias and input arrange - 

This Article 
INTERLOCK 

FUNCTIONING EQUIVALENT 

M N 

IF BOTH M AND N ARE PRESENT 

IF EITHER M OR N IS PRESENT 

M N N 
IF BOTH M AND N ARE ABSENT 

IF EITHER M OR N IS ABSENT 

F IF EITHER M OR N IS PRESENT 
OUT: AND P IS ABSENT 

---4 

F INSTANT ENERGIZING, DELAYED 
OUT: DEENERGIZING 

F DELAYED ENERGIZING, INSTANT 
OUT: DEENERGIZING 

M N 

ir--7-r---- 

TRANSISTOR 

H 
/ L 

GATE AMPLIFIER 
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6V 
OUT 

A -C INPUTMh 
-- +50V 

(MAX) 
(4) 

IN536 

+10V 
(MAX) 

(3) 
IN91 

750 

FIG. 3-Input to this switch is pulsating 
d -c whose average value is 6 v 

FIG. 4-Example of conversion of relay to 
static -switching circuits: (A) relay circuit; (B) 
logic symbolism; and (C) static -switching cir- 
cuits. Number in lower right-hand corner of 
a block indicates bias 

ments of the units determine their 
logic function. Block A is an AND 
gate because it requires a signal 
from terminal A and requires the 
absence of a signal from terminal 
E to produce a voltage at F. 

Before the start of operation, 
which is begun by applying a steady 
voltage to terminal A of block A, 
blocks B, C, E and F are on, and 
blocks A and D are off. When the 
start voltage is applied, block A 
goes on. Its output is the output of 
the interval timer. 

The output signal turns off block 
B, permitting capacitor C, of time - 
delay C to discharge. When the out- 
put of C, drops, the current through 
the OFF coil of block D stops, re- 
moving a negative unit of input 

500 

A -CV 
INPUT 

50V - 
COLLECTOR 
SUPPLY + 

COMMON 

y 

S5 SI S3 

+105V 

O RAISE 

S5 RAISE 
2,000 

STOP 

signal. Now the bias (-1) of block 
D is completely offset by the posi- 
tive unit applied to terminal B 
(Fig. 2B), and block D produces 
a voltage at F. This voltage turns 
off block A, ending the oN time of 
the output voltage. 

The voltage at F brings the net 
input signal of block D to +1, and 
turns off block E. Capacitor C., now 
discharges until it switches off the 
output of time -delay F. 

When the output of block A 
drops, block B goes on, instantly 
charging capacitor C1. Block C then 
applies a negative unit of signal to 
block D, bringing the net input sig- 
nal of block D to zero. Thus as soon 
as time -delay F removes its plus sig- 
nal from block D, the net input of 

ON 

B 

ON 

C 

ON 

A 

BIAS 
MAGNETIC AMP 

CONTROL WINUG 

ON 

Oi 

2,000 

(B) 

MULTIPURPOSE BLOCK 

RAiSE 

LOWER 

RAS,. 

LOWER 

D drops to -1, turning off block D. 
Block A goes on, ending the oFF and 
starting the oN period of the output 
voltage. 

Capacitor C, controls the ON and 
C2 controls the OFF times of the out- 
put. The capacitance values shown 
in Fig. 5B produce a 2 -sec ON, and 
an 8 -sec OFF time interval. All ON 
and OFF times that are set up be- 
tween 0.3 and 10 sec repeat with 
high accuracy. 

Code Converter 

Because binary or binary -decimal 
numerical systems are easy to ma- 
nipulate and to punch into cards or 
tape, the programming signals to 
industrial equipment are seldom 
decimals. 

TIMER 
OUTPUT 

F 

B 

-F 
0 

J1 

óT 

COM 

C 

B 

A 

0 
F --N 

0 

8T2 

COM 

F 

FIG. 5-High-voltage multipurpose block with isolated control winding (left); adjustable timer (right) 
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Figure 6 shows a readout circuit 
that converts binary -decimal infor- 
mation into decimal indications. 
Busses 8, 4, 2 and 1 are energized, 
each to 6 v, according to the value 
of input. 

Each multipurpose -block output 
represents a specific number from 
0 to 9. Only the zero to 5 blocks are 
shown. Assume none of the input 
busses is energized. Since block 
zero has no input, it is on. No other 
block is on since every other block 
has at least one negative unit of 
bias. 

When bus 1 is energized, block 1 

receives one plus signal. Since no 
other inputs are available, the one 
unit of input cancels the one unit of 
bias, and block 1 goes on. 

Other numbers are read out in a 
similar way. Note that only one 
unit at a time goes on. 

Static -Stepping Control 

Programming often calls for a 
sequence of operations to occur. 
Figure 7 shows a static -stepping 
switch that produces an output 
voltage at terminal F of block A, 
B and C in sequence. Two input 
signals drive the stepping control. 
A reset signal resets all blocks to 
off, and a step signal turns on blocks 
A, B and C, successively. 

A momentary reset signal turns 
on time -delay block R. Block R 
turns on block S, and applies an ON 

signal to time -delay TD, and block 
A,. 

Block S turns on amplifier Q,, 

RESET 

B T.D. 

0.5 SEC 

1500 
COMMON 

OR 

BLOCK 

2 
4 
B 

-I F 

ABC D 

TTTT 

0 1 2 3 4 5 

0 F -I F -I F -2 F -I F -2 F 

0 

0 1 ri 
E ACDE ACDE ABDE ACDE ABDE 

T7TT TITC T1TT TTTT 1 -TT 

FIG. 6-Outputs of blocks go to indicators such as lights or a printer 

which applies an OFF signal to 
blocks A,, B and C. Any capacitor 
unit such as CU, or CU, that is 
charged, discharges, thus resetting 
the stepper. 

When time -delay TD, is charged, 
it energizes time -delay TD,. When 
TD. is charged it turns off block S. 
Transistor Q, switches off, remov- 
ing the reset voltage. 

Now block A which was turned 
on by the output signal from block 
R, turns on block A. The feedback 
loop from block A to block A, keeps 
these blocks energized after the 
output of time -delay R drops to 
zero. Block A charges capacitor C, 
of CU, and produces output -voltage 
step No. 1. 

Subsequently a momentary signal 
at the input of time -delay TD, turns 

10 

C 

D 

T.E.DI 
F 

0.25 SEC 

STE P-0. 

5O0Î 

A TD 
B T. D. 

3 

0.5 SEC 

C 

D 

TD Z 
T.E. 

0.10 
SEC -1 

A 

B 

E 

F 

MULTIPURPOSE BLOCK 

QI 

TO 
OTHER 
READ- 
OUT 
BLOCKS 

it on. Time -delay TD, turns on 
block S and slowly energizes time - 
delay TD,. 

Block S switches on Q1, which re- 
sets block A. Shortly after this re- 
set, time -delay TD2 goes on and 
turns off block S and amplifier Q,. 

Capacitor C, of CU, now dis- 
charges, and the negative pulse 
across C, turns on block B. To make 
sure block B goes on, two OFF wind- 
ings (Fig. 1) receive the pulse. The 
feedback path of block B keeps it 
energized as its output produces 
voltage step No. 2. 

The number of steps, or se- 
quences, that can be obtained by 
adding successive blocks and capaci- 
tor units is limited only by the load 
that transistor amplifier Qr can 
supply. 

A1 

MULTIPURPOSE BLOCK A- A 

STEP ONE OUTPUT 

CI 

500 5 

CU 

C 

50 

LMULTIPURPOSE 

A 

FIG. 7-Blocks A, B and C are switched on in sequence, in the manner 
the lower right-hand corner of a block indicates the bias of the block 

C 

BLOCK 

B 

STEP TWO OUTPUT 

C1 CU2 
.500 56 

-1(50 

LMULTIPURPOSE BLOCK 

A -1 C 

C 

E 

F 

STEP THREE 
OUTPUT 

C1 

500 56 
-e-e--1(-11.A.,-re-TO INPUTS 

C, D, OF 

(i(50 BLOCK D 

TO BLOCK 
D. ETC 

of stepping -switch operation. As 

CU3 

COM 

in previous diagrams, a number in 
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Amplifier Design Charts 
Series of nomograms saves time and effort in designing complete resist- 

ance -coupled amplifiers. All design equations are reduced to simple charts 

and a design example is included 

By DONALD MOFFAT, Senior Electronics Designer, Motorola Inc., Phoenix, Arizona 

ALTHOUGH resistance -coupled 
amplifiers are both com- 

mon and elementary, their de- 
sign remains a time-consuming, 
step-by-step process. With the 
nomograms presented here, re- 
sistance -coupled amplifiers, in- 
cluding those with shunt com- 
pensation, can be designed with 
a minimum of time and effort. 

'or a given bandwidth and 
gain, the design of a multistage 
amplifier is as follows : (1) esti- 
mate the number of stages and 
the required bandwidth of each; 
(2) determine the effect of shunt 
compensation; (3) determine 
values of plate loads; (4) de- 
termine the individual stage 
gains; and (5) determine the 

value of compensation induct- 
ance. 

A nomogram is given for each 
of these steps and a design ex- 
ample illustrates their use. 

Design Example 
Assume with an overall band- 

width from 300 cps to 2.5 mc, a 
low -frequency roll -off at 150 cps 
and an overall gain of 2,000 us- 
ing three stages of 6111 triodes. 

On Fig. 1, join overall band- 
width f, of 2.5 me to 3 stages. 
The bandwidth f, of each stage 
is found to be 5 mc. 

As the number of stages is 
increased, any peak in the fre- 
quency response will be ampli- 
fied. For maximum flatness of 

10 
MC = 
8= - 6MC 

MC - -2 
5- - 3MC 

MC 

-2MC 
3- -3 

MC 

2= 
MC = 

_ IMC 

_ 800KC SOLVES 
- 4 

I 

_ 500KC ff= f 2"-1 
-5 

I MC - -6 
800 - - 300 KC -7 

KC - - 200 KC ff= OVERALL FREQ RESPONSE -8 
500 

KC 

(3 DB DOWN) 

f, = ONE STAGE FREO RESPONSE - 100 KC 

-10 

300 - 
(3 DB DOWN) -BOKC -12 

KC n = NUMBER OF STAGES -15 - 50KC 
200 = NUMBER 

KC OF - 30 KC STAGES 

100 
KC fI 

-20KC 
ft 

0.7_ 
0.6 

0.5- 

0.4: 

0.3 

0.25 

Q 

response, use a Q of 0.414. 
On Fig. 2, join Q = 0.414 to 5 

mc on the f, scale. Each stage 
then should be initially designed 
as an uncompensated stage with 
a bandwidth f of 2.88 mc. 

Calculation will show that the 
shunt capacitance is approxi- 
mately 22 µµf. On Fig. 3, draw 
a straight line between capac- 
itance C, of 22 µµf through band- 
width f, of 2.88 mc and note that 
a dynamic resistance of 2.6 K is 
found on the RH scale, When the 
following grid resistor is large, 
the dynamic resistance is the 
parallel combination of plate 
load RL and the internal plate 
resistance. As the plate re- 
sistance of the 6111 is 4 K, 

20MC 

MINIMUM PHASE SHIFT 

fc' DESIRED HIGH FRED 

fu= UNCOMPENSATED HIGH 
FREQ 

IOMC- 

8MC- 

6MC- 

SMC... 

4C= 

3MC.3MC- 

2MC= 

IMC- 

700KC- 
fc 

-10 - MC 

-8MC 

-6MC 

_5MC 

-3MC 

-2MC 

-)MC 

-800 
_KC 

-500 
f KC 
u 

FIG. 1 -Nomogram determines individual stage bandwidth of 
amplifier when number of stages and frequencies are known 

FIG. 2 -This nomogram finds uncompensated bandwidth of single 
stage when Q and sta0e bandwidth are known 
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Report from IBM Yorktown Research Center, New Yoi 

LOW TEMPERATURES FOR HIGH-SPEED CIRCUITRY 

Certain metals and alloys lose their resistance to electricity at 
temperatures close to absolute zero. They become "super -con- 
ductors." Investigations by Dr. D. R. Young and others at the 
IBM Yorktown Research Center are directed toward the utili- 
zation of this unique property in the development of small - 
size, high-speed switches with increased logical capacities. 

Interestingly, when a "super -conductor" is exposed to certain 
magnetic fields, it reverts instantly to an ordinary conductor. 
One experimental switching device that takes advantage of 
this property has been constructed at IBM. In essence, it is 

a "sandwich" of glass, tin, silicon monoxide and lead. The 
device is immersed in liquid helium to bring it close to abso- 
lute zero. The tin strip becomes a "super -conductor," so cur- 
rent flows readily through it. When a current is applied to 

the lead strip it creates a magnetic field. As a result, the tin 
strip is no longer a "super -conductor" and now has electrical 
resistance ... it is "off." Remove the magnetic field and it 
is "on" again. This then is an "on -off" device, or switch, that 
is expected to work at speeds much greater than present 
switch capacities. There are no moving parts to wear out 
and 1,000 such devices can be mounted on a bit of glass only 
a few inches square. 

In addition to these experiments, the study of matter at very 
low temperatures is being applied to other areas at IBM. The 
immediate objective is to apply the results to the develop- 
ment of device formulations which will greatly accelerate 
arithmetic speed and increase the logical capacity in electronic 
computers of greatly reduced size. 

IBMa RESEARCH 
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100K _ IMEG 

80K _ 800K 

60K 600K 
50K 5,0K 
40K 400K 

30K 300K 

20K - 200K 

IOK _ I00K 

8K I= 80K 
2MC- 

20KC T 2CPS 

50 5CPS 

100KC IOCPS 

200KC 20CPS 

100 0.01 

80 0.08 

60 
50 

40 

0.06 
0.05 

0.04 

30 --0.03 

500KC4 50CPS 
20 0.02 

IOOCPS 

200 CPS 

6K 60K 5MC 
5K 50K 

4K 40K // LEFT IO MC 

3K 30N- 
SOLVES 

I 
20MC-1-2KC I 

2K _ 20K 

RH 
2afuC5 IU 1L fl-- 27rRgCc 

fu. HIGH FREO 3 D8 POINT 1L ` LOWESTFRED DESIRED 

C5= SHUNT CAPACITANCE R8: GRID RESISTOR 

I - 10K RH= STAGE OUTPUT 

RH , RG RESISTANCE 

10 0.01 

500 CPS \'- 6 0.006 
5 0.005 

'KC RIGHT 4 0.004 
SOLVES 

Cc. COUPLING, 
CAPACITANCE 

8 - -0.008 

ICS 

µµF 

0.003 

0002 

0.001 

CCµF 

FIG. 3-Left sides of dual scales find stage output resist- 
ance. Right sides find interstage coupling capacitance 

the plate load resistor then be- 
comes 7.5 K. 

Use the values of it. = 20 for 
the 6111, R, = 7.5 K and r = 4 K. On Fig. 4, draw a 
straight line between µ = 20 
through R, = 7.5 K to the turn- 
ing scale. Draw a straight line 
between the turning scale and r R,, = 11.5 K. The 3 -stage 
gain then becomes 133 or 2,197. 

On Fig. 5, draw a straight 
line between Q = 0.414 through 

0.7- 
0.6- 
0.5- 

0,4 

0,3- 

Q 

I K- 

2K- 
3K- 
5KL.- 

10K = 

20K- 
30K - 
50K - 

100K = 
RL 

TURNING 
SCALE 

FIG. 5-Peaking coil 
required when Q, R1. 
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\ 30K 

-30\20K 
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AL RI_ 
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/ 
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-30/ 

20 

10 

//-5 
/ 3 
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TURNING 
SCALE 

(0K- 
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50K - 
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80K-= 
100K 

_ 

200K -z 

300K = 
400K 

500K-7 
600K - 
800K= 

rp+ 

FIG. 4-Triode stage gain nomogram used when amplification factor, 
load resistor and plate resistance of stage are known 

R,, = 7.5 K to the turning scale. 
Draw a straight line from the 
turning scale through C, = 22 
µµf and note that the peaking 
coil should have a value of 500 
µh on the L scale. This com- 
pletes the design for high -fre- 
quency considerations. 

For a low -frequency response 
of 300 cps, each stage should be 
designed for 150 cps, Assume a 
grid resistor of 220 K. On Fig. 3, 
draw a straight line from 220 K 

SOLVES 

L=ORL CS 

L PEAKING COIL INDUCTANCE 
Cs. SHUNT CAPACITANCE 

RL= PLATE LOAD 

1000 

YµF 
,I0 
-1=5 
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1H 

µH 

=10 

-5 
-3 
-2 
=I 

-500 
E-300 
-200 

_1100 

150 

L30 
-20 

-10 
L 

nomogram finds value of inductance 
and total shunt capacitance are known 

FIG. 6-Cathode bypass nomogram finds value of cathode bypass 
capacitance when cathode resistor and lowest frequency of interest 
are known 

IOK = 
7K 

5K _ 

IK 

700 - 

500 - 

RK 

3K 

2K 

300 

200 

100 

on the R scale through 150 cps 
on the f,, scale and note that cou- 
pling capacitor C, has a value of 
0.005 µf. 

To calculate the value of 
cathode bypass capacitance, use 
Fig. 6. The tube manual calls 
for a 220 -ohm cathode resistor. 
Draw a straight line between 
R, = 220 and f,, = 150 cps. Note 
that the cathode bypass capac- 
itance should have a value of 50 
µf. 

0.5 - 
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New Type L 

Potentiometer 
Actual Size 

A)CITIONAL ALLEN -BRADLEY 
HIGH TEMPERATURE POTENTIOMETERS 

Type L with 
Lock Type 
Bushing 

Type L with 
125 v Line Switch 

Type K with 
Plain Bushing 

Rated 2 Watts, 100°C; 
1 Watt, 125°C 

Type L 

Encapsulated 

N EW 
Allen-Bradley 

POTENTIOMETERS 
o, 

TEMPERATURES 
UP TO 150°C! 
This new Allen-Bradley po- 

tentiometer-the Type L-is especially 
designed to solve problems associated 
with high ambient temperatures - 
and space conservation. Although ex- 
tremely compact -0.5 inch in diameter 
-the Type L control has a conserva- 
tive rating of 0.5 watt when operating 
in an ambient temperature of 100°C. 
And, it provides reliable performance 
when operated at a temperature of 
150°C - under "no load" conditions. 
(See graph at right.) 

The new Type L control 
features the same solid, hot molded re- 
sistance element that has proved un- 
equaled for long life, smooth operation, 
and low "noise" characteristic in Allen - 
Bradley's popular Type J, Type K, and 
Type G potentiometers. When tempera- 
ture and space problems in your de- 
signs plague you, this new A -B "high 
temperature" potentiometer is a reli- 
able answer. Please send for complete 
information, today. 

Load Rating Curve of Type L 

1.0 

0.9 

0.8 

Hig Temperature 
L Potentiometer 

0.7 

0.6 

á 

h wtt 

a.5 

0.4 

0.3 

0.2 

0.1 

o70° 80' 90° 100° 110° 120° 130° 140° 150° 

AMBIENT TEMPERATURE °C. 
Load Capabilities of Type L below the 
Critical Resistance Value. Type L Far Ex- 

ceeds the Requirements of MIL -R -94B. 

ALLEN - BRADLEY 
Quality Electronic Components 

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

Pattern -Recognition Spurs Developments 
FLEXIBLE scanner for studying pat- 
tern -recognition systems has been 
developed and put to work by Bell 
Telephone Labs. The research tool, 
in conjunction with a digital com- 
puter, can be used to study any 
logical pattern -recognition system 
that could be devised. 

A new pattern -recognition sys- 
tem has also been invented at Bell. 
It uses a neuron -field system to 
transform complex patterns into 
simple patterns or dots. 

Scanning System 

The scanner, described at the 
Western Joint Computer Confer- 
ence, was developed as the most eco- 
nomical means to determine which 
of a variety of pattern -recognition 
systems could best achieve the ulti- 
mate goal, to feed visual informa- 
tion into machines without human 
intervention. 

The device is suitable for scan- 
ning handwriting as well as vari- 
ous patterns, large or small, and 
has sensitivity to any two selected 
colors. A crt flying -spot light source 
scans the pattern to be studied. 
The scan is programmed to move 
from any given point on the pattern 
to any other point in 200 µsec, and 
then to succeeding points in the 
same constant time. Any path can 
thus be programmed into the scan. 

The light source actually scans 
two areas at once-one containing 
the document under study, the other 
a blank piece of paper. Light re- 
flected from a particular spot on 
the document is focused on a pair 
of multiplier photo tubes, each 
sensitive to a different color. 

Meanwhile, light reflected from a 
corresponding spot on the blank 
paper in similarly focused on an- 
other pair of multiplier photo 
tubes. Outputs for each color are 
then subtracted, compensating 
changes in crt intensity, angles of 
reflection and multiplier photo tube 
sensitivity. This difference is then 
quantized into two intensity levels. 
A second color is particularly useful 
for providing position reference 
marks on the document. 

Scanner for evaluating pattern -recognition systems includes program tape machine at 
left, logic unit, and at right of console, flying -spot light source and pickup unit 

The scanner has a resolution of 
100 lines with 10,000 resolvable 
points and a scan field variable 
from it in. sq to 3 in. sq. With mag- 
netic tape input, it has a capacity of 
60,000 instructions and can execute 
these instructions at a rate of 
4,000/sec. 

Output, which is also on magnetic 
tape, is compatible with a digital 
computer. First, the program for 
the scanner is written by the com- 
puter on tape. This reel is placed on 
the output tape machine, and the 
program is transferred directly to 
the program tape machine under 
control of a logic unit. During the 
scanning program, timing of the 
output tape is controlled by the 
program tape, so that although 
speeds of the tape machines may 
differ from each other and from 
the computer, the output tape will 
be compatible with the computer. 

Before a pattern is scanned, a 
code identifying that particular 
pattern may be set into a toggle - 
switch pattern -identification regis- 
ter. This code is written on the out- 
put tape during scanning of the 
character and identifies it in later 

processing by the computer. Scan 
information also includes the quan- 
tized multiplier photo tube output 
information and the end -point co- 
ordinates for each scan segment. 

Neuron -Net System 

The pattern -recognition system 
is based on an array of neuron - 
like elements arranged in vertical 
and horizontal rows. The system 
can reduce line width, filter noise 
from the pattern or extract identi- 
fying features of the pattern, such 
as intersections and corners. It 
performs these translations with- 
out the usual bit -by -bit operations 
of a digital computer or the com- 
plex logic and storage circuitry of 
earlier spatial systems. Each of 
the neuron -like translation modules 
will take inputs from many sources. 

Each module has a responsive 
element whose threshold can be 
varied according to the program. 
An array of individual sources of 
input information corresponds to 
the neuron array. In a typical con- 
nection, each input source has a 
connection to its corresponding 
neuron and also to each of the four 
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MY 

;UIT 

'N 

with 

new NPN 

power transistors 

...in complementary push-pull circuits 
These new NPN transistors in the complementary pushpull circuit 
eliminate input and output transformers with many resulting 
advantages: 

1. Economy. 2. Miniaturization. 3. improved frequency re. 
sponse. 4. Ease of applying negative feedback. 

CBS-NYTRON 

LT -5031 

CBS-HYTRON 

LT -5163 

COMPLEMENTARY CLASS B AMPLIFIER 

R1 

-45 

FIRST COMPREHENSIVE LINE OF NPN POWER TRANSISTORS 

Type 

Max. W 
Diss. 
(25°C 

Ambient) 
Max. 
Viceo 

Max. 
. VCES 

Min. lire 
(Ic=o.5A) 

Max. 
Thermal 

Res. 
°C/W 

Similar 
PNP 

Types 

FOR RESISTIVE -LOAD CIRCUITS 

2N326 7 35 35t 30 8 LT -5025 
IT -5165 12 35 30 30 5 LT -5025 
1T-5163 12 60 45;,' 30 5 LT -5031 
LT -5164 12 80 60/ 30 5 LT -5039 

FOR INDUCTIVE -LOAD CIRCUITS 

LT5165L 12 35 300 30 5 LT -5031 
11-51631 12 60 450 30 5 LT -5039 
11.51641 12 80 60q 30 5 LT -5048 

All seven types have: M x. collet or current, 3 amps; torage temperature, 

-65 to -X85°C; min. cu off frequency, 150 kc. `Adequ to heat sink required. 

lices = I ma. max. ficus = 10 ma. <>Ices = 300 ma. 

.. in complementary cascade circuits 
CBS-Hytron NPN power transistors are also intended for single. 
ended cascade output circuits, and three types are designed for use 
with inductive loads such as output transformers, motors and re- 

lays. The simplified direct -coupled circuits permit economies 
through elimination of components. 

PNP 
DRIVER 

CBS-HYTRON 
11-51651 

NPN 
OUTPUT 

- 12Y. 

50 rt 
RELAY 

DIRECT -COUPLED COMPLEMENTARY CONTROL AMPLIFIER 

New design economies in complementary push-pull and cas- 
cade circuits are made possible by these CBS-Hytron NPN 
power transistors. They feature high voltages . . up to 
80 volts. Their proven reliability (they meet the MIL - 
19500A specification) is what you might expect from 
specialists in reliable NPN switching and PNP power 
transistors. Check the typical circuits and abbreviated data 
for this versatile and comprehensive line. Write for complete 
technical Bulletin E-332 ... and, if you wish, for Bulletin 
E-288 on CBS-Hytron PNP power transistors for comple- 
mentary circuits. 

More reliable products 
through Advanced -Engineering 

semiconductors 
Sales Offices: Lowell, Mass., 900 Chelmsford Street, GLenview 4-0446 Newark, N.l., CBS-HYTRON, Semiconductor Operations 
32 Green St., MArket 3-5832 Melrose Park, III., 1990 N. Mannheim Rd., ESlebrook 9-2100 
Los Angeles, Calif., 2120 S. Garfield Ave., RAymond 3-9081 A Division of Columbia Broadcasting System, Inc. 
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A special porcelain body is used in the production of Lapp 
Resistor Cores. It provides a flawless surface of such nature 
as properly to receive a uniform deposit of carbon or boro - 
carbon. It also has a temperature coefficient of expansion 
matched to that of the deposited film ... to provide a constant 
resistance against temperature change. These resistor cores 
are produced in close tolerances for straightness, roundness 
and length ... they reflect the same quality of workmanship 
and materials long associated with Lapp. Write for complete 
information on Lapp Resistor Cores. Lapp Insulator Co., Inc., 
Radio Specialties Division, 151 Sumner St., LeRoy, N. Y. 

neurons t. 
side, top 

To extras 
identifying fee. 
the threshold co 
the neurons woulL 
they received inp, 
sources that correspoi. 
their nearest neighbors, 
own corresponding input 

In the case of the T, t 
neuron to respond would L 

one at the intersection of the 1, 

zontal line with the vertical lil. 
Thus the T pattern is transformes, 
into a single dot at the top center 
of the field, which could be used as 
a recognition feature for the T. 

In a complete recognition opera- 
tion, a sequence of similar spatial 
transformations is programmed. 
The revealed presence and absence 
of various features are recorded 
as bits in a features store. A set 
of these features provides a code 
that identifies the pattern. 

Ultrasonics Produced 
At 10 Kmc 

Waveguide that directs microwave pulses 
at a quartz crystal is adjusted by E. H. 
Jacobsen, who produced 10-kmc sound 

SOUND WAVES with a frequency of 
10 kmc have been produced at the 
General Electric Research Labora- 
tory. The new ultrasonic fre- 
quencies will find their first applica- 
tions in the laboratory in the area 
of solid-state research. 

It is expected that the extremely 
high frequency vibrations will be 
used initially to investigate phe- 
nomena such as the energy levels of 
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atoms and the interactions of elec- 
tron spins in a crystal lattice. 

The new research tool may open 
new vistas for exploration and dis- 
covery beyond those seen at the mo- 
ment. It may have many important 
uses in the study of solids, but 
science and technology will prob- 
ably feel the greatest impact of this 
achievement through discoveries 
yet to be made with it. 

The 10-kmc sound waves are 
created by combining techniques 
used in the propagation of micro- 
wave electromagnetic radiation 
with those of conventional ultra- 
sonics. Microwave pulses are applied 
to a quartz crystal in a specially de- 
signed cavity -resonator device. 

The crystal is kept at tempera- 
tures as low as 2 K to assist in keep- 
ing the ultrasonic vibrations from 
degenerating into vibrations associ- 
ated with the heat content of the 
material. This unusual type heat 
barrier is one of the biggest prob- 
lems in achieving higher and higher 
frequencies. 

One -Watt Transistor 
Telemetry Transmitter 
ALL -TRANSISTOR 20 -mc telemetering 
transmitter, designed for possible 
use in space satellites, has been 
built by Philco for the U. S. Army. 
It weighs less than 10 ounces, is five 
inches in diameter and one inch 
high. 

New Philco high -frequency 
power transistors are used to pro- 
vide up to one watt of output power. 
This is in contrast to one to two 
hundredths watt from transistor- 
ized transmitters in present U. S. 
satellites. 

The transmitter consists of three 
sections. One high -frequency 
power transistor is used in the 
crystal -controlled oscillator circuit. 
The power amplifier uses four tran- 
sistors in parallel and provides a 
power gain of 8 to 10 db. 

One transistor in the modulator 
is used as an audio amplifier and 
two in class B push-pull. Power 
gain of the modulator is in excess 
of 50 db. Modulation is applied to 
the collector of the r -f amplifier. 
Modulation frequency is 400 to 
2,000 cps. 

NEW IDEAS IN 
for lab, production test, 
test maintenance, or as a 

component or subsystem 

in your own products 

Series 1000. 

Easy -to -use compact Beta Series 1000 high voltage 
supplies come in 13 different models, providing volt- 
ages up to 60kv dc and currents as high as 500 ma. 
Adjustable output voltage (0 to max. rating with 
coarse and fine controls); extremely low ripple; easy, 
rapid polarity reversal and full metering are a few 
outstanding features. 

Single -unit, 

rack -mounting 

supplies to 60 KV 
Available ranges and 
current capacities: 
Output Current 
(DC KV) (Max. MA) 

0-1 500 
0-3 200 
0-5 10 or 100 
0-10 2, 10, or 50 
0-15 5, or 10 
0.30 2, 5, or 10 

55@50KV 
0-60 

1 1 3i 60 KV 

Inputs: 117 vac. 60 cps, single phase 

HV DC TO 250KV WITH MAXIMUM 
CONVENIENCE, SAFETY 

Series 2000 - control section (left). 
Series 2000- high -voltage section (right). 

Simple to operate, conservatively rated to insure 
long, optimum performance with maximum safety, 
Beta Series 2000 supplies come in thirteen different 
models, with maximum voltages ranging from 1 to 
250kv dc. Output voltage continuously adjustable 
from 0 to maximum. Two -unit design allows optional 
remote operation of high voltage circuits. For maxi- 
mum voltages less than 30 kv, the high -voltage unit 
is air -insulated; for higher voltages, oil -insulated 
(shipped dry). Every precaution is taken to insure 
personnel and equipment safety. 

Two section 

supplies to 250KV 
Available ratings: 
Output 
(KV DC) 

Current 
(Max. MA 
continuous) 

0-1 3000 
0-3 1000 
0-6 500 
0-10 200 
0-20 150 
0-30 30 
0-30 100 
0-50 10, 50 
0-120 5 

0-120 25 
0-150 5 

0-250 10 

Inputs: 117 vac, 60 cps, 
single phase 

Sorensen markets the widest line of controlled power equipment available today, 
including: Regulated a -c and d -c supplies, unregulated power supplies, frequency 
changers, inverters, and converters, SAMES electrostatic generators for regulated 
voltages up to 600 kv dc, voltage reference sources, high -voltage d -c overpotential 
testers and high -potential test equipment. 

An exceptionally wide selection of standard models is available and experienced 
Sorensen engineers are always glad to discuss your special needs. 9.13 

SORENSEN & COMPANY, INC. 
Richards Avenue, South Norwalk, Connecticut 

SCP%241&4-e./>%.- WIDEST LINE OF CONTROLLED -POWER 
EQUIPMENT FOR RESEARCH AND INDUSTRY 

IN EUROPE, contact Sorensen-Ardag, Zurich, Switzerland. IN WESTERN CANADA, ARVA. 
IN EASTERN CANADA, Bayly Engineering, Ltd. IN MEXICO, Electro Labs, S. A., Mexico City. 
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COMPONENTS AND MATERIALS 

Vacuum -Diode Microwave Detection 
By N. E. DYE, J. HESSLER, JR., A. J. KNIGHT, R. A. MIESCH and G. PAPP, ITT Laboratories,* Fort Wayne, Ind 

ATTENTION has been given in the 
past few years to the theory of 
microwave detection using hard vac- 
uum diodes. In an attempt to verify 
the theory and to produce an effici- 
ent detector, several types of diodes 
were built. 

In an attempt to concentrate the 
field near the cathode, coaxial -type 
diodes were constructed as shown 
in Fig. 1 and 2. The diode was 
excited by extending the center 
conductor into (Fig. 1) or across 
(Fig. 2) the input waveguide mak- 
ing a waveguide-to-coaxial transi- 
tion. 

To optimize design parameters, 
tubes were made with different in- 
ner and outer diameters. Also, the 
active length of the diode was 
varied. 

Tube Designs 
Cathodes were generally oxide - 

coated nickel tubing 0.060 -in. in 
diam. A few tubes were made with 
0.005 -in. tungsten directly heated 
cathodes. In order to reduce r -f 
losses in the former type, a portion 
of tubing with high thermal resist- 
ance known as a heat bridge was 
used to isolate the active cathode 
from the remainder of the coaxial 
center conductor. The lower tem- 
perature of this major portion of 

FIG 1-Probe-type cylindrical diode mount 
assembly 

*Formerly Farnsworth Electronics 

the center conductor permitted it to 
be copper -coated. In addition, the 
anode was coated with either cop- 
per, silver or gold. 

Finally, planar diodes were built 
and mounted in waveguide as shown 
in Fig. 3. The anode -cathode spac- 
ing was about 0.10 in. with a cross- 
sectional diam of 0.250 in. 

Experimental Results 
It was proved conclusively that 

detection of microwaves by hard - 
vacuum diodes was certainly possi- 
ble. But the quality of detection 
did not compare with that of pres- 
ent-day crystals. In mixer applica- 
tions, typical noise figures were 
near 50 db, conversion loss 35 db; 
in video detector applications, typi- 
cal tangential sensitivities were 
near -25 dbm. These figures can 
be compared with crystal perform - 

CO CTIONS 

FIG 2-Crossguide diode and mount as- 
sembly 

ances of 12 db, 6 db and -45 dbm 
for the corresponding quantities. 

An attempt to correlate theory 
with experimental evidence led to 
the conclusion that the diodes failed 
to live up to expectations because 
of several factors. For example, 
microwave losses (mostly ohmic) 
were large so that Q was in the 
order of 100 rather than 1000 as 
expected. Diodes were noisier than 
anticipated with noise ratios in- 
creasing with bias current to an 
amount 10 to 20 times greater than 
anticipated. 

PLANAR DIODE 

CATHODE 

-00 620 4N 

ANODE CONTACT 

ANODE CHORE 

MAVEOUIDE 

14 --HEATER CONNECTIONS 

FIG 3-Planar diode and mount assembly 

More research is required before 
definite conclusions can be reached 
regarding the explanation for low 
signal output. It is possible that 
different physical designs can pro- 
duce higher Q's and hence large 
outputs for a given input. 

The problem of noise is equally 
serious. The diode produces opti- 
mum output for large bias currents. 
However, the noise ratio of the 
diode increases with current. It is 
possible that a new design of the 
cathode, as well as the tube struc- 
ture, would decrease tube noise per- 
mitting a better over-all signal-to- 
noise ratio. 

Work described in this article 
was supported by Rome Air Devel- 
opment Center under Contract 
AF30 (635) -2863. 

Molecular Electronics- 
Hope for the Future 
ONE OF THE most interesting talks 
in the Component Parts Sessions 
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 . looking for low noise at UHF? 

GET 4 to 14 DB 
IMPROVEMENT IN YOUR 

PRESENT RECEIVER! 
.. with Microwave Associates new 

compatible parametric amplifier 

1 

Simply inserting this new MA Paramplifier in your 
present antenna circuit provides you with 
immediate low noise preamplification from 
100 to 1000 mcs. 

The MA Paramplifier utilizes the new Microwave 
Associates silicon varactor diodes operating at room 
temperature in a negative resistance circuit to 
achieve these advantages: 

Extremely low noise - less than 1 db (800K) 
Gains of approximately 20 db 
Wide dynamic range 
Reduced cross modulation 
Bandwidths of approximately 1% 
Highly resistant to RF pulse burnout 

Write for additional information. 

200 

150 

100 

40 

20 

15 

1, 

itk\_,,P9 MICROWAVE ASSOCIATES, INC. 
BURLINGTON, MASSACHUSETTS BRowning 2-3000 

-3 

0.5 

0.4 

0.3 

TYPICAL 
PERFORMANCE 

WITH UHF PARAMPLIFIER 
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An oth er way 

that 

FA S 

FANSTEEL HP TYPE 
TANTALUM CAPACITORS 
For High Temperature (125°C.) Applications, 

One of the most acute electronics problems today is the failure of 
components to operate efficiently under severe environmental con- 
ditions of temperature extremes and high shock and vibration. 

