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

111111 INTERSTAGE & LINE 
These six basic types cover most popular 
filter applications and frequencies. 
BMI band pass units are 10K input, output to 
grid; 2:1 gain. Attenuation is approximately 
2 db at 3% from center frequency, then 40 
db per octave. 
HMI high pass units are 10K in and out. At-
tenuation is less than 6 db at cut-off fre-
quency and 35 db at .67 cut-off frequency. 
LMI low pass units are 10K in and out. At-
tenuation is less than 6 db at cut-off fre-
quency and 35 db at 1.5 cut-off frequency. 
HML high pass filters are same as HMI but 
500/600 ohms in and out. 
UAL low pass filters are same as LMI but 
500/600 ohms in and out. 
BML band pass units are same as BMI but 
500/600 ohms input, output to grid, 9:1 gain. 

TELEMETERING BAND PASS 
UTC standard telemetering filters provide ex-
treme miniaturization with maximum stability, 
a complete set of 18 filters taking 19 cubic 
inches. They are 100K in and out and have an 
insertion loss of less than 6 db, 4 pin header 
for small Winchester socket. 
TMN units are within 3 db at ±- 7.5% of 
center frequency . . . down more than 18 db 
at 25% .. . more than 40 db beyond 1.75 
and .58 center frequency. 
TMW are within 3 db at 14- 15% of center 
frequency . . . down more than 20 db at 
50% . . . more than 40 db beyond 2.5 and 
.4 center frequency. 

TELEGRAPH TONE CHANNEL 

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

And Special Units to 
Your Specifications 
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CUL-400. 1000 
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STANDARD STOCK FREQUENCIES 
(number in figure is KC) 

TMN-1.7 
TMN-2.3 
TAN-3.0 
TMN-3.9 

TRANSMITTING 
TGT-425 TGT-1785 
TGT-595 TGT-1955 
TGT•765 TGT-2125 
TGT-935 TGT-2295 
TGT-1105 TGT-2465 
TGT-1275 TGT-2635 
TGT-1445 TGT•2805 
TOT- 1615 TGT-2975 

TUN- 5.4 TMN-30 
TUN- 7.35 TMN-40 
TMN-10.5 TMN-52.5 
TMN-14.5 TM'S-70 
TM N-22 

STANDARD STOCK 
FREQUENCIES 

(number in figure 
is cycles) 

TIAW-22 
TM W-30 
TM W-40 
PAW-S2.5 
TAIW.70 

MattlirieieE711; 

C.02 

RECEIVING 
TGR-425 TGR-1785 
TGR-595 TGR-1955 
TGR-765 TGR-2125 
TGR-935 TGR-2295 
TGR-1105 TGR-2465 
TGR-1275 TGR-2635 
TGR-1445 TGR-2805 
TGR-1615 TGR-2975 

Write For 
NEW Catalog 
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x x 1:" x 1%, x 2" 

eight 1.2 oz Weight 3.5 oz 

TCT CASE TCR CASE 
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Weight 8 oz. I Weight. 15 en. 
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B.F.Goodrich 

Bring the wild blue yonder indoors... 
If you have to figure what happens up there... you'll come considerably closer by testing 
with B.F.Goodrich Microwave Absorbents. The specifications and details are many. Sufficient 
to say — all the information is in a comprehensive new booklet. Write to The B.F.Goodrich 
Company, 586 Derby Place, Shelton, Connecticut. 

BE Goodrich microwave absorbents 
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SPACE SHRINKERS 
JVIICROIDS AND MONKEYS -- Burnell & 
Co. welcomes the assistance of their simian friends 
in the task of gathering data vital to space shrinking. 
By shrinking toroids, filters and related networks 
for guidance and communication systems, Burnell 
helps space vehicles carry bigger payloads — more 
instrumentation, animals — eventually man. Typical 
of our accomplishments is tlie flir_T_M/CRO/D 8 
telemetering band pass filter. Significantly, the com-
bined weight of 23JWCRO/DS— plus the monkey 
— is less than the single non-miniaturized tele-
metering band pass filter pictured here.M/CRO/D 
band width is 15% at 3 db ± 60%-40% at 40 db. 
Frequency coverage is from .4 kcs to 70 kcs. 

Sizes 

Channels 1-6 2 x 27/32x 1/2 

Channels 7-10 1-5/16 x 11/16x 11/16 

Channels 11-18 15./16 x 19 /32x 1/2 

Alternates A-E 15/16x 19 32 x 1/2 

Write for Filter Bulletin MTT 23. 
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SHOPTALK . . . editorial 
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THE ELECTRONICS INDUSTRY. Nearly thirty years ago, this 

magazine gave its name to an infant industry. Today, the electronics 
industry encompasses more than 4,000 plants that employ nearly 
2 million workers. And people still ask: "What is electronics?" 

Electronics is an art and a science and an industry concerned with 
the motion of charged particles. This motion is ordered and put to 
work in electron devices such as tubes, transistors, magnetic ampli-
fiers, masers, and a host of other solid, liquid or gaseous contrivances. 
The development, manufacture and use of electron devices, the 

equipment in which they are used, the components and hardware that 
are used with them, and special materials from which these things 
are made are all part of the electronics industry. 

In many plants electronic equipment, materials or components 
make up almost all the output. In other plants electronic products 
make up less than all the output: a machine shop punches out 
chassis, an airframe manufacturer makes inertial guidance systems, 
a chemical manufacturer rolls printed-circuit board stock. These 
too are part of the electronics industry to the extent that they are 
manufacturing electronic equipment, components or materials. 

The degree of specialization varies. Some airframe manufacturers 
may realize 50 to 60 percent of their gross sales in electronic equip-
ment and parts. An automobile manufacturer may be 5 to 10 percent 
in electronics. Few large firms are exclusively in electronics. 
ELECTRONICS, interest in its industry transcends classifications based 

on major product of any manufacturer. Where people are designing, 
making or using electronic materials, components or equipment, there 
is our industry and our editorial interest. 

Editor 

Coming In Our October 16 Issue . . . 

INSTRUMENTING HUMAN PAYLOADS. A capsule shaped like 
the one designed to carry a human cargo for Project Mercury was 
recently recovered intact after a successful flight down the Atlantic 
Range. This is another significant step toward the inevitable first 
human space flight. When this epochal event does take place, how 
will scientists on earth monitor the physical wellbeing of the first 
astronaut? The problems of instrumentation for determining the 
physiological data under conditions of space flight are indeed complex 
and require new and ingenious transducer design. Next week, 
M. Traite, W. Welkowitz, J. Kilduff and C. Purporo of the medical 
instruments department of Gulton Industries, Metuchen, N. J., describe 
both the transducers and associated circuitry for determining the 
respiration, electrocardiogram, temperature, blood pressure and other 
physical parameters of men, in space. 

PRECISION ANGLE ENCODER. Accurate, automatic measurement 
of angular position is needed for optically guided missile-tracking 
instruments. A special angle transducer of unusual design and con-
struction has recently been developed which allows real-time digital 
recording of shaft position of special radars and optical tracking 
instruments. L. G. DeBey of Aberdeen Proving Ground, D. Comstock 
of the Norden division of United Aircraft, and S. B. Peterson and 
R. C. Webb of Colorado Research Corp. have teamed up to describe 
this new transducer and associated electronics. The vernier element 
introduces a new principle into analog-to-digital conversion: quanti-
zation by radio interferometry. 
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MISSILE-READY CAPACITORS 

thanks to Sprague's PV-100A 

It has been more than three years since Sprague originated Specification PV-100—the first 
high reliability capacitor specification for missiles and other critical applications. This speci-
fication and a later revision, PV-100A, have proved so comprehensive and so successful in 
providing "the highest order of reliability known to the capacitor industry" that their 
provisions are currently reflected in every military specification covering high reliability 
capacitors. This is a distinction shared by no other capacitor manufacturer. 

The capacitors manufactured by Sprague to PV-100 and PV-100A standards have 
amassed a record of reliability far in excess of original expectations. On high frequency 
vibration, shock, and other environmental tests, failure rate has been almost zero. On 
accelerated life tests (250 hours at 140% rated voltage, 125° C) failure rate has been less 
than .05%. This performance is virtually impossible to beat . . . now and for some years 
to come. But Sprague doesn't stop here. The company's research on materials, processes, 
and controls is now more intensive than ever. Sprague knows that only through continuous 
research can high reliability be made higher. 

If you're interested in the fine points of high reliability capacitors, call your Sprague 
District Office or Representative. Or write letterhead request for Sprague's Hyrel Bulletin 
2900A and Specification PV-100A to Technical Literature Section, Sprague Electric 
Company, 35 Marshall Street, North Adams, Mass. 

SPRAGUE® 
THE MARK OF RELIABILITY 

SPRAGUE COMPONENTS: 

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

HIGH TEMPERATURE MAGNET WIRE • CERAMIC-BASE PRINTED NETWORKS • PACKAGED COMPONENT ASSEMBLIES 
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. .. the CT! card-programmed Component Tester 

Reduce your incoming-test procedures to the insertion of a 
card and the push of a button! Large quantities or varied, 
small lots of any of the basic electronic components can be 
handled with equal efficiency by the CTI Component Tester. 
An unskilled operator merely selects the appropriate card. 
The Component Tester performs the required series of tests 
and indicates either that the component has passed or the 
type of failure that has been found. "Over", "under", and 

"pass" circuits are provided for completely automatic opera-
tion with handling and sorting devices. 