When electrolytic capacitors are called for, Fansteel engineers 
have licked the problem with the HP Type Tantalum Capacitor. 
Designed expressly for reliable operation with unexcelled stability 
over a wide temperature range -55°C. to +125°C. The rugged 
construction of the HP is also especially adaptable for circuitry 
where exceptional resistance to vibration and shock is required. 

Fansteel HP Type Tantalum Capacitors have unlimited stor- 
age life ... are hermetically sealed ... and still have the most 
capacitance in the smallest package. 

------------- 
RELIABILITY) 

Write for Bulletin 6.111-1 

at the recent IRE Convention was 
that of Col. C. H. Lewis, Director 
of Electronics, Air Research and 
Development Command, Andrews 
Air Force Base. 

Col. Lewis' paper, "Trends of 
Things to Come," had as its theme 
the premise that we are at the 
beginning of a revolution in the con- 
cept of building electronic equip- 
ment. And the function of conven- 
tional components will be taken over 
by specially designed materials 
capable of performing single and 
multipurpose functions. 

Problems with Components 

Col. Lewis emphasized the fol- 
lowing components problems and 
needs: 
(1) Reliability of present-day 
components cannot meet future re- 
quirements even though these 
components have been improved 
greatly in some cases. 
(2) Guided missiles should be 20 
to 30 times more reliable than com- 
mercial gear such as tv sets. 
(3) The human being is now the 
poorest component in an elec- 
tronic system. 
(4) Solar cells will really not come 
into their own until the number of 
heat dissipators in equipment is 
reduced. 
(5) It should be our objective to 
design equipment with inherent 
dependability. 
(6) Energy consumers should be 
eliminated wherever possible so 
that total dissipation is in milli - 
watts rather than watts. 
(7) Population function per unit 
volume should be increased to 
about one-half million functions 
per cubic foot. 
(8) The micro -miniaturization 
program is short of our ultimate 
goal in the final analysis. 
(9) A fresh approach is needed 
with answers to such questions as, 
"Why does matter behave like it 
does?" and "How can we control 
this behavior?" 

The Answer 
The answer to these problems, 

according to Col. Lewis, seems to 
be with molecular electronics*. 
This is the concept of combining 
many active and passive circuit 
functions into a single, solid semi - 

0594A 

FANSTEEL METALLURGICAL CORPORATION North Chicago, III., u.s.A. 
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* Sometimes referred to as integrated 
molecular electronics 
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conductor package. Col. Lewis 
stated that the three principal ad- 
vantages of this technique are that 
inherent reliability is probable ; 

size and weight are reduced and 
much less power is required. 

There is now a need for a new 
kind of engineer, Col. Lewis said, 
a molecular materials engineer. 
He would be a man concerning 
himself with such areas as fields, 
charges and molecular spin reson- 
ances. What will his problems be? 
Merely the development of mater- 
ials with controlled impurities of 
one part in 10', for example, ac- 
cording to the Colonel. This con- 
trol is needed if we are to be suc- 
cessful in our conquest of space, 
he stated further. 

For more information on one 
electronic firm's activity in the 
molecular electronic area, see the 
item "Semiconductor Solid Cir- 
cuitry", p 82, April 10. Air Force 
sponsorship of research in molec- 
ular electronics is discussed in this 
issue, p 38, in the story, "Circuits 
Shrinking Fast". 

CRT Has Eight 
Independent Guns 
EIGHT completely independent guns 
are contained within one envelope 
in a cathode-ray tube developed by 
20th Century Electronics Ltd., 
Croydon, Surrey, England. All de- 
flecting plates are brought out to 

Electron gun assembly before sealing into 
the crt envelope 

the same connections and brightness 
and focus can be varied independ- 
ently on each gun. 

Face diameter of the crt is six 
in. It is operated with a final anode 
potential of five kv and frequencies 
up to 100 kc can be displayed. The 
tube is fitted with a special 24 -pin 
base and is being employed in appli- 
cations where continuous recording 
of low -frequency is required. 

...AND ANOTHER 

Silicon Rectifier 

FANSTEEL 

22 AMP. 
Silicon Power Rectifie 

-just added to Fansteel's `: ing line of dependable 
silicon rectifiers-carries a full 22 amp. load in half -wave circuits; 
up to 66 amps in bridge circuits. It has rated peak reverse voltages 
from 50 to 400 V. in 50 -volt multiples. 

The new GA Rectifier operates at ambient temperatures up to 
165°C. and is unaffected by storage temperatures from -65°C. 
to 200°C. 

This dependable, highly stable unit is especially suited to high 

temperature operation in all types of power circuits. It will give 

org, trouble -free performance consistent with other Fansteel elec- 

roeic components. The 6A unit is hermetically sealed and is of 

xtremely rugged construction. It is the most compact unit of its 

at.ng and can be mounted in any position. 

Write for Latest Information 

`` RELIABILITY; 
E594 

FANSTEEL METALLURGICAL CORPORATION North Chicago, III., U.S.A. 
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PRODUCTION TECHNIQUES 

PUNCH 

FLAT 
SPRINGS 

ijOF.105 
HOLE 

PUNCH 

WITH JAWS CLOSED 

JAWS 

.100 WHEN SURFACE 
A AND B ARE CONTACTING 

OF.105 DIA HOLE 

t 60 OF BANK 

1 _____..=_E---1 
t-.100 REF -j- 

rl- 

FIG. 1-Front and side views of upper punch mechanism in loading position 
Hand -loaded press in use 

Press Edge -Mounts Board Terminals 
PUNCH PRESS which positions 
printed wiring board terminals, 
lines up the board with the ter- 
minals and mounts the terminals on 
the board edge is used at Arma 
Division, American Bosch Arma 
Corp., Garden City, N. Y. 

The upper punch, shown in Fig. 
1, is fastened to the ram of an air 
press with an adapter and stop to 
produce a inch stroke. As the 
punch comes down through its hous- 
ing, the stud broaches the board and 
is peened and the prong of the ter- 
minal slips into its board hole. 

Terminals are loaded into the 
punch through a gap between the 
spring -mounted locator jaws. The 
stud fits into the gap, placing the 
terminal in mounting position. 

As the punch descends to board 
level, its shoulders force open the 

Jaws have snapped open and press is in 
mounting position 

locators. When the punch retracts, 
the flat spring permits the terminal 
to slip free while the other 2 flat 
springs close the locators. 

The bed is bolted to the base of 
the press. A raised bank, which in- 
cludes a strip guide for the board 
edge, runs the width of the bed's 
rear. The lower mechanism, seen in 
Fig. 2, is fitted into the center of 
the bank. The bed is 8 by 6 inches. 
A bar is mounted on its front edge 
to hold the board level. 

Medium pressure springs are 
placed under the locating pin and 
lower punch. The pin projects to 
find the board hole and depresses 
as the terminal is inserted. The 
punch also projects in loading posi- 
tion, but a stop limits its travel. 

Terminals used in the press are 
shown in Fig. 3. The air press is 

LOCATING PIN 

.375 t 
II/16 

3/8 

SPRING 3/16 

.400 

.375 

.070 PROJECT 

PUNCH 

GUIDE 

SPRING 

070 

BED 

BANK 

FIG. 2-Lower me hanism in loading 
position 

.387 .208 

.105 
j DIA 

f 

t-.057 
.00 -r L.057-.047 SQUARE 

.440 DIA 

FIG. 3-Outline of edge -mounted terminals 

fitted with fingertip control valves. 
A vibratory feeder and board in- 
dexer may be used to automate the 
press. 

Lazy Susan Brings 100 
Wires into Easy Reach 
LAZY SUSAN wire racks are used at 
Collins Radio Co., Cedar Rapids, 
Iowa, to facilitate cable building. 
They are used at the beginning of 
an operation, when many types of 
wires are needed and little con- 
necting work is done. Each wheel 
of a rack holds about 100 types of 
precut wires. 

Construction materials are alumi- 
num, plain pipe and wood. The base 
is wood with a metal flange at- 
tached. A pipe flange is set into the 
metal and pipe is screwed into the 
pipe flange. The wheel is supported 
by 4 triangular spokes which are 
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THE 

ARCTIC EVE 

THAT NEVER 

SLEEPS 

This plastic radome houses a radar antenna constantly scanning the skies to detect the presence of aircraft. 
A line of these radars provides early warning of any threatening approach to the North American continent. 

The Distant Early Warning Line is now on perpetual guard duty. Spanning the 
Arctic from Baffin Island to Alaska, this great system was conceived at the Lincoln 
Laboratory of M.I.T. and produced under the Ieadership of Western Electric. 

But first the DEW Line had to be engineered into a workable system. This was 
done at Bell Telephone Laboratories. 

The obstacles were formidable. Conventional means of communication-telephone 
poles, cables and even line -of -sight microwave radio-weren't feasible. A complicated 
system had to be made to operate reliably in a climate so cold that outdoor maintenance 
is impracticable farther than a few hundred feet from heated habitation. 

Whenever possible, Bell Laboratories engineers utilized well -proven art. But as it 
became necessary, they innovated. For example.. they designed and directed the devel- 
opment of a new and superior radar which automatically scans the skies, pinpoints a 
plane and alerts the operator. 

To reach around the horizon from one radar station to another, they applied on a 
massive scale a development which they pioneered-transmission by tropospheric scatter. 
Result: at a DEW Line Station you can dial directly a station more than a thousand miles 
away and converse as clearly as with your home telephone. 

Bell Laboratories' contribution to the DEW Line demonstrates again how telephone 
science works for the defense of America. 

BELL TELEPHONE LABORATORIES iÄ% 
WORLD CENTER OF COMMUNICATIONS RESEARCH AND DEVELOPMENT . % 



ge:.eral purpose 

P 

1.312 

-1 I #6.32 TAPPED HOLES (4) 

New, rugged power relay ass and trouble -free operation at lowest cost. Single coil construction 

employs box -type magnetic field. Movable contact springs, mounted on molded phenolic insulating bars 

provide positive contact alignment. V/4" diameter contacts available in silver or silver cadmium oxide, rated 

singly at 10 to 25 amperes, 110 volts A.C., non -inductive. Available contact forms 1C to 5C. Construction 

permits maximum contact pressures 35 grams each. D.C. relays incorporate use of high quality iron an- 

nealed for maximum efficiency. A.C. relays have silicon iron parts with copper shading washers. Coil and 

contact terminals are located at one end. Write for complete details. 

Write for new free Comar catalog 

ELECTRIC COMPANY 
3349 ADDISON ST., CHICAGO 18. ILL. 

Rotating rack puts wires at working level 
in proper sequence 

spotwelded to a sleeve. A circular 
tray fits under the wheel. The sleeve 
fits over the pipe so the wheel is 
free to turn. The pipe is capped. 

A second wheel can be placed on 
the same pipe. Washers between the 
sleeves enable each wheel to turn 
independently. More than 1 person 
can use the same wheel, but it is 
better to provide a second wheel. 

The wires are held in plain rub- 
ber grommets. The grommets fit 
into half circles which are cut into 
metal forms mounted vertically 
around the rim. Grommet positions 
are overlapped to allow more posi- 
tions on the wheel. Wire ends hang 
loose. Shorter wires hang down in- 
side the wheel while longer wires 
tend to curl around the center sleeve 
without tangling. 

Wires are preloaded into 2 rub- 
ber grommets and kept ready for 
placing on the racks as needed. The 
utility worker has only to push the 
grommets in place on the rim forms 
when a fresh supply of a wire type 
is needed. If the number of wires 
needed in a position is small, more 
than 1 type of wire can be loaded 
into the back grommet and the vari- 
ous wires run through 2 grommets 
on the outer rim. 

Two wheels mounted on same rack. Wire 
identifications are written on tabs below 
grommets RELAYS SOLENOIDS COILS SWITCHES HERMETIC SEALING 
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Grommet arrangement. Grommet has 
been removed from form at left 

Wires are arranged on the wheels 
in the order they will be used and 
the positions are numbered for 
identification. A tug as a wire is 
pulled from the grommets is suffi- 
cient to turn the wheel to the next 
station. 

Use Weight to Measure 
Soft Material Parts 
SEVERAL TECHNIQUES for inspecting 
and handling very small parts are 
used by semiconductor manufac- 
turers. Among those of general in- 
terest are: 

Accurate Specialties Co., Wood- 
side, N. Y., uses weight and volume 
in checking dimensions of semicon- 
ductor alloying preforms. The 
method may also be used to inspect 
other flat parts made of compres- 
sible materials which would be de- 
formed by pressure type gages. 

Within -tolerance volume and 
weight of the part is calculated. 
Diameter is measured with filar 
microscope, optical comparator or 
suitable jig. If diameter is correct, 
the part is weighed. The weight 
indicates thickness. 

To check sizes of alloying spheres, 
samples are viewed through a filar 
microscope. Slides are quickly pre- 
pared by putting cellophane tape 
over a large metal washer and 
sprinkling the samples over the ad- 
hesive. After inspection, tape and 
samples are discarded. 

To lift and position small parts 
without damage, a vacuum tip is 
used. This may be a glass tube 
through which air is exhausted. 
The hole at the pickup end is 
smaller than the part. The part is 
dropped in place when the vacuum 
is relieved by baring a finger hole 
in the side of the tube or by some 
similar method. 

ONLY ACOUSTICA 

ULTRASONIC CLEANERS 
HAVE MULTIPOWER! 

MAJOR BREAKTHROUGH 
IN ULTRASONIC TECHNOLOGY! 

In determining which ultrasonic cleaner to buy, 
remember that all ultrasonic cleaners are not 
alike. There is variation in uniformity of cavitation. 
There is variation in the transducer - and the 
transducer is the heart of an ultrasonic cleaner. 
The Multipower transducer developed by 

Acoustica research, multiplies the power and efficiency of ultrasonic 
action. Cleaning is faster, labor costs are lower. 

Acoustica ultrasonic. cleaners are engineered and produced to the finest 
standards, unequaled in quality and value. Off -the -shelf in capacities 
from 1 to 75 gal. or custom built to 5000 gal. Expert Acoustica engineers 
can help you with your cleaning problems. 
Send for further information. 

ac ou. etica 
Leader in research and development of ultrasonic systems 

Los Angeles and New York 

Acoustica Associates, Inc. 
Dept. E, 26 Windsor Ave., Mineola, N. Y. 

Send information describing advantages of Acoustica ultrasonic cleaners. 

Name 

Company 

Address 

City Zone State 
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ON THE MARKET 

Potentiometers 
trimming type 
DAYSTROM PACIFIC, 9320 Lincoln 
Blvd., Los Angeles 45, Calif. Series 
315 printed circuit Squaretrim 
subminiature trimming potentiom- 
eters feature maximum density 
packaging. They can be stacked 

side by side on printed circuit 
board in areas of only 0.114 sq in. 
per unit. Increased length of 
winding provides up to twice the 
resolution of other trimmer de- 
signs. Friction -loading technique 
locks wiper in place after every 
adjustment. Circle 190 on Reader 
Service Card. 

Tantalum Capacitor 
subminiature 
FANSTEEL METALLURGICAL CORP., 

North Chicago, Ill. A new submin- 
iature STA solid tantalum capaci- 
tor is available for applications 
requiring extremely small size, 

higher capacitance and extended 
operating temperatures. The STA 
line can be supplied in ranges of 
0.0047 to 330 µf, from 6 to 60 v 
(wvdc)-with maximum stability 
and reliability at temperatures 
ranging from -55 C to 125 C. 
Circle 191 on Reader Service Card. 

Regulator Diode 
gallium arsenide 
TEXAS INSTRUMENTS INC., P. O. Box 
312, Dallas, Texas, has available a 
new gallium arsenide regulator 
diode which extends semiconductor 
capabilities to a new high of 325 C. 
It can operate at double its power 
dissipation capability at normal am- 

bient temperatures. Packaged in a 
hard -glass subminiature package 
the unit dissipates 800 mw at 25 C 
as compared to a maximum of 400 
mw for a similar silicon unit in an 
identical case. The diode features 
a Zener breakdown voltage in the 
11-v range and a low leakage cur- 
rent of 200 µa at 325 C. Circle 192 
on Reader Service Card. 

Generator 
sine/square wave 
THE HICKOK ELECTRICAL INSTRU- 
MENT Co., 10527 Dupont Ave,. 
Cleveland 8, Ohio. Both sine and 
square wave are now available 
in one generator, with coverage of 
20 cps to 1 mc. The instrument is 

adaptable to many uses in the 
fields of audio, high fidelity, acous- 
tics, ultrasonics, power line and 
telephone line carrier, microwave 
subcarrier, i -f and broadcast car- 
rier equipment or general labora- 
tory applications. Price of the 
model 710 is $495. Circle 193 on 
Reader Service Card. 

Test Unit 
read Zener voltage 
ELECTRONIC RESEARCH ASSOCIATES, 

INC., 67 Factory Place, Cedar 
Grove, N. J. Model DT100 Zener 
voltage tester is intended for both 
laboratory and factory measure- 
ment of Zener diodes, transistor 
breakdown voltage characteristics, 

semiconductor rectifiers and simi- 
lar solid state elements. Zener 
current may be set at any value 
within the ranges 0-50 µa, 500 µa, 
1 ma, 10 ma, 50 ma. Zener voltage 
range covers 0-1, 3, 10, 30, 300 v 
d -c. Circle 194 on Reader Service 
Card. 

(Continued on p 120) 
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THE PROVED REPLACEMENT 
for tubular ceramic and mica capacitors 

nmc DISCAPS 
.290 
MAX 

.400 
MAX. RMC 

ZOG 

660 
MAX. 

RMC 

275 

. s 

.890 
MAX. 

TC 1/4 Dia. 5,16 Dia. 1/2 Dia. 5/8 Dia. 3/4 Dia. 7/8 Dia. 

P-100 1- 5 MMF 6- 10 MMF 11- 20 MMF 
NPO 2-15 16- 33 34- 69 70- 85 MMF 86-115 MMF 116-150 MMF 
N- 33 2-15 16- 33 34- 69 70- 85 86-115 116-150 
N- 75 2-15 16- 33 34- 56 57- 68 69-125 126-150 
N- 150 2-15 16- 33 34- 67 68- 75 76-140 141-200 
N. 220 3-15 16- 33 34- 75 76-100 101-140 141-200 
N- 330 3-15 16- 47 48- 75 76-100 101-150 151-200 
N. 470 3-20 21- 51 52- 80 81-120 121-200 201-250 
N- 750 5-30 31- 75 76-150 151-220 221-300 301-470 
N-1500 10-56 57-720 121-220 220-300 300-470 471-560 
N-2200 20-75 76-150 151-200 201-300 301-680 

Tempera ure coefficien to up to N-5200 avail able on special order. 

SPECIFICATIONS 

POWER FACTOR: Over 10 MMF less than 
.1% at 1 megacycle. Under 10 MMF less 
than .2% at 1 megacycle 

WORKING VOLTAGE: 1000 V.D.C. 

TEST VOLTAGE (FLASH): 2000 V.D.C. 

CODING: Capacity, tolerance and TC stamped 
on disc 

INSULATION: Durez phenolic -vacuum waxed 
INITIAL LEAKAGE RESISTANCE: Guaranteed 

higher than 7500 megohms 

AFTER HUMIDITY LEAKAGE RESISTANCE: 
Guaranteed higher than 1000 megohms 

LEADS: No. 22 tinned copper (.026 dia.) 
TOLERANCES: ±5% +10% ±20% 
These capacitors conform to the E.I.A. specifi- 

cation for Class 1 ceramic capacitors. 
The capacity of these capacitors will not 

change under voltage. 

. . also available with 

DISCAP 
CERAMIC 

CAPACITORS 

Leading manufacturers of electrical and electronic products 
have proved by their continued use that Type C DISCAPS 

replace tubular ceramic and mica capacitors at lower 
cost. 

Type C DISCAPS are available for varied 
applications in a wide range of capacities and 

temperature coefficients. These capacitors 
feature smaller size, lower self inductance, 

and greater dielectric strength. Rated at 
1000 working volts, Type C DISCAPS 

assure trouble -free performance and 
cost no more than ordinary 600 volt 

capacitors. Specify Type C DIS - 
CAPS foryour product, their 

many mechanical and elec- 
trical advantages combine 

with a lower initial price 
permitting substan- 

tial production cost 
reductions. 

Fin -Lock Leads 
for printed wire boards 

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

GENEPAL OFFICE: 3325 N. California Ave., Chicago 18, III. 
Two RMC Plants sevoted Exclusively to Ceramic Capacitors 
FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 
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THIS IS 

ZIPPERTUBING 
...a method of making custom 

electronic cables in seconds.. 
at a fraction of the cost! 

Now available in Vinyl, New Stretch 
Vinyl, Teflon, Nylon, Mylar, Neoprene. 

Major Advantages 
1. Cables are made by you, on the spot, 

as needed, without machinery. Pro- 
duction delays eliminated. 

2. New stretch compound provides 
tighter jacketing. 

3. Highly abrasion -resistant. Tempera- 
ture range, -90°F to 450°F. 

4. Eliminates expensive lacing or tying 
of conductors. 

5. Provides re -accessibility to conduc- 
tors, or can be permanently sealed. 

6. New method permits cable termina- 
tion with any type of connector. 

7.Sizes from 1/4" ID-continuous 
lengths to 1000 ft. 

8. New metal laminations for shielded 
or co -axial cable construction. 

9. Perforated type or molded "Ys" and 
"Ts" simplify branchouts. 

Important 
If you design or work with electronic 
cables, it will pay you to try ZIPPER - 
TUBING. Field representatives are 
nearby-or send for free sample and 
technical literature. 

Offices & Warehouses in All Principal Cities 

THE ZIPPERTUBING CO. 
752 So. San Pedro St. Los Angeles 14, Calif. 

TWX LA 840 

Test Chamber 
30 cu ft 
CONRAD, INC., 141 Jefferson St., 
Holland, Mich. Model FB -30-5-5 is 
a high low temperature test cham- 
ber with a range of +300 F to 
-100 F. Interior dimensions are 
40 in. wide by 38 in. high by 36 in. 
deep. Standard equipment on the 
chamber include a 24 in. by 24 in. 
multipane viewing window, ex- 
ternally mounted ball bearing cir- 
culator motor, and an electrical 
panel equipped with two 3 hp, two 
5 hp, or two 7 hp refrigeration 
units, depending upon the user's 
requirements. Circle 195 on Reader 
Service Card. 

Standard Resistors 
four values 
MID -EASTERN ELECTRONICS, INC., 32 
Commerce St., Springfield, N. J., 
offers a line of certified laboratory 
standard resistors for use with the 
company's Megatrometer in meas- 
uring resistance in the ultra high 
megohm range. Standard resistors 
are available in four values: 10 
megohms, 100 megohms, 1,000 meg- 
ohms and 10,000 megohms. Each 
unit is certified to 0.2 percent and 
is supplied with a temperature 
curve. Prices range from $72.00 to 
$133.75 each. Circle 196 on Reader 
Service Card. 

Hysteresis Motor 
split -capacitor 
DALE PRODUCTS, INC., Columbus, 
Neb. The Dalohm subfractional h -p 
hysteresis motor is a split -capacitor 

Headquarters for 
HIGH POTENTIAL 

Testing 

INSULATION BREAKDOWN 

DIELECTRIC STRENGTH 

Every over -potential test need 
from the generator to the ap- 
pliance motor ... is met by a 
HYPOT 

Model 5500 
Typical Mobile 
HYPOT') provides 0 
to 120 kv d -c at 5 ma. 
More compact and 
easier to use than 
equivalent a -c test 
sets. Lower in cost, 
too. 

150 KV Testing 
Mobile HYPOT'" 

Non-destructive testing of 
power cables, generators, and 
insulators with AC or DC test 
potentials to 150 KV. New DC 
Mobile HYPOT' is easier to 
handle, cuts costs. Write for 
bulletin "Mobile HYPOT"" 

30 KV Testing 
Bench HYPOT 

Models available with AC or 
DC test potentials from 5 to 
30 KV. Widely used for insula- 
tion testing of cables, distribu- 
tion equipment and heavy duty 
mo tors. 

10 KV Testing 
Portable HYPOT Jr."' 
The advanced over -potential 
tester that enables anyone to 
make high potential breakdown 
tests. Separate lights indicate 
excess leakage current and in. 
sulation breakdown. Available 
with test voltages from 1500 v 

o -c to 10000 v a -c. 
Model 412 

INSULATION Tester 
als 

Model 
4501 

Materials 
Tester 

New materials testing AC HYPOT" meets ASTM di- 
electric strength test requirements. Features automatic 
rate of test voltage rise, transparent test cage that 
is safety interlocked and complete line of plug-in 
materials testing fixtures. Write for new bulletin ... 
"HYPOTe.Insulation rester". 

VIBROTEST® measures 
FIVE MILLION Megs 

Direct reading a -c operated 
megohmmeter for resistance 
measurement to five million 
megohms. Drift free, stable 
and accurate on all ranges. 

VIBROTEST " Model 2570 has 

six megohm ranges: 1-50, 10- 

500, 100-5000, 1,000-50,000, 
10,000-500,000 and 100,000- 
5,000,000 megohms. Write for 
bulletin. 

Write for Bulletins 10-35.16 

ASSOCIATED RESEARCH,el 

3781 W. Belmont Avenue Chicago 18, Illinois 
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K (STANDARD) 
For Aircraft, 
Electronic, Instrument, 
Military, Missile, Industrial 
and Commercial Applications. 

Standard K and RK...in straight and angle 90° 
plugs, wall mounting receptacles. Conduit and 
clamp entry types. 1 to 82 contacts in 213 different 
insert arrangements. 10-, 15-, 30-, 40-, 60-, 80-, 115-, 
and 200 -amp. silver-plated brass contacts. High 
quality phenolic, melamine, and formica insulators. 
Cadmium -plated aluminum alloy shells. Flashover 
voltages: 1100 to 5000v 60cps ac rms. 

original aircraft, electronics, 

KH, RKH 
(HERMETICALLY SEALED) 
For Use Under Critical Pressure and 
Leakage Conditions 

Hermetically sealed connectors... 
with steel shells, steel contacts, and Can - 
seal glass insulators, fused to shell and 
contacts. True hermetic sealing. Electro 
tin plating over cadmium plate over cop- 
per flash provides highly receptive Bur - 
1 ace for soldering and corrosion resistance. 

sound, and 

APPLICATION 
Application of R and RK connectors 
on g recording oscillograph. 

all-purpose line 

STEEL SHELL FIREWALL 
For Open Flame Protection Against 
High Temperatures 

FW and FWR Cannon K Firewall 
Connectors... available in straight and 
angle 90° plugs, wall mounting recepta- 
cles. Inserts of phenolic or fireproof 
inserts of glass -filled materials. Crimp 
type contacts. Cannon made the first fire - 
wall connector and continues the leader 
in this important field. 

special acme thread rugged 

RK 
G AND RECEPTACLE 

For Flush or Semi -Flush Mounting 

RK plug and pin assemblies are equipped 
with an external threaded coupling nut 
which is the reverse of the standard K 
series. Note, RK will not mate with K's. 

cannon 

TBF-K 
For Carrying Circuits Through Bulk- 
heads 

TBF-K Bulkhead Connectors ... fea- 
ture a double-faced construction allowing 
mating at both ends. Pin inserts. Single 
piece shell. Five insert assemblies 
available. 

construction variety 

RECORDER CONNECTOR 
For Telephone "Beeper" Connectors 

SK -M7 -21C ...Widely used on two lead- 
ing makes of telephone recorded connec- 
tor units known as "beepers" because of 
the signal required by law in such 
recordings. 

of coaxials 

RLKL and LKL 
(TV SWITCHING PANEL) 
For TV Panel Switching 

Quick Connect and Disconnect RLKL 
Plugs... designed for one -hand fast dis- 
connect use on TV station program switch- 
ing panels. Feature a quick coupling 
means. Latchlock secures plug to mated 
fitting (RLKL receptace) . Thumb pres- 
sure releases it. 

integral clamps 

K ACCESSORIES 
Straight and Angle 90° Junction Shells, 
Dust Caps, Bonding Rings, Gland Nuts, 
Clamps, Dummy Receptacles 

Featuring High Quality Materials and 
Workmanship... Junction shells are 
designed to protect, shield, and carry 
wires through walls, panels or bulkheads 
to conduit. Dummy receptacles hold and 
protect plugs when not in use. 

plugs standard of quality for the industry 

Other Cannon Series...Mil. Spec. "MS" (full line) -External Power Con- 
nectors-Switching Types-dc Solenoids-Guided Missile Launching Connectors 
-Miniatures and Sub -Miniatures. 

See "K" Bulletin 
for Engineering Data. 

Please Refer to this Magazine or to Dept. 720 

CAN 
Where Reliability for Your Product Is Our Constant Goal 

CANNON ELECTRIC COMPANY, 3208 Humboldt St., Los Angeles 31, 
California. Factories in Los Angeles; Salem, Massachusetts; Toronto, 
Canada; London, England; Melbourne, Australia. Manufacturing 
licensees in Paris, France; Tokyo, Japan. Contact our representatives 
and distributors in all principal cities. See your Telephone Yellow Book. 
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For 
400 CPS 
Cooling 
Applications 

z 4. 
tax 1400 CPSI 

0 50 100 150 200 
AIR VOLUME CFM 

----- 21/4 

For airborne and missile cooling applications, the AXIMAX-3 when turning at 
20,000 rpm will deliver 165 cfm at free delivery. This performance is possible 
although the fan is only 2.8" in diameter, 2.3" in length and weighs a mere 14 

ounces. 
Variation in driving motors include constant speed and Altivar designs. The 

latter automatically vary their speeds inversely with density and thereby approach 
constant cooling with a minimum of power drain and noise. 

Mounting is simplified by the provision of "servo" clamping rims at either end 
of the barrel. Airflow can be reversed by turning the fan end -for -end. Electrical 
connection is made to a compact terminal block. Power requirement is 400 cps, 
1 or 3 phase. 

Write today for complete technical derails to .. . 

ROTRON 

0THmfg. co., inc. 
WCODSTOCK, NEW YORK 

In Canada: The Hoover Co., Ltd., Hamilton, Ont. 

type. Totally enclosed it has a new 
space -saving pancake design giving 
great rigidity. It is ideally suited 
for such applications as facsimile 
machines, hi-fi turntables, tape re- 
corders, telemetering and many 
other types of equipment where 
constant synchronous speed is es- 
sential. An outstanding feature is 
the exceptionally low heat rise. 
Other notable features are ex- 
tremely low noise and no vibration 
or magnetic strays. It is low in cost 
due to advanced design and produc- 
tion techniques. Circle 197 on 
Reader Service Card. 

Power Supply 
transistorized 
SOUTHWESTERN INDUSTRIAL ELEC- 
TRONICS Co., 10201 Westheimer, 
Houston, Texas. The TPC-15 tran- 
sistorized power supply is spe- 
cifically designed for airborne use. 
It features a novel bridge -transis- 
tor circuit using low -voltage tran- 
sistors to deliver 300 v d -c at 150 
ma, or 150 v d -c at 300 ma from the 
aircraft 28 if d -c battery source. 
Regulation is better than 5 percent 
over the entire output range-no 
load to full load-and efficiency is 
better than 85 percent. Output is 
virtually free from ripple and noise. 
Circle 198 on Reader Service Card. 

L -F Oscillator 
variable phase 

GENERAL RADIO CO., 275 Massa- 
chusetts Ave., Cambridge 39, Mass. 
Type 1305-A oscillator covers fre- 
quencies from 0.01 cps to 1,000 cps 
in five ranges. Output amplitude 
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'P&B MICRO -MINIATURE RELAYS LEAD IN 

performance 
SHOCK: 100g* VIBRATION: 30g to 2000 cps* 

*NO CONTACT OPENING 

New P&B crystal -case size relays, 
the SC and the SL (magnetic latch- 
ing), show amazing shock and vibra- 
tion capabilities. They absorb shocks 
of 100g and vibrations 30g to 2000 
cps. without contact openings! 

A highly efficient magnetic struc- 
ture utilizing a permanent magnet 
makes possible at least twice the con- 
tact pressure found in DPDT relays 
of comparable size. One watt of power 
for three milliseconds operates either 
relay. Transfer time is unusually fast 
-0.5 milliseconds maximum. 

For more information, contact your 
P&B sales engineer, or write Potter 
& Brumfield, Princeton, Indiana. 

r 

190 MAI 

.315 --r ms ITo 
-y 315 

I 

00 
°O0° Qo o Q° ® Oo © - ó0 T , 

-i,a4-- 
SL SC -.m.1 

SL-dual coil latching relay. Operates on a 1 

watt, 3 ms. pulse at nominal voltage. Permanent 
magnet latch locks the armature in either position. 

SC-non-latching relay with series -connected 
dual coils. Operates on approximately 1 watt at 
nominal voltage. Coils must remain energized to 
hold the armature in the operate position. 

SC and SL Series Engineering Data 
GENERAL: 
Insulation Resistance: 10,000 megohms, min. 
Breakdown Voltage: 1,000 V. RMS. 

Shock: 100g. 

DUAL 

COILS 

PERMANENT 
MAGNET 

J 

Vibration: 30g 55 to 2000 cps.; 0.195' max. 
excursions from 10-55 cps. 

Temperature Range: -65° C. to + 125° C. 
Weight: 15 grams without mounting bracket. 
Operate Time: 3 MS. max. with 550 ohm coil 

@ 24 V. DC. (SL: 630 ohm coil at 24 V. DC). 
Transfer Time: 0.5 MS max. 
Terminals: (1) Plug-in for microminiature 

receptacle of printed circuit board. 
(2) Hook end solder for 2 #24 AWG wires. 
(3) 3" flexible leads. 

Enclosure: Hermetically sealed. 

CONTACTS: 
Arrangement: 2 Form C. 
Material: Optional 
Load: 2 amps. @'. 28 V. DC, resistive; 1 amp 

(n 115 V. 60 cycles AC, resistive. 
Pressure: SC -16 grams min.; SL -20 grams min. 
COIL: 
Power: Approx. 1.0 watt at Nominal Voltage. 
Resistance: SL -40 to 10,000 ohms; SC -35 

to 20,000 ohms. 
Duty: Continuous. 
MOUNTINGS: 

Bracket, stud and plug-in. 

PaB STANDARD RELAYS ARE AVAILABLE AT YOUR LOCAL ELECTRONIC PARTS DISTRIBUTOR 

(e) POTTER & RUMFIELD INC. 
PRINCETON- INDIANA SUBSIDIARY OF AMERICAN MACHINE & FOUNDRY COMPANY 



BNC CONNECTORS 

CUT ASSEMBLY TIM 
IN HALF! 

AMPHENOL'S new Quick -Crimp Series BNC connectors* 
obsolete just about every other BNC now on the market. 
Here's why: 

1 QUICK ASSEMBLY Only three basic parts 
(plus an optional boot) for you to assemble and 
crimp, as compared to as many as ten parts in a 
standard BNC! Assembly time is cut in half! 

2 INCREASED RELIABILITY Critical assembly 
operations have been eliminated; inspection is 
easier, faster, reliable. Cable retention and strain 
relief is greatly improved. Connectors are weather- 
proof. 

The Quick -Crimp family consists of 19 connectors: Plugs, Right 
Angle Plugs, Jacks, Bulkhead Jacks and Cable Terminations. 
Quick -Crimps mate with standard BNCs. Center contacts 
are gold-plated, have AMPHENOL'S patented captivated contact** 
construction. Voltage rating is 500 V. peak. 
VSWR is low up to 10K mc. 
*U.5. PATENT PENDING **U.S. PATENT 2,070,420 

Body Assembly, Ferrule Clamp 
Nut Assembly, Outer Ferrule and Boot 

-Only Four Parts to Assemble! 

$MPNENoO CONNECTOR DIVISION 

AMPHENOL-BORG ELECTRONICS CORPORATION Chicago 5),111iaois 

is essentially constant over the en- 
tire range. Unit features three- 
phase, four -phase and single-phase 
output. Additional output is con- 
tinuously variable in phase from 0 
to 360 deg and can be used for accu- 
rate phase shift measurements at 
low frequencies. Use of a six -phase 
rectifier in the output meter circuit 
makes accurate readings of output 
voltage possible even at lowest fre- 
quencies. Circle 199 on Reader 
Service Card. 

Tape Wrapper 
for retaining rings 
WALDES KOHINOOR, INC., 47-16 Aus - 
tel Place, L. I. C. 1, N. Y., has de- 
veloped the Rol -Pak, a pressure sen- 
sitive tape wrapper which replaces 
a metal stack -rod and cotter pin 
formerly used to stack Truarc re- 
taining rings for assembly with the 
company's applicators and dis- 
pensers. The tape is color coded by 
ring type and, for further identifi- 
cation, bears both the ring series 
and size number. Rings are loaded 
into the dispenser by sliding the 
entire Rol -Pak over the spring rail 
and permitting the pack to slide 
down to the base. The tape exten- 
sion at the top permits the wrapper 
to be removed in a single downward 
motion. Circle 200 on Reader Serv- 
ice Card. 

Tritiated Titanium 
high density 
RADIATION RESEARCH CORP., 1114 
First Ave., New York 21, N. Y. Thin 
films of tritiated titanium on stain- 
less steel or molybdenum are now 
available. Material consists of a 
titanium coating approximately 0.7 
micron in thickness on a 2 mil back - 
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PUTTING MAGNETICS TO WORK 

How to keep your cut-off sharp! 
Audio filter desl'gners use molybdenum permalloy powder cores 

when they want razor sharp attenuation that will hold 
Audio filter designers, faced with a crowded frequency spec- 
trum, specify molybdenum permalloy powder cores to rigidly 
define channel cut-offs ... with sharp, permanent attenu- 
ation at channel cross-overs. 

Moly-permalloy, with virtually no resistive component, makes 
a core with almost no core loss. The resultant high. Q means 
sharp attenuation of blocked frequencies in both the high 
and low band pass ranges. This is permanent-moly-permal- 
loy cores were developed specifically to provide a very long 
term inductance stability. 

Compare molybdenum permalloy to powdered iron. See the 
smaller size and the superior stability despite unusual fluc- 
tuations in current or temperature. Even unstabilized per- 
malloy powder cores are more stable with temperature swings 

than cores made of any other material. And ... stabilized 
cores are at least four times more inductance -stable than un - 
stabilized cores. 

What's more, there's no Ionger any guesswork! We have 
published limits within which the designer can depend on 
core performance. These limits-and full information on 
our Performance -Guaranteed permalloy powder cores-await 
your inquiry. Magnetics, Inc., Dept. E-61, Butler, Pa. 

mAcnErics inc. 
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Now! A higher reliability factor in printed circuits 

ALTORI 
a new and distinctively different 

finish on TAYLOR copper -clad 

laminates that accepts all 

acid resists uniformly 
Something new and distinctively different has been 
added to TAYLOR copper -clad laminates -a finish 
that accepts all types of acid resists uniformly. High 
fidelity in printed circuit reproduction is assured. 
Circuits can be of consistently higher quality and reli- 
ability, no matter how critical the design. For com- 
plete details about TAYLOR copper -clad laminates and 
samples, write TAYLOR FIBRE Co., Norristown 40, Pa. 

or 
LAM/MATED PLAST/CS VULCAN/ZED FAME 

ing and containing 1 curie of tri- 
tium per sq in. It is completely 
stable in normal atmospheres, and 
is not appreciably affected by im- 
mersion in solvents or water or by 
exposure to acid fumes. The mate- 
rial produces ion current in excess 
of 10-i amperes per sq in. in air and 
absolute beta emissions greater 
than 10-8 amperes per sq in. Circle 
201 on Reader Service Card. 

Molded Capacitors 
dual -dielectric 
SPRAGUE ELECTRIC CO., 35 Marshall 
St., North Adams, Mass., has in 
production molded capacitors using 
a dual -dielectric of both polyester 
film and paper. Unique properties 
and advantages are completely de- 
scribed in engineering bulletin No. 
2025, available on letterhead re- 
quest. 

Sweeping Oscillator 
wide range 
KAY ELECTRIC Co., 14 Maple Ave., 
Pine Brook, N. J. The Magna -Sweep 
is an all -electronic sweeping oscil- 
lator capable of sweep widths of 
1,000 me and wider. It enables the 
user to get extremely broad cover- 
age without once changing his set- 
ting. This beat frequency device 
employs the latest in h -f techniques 
and provides both continuously 
variable center frequency and sweep 
width. Frequency calibration is ob - 
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GEl\TElEk L MAIN Si I STOl-. 

QUALITY PRODUCT 

FROM GENERAL TRANSISTOR. 

ACTUAL SIZE 

new 
complete line of 

GLKMAN1UM 

GOLD BONDED DIODES 

GENERAL TRANSISTOR IS NOW MAKING 
GERMANIUM SUBMINIATURE GOLD 
BONDED DIODES 

You may be assured that this new product 
line has the same high quality and reliability 
that has made General Transistor the Fastest 
Growing Name in Transistors. Experienced 
design engineers, quality materials, proven 
production techniques, and strictly enforced 
quality controls are your guarantees. 

These diodes have been designed for 
computer, industrial and military applications 
where high reliability is of prime importance. 
They are hermetically sealed in a glass 
case with tinned leads. Their rugged 
construction makes them resistant to 
humidity, shock and vibration, and impervious 
to extreme environmental conditions. 

Write today for Bulletin GD -10 showing 
complete specifications, diagrams and 
other engineering data. 

GE ER, COR P 0 R A TIO N 

91-27 138th Place 

Jamaica 35, N. Y. 

L`2 V 
FOR IMMEDIATE DELIVERY FROM STOCK, CONTACT YOUR NEAREST AUTHORIZED 
GENERAL TRANSISTOR DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING 
CORP. 91-27 138TH PLACE, JAMAICA RS, NEW YORK. FOR EXPORT, GENERAL 
TRANSISTOR INTERNATIONAL CORP. 91.27 198TH PLACE, JAMAICA 35, NEW YORK 
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1111.1 "MOM 

IN A DESIG 

l 

N 

OPEN UP 
... with the all -new PM -1 line of perma- 
nent -magnet d -c motors for your hard -to - 
fit applications. Only 7/s inches in diam- 
eter, under 2 inches long and weighing 
less than 21/2 ounces, these motors give 
you equivalent output power with 1/3 less 

bulk than older designs. And they're self - 
shielding. 

Motors are available governed or ungov- 
erned, with a choice of bearings, shaft ex- 

tensions, and mounting arrangements; 
gear motors with various speed reduc- 
tions. Modifications can be made to meet 
military and other special requirements. 

ONLY '/s INCHES 

IN DIAMETER 
JUST 2'/2 OUNCES 

STOCK MODELS FROM 4-30 VDC EFFICIENCIES FROM 40-50% 

CERAMIC FIELD STRUCTURE SELF -SHIELDING 

SPEEDS TO 20,000 RPM VIBRATION- AND SHOCK -RESISTANT 

WRITE TODAY for complete specifications, includ- 

ing information about Reflectoné s unique self- 

contained POWER-PAK, a complete, compact 
electromechanical subassembly to simplify your 
design problem. One component provides me- 

chanical output and d -c power for associated cir- 

cuitry from AC, DC or self-contained battery. 

"THE D -C WAY IS THE MODERN 

R.eTOMs` 

PAT. PEND. 

POWER PACK 

MODEL PK - I 

WAY" 

Design d -c for maximum flexibility, portability, simplicity and dependability. 

REFLECTONE 
THE REFLECTONE CORP. STAMFORD, CONNECTICUT 

tained by a unique system of fre- 
quency markers plus a precision 
wavemeter. Circle 202 on Reader 
Service Card. 

Miniature Jack 
flat -mount 

SEALECTRO CORP., 610 Fayette Ave., 
Mamaroneck, N. Y., has developed a 
miniature jack that mounts flat 
against a printed -wiring board, 
type SKT-103PC. With a double - 
prong steel strap in front, and con- 
nection lug at rear, this jack mounts 
in three small holes forming a tri- 
angle in a grid coordinate layout. 
It is dip -soldered from the under- 
side of the board for mechanical 
and electrical requirements. Jack 
takes an 0.080 in. probe with no 
strain on the contacts because of 
the self -aligning Teflon hole. Circle 
203 on Reader Service Card. 

Klystron Supply 
wide -range 
POLYTECHNIC RESEARCH & DE- 
VELOPMENT CO., INC., 202 Tillary 
St., Brooklyn, N. Y. The PRD 812 
wide -range klystron power supply 
features digital read-out for beam 
and reflector voltages; dual outputs 
for simultaneous operation of two 
klystrons; and front panel provi- 
sion for checking calibration of re- 
flector and grid voltage readings. It 
also provides multirange beam cur- 
rent overload protection; safety lock 
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Transistorized NLS M-24 Selected for Missile Checkout System 

L 
2 4 0 0 

Analog to digital conversion in Nortronics' Universal Datico 
is accomplished by the ultra -reliable NLS M-24, the transis- 
torized Digital Volt -Ohmmeter that automatically and accur- 
ately measures and displays AC and DC voltages, voltage 
ratio and resistance. 

In Datico, program control is performed by a punched paper 
tape. Test stimuli are automatically controlled by Datico and 
output signals (voltage, voltage ratio, and resistance) from 
the system under test are automatically selected and fed to 
the NLS M-24. The M-24 digitizes the system outputs to 
0.01%, and provides numerical data to the indicator and 
control chassis for distribution to the data recorder, digital 
comparator, and visual display on a special NLS in -line 
readout. 

The tape also establishes the go -no-go limits for comparison 
with the M -24's digital output. It then directs the system to 
the next channel to be measured. 

Operation of the NLS M-24 in this system is completely auto- 
matic . . . the instrument is remotely operable, does not 
require zero setting, and is extremely stable over very long 
time periods. Over-all system speed is not compromised by 
analog to digital conversion time, the M-24 making each 
measurement in just 330 milliseconds. 

The NLS M-24 meets the unusually great reliability de- 
manded of automatic test equipment for modern electronic 
weapons systems. This reliability is assured by transistors, 
mercury -wetted contact relays ( rated at 10 billion measure- 
ments) , advanced circuit design, and thorough production 
and field testing. 

Proved in the field in a variety of applications, the NLS M-24 
Digital Volt -Ohmmeter is in production and ready to go to 
work for you. Write today for detailed information concern- 
ing this outstanding example of NLS leadership in the devel- 
opment and manufacture of digital instruments. A complete 
catalog of NLS instruments will be sent upon request. 

Originators of the Digital Voltmeter 

non-linear systems, 
inca DEL MAR (San Diego), CALIFORNIA 

NLS-The Digital Voltmeter That Works...And Works...And Works! 
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THE NEW RUTHERFORD 

PULSE GENERATOR 

built for HIGH PERFORMANCE 

WIDE VERSATILITY 

LOW COST 
Today's basic research demands the finest. 
The Rutherford B-7 Pulse Generator is pre- 
cisely engineered to meet the rigid standards 
of research and development-from biologi- 
cal research at low repetition rates, to tran- 
sistors, transistor circuits, and magnetic core 
research at high repetition rates. 
The one -unit Rutherford B -7's rack -mount- 
able dimensions are compact: 193/4" wide, 
83/4" high, and 12" deep. Amplitude is 50 
volts delivered into a 50 Ohm load. Delay 
with respect to Sync. Out: 0-10,000 As. 
Width: .05 µs-10,000 µs. Repetition rate: 
20 c to 2 mc. Cost: A budget -conscious $720. 

Your "space-age" research and development 
grows steadily more important, your equip- 
ment more strategic. On the results of 
research performed with Rutherford equip- 
ment rest many of America's scientific 
achievements. If you play a part in those 
still to come, put Rutherford on your scien- 
tific team. Write for complete information. 

ELECTRONICS CO. 

pulse generators pulse systems 
accurate time delay generators 

8944 LINDBLADE STREET, CULVER CITY, CALIFORNIA 

on transferring from negative to 
positive grid voltage; and external 
triggering of internal pulse gener- 
ator. Circle 204 on Reader Service 
Card. 

Amplifier Klystron 
air-cooled 
VARIAN ASSOCIATES, 611 Hansen 
Way, Palo Alto, Calif. The VA -802 
is a 1 kw c -w, air-cooled, 4 -cavity 
klystron. It can be continuously 
tuned from 1,700 to 2,400 mc and is 
focused with a permanent magnet. 
It has been designed specifically for 
application in forward scatter com- 
munication systems and is suitable 
for both fixed station and transport- 
able service. Circle 205 on Reader 
Service Card. 

Precision Pot 
high -temperature 
CLAROSTAT MFG. CO., INC., Dover, 
N. H., announces the high -tempera- 
ture version of its series 42 wire - 
wound precision pot. It is designed 
to operate at temperatures up to 
230 C with a wattage rating of 0.25. 
Resistance change after 255 hours 
at 230 C is less than 0.1 percent. In- 
sulation resistance is 10 K megohms 
minimum (test data ran 90 K to 195 
K megohms). Resistance tolerance 
is ±5 percent from 1 ohm to 100 K 

130 CIRCLE 88 READERS SERVICE CARD April 24, 1959 - ELECTRONICS 



SNAP IN CLIP IN 
THE NEW r= PRINTED CIRCUIT EDGE CONNECTOR 

This A -MP unit is more than new-it is the only solderless, direct -contact connector on 
the market. Designed for both commercial and military requirements, it means faster 
assembly, greater reliability and versatility to you-at lower cost! 
You get construction of unmatched close tolerances in both the contact and the one-piece 
molded housing. And-because each contact is wholly enclosed within its own housing 
barriers, there's no need for post insulation. Contacts feature spring -lock design which 
assures positive contact with board-yet will not cause damage to board paths, even 
after repeated insertions. 
Assembly is easy: An A -MP high speed machine crimps contacts to circuit wires. 
Contacts are quickly and completely snapped into housing, locked in place with a lance 
to eliminate damage from shorts, bending or strain. The printed circuit board is then. 
inserted for unlimited circuit combinations. 

Snap in ... clip in-it's that simple to save time, money and increase quality. 

Send for full product Information today., 

AMP INCORPORATED 
GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 
A -MP products and engineering assistance are available through subsidiary companies in: Canada England France Holland Japan 
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and now for the heat test! 
So you did build your own pot! Now - will it function at 150°C? 

It might, if you made sure to use some real cool winding wire (say, 
with no more than 20 parts per million temperature coefficient) ! A 
specially -designed heat -resistant element card would also be handy to 

keep things cool! But you don't have to build -'em -yourself and then 
go through all this barbecue -broil testing, to be assured of pots with 
good high -temperature characteristics! 

Why take "pot luck", when Ace has all these special 

high -temperature design features - neatly packaged in 

the Acepot X-500! Our exclusive design dissipates 
internal heat to the mounts, allowing greater dissipa- 

tion at high temperature. So put away your chef's hat - and rely on Ace's four years of testing. For high 

temperature performance - the X -500's your answer. 
See your ACErep! 

The X-500 Acepot. From -55', up to 150°C, with special heat - 
resistant elements. Excellent resolution, ±0.3% linearity. 1/2" size, 

1/4 -ounce. Prompt delivery. 

ACEELECTRONICS ASSOCIATES, INC. 
99 Dover Street, Somerville 44, Mass. 

SOmerset 6-5130 TMX SMVL 181 West. Union WUX 

Acepote Acetrlm Aceset® Aceohm®R 'Reg. Appl. for 

ohms; independent linearity, ±0.5 
percent; noise less than 5µv. Circle 
206 on Reader Service Card. 

D -C Amplifier 
continuous -gain 
ALLEGANY INSTRUMENT CO., INC., 
1091 Wills Mountain, Cumberland, 
Md., announces the model 512-A 
continuous -gain d -c amplifier. It is 
chopper -stabilized and, in addition 
to low noise and drift characteris- 
tics, features 11 fixed gain steps 
with continuously variable gain be- 
tween each gain setting. It is used 
for the amplification of signals from 
wire strain gage transducers, 
thermocouples or other low-level, 
low and medium output impedance 
signal sources. Circle 207 on 
Reader Service Card. 

V -R Tube 
ruggedized 
RADIATION RESEARCH CORP., 1114 
First Ave., New York 21, N. Y. A 
line of subminiature metal -ceramic 
corona discharge voltage regulator 
tubes covers a wide range of volt- 
ages (400-4,000 v). Regulation of 
better than 1 percent is obtained 
over a current range of 10-" to 10-° 
amperes. The prebreakdown current 
is less than 10-" amperes at room 
temperature. The tubes operate over 
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a temperature range of -55 C to 
200 C. Circle 208 on Reader Service 
Card. 

Inductance Bridge 
high resolution 

BOONTON ELECTRONICS CORP., 738 
Speedwell Ave., Morris Plains, N. J. 
Model 63A inductance bridge meas- 
ures inductance from 0.002 µh to 
100 mh with an accuracy of the 
order of 0.25 percent. High resolu- 
tion, approximately 0.01 percent, 
and good stability make it extremely 
useful for temperature coefficient 
and inductance matching work. An 
internal oscillator with several fre- 
quencies between 1 kc and 100 kc 
is provided along with an internal 
detector and a null indicator. Series 
resistance can be measured in the 
range of 0.01 to 10,000 ohms. Circle 
209 on Reader Service Card. 

E -I -R Meter 
portable unit 
BELLEVILLE-HEXEM CORP., 638 Uni- 
versity Ave., Los Gatos, Calif., an- 
nounces a new battery powered 
portable E -I -R meter with transis- 
torized circuitry designed to d -c 
voltage, current, and resistance. 
Model 110A measures voltages of 
1 my to 1,000 v full scale in 13 
ranges ; input resistance is 101 meg- 
ohms. Eighteen current ranges pro - 

MODEL 150 
features 

VARIABLE 
FREQUENCY 

OUTPUT 
380-2400 cps. 

With front panel control of feedback for improved load match- 
ing, the Model 150 provides 150 volt-amperes for 1.0 to 0.7 lead- 
ing or lagging power factors. Consuming about 450 watts from a 
nominal 115 -volt 50/60 cycle line source, its output voltage is ad- 
justable from 105 to 125 volts (0-130 volts as a power amplifier). 
Output voltage regulation is ±2% for load or line as an oscillator 
(as a power amplifier, regulation is dependent on feedback control 
setting and power factor of the load). 

Total output distortion at full load is about 1.5% at 400 cps. At 
50 watts, distortion is less than 1% from 100-500 cps. 

Output frequency variation due to rated line and resistive load 
changes is less than 0.1% ±2 cycles. Frequency variation due to a 
change of 100 VA of reactive load is about 0.5%. 

Cabinet is 21-1/2" wide x 13" high x 15" deep and is equipped 
with ventilating fan. Front panel is 19" wide x 10-1/2" high and 
can be mounted on standard relay rack. Net price $575. 

áEN0 
FOR 

TECH. 

DATA 

Eo' additional nforro- 
tion, including app 

tion data, write or 

Phone 
DE 4-3100. Dem- 

onstrations available 
by local representatives. 

For Owners of the 
RFL Model 829 AC -DC 

Instrument Calibration Standard 
By combining the Model 150 with the 

Model 829 and the Model 10 Test Equip- 
ment Cart, a complete meter calibration fa- 
cility can be achieved in a small space. 

The cart is made of heavy gauge sheet 
steel and is equipped with free rolling, 
swivel casters. Usable inside space is 33" 
wide x 16-1/2" deep x 26" high. One side 
accommodates standard 19" wide panels to 
meet RETMA rack standards; the other 
side has 24" wide opening for equipment 
mounted in cabinets, such as the Model 150. 
Interior shelf is adjustable in any position 
from top to bottom. Accessory, drop-leaf 
work counter, attachable to either side of 
the cart, is also available. 

Performance is rigidly guaranteed. Price is 
net, f.o.b. Boonton, N.J. and subject to 
change without notice. 

ELECTRONICS - April 24, 1959 CIRCLE 91 READERS SERVICE CARD 135 



8605 

136 

k bragging about 
how the cable works! 

Hickory Brand 
Coaxial Cable, 
that is: 

Polyethylene insulation assures 
maximum operating efficiency 

Hickory Brand Coaxial Cables are especially 
adaptable to applications requiring high, very 
high and ultra -high frequencies. 
The dielectric material of these RG/U Cables is 
polyethylene . shielding braid is single or 
double copper, single tinned copper or double 
silver as required. 
Quality -engineered Hickory Brand Electronic 
Wires and Cables are precision -manufactured to 
meet the most exacting specifications. 

Write for complete information on the fall line of 

HICKORY BRAND 
Electronic Wires and Cables 

Manufactured by 
SUPERIOR CABLE CORPORATION, Hickory, North Carolina 

CIRCLE 92 READERS SERVICE CARD 

vide measurement of full scale 
values from 1 millimicroampere to 
300 ma; voltage drop for all ranges 
is 100 mv. Direct reading resistance 
scales indicate resistances from 10 
ohms to 100 megohms, center scale. 
Circle 210 on Reader Service Card. 

Potentiometer 
water -tight 
WATERS MFG., INC., Wayland, Mass. 
This in. water -tight potentiom- 
eter has a glass -to -metal solder 
sealed header, including terminal 
lugs installed with a glass -to -metal 
seal, and positioned for easy wir- 
ing. The brass case is plated in 
conformance with military re- 
quirements. Unit is sealed against 
moisture and salt spray by means of 
an "O" ring shaft seal, as specified 
in MIL -E -5272A and other military 
specifications, and the terminal 
board is sealed to the case, thus 
assuring a water -tight seal. The 
pot is derated to zero watt at 125 
C. Circle 211 on Reader Service 
Card. 

Audio Plugs 
and receptacles 

ELCO CORP., "M" St. below Erie 
Ave., Philadelphia 24, Pa., an- 
nounces two new series of audio 
plugs and receptacles. The B series 
is a 30 ampere connector available 
in cable or panel types with 2 to 6 

contacts. Test voltage for all con- 
tact configurations is 1,600 v a -c; 
rated voltage 300 v a -c. The EL 
series is available in cable or panel 
types with 3 or 4 contacts. Con- 
tacts are made of silver plated brass, 
with a silver plated beryllium cop - 

April 24, 1959 -- ELECTRONICS 



WIDE FREQUENCY RANGE HIGH POWER OUTPUT 
Long recognized as the standard for laboratory test applications at X -band 
these reflex klystrons are designed especially for use as bench oscillators 
and laboratory signal generators. Tuned by micrometers, they cover the full 
X -band frequency range with power output of 250 mW. Small and light, the 
X-13 and X -13B feature new low -current filaments for longer tube life. 
Varian makes a wide variety of Klystrons and Wave Tubes for use in Radar, 
Communications, Test and Instrumentation, and for Severe Environmental 
Service Applications. Over 100 are described and pictured in our new catalog 
Wr' or your copy. 

W,ARIAN X13 associates 01, i ,. X138 
V-398 
V408 

L O t T O 1 C A L I f O R N 1 A V58 
resantotives thruout the world 

8.2 to 12.4 kMc 
7.5 to 11.0 kMc 250 

10.0 to 15.5 kMc 50 
15.0 to 21.0 kMc 
8.5 to i0.0 k f' 

tcLYSTRONS, TRAVELING WAVE TUBES, BACKWARD WAVE OSCILLATORS, HIGH VAC-UUV PUMPS, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS, 
R. F. SPECTROMETERS, MAGNETS, MAGNETOMETERS, STALOS, POWER AMPLºFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES 
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NEED 

SPECIAL 

BLOWERS? 

ELECTRONIC COOLING 

HEAVY MACHINERY COOLING 

INSULATED FOR TEMPERATURES 

NO -CORROSION 

ALUMINUM CONSTRUCTION 

PEERLESS 

ELECTRIC 

SUPPLIES 

BOTH 

BLOWERS 

AND MOTORS 

AS A 

COMPLETE 

UNIT! 

Meet 

government 

specifications! 

Air requirements 

up to 8" static 

pressure! 

Special finishes, 

fungus -treated, 

insulated, etc.! 

High and low 

temperature 

requirements! 

Special units 

for space 

conditions! 

Contact us 
today! We're 
interested in 

your inquiry! 

FAN AND BLOWER DIVISION 

THE . ? -eee Íz ec)C0 
FANS BLOWERS MOTORS 

1446 W. MARKET ST. WARREN, OHIO 

per spring added to the female 
contacts. Circle 212 on Reader 
Service Card. 

Standard Inductors 
metallized glass 

CORNING GLASS WORKS, Corning, 
N. Y., announces a new, standard 
line of metallized glass inductors. 
Designed for tuned circuit applica- 
tions above 30.0 mc, the standard 
inductors provide a consistently low 
temperature coefficient of induc- 
tance from -55 C to 125 C. The 
temperature coefficient ranges from 
8 to 16 ppm per deg C for an in- 
ductor without cores or tuning de- 
vices. Inductance values range from 
0.05 to 0.10 µh in increments of 
0.01 µh, and from 0.10 to 1.3 µh in 
increments of approximately 0.10 
µh. Circle 213 on Reader Service 
Card. 

Tv Camera 
fully automatic 
DAGE TELEVISION DIVISION, Thomp- 
son Ramo Wooldridge, Inc., Michi- 
gan City, Ind. Model 333 fully 
automatic tv camera relies on tran- 
sistors and printed circuits de- 
signed around separate potted, 
plug-in modules to achieve small 
size without sacrificing quality. 
Weighing in at 4 lb (exclusive of 
lens), it is said to outperform high 
definition tv systems weighing up 
to several hundred pounds and 
comprising separate control equip- 
ment, power supply and sync gener- 
ators, in addition to camera. Fea- 
tured is automatic light adjustment, 
which compensates for light level 

FLIGHT DATA and 

CONTROL 

ENGINEERS 

(Auss new frontiers in system 

electronics at The Garrett Corpo- 

ration. 
High-level assignments in the de- 

sign and development of system elec- 

tronics are available for engineers in 

the following specialties: 

1. ELECTRONIC AND FLIGHT DATA 

SYSTEMS AND CONTROLS A wide 
choice of opportunities exists for 
creative R & D engineers having 
specialized experience with control 

devices such as: transducers, flight data 
computers, Mach sensors, servo -mech- 

anisms, circuit and analog computer 
designs utilizing transistors, magamps 
and vacuum tubes. 

2. SERVO -MECHANISMS AND 
ELECTRO -MAGNETICS Requires engi- 
neers with experience or academic train- 
ing in the advanced design, development 
and application of magamp inductors and 

transformers. 

3. FLIGHT INSTRUMENTS AND TRANS- 

DUCERS 

1) DESIGN ANALYSIS Requires engineers 

capable of performance analysis 
throughout preliminary design with 
ability to prepare and coordinate re- 

lated proposals. 
2) DEVELOPMENT Requires engineers 
skilled with the analysis and synthesis 

of dynamic systems including design 
of miniature mechanisms in which low 
friction freedom from vibration 
effects and compensation of thermo 
expansion are important. 

Q. PROPOSAL AND QUALTEST 
ENGINEER For specification 
review, proposal and qualtest 
analysis and report writing assign- 

ments. Three years electronic, 
electrical or mechanical experi- 
ence required. 

Forward resume to: 
Mr. G. D. Bradley 

THE CORPORATION 
9851 S. Sepulveda Blvd. 

Los Angeles 45, Calif. 

DIVISIONS: 

AiResearch Manufacturing-Los 
Angeles 

AiResearch Manufacturing-Phoenix 
AiResearch Industrial 

Air Cruisers AirsupplY 

Aero Engineering 

AiResearch Aviation Service 

CIRCLE 94 READERS SERVICE CARD 

138 

CIRCLE 95 READERS SERVICE CARD 

April 24, 1959-ELECTRONICS 



. n. LI6HTWEI' 
airborne electronic 

cooling 
ackage 

PERFORMANCE CHARACTERISTICS- 
Heat Rejection: 200 watts... Inlet Gas Tem- 
perature to Component Housing: 130°F.... 
Weight of Fan, Evaporator and Controls: 1.25 lb. 

Spans the gap between direct ambient cooling 
and closed cycle systems 

This AiResearch open -cycle cooling 
unit is designed for environmental 
conditioning of electronic and electro- 
mechanical equipment in problems of 
low total heat dissipation aboard air- 
craft and missiles. 

Much lighter and less complex in 
operation than closed cycle systems, 
this compact package is recommended 
when required total heat dissipation is 
low ...large heat loads 

TME 
- 

GAR RETT 

for short periods of time, or small heat 
loads for long periods of time. It also 
replaces direct ambient cooling sys- 
tems when ambient sink is not low 
enough or not easily available. 

Ammonia in this expendable evapo- 
rative system cools sulfur hexafluoride 
(SF6) which passes over Ihe hot elec- 
tronic components. The SF6 then 
recirculates for cooling, and the 

ammonia is dumped overboard. 

Applications of this system include: 
inertial guidance system cooling, mis- 
sile transient cooling, and spot cooling 
where ambient sink is not available. 

AiResearch has designed and manu- 
factured cooling systems of all types 
...direct ambient, closed and open - 
cycle systems handling all magnitudes 
of cooling loads and utilizing various 
working fluids. We invite you to send 
us details of your problem. 

CORPORATION 
AiResearch Manufacturing Divisions 

Systems, Packages and Components for: 

ELECTRONICS - April 24, 1959 

Los Angeles 45, California Phoenix, Arizona 

AIRCRAFT. MISSILE, ELECTRONIC, NUCLEAR AND INDUSTRIAL APPLICATIONS 
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This 
put 

stops 
hunting 

There are no magic components. The familiar type of servo -hunting can 
be avoided only by overall system design. 

But, by specifying the HELIPOT® 7/8" Series 7200, you can stop another, 
equally serious kind of hunting ... for the buried ten -turn pot whose 
sheared stop or seized shaft has caused a system failure. 

The all -new Series 7200 blocks servomotor overshoot with 128 oz. in. 
of stop strength. Shaft bearings, front and back, resist radial loading. 

Priced for the parsimonious, this instrument -quality potentiometer has 
18" of high resolution coil neatly helixed in its 1-1/2" long case. Your accu- 
racy requirements are answered by linearities to ±0.05%. 

Interested? ... You should be! This volume -produced pot is long on 
everything but price and delivery! 

For your further enlightenment... 
resistance range 

power rating 
noise 

starting torque 
moment of inertia 

25 to 125,000 ohms 
1.5 watts at 40°C 
100 my maximum 
0.6 oz. in. maximum 
0.2 gm. cm'. 

Applicable sections of NAS 710, MIL -R-19, JAN -R-19 and MIL-R-19518'aremet 
or exceeded ... and we have certified test data to prove our every claim. 

To enrich your leisure hours, write for Data File A42. 

Beckman Helipot Division of Beckman Instruments, Inc. 
Helipot ® Fullerton, California 

Engineering representatives in 29 cities 

'potentiometers : dials : delay lines : expanded scale meters : rotating components : breadboard parts 

changes as high as 250 to 1. Circle 
214 on Reader Service Card. 

Transformers 
for transistor circuits 

MICROTRAN Co., INC., 145 E. Mine- 
ola Ave., Valley Stream, N. Y., has 
added five microminiature transis- 
tor transformers to its catalog line. 
Units are available in open frame 
construction with standard channel 
or plug-in tab mounting channel. 
Size is less than I cu. in. with a 
weight of approximately 4/10 oz. 
Impedance ranges were designed to 
meet the requirements of many new 
transistors. Circle 215 on Reader 
Service Card. 

.00 
Limiting Amplifier 
high dynamics range 
LEL, INC., 380 Oak St., Copiague, 
N. Y. Incorporating novel circuitry, 
the IF90 limiting amplifier now per- 
mits design of a radar or missile re- 
ceiving system capable of accom- 
modating an extremely wide range 
of input signals without overload. 
Recovery time from a high level 
pulse is less than 0.1 µsec and the 
dynamic range is greater than 120 
db for an essentially constant out- 
put. The IF90 will amplify c -w or 
pulse signals from 0.1 µsec up. 
Circle 216 on Reader Service Card. 

Fiberglass Tape 
pressure -sensitive 

THE CONNECTICUT HARD RUBBER 

CO., 407 East St., New Haven 9, 

Conn., has developed Temp -R -Tape 
TGV, a thermal curing, pressure - 
sensitive Teflon impregnated fiber - 
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From the aluminum extiusions, to the stainless steel balls, the patented "ball retainer" 
the exclusive "Shok-Loks" and the precision assembling and fitting, Grant Slides are 

constructed with an absolute maximum of strength and serviceability. Pilot windows on 

the Sikorsky helicopters are mounted on Grant Slides - which operate 
continuously well under the most severe vibratory conditions. 

We'll be pleased to send you your complete Grant Catalogue. 

The nation's first and leading manufacturer of slides 
GRANT INDUSTRIAL SLIDES 

GRANT PULLEY. AND HARDWARE CORPORATION 944 Long Beach. Avenue, Los Angeles 21, Cal. 
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NEW RECTANGULAR C -R Tube 

... 41/2" x 51/2", gives raster area 

of a 7" round tube. Bezel adapters 

for all standard cameras. 

INDIVIDUAL INTENSITY & 

FOCUS CONTROLS 

... for both channels. 

HIGH SENSITIVITY 

... to 200 microvolts/centimeter 

on both channels. 

IDENTICAL VERTICAL 

AMPLIFIERS 

... with differential inputs. 

HORIZONTAL DISPLAY 

Selects: Calibrated Sweep. 

Expanded Sweep. 

Calibrated Sweep on Channel A 

and Expanded Sweep on Channel B. 

NEW HIGH SENSITIVITY 

2 -Channel Oscillosco 

MOST SCOPE/DOLLAR 
Priced scarcely higher than professional single -channel scopes, 

the ETC K-260 brings true 2 -channel oscilloscope versatility to 

industrial and scientific work at lowest cost. Heart of the K-260 

is a unique rectangular cathode ray tube that gives the raster area 

of a 7" round tube-but in less space and with more convenient 

viewing qualities. 
Write today for complete specifications. 

MODEL K-260 

PERFORMANC 
INDENTICAL VERTICAL AMPLIFIERS 

Sensitivity: 200µv/cm, dc -coupled. 
Bandwidth: dc to 500 kc. 

Differential Input Attenuation: to 100 

millivolts per centimeter. 

HORIZONTAL AMPLIFIER 

Selector: Calibrated sweep, expanded 
sweep (up to 5 times), or cali- 
brated sweep on Ch. A with ex- 
panded sweep on Ch. B. 

OUTSTANDING VALUE 

only $ 815 f.o.b. Philadelphia 

E HIGHLIGHTS 
Response: dc to 200 kc, ±3db. 

LINEAR SWEEP - 3% accuracy 

Calibrated: 100 ursec/cm to 1 µsec/cm. 
Uncalibrated: 1 sec/cm to 2 µsec/cm. 
Linearity: 5% 

INTERNAL CALIBRATOR 

1,000 cps square wave at 0.2 my to 10 

volts in 12 steps. 

Wriiiìi epOrQ210 
1200 E. MERMAID LANE, PHILADELPHIA 18, PENNA. 

Headquarters tor Single- and Multi -Channel Scopes and dependable C -R Tubes ...since 1937. 

glass tape which meets Class C tem- 
perature requirements in electrical 
applications. It can be used as a 
bundling tape under clamps to pro- 
vide convenience in application, as a 
splicing tape for high temperature 
wire, and as a residual glass insulat- 
ing layer should the Teflon and ad- 
hesive burn out at temperatures 
peaking over 700 F. Circle 217 on 
Reader Service Card. 

Variable Capacitors 
trimmer piston type 
JFD ELECTRONICS CORP., 6101 Six- 
teenth Ave., Brooklyn 4, N. Y. 
These new variable trimmer piston 
capacitors combine the unique char- 
acteristics of Sealcap construction 
and miniature quartz capacitor de- 
sign. Each is filled with dry nitro- 
gen under pressure and then sealed 
to maintain the compression, pre- 
vent corona and voltage breakdown 
at high altitude. Linear tuning 
with fine resolution is assured per- 
manently, without breaking of seal. 
Sealcap design also blocks the for- 
mation of moisture inside the unit, 
increases insulation resistance and 
dielectric strength. Units feature 
high Q and ultra low loss h -f oper- 
ation. Circle 218 on Reader Serv- 
ice Card. 

Coax Attenuators 
in stainless steel 

WEINSCHEL ENGINEERING, 10503 
Metropolitan Ave., Kensington, Md. 
Stainless steel body and connectors 
are new features of model 210 fixed 
coaxial attenuators. The attenua - 
tors are made with Weinschel film 
resistors for maximum stability 
under pulse power as well as humid- 
ity and temperature cycling. Fre- 
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F IT CALLS FOR RELIABILITY (AS ATLAS DOES) 

SPECIFY TRIMPOT® (AS CONVAIR DOES) 
In applications such as 49 ,, ,* % .* . the Atlas ICBM where 

_7"-4.4_ ""0:',,,, 4,, ,Ef, 
uncompromising relia 

ovaaxem RINIPCIT ... ..........:.: :. - -, . ,,,,.., I, 

bility, high performance and miniature size are vital, F3 CD LT P.. 1\1- e 
..--.--..::.:.:::-::: Convair-Astronautics specifies Bourns Trimpot 

potentiometers. Hundreds are used in the pre-flight 
checkout, launching and flight control of Atlas mis- ....... % siles. If the dependability of components is also 
important to your projects, investigate Trimpot 

......... '-: the original leadscrew actuated potentiometer : ' ... made only by Bourns. Write for our new summary 
- --*e. brochure number 4. 

Laboratories, Inc. 
PO. Box 2112D, Rigrisidr, Calif, 

Plants: Rizzerside,Caifornia 
and An -erg, Town- 

n Canada: Douglas itandall (Canada), '- . . . . 
1. 

Exclusive manufacturers of TRIMPOTe, TRIMIT,R. Pioneers in potentiometer transducers ter position, pressure and acceleration 
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"POWER WITH A PUNCH' 

EG&G's 7322/1802 ceramic -metal 

HYDROGEN THYRATRON 

actual sire 

BIG TUBE PERFORMANCE 
in compact modulator circuit design for: End of Line Clipper Switch Crowbar 

The EG&G 7322/1802 weighs 2.07 pounds, has a height of 53/4 inches and a 

diameter of 33/e inches. It can be mounted in any position and is designed to 

operate at high power levels, high repetition rates and high temperatures. 
It also features low cathode input power, low trigger drive requirements, fast 

warmup and low jitter. Rapid recovery allows operation at repetition rates above 

50,000 pulses per second. 
The 1802 has withstood 500g shock and 2000 cps vibration at 10g. Ceramic - 

metal construction permits envelope temperatures to 400° C, ambient tempera- 

tures to 125° C. 
MIL -ACCEPTANCE TESTING: 

Peak Anode Voltage (epy) 25KV Peak Anode Current (ib) 1000 amps 

Average Anode Current (Ib) 1.5 amps RMS Current (Irms) 40 amps 
Pb Factor (epy x ib x prr) 20 x 10' 

Individual ratings can be exceeded by derating other conditions. Thus the EG&G 

1802 has been operated at 30KV anode voltage, or at 2000 amperes anode 

current, or at a Pb factor of 50 x 10°. 