CAPACITORS 

Capacity: .002 to 100 mfd; smaller values using external oscillator 
Leakage or Shunt Resistance Limit: 1 ohm to 1.62 megohms at 
6 volts d- c, or 50 megohms at 100 y d-c 

TRANSISTORS 

Cut-off Current ( 1 co ): 0.375 microamperes to 1 amp 
A-C Current Gain (base to collector— emitter common): 10 to 100 

CHOKES 

Inductance with rated D-C Current flowing: .03 to 50 henries: 0.5 
to 161 ma 

D-C Winding Resistance: 1 ohm to 1.62 megohms 
Leakage Resistance Limit from winding to core: 50 megohms 

DIODES and RECTIFIERS 

Forward Resistance at 1 volt: 1 ohm to 1.62 megohms 
Reverse Resistance at rated Reverse Voltage: 1 ohm to 1.62 megohms, 
1 to 161 volts d-c 

Engineers 

The simplicity of operation and surprisingly low cost of 
this instrument are the result of CTI's extensive experience 
in the field of automatic testing. An ingenious card reader 
provides both reliability and economic design. Precision 
bridge measurements and fail-safe circuitry are features 
gained in the development of CTI's automatic circuit testers. 

Programming is accomplished with an ordinary hand 
punch. A single hole selects one of the test sequences listed 
below. Several additional holes dictate specific values and 
tolerances. Combinations or modifications of these standard 
tests can be used for special measurements. 

RESISTORS 

Resistance: 1 ohm to 16.2 megohms 

TRANSFORMERS 

Primary Inductance: .03 to 12 henries 
Winding Ratio: 1:1 to 100:1 
Winding Polarity 

Leakage Resistance Limit from winding to core: 50 megohms at 
100 y d-c 

RELAYS 

Pull- In Voltage: a-c or d- c, 0.5 to 161 volts 
Continuity of each contact when closed: 1 ohm to 1.62 megohms 
Leakage Resistance Limit between contacts in open position: 50 meg-
ohms at 100 y d-c 

Coil Resistance: 1 ohm to 16.2 megohms 

Leakage Resistance Limit from coil to frame: 50 megohms at 100 y d-c 
Leakage Resistance limit from all swingers and fixed contacts to 

frame: 50 megohms at 100 y d-c 

Career opportunities are currently available at CTI 

CALIFORNIA TECHNICAL INDUSTRIES 
DIVISION OF TEXTRON INC. 

BELMONT 8. CALIFORNIA 

Foremost in Automatic Testing 
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NEW CONTROLS FOR STEREO 

SMCKPOLE 
Coldite 701-e fixed compos.tion Resistors • Slide 
& Snap Switches • Ceramag n Ferrite Cores • Fixed 
composition Capacitors • Ceramagnet• Ceramic 
Magnets • Electrical Contacts • Brushes for all 

rotating electrical equipment • Hundreds of re-

lated carbon, graphite, and metal powder products. 

Flexibility without Complexity 

Even a wife can appreciate the major points of these 
special dual-element controls for 2-channel stereo 
equipment! No longer is it necessary to fiddle with 
2 bass controls, 2 treble controls, and 2 volume 
controls to obtain proper stereo balance—then re-
adjust everything when listening to monophonic 
material. No longer, that is, unless you're an ardent 
audiophile who would have it no other way. 

For these new Stackpole controls "clean-up" the 
panels of stereo equipment, make them easier to 
operate and understand . . . yet retain all the flexi-
bility of individual adjustments required on the 
most elaborate equipment. 

O FRICTION SHAFT DUAL—Type LS3: A friction fit between 

shafts causes both elements of this dual concentric shaft 

control to operate in tandem when either shaft is turned. 

Either element can also be adjusted independently by 

holding one shaft while rotating the other. Once set, 

either knob can be turned while maintaining stereo bal-

ance through a wide range of adjustment. 

O CLUTCH SHAFT DUAL—Type LS] : This wonderfully conven-
ient control allows either simultaneous or individual ad-

justment of its two elements. A push on the inner 

shaft engages a clutch which connects both elements 

together for tandem operation by either shaft. Pulling 

the inner shaft permits each element to be individually 

adjusted without disturbing the other. 

e MATCHED ELEMENT TANDEM—Type L-Tandem: Through 

precise electrical matching and careful mechanical align-

ment, this stereo tandem control allows convenient, single-

knob adjustment of both channels. It's ideal for adjust-

ment of master volume or of bass or treble in systems 

where an absolute minimum of panel complexity is 

desired. 

Mechanical and electrical specifications on these 
dependable 0.75-watt variable composition resistors 
are available on request.  Electronic Components Di-
vision, Stackpole Carbon Company, St. Marys, Pa. 