PRODUCTION QUANTITIES AVAILABLE 

For additional technical data or other information, please write to: 

EDGERTON, GERMESHAUSEN & GRIER, INC. 
160 BROOKLINE AVENUE, BOSTON 15, MASS. 1622 SOUTH "A" STREET, LAS VEGAS, NEV. 

quency range is 1 to 10 kmc; attenu- 
ation range, 1 to 20 db; impedance, 
50 ohms; connectors, type N. Circle 
219 on Reader Service Card. 

a 

Reference Element 
unusually small 

U. S. SEMICONDUCTOR PRODUCTS, 

INC., 3536 W. Osborn Road, Phoe- 
nix, Arizona. Featuring a tempera- 
ture coefficient of up to 0.0005 per- 
cent per deg C from -55 to + 185 

C, in a case only 0.290 in. long by 
0.250 in. in diameter, the new refer- 
ence silicon diode offers extreme 
accuracy, performance and relia- 
bility. The tiny element is rated 
from 9 to 9.8 v at 10 ma, with Zener 
impedance of 15 ohms. Its very 
small size is due to a newly de- 
veloped diffused triple wafer con- 
struction method which permits 
more efficient use of materials, 
higher production and extra rugged- 
ness. Circle 220 on Reader Service 
Card. 

Time Delay Standard 
wide -band unit 

AD -YU ELECTRONICS LAB., INC., 249 

Terhune Ave., Passaic, N. J. This 
device was developed to meet the 
need for an accurate and wide -band 
time delay standard useful up to 
1,000 mc. It is coaxially constructed 
from input connector to output con- 

nector. It consists of only bilateral 
passive network and no active de- 

vices, such as vacuum tube or tran- 
sistor. As a result it is extremely 
stable and has no time jitter at all. 

Both input and output impedances 
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(right) Lockheed Q-5 target 
missile features telemetry 

that registers miss -distance 
and theoretical hits 
in testing accuracy 

of other missiles. 

ANTENNA- 
TELEMETRY 

Studying results of antenna pattern 
measurements - part of the activity of the 
Space Communications laboratory. 

Lockheed 
MISSILES AND SPACE 

DIVISION 

SUNNYVALE, PALO ALTO, VAN NUYS, 

SANTA CRUZ, SANTA MARIA, CALIFORNIA 

CAPE CANAVERAL, FLORIDA ALAMOGORDO, NEW MEXICO 

Expanding the Frontiers 
of Space Technology 
Lockheed maintains extensive research capabilities for the development 
of antennas and telemetering systems and spacecraft applications. 
Laboratory studies in antennas and electromagnetic propagation 
include the application of solid state materials to microwave transmission 
line components; the design of antennas to survive the rigors of space 
flight; the effects of space on radio signals and radar detection; 
and the scattering from missile shapes and space vehicles. Research is 
also being conducted in the application of ferrites and MASERS; 
on problems of radio transmission between space vehicles and Earth, 
re-entry scattering and diffraction by man-made objects and ionized 
gases; and development of antennas for data link systems between 
satellites and ground stations. 
Telemetering has been brought to a high degree of successful application 
in the integration of circuits and components into high-performance 
systems. A completely sub -miniaturized FM -AM system has been 
developed, along with a complete PAM -FM system characterized by 
highly efficient band -width utilization, low power consumption and 
economy of size and weight. This represents a significant achievement 
in the field of high capacity telemetry. 
Scientists and engineers of outstanding talent and inquiring mind are 
invited to join us in the nation's most interesting and challenging basic 
research and development programs. Write: Research and Development 
Staff, Dept. D2-22, 962 W. El Camino Real, Sunnyvale, California, 

"The organization that contributed most in the past year to the 
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NEW MARCONI Q METER 
HERE FOR THE FIRST TIME is a single Q 
Meter covering the range AF to VHF. Q is 
directly indicated from 5 to 500 by a 3 -range 
transductor-stabilized vtvm, and a second meter 
shows Q multipliers from x09 to x2. Minimum 
test -circuit capacitance is 7'5 µµf at all frequencies. 

Exceptional stability of Q reading, plus the 
high -discrimination 25-0-25 p Q control, brings 
new simplicity, speed and certainty to low -loss 
measurements on modern insulants and dielectrics. 

For flexibility and economy, the test -circuit 
section is energized by external plug-in oscillators 
which can be ordered as required. They can also 
be used as general-purpose signal sources. 

Comprehensive optional accessories include 
standard inductors and test jigs for special 
measurements. 

MARCONI 
INSTRUMENTS 

111 CEDAR LANE 

Specifications 
for Model 1245 

FREQUENCY RANGE: 
1 kc to 300 mc. 
MEASURES Q 
5 to 1,000: accuracy 5% 
for 50 Q at 100 mc. 
Q MULTIPLIER : 

x0.9 to x2. 
DELTA Q : 

25-0-25. 
TEST CIRCUITS : 

Separate LF and HF test 
circuits have ranges of 
1 kc to 50 mc and 20 to 
300 mc. 
CAPACITANCE RANGE : 

7'5 to 110 µµf with 1-0-1 
µµf vernier, for either test 
circuit. 20 to 500 if with 
5-0-5 if vernier, for LF 
test circuit. 
SHUNT LOSS : 

12 megohms at 1 mc, 0.3 
megohm at 100 mc. 
EXTERNAL OSCILLATORS: 
Model 1247, 20 to 300mc; 
Model 1246, 40 kc to 50 
me ; Model 1101, 20 cps 
to 200 kc. 

Send for leaflet B148 

ENGLEWOOD NEW JERSEY 
TELEPHONE : LOwell 7-0607 

Canada: Canadian Marconi Co Marconi Building 2442 Trenton Ave Montreal 16 

Marconi Instruments Ltd St. Albans Herts England iaoiiiiiiiioaiiiiiiiiiiiii D%/Amoi 

TC 148 

are equal and the low frequency 
limit can be extended down to d -c. 
Circle 221 on Reader Service Card. 

Titanium Foil 
corrosion -resistant 
TITANIUM METALS CORP. OF AMER- 
ICA, 233 Broadway, New York 7, 
N. Y., has placed on the market non- 
magnetic, corrosion -resistant ti- 
tanium foil in gages from 0.000125 
in. to 0.010 in. In the extremely 
thin gages, it is available in widths 
to 36 in. The foil has applications 
for firms engaged in the manufac- 
ture of capacitors and various kinds 
of metal -ceramic electronic tubes. 
Circle 222 on Reader Service Card. 

Ammeter -Voltmeter 
precision unit 
NATIONAL ELECTRONICS, Sheridan, 
Wyoming, has announced its univer- 
sal precision portable d -c ammeter - 
voltmeter, with 49 possible ranges 
in one instrument. This versatility 
is possible by use of precision 
shunts and series resistances, housed 
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CONTROL IN SPACE 

When World War II ended engineers and 
scientists of ITT Laboratories were putting on 
paper their dreams of the electronics needed 
for man's control of space. Today these dreams 
are reaching maturity and fruition. 
Now Tong on experience, the Astrionics Labo- 
ratory of ITT Laboratories, domestic research 
arm of International Telephone and Telegraph 
Corporation, is responsible for ITT space 
technology research and development. 
Today new techniques are evolving which will 
guide space vehicles safely to their landings 
on our own or other planets. Satellite commun- 
ications systems are rapidly becoming a reality ... investigations are underway of phenomena 
which affect guidance systems. 

ITT LABORATORIES 

The capabilities of the Laboratory cover every 
facet of electronics in space technology. Prin- 
cipal endeavors are in space systems, space 
guidance and navigation, space flight control, 
space communications and instrumentation. 
Backing the Laboratory are the nation-wide 
personnel and facilities of all ITT Laborato- 
ries. The technical staff work in a scientific 
environment of the most modern electronic 
laboratory equipment including analog and 
digital computers. Any endeavor in space 
electronics can be undertaken. 

Engineers and scientists are invited to 
investigate positions of responsibility, 
challenge and reward. Write Mr. S. L. 
Smith, Manager, Staff Relations. 

A Division of International Telephone and Telegraph Corporation 
3700 Eant Pontiac Street, Fort Wayne, Indiana 
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New... 
The compact `909' Perforated Tape Strip Reader now makes it possible 

to process information from perforated tape into digital data computer 
systems at high speed and low cost. Simple to operate by clerical personnel, 
the '909' is completely transistorized, and will give maximum performance 
with complete reliability. 

The '909' is a compact unit, suitable for console or rack mounting. Here 
are some of the performance features, available for the first time in equipment 
of this type: 

a device that READS and 
STOPS faster, better 

Character reading speeds up to 1000 
char/sec. 
Simple In -Line threading 

. 3 Millisec starting time 

. Stops on STOP Character, (0.2 millisec) 
and will read next character after start 
100 x 10e operation pinch roll 

. Photo Diode Head reads any tape (in- 
cluding oiled yellow teletype tape) 
Reads 5, 6, 7 or 8 level tape with 
sprocket channel 
Ambient temperature up to 125° F. with 
10,000 hour life 

a Built to meet requirements of MIL -E - 
4158A 

TbellJPlfk of 
L Engineering Quality 

Specid+rafios 

Tape Speed: 
10 to 100 ips 

Tape Width: 
Any Standard Width 

Power Requirements: 
115V, 60 Cycle, 1 Phase 

Control: 
Remote/Level Inputs 

Contact your Potter representative or call 
or write direct for further information. 

POTTER INSTRUMENT COMPANY, INC. 
Sunnyside Boulevard, Plainview, N. Y. 

OVerbrook 1-3200 

Potter has career opportunities for qualified engineers who 
like a challenge, and the freedom to meet it. 

in plastic clamp -on cases. A large 
easily read, hand calibrated mir- 
rored scale, 6.1 in. long, with finely 
balanced knife edge pointer, com- 
bine to eliminate parallax errors in 
reading. Accuracy is better than 0.5 
percent on all divisions of the scale 
at an ambient temperature of 25 C. 
Circle 223 on Reader Service Card. 

Frequency Divider 
and clock 
HEWLETT-PACKARD CO., 275 Page 
Mill Road, Palo Alto, Calif. Model 
113X frequency divider and clock 
accepts a stable 100 kc frequency 
input and provides an essentially 
jitter -free tick output. Thus, it is 
possible to compare the tick, which 
represents the stable 100 kc fre- 
quency, with a standard time sig- 
nal in a time comparator. Unit has 
a 3i in. clock face, and includes 
minute and second hands. Minute 
hand is adjustable in 1 -minute 
steps. Second hand is continu- 
ously adjustable with a differ- 
ential tracking link to the minute 
hand. Circle 224 on Reader Serv- 
ice Card. 

Variable Transformer 
heavy duty model 
STANDARD ELECTRICAL PRODUCTS 

CO., 2240 E Third St., Dayton, Ohio, 
announces a new heavy duty model 
panel -mounted variable transformer 
for control of a -c voltage, heat, 
power, speed, and light. Type 
T502U has a load rating of 7.5 kva 
and is rated at 25 amperes. It is 
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Series 2000 

Grayhill 
Push Button 

Switches 

THIN k 

Series 35 

MINIATURE 

Switches 
Shown 
Actuol 

Size 

Series 39 
Series 30 

From normal, conventional size to 
ultra -miniature - the Grayhill line of 

push button switches can meet vir- 
tually every requirement. Rated capa- 

cities range from 10 amp. to 1/10 amp. 
115 V. AC resistive - and single or double pole, 

single throw, - silent or snap action styles and a 
solderless terminal style are available. 

Write for Catalog 

Copies of capt,on card 
available on request 

// 
Phone: Fleetwood 4-1040 

523 Hillgrove Ave., LaGrange, Illinois 

"PIONEERS IN MIN I A T U R I Z A T ION " 
CIRCLE 162 READERS SERVICE CARD 

NEW 

GENISCO 

MINIATURE 

ACCELEROMETER 
The new Model GMA 

Accelerometer is a fluid 
damped. potentiometer 

output instrument, 
particularly suited for flight 

and fire control and 
telemetering applications. 

Now in production. 

Send for complete specifications 
to the Instrument Division: 

Weighs only 
3 ounces; 
measures just 
11%6"x 1"x 1%"! 

Brief Specifications 
Range: ±0.5 g to 

+loo g's 
Natural Frequency: 

12 cps to 75 cps 
Linearity: ±1% of 

full scale 
Damping: Nominally 0.7 

of critical at ±75°F. 
Temperature: Operates to 

specifications between 
-20°F and +185°F. 

Vibration: 10 g's, 
10-20,000 cps, any axis 

Shock: 50 g's for 7 ms, 
any axis 

MODEL GMA 

EI1iS c CJ 
INCORPORATED 

2233 Federal Avenue, Los Angeles 64, California 
CIRCLE 187 READERS SERVICE CARD 
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TRANSFORMERS, 
for 

APPLICATIONS 
UP TO 

Engineering "know how" and 
manufacturing facilities are avail- 
able at Acme Electric to produce 
prototypes or production runs of 
transformers that must function 
with operating temperatures up 
to 350°C. 

T-36127 
Weight: 14 ounces. VA: 47.8 
50°C rise, 125°C ambient 
12 KV test @ 30,000 feet 

T-34894 
Weight: 260 grams VA: 26.4 
30°C rise, 125°C ambient 
6.2 KV test @ 30,000 feet 

T-34671 
Weight: 41/4 lbs. VA: 705 
165°C rise, 125°C ambient 
12 KV test @ 30,000 feet 

T-36196 
Weight: 235 grams. VA: 32 
31°C rise, 125°C ambient 
5.2 KV test 30,000 feet 

ACME ELECTRIC CORPORATION 
314 WATER STREET CUBA, NEW YORK 
West Coast Plant: 12822 YUKON AVE., HAWTHORNE, CALIF. 

PO 3254 

® et TRA NSFORMERS 
CIRCLE 163 READERS SERVICE CARD 
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what's 
a 

BABE ? 

...or 
a 

SHAKE ?' 
.... or a zerk?* or a jerk?* 

These words are part of the scientific shorthand 
used at Los Alamos, where rapid advancement in 
nuclear research constantly requires new symbols. 
The Los Alamos Scientific Laboratory has open- 
ings for scientists and engineers interested in 
such fields as thermonuclear power, experimental 
fission reactors, nuclear rocket propulsion. 

los 

*Babe = 20 KEV Shake = 10-8 sec. 

Jerk = 1018 ergs Zerk = 10'6 ergs 

Write to: 
Personnel Director 
Division 59-33 
P.O. Box 1663 

,alarnos 
scientific laboratory 

OF THE UNIVERSITY OF CALIFORNIA 

LOS ALAMOS, NEW MEXICO 

interchangeable with other square 
base units. Input voltage is 230 v, 
output voltage is 0-270 v. Circle 
225 on Reader Service Card. 

P -C Receptacles 
beryllium -copper contacts 
U. S. COMPONENTS, INC., 454 E. 
148th St., New York 55, N. Y., is 
manufacturing printed circuit re- 
ceptacles with features covered by 
U. S. Patent No. 2,853,689. Desig- 
nated the UPCR series, they are 
made with resilient beryllium -cop- 
per snap -in contacts and polarizing 
snap -in inserts that position the 
board precisely. Circle 226 on 
Reader Service Card. 

Bridge Rectifiers 
miniaturized 
INTERNATIONAL RECTIFIER CORP., 
1521 E. Grand Ave., El Segundo, 
Calif. Miniature silicon bridge 
rectifiers for the replacement of 
bulky vacuum tube units occupy 
only -Ay of the volume and weigh 
less than 1/60 of equivalent tube 
circuitry. Units measure 1.22 by 
1.03 by 0.75 in. and weigh 1 oz. 
Designed primarily to provide ex- 
treme miniaturization in missile, 
airborne and ground system cir- 
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MERCK HAS 

ALL FOUR FORMS OF 

won 1i 
IN PRODUCTION QUANTITIES 

For additional information on specific applica- 
tions and processes, write Merck & Co., Inc., 
Electronic Chemicals Division, Department 
E-3, Rahway, New Jersey. 

MERCK DOPED SINGLE CRYSTAL SILICON-offers doped float zone single 
crystals of high quality at low costs. Yields of usable material are reported to 
be especially high when device diffusion technics are used with these 
crystals. Float zone single crystals doped either "p" or "n" type with resis- 
tivities from 3 to 300 ohm cm. any range plus or minus 25% and a minimum 
lifetime of 100 microseconds are available in diameters of 18 to 20 mm., and 
random lengths of 2 to 10 inches. 
NOTE: Doped single crystals in other diameters, resistivities, or lifetimes not listed above can be 

furnished as specials. 

MERCK HIGH RESISTIVITY "P" TYPE SINGLE CRYSTAL SILICON-offers float 
zone single crystals of a quality unobtainable by other methods. Available 
with minimum resistivity of 1000 ohm cm. "p" type and a minimum lifetime 
of 200 microseconds, diameter 18 to 20 mm., random lengths 2 to 10 inches. 

MERCK POLYCRYSTALLINE BILLETS-have not previously been melted in 
quartz, so that no contamination from this source is possible. Merck guar- 
antees that single crystals drawn from these billets will yield resistivities over 
50 ohm cm. for "n" type material and over 100 ohm cm. for "p" type ma- 
terial. Merck silicon billets give clean melts with no dross or oxides. 

MERCK POLYCRYSTALLINE RODS-are ready for zone melting as received.. . 

are ideal for users with float zone melting equipment. Merck polycrystalline 
rods are available in lengths of 8'/z to 103 inches and in diameters of 18 
to 20 mm. Smaller diameters can be furnished on special order. In float zone 
refining one can obtain from this material single crystals with a minimum 
resistivity of 1000 ohm cm. "p" type with minimum lifetime of 200 micro- 
seconds or the material can be doped by user to his specifications. 

ULTRA -PURES 
11eOI1-a product of MERCK 

BASE BORON CONTENT BELOW ONE ATOM OF BORON PER SIX BILLION SILICON ATOMS 

O Merck & Co., Inc. 
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THE 

friction barrier 
WITH A NEW, PANEL METER SUSPENSION 

Friction -Free Meters 
25 -times more sensitive than the best 
laboratory types previously available 

* A new threshold opened to instrumen- 
tation engineers 

* 100° Arc Angle 
* AC Dynamometer 
* DC Meters 

* 250° Arc Angle * AC Iron Vane 

* All Panelboard St; le Housings 

* Switchboard and Portable types 

D'Arsonval, permanent magnet meter-Adaptable to all tyaes of mounting 

ULTRA SENSITIVE-full scale sen- 
sitivities to as low as 1/2 micro- 
ampere 

FRICTION FREE-no pivots, 
jewels or hairsprings 

RUGGED-much more resistant to 
shock and more rugged than con- 
ventional pivot meters 

HIGH DEGREE OF ACCURACY- 

TAUT BAND 
SUSPENSION 

MAGNET ` 
AND FRAME 

BAND ANCHOR 

POISE 
WEIGHTS 

,_,1`/`` 

1 -_ TAUT BAND 

17/1* SUSPENSION , (! TENSION - 1r,t>-.e ~SPRING 

I11 

ZERO 
D REGULATOR 

there is no frictioi error and sus- 
pension is free from fatigue effect 

RELIABILITY-the complete elim- 
ination of wearing parts has in- 
creased life indeinitely 
HIGH OVERLOAD CAPACITY- 
up to 5 times full scale current 
indefinitely and unharmed by 
surges up to 3Ca times normal 
current. 

ARMATURE 
AND CORE 

POINTER 

Write today for additional technical information. 

THE HICKOK ELECTRICAL INSTRUMENT COMPANY 

10514 DUPONT AVENUE CLEVELAND 8, OHIO 

CIRCLE 157 READERS SERVICE CARD 

cuitry, the rugged, shock -resistant 
devices may be operated at tem- 
peratures up to 165 C. Circle 227 

on Reader Service Card. 

Polarized Relays 
bi- or center -stable 

C. P. CLARE & CO., 3101 Pratt Blvd., 
Chicago 45, III., has available polar- 
ized relays, either bi -stable (type 
51A) or center -stable (type 51M). 
An ideal component in bridge cir- 
cuits as a null sensing device with- 
out amplifiers, in various military 
and aircraft installations, in elec- 
tronic controls, in supervisory cir- 
cuit monitoring, in servomecha- 
nisms, or in any application requir- 
ing impulse repetition, these relays 
produce a square -wave output from 
weak input signals. Circle 228 on 
Reader Service Card. 

D -C Power Supply 
dual output 
PERKIN ENGINEERING CORP., 345 
Kansas St., El Segundo, Calif. A 
new d -c power supply used for in- 
dustrial applications and research 
programs provides two outputs of 
0-60 IT at 200 amperes simultane- 
ously and is controlled by a motor 
driven Powerstat. The two 12 kw 
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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 

TYPE AüJ Fi#t IMPED.n O.D. 
C1 7.3 150 .36' 
C11 6.3 173 .36' 
C 2 6.3 171 r44' 
C 22 5.5 184 .44' 
C 3 5.4 197 .64' 
C 33 4.8 220 .64' 
C 4 4.6 229 1.03' 
C 44 4.1 252 1.03' 

N L w ' MX and SM' SUBMINIATURE CONNECTORS 

Constant 50n-63n-70nimpedances 

TRANSRADIO LTD. 138A Cromwell Rd. London SW7 ENGLAND CABLES: TRANSRAD, LONDON 

CIRCLE 158 READERS SERVICE CARD 

MEET ROLLY 

446 Associate 

Editor 

electronics 

CHAREST 
RESUME: 

Charest, Roland J., 
Boston University, BS 
in Journalism. Formerly 
New England editor for 
cicetranks. Navy sonar - 
man. Writer, reporter, 
editor for Lynn Item, 
Boston Globe, Boston 
Traveler. Won a New 
England Associated 

Press (AP) award in 1955 for writing feature 
articles in the major city newspaper class. 

PRESENT OCCUPATION: 

Roily Charest supports Managing Editor Jack 
Carroll for editorial content accuracy and expedit- 
ing putting each weekly issue to bed. Roily reworks 
headlines for greater readability, is involved in 
makeup, and helps polish editorial content. Rolly's 
across-the-board background assures you accuracy 
in the face of journalistic pressures; articles in this 
week's issue that could be held over to the next 
deadline, but are not. The readers' interests come 
first! 

REFERENCES: 

If you're not a subscriber; if your subscription is 
expiring, if you will miss exciting features "in -the - 
works" by electronics 26 -man staff, fill in box on 
Reader Service Card. Easy to use. Postage is free. 

electronics 'BP e 
A McGraw-Hill Publication 330 W. 42r,á St., New York 36 

:E/ 
HIGH FREQUENCY 

, Ï 

HEATING 

UNITS 

Lepel induction - f 
heating equipment represents 

the most advanced thought in 
the field of electronics . . the most 

practical and efficient source of heat developed 
for numerous industrial applications. 

You are invited to send samples of work with 
specifications. Our engineers will process and return 

the completed job with full data and recommendations 
without cost or obligations 

FLOATING ZONE UNIT FOR METAL 
REFINING AND CRYSTAL GROWING 
A new floating zone fixture for the 
production of ultra -high purity metals 
and semi -conductor materials. Purifica- 
tion or crystal growing is achieved by 
traversing o narrow molten zone along 
the length of the process bar while it is 

being supported vertically in vacumm or 
inert gas. Designed primarily for pro- 
duction purposes, Model HCP also pro- 
vides great flexibility for laboratory 
studies. 

t 
A smooth, positive mechanical 
drive system with continuously 
variable up, down and rota- 
tional speeds, all independ- 
ently controlled. 
An arrangement to rapidly 
center the process bar within 
a straight walled quartz tube 
supported between gas -tight, 
water-cooled end plates. Place- 
ment of the quartz tube is ra- 
ther simple and adapters can 
be used to accomodate larger 
diameter tubes for larger pro- 
cess bars. 
Continuous water cooling for 
the outside of the quartz tube 
during operation. 
Assembly and dis -assembly of 
this system including removal 
of the completed process bar 
is simple and rapid. 

Electronic Tube Generators from 1 kw to 100 kw. 
Spark Gap Converters from 2 kw to 30 kw. 

r 

WRITE EOR THE NEW LEVEL CATALOG 

i 
All lepeel equipment is ,er 

__ _p I titled , ply with she 
requirements I the / C C 

LEPEL NIGH FREQUENCY LABORATORIES, INC. 
55th STREET and 371k AVENUE, WOODSIDE 77, N. Y. 

ELECTRONICS - April 24, 1959 
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SPECIFY 
CONTROL 

ELECTRONICS' 
FILTERS 

- BAND PASS FILTER 
50 Kc To 310 Kc 50 INPUT-OUTPUT Ëo 

CONTROL ELECTRONICS CO.,INC. 

Audio and High Frequency, miniaturized 

FILTERS and TOROIDS 
APPLICATIONS: 

Communications 

Telemetry 

Equalization 

Single Side Band 

Servo Loop 

Discriminator Circuits 

I.F. Amplifiers 

Multiplex Telegraphy 

Harmonic Rejection 

Carrier Suppression 

Data Processing 

STANDARD SPECIALS 

High Pass 

Low Pass 

Band Pass 

Inter -Stage 

90° Phase Shift 
Null "T" 
Ultra Statile 
Band Suppression 

Constant Delay 

BUILT TO 

MIL 

SPECIFICATIONS 

Specialists in Microtime 

CONTROL ELECTRONICS CO., INC. 
Ten Stepar Place, Huntington Station, New York 

NOTE: Data Sheets on request 

400 cps, 50 w. Circle 230 on Reader 
Service Card. 

Power Supplies 
0to60v 
ELECTRONIC MEASUREMENTS CO., 

INC., Eatontown, N. J. A line of 
transistorized, short circuit proof 
power supplies can be used from 
a fraction of one volt to any volt- 
age up to 60 without loss of regu- 
lation or stability. Three models 
are available with maximum cur- 
rent ratings of 2.5, 5, and 7.5 
amperes. Regulation is 0.1 percent 
or 0.01 v from no load to full load 
and with 105 to 125 v lines. Circle 
231 on Reader Service Card. 

Trimming Pots 
subminiature 
DAYSTROM PACIFIC, 9320 Lincoln 
Blvd., Los Angeles 45, Calif. Series 
313 Squaretrim subminiature trim- 
ming pots are high temperature 
units. New Kel-F insulation al- 
lows continuous operation from 
-55 to +200 C. They are avail- 
able in resistance values from 10 
ohms to 50 K ±5 percent. Rating 
is 1.5 w. One watt is dissipated at 
+95 C. The pots meet or exceed 
MIL -STD -202 Method 202 shock, 
vibration, and temperature cycling 
specifications. Circle 232 on Reader 
Service Card. 

Range Computer 
aid to pilots 

THOMAS A. EDISON INDUSTRIES, 

McGraw -Edison Co., 61 Alden St., 
West Orange, N. J., has developed 
a new launch range computer de- 

r ,.A nrr,rnr rroVlfr fADr1 n...;I r)it 1 SO- FI FC-TRC)NICS 



signed to aid pilots in calculating 
the distance from the airplane to 
a target at any time. The instru- 
ment will aid in launching air -to - 
ground missiles and contains two 
control transformers, a servo 
motor, a transistor -magnetic am- 
plifier, a gear train with slip 
clutch and push-button reset, and 
an indicator and indicator light, 
all in a package weighing only 44 
oz. Circle 233 on Reader Service 
Card. 

Attenuator 
and bias supply 
MARDUTH PRODUCTS, R.D. No. 4, 
Medina, Ohio. The RS -1 is a 100 
watt attenuator for operating 
direct -writing oscillograplls from 
h -v power equipment without the 
use of an amplifier. It is useful 
for the supervision and service of 
dynamic power equipment as well 
as experimental and laboratory 
use. The oscillographecan be offset 
by use of the bias supply RS -102, so 
that the full chart can be used for 
recording. Circle 234 on Reader 
Service Card. 

Magnetic Counter 
serves as limiter 
ABRAMS INSTRUMENT CORP., 606 E. 
Shiawassee St., Lansing 1, Mich. 
Model CV magnetic predetermining 
counter receives d -c pulses of any 
number from 1 to 899 as manually 
set. Operating as a subtractive 
counter, the remaining pulse count 

Built-in sea legs ... for 
UNLIMITED 

DIGITAL DATA RECORDING 
WITH 

DATATAPE SYSTEMS 
From isolated monitoring outpost to cramped shipboard quarters at sea, 
DataTape's two new 5-680 Series Digital 'Recorder/Reproducers are more 
than a match for severe environments and critical operating conditions. Sturdy 
construction, completely transistorized electronics and fungus resistant com- 
ponent materials provide reliable instrumentation of long life. 

TYPE 5 -681 - 
TAPE SPEEDS 

RANGE FROM 2 
TO 30 IPS. 

ACCESSORY 

HINGED DUST 

COVER 

COMPLETELY 

SEALS TRANSPORT 

WITH A 

CONTINUOUS 

GASKET. 

s 

TYPE 5 -682 - 
TAPE SPEEDS UP 

TO 150 IPS. 

VACUUM BUFFER 
CONTROL OF 

TAPE LOOP 

ASSURES SHORT 

STOP AND START. 

TIMES FROM 

HIGH SPEED 

WITHOUT UNDUE 
STRESSES 

ON TAPE. 

DataTape's 5-681 and 5-682 are available with automatic tape skew correc- 
tion...parity test circuitry ...pulse activated remote control... visual signal 
monitoring ...and remote footage indicator. Other features specified by users 
can also be incorporated. 

The transports fit standard 19" racks and require only 241/2" of vertical 
-space. They accommodate NARTB reels to 101/2", and special reels are avail- 
able. Type 5-681 provides 5 -millisecond stop and start times and 5-682 operates 
at 3 milliseconds. Tape positioning accuracy of both units 
is ± 0.05" in forward or reverse. Start, stop and reverse 
cycling rates to 100 per second are easily achieved. Speed 
changes are made by electrical switching of multispeed 
capstan motors. Operating power requirements are 110 
volts, a -c, ± 10%, 60 cycles ± 1 cps, at 10 amperes. 
For complete information, call your nearest CEC sales 
and service office or write for Bulletin CEC 1618 X-1. 

EASY ACCESS -ENTIRE TRANSPORT ASSEMBLY SWINGS OPEN ON STURDY HINGES FOR 
FULL ACCESS TO ALL COMPONENTS. SPECIALLY DESIGNED REEL MOTORS WITHSTAND 
INTERNAL TEMPERATURES TO 250°C. 

DataTape Division CSC 
CONSOLIDATED ELECTRODYNAMICS 300 n. sierra madre villa, pasadena, california 

FOR EMPLOYMENT OPPORTUNITIES WITH THIS PROGRESSIVE COMPANY, WRITE DIRECTOR OF PERSONNEL 
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CURTISS WRIGHT 

HIGH -RELIABILITY 

COMPONENTS 

New DIGITAL MOTORS 
Positive lock - bi-directional stepping motors 

These bi-directional digital motors are designed to withstand 
severe environmental requirements and are operable under high 
shock and vibration. In its function the digital motor indexes and 
locks positively. 

The motors are available for angular rotation of 30° or 36° at 
a rate of up to 40 pulses per second. 

ULTRASONIC DELAY LINES 
Custom -designed 

Development engineers can 
now employ new concepts in 
existing and projected applica- 
tions. These delay lines are 
small in size, hermetically 
sealed and vibration proof. 

SPECIFICATIONS 
Delay range....5 to 6000 microseconds 
Meets tolerances of.. ± 0.1 microsecond 
Signal to noise ratio . . Greater than 10 to 1 

Input and output impedance .50.2000ohms 
Carrier frequency 100 kc - 1 me 

Delay to pulse rise time.... Up to 800:1 

TIME DELAY RELAYS 
Instant reset - voltage compensated 

Curtiss-Wright "IR" thermal 
time delay relays reset the in- 
stant that they are de -ener- 
gized. Variations from 22 to 
32 volts will not affect the time 
delay specified. 

SPECIFICATIONS 
Time delay.... Preset 20 to 180 seconds 
Contact arrangement SPST, SPDT, DPDT 

Temperature comp... -65°C to +125°C 
weight 41h ounces 
Terminals Hooked solder type 
Mounting Bracket or stud 

WRITE FOR COMPLETE COMPONENTS CATALOG 159 

ELECTRONICS DIVISION 

-_D 5,=.ITI1SWiOGiH1Ï 

CORPORATION WEST CALDWELL, N.J. 

is always visible. As the counter 
wheels pass zero count a set of con- 
tacts open. Model CV lends itself to 
many airborne control applications 
as a limiting device. Circle 235 on 
Reader Service Card. 

Small Inductors 
with high Q values 

ARNOLD MAGNETICS CORP., 4613 W. 
Jefferson Blvd., Los Angeles 16, 

Calif. The series 785 toroidal induc- 
tors provide from 1 mh to 7 henries, 
with a useful frequency range of 
from 1 kc to 100 ke. Q values are 
very high-a typical 1-mh inductor 
operating at 40 kc has a maximum 
Q of 240. Units are designed for 
printed circuit applications or for 
stacking on a single screw for chas- 
sis mounting. Case size measures 
1 7/16 in. diameter by in. high; 
weight is only 23 oz. Circle 236 on 
Reader Service Card. 

Navigation Module 
lightweight unit 

LEAR, INC., 3171 South Bundy 
Drive, Santa Monica, Calif. Ad- 
vanced features of the new 
NAVPAC-100 navigation module 
for single and twin -engine private 
aircraft are highlighted by exclu- 
sive automatic omni and localizer 
switching, and an aural marker 
beacon receiver. Unit is adaptable 
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the most versatile...most sensitive 
direct writing recorder available! 

THE OFFNER ALL -TRANSISTOR 

TYPE DYNOGRAPH 
Whatever your application for direct writing records ... 
investigate the ability of the Offner Type R Dynograph 
to do the job better and more simply. Its features of, 

superiority are unmatched! 

stable d -c sensitivity of one microvolt per mm 
true differential input 
high input impedance 
response to beyond 150 cps 
reluctance, differential transformer, strain gages with 
a -c or d -c excitation, thermocouples, etc., used with 
all preamplifiers 
deflection time less than 1.5 milliseconds 
(2.5 ms with preamplifiers) 
fixed precision calibration 
instant warm-up 
precision source for d -c and 400 cycle excitation, 
self-contained 
zero suppression, twenty times full scale, 
both directions 

OFFNER ELECTRONICS INC. 
3906 River Road, Schiller Park, Ill. (Suburb of Chicago) 

Illuminated canopy. 

Type 9800 series input couplers 
provide all input, control and 
balance functions. 

Type 481 Preamplifier provides 
sensitivities from one microvolt to 
5 volts per mm. 

Type 482 power amplifiers-may be 

used without preamplifiers for up to 
10 my/cm sensitivity. 

Zero suppression control. 

504-A paper drive-speeds from 1 to 

250 mm/sec. Electrical speed shift 1 

to 250 mm per minute available. Zero 

weave high precision drive, 850 ft. 
capacity (heat or electric) 1500 ft. 
(ink). Front loading, with full unob- 

structed record visible from front. 

OTHER MODELS 
AVAILABLE 

1 to 19 channels, console, rack, 
and portable assemblies. 

Write on your company letterhead for details and specifications. 

CIRCLE 167 READERS SERVICE CARD 

ARE YOU PROPERLY GEARED FOR 

MINIATURIZATION? 
DRILL MICRO -HOLES 

DOWN TO .0016" with SPEED & ACCURACY 

Louis Levin & Son, Inc. 3610 So. Broadway 

¡E VIN' ®MICRO -DRILLING MACHINE 

Designed for the most precise drilling of small holes. 

The drilling spindle, as well as the head stock spindle, 

revolves and thus the maximum straightness and 

concentricity are assured. The feed is so arranged that it 
does not depend on the operator's sense of feel 

and the smallest drills may be safely used. 

For full 
details of 

Drilling 
Machine and 

Instrument 
Lathes 

send for 
catalog T. 

Los Angeles 7, Calif. 
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maintain 
PRE -SELECTED 
TEMPERATURE 

WITHIN CABINET 

BR -6 installed in 
cutaway MC type cabinet 

with REFRIGERATED 
PANEL MOUNTING BLOWERS 

Provides dust -free, temperature - 
and humidity -controlled atmos- 
phere for electronic equipment. 

Factory -set to maintain cabinet 
temperature at 70°F -80°F (may also 
be pre-set in 60°F -100°F range). 

Designed to fit into and become 
part of standard 19" equipment 
rack -14" panel, 22í/a" deep. 

6000 BTU capacity 115 VAC operat- 
ing voltage Interference -free opera- 
tion Easily cleanable permanent filter 

Minimum skill and maintenance required 
to assure long trouble -free performance. 

Supplementary features available include automatic over- 
load and alarm system which warns of excessive heat. 

Western Devices cabinets, insulated for optimum efficiency, 
are available in standard depths and heights for mounting 
electronic equipment panels above cooling unit. Universal 
airflow control ducts in cabinet permit concentration of 
cooled air at specific temperature -critical areas. 

Ask for BR -6 Performance 
Chart and Load Calculator 

ONE SOURCE... 
for VENTILATED RELAY RACK CABINETS, 

CONTROL CONSOLES, BLOWERS, CHASSIS, 
'CHASSIS-TRAK',` RELATED COMPONENTS 600 W. FLORENCE AVE., INGLEWOOD, CAL. 

CIRCLE 7 READERS SERVICE CARD 

Write for complete data 
ORegon 8.7827 

D WESTERN DEVICES, INC. 

AC E for 
EXTRUDED 

PLASTIC PARTS 
fast . .. 
at low cost 
RODS TUBES SHAPES 

in all colors... in your choice of 

PLEXIGLAS LUCITE ETHYLCELLULOSE 

POLYETHYLENE ACETATE BUTYRATE 

in stock...orquickly made to your specifications. 

Write, wire, phone for Bulletin E, 

samples and prices ... or send speci- 
fications, blueprints for immediate quo- 
tation 

ACE PLASTICS COMPANY 
91-33 Van Wyck Expwy, Jamaica 35, N. Y., Jamaica 3-5500 

to any vhf receiver having VOR/ 
LOC capability. It is capable of 
operating three meter loads and 
two flag alarms on localizer or 
omni. Circle 237 on Reader ,Serv- 
ice Card. 

Coax Lobing Switch 
broadband device 

DON -LAN ELECTRONICS CO., Santa 
Monica, Calif., has developed a new 
miniature r -f coaxial lobing switch 
which weighs only 0.7 lb. The broad- 
band (100 to 10,000 mc) unit pro- 
vides an optimum noise -free method 
of conveying r -f power from one 
input to alternate output positions. 
Vswr of the units is unusually low, 
with a 1.2/1.0 maximum. Isolation 
rating of 50 db down is achieved by 
the unique design. Circle 238 on 
Reader Service Card. 

Tantalum Capacitor 
encapsulated 
P. R. MALLORY & Co. INC., 3029 E. 
Washington St., Indianapolis 6, 

Ind., announces an encapsulated 
solid electrolyte tantalum capac- 
itor. The disk -shaped unit offers 
savings in area, weight and cost. 
Grid type leads permit mounting 
above the chassis and allow the 
circuit designer to bridge other 
wiring. Encapsulation fully insu- 
lates the body and prevents short 
circuiting with adjacent compo- 
nents. Circle 239 on Reader Serv- 
ice Card. 

160 CIRCLE 176 READERS SERVICE CARD April 24, 1959 - ELECTRONICS 



480 
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Mercury Switch 
low -angle 
MICRO SWITCH, Freeport, Ill., offers 
a new low -angle mercury switch 
designed to meet the precise re- 
quirements of vertical gyros, 
stable platforms and rocket guid- 
ance systems. The AS603AI weighs 
only 3.8 grams, including three 
7 -in. Teflon -insulated leads. It 
features a differential angle of 
0.15 deg maximum and a mass 
shift of 0.085 grams -cm, which 
makes it most sensitive. Circle 240 
on Reader Service Card. 

Silicon Rectifiers 
reliable, uniform 
VICKERS INC., 1815 Locust St., St. 
Louis 3, Mo., announces a line of 
silicon power rectifiers featuring 
low forward drop, superior reverse 
characteristics at all tempera- 
tures; higher insulation resis- 
tance; current ratings said to be up 
to 25 percent higher than other rec- 
tifiers of similar size and cost. -New 
rectifier has solid copper base, hot 
tin dipped terminal; hermetic seal 
for silicon chamber, and tough 
epoxy coating. Circle 241 on 
Reader Service Card. 

Magnetic Amplifier 
high reliability 
TELECOMPUTING CORP., 915 N. Cit- 
rus Ave., Los Angeles 38, Calif. 
A new magnetic amplifier features 
light weight and space savings 
over conventional types. Excep- 
tional reliability has been gained 
by encapsulating the unit in a 
special epoxy molding resin which 
is resistant to shock, vibration, 

forrrGO-NO GO" automatic monitoring/control .. . 

new trio labs' 

ALL-TRANSISTO 
VOLTAGE COMPARATOR 

SIGNAL 
HIGH 

SIGNAL 
LO 

CHOPP UM, TER A 

TOLLOSVft V r 

PHASE SENSITIVE 

BRIDGE 

Block diagram of Comparator. 

IELAT 
0.111101. 
L]ICD11 

n 

H COMPARATOR -# 

---I COMPARATOR u: 

EXCITATION .---{ COMPARATOR #_ I 

VOLTAGE 
--I COMPARATOR to 

RESISTOR TO 

RE GRADED 

COMPARATOR "eE 

A typical application of the Comparator 
in an autonctic re;iitor grading system. 

ACTUAL 
SIZE 

SPECIFICATIONS 

AC Sensitivity: 5 MV 
DC Sensitivity: 10 MV 
I^put Impedance: 2 Megohns 
Output: DPDT relay, contact 

raerg 2 Amps. at 28 V DC 
Power Requirements: 115V, 

401) cycles, 1 watt 
Repeatability of Trip Point: -_-_1 MV 
Performance will meet 
or ex:eed appropriate 
MIL specifications. 

AC o- 4C -DC versions available. 

Series 200 trips its can °PDT output relay when an urknow input signal exceeds the +alun 
of a knòwn input re%erence leve'. This d'rect voltage ccmporison is the most reliable tecF- 
nique for automatic, prog-cnmed accurate measuremen with computer -speed. Applications, 
virually unlimited, iclCde: military gros.nd support ce -ices. airborne instrumentation, prc- 
duction test equipment, claim/control sesems, and many data -gathering and proce ng 
systems. Write for reprilt of article in "Military Design' 
magazine. Also for ledEulletin. Address Dept. 

Trio Laboratories, Irc , Plainview, Lang Island, Nev. York. 
Úf9'9, TRIO LA°ORATORE\ IN[. 
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Testing 
MAGNETRONS 

KLYSTRONS 

(ARC I NOTRONS 

OTHER MICROWAVE TUBES, COMPONENTS OR SYSTEMS? 
1 

Illustrated: 18 megawatt pulse 
modulator with high -voltage power 
supply in separate cabinet. Unit de- 
signed to operate high-powered 
magnetrons. Peak output pulse volt- 
age: 100 KV; pulse current: 180 am- 
peres peak; maximum duty cycle: 
.001; pulse widths: 2, 4 and 6 µsec. 

Come to Manson for the widest selection of standard Pulse Modulators 
and High -Voltage Power Supplies covering all useful power levels. From 
kilowatts to tens of megawatts, Manson has precision -engineered de- 
signs for operation and test of magnetrons, klystrons, traveling wave 
tubes, backward wave oscillators, lighthouse tubes, pulse transformers, 
waveguide components and related devices. The wide range of standard 
models is readily adaptable to meet individual specifications. 

HIGH POWER PULSE MODULATORS: 
Hard- and soft -tube types from 16 kw. to 30 megawatts peak power 
output, and higher. Average output powers as high as 60 kilowatts. 
Typical operating features include: continuously adjustable voltage 
control; discrete or variable pulse widths; internally- and externally - 
controllable repetition frequencies; auxiliary synchronized outputs; pulse - 
shape monitoring circuits; and interlocking and overload protection. 

HIGH VOLTAGE POWER SUPPLIES: 
High -voltage DC and AC types, single- or multiple -output, regulations 
and stabilities to 0.01%. Standard and custom designs to satisfy your 
specific tibe testing or production problems: highly -regulated supplies 
uniquely suited for TWT test and operation; unregulated high -power 
supplies for systems testing; and complete power sources for controlling 
all aspects of tube production. 

/luciile 1wm4Íoch! BASIC 1 AND 2 MEGAWATT MODULATORS 

MANSONI_ 
375 FAIRFIELD AVE. manson 

1111) LABORATORIES, 

STAMFORD, CONN. 

Manson offers to engineers and technicians a rewarding present and attractive future in Connecticut. 

162 CIRCLE 171 READERS SERVICE CARD 

humidity and temperature 
changes. The new encapsulating 
process eliminates the need for 
a heavy bulky case, and simplifies 
mounting. Circle 242 on Reader 
Service Card. 

,,... 

Digital Printer 
versatile unit 
COMPUTER MEASUREMENTS CORP., 

5528 Vineland Ave., N. Hollywood, 
Calif., has developed a new digital 
printer which automatically prints 
digital data from high speed count- 
ing, timing, frequency measuring 
and data handling equipment. 
Model 400 C features 4 lines per 
sec print -out; no stepping 
switches ; and parallel entry. Ana- 
log output and 10 line output are 
among the many options available. 
Circle 243 on Reader Service Card. 

Silicon Recifiers 
small size 

SYNTRON Co., Homer City, Pa. The 
SN -60 series silicon a -c to d -c rec- 
tifiers are designed for intermedi- 
ate power applications. Rectifica- 
tion efficiency is demonstrated by 
their low maximum forward volt- 
age drop (1.2 v at 10 amperes, 
27 C). They are of rugged, all -weld 
construction, hermetically sealed. 
Prototype units on life tests for 
more than 7,000 hr have neither 
failed nor deteriorated. Circle 244 
on Reader Service Card. 

Junction Transistor 
for audio equipment 
RADIO CORP. OF AMERICA, Somer- 
ville, N. J., has introduced the 
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2N1010 germanium npn alloy -junc- 
tion transistor for the design of 
audio equipment operating from 
extremely small input signals. It 
features very low noise factor of 
only 5 db with a generator re- 
sistance of 1,000 ohms and an inte- 
grated noise bandwidth of 15 kc; 
typical small -signal current gain 
of 35; typical alpha -cutoff fre- 
quency of 2 mc, and freedom from 
microphonics and hum. Circle 245 
on Reader Service Card. 

D -C Motor 
rugged duty 
HOOVER ELECTRIC Co., Hangar Two, 
Port Columbus Airport, Columbus 
19, Ohio, has available a new d -c 
motor for a wide range of applica- 
tions on aircraft, missile, ordnance 
and industrial uses. Operating at 
28 v d -c and 69 amperes, the motor 
delivers 1.6 horsepower at 2,000 
rpm. Higher output speeds to 25,- 
000 rpm are available by deleting 
the reduction gear box. Other 
voltages are available on request. 
Circle 246 on Reader Service Card. 

Stereo Cartridge 
high compliance 
SHURE BROTHERS, INC., 222 Hartrey 
Ave., Evanston, Ill. The M7D cus- 
tom stereo Dynetic cartridge has 
the following specifications : chan- 
nel separation, more than 20 db 
at 1,000 cps; frequency response, 
20 to 15,000 cps; output voltage, 
5 my per channel at 1,000 cps at 
a needle velocity of 5 cm per dyne; 
vertical and lateral compliance, 

RX5 H6STABILITY 1 WATTS (50M) 

Now-under a dollar 

TEMPERATI. RE DERA 

0001 

10M 
/eg1ri/a iy/rii . 

/ 
AÍlÌls<w 1LÌlÌJL,' 1 i 

A '1111141114[Iilli 

Victoreen Glass -Sealed Resistors have always been synony- 
mous with the highest product quality. You get high power with 
high stability . . . absolute independence from unfavorable 
environments ... closer production and inspection tolerances. 

And now-because of new quality -volume production tech- 
niques-Victoreen can offer these superb components at highly 
competitive prices. New pricing structure, with large quantity 
discounts, brings prices down below a dollar. The trend is to 
Victoreen Deposited Carbon Resistors-get with it now. AA -9242 

Victoreen 
5806 Hough Avenue Cleveland 3, Ohio 
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ADAPTABLE 
FOR ALL 

APPLICATIONS 

710y Panel \eters 

MODEL 661 

New series for limited 
spoce installations. Front 
opening -11/2" class -2% 
accuracy - standard 
mounting dimensions-front 
zero adjustment. In DC 
ranges from 100 micro - 
amps; and self-contained 
rectifier types, VU, and 
voltmeters up to 300 v. 

Be sure of the highest accu- 
racy, dependability, and 
readability- plus economy - 
with HOYT precision electri- 
cal instruments. Moving coil, 
rectifier, and repulsion types 
available in a wide variety of 
sizes, ranges, cases, and col- 
ors-many with parallax -free, 
mirror scales ... the complete 
Line of matched AC and DC 
Panel Meters for original 
equipment or replacement use. 
Also, custom -designed to your 
most exacting specifications. 

Write for fully 
illustrated lit- 
erature con- 
taining de- 
scriptions, en- 
gineering 
data, and low 
prices. 

Write to Ex- 
port Manager 
regarding 
world - wide 
availability 
for Electronic, 
Industrial, and 
Automotive 
applications. 

ELECTRICAL 
INSTRUMENTS 

BURTON-ROGERS COMPANY 
Soles Division 

42 Carleton St., Cambridge 42, Mass., U.S.A. 
CIRCLE 173 READERS SERVICE CARD 

3.5 X 10'° cm per dyne. Recom- 
mended load impedance is 47,000 
ohms and recommended tracking 
force is 4 to 7 grams. Circle 247 
on Reader Service Card. 

Resistance Set 
ultrastable 
JULIE RESEARCH LABORATORIES, 
INC., 556 W. 168th St., New York 
32, N. Y. Model BDR-105 resist- 
ance set consists of 21 ultra -pre- 
cise, ultra -stable resistors scaled 
in a modified binary -decimal se- 
quence of 1, 2, 2, 4 by decades with 
an extra units digit, permitting 
synthesis of any resistance from 
zero to 100,000 ohms in one -ohm 
steps, with accuracies and stabil- 
ities of 0.0015 percent (15 parts 
per million) of the maximum 
value. Circle 248 on Reader Serv- 
ice Card. 

Time Delay Relay 
adjustable 
CRAMER CONTROLS CORP., Center - 
brook, Conn. Type 471 time delay 
relay provides an accurate, adjust- 
able time delay between the oper- 
ation of a control circuit and the 
subsequent transfer of one or two 
load switches. Through selection 
of external wiring connections, 
the unit offers broad application 
flexibility and excellent accuracy 
at moderate cost. Time ranges THE 

The plus 

is 
precision ! 

NEW analog 
multiplier - 
divider 
by Philbrick 

This is Philbrick's K5 -M - which 
provides improved long term sta- 
bility. Accuracy, including drift, is 
better than 0.10v in all 4 quad- 
rants. 

FEATURES: 

Accepts 3 variable inputs 
el, e2i e3 and yields el e2/e3 

3 -digit decade provides 
adjustable scaling voltage 
Useful response even beyond. 
10 kcps. 

r Needs no auxiliary equipment 
to obtain products, ratios, 
squares, square roots, etc. 
Requirements: 115vac filament 
power; 110ma at ± 300vdc 
Mounts on standard 7" rack 
panel 

Here's a new and higher degree 
of precision, speed, and flexibility 
at your fingertips for analog com- 
putation, correlation, precision 
modulation, control, many other 
applications. 

For full informaton, write: 
GEORGE A. 

PHILBRICK 
RESEARCHES, INC. 

285 Columbus Ave., Boston 16, Mass. 
COmmonwealth 6-5375 

ANALOG WAY IS THE MODEL WAY 

CIRCLE 120 READERS SERVICE CARD 
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from 15 sec to 24 hr. Adjustment 
range is f rom about 10 percent to 
100 percent of full scale. Circle 
249 on Reader Service Card. 

Rectifiers 
high current 
ITT COMPONENTS DIVISION of In- 
ternational Telephone and Tele- 
graph Corp., Clifton, N. J., an- 
nounces a line of Gold Crown high 
current power silicon rectifiers. 
They cover the current range from 
5 amperes to over 70 amperes, at 
a stud temperature of 150 C, and 
are available in piv ratings up to 
800 v. Proposed JETEC packag- 
ing is used, up to 30 amperes with 
a 1-28 stud size and up to 70 am- 
peres with a 3-24 stud size. Circle 
250 on Reader Service Card. 

Coax Terminations 
high power 
RADAR DESIGN CORP., Pickard 
Drive, Syracuse 11, N. Y. RDL- 
30N is a member of a line of high 
power coaxial terminations re- 
leased to cover the range d -c to 
10 kmc. It is rated at 200 w with- 
out forced cooling. Vswr is below 
1.2 to 4 kmc. Price is $550. Circle 
251 on Reader Service Card. 

Comparison Bridge 
many applications 
METRONIX, INC., Chesterland, Ohio. 
Parameter deviations as small as 
one part in 10,000 may be detected 

...for safe d -c metering 
Specify Westinghouse current and 
potential transductors for accurate 
instrumentation, metering and con- 
trol of high -voltage direct -current 
systems. Providing isolation from 
high -voltage d -c power, these indus- 

try -proved transductors have been 
used in safe metering of d -c buses 
at voltages up to 3300 volts, etc... 
have already proved their reliability 
in electrochemical systems, control 
systems and d -c power systems. 

J-01014 

CHECK THESE CHARACTERISTICS 

size and weight ... approximately 6 1/16" x 5 5/16" x 7" high .. . 

weight -19 lb 

rated supply voltage and frequency ... 115 volts, 60 cps 
working voltage ... control winding to case -3300 y d -c; control wind- 
ing to output winding -3300 v d -c 

test voltage ... control winding to case and load circuit -9.6 kv rms 
60 cps 1 minute ... load winding to case -1500 v rms 1 minute 
maximum error ... plus or minus 1 percent, zero to half input .. . 
plus or minus 1/2 percent, half to full input 

For complete information, contact your nearby West- 
inghouse sales office, or write Westinghouse Electric 
Corporation, Director Systems Department, 356 Collins 
Avenue, Pittsburgh 6, Pa. 

YOU CAN BE SURE...IF ITSWesti n¢house 
WATCH' WEST!HOAOU SE LUCILLE BALLDE SI AANUZ SAOWST CBS TV MONDAYS. 
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TYPE 706-A 

ULTRA -SONIC 

PRIMARY PHASE 

STANDARD 

FEATURES: 

+0.1 ° Phase Shift Accuracy 

20 kc to 200 kc Frequency 
Coverage 

s 0° to 360° Continuous Phase Shift 

Self -Calibrating 
Long -Term Operating Reliability 

Lissajous Pattern Presentation 

Description ... 
Type 706-A Ultra -Sonic Primary Phase Standard 

generates two sinusoidal voltage signals whose phase 
difference can be varied smoothly from 0° to 360° with 
an accuracy of 0.1°. Units are built for any single fre- 
quency from 20 kc to 200 kc. Operation of the Type 
706-A is based on the interpretation of a multiple - 
frequency Lissajous pattern. 

Specifications ... 
Frequencies: Any single frequency from 20 kc to 200 kc. 

Output Voltage Range: 5 to 10 volts (rms). 

Output Impedance: Approximately 200 ohms 
(from cathode follower). 

Phase Stability: ±0.2° per hour at 25°C ambient 
temperature after a warm-up period of 2 hours. 

Power Supply: 105-125 volts, 60 cycle electronically - 
regulated, self-contained supply, requiring approximately 
150 watts. 

For full details and specifications, wire or call 

ACTON LABORATORIES, INC. 
517 Main Street, Acton 7, Mass. COlonial 3-7756 

between electronic components 
with the LCR comparison bridge. 
Designed for widespread use in 
laboratory, production or inspec- 
tion applications, model 544 com- 
pares and measures resistances, 
capacitances and inductances over 
broad ranges, at a frequency of 
60 cps. Direct reading of percent- 
age deviation reduces operator 
fatigue. Circle 252 on Reader Serv- 
ice Card. 

Relay 
telephone type 
MAGNECRAFT ELECTRIC Co., 3350 
B. W. Grand Ave., Chicago 51, Ill. 
Increased stability of adjustment 
for greater long term reliability 
and increased life expectancy are 
achieved in the small general pur- 
pose class 22 telephone type relay 
through improved hinge design. 
Relay has a new heavy duty full 
yoke type armature hinge with ex- 
ceptionally large bearing surfaces. 
The bearing surfaces are precisely 
reamed for precision fit of a cen- 
terless ground stainless steel 
hinge pin. Circle 253 on Reader 
Service Card. 

Data Strip 
and data matrix 
DIALIGHT CORP., 60 Stewart Ave., 
Brooklyn 37, N. Y. The Dialco data 
strip is designed to provide a num- 
ber of ultraminiature indicator 
lights-as a unit-ready for 
mounting in a minimum of space, 
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as in computers, program boards, 
read-out panels and the like. The 
basic indicator light consists of a 
lampholder with a plug-in lamp 
cartridge. The data matrix is sim- 
ilar to the data strip but rectangu- 
lar in shape. Circle 254 on Reader 
Service Card. 

Transformer 
pulse current type 
PEARSON ELECTRONICS, 707 Urban 
Lane, Palo Alto, Calif. Model PCT 
325 pulse current transformer al- 
lows precision monitoring of both 
pulse amplitude and waveshape. 
It features extremely fast rise - 
time (20 mµsec) low droop (0.1 
percent/µsec), and ability to moni- 
tor currents at very high voltages 
(300 kv pulse in oil, 30 kv a -c, d -c, 
or pulse in air) or where a large 
aperture is needed (3.5 in. diam- 
eter). Circle 255 on Reader Serv- 
ice Card. 

Recorder 
analog & sequence 

BRUSH INSTRUMENTS, Division of 
Clevite Corp., 37th and Perkins 
Ave., Cleveland 14, Ohio, an- 
nounces an analog and operations 
recorder developed to exacting 
military requirements and specifi- 
cations. Unit permits simultan- 
eous recordings of two types: 
analog recording of the d -c to 100 
cps range with wide amplitude and 
writing speeds ; "on -off", "go and 
no-go" and sequential types of 
events on 10 separate channels. 
The recorder is a complete system, 

'These tolerances are from 
absolute frequency under 
any combination of the 
conditions within operating 
specifications. For specific 
operating conditions much 
closer frequency tolerances 
may be maintained. 

TRANSISTORIZED 
TUNING FORK 

FREQUENCY STANDARDS 

TYPE MAFC - Frequency Standard 
Frequency Range Available: 360 cps to 4 kc 
Tolerances % ±:.0.2, 0.05, 0.02, 0.01, 0.005*' 
Temperature Ranges: -20 to +71°C 

-55 to +100°C 
-55 to +125°C 

Power Supply Voltage: 12 or 28 vdc ± 15% 
Size: 1%"xls/"x2l4rr Weight: 8 oz. 

TYPE AFC - Frequency Standard 
Frequency Range Available: 360 cps to 4 kc 
Tolerances % ±: 0.2, 0.05, 0.02, 0.01, 0.005* 
Temperature Ranges: -20 to +71°C 

-55 to +100°C 
-55 to +125°C 

Power Supply Voltage: 12 or 28 vdc ± 15% 
Size: 21/8rrx214grrx31/4rr Weight: 13 oz. 

TYPE MAFCD - Frequency Standard 
Frequency: 60 cps 
Tolerances % ±: 0.2, 0.05, 0.02, 0.01, 0.005* 
Temperature Range: -55 to +71°C 
Wave Shape: Sine w/less than 1% harmonic 
distortion 
Power Supply Voltage: 10 to 14 vdc 
Size: 4346 "x4)6 "x4'16" Weight: 4 lbs. 

TYPE MFB - Frequency Divider 
Ratios Available: 2:1, 4:1, 5:1,8:1, 10:1, 16:1 
Temperature Ranges: -20 to +71°C 

-55 to +100°C 
Power Supply Voltage: 12 or 28 vdc ± 15% 
Size: 1%"xls/r"x214" Weight: 6 oz. 

TYPE MFS - Frequency Standard for 
Laboratory or Field 
Type MFS is a small, lightweight frequency 
standard that can replace units many times 
its size without sacrificing frequency stability. 
Internal batteries and provisions for external 
power supply make the unit ideal for either 
laboratory or field applications. 

Frequency Ranges Available: 50 cps to 4 kc 
Frequency Stability: 2 parts in 106/per month 
Temperature Range: -20 to +71°C 
Size: 3'/errx5i6"x5i'6 r Weight: 2 lbs. 

TYPE MLS - Laboratory - 
Frequency Standard 
Type MLS is an extremely high stability lab- 
oratory frequency standard. The clock on the 
panel facilitates easy checking of stability. 

Frequency Ranges Available: 50 cps to 4 kc 
(Multiple Taps Optional) 
Frequency Stability Available: 5 parts in 10° 
Output: 10 watts at specified frequency 
Input: 115 v, 50 cycles to 400 cycles 
Size: 9rrxlOrrx7rr Weight: 15 lbs. 

A wide variety of units are designed to comply 
with the most severe military specifications. 

Manufactured by 

ACCURATE INSTRUMENT CO. 
2422 BRANARD ST. 
HOUSTON 6, TEXAS 
JA 3-2712 
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BRISTOL'S 
low -noise, low -thermal 
Syncroverter* choppers 

In solving the above equation, Bristol has 
paved the way for new advances in low level switching. 

New performance standards are being 
established by these latest models of the external coil 
Syncroverter chopper. 

For complete specifications, write: 
Aircraft Components Division, The Bristol Co., 
152 Bristol Road, Waterbury 20, Conn. 

*T. M. Reg. U. S. Pat. Off. 

BRISTO 

9.1 

LFINE PRECISION INSTRUMENTS 

FOR SEVENTY YEARS 

with oscillograph, amplifier and 
power supply. Circle 256 on Reader 
Service Card. 

Multiconductor Cables 
space -saving 
PLASTOID CORP., 42-61 24th St., Long 
Island City 1, N. Y., is producing 
multiconductor ribbon cables. 
They are available in single con- 
ductors, twisted pairs and coaxial 
cables; and come in different 
widths and specifications. The 
color coded cables save time, 
space, strip and separate easily, 
and weigh less. Circle 257 on 
Reader Service Card. 

Air -Vacuum Pump 
versatile unit 
APPLIED DYNAMICS CORP., 32 North 
Main St., Natick, Mass. The Dy- 
netics model 04-601 is a dual -pis- 
ton air -vacuum pump designed for 
the simultaneous production of oil 
free compressed air from one cyl- 
inder and oil -free vacuum from 
the second cylinder. Pump is 
ideally suited for use in: aircraft 
ground test equipment, aircraft in- 
strument and accessories testing, 
and pressurization of electronic 
systems (airborne or ground in- 
stallations). Pump can be readily 
converted to either compound air 
or compound vacuum. Circle 258 
on Reader Service Card. 
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Duplexer 
for 755-985 me 

D. S. KENNEDY & Co., Cohasset, 
Mass., has introduced a duplexer 
having a reject attenuation greater 
than 100 db. Designed for opera- 
tion in the 755 to 985 me band, it 
is especially suited to tropospheric 
scatter applications. The duplexer, 
made of high strength aluminum 
alloy, enables the same antenna 
to be used simultaneously for both 
transmitting and receiving. The 
transmitter and receiver ports are 
equipped with transitions which 
are fitted with coaxial inputs. Cir- 
cle 259 on Reader Service Card. 

Variable Resistor 
microminiature 
CENTRALAB, A Division of Globe - 
Union Inc., 90 E. Keefe Ave., Mil- 
waukee 1, Wisc., has available a 
microminiature variable resistor 
measuring only 0.286 in. in diam- 
eter and 0.110 in. in depth. Model 
8 Radiohm is rated at 2tr w and has 
a component density of 188 per ,cu 
in. It is available in resistance 
values of 500 ohms to 10 megohms 
in a wide range of tapers. It has a 
minimum rotational life of 25,000 
cycles. Circle 260 on Reader Serv- 
ice Card. 

Stereo Cartridge 
ceramic element 
ERIE RESISTOR CORP., Erie, Pa., is 
introducing a truly advanced stere- 
ophonic cartridge with a dynami- 
cally balanced, single ceramic ele - 

Tape specs are getting 
tougher every year 

higher recording densities 
(up to 2.000 bits per inch) 

more tracks 
(16 channels per inch) 

greater accuracy 
(1 error pei 40 million) 

...but not too tough for Audiotape 

Keeping ahead of its customers is the only way a magnetic tape 
manufacturer can meet the rapidly rising standards being set for 
its product. And often the standards are as varied as they are 
exacting. Special slitting tolerances, coating thicknesses, base 
materials and magnetic oxides are rapidly becoming' more usual 
than novel. Audio Devices' battery of Automatic Certifiers is one. 
of the unique means used to make sure EP Audiotape always meets 
customer specifications. 

Type EP Audiotape is the extra precision magnetic recording 
tape for applications in computing, automation, telemetering and 
seismography. The Automatic Certifier records and plays back 
every inch of the EP Audiotape under test. These tests can be so 
demanding that if the tape fails to reproduce a single test pulse 
out of the 40 million put on a single reel, the entire reel is rejected.; 
There are no ifs, ands or buts. 

This is one of many special quality -control operations to which 
EP Audiotape is subjected. From raw materials to hermetically 
sealed containers, every reel gets individual attention. 

EP Audiotape quality is so well verified by instruments like the 
Automatic Certifier that every reel is guaranteed to be defect -free! 
For more information write for free Bulletin T112A. Write Dept. 
TE, Audio Devices, Inc., 444 Madison Avenue, New York 22, N.Y. 

TYPE E P 
UAW MOW 

AUDIO DEVICES, INC. 
444 Madison Ave., N. Y. 22, N. Y. 
In Hollywood: 840 N. Fairfax Ave. 
In Chicago: 5428 Milwaukee Ave. 
Export Dept.: 13 East 40th St., N. Y., 16 
Rectifier Division: 620 E. Dyer Rd., Santa Ana, Calli. 
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mafion 
advanceient 
in instrument 

design 

actual size 
Model HCM 7/10 

MINIATURE 7J16n INDICATOR 

Micro -miniature moving coil, core mag- 
net indicator; 7/16" diameter, 31/32" 
length. Weight 10 grams; sealed. 
Available with a pointer or flog dis- 
play in a wide variety of electrical 
sensitivities and functions. Data on 
request. Morion Instrument Division, 
Minneapolis -Honeywell Regulator Co., 
Manchester, New Hampshire, U.S.A. 
Copyright © 1959, Marion 

marron 
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CIRCLE 180 READERS SERVICE CARD 

(3 ,e 00122 

Il2D. 

.01U2 

100 CJ12p®G3L',200`ú1 
uoa.9Je Puaruºa I1JA, 

3t13(9 0():3 

ment. Freedom from resonance 
peaks is obtained through oil 
damping. Model 1302 ST -ERIE -O 
cartridge has a 0.7 mil diamond 
and 3 mil sapphire styli, and the 
model 1301 has dual sapphires. 
ST -ERIE -0 offers excellent separ- 
ation of 20 db over full a -f range. 
Response is 20 to 16,000 cps with 
output voltage 0.5 v rms at 1 kc 
each channel. Circle 261 on Reader 
Service Card. 

Single -Turn Pot 
all -metal 
HELIPOT DIVISION of Beckman In- 
struments, Inc., 2500 Fullerton Rd., 
Fullerton, Calif., announces a new 
1i in. single -turn precision pot. 
Designated series 5500, the unit 
has a standard power rating of 6 w 
at 40 C, derated to 0 at 150 C. The 
all -metal pot offers standard re- 
sistances ranging from 85 to 146,- 
000 ohms, and standard linearity 
down to ±0.15 percent. The 4 in. 
coil provides resolution as high as 
0.042 percent, or better on special 
order. Circle 262 on Reader Serv- 
ice Card. 

Oscilloscope 
for surge testing 
TEKTRONIX, INC., P. 0. Box 831, 
Portland, Oregon. Type 507 is a 
specialized oscilloscope designed 

New Raytheon 5 -watt 

TWTA designed for 

microwave relay links 

The QK-542 TWTA is a permanent - 
magnet focused CW tube, with 
nominal saturated power output of 
5 watts, operating in the 5,900 to 
7,400 Mc frequency range. High 
amplification over a wide range of 

power levels results In small -signal 
gain of up to 35 db. To simplify 
replacement, the tube plugs into a 
waveguide coupler package which 
accommodates UG 344/U wave - 
guide -type flanges. When used with 
coaxial output coupler, tube covers 
4,000 to 8,000 Mc range. 
You can obtain detailed application 
information and special develop- 
ment services by contacting: Micro- 
wave and Power Tube Division, 
Raytheon Manufacturing Company, 
Waltham 54, Mass. 

RAYTHEON 
A leader in creative 

microwave technology 
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send for this 

FREE 
EICO 
Electronics 
Catalog 

f/Cp 

you save 50% on Top - Qualify 
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 

NI -FI 
stereo and monaural 
tuners 
preamplifiers 

Iower 
amplifiers 

ntegrated amplifiers 
speaker systems 

HAM GEAR 
cw transmitter 
modulator -driver 
grid dip meter 

OVER 11/2 MILLION 
EICO instruments in 
use throughout 
the world. 

LIFETIME service and calabration guarantee. 
IN STOCK at your neighborhood EICO dealer. 

Send now for FREE catalog E-4 

33-00 N. Blvd., L. I. C. 1, N. Y. 

experts 
as BEST UYSYINhe ELECTRONICS 

© 195.8 ELECTRONIC 11451.. CO.. INC. 
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primarily for h -v surge testing as 
applied to power transformers, h -v 
insulators, lightning arresters, and 
their associated designs and ac- 
ceptance tests. The crt has a ver- 
tical -deflection factor of approxi- 
mately 50 v/cm at 24 -kv acceler- 
ating potential, and a viewing area 
of 6 cm by 10 cm. Circle 263 on 
Reader Service Card. 

Search Radar 
high stability 
WESTINGHOUSE ELECTRIC CORP., Box 
2278, Pittsburgh 30, Pa. A new 
search radar departs from previ- 
ous radar designs in that it is crys- 
tal controlled, thereby achieving 
extremely high stability. Also, in- 
stead of the usual rectangular 
pulse, a shaped pulse has been de- 
signed to decrease the required 
bandwidth for operation; this 
allows the high power system to 
work in crowded environments 
without interfering with other 
electronic devices. To simplify 
maintenance, the necessary testing 
equipment is built into the unit. 
Circle 264 on Reader Service Card. 

K -Band Magnetron 
ruggedized 
SYLVANIA ELECTRIC PRODUCTS INC., 
Mountain View, Calif., announces a 
new fixed -frequency K -band magne- 
tron, ruggedized for missile applica- 
tions. The M4154 delivers a mini- 
mum peak power output of 20 kw. 
The tube's adaptability to missile 

Synchronous modulator - demodu- 
lator functions are performed in a 
single Type 600 DPDT chopper. Full 
wave demodulation permits high 
conversion efficiency. 

Split reed construction with total 
contact isolation permits use in sta- 
bilized DC Instrument Amplifiers. 

Airpax Type 600 operates from a 
6.3 VOLT, 400 CPS source. Contact 
action is BBM. Permanently adjusted 
contacts insure long trouble -free life. 

CAMBRIDGE DIVISION, JACKTOWN ROAD, CAMBRIDGE, MARYLAND 
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[Research 
and 

development 
for the 

Seeiing Mind 

ELECTRONICS 
ENGINEERS 
ALL LEVELS 

The Laboratory, with its staff of 850 employ- 
ees, is primarily engaged in the conception 
and perfection of completely automatic con- 
trol systems necessary for the flight and guid- 
ance of aircraft, missiles and space vehicles. 

W R and D opportunities exist in: 

z 

System Design & Theoretical Analysis 
Astronautics 
High Performance Servomechanisms 
Power Supplies 
Magnetic Amplifiers 
Analog and Digital Computers 
Electro -mechanical Components 
Transistor Circuitry 
Printed Circuitry 
Environmental Instrumentation & Evaluation 
Research, Design & Evaluation of 

Gyroscopic Instruments 
Computer Programming 
Simulator Studies 
Classical Mechanics 
Optical Instrumentation 
Pulse Circuitry 
and in many other areas. 

STRUMENTATION 

Q LABORATORY 
(J) WRITE: 

Dr. C. S. Draper 
Director 

M.I.T. INSTRUMENTATION 
LABORATORY 

45 Osborne St. 

Cambridge 39, Massachusetts 

'Graduate coursas may be taken far credit while earning full pay. 

U.S. Citizenship Required 

applications has been achieved in 
part by cathode ruggedization, and 
special high pressure windows. 
Circle 265 on Reader Service Card. 
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Commutator Switch 
three -pole 
MYCALEX CORP. OF AMERICA, Clif- 
ton Blvd., Clifton, N. J. A new 
design has resulted in a commu- 
tator switch which can provide 
two rows of 180 contacts and one 
row of 90 contacts in a minimum 
space. The precision switch, incor- 
porating rectangular contacts pre- 
cision molded in Supramica 555 
ceramoplastic, very easily exceeds 
the parameters of reliability and 
noise level achieved by segmented 
contact rings of p -c plates. Circle 
266 on Reader Service Card. 

Air Compressor 
and vacuum pump 

GREAT LAKES MFG. CORP., 4223 
Monticello Blvd., Cleveland 21, 
Ohio, has developed a compact, 
two -stage motor driven air pump 
for use in airborne radar systems, 
ground support, and electronic test 
equipment. The pump has a con- 
tinuous duty cycle and is quali- 
fied to customer specification for 
1,000 hr minimum life. Operation 
is entirely oil -free, and requires 
no lubrication (grease packed 
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Meet 
Bill Bushor and 
Sam Weber 

Associate Editors, electronics 

FEATURE ARTICLE EXPERTS 

Resumés: 
Bushor, William E., Lawrence Institute of Technol- 

ogy, BSEE, I. R. E. member. 9 years experience: 
U.S. Army (communications chief), Bell Aircraft (air- 
to-air missile), G. M. Research Labs, Sperry Gyro- 
scope, etc. Member Society Technical Writers. 