ELECTRONICS • OCTOBER 9, 1959 CIRCLE 7 ON READER SERVICE CARD 7 



NOW! 

Constant output level 

Constant modulation level 

3 volt output into 50 ohms 

Low envelope distortion 

4- 16es 

NEW -hp- 606A HF Signal Generator 
Here at last is a compact, convenient, moderately-priced 
signal generator providing constant output and constant 
modulation level plus high output from 50 kc to 65 MC. 
Tedious, error-producing resetting of output level and % 
modulation are eliminated. 

Covering the high frequency spectrum, ( which includes the 
30 and 60 MC radar IF bands) the new -hp- 606A is excep-
tionally useful in driving bridges, antennas and filters, and 
measuring gain, selectivity and image rejection of receivers 
and IF circuits. 

Output is constant within ±. 1 db over the full frequency 
range, and is adjustable from + 20 dbm (3 volts rms) to 
—110 dbm ( 0.1 px rms). No level adjustments are required 
during operation; the instrument has a minimum of con-

trols and high accuracy results are assured due to the con-

stant internal impedance. The generator can be provided 
with a 10:1 voltage divider and dummy antenna lowering 
minimum output to 0.01 p.v ( from 5 ohms) and simulating 
IRE standards for precision receiver measurements. ( See 
Accessories Available in Specifications.) 

The new -hp- 606A may be modulated by sine waves and 
complex waveforms from dc to 20 KC. A meter indicates 
percent modulation. Distortion in sine waves is extremely 
low due to use of a feedback circuit. 

To insure maximum accuracy of frequency setting, the 
606A includes an internal crystal calibrator providing 

check points at 100 kc and 1 MC intervals with error less 
than 0.01%. 

s#, offers the world's most complete 
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Specifications 
Frequency Range: 50 kc to 65 MC in 6 bands. 

50- 170 kc 1.76- 6.0 MC 
165- 560 kc 5.8 -19.2 MC 
530-1800 kc 19.0 -65.0 MC 

Frequency Accuracy: Within ±-1%• 

Frequency Calibrator: Crystal oscillator provides check points at 
100 kc and 1 MC inter-) am s at-curate within 0.01% from 0° to 
50° C. 

RF Output Level: Continuously adjustable from 0.1 iry to 3 volts into 
a 50 ohm resistive load. Calibration is in volts and dbm (0 dbm 
is 1 milliwatt ) . 

Output Accuracy: Within ± 1 db into 50 ohm resistive load. 

Frequency Response: Within -± 1 dl) into 50 ohm resistive load over 
entire frequency range at any output level setting. 

Output Impedance: 50 ohms, SWR less than 1.1:1 at 0.3 v and be-
low. BNC Output connector mates with CG-88A/B/C/D. 

Spurious Harmonic Output: Less than 3%. 

Leakage: Negligible; permits sensitivity measurements down to 
0.1 µv. 

Amplitude Modulation: Continuously adjustable from 0 to 100%. 
Indicated by a panel meter. Modulation level is constant within 
± 1/2 db regardless of carrier frequency. 

Internal Modulation: 0 to 100% sinusoidal modulation at 400 cps 
±5%) or 1000 cps ± 5%. 
Modulation Bandwidth: De to 20 kc maximum, depends on carrier 
frequency, f., and percent modulation as shown in the following 
table: 30% Mod. 70% Mod. Squarewave Mod. 
Max. Mod. Frequency 0.06 f. 0.02 f. 0.003 f. (3 kc max) 
External Modulation: 0 to 100% sinusoidal modulation dc to 20 kc. 
1.5 volts peak produces 100(,i modulation at modulating frequen-
cies from de to 20 Ice. Input impedance is 600 ohms. May also be 
modulated by square waves and other complex signals. 
Envelope Distortion: Les- than 3!;' envelope distortion from 0 to 
70% modulation at output levels of 1 volt or less. 
Modulation Meter Accuracy: Within 5% of full scale reading 
from 0 to 90', . 
Spurious FM: 0.0025% or 100 cps, whichever is greater, at an output 
of 1 y or less and 30% AM modulation. 
Spurious AM: Hum and noise sidebands are 70 db below carrier. 
Power: 115/230 volts -± 10% . 50 to 1000 cps, 135 watts. 
Accessories Available: -hp- AC-606A-34 Output Voltage Divider 
with 50 and 5 ohms termination I 10:1 voltage divider) and IRE 
standard dummy antenna ( 10:1 voltage divider). $50.00. 

Price: (cabinet) $1,200.00. ( rack mount) $1,185.00. 
Data subject to change without notice. Prices f.o.b. factory. 

Other -hp- Signal Generators 10 to 21,000 MC 

Instrument Frequency Range Characteristics Price 

-hp- 608C 10 to 480 MC Output 0.1 µv to 1 v into 50 