Weber, Samuel, Virginia Polytechnic Institute, 
BSEE, I. R. E. member. 10 years diverse engineering 
experience : U. S. Navy, Barlow Electrical Mfg. Co., 
Curtiss-Wright, etc. Primarily in communications, 
uhf and microwave components and design, jet engine 
test instrumentation. 

Present Occupations: 
Bill Bushor is preparing a series to appear in 1959 

on medical electronics comprising diagnostics, thera- 
peutics, prosthetics, and clinical and operative aids. 

Sam Weber is working on "Sophisticated Com- 
munications Methods" for the October 1959 issue. 
Report covers scatter systems, meteorburst trans- 
mission, satellite relays, carrier systems, etc. 

References: 
If you're not a subscriber, if your subscription is 

expiring, if you will miss exciting features "in -the - 
works" by electronics 26 -man staff, fill in box on 
Reader Service Card. Easy to use. Postage free. 

ARC; IBp electronics 
A McGraw-Hill Publication 330 West 42nd Street, New York 36, N.Y. 

UNIQUE DESIGN ROTARY SWITCH - 
5 -SECOND WAFER REPLACEMENT 

No Unsoldering or Disassembling ... No Wire Removing ... 
Simply Lift out Any Wafer & Replace Instantly... 

Highly Reliable-Presently Supplied for MilitaryApplications 

Reduces to seconds mainte- 
nance which otherwise could 
take a full day or more, saving 
valuable time. Error -proof re- 
placement. Lift out, instantly 
replace any wafer. New design 
obsoletes old switches. 

Switches are available in sizes approx. 2" x 2", 3" x 3' 
and 4" x 4" with lengths to accommodate up to 36 wafers. 
Virtually unlimited choice of switch circuit configurations. 
All connections are to a single bank of receptacles and are 
conveniently accessible from one side of the aluminum 
housing. Contacts are silver, gold or rhodium plated on a 
copper base. Wafers can be made to include printed cir- 
cuitry and components in addition to their normal switch- 
ing function. 

Switches may be manually, motor or solenoid operated 
for use in any rotary selector switch application. Manufac- 
tured under license from Tabet Mfg. Co. and covered by 
U. S. Patent No. 2,841,660. Other U. S. and foreign 
patents pending. Write for details today. 

CDI 
CHICAGO DYNAMIC INDUSTRIES, INC. 

PRECISION PRODUCTS DIVISION 
1725 lliversey Blvd., Chicago 14, Illinois 

CIRCLE 186 READERS SERVICE CARD 

THIN VERSATILE DUCTILE 
NETIC CO-NETIC FOIL 

Aids Miniaturization & Reliability... Cuts to Any 
Shape with Scissors ... Wraps like Tape ... Shields 

Both High & Low Frequencies at Low Intensities 

One or more layers are readily 
applied and their effects observed, 
permitting engineer to determine 
optimum location and number of 
layers needed for adequate shield- 
ing. Can be trimmed to any 
dimension or outline with ordi- 
nary scissors. Easily formed by 
hand. Dead soft; does not spring 
back into original position after 
forming. Aids miniaturization by 
reducing shielding bulk and by 
making possible crowding com- 
ponents closely together. 

15" wide Co-Netic foil is non - 
shock sensitive, non -retentive, 
does not require periodic anneal- 
ing and attenuates low level fields. When used with 193/8" wide 
Netic foil, higher ratios of attenuation for relatively intense fields 
are achieved. Both foils are immediately available from stock in 
.004" thickness in continuous rolls up to any length desired. 

These versatile light weight time -saving foils open up a whole 
new shielding concept in laboratory, air borne, electronic, 
electrical and shielded room applications. Write for complete 
details today. 

MAGNETIC SHIELD DIVISION PERFECTION MICA COMPANY 
1322 No. Elston Avenue, Chicago 22, Illinois 
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why 
desig,z 

your 
own 

COAXIAL 

CRYSTAL 

MIXERS 

...you can buy them from stock! 

Save time ... reduce costs ... avoid design head- 
aches. Empire Devices offers a wide variety of 
standard broad band, fixed tuned coaxial crystal 
mixers to meet your needs. Specialized manufac- 
turing facilities and techniques result in economy, 
and a high degree of quality control by competent 
engineers assures uniformity in manufacture. 
Immediate delivery in many instances. 

Select one of 8 models in the CM -107 Series, cover- 
ing thé entire frequency range from 225 to 5600 
mc. Input VSWR of any crystal mixer in the line 
is better than 2:1, without adjustments, for all 
frequencies within its rated range. Local oscillator 
input requires 10 milliwatts, has a VSWR of 2:1 
or better with any injector adjustment. A choice of 
input connectors is available. Standard models 
can be modified for special purposes ! 

For complete engineering data, ask for our free 
catalog C-356. 
NEW YORK-MOunt Vernon 4-7530 SYRACUSE-GRanite 4-7409 
PHILADELPHIA-SHerwood 7-9080 BOSTON-TWinbrook 4-1955 
WASHINGTON, D. C.-OLiver 4-6400 ORLANDO, FLA.-CHerry I-2128 

ATLANTA-CEdar 7-7801 DETROIT-BRoadway 3-2900 CLEVE- 
LAND-HIllcrest 2-8080 PITTSBURGH-ATlantic 1-9248 ST. LOUIS 
-EVergreen 5-7728 CHICAGO-ESterbrook 9-2700 MINNEAPOLIS- 
FEderal 5-7172 DENVER-MAin 3.0343 FT. WORTH-WAlnut 6-4444 

ALBUQUERQUE-ALburquerque 5-9632 LOS ANGESES-TExas 0-7771 
PALO ALTO-DAvenport 3-4455 SEATTLE-EMerson 2-4812 HAWAII; 
HONOLULU 50-2901 CANADA: STITTSVILLE. ONT.-Hazledean 56 
SCARBORO, (TORONTO)-AXminister 3-7806 EXPORT: NEW YORK- 
MUrray Hill 2-3760 

EMPIRE DEVICES 
PRODUCTS CORPORATION 

AMSTERDAM, NEW YORK 
Telephone: Victor 2-8400 

manufacturers of 

FIELD INTENSITY METERS DISTORTION ANALYZERS IMPULSE GENERATORS COAXIAL ATTENUATORS CRYSTAL MIXERS 

bearing construction). The oper- 
ating temperature range is -65 F 
to +200 F. Circle 267 on Reader 
Service Card. 

Variable Resistor 
compact device 

CHICAGO TELEPHONE SUPPLY CORP., 

Elkhart, Ind., has developed a new 
compact vernier variable resistor 
with ball bearing rotation de- 
signed for fine tuning applications. 
The contact arm rotates only 1 deg 
for each 13.5 deg shaft rotation. 
Total contact arm rotation is 300 
deg ±5 deg and total shaft rota- 
tion approximately 4,000 deg. Type 
VA -45 is a 15/16 in. diameter l to 

w variable composition resistor 
with only 5/32 in. more depth 
than standard non -vernier type 45. 
Circle 268 on Reader Service Card. 

Cable Filler 
nonconductor 
WICOA, INc., Santa Barbara Air- 
port, Goleta, Calif. No -Con cable 
filler was developed to replace 
jute, cotton or other similar filler 
materials for environmental grade 
military electronic cables, where a 
high degree of electrical reliabil- 
ity is required over an extended 
period of time. It is a flexible rod 
of fungus resistant Vinyl, ex- 
truded over a central core of glass 
fiber, which prevents stretching. 
Named "No -Con" because it is a 
nonconductor rod and cannot, in 
error, be soldered to an electrical 
connector. Circle 269 on Reader 
Service Card. 
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Paper Loop System 
plots strain vs load 
B & F INSTRUMENTS, INC., 3644 N. 
Lawrence St., Philadelphia 40, Pa., 
has developed a new strain gage re- 
cording and plotting system that 
plots strain vs load for 24 to 96 
strain gage channels on a continu- 
ous paper loop. It can be obtained 
with a digital readout so that 
strains can be tabulated on a 
typewriter, IBM cards or punched 
tape. The paper loop system elim- 
inates folding of chart paper or 
dumping it into a box; can be run 
automatically, without operating 
the printing mechanism, for quick 
scanning of results. Circle 270 on 
Reader Service Card. 

Relay 
alternate pulse 
POTTER & BRUMFIELD, INC., Prince- 
ton, Ind., has modified an alternate 
pulse relay for easy installation on 
long production runs. The relay 
has also been reduced in size and 
weight. The original design (des- 
ignated PC) requires two mount- 
ing holes drilled on 2 in. center 
but a new one-piece frame permits 
mounting the PA relay with a 
single bolt in a tapped No. 8-32 

Industrial Relays by KELLOGG 

Type "AK" Relay 

Highly sensitive, adaptable for mar- 
ginal operating; provides fast closing 
and opening of maximum number of 
circuits ... long coil construction per- 
mits use of high resistance coils... 
may be engineered to operate on as 
little as .002 amps; slow operate or 
slow release models available. 

Mercury -switch relay 

For hazardous atmospheres: contact- 
ing elements hermetically sealed ... 
will handle maximum of 25 amps., at 80 
volts... must be mounted horizontally. 

Duo -Quintet Relay 

Designed for application as a memory 
device... can also be used in binary 
or binary decì'mal storage. 

Magnetic Impulse Counter 
Used to solve switching or control 
problems where the intelligence is 
supplied in the form of a series of 
electrical impulses ... wide applica- 
tion in industrial control, computer 
design, telephone, microwave selective 
signalling and telemetering. 

Type "L" Relay 

A small version of telephone type re- 
lay ... retains flexibility, sturdy con- 
struction and reliability of standard, 
telephone type relays, yet compact, 
lightweight and extremely versatile. 

The "4000" Relay 

Built to fulfill exacting requirements 
demanded by the modern industrial 
control designer..,a high quality, gen- 
eral purpose, telephone type relay, 
with long life and extreme reliability. 

Kellogg will gladly engineer relays 
to meet any application-call 
Kellogg - or write - for full infor- 
mation on the complete Kellogg line 
of relays, components. 

LJfEzzotG 
CH/CAGO, /LL/NO/S 

Kellogg Switchboard and Supply Company, 
6650 South Cicero Avenue, Chicago 38, III. 

Communications Division of 
International Telephone and Telegraph Corporation 

Manufacturers of: Relays 
Hermetically Sealed Relays Switches 

Miscellaneous Telephone Type Components. 
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r "If you would like to be a member 
of a select corps of Engineers, 
working for an interesting, grow- 
ing company .. in one of the 
country's most stimulating areas 
.. I invite you to write to Temco. 
Temco's growth is sound and 
planned, its products are diversi- 
fied and challenging, our facilities 
are modern. Every benefit, for you 
professionally and in good living 
for you and your family, is here. 
Below are some of the areas in 
which jobs are open now." 

MISSILE WEAPONS SYSTEMS 

(Senior Sales Engineer) 

Opportunity exists for graduate en- 
gineer with ten to fifteen years' indus- 
try and military service background, 
emphasizing missile weapons systems 
sales and electronics systems applica- 
tions. As Senior Sales Engineer, he 
will be responsible for contacting mili- 
tary agencies for determination of 
weapons systems requirements, co- 
ordinating the preparation of company 
proposals, and presenting the propos- 
als to the prospective customer. 

ELECTRONIC PRODUCTS AND SYSTEMS 

(Sales Engineer) 

Opportunity exists for graduate Elec- 
tronics Engineer with eight to ten years' 
of industry and military service back- 
ground in sales and/or design of elec- 
tronic products and systems, empha- 
sizing radar, antennae, and comput- 
ers. As Sales Engineer, he will contact 
military agencies and commercial or- 
ganizations for determination of elec- 
tronic products and systems require- 
ments. 

Write BILL G. HICKEY 

Supervisor Technical Employment 
Room 204E, P. 0. Box 6191 

E CO 
.AIRCRAFT CORPORATION DALLAS 22, TEXAS 

core. The PA relay transfers con- 
tacts when pulsed for approxi- 
mately 30 millisec; contacts are 
returned by the next pulse. No 
power is required once the con- 
tacts transfer. Circle 271 on 
Reader Service Card. 
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Photoconductive Cells 
cadmium sulphide 
NATIONAL SEMICONDUCTORS LTD., 

146 Bates Road, Montreal 26, Can- 
ada, announces new cadmium sul- 
phide photoconductive cells fea- 
turing several new physical cells 
designed to meet the most common 
mounting problems. They have a 
power rating considerably supe- 
rior to previous types. Range of 
cells now available includes the 
unsealed types with or without 
pigtails. Another variety is the 
head-on type, hermetically sealed 
by a glass -to -metal seal. Still an- 
other is the tubular hermetically 
sealed cell about 1* in. and l in. 
diameter with pigtails. Cells are 
intended primarily for use in 115 
v a -c circuits but have a rating to 
220 v a -c maximum. Circle 272 on 
Reader Service Card. 

Silicon Rectifiers 
high voltage 
RAYTHEON MFG. CO., 55 Chapel St., 
Newton 58, Mass., announces 12 

new h -v silicon rectifiers made 
. by the diffused junction process. 

Working voltage ratings range 
from 800 to 2,000 v and all types 
have a maximum drop of 2 v at 

fundamental 
in your 

sales 
promotion 

1959 
electronics 

BUYERS' GUIDE 
It's "BUYERS' GUIDE TIME" 
again ... and the industry knows 
where working engineers turn for 
those product specifications that 
mean mass sales when designs are 
accepted. 

CLOSING DATES: 

Copy to set ... April 23 
Complete plates ... May 1 

Inserts at binders ... May 31 

For additional information call 
your local electronics sales repre- 
sentative. 

A MCGRAW-HILL PUBLICATION 
330 WEST 42ND STREET 

NEW YORK 36, N. Y. 
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the rated working voltage. Types 
1N2120 through 1N2125 are in the 
0.28 in. diameter case with wire -in 
construction. Types 1N2140 
through 1N2145 are in the small 
stud package having a 10 -32nd 
thread and ?e in. hex nut. Circle 
273 on Reader Service Card. 

Silicone Rubber 
fibrous in nature 
THE CONNECTICUT HARD RUBBER 
Co., 407 East St., New Haven 9, 
Conn., has developed Cohrlastic 
FSR, a mat of silicone rubber fibers, 
oriented in a completely random 
manner. This random orientation 
of fibers results in a product with 
tensile and tear strength superior 
to silicone sponge and foam. 
Other features are high perme- 
ability, density in the range of 20 
lb/cu ft, good compression -deflec- 
tion characteristics, and useable 
temperature range from -65 F to 
500 F. Circle 274 on Reader Serv- 
ice Card. 

Chambers 
simulate altitude 
GENERAL VACUUM CORP., 400 Bor- 
der St., East Boston 28, Mass., has 
announced the new series 900 
high -altitude simulation chambers. 
Available in sizes from small labo- 
ratory units to large walk-in cham- 
bers, they simulate altitudes up to 
100 miles. The type 988 illustrated 

The Heathkit Model OP -1 Professional 
5" DC Oscilloscope is an example of 
the top quality test instruments avail. 
able from Heath at % the price you 
would expect to pay. This feature. 
packed kit sells complete for only 
$179.95. 

Heathkits give you twice as much equipment 
for every dollar invested. 

The Heathkit Model V -7A is the world's largest selling VTVM. 
Precision 1% resistors are used in 
the voltage divider circuit for high 
accuracy and an etched circuit 
board simplifies assembly and 
cuts construction time in half. 
Price of this outstanding kit is 
only $25.95. 

The Heathkit Model PS.4 Variable 
Voltage Regulated Power Supply 
Kit is another outstanding ex- 
ample of Heath Company engi- 
neering ingenuity. Truly protes. 
sional in performance as well as 
appearance yet it costs only$54.95. 

FREE CATALOG 

Mail the coupon today 
for the latest catalog 
describing over 100 

easy -to -build, high quality 
electronic kits. 

Stretch your test equipment budget 
by using HEATHKIT instruments 
in your laboratory or on your pro- 
duction line. Get high quality equip- 
ment without paying the usual 
premium price by letting engineers 
or technicians assemble Heathkits 
between rush periods. Compre- 
hensive step-by-step instructions 
insure minimum construction time. 
You'll get more equipment for the 
same investment and be able to fill 
any requirement by choosing from 
more than 100 different electronic 
kits by Heath. These are the most 
popular "do-it-yourself" kits in the 
world, so why not investigate their 
possibilities in your business. Send 
today for the free Heathkit catalog! 

ALL PRICES F.O.B. BENTON HARBOR. MICH. PRICES AND SPECIFI- 
CATIONS ARE SUBJECT TO CHANGE WITHOUT NOTICE. 

HEATH COMPANY 
c-" a subsidiary of Daystrom, Inc. 

Benton Harbor 14, Michigan 
Please send the latest Free Heathkit Catalog. 

NAME 

ADDRESS 

CITY ZONE STATE 
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TRANSISTORIZED 

CHOPPERS 
MICROMINIATURE INERTIALESS STABLE LINEAR 

LIGHTWEIGHT LOW POWER RUGGED HIGH SPEED 

NO NMECHANICAL LOW LEVEL LONG LIFE HIGH EFFICIENCY 

ACTUAL SIZE 

Model: 
Type: 

50 

Germanium 

60 

Germanium 

70 

Silicon 

Temperature Range: -55° C, to +85° C -55° C to +90° C -55° C to 

+130° C 

Sq. Wave Drive Volt.: 1 to 10v. p -p 1to15v.p-p 5 to 20 v. p -p 

DC Input Voltage: to 12 v to 15 v to 20 v 

Chopping Freq.: DC to 100 kcps DC to 100 kcps DC to 200 kcps 

Alpha Cutoff Freq.: 900 kilocycles One megacycle 5 megacycles 

Temperature Drift: .04% per °C .02% per °C .03% per °C 
Random Noise: 25uv rms lOuv rms 50uv rms 

Weight: 3 grams 1 gram 2 grams 

DESCRIPTION 

The transistor chopper (or modulator) is a solidly encapsuled unit designed to alter- 
nately connect and disconnect a load from a signal source. It may also be used as a 

demodulator to convert an a.c. signal to d.c. It is capable of linearly switching or 

chopping voltages over a wide dynamic range which extends down to a fraction of a 

millivolt and up to 10 volts. Unlike. mechanical choppers which can only be designed 
to operate over a narrow and comparatively low frequency range due to mechanical 
limitations, this transistorized chopper is an inertialess device that can be driven from 

d.c. to hundreds of kilocycles. 
The switching circuitry used operates the transistors in a manner which provides 
stability and freedom from drift over a wide temperature range. Only carefully selected 

tra nsistors are utilized. 
The noise figure of the transistor chopper is competitive with mechanical choppers for 

many uses. Furthermore, the noise level will not increase with usage. 
This unit is practically immune to the effects of shock and vibration making it ideal 
for military, missile, and portable applications; or where power conservation, miniaturi- 
zation and elimination or maintenance are a necessity. The transistor chopper has an 

inherently long life and is not subject to contact bounce, wear, pitting or burning. 

TYPICAL APPLICATIONS 

Chopper (modulator). 
Demodulator. 
Low, medium level switching. 
D.C. amplifier stabilization. 
High speed servomechanisms. 
Replace less sensitive diode modulators. 
Thermocouple instrumentation. 
Low, medium level D.C. instruments. 

Low level commutators for telemetering. 
Carrier for lower frequency signals. 
Digital meters. 
Portable equipment. 
Low power source equipment. 
Minimum maintenance equipment. 
Multiplex switching equipment. 

SODA RE WAVE 
DRIVE VOLTAGE 

TEST CIRCUIT 

T 
CHOPPED ó.c. 

OUTPUT' 

W -2 -- 1 0 -1- 1+ 2 
DC INPUT VOLTAGE 

SOLID STATE ELECTRONICS CO., 
8158 ORION AVE., VAN NUYS, CALIF. ST. 2 605 

is 6 ft by 6 ft by 7 ft and the pump- 
ing system is sized to reach 285,- 
000 ft altitude in 10 minutes. Cir- 
cle 275 on Reader Service Card. 

Power Rectifier 
heavy-duty 
FANSTEEL METALLURGICAL CORP., 

North Chicago, Ill., announces type 
4A heavy-duty 35 -ampere silicon 
power rectifier. Unit carries a full 
35 -ampere load in half -wave serv- 
ice and up to 100 amperes in 
bridge circuits. It is available 
with peak reverse ratings from 
50 to 400 v in 50-v multiples, and 
is applicable to all types of power 
circuits. It is capable of being op- 
erated at ambient temperatures up 
to 165 C and is unaffected by stor- 
age temperatures from -65 to 
200 C. Circle 276 on Reader Serv- 
ice Card. 

Slip Ring Assembly 
molded phenolic 
LEAR, INC., 3171 South Bundy, 
Santa Monica, Calif., announces 
a molded phenolic slip ring assem- 
bly designed for use in the com- 
pany's automatic flight guidance 
and control system for private and 
commercial aircraft. Transfer 
molding of a phenolic compound 
provides for insertion of six ma- 
chined slip rings and soldered -in 
terminals in a single plastic mold. 
This eliminates 8 manual assem- 
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bly operations formerly necessary, 
as well as an impregnated linen 
base previously used to cut down 
moisture absorption. Circle 277 on 
Reader Service Card. 

Coax Termination 
d -c to 10 kmc 

MICROLAB, 71 Okner Parkway, Liv- 
ingston, N. J. A new line of coax- 
ial terminations are miniaturized 
low power loads designed to oper- 
ate from d -c to 10,000 mc. They are 
intended for airborne and other 
applications requiring compact, 
light weight components, and con- 
sist of a resistive film center con- 
ductor terminated within a care- 
fully matched housing. They have 
a nominal power rating of 2 w 
which can be increased by provid- 
ing an external heat sink or forced 
air cooling. Circle 278 on Reader 
Service Card. 

Spectrometer 
portable unit 
RADIATION INSTRUMENT DEVELOP- 
MENT LABORATORY, 5737 S. Halsted 
St., Chicago 21, Ill. Model 50-8 is a 
versatile, lightweight unit which 
may be used for alpha, beta, gamma 
or neutron detection by a direct in- 
terchange of detecting crystals. 
Unit includes a 14 in. by 2 in. NaI 
(T1) crystal, photomultiplier tube, 
amplifier, pulse height analyzer, 
count rate meter and pulse gen- 
erator as well as the necessary bat- 
teries. Spectrometer measures ap- 
proximately 17 in. by 5 in. by 12 in.; 
weighs 14 lb. Circle 279 on Reader 
Service Card. 

Announcing- 
' IERC's 

Heat - 
Dissipating 
Electron 
Tube 
Shields! 

New THERMA-flex liner makes 
IERC's heat -dissipating tube shields 
cool electron tubes more efficiently! 
IERC and government testing'',using latest techniques, proved 
THERMA-flex tube shield liners to be the most efficient heat -dissipating 
liners available! IERC THERMA-flex liners and tube shields will meet 
all requirements of MIL -S-9372 (USAF) and MIL -S-19786 (NAVY). 
In the shield, the broad areas of the liner attain a particular 
semi-eliptical precision spring curve. Tube insertion causes spring 
curve to flex and adjust to contours of bulb. This action grasps 
a major portion of tube surface, absorbing heat from hot spot which 
is transferred to shield and heat sink and dissipated by 
conduction, radiation and convection. 

THERMA-flex high -efficiency tube shield liners are available now for 
most sizes and types of IERC Miniature Heat -dissipating 
Electron Tube Shields. 

°See NEL Reliability Design Handbook, Sec. 502-"Improved Type 
Miniature Tube Shields," OTS-Jan. 15, 1959 

ER[. REG. U.S. TRADE MARK 

PATENT PENDING 

International Electronic Research Corporation 
145 West Magnolia Boulevard, Burbank, California 

Write for helpful, FREE, IERC Tube Shield Guide with over 1,200 tube 
and tube shield combinations to help you avoid thermal problems 
in your new equipment designs or retrofitting plans! 

Heat -dissipating electron tube shields for miniature, subminiature and octal/power tubes. 
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DCV RANGES (MODEL 269) 

The only VOM with 

100,000 
oHMVOLT 

SENSITIVITY 

100 MEG 

DC INPUT 

IMPEDANCE 
10 MEG 

1 MEG 

160K 

"160 MEG 

Ndb, ...r40 MEG 

4- 
.16 MEG 

"'KEGMEG 

i , X80i0K 

.% 

1YPICAL VTVM 

COMPARISON OF DC INPUT 

IMPEDANCE OF MODEL 269 

VS. TYPICAL VTVM 

1.6V 8V 404 160V 400V 1600V 4000V 

RUGGED 
SPRINGBACK 
JEWEL MOVEMENT 

o 

269 
AC -DC VOLT-OHM-MICROAMMETER 

Here's a VOM with so much capability, you'll find yourself using it 
more than any tester in the lab or shop. The 10 microampere move- 
ment handles tests other VOMs can't touch ... even outdoes a VTVM 
on some checks. And, because the movement in the 269 is built with 
springbacked jewels, you don't have to baby it. Through the toughest 
service, it's always accurate and sensitive. The 269 is handy, too. 
Being self -powered, there's no plug-in required. You can make tests 
anywhere. A big, w -i -d -e 7 -inch scale makes the 33 ranges easy to 
read and you select them merely by turning a knob. Your Electronic 
Parts Distributor will be glad to demonstrate these and other features 
like the Adjust -A -Vue handle and explain the self -shielding of its rugged 
core -type movement. Call him up about this super -sensitive VOM today. 

DC Volts: 1.6, 8, 40, 160, 400, 1600, 
4000... 100,000 ohms per volt. 

AC Volts: 3, 8, 40, 160, 800... 5000 
ohms per volt. 

AF Output Voltage: 3, 8, 40, 160 volts. 

Volume Level in Decibels: -12 to 
+45.5 DB in 4 ranges. 

DC Resistance: 0-2K ohms (18 ohms 

Simpson Electric Company 
5203 W. Kinzie St., Chicago 44, Illinois 

Phone: EStebrook 9-1121 

In Canada: Bach -Simpson Ltd. 
London, Ontario 

center); 0-20K ohms (180 ohms center); 
0-200K ohms (1800 ohms center); 0-2 
megohms (18K ohms center); 0-20 meg- 
ohms (180K ohms center); 0-200 meg- 
ohms (1.8 megohms center). 

DC Current: 0-16, 0-160 ua; 0-1.6, 
0-16, 0-160 ma; 0-1.6, 0-16a. 

Model 269 with Leads and $8800 
Operator's Manual 

A complete line 

for every job. 
Shown here is the 

world-famous 260. 

Literature of 
MATERIALS 

Ferrites. General Ceramics 
Corp., Keasby, N. J., has available 
a paper on ferrites written by the 
discoverer of the square -loop fer- 
rite materials which are the heart 
of the memory in most large high- 
speed digital computers. Circle 
280 on Reader Service Card. 

Machinable Ceramic. Duramic 
Products, Inc., 262-72 Mott St., 
New York 12, N. Y. Bulletin 118 
is a one -page data sheet describ- 
ing grade HT -2-M, a readily ma- 
chinable high -temperature heat 
shock resistant ceramic suitable 
to 2,200 F. Circle 281 on Reader 
Service Card. 

COMPONENTS 

Servo Amplifiers. Magnetic Am- 
plifiers, Inc., 632 Tinton Ave., New 
York 55, N. Y., has published an 
eight -page color brochure entitled 
"High Power Transistor Magnetic 
Sery Amplifiers." Circle 282 on 
Reader Service Card. 

Variable Transformers. Ohmite 
Mfg. Co., 3681 Howard St., Skokie, 
Ill., describes its considerably ex- 
panded line of variable trans- 
formers in a colorful new bulletin, 
No. 151. Circle 283 on Reader 
Service Card. 

Printed Circuits. Arthur Ans- 
ley Mfg. Co., New Hope, Pa., has 
available a new booklet entitled 
"Reliability and Cost in Printed 
Circuits." Circle 284 on Reader 
Service Card. 

Ceramic Standoffs. Centralab, 
a division of Globe -Union Inc., 
900 E. Keefe Ave., Milwaukee 1, 

Wisc. A new catalog of JAN 
ceramic standoff insulators lists 
detailed physical specifications 
and prices on 14 basic styles in a 
wide range of sizes. Circle 285 on 
Reader Service Card. 

Transducers. Rosemount Engi- 
neering Co., 4900 W. 78th St., 
Minneapolis 24, Minn. Short form 
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the Week 
catalog No. 115811 is mainly de- 
voted to a line of temperature 
probes, with a brief section on 
deiced pitot-static tubes and pre- 
cision pressure transducers. Circle 
286 on Reader Service Card. 

Time Delay. Industrial Timer 
Corp., 1407 McCarter Highway, 
Newark 4, N. J. A recent catalog 
bulletin covers the series TH time 
delay, an adjustable, thermally 
actuated snap action switching de- 
vice. Circle 287 on Reader Service 
Card. 

EQUIPMENT 

Instrument Sensors. Magnetic 
Circuit Elements, Inc., 3722 Park 
Place, Montrose, Calif. A family 
of instrument sensors utilizing 
magnetic and static elements 
throughout, and featuring "go, 
no-go" operation is described in a 
new bulletin. Circle 288 on Reader 
Service Card. 

X -Y Recorder. Houston Instru- 
ment Corp., 1717 Clay Ave., Hous- 
ton 3, Texas. A well -illustrated 
4 -page folder describes the HR -92, 
a null -seeking servo -type plotter 
designed to draw curves in Carte- 
sian coordinates on regular 81 by 
11 paper. Circle 289 on Reader 
Service Card. 

Electronic Counters. North- 
eastern Engineering, Inc., 25 S. 
Bedford St., Manchester, N. H. A 
technical data catalog contains il- 
lustrations, description and appli- 
cations of models 14-20A and 
14-20AT electronic counters. Cir- 
cle 290 on Reader Service Card. 

FACILITIES 

Capacitors and Filters. Astron 
Corp., East Newark, N. J., has 
published a catalog on its full line 
of capacitors and filters. The book- 
let also carries a photographic 
"guided tour" of the plant that ex- 
plains product production from re- 
se:rching and engineering to test- 
ing and quality control. Circle 291 
on Reader Service Card. 

FREE ANALYSIS 
OF YOUR DIFFICULT MACHINING 

PROBLEMS 
Photo courtesy C -MAR CORP., MANASQUAN, N. J. 

23 HOLES AND SLOTS DRILLED IN CERAMIC AT ONCE! 
PROBLEM: drill 23 holes and slots in a mica wafer for radar tube spacers, 
then repeat the process time and again with exact spacing and tolerance. 
SOLUTION: A Raytheon Impact Grinding Analyst recommended using alumi- 
num oxide ceramic spacers in place of mica. He suggested machining the 
ceramic by building a jig template to hold the 23 tool bits in precise location 
and silver brazing them all to a Raytheon Impact Grinder tool holder. RESULT: 
the successful production of ceramic spacers with precise accuracy. The 
ceramic rather than the usual mica provides quiet tube performance, doubles 
tube life. 

HOW YOU CAN BENEFIT - 
Whatever your difficult cutting, slicing, drilling, 
engraving or shaping problems-in hard or brittle 
materials-a Raytheon Impact Grinding Analyst 
can help you find the answer-without cost or 
obligation. For full details, mail the coupon below 
...today! 

MAIL THIS 
COUPON 
FOR FREE 
ANALYSIS 
-without 
cost or 
obligation. 

1 
L 

áYTHEoN 
Excellence in Electronics 

TO RAYTHEON MANUFACTURING COMPANY 
COMMERCIAL EQUIPMENT DIVISION 
INDUSTRIAL PRODUCTS DEPT. EW4 
WALTHAM 54, MASSACHUSETTS 

D Please send me literature on Raytheon Impact 
Grinders. 

D Please have a Raytheon Impact Grinding Analyst 
contact me. 

My problem is: (describe metals, or non-metals involved, 
tolerances, etc.) 

NAMF 

COMPANY 

ADDRESS 

CITY STATF 

9 
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PLANTS AND PEOPLE 

GE -Phoenix Gets New Plant 
FIRST "home base" for GE's two -year -old computer department was 
recently dedicated in Deer Valley Park, Phoenix, Ariz. This brings 
together under one roof most of the operating functions of the depart- 
ment which previously had been housed in widely scattered locations 
in the Valley. 

The new 104,000-sq-ft, $1.5 -million headquarters and laboratory 
building will house approximately 700 executives, engineers and office 

workers. Even as this building was being dedicated, workers were in 
their second week of construction on an 87,000-sq-ft manufacturing 
facility behind the structure. Completion of this in September-plus 
the company's 50,000 sq ft of leased space and 10,000 sq ft in the Com- 
puter Center on the Arizona State U. campus-will give GE almost 
250,000 sq ft in the Phoenix area. 

Speaking at the official dedication, department general manager 
Clair C. Lasher said GE formed a computer department a little over 
two years ago when it became apparent industries the company served 
had developed a need for them. "The market for computers in these 
industries-industrial, transportation, and utility-developed slowly, 
compared to the market for computers used as business machines", he 
said. 

He pointed out the department is presently working on an order 
backlog of around $50 million. "Our 1958 sales were double those of 
the previous year, and I expect our sales this year to be about twice 
that amount. We expect to add about 500 more employees during 1959, 
bringing our total to around 1,500. Approximately 50 percent of the 
added personnel will be in manufacturing, with product service being 
the next largest growth area." 

Name Birochak 

Production Mgr. 
EDWARD BIROCHAK has been ap- 
pointed production manager for 
Weinschel Engineering Co., Inc., 
and for its subsidiary, Weinschel 
Engineering and Mfg. Corp., Ken- 
sington, Md., manufacturers of pre- 
cision electronic testing equipment. 

Prior to joining Weinschel Engi- 
neering in 1957; Birochak was em- 
ployed for eight years at the stand- 

ards and calibration section of the 
measurement development branch 
at Wright Air Development Center, 
Dayton, Ohio. There he was re- 
sponsible for the development of 
microwave standards for power, 
impedance, attenuation and fre- 
quency measurement. 

Itek Corporation 
Names V -P 
APPOINTMENT of John H. Carter as 
vice president of Itek Corp., Wal- 
tham, Mass., is announced. He had 
been weapons systems manager of 
Lockheed Aircraft Corporation's 
satellite program since 1957. 

With Itek, Carter's responsibili- 
ties will include the organization 
and operations of Vidya, Inc., which 
is being set up under Itek sponsor- 
ship for R&D work in the fields of 
aerophysics, electronics and thermo- 
dynamics. He will also represent 
Itek in its dealings with West Coast 
military centers and industries. 

Barr Moves to Sales 
at Van Norman 
APPOINTMENT of Paul Barr to the 
position of chief sales engineer at 
Van Norman Industries, Inc., Man- 
chester, N. H., is announced. He 
will be responsible for liaison be- 
tween Van Norman engineering and 
governmental and industrial pur- 
chasers of the company's electro- 
mechanical test instruments and 
systems. 

Barr, formerly a senior project 
engineer, was active in the design 
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The new Tektronix Type 581 is a general-purpose oscilloscope 
with excellent transient response and high-speed sweeps. 
Risetime is 3.5 mµsec and sweep time is calibrated to 0.01 
µsec/cm. Passband is dc to approximately 100 mc. 

The vertical deflection system is designed for plug-in 
preamplifiers. A low -capacitance probe is an integral part 
of the Type 80 Plug -In Preamplifier, which provides a 
calibrated deflection factor of 0.1 v/cm. Sufficient signal 
delay is included in the main vertical amplifier to permit 
displaying the leading edge of the waveform under obser- 
vation. 

The wide sweep range of the Type 581 includes cali- 
brated sweeps fast enough to take advantage of its rise - 
time capabilities. Calibrated sweeps from 0.05 µsec/cm to 
2 sec/cm are available in 24 steps, and a 5-x magnifier in- 
creases the calibrated range to 0.01 µsec/cm. Sweep time 
is continuously adjustable from 0.01 p.sec/cm to 5 sec/cm. 

TYPE 585 

Versatile triggering includes amplitude -level control, and 
preset stability for operating convenience. Lockout -reset 
circuitry provides for one-shot sweep operation. 

A new Tektronix cathode-ray tube with distributed - 
type vertical -deflection plates is used in the Type 581. 
10 -kv accelerating potential assures a bright trace, even at 
low sweep -repetition rates. An amplitude calibrator is also 
incorporated in the Type 581, with square -wave output 
from 0.2 my to 100 v in 18 steps. 

The Tektronix Type 585 has, in addition to 
the identical general specifications of the 
Type 581 a second time base generator. 
This time -base generator, designated TIME 
BASE B, acts as a delay generator, provid- 
ing a wide range of calibrated sweep delay. 
Two modes of sweep delay are available- 
triggered (delayed sweep is started after the 

delay period by the signal under observation), 
and conventional (delayed sweep is started 
at the end of the delay period by the de- 
layed trigger). Calibrated sweep delay is 
continuously variable over the range of 
1 µsec to 10 sec. Color -correlated controls 
eliminate confusion, making this new high- 
performance oscilloscope easy to operate. 

PRICES 
TYPE 581, without plug-in units $1375 
TYPE 585, without plug-in units $1675 
TYPE 80 Plug -In Preamplifier, with Probe -$ 1 50 
(Other plug-in preamplifiers are currently in development.) 

Prices f.o.b. factory. 

Tektronix, Inc. 
P. O. Box 831 Portland 7, Oregon 

Phone CYpress 2-2611 TWX-PD 311 Cable: TEKTRONIX 

TEKTRONIX FIELD OFFICES: Albertson, L. I., N.Y. Albuquerque Atlanta, Go. Bronxville, 
N.Y. Buffalo Cleveland Dallas Dayton Elmwood Park, Ill. Endwell, N.Y. Houston 
Lathrup Village, Mich. East los Angeles West Los Angeles Minneapolis Mission, Kansas 
Newtonville, Mass. Orlando, Flo. Polo Alto, Calif. Philadelphia Phoenix San Diego 
St. Petersburg, Flo. Syracuse Towson, Md. Union, N.J. Washington, D,C. Willowdale, Ont. 

TEKTRONIX ENGINEERING REPRESENTATIVES: Hawthorne Electronics, Portland, Oregon., 
Seattle, Wosh.; Hytronic Measurements, Denver, Colo., Salt Lake City, Utah. 

Tektronix is represented in 20 overseas countries by qualified engineering organizations. 
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TEEREX LABORATORIES 
Designers and Manufacturers of 

COMMERCIAL SERVICE 
"BEAMED -POWER" ARRAYS 
AND TWO-WAY SYSTEMS 

Model illustrates o wide - 
spaced, 12 element circular 
polarized optimum -tuned 
skewed dipole "SPIRALRAY" 
antenna. Provides unusually 
high gain, even response, in 
all polarization planes, verti- 
cal, horizontal or oblique 
with unusually high signal- 
to-noise ratio. 
NO OTHER CIRCULAR PO- 
LARIZED ARRAY known to 
the art today can provide 
the linear high gain and 
signal-to-noise ratio in all 
radiation planes. 
The ideal antenna for missile 
tracking, telemetering and 
no -fade response to mobile 
(or moving) stations. 
Models available to extend 
the practical range of 2 -Way 
Communication Systems. 

Model SY-12-104-11 
$265.00 

Model MSY-104-110 
$390.00 

(f.o.b. Asbury 
Park, N. J.) 

ASBURY PARK 44, NEW JERSEY, U.S.A. 

CIRCLE 148 READERS SERVICE CARD 

Now... 

POSITIVE ACTION 

SWITCHES 
Wiping contacts insure perfect 
switching for very low energy circuits 
Positive -break action insures safe, reli- 
able switching with high energy circuits 
Direct toggle -to -contact mechanism 
guarantees switching action 
First totally enclosed, environment 
proof toggle switch 
1° lever throw opens circuit 
Positive detent action prevents switch 
teasing 
New insulating material gives 3 times 
greater arc tracking resistance 
Greater terminal clearance for easier 
wiring 
Improved bushing seal is molded in 
place 

Cutler -Hammer single, double, 
and four pole Positive Action 
Switches will be available in 
unlimited circuit arrangements 

. single throw, double 
'throw, momentaries, etc. For 
detailed information, write for 
Pub. EA168-G220, CUTLER 
HAMMER -Inc., Milwaukee 1, 

Wisconsin. 

CUTLERHAMMER 
Cutler -Hammer Inc., Milwaukee, Wis. olds,..: Airborne Instruments Laboratory. subsidiary: Cutler -Hammer International, C. A. 

.tic«tanº: Canadian Cutler -Hammer, Ltd.; Cutler -Hammer Mexicana, S. A.; Intercontinental Electronics Corporation. 

Model illustrated: 
No. SY 12-104-110 

Electrical Specifications-Model No. 
SY-12.104-110: Polarization, circular, 
linear within 1/2 db. Gain 13 db. F/B 
Ratio 30 db. V/S/W/R (50 ohm 
cable) 1.1/1. Beamwidth at half 
power points 33 degrees. Max. power 
input 300 w, with "Balun" supplied. 
Mechanical Specifications: Boom 
diameter 2" O.D. x 25 ft. All alumi- 
num boom and elements. Weight ap 
prox 25 lbs. Rated wind -load 90 mph. 
No ice load Available for 120 mph 
wind load. (Model No. MSY-104110). 

Telrex is 

equipped to design 
and supply to 
our specifications 
or yours. Broad- 
band or single 
frequency, fixed or 

rotary arrays for 
communications, 
FM, TV, scatter - 
propagation, etc. 

Consultants 
and suppliers 
to communication 
firms, universities, 
propagation 
laboratories and 

the Armed Forces. 

of the company's vhf/uhf sweep 
generator and the design of a test 
set for missile relay testing. He 
was also in charge of the develop- 
ment of advanced types of preci- 
sion indicating meters. 

Communication and TV Antennas Name President 

rex LABORATORIES at Arnoux Corp. 
NEWLY appointed president of Ar- 
noux Corp., Los Angeles, Calif., is 
Richard W. Hodgson. He moves up 
from the position of executive vice 
president of the corporation. 

Prior to joining Arnoux, Hodg- 
son was chief of the engineering 
test department of Radioplane Co. 

Granger Names 

J. T. Bolljahn 
JOHN T. BOLLJAHN leaves his post 
as assistant director of engineering 
research at Stanford Research In- 
stitute to become executive vice 
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LACIN9 TAPE 

PROBLEMS? 

GUDEBROD 

CHARTS THE 

ANSWER 

ó 
C' 

S 
Q 
á 

5 
V1 

= 
W U J 
ó 
rJ- 

Ú Q 
ó 
L-1 

MAX. TEMP. °C 375° 220° 160° 125° 90° 

WAXED FINISH X 

RUBBER FINISH X X X 

NON-TOXIC X X X X X 

INERT X X X X X 

FLEXIBLE TO °C -400 -40° -40° -40° -20° 

FUNGUS RESIST. X X X X X 

SIZES AVAILABLE 4 5 7 5 7 

SLIP RESISTANCE 

COMPLIANCE 
X X X X X 

Only a few Gudebrod flat - 
braided Lacing Tapes are 
included in this chart. Many 
are available with silicone 
finish, with vinyl finish ... 
many are available pre- 
shrunk with controlled 
shrinkage characteristics. 
We will be glad to engineer 
a tape to meet your needs. 

Gudebrod Lacing Tapes and 
Drive Cords are used with 
signal success in communi- 
cations, utilities and the 
critical field of defense elec- 
tronics. Write for new Data 
Book with complete specifi- 
cations of ALL Gudebrod 
Lacing Tapes. 

GUDEBROD 
BROS. SILK CO., INC. 

ELECTRONIC DIVISION 
225 West 34th Street, New York 1, N.Y. 

EXECUTIVE OFFICES 
12 South 12th Street, Philadelphia 7, Pa. 

president of Granger Associates, 
Palo Alto, Calif. 

Anticipated expansion of produc- 
tion facilities and increased con- 
tract work faced by the firm, which 
specializes in electronic systems, 
will immediately benefit from Boll- 
jahn's participation and guidance, 
according to John V. N. Granger, 
president of the organization. 

News of Reps 
Santa Barbara Instrumentation 
Corp., Santa Barbara, Calif., an- 
nounces six new reps for its line 
of miniature recorders and com- 
ponents. New reps and areas cov- 
ered are as follows : 

Emory Design & Equipment Co. 
-Florida, Alabama, Georgia and 
western Tennessee; The Candor 
Co.-North and South Carolina, 
and southern Virginia; Thomas M. 
Mills Co.-Pennsylvania and New 
Jersey; The Norwest Co.-Seattle, 
Wash.; Roland Olander Co. - 
southern California, excluding 
San Diego; William H. Denny Co. 
-San Diego. 

Sales representation in the state 
of Michigan for Telemeter Mag- 
netics, Inc., of Los Angeles, Calif., 
has been assigned to Anderson 
Electronics Co., of Roseville, Mich. 

Walter Barth has joined the sales 
staff of S. A. Shaw Co., manu- 
facturers' reps, of Yonkers, N. Y. 
He will call on industrial and mili- 
tary accounts for the firm which 
represents General Transistor, 
Sonotone, Sarkes Tarzian and Il- 
linois Condenser. 

Waters Mfg., Inc., Wayland, Mass., 
appoints Simberkoff Sales Co. of 
Hoboken, N. J., as its rep for the 
sales of Waters potentiometers, 
components and instruments in 
New York State excluding greater 
New York City and Long Island. 

Ridgway Engineering, Inc. of Chi- 
cago, Ill., has been appointed as 
sales rep for Baird -Atomic, Inc., 
Cambridge, Mass. Rep firm han- 
dles B -A's transistor testing and 
semiconductor testing equipment 
lines in Indiana, Illinois, Wiscon- 
sin, western Kentucky and eastern 
Iowa. 

Deflection 

YOKE 
specialists 

COMPLETE LINE for every Military and 
Special purpose . . . in PRODUCTION 
QUANTITIES . . . or CUSTOM DE- 
SIGNED to your specific requirement. 

FOR PPI DISPLAYS 
Compact Rotating Coil Yoke 

-I 

1 
tfli LI LtNGTM 

Stock Type Y25 illustrated 

OTHER ROTATING TYPES avail- 
able with fixed off -centering or rotating 
off -centering. Many mechanical and 
electrical variations. 
FIXED TYPES with push-pull wind- 
ings. Low current coils for slower 
sweep speeds. Low impedance coils 
for transistor drives. 
Neck diameter, core material, configu- 
ration, deflection angle and electrical 
design to your precise spec. For en- 
gineering help,contact Dr.HenryMarcy 
today. 

syn tron ic 
INSTRUMENTS, INC. 

100 Industrial Road, Addison, Illinois 
Phone: Kingswood 3-6444 
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COLUMBUS 
ELECTRONICS 

CORP. 

DOUBLE 
DIFFUSED 
SILICON 

RECTIFIERS 

STUD / AXIAL LEAD 
7/16-11/16 TOP HAT 

STUD 
INSULATED 

Now ... an extensive line of high 

performance, hermetically sealed, sili- 

con power rectifiers UP TO 35 AMPS. 

HOE( types exceeding MIL specifica- 
tions. 

NEW 
SINGLE unit VERY HIGH VOLTAGE silicon 
rectifiers exhibiting these desirable 

characteristics .. 

HIGH LOW 
VOLTAGE FORWARD DROP 

up to 2000 MV 1.5 Volts, DC 

EXTREMELY FORWARD 
LOW LEAKAGE CURRENT 

t NA up to 20Amps. 

NEW 
INSULATED STUD silicon rectifiers 
offering these quality features... 

Simplify mounting 
Saves assembly parts & costs 
Obtain efficient heat transfer 

Give greater design flexibility 

AVAILABLE UP TO 10 AMPS PER UNIT AND 

UP TO 2000 VOLTS PIV. 

WRITE FOR FULL DETAILS 

COLUMBUS ELECTRONICS CORP. 

1010 SAW MILL RIVER RD., YONKERS, N. Y. 

YOnkers 8.1221 TWXYonkers, NY1369 
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COMMENT 
Teflon Dangers? 

We quote from ("Hot Iron Un- 
harnesses Teflon -Covered Wire," 
p 77, Jan. 30) : 

"Wiring harnesses made up of 
Teflon -covered wire may be quickly 
opened by taking advantage of the 
heat resistance of the plastic. Orig- 
inally, the harness is wrapped with 
a fabric or plastic with a melting 
temperature below 500 F. To open 
the harness for repair or replace- 
ment of a wire, the tip of a heated 
soldering iron is applied to the lac- 
ing. The lacing will burn off with- 
out affecting the sleeving, accord- 
ing to Polymer Corporation, Read- 
ing, Pennsylvania, a manufacturer 
of Teflon spaghetti tubing." 

Also quoted is an article from the 
November 1958 issue of Digest, 
U. S. Naval Aviation Electronics, 
p 11. 

"At normal temperatures Teflon 
is certainly one of the most inert 
substances known; it is used thera- 
peutically for replacement of hip 
bearing in humans, for example. 

"However, when heated to tem- 
peratures in the ranges of 550 to 
580 F, the rate at which fumes are 
given off becomes sufficiently high 
that real danger to humans may 
exist. In fact, COMNAVAIRLANT 

Notice 5101 of 17 June 1958, states 
that death can result from inhaling 
fluorine compounds which can be re- 
leased from even small pieces of 
heated Teflon. Such compounds may 
be released if Teflon is heated above 
400 F. Extreme caution should be 
exercised to remove any Teflon 
chips, particles or dust from hands 
and clothing before smoking. The 
smoking of cigarettes contaminated 
by chips or dust of Teflon is most 
definitely not recommended. 

"It is not known just what chemi- 
cal (or chemicals) produced is the 
primary offender; hydrofluoric acid, 
which is used to etch glass, is known 
to be less toxic than the offending 
chemicals given off. 

"Unfortunately, smaller concen- 
trations than are required to pro- 
duce a warning irritation may be 
harmful. 

"Under severe overload condi- 
tions which result in wires burning 
their insulation, toxic fumes are 
given off from insulating materials 
such as silicones, vinyls, (wool) and 

HIGH POWER CW 

mm WAVE SOURCES 

8.6 mm fixed frequency klystron 
Type No. 8FK1 giving an aver- 
age power output of 25 watts 
and a guaranteed output of 15 
watts. A tunable version of this 
klystron Type No. 8FTK2 can 
also be supplied. 

SPECIAL FEATURES OF THESE 

KLYSTRONS: 

* High temperature glass bake 
of 700°C ensures high degree 
of vacuum and low noise. 

* Floating drift tube construc- 
tion gives high efficiency, and 
when used in conjunction 
with water cooling ensures 
frequency stability. 

ALSO AVAILABLE 

Noise diode for 8 mm waveband 
Type No. 8NT5. 

Monitor diodes centered on 35,- 
000, 10,000, 3,000 and 2,300 mcs. 
Development samples of 6 mm 
fixed frequency 5 watt klystron 
Type No. 6FK1 and 8 mm local 
oscillator reflex klystron Type 
No. 8RK4. 

FULL DETAILS INCLUDING PRICE AND 

DELIVERY WILL BE SUPPLIED ON 

REQUEST 

LIOTrj 
ELLIOTT BROTHERS (London) LTD 

VALVE DIVISION 

Manor Way, Borehamwood, Herts., 
England 

Telephone Elstree 1889 

A member of the ELLIOTT-AUTOMATION GROUP 
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rubbers. Though Teflon is thought 
to be somewhat more toxic than 
other materials once overheated, it 
does not give off toxic fumes until 
heated to a much higher tempera- 
ture than competitve products. 

"The following precautions are 
dictated by common sense: 1) in- 
sure adequate precautions to pre- 
vent overheating of articles con- 
taining Teflon; 2) observe scrupu- 
lous cleaning procedures to properly 
dispose of Teflon scraps; 3) avoid 
breathing fumes if overheating oc- 
curs; 4) solder Teflon -insulated 
wire in adequately ventilated spaces 
only." 

We believe the two quotes may 
represent a- contradiction which 
may well affect safety of personnel. 

S. F. HOGGE 
ARINC RESEARCH CORP. 
WASHINGTON, D. C. 

Reader Hogge's letter went also 
to W. J. Davis, product develop- 
ment manager of Polymer Corpo- 
ration of Pennsylvania, who sent 
this reply: 

I might say first that there has 
been much unsupported publication 
and speculation regarding the toxic 
effects of fumes given off by the 
decomposition of Teflon. Unfortun- 
ately, this type of activity ofttimes 
generates erroneous popular opin- 
ions which become accepted as ac- 
tualities. 

I would like to point out that mak- 
ing some logical assumptions one 
can calculate the amount of gaseous 
products evolved in melting off the 
lacing on bundles of Teflon -covered 
wire. Assuming that the gases 
evolved are confined to one cubic 
foot of air, such calculations would 
indicate a concentration of less than 
one -tenth of a part per million. This 
is an exceedingly small amount and 
obviously would not be confined to 
an area so small as one cubic foot. 
A check of health regulations on 
the most reactive fluorine contami- 
nates such as hydrofluoric acid 
shows a maximum allowable con- 
centration for an eight -hour day of 
three parts per million. Keep in 
mind that this is a continuous three 
ppm for eight hours, whereas in the 
lace cutting operation 0.1 ppm ex- 
ists only momentarily. 

W. J. DAVIS 
POLYMER CORP. OF PENNSYLVANIA 
READING, PA. 

another 
wonderful 

GRC idea 

for designers 

GRC's UNIQUE AUTOMATIC 

METHODS INSERT THREADED 
{ 

PIECES, WIRES, even CONTINUOUS 

ELEMENTS, RIGHT IN THE 

MOLDING OR CASTING CYCLE 
fast . economical, GRC's exclusive automatic machines 
insert elements in zinc alloy die castings, in thermoplastic 
ergiczrel moldings . assure uniformity, eliminate 

mail . assembly, make possible entirely new designs, 
cut labor and costs. 

Write for bulletins, send prints for quotation 
NO SIZE IS TOO SMALL! MAXIMUMS: 
Zine Alloy 11/2", 1/2 oz. Plastic 11/4", .03 oz. 

World's Foremost Producer of Small Die Castings 

G'RIES REPRODUCER CORP. 
151 Beechwood Ave., New Rochelle, N. Y. NEw Rochelle 3-3600 
Be sure to see GRC at the Design Engineering Show-Booth 

A DOUBLE 

INSERT Part, 
automatically 

produced 

For this IBM Brush 
Assembly, the core is 
die cast automatically 

and continuously 
onto 6 strands of 

music wire, 3 on 
each side. 

In the second cycle 
the nylon insulating 

jacket is molded 
automatically and 

continuously . 

right onto the die 
cast core and 
wire inserts. 

1524 

L. 

CIRCLE 142 READERS SERVICE CARD 

CELCO 
STANDARD 

KES 
for MILITARY and COMMERCIAL PRECISION DISPLAYS 

Single units or production quantities IMMEDIATELY AVAILABLE FOR 7 8", 1", 1.7,16", 
2", 2.1/8", 2-1/2", CRT necks. 

Write for Celco deflection yoke catalogue or for immediate engineering assistance call 
your nearest Celco plant. 

Mahwah, N. J. Miami, Fla. Cucamonga, Calif. 
DAvis 7-1123 Plaza 1-9083 YUkoa 2-2588 

Susquehanna, Pa. 

Ulysses 3-3500 

eaudta.r.tl.ce Ekgr,u;es;i.cg 1'aiezataclea ear --t'---_ 
ebb -- 

e 4et 

Transistor or Vacuum tube drive. 
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EMPLOYMENT OPPORTUNITIES 
DISPLAYED -RATES- UNDISPLAYED 

The advertising rate is 828.67 per inch for all advertising $2.40 per line, minimum 3 lines. To figure advance payment 
appearing on other than a contract basis. Contract rates count 5 average words as a line. 
quoted on request. Box Numbers-counts as 1 line. 

An advertising inch is measured 7/" vertically on a column Discount of 10% if full payment is made in advance for 
-3 columns -30 inches to a page. 4 consecutive insertions. 

Subject to Agency Commission. Not subject to Agency Commission, 
Send NEW ADS to ELECTRONICS, 330 W. 42nd St., New York 36, N. Y. 

Development & Production 

ELECTRONIC 

TUBE 

ENGINEERS 

Make The 
Move To 

MA CHLETT 
. WORLD'S LARGEST PRODUCER OF 

X-RAY TUBES AND A LEADER IN 
POWER TUBE DEVELOPMENT. 

Dramatic new long-range developments ate 
not only accelerating our rate of growth t.. 
an unprecedented degree, they are creating 
assignments that require an engineering 
capability of the highest order. Result- 
opportunities for promotion, recognition and 
commensurate rewards aro greater than ever. 

Add to this the liberal company benefits, the 
progressive employer -employee relationships. 
and the exceptional living accommodations of 

this delightful Connecticut community, and 
a career with Machlett becomes the answer 
to your every personal and professional wish. 

You are invited to come in, 
call or send your resume to: 

WANTED 

Radar Antenna 

Design Engineers 

Several exceptional opportun- 
ities available with leading 
engineering company located 
in New York City. 

Please send complete resume 
to: 

BOX E-5, Suite 1606, Times Tower 

Bldg., New York 36, New York. 

with experience in any of the 
following fields: 

STORAGE, DISPLAY, 

PHOTOSENSITIVE 

or POWER TUBES 

MnCHIEi 
Laboratories. Inc.. 
1063 Hope St., Stamford, Conn. 

Fireside 8-7511 

FIELD ENGINEERS 
BASE PAY $8,500-$12,000 

Attractive salaries. excellent benefits and stable 
employment is offered to engineers (E.E. preferred) 
with 0-5 years experience. Choice of U.S. or over- 
seas assignments. All expenses paid. Write in 
confidence to: John Allen, 6 North Michigan Ave., 
Room 708, Chgo. 2, III. Financial 6-1155 

PROJECT ENGINEER 
SALARY $14,000 PER YEAR 

Will supervise infrared group. Physics degree pre- 
ferred, and should be familiar with the state of 
the art on systems, components, techniques, etc. 
Any experience in noise analysis helpful. Company 
client will assume all employment expense. 

ESQUIRE PERSONNEL INC., 
202 SOUTH STATE ST., CHICAGO 4, ILL. 

When Answering 
BOX NUMBERS 

to expedite the handling of your correspondence 
and avoid confusion, please do not address a single 
reply to more than one individual box soother. 
Be sure to address separate replies for each adver- 
tisement. 

MARKETING YOUR PRODUCTS 
THRU ELECTRONICS PARTS DISTRS? 

EXPERIENCED SALES MANAGER AVAILABLE 
8 yrs. experience FULL Marketing responsibility for nationally known product line. 
20 yrs. experience in Electronics, Component Parts, and Sales Promotion at your 
disposal to help you Formulate and Execute your national Marketing Program. 
College Degree (B. S. in Marketing) complements NATIVE PROMOTIONAL SELL- 

ING TALENT. Have sincerity and ability to stimulate RAPPORT among Associates, 
Sales Representatives, and your Market. 
41 yrs. of age. Remuneration-$18,000 Plus Bonus. Resume to interested Prin- 
cipals. 

PW-1511, Electronics 
Class. Adv. Div., P.O. Box 12, N. Y. 36, N. Y. 

TRANSDUCER 

ENGINEER 
YOUR INVENTIVE ABILITY 

WILL FIND FERTILE GROUND 
WITH IRC IN PHILADELPHIA 

It's no accident that many engineers have 
chosen this dynamic, expanding organiza- 
tion to further their life's work. 

If you are an ME or EE with good develop- 
ment background in industrial or military 
pressure or position Transducers this rare 
five figure opportunity should be investi- 
gated immediately. 

For complete details in confidence 
Call Collect: 

WAlnut 2-2166, Ext 357 (Philo) 
or write employment 

CONTROL COMPONENTS DIVISION 

INTERNATIONAL 

RESISTANCE CO. 

401 North Broad St. 

Philadelphia 8, Pa. 

Engineers-INVEST 
your resume in LFE * 

IMMEDIATE OPPORTUNITIES: 

*CIRCUIT DESIGN 

*QUALITY CONTROL 

*MICROWAVE 

*COMPUTERS 

*TRANSISTOR 

*SENIOR PHYSICIST 

*SENIOR PROJECT ENGINEERS 

*RELIABILITY 

*RADAR & SYSTEMS 

*FLIGHT TEST 

*FIELD ENGINEERS 

*ELECTRONIC ENGINEERS 

Send resume to: 
Professional Placement Director 
75 Pitts Street 
Boston 14, Mass. 

LABORATORY 
FOR ELECTRONICS 

An employment advertisement in this 
EMPLOYMENT OPPORTUNITIES section 
will help you find the engineers you need. 
It's an inexpensive, time saving method 
of selecting competent personnel for every 
engineering job in the electronic field. 
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EMPLOYMENT OPPORTUNITIES 

_--a--- ' 

Expense -paid interviews 
All inquiries treated confidentially 

For further information write: GEORGE E. BROOKS 

Engineering Employment 

an invitation 
to creative 
engineers... 

Here's your invitation to team with Lear, In- 
corporated, a company which through years 
of continuous growth while working with 
the Army, Navy and Air Force has developed 
a host of new systems and more than 400 
current products that are now established in 
the inventory of new weapons systems. 
Lear work includes the fields of guidance 
systems for interceptor missiles for the Army 
and Air Force, ASW equipment for the Navy 
and Marines, and aircraft and missile flight 
controls for the Army, Navy and Air Force. 
More Lear -designed attitude indicating sys- 
tems are operational in U.S. military jets than 
any other systems of that type. 
This wide acceptance of Lear products in 
military aviation offers you greater oppor- 
tunities for advancement and challenging 
assignments. Right now at Lear's Grand Rap- 
ids Division, located in a metropolitan area 
noted for its residential sections, pleasant 
climate and year -around recreational oppor- 
tunities, we have openings for: 

SENIOR PROJECT ENGINEERS 
With 6 years or more appropriate experience 
in gyro systems engineering, attitude -indi- 
cating instruments, stable platform, flight 
reference systems. 

DESIGN & DEVELOPMENT ENGINEERS 
Precision mechanisms design and develop- 
ment experience applicable to Rate Gyros, 
Rate Integrating Gyros, or free, vertical or 
directional Displacement Gyros. 

ELECTRONIC DESIGN ENGINEERS 
With 3-5 years or more experience in vac- 
uum tube or transistorized circuitry design 
and development. Background in electronic 
systems analysis desirable. 

ELECTRO -MAGNETIC ENGINEERS 
Experience in design and development of 
electro -magnetic components and sensing 
devices such as instrument motors, gyro 
pickoffs, microsyns, synchros, resolvers, 
potentiometers. 

ELECTRO -MECHANICAL ENGINEERS 
Experience in design of electro -mechanical 
mechanisms, servo positioning systems, elec- 
tronic circuitry or packaging. 

LEAR, INC. 

110 IONIA AVE., N.W. 
GRAND RAPIDS, MICH. 
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EMPLOYMENT OPPORTUNITIES 
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At MOTOROLA in PHOENIX... 
There's an uncommon opportunity to 
BE RECOGNIZED in engineering circles 

It's the nature of us humans to be stimulated ... to do better 
work ... when others in the same profession know about our 
accomplishments. At Motorola in Phoenix, the project approach 
assures the engineer that his sparks will not be smothered by 
anonymity. Every Motorola engineer is provided responsibility 
commensurate with his ability; his contributions as a member 
of a project team form the basis for his career advancement. 
Motorola, heavily engaged in diversified electronics research 
and production, encourages each engineer to carry his idea 
through to practical reality. If you are attracted by a creative 
atmosphere such as this - and by the sunny atmosphere of the 
nation's most enjoyable climate - write to Mr. Kel Rowan, 
Department A-5. 

A-)1( MOTOROLA 

Western Military Electronics Center / 8201 E. McDowell Rd. Phoenix, Arizona 

OPPORTUNITIES. 

Electronic Engineers, Mechanical Engineers, Physicists-SYSTEM ANALYSIS, DESIGN 

AND TEST-Radar Missile Guidance Navigation Combat Surveillance 
Communications Field Engineering Data Processing and Display - CIRCUIT 

DESIGN, DEVELOPMENT AND PACKAGING-Microwave Pulse and Video 
Antenna Transistor R -F and I -F Servos Digital and Analog 
TECHNICAL WRITERS AND ILLUSTRATORS, QUALITY CONTROL ENGINEERS, RELI- 

ABILITY ENGINEERS 
Motorola also offers opportunities at Riverside, California and Chicago, Illinois 

PERSONNEL MANAGERS 

LOOKING FOR 

Experienced Engineers .. . 

Technical Personnel? 

Write for a free copy of: 

"How You Can Reach The 

Experienced Engineer . a ." 

The top-flight engineers and 
technical personnel you want 
are at a premium ... as this 
twelve page 
out. How you 
influence these 

told. 

booklet points 
can reach and 
men is the story 

The booklet tells where to 
find the experienced engineer. 
It explains how you can make 
contact ... channel and con- 

centrate your employment ad- 
vertising to just the men with 
the job qualifications you want. 
Included are testimonials from 
personnel men who use techni- 
cal publications successfully ... 
sample advertisements that got 
results ...helpful hints to con- 

sider and pitfalls to avoid when 

you prepare your copy and 
layout for an Employment Op- 
portunity advertisement. 

Write for your free copy to: 

Mr. Thomas Bender 

Classified Advertising Division 

McGraw-Hill Publishing Co., Inc. 

P.O. Box 12 

New York 36, New York 
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EMPLOYMENT OPPORTUNITIES 

NASA Manned Satellite Capsule 

1. Horizon Scanner 
2. Entrance Hatch 
3. Pitch & Yaw Jets 
4. Packed Parachute 
5. Roll Jets 
6. Retro -Rockets 
7. Inflatable Landing Impact Sag 
8. Heat Shield 

NASA has urgent need for 
scientists and engineers to assume 
responsible positions on 

PROJECT MERCURY 
Project Mercury, our effort to send 
man into orbital flight and return him 
safely to earth, is being prosecuted 
with great vigor by NASA. The 
contract for the construction of the 
capsule shown above has already 
been awarded. The selection of 
astronauts to man our first 
Mercury is under way. 
We invite scientists and engineers to 
join our technical staff in pursuing 
this historical step in space 
exploration. Exceptional 
opportunities for rapid professional 
and personal advancement are 
available in the following areas 
of endeavor : 

Address your inquiry to: 

Personnel Director, Project Mercury, 
NASA, Hampton, Virginia 

OPERATIONS Mission Planning Projectory Analysis 
Launch Operations Recovery Operations 

COMMUNICATIONS Range Systems Integration Long 
Range Communication Lang Range Telemetry Long Range 
Tracking 

FLIGHT TEST Component and Systems Development De- 
velopment Testing Instrument Development and Check Out 
Equipment Development and Check Out Test Planning, 
Scheduling, Coordinating 

HUMAN FACTORS Pilot Training Animal Operations 
Biophysical (Radiation, Vibration, Noise) 

ENGINEERING & DESIGN Mechanical Design Instrument 
Design Air Frame Design Weight Analysis Stress Analysis 
Cost Analysis Engineering Specifications Metallurgy 

FLIGHT SYSTEMS First Flight Testing Heating Analysis 
Aerodynamics Propulsion Performance Analysis Re-entry 
Flight Control Space Navigation Space Mechanics Human 
Engineering Space Systems Power Supply Engineering 
Avionics Environment Control 

NASANational Aeronautics and Space Administration 
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EMPLOYMENT OPPORTUNITIES 
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flight simulators, is increasing its engi- 
neering activity to include volume engineering 
programs in the fields of analog and digital corn- 
puter techniques, telemetry, transistor applications 
and light/optical scanners. 

Challenging and diversified assignments in Product 
Design are offered by this constantly growing 
organization to the career -minded engineer who 
wishes to combine stability with the latitude neces- 
sary for rapid professional and financial growth. 
Immediate opening exists for qualified, professional 
personnel whose areas of experience coincide with 
the following requirements: 

CIRCUIT DESIGN 
JUNIORS, INTERMEDIATE AND SENIOR. 

B S E E for transistor circuitry, application, analog and digi- 
tal computer techniques, DC amplifiers, simulation, telemetry 
and design of systems and components. 
B S in physics, plus experience in one or more of the follow- 
ing: optics, hydraulic instrumentation, human engineering, 
numerical analysis, computer techniques. 

HUMAN FACTORS 
PhD degree in experimental, physiological or industrial 
psychology with 3 to 5 years' industrial experience as engi- 
neering psychologist or comparable years of experience with 
military as training and/or proficiency measurement special- 
ist. Will head 3 -man team conducting plant -wide human 
factors efforts, including human engineering of high fidelity 
weapon system simulators and trainers. 

WRITERS 
B S in E E or Physics, or equivalent, plus 2 years' experience 
in the preparation of operational and maintenance manuals 
& engineering reports concerning electronic systems & corm 
ponents. 

EXCELLENT 

Commensurate with Education and Experience 
Modern Company Benefits 

including Educational Assistance Plan 

Relocation Assistance 
Ideal Living Conditions in suburban Washington, D. C. 

Send resume To: 
Mr. R. J. Reid, Technical Employment Manager 

;; E 19.0CO P Imo. ;;m 
BM U. 
U U. 

.DTI' 
Nuclear Products-Erco 

DIN OF ACE INDUSTRIES INCORPORATED V 

RIVERDALE, MARYLAND WARFIELD 7-4444 

i t I I L i i i 1 1 1 1 1 I I LJ u, 

BB . 3i B 

FOR 

ADDITIONAL 

INFORMATION 

About Classified Advertising 

Contact 
Jhe me çratu-JJiCC 

Ogice fleareSE Y0. 
ATLANTA, 3 

1301 Rhodes -Haverty Bldg. 
JAckson 3-6951 

M. H. MILLER 

BOSTON, 16 
350 Park Square 

HUbbard 2-7160 
D. J. CASSIDY 

CHICAGO, 11 

520 No. Michigan Ave. 
MOhawk 4-5800 

W. J. HIGGENS D. C. JACKMAN 

CLEVELAND, 13 
1164 Illuminating Bldg. 

SUperior 1-7000 
W. B. SULLIVAN T. H. HUNTER 

DALLAS, 1 

1712 Commerce St., 
Vaughn Bldg. 

Riverside 7-5117 
GORDON JONES F. E. HOLLAND 

DETROIT, 26 
856 Penobscot Bldg. 

WOodward 2-7793 
D. M. WATSON 

LOS ANGELES, 17 

1125 W. 6 St. 
HUntley 2-5450 

P. M. BUTTS 

NEW YORK, 36 
500 Fifth Ave. 

OXford 5-5959 
H. T. BUCHANAN R. P. LAWLESS 

PHILADELPHIA, 3 
Six Penn Center Plaza 

LOcust 8-4330 
T. W. McCLURE H. W. BOZARTH 

ST. LOUIS, 8 
3615 Olive St. 

JEfferson 5-4867 

SAN FRANCISCO, 4 
68 Post St. 

DOuglas 2-4600 
S. HUBBARD 
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ENGINEERS 
If your interest, capability and enthusiasm lie 
in the following or in related fields, Edgerton, 
Germeshausen & Grier, Inc. invites you to make 
inquiry, 

Research and Development in electronic 
systems and instruments with emphasis on 
telemetry, digital instrumentation, circuit 
theory and design, solid state devices and 
pulse techniques. 

Product Engineering for limited quantity pro- 
duction of specialized commercial electronic 
instruments. 

Tube Research and Development with em- 
phasis on problems concerning gaseous dis- 
charge, secondary emission and electron optics. 

Tube Production Engineering for final devel" 
opment and pre -production of both glass and 
ceramic metal gaseous discharge tubes. 

Baccalaureate or advanced degrees in 
Physics or Electrical Engineering are the 
most suitable basic background for cur- 
rent EG&G needs. In special cases, 
however, equivalent experience will be 
carefully evaluated. 

(A brochure outlining Edgerton, Germes. 
hausen & Grier activities and corporate 
structure in greater detail will be sent on 
your written request.) 

Please send your resume to Mr. Lars -Erik Wiberg 

88 Brookline Avenue, Boston 15, Massachusetts 

EDGERTON, GERMESHAUSEN & GRIER, INC. 

BOSTON LAS VEGAS 

PROFESSIONAL 

SERVICES 

MEASUREMENTS 
Research & Manufacturing Engineers 

Harry W. Houck 
Specialist in the Design and 

Development of Electronic Test Instruments 
Boonton, New Jersey 

TELECHROME MFG. CORP. 
Electronic Design Specialists 
COLOR TELEVISION EQUIPMENT 

Flying Spot Scanners, Color Synthesizers, Keyers, 
Monitors, Oscilloscopes and Related Apparatus 
Telemetering for Guided Missiles. 

.1. R. Popkin-Clurman, Pres. É Dir. of Eng. 
28 Ranick Dr. Amityville, L. I., N. Y. 

YARDNEY LABORATORIES, Inc. 
"Pioneers in Compact Power" " 

Electro -Chemical Generatore of Energy 
"from milliwatts to megateatta" 

90-98 Leonard Street Worth G-3100 
New York 13, N. Y. " T.M. 

vibration -testing new satellite apparatus 

you'll hit your stride in 

space age technology at TI 
ASSIGNMENT: Build a sensitive "thinker" with the 
constitution of an ox! Texas Instruments scientist -engineers 
get such assignments every day - and they deliver both the 
systems and the semiconductor components that make them 
work! TI now has apparatus in 11 U.S. missiles, and com- 
ponents in nearly all U.S. missiles and satellites. You grow 
fast on such assignments. 
And naturally you'll grow faster with a rapidly growing, 
diversified company. TI has grown 18 -fold over the past 
10 years, with 1958 sales exceeding $91,000,000! 
This stimulating growth continues and makes openings 
available in a wide spectrum of specialities from technicians 
to senior engineers and scientists in: 
Basic and applied research, design, development and 
manufacturing in solid state physics, materials, devices, data 
systems, and earth sciences with particular emphasis on 
semiconductors, electroluminescence, ferromagnetics, reso- 
nance, low temperature phenomena, dielectrics, infrared, 
sonar, radar, geophysics, digital techniques, masers, memo- 
ries, and transistors; physico-chemical studies of diffusion, 
alloying, crystal growth and crystalline structure. 

semiconductor - components division 
ELECTRONIC COMPONENTS: write to H. C. LAUR, dept. no. 2403 

apparatus division 

ELECTRONIC SYSTEMS: write to J. R. PIN KSTON, dept. no. 2403 

industrial instrumentation division 
INSTRUMENTS & SYSTEMS: write to D. G. TURNER, dept. no. 2403 

central research laboratory 
BASIC & APPLIED RESEARCH: write to A. E. PRESCOTT, dept. no. 2403 

TEXAS INSTRUMENTS INCORPORATED 
6000 LEMMON AVENUE 
DALLAS 9. TEXAS 
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SEARCHLIGHT SECTION r 
SPECIAL PURPOSE TUBES 
0A2 .55 
0A3 .80 
082 .45 
083 - .70 
0C3 .40 
003 .35 
1827 6.00 
1B35A 3.50 
1B63A 12.50 
CIK 6.00 
1P21 27.50 
1P25 10.00 
1P28 11.00 
1Z2 1.35 
2AP1 2.00 
2AP1A 3.00 
2BP1 6.00 
2C36 25.00 
2C:9 4.00 
2C39A 9.00 
2C40 7.50 
2C43 7.50 
2C50 5.00 
2C51 2.00 
2C52 2.00 
2D?1 .60 
2021 W .9C 
2E22 2.00 
2E74 1.90 
2.151 50.00 
2K22 20.00 
2K25 9.75 
21(26 30.00 
2K29 25.00 
2K30 50.00 
2K33A 85.00 
2K34 85.00 
21(35 175.00 
2K41 75.00 
21(44 100.00 
21(45 35.00 
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21(50 50.00 
2X2A .85 
3AP1 1.25 
3824W 3.00 
3825 3.50 
3828 3.50 
3C22 30.00 
3C23 6.00 
3C24 2.50 
3C45 4.50 
3022 12.50 
3E29 7.50 
3GP1 2.00 
C3J 8.50 
3.121 35.00 
3.131 35.00 
3JP1 6.50 
31(21 130.00 
3K22 130.00 
3K27 150.00 
31(30 85.00 
3KP1 10.00 
4-65A 13.50 
4-125A 25.00 
4-420A 40.00 
4C33 100.00 
4C35 12.50 
4E27 8.50 
4J61 150.00 
4X150A 15.00 
58P1A 12.50 
5C22.. 15.00 . 

5CP1A 6.50 I 

5021 3.00 3008 --- 7.50 1603 - 3.35 5903 7.50 
5J26 75.00 304TH 27.50 1612 1.75 5932 /6L6 WGA.. 2.50 
5JP1 4.00 304TL 27.50 1614 2.25 5933 1.15 
5LP1 7.50 310A 3.25 1620 3.35 5948/1754....100.00 
5R4GY 1.00 311A 3.50 1624 1.15 5949/1907.....75.00 
5R4WGY 2.00 313C 1.50 1846 47.50 5956 25.00 
5RP1A 15.00 323A 6.50 2000T 170.00 5963 .75 
5RP11A 40.00 328A 3.00 2050 . 1.20 5965 .80 
55P1 40.00 329A 7.00 Z83200 40.00 5967 7.50 
5XP7 50.00. 332A 10.00 5545 20.00 5969 7.50 
5Y3WOT 1.50 333A 3.50 5550 37.50 5975 2.00 
6AC7W .50 336A 3.00 5636 2.25 5977 2.00 
6AK5W 1.15 i 337A 2.50 5639 3.50 5979 5.00 
6AN5 2.00 339A 7.50 5642 1.25 5980 3.50 
6AR6 1.15 347A 2.50 5643 3.00 5981/5650 35.00 
6AS6 .75 348A 3.00 5647 2.50 5987 7.50 
6AS7G 2.75 349A 2.50 5651 .751 5992 4.00 
6C21 12.50 350A 2.00 5654 /6AK5W . . 1.35 5993 5.00 
C6J 12.50 3508. 3.50 5656 3.00 6004 .75 
6.14 1.00 352A 8.50 5663 .85 6005/6AQ5W.. 1.50 
6.16W .60 354A 7.50 5667 75.00 6021 2.00 
6K4 1.85 355A 7.50 5670 1.25 6032 20.00 
6L6GAY 1.00 OK -358A....500.00 5672 1.45 6037 25.00 
605G 1.50 383A 3.50 5675 8.00 6045 1.50 
6SJ7WGT 1.75 393A 6.00 5676 .65 6062 1.35 
6SL7WGT 1.25 394A 3.00 5678 1,25 6072 2.50 
6SN7WGT .65 4038 3.00 5684/C3J/A... 9.50 6073 1.50 
6V6GTY .60 404A 10.00 5686 2.50 6074 2.50 
6X4W .85 416A 30.0, 5687 1.50 6080 3.25 
6X5WGT 1.50 417A 10.00 5691 4.00 6087/5Y3WGTB 3.50 
7MP7 15.00 422A 8.50 5692 4.25 6097 1.50 
7YP2 85.00 450TH 40.00 5693 3.25 6098/6AR6WA. 5.00 
12AY7 1.00 450TL 45.00 5703 1.00 6099 1.00 
EL -16F 15.00 SS -501 5.00 5704 1.00 6100 /6C4 W A . . 1.75 
FG -17 4.50 575A 15.00 5718 1.75 6101/6J6WA... 1.25 
HK -24 1.25 KU -627 5.00 5719 1.25 6106 2.00 
HK -24G 2.50 631-P1 5.00 5719A 1.50 6111 3.25 
26Z5W 1.85 673 15.00 5725 6A56W... 1.25 6112 3.25 
BL -35 100.00 676 27.50 5726 6AL5W... 1.00 6115 35.00 
35T 4.75 677 27.50 5727 /21)21W... 1.35 6130/3C45.... 4.00 
351G 2.00 715C 8.85 5734 13.85 6135 1.50 
FP -54 150.00 719A 7.83 5744WA 3.50 6136/6AU6WA. 2.00 
KU -54 85.00 7218 5.00 5749 /6BA6W... .85 6137/6SK7WA. 2.50 
FG -57 5.00 723A/B 3.90 5750/6BE6W... 1.65 6146 3.90 
RK -60 1.00 725A 4.00 5751 1.50 6151 3.50 
RK -65 10.00 7268 6.00 5763 1.35 6152 4.50 
FG -67 5.00 803 1.50 5783 2.25 6177 65.00 
HY-69 2.00 804 12.50 5784 3.00 6186/6AG5WA. 2.00 
75TL 14.00 805 3.25 5787 3.00 6187 . 2.00 
FG -81A 5.00 807 1.25 5794 5.00 6189/12AU7WA 2.00 
FG -95 15.00 807W 90 5800 4.00 6199 25.00 
HF -100 10.00 810 12.50 5801 3.00 6201/12AT7WA 2.15 
100TH 10.00 811 3.00 5802 4.00 6202/6X4WA... 2.00 
FG -104 30.00 813 9.25 5803 3.00 6211 .65 
FG -105 20.00 814 1 25 5814A 1.50 6247 6.00 
121A 1.25 815 2 00 5819 40.00 6263 9.00 
122A 1.25 816 1.50 5822 50.00 6264 9.00 
FG -172 20.00 828 9.00 5824 6279/5C22....15.00 
HF -200 15.00 829B 7.50 5828 4.00 6282 65.00 
242C 10.00 832 3.2- 5829 .75 6322 15.00 
244A 7.50 836 1.15 5829WA 1.50 6352 6.00 
245A 3.50 837 .95, 5839 4.25 6438 4.75 
2498 5.00 845 6.00 5840 2.00 16463 1.50 
249C 5.00 866A 1.45 5841 3.00 6482 9.50 
250TH 20.00 8698 75.00 5844 .85 6626/OA2WA.. 2.50 
252A 6.00 872A 1.50 5852 3.00 6627/OB2WA.. 2.50 
259A 3 50 884 1.00 5854 .75 6754 15.00 
2628 4.00 913 10.00 5876 7.00 8005 6.50 
271A 12.50 918 .75 5879 1.25 8013A 3.75 
272A 3.50 927 .85 5881 6L6WGB.. 2.50 8014A 30.00 
274A 3.00 931A 2.25 5886 3.50 8020 1.50 
275A 4.00 959 .75 5894 15.00 8025A 4.75 
287A 2.00 CK1006 2.00 5896 .85 9001 .50 
293A 7.50 12113015 10.00 5899A 4.00 9003 .90 
HF -300 25.00 HY1269 2.00 5902 3.00 9005 3.00 

ALL TUBES ARE NEW, INDIVIDUALLY CARTONED, FULLY GUARANTEED 

P. fees are FOB 
shipping Point 

western engineers 
ELK GROVE, CALIFORNIA 

SUPPLIERS OF TUBES SINCE 1932 

Orders for less than 
$10 cannot be 

processed 

CONTACTS 

If you are in need of flare type GLASS STEMS 
(soft or hard glass) or clear glass HER- 
METIC SEALS, for your EXPERIMENTAL 
work or a LIMITED PRODUCTION, in lots 
anywhere from 100 to 100,000 pieces. It is 
cheaper to buy from small manufacturer 
than to make in a large plant 

WILLIAM CEPEK 
QUALITY PRODUCTS CO., 387 Charles St. 

Providence 4, R. I. Phone CAspee 1-8947 

Money saving prices on tubes. TV, Radio, Trans- 
mitting, and Industrial Types. New, 1st quality, 
guaranteed. Top name brands only. Government 
surplus and commercial test, lab, and communica- 
tions equipment In stock. Sell us your excess tubes 
and equipment. Unused, clean tubes of all types 
wanted. Send specific details in first letter. Write 
for "Green Sheet" catalog 25t. 

BARRY ELECTRONICS CORP. 
512 Broadway WA 5.7000 New York 12, N. Y. 

A1, Brand RESISTORS 
Type J Potentiometers Single -Duals -Triples 
Type G Miniature Potentiometers 
By Return Mail . . . From Stock 

LEGRI S COMPANY 
391 Riverdale Ave. Yonkers 5, N. Y. 

RADIO RESEARCH 

INSTRUMENT CO. 

550 
FIFTH AVE. 
NEW YORK 

JUDSON 
6-4691 

F-28/APN-19 FILTER CAVITY 
Jan. six: Tuneable 2700-2300mc, I.3db max. loss 
at Kr, freq. over band. New, $37.50 each. 

SCR 584-SKYSWEEP ANTENNA PEDESTAL 

Full azimuth and elevation sweeps, 360 degree 
azimuth. 20.5 degree elevation. Accuracy ± one 
mill or better in angle, 6 ft. dish, fully dese MIT. 
Radiation Lab series Vol. i pg 284 and 209. Vol. 
26, pg 233. For full tracking response. Includes 
pedestal drives, selsyns, etc. Excellent used condi- 
tion. First time these pedestals have been avail- 
able for purchase. Control consoles also in stock. 

COMPLETE RADAR SYSTEMS 

SCR -584 20 ft. traiter Skysweep antenna system 
CPI indicator t RHt 18 cm. High 

power for airway control missile -satellite tracking. 
radio astronomy It & D. As new. Complete. 

SCR 784 Complete 10 cm. Sky Sweep System. 

AN/APS-10 Complete airborne Itadar Mfg. by 
G.E. 3cm. using 2J42 Magnetron 

for Navigation, Mapping, Weather. Collision Avoid- 
unee. Like New. 

AN/MPN-1A l(t('At Ground Control Ap- 
proach Radar, 30 ft. trailer with 

"cm precision and 10cm Search Radars as used 
by ('AA. Full desc. Vol. 11 MIT Rad Lab Series 
ter, S.1 

WEATHER RADAR 275 inv. 10 cot. Compact wt. 
488 lbs. rotating yoke PPI 

4, 20, 80 mile ranges, ideal for weather forecasting. 
Lab. Brand new. FCC approved 8950. 

J 
We are Distributors 
and carry Full Stock 

for Immediate Delivery 
Micro Switch -Guardian Electric -Industrial 
Timer Corp.-Merkle-Korff Geared Motora 
in all speeds - Veeder Root Counters - 
Linemaster Footswitches-Wheeler Sound 
Powered Telephones, etc. 
See our lafge ad in March 13, 1959 issue page 314 

Patte Fr 13ffltfield,ixt. 
We have practically all types of Relays in large 
quantities. ready to deliver. -No waiting. 

INCLUDE 
POSTAGE 

64 A Dey St. 
New York 7 

N. Y. ti BLAN 
EST. 1923 

SEARCHLIGHT Equipment 

Locating Service 
NO COST OR OBLIGATION 

'vie -,ice is aimed at helping you, the reader of 
"SI;.t i;t'IILICHT", to locate Surplus new and 
used electronic equipment and components not 
currently advertised. (This service is for USER - 
BUYERS only). 

How to use: Check the dealer ads to see if what 
you want is not currently advertised. If not, send 
us the specifications of the equipment wanted on 
the coupon below, or on your own company letter- 
head to: 

Searchlight Equipment 
Locating Service 

c/o ELECTRONICS 
P. 0. Box 12, N. Y. 36, N. Y. 

Your requirements will be brought promptly to 
the attention of the equipment dealers advertising 
in this section. You will receive replies directly 
front them. 

Searchlight Equipment Locating Service 
c/o ELECTRONICS 
P. 0. Box 12, N. Y. 36, N. Y. 

Please help us locate the following equipment 
components. 

NAME 
TITLE 
COMPANY 
STREET 
CITY 4/24/59 
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SEARCHLIGHT SECTION 

ELECTRONIC 
WAR TERMINATION INVENTORIES 

WRITE OR WIRE FOR INFORMATION ON OUR 
COMPLETE LINE OF SURPLUS ELECTRONIZ 
COMPONENTS. ALL PRICES NET F.O.E. 
PASADENA, CALIFORNIA 

C&H 
SALES CO. 
2176-E East Colorado Ss. 

Pasadena 8, Colifornio 
RYan 1.7393 

INVERTERS 

DMF3506M Continen- 
tal Electric 24-30 
volts input; 5.5-45 amps; cont. duty. Output: 
115 volts; 44 amps; 400 cyc; 1 phase pf 
1.0; 50 watts $39.50 

12116-2-A Bendix 
Output: 115 VAC; 400 cyc; single phase; .45 
amp. Input: 24 VDC, 5 amps $25.00 

12117 Bendix 
Output: 24 volts; 400 cycles, 6 volt amperes, 
1 phase. Input: 24 VDC; 1 amp. $15.00 

12121 Bendix 
Input: 24 volt D.C. 18 amp. 12000 r.p.m. 
Output: 115 volts, 400 cycle, 3 -phase. 250 
volt amp, 7 pf. $49.50 

12123 Bendix 
Output: 115 V; 3 phase; 400 cycle; amps. 
.5; Input: 24 VDC; 12 amp. $49.50 

12126-2-A Bendix 
Output: 26 volts; 3 phase; 400 cycle; 10 
VA; 6 PF. Input: 27.5 volts DC; 1.25 amps. 

$24.50 
12142-1-A Bendix 

Output: 115 volts, 3 phase, 400 cycle, 250 
VA. Input: 27.5 VDC, 22 amps. Voltage 
and frequency regulated. $99.50 

12147-1 Pioneer 
Output: 115 VAC, 400 cycles; single phase. 
Input: 24-30 VDC; 8 amps. $19.95 each 

10285 Leland 
Output: 115 volts AC; 750 VA, 3 phase, 400 
cycle, .90 pf and 26 volts. 50 VA single 
phase, 400 cycle, .40 pf. Input: 27.5 VDC, 
60 amps. cont. duty, 6000 rpm. Voltage and 
frequency regulated. $59.50 

10563 Leland 
Output: 115 VAC; 400 cycle; 3 -phase; 115 
VA; 75 pf. Input: 28.5 VDC; 12 amps. $25.00 

PE109 Leland 
Output: 115 VAC, 400 cyc.; single phase; 
1.53 amp.; 8000 rpm. Input: 13.5 VDC; 29 
amp. $50.00 

PE218 Leland 
Output: 115 VAC; single phase pf. 90; 
380/500 cycle; 1500 VA. Input: 25-28 VDC; 
92 amps.; 8000 rpm. $30.00 

AN 3499 Eicor, Class "A" 
Input: 27.5 volts at 9.2 amps. AC. Output: 
115 volts, 400 cycles; 3 phase, 100 voltamp; 
continuous duty. Price $39.50 each 

MG540 Bendix Frequency & Voltage Reg. 
Output: 200/115 volts; 400 cycle, single or 
3 phase; .80 pf, 250 VA. Input: 28 VDC, 22 
amps. $99.50 

SPERRY VERTICAL GYRO 

Part #653265. Motor 
115 volts, 3 phase, 400 
cycle, 8 watts, 20,000 
RPM. 3 -minute runup, synchro pickoffs, roll 
360°, pitch 85°. Synchro excitation 26 volts, 
400 cycle, 150 m.a. Vertical accuracy ±1/2° 
Weight 31/2 lbs. Approx. dim. 53/a" L., 41/2" 
W., 41/2" H. Price $35.00 

400 CYCLE, 3 PHASE GENERATOR 
BY MASTER ELECTRICType AG, frame 364Y, 

7.5 kw, 3428 rpm, pf 
.95. Star connected 
120/208 3 phase 22 
amps. Delta connected 
120 volt single phase 
66 amps. Self excited. 
Complete with control 
box, voltage regulator, 
AC voltmeter and fre- 
quency meter. Shaft 1" 
dia., 2" long; overall 
dim. of unit: 21"x18"x 
20". 

Price $395.00 each 

SYNCHROS 
SERVOS 

1CT cont. Trans 90/55V 60 cy. 
1DG Jiff. Gen. 90/90V 60 cy. 
1F Sen. Mtr. 115/90V 60 cy. 
1G Gen. 115V 60 cy. 
1 HUG 
1HCT 
1HG 
1SF Syn. Mtr. 115/90V 400 cy. 
5CT Cont. Trans. 90/55V 60 cy. 
5D ITiff. Mtr. 90/90V 60 cy. 
5DG Diff. Gen. 90/90V 60 cy. 
5F Syn. Mtr. 115/90VAC 60 cy. 
5G Syn. Gen. 115/90VAC 60 cy. 
5HCT Cont. Trans. 90/55V 60 cy. 
5SDG Diff. Gen. 90/90V 400 cy. 
6DG Diff. Gen. 90/90V 60 cy. 
6G Sen. Gen. 115/90VAC 60 cy. 
7G Syn. Gen. 115/90VAC 60 cy. 
7DG differential generator, 90/90 volts, 

60 cycle 
C56731 Type 11-4 Rep. 115V 60 cy. 
C69405-2 Type 1-1 Transm. 115V 60 cy. 
C69406 Syn. Transm. 115V 60 cy. 
C69436-1 Type 11-2 Rep. 115V 60 cy. 
C76166 Volt. Rec. 115V 60 cy. 
C78248 Syn. Transm. 115V 60 cy. 
C78249 Syn. Diff. 115V 60 cy. 
C78410 Repeater 115V 60 cy. 
C78863 Repeater 115V 60 cy. 
C79531 Transm. Type 1-4 115V 60 cy. 
851 Bendix Autosyn Mtr. 22V 60 cy. 
403 Kollsman Autosyn Mtr. 32V 60 cy. 
FPE-25-11 Diehl Servo 75/115 v 60 cy. 
FPE 49-7 Diehl servo motor, 115 volts, 

6C cycle, 10 watts 
FPE-43-1 Resolver 400 cy. 
FJE-43.9 Resolver 115V 400 cy. 
R110 -2A Kearfott Cont. Mfr. 
R111 -2A 
R112 -2D -B 
R200 -1-A Kearfott Cont. Trans. 
R220-1 Kearfott Receiver 
R235 -1A Kearfott Resolver 
AY201-2B 
AY201-3 B 

AY2015-1B 
AY221-34 

$34.50 
34.50 
34.50 
34.50 
37.50 
37.50 
37.50 
12.50 
34.50 
34.50 
34.50 
34.50 
34.50 
37.50 
12.50 
25.00 
34.50 
42.50 

37.50 
20.00 
20.00 
20.00 
20.00 
10.00 
12.50 
5.00 

20.00 
7.50 

20.00 
7.50 
7.50 

12.50 

30.00 
19.50 
15.00 
17.50 
20.00 
22.50 
15.00 
20.00 
20.00 
15.00 
12.50 
15.00 
10.00 

HONEYWELL VERTICAL GYRO 
MODEL JG7003A-1 

115 volts, 400 
cycles, si ng I e 
phase, 35 watts. 
Pitch and roll 
potentiometer 
pickoffs 890 
ohms, 40 volts 
max. AC or DC. 
Speed 20,000 
rpm, ang. mo- 

mentum 12,500,000 
gm -cm 2/sec. Erec- 
tion system 27 VAC, 

400 cycles, time 5 min. to 1/2°. Weight 5.5 lbs. 
Price $35.00 each 

POWER UNIT PU -104/U 
5 KW 120/208 volt AC single or 3 -phase 
permanent magnet type 400 cycle alternator. 

Alternator is driven by Hercules model ZXB 
4 -cylinder 4 -cycle "L" head liquid cooled gaso- 
line engine. This unit is complete with a con- 
trol panel. Price $495.00 

400 CYCLE PM GENERATOR 

115/200 volts A.C. 1 - 

or 3 -phase, 200 watts. 
4,000 r.p.m. Approx. 
dimensions: 43/4" dia.; 
3" long; 1/2" shaft, 
AN connector. $75.00 

400 CYCLE V3 PHASE GENERATOR 
115 VAC. 3 KVA. Mfg. Bogue Elect. Mod. 
2800S. External excitation 107 VDC. 1.1 amp. 
3450 rpm 1" shaft. $200.00 

MINNEAPOLIS -HONEYWELL RATE GYRO 
(Control Flight) 

Part no. JG7005A, 115 
volts A.C., 400 cycle, 
single phase potentiom- 
eter take off resistance 
530 ohms. Speed 21,000 
r.p.m. Angular momen- 
tum 21/2 million, CM2/ 
sec. Weight 2 lbs. Di- 
mensions 4-7/32 x 
3-29/32 x 3-31/64. 

Price $22.50 

VARIABLE SPEED BALL DISC 
INTEGRATORS 
No. 145 
Forward & Reverse 21/4-0-21/4. Input shaft 
spline gear 12 teeth 9/32" dia. 3/4" long. Out- 
put shaft 15/64" dia. x 15/32" long. Control 
shaft 31/32" x 3/e" long. Cast aluminum con- 
struction. Approx. size 3" x 
3" x 23/4" $17.50 
No. 146 
Forward & Reverse 4-0-4. In- 
put shaft 5/16" dia. x 3/4" 
long: Output shaft 15/64" 
dia. x 9/16" long. Control 
shaft 11/64" dia. x 11/16" 
long. Cast aluminum con- 
struction. Approx. size 41/2" 
x 41/2" x 4". (All Shafts Ball Bearing Supported) 

$18.50 ea. 

SMALL DC 
MOTORS 

(approx. size overall 33/4" x 11/4" dia.t) 
5067043 Delco 12 VDC PM 1" x 1" x 2", 

10,000 rpm. $7.50 
5067126 Delco PM, 27 VDC, 125 RPM, 

Governor Controlled 15.00 ea. 
5069600 Delco PM 27.5 VDC 250 rpm 12.50 
5069230 Delco PM 27.5 VDC 145 rpm 15.00 
5068750 Delco 27.5 VDC 160 rpm w. brake 6.50 
5068571 Delco PM 27.5 VDC 10,000 rpm 

(1x1x2") 5.00 
5069790 Delco PM, 27 VDC, 100 RPM, 

Governor Controlled 15.00 ea. 
5072735 Delco 27 VDC 200 rpm governor con- 

trolled. 15.00 
5BA1OA118 GE 24 VDC 110 rpm 10.00 
5BA10A137 GE 27 VDC 250 rpm reversible 10.00 
5BA10AJ52 27 VDC 145 rpm reversible 12.50 
5BA10AJ50, G.E., 12 VDC, 140 rpm 15.00 
5BA1OFJ401B, G.E. 28 VDC, 215 rpm, 

10 oz. in., .7 amp. contains brake 15.00 
5BA10F1421, G.E. 26 VDC, 4 rpm, reversible, 

6 oz. in., .65 amp 15.00 
S. S. FD6-21 Diehl 24 VDC PM 10,000 rpm. 

1"x 1"x2". 4.00 
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METAL FILM RESISTORS 

NEW! This precision low noise 
metal film resistor meets and 
exceeds requirements with tem- 
perature coefficient of plus or 
minus 50 ppm/°C indepent of 
resistance value. Standard tol- 
erance plus or minus 1 per 
cent. Type WHM-1.125" 
long x .406" diam.-is 
equivalent to MIL Style 
RN 75, maximum voltage 
rating 500V. Type WFH- 
.781" long x .250' 
diam.-equivalent to 
MIL Style RN 70, 
maximum voltage 
rating 350V. 

Enclosed in spe- 
cially designed her- 
metically sealed 
plastic casing (pat- 
ent pending) to 
protect precision 
resistor element. 

rpt 
® 

RESISTANCE PRODUCTS 
COMpANI`::>> ..... 

914 S. 13 St. _.. Harrisbury. P. 

Specialists in manufacturing quality resistor, '. 

Wire Wound - High Voltage - High Megohm - High >I 

Frequency. Our test equipment and standards for 

checking and calibrating are matched only by leading `. 

laboratories. Write for more information. 

HIGH MEGOHM RESISTORS 
Type H. For electrometer circuits, 
radiation equipment and as high re- 
sistance standards. Resistance avail- 
able to 100 million megohms. 
Voltage rating to 15,000 volts. 
Low temperature and voltage co- 
efficient. Seven sizes, from 3/4" 
to 3" long, of which 2 meet re- 
quirements of MIL -R -14293A. 
Standard resistance tolerance 
10%. Tolerance of 5% and 
3% available. Also matched 
pairs with 2% tolerance. 

INDEX TO ADVERTISERS 

AMP Incorporated 131 Elliott Brothers Ltd. 188 

Accurate Instrument Co. 169 Empire Devices Products Corp. 176 

Ace Electronics Associates, Inc 132 Essex Wire Corp. 6 

Ace Plastic Co. 160 

Acme Electric Corporation 149 

Acoustica Associates 117 
Fairchild Controls Corporation 39 

Acton Laboratories, Inc. 166 
Fansteel Metallurgical 

Airborne Instrument Laboratory 41 Corporation 112, 113 

Airpax Electronics Inc. 173 

Allen-Bradley Co. 105 

American Lava Corporation 49 

American Time Products, Inc 18 Garrett Corp., The 138, 139 

Ampex Magnetic Tape 28 General Ceramics Corporation 37 

Amphenoi-Borg Electronics Corp. 
Connector Division 124 

General Electric Co. 
Apparatus Division 31 

Associated Research Inc. 120 General Transistor Corporation 127 

Audio Devices, Inc. 171 Graissa, Ine. 149 

Grant Pulley and Hardware 
Corporal ion 141 

Grayhill late. 149 

Gries Reproducer Corp. 189 
Bell Telephone Laboratories 115 

Gudebrod Bros. Silk Co., Inc 187 
Bendix Aviation Corporation 

Red Bank Division 154 

Bentley. Harris Mfg. Co. 85 

Bird Electronic Corp 60 

Blow -Knox Company 34 Hallamore Electronics Company 15 

Boonton Radio Corporation 58 Haydon Division of General Time 
Corporation 84 

Bourns Laboratories Inc. 143 Heath Company 179 
Bristol Co.. The 170 Relipot Div., of Beckman Instruments, 
Burnell C Co., Ine. 3 Inc. 140 

Hewlett-Packard ('o. 8, 9 

Hickok Electrical Instrument Co 152 

Hoyt Rlectrical Instruments 164 

CBS-Hytron A Division of Columbia Hughes Aircraft Company 82, 83 
Broadcasting System, Inc. 107 

Cannon Electric Company 121 

Celeo Constantine Engineering 
Laboratories 189 

Centralab, A Division of Globe-IInion 
Inc. 35 

International Business Machines 
Corporation 103 

Chicago Dynamic Industries, Inc. 175 International Electronic Research 
Corporation 181 

Christie Electric Corp. 23 Intermttional Telehone R Telegraph 
Clare & Co., C. P. 27 Corp. 147 

Clifton Precision Products Co., Inc.... 63 

Columbus Electronics Corp, 188 

Connor Electric Co 116 

Consolidated Diesel Electric Corp 199 JFI)'Electronics Corporation 30 

Johnson Co., E. F. 57 
Consolidated Electrodynamics 19, 157 

Constantine 'Engineering Laboratories 
('o. 189 

Continental Device Corporation 55 

Control Electronics Co., Inc 156 1Keartott ('ompany. Inc. 52 

Curtiss-Wright 158 Kellogg Switchboard r Supply Co..... 177 

Cutler -Kammer lne. 186 

Lapp Insulator Co., Inc 108 

Driven ('o.. The 3rd ('over 
Dow Cor ' g Corporation 12, 13 

duPont de Nemours et Co. (Inc.) E I.. 54 

Edgerton, Germeshsstssen et Grier, Inc. 144 

Edo Corporation 172 

Eitel -McCullough, Inc. 10 

Electrical Industries 47 

Electro Instruments, Inc. 22 

Electronic Instrument Co., Inc. 
(RICO) 172 

Electr ' Measurements ('o.. Inc. 1.4 

Electronic Tube Corporation 1.42 

Lepel High Frequency Laboratories... 153 

Levin te Son, Ioe., IAIais 159 

Librtseope, Inc. 25 

Linde Company 43 

Lockheed Missiles and Space Division 145 

Los Alamos Scientific. Laborstory 150 

M.I.T. Instrumentation Laboratory.... 174 

Magnetics, Inc_ 1.25 

See advertisement in the June, 1958 Mid -Month 
ELECTRONICS BUYERS' GUIDE for complete line 
of products or services. 
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64 
162 

172 

151 

24 

21 

56 

59 

129 

tonics, Inc 81 

33 

Off ner Elect rooks. Inc. 159 

Oster, John Mfg. Co 42 

Packard Bell Electronics 61 

Peerless Electric Co 138 

Perfection M iea Coma ny 175 
Philbriek Researches Inc., George A 164 
Piffle() Corpora thin 86 
Pldleo Gover llllleut R industrial 

Division 48 

Polytechnic Research & Development 
Co., lae. 26 

Potter R Brumfield Inc. 123 
Potter Instrument l'o., Inc 148 
Pulse Engineering Inc. 50 
Pyle -National ('ompany, The 29 

Quality Products Company 196 

Radio Corporation of America .4th Cover 
Radio Frequency Laboratories, Inc 135 

Radio Materials (',,many 119 

Raytheon Manufacturing Co... ltl, 172, 183 

Retlectone Corp. 128 

Resist a ice Prod nets Co. 198 

Rotron Mfg. Co., Inc. 122 

Rutherford Electronics Co. 130 

Shockley 'transistor Corporation 62 
Simpson Electric Company 182 

Solid State Electronics ('o. 180 

Sorenson & Company. Ine 109 
Sprague Electric ('ompany 5 

Stevens Mfg. (''o. 155 

Superior Cable Corp. 136 

Superior Tube ('ompany 30 
Synchronic instruments, loc. 187 

Taylor fibre ('o. 126 

Tektronix, 1ne. 185 

Teleconlputlug Corporation 180 

1'elrex Laboratories 186 
Tempo aircraft Corp. 20, 178 
Texas lns)ruments incorporated 17 

Transratlio Ltd. 153 
Trans World airlines (TWA) 46 

See advertisement in the June, 1958 Mid -Month 
ELECTRONICS BUYERS' GUIDE for complete line 
of products or services. 

everything 
worked fine , , , 

UNTIL 
POWER 
FAILED 

for just 
5 seconds 

'I 

A A 

"The telemetering link was working fine. The whine of the tape 
as it passed over the recording heads was a precise informa- 
tion -laden sound. Then .. we had a power failure. Five seconds 
later we were back in business, but at the cost of millions of 
bits of ünformation .. . 

It just doesn't make sense to have investments totalling mil- 
lions of dollars hanging by a thread as thin as the risk of 
power failure. 

Today you can buy systems power insurance in the form of the 
Con Diesel Uninterrupted Power Supply. This unit will restore 
FULL VOLTAGE in 1.5 MILLISECONDS. There is no complete 
power break. Electronic systems can continue normal opera- 
tion even though normal power fails. 
These diesel -driven units are available in sizes ranging from 10 
to 200 kilowatts. Since the engine runs only when emergency 
power is required, operating costs are negligible, maintenance, 
practically nil. Can you afford to be without an UPS unit? A phone 
call, wire or letter will arrange a demonstration at our plant. 

FOR COMPLETE TECHNICAL DETAILS WRITE: 

CONSOLIDATED DIESEL 
ELECTRIC CORPORATION 
POWER EQUIPMENT DIVISION 
880 CANAL ST. STAMFORD, CONNECTICUT 

Other members of the Con Diese/ family are: 
Aircraft Equipment Div. Test Equipment Div. Consolidated Controls Corp. 
Consolidated Avionics Corp. Lima Electric Motor Co. Hammond Valve Corp. 
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1444. 
photo courtesy Consolidated Electrodynamics Corp. 

WELDMATIC PRECISION WELDING ASSURES 

RELIABILITY IN CEC PRESSURE PICKUPS 

Breaking the temperature barrier for pressure pickups, Consolidated Electro- 
dynamics Corp. now manufactures transducers that operate continuously above 
+600°F without damage. It's the new all -welded internal construction that makes 
this possible. Spot welding metal -to -metal bonds under binocular microscopes re- 

quires reliable, easy -to -operate equipment. That's why CEC chose Weldmatic - 
why don't you? Write for our new, complete General Catalog. 

WELDMATIC 
DIVISION OF UNITEK CORPORATION 
257 North Halstead Avenue Pasadena, California 

SAL L S E 1: C; I N L L 6: I N G REPRESENTATIVES IN PRINCIPAL CITIES 
CIRCLE 130 READERS SERVICE CARD 

211aCi4i,9tt. ¡At/ miniature 

Waveforms Portable 

520A Voltmeter 

5108 Oscillator 

NOW! COMPACT RACK & PANEL MOUNTINGS 

IN ANY SHAPE OR FORM YOU NEED! 

Waveforms precision volt- 
meters and oscillators 
give you top performance 
and uniform quality. Save 
space, too. So compact 
they mount on a 5" x 7" 
panel, these instruments 
are now available in any 
shape, form or mounting 
-rack or panel-you re- 
quire. Waveforms inte- 
grated operation permits 
fast deliveries and low 
cost, even on custom 
specifications. Mass pro- 
duction techniques applied 
to special order work. Send today for complete technical information. 

"Precision in miniature" ELECTRONIC INSTRUMENTS 

337 Sixth Avenue, New York 14, N. Y. WAtkins 9-2795 

'i 
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Varian Associates 

Victoreen 

Waveforms Inc. 
Weldmatic Division of Unitek 
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50% lighter ... 40% Smaller .. . 
Daven's new miniature Egg Crate LC Filters 
Now, for airborne and missile applications, Daven offers a 

miniature version of the popular Egg Crate LC Filter; 50% 
lighter and 40% smaller than any previous filter! 

Frequency range is 0.4 MC to 60.0 megacycles ... tempera- 
ture range is -55°C. to +125°C . .. different physical con- 
figurations are available depending on allowable space. 

The new Filter is suitable for pulse -type circuits and those 
where the phase shift characteristics must be uniform. It can 
be pre -tuned in the actual circuit, thus eliminating additional 
adjustment during assembly. With new production facilities, 

HEDA V LS(/V CO. 

these Filters are available in quantity, and each unit is identical 
in performance to the prototype. 

Utilizing no critical materials, the LC Filter is also excellent for 
medium and wide band -width filters. It can be used for band- 
widths down to 0.5%, if under -coupled response is permitted. 

Daven's extensive engineering staff, also producing other 
types of filters extending into the low audio range, is ready to 
assist you in your filter problems. Just send details of your 
specific requirement. 

LIVINGSTON, NEW JERSEY 

TODAY, MORE THAN EVER, THE DAVEN © STANDS FOR DEPENDABILITY 



STEADY! 

...DESIGNERS AND RCA-6AU6,g 
A PREFERRED TUBE TYPE % J0 

AfFfLRFE 

Thumb through any stack of entertainment - 
equipment circuits. Go back a dozen years. 
Note the rf, if, af, and limiter stages and you'll 
find one thing especially common to a large 
number of the circuits ... the 6AU6, an RCA 
original. As the result of continuing efforts to 
offer quality typical of all Preferred Tube 
Types, the RCA-6AU6 is still a steady design 
favorite. Here are some of the latest reasons 
why. 

RCA-6AU6 is rugged... larger -than usual 
cathode diameter and rigid fit of the mica 
supports to the cage assembly increase sturdi- 
ness and reduce microphonics. 

RCA-6AU6 is reliable...offers "reserve 

power" because of enlarged emissive -cathode 
area. Cathode is of special alloy that reduces 
interface and grid loading, substantially ex- 
tends useful tube life. A built-in shield com- 
pletely surrounding the cage assembly and 
connected to grid #3 minimizes intertube cou- 
pling and adds to structural rigidity. A double 
helical -wound heater reduces magnetic hum. 

RCA-6AU6 is 100% tested for rf noise, shorts 
and continuity, transconductance, gas, plate 
current and static emission. 

Little wonder designers have been "going 
steady" with the RCA-6AU6. Ask your RCA 
Field Representative for further information. 
He'll be glad to help. 

RADIO CORPORATION OF AMERICA 
Electron Tube Division Harrison, N. J. 

RCA FIELD OFFICES 

EAST 

744 Broad St. 

Newark 2, N..1. 
HUmboldt 5-3900 

MIDWEST 

Suite 1154 
Merchandise Mart Plaza 
Chicago 54, III. 
WHitehall 4-2900 

WEST 

6355 E. Washington Blvd. 
Los Angeles 22, Calif. 
RAymond 3-8361 


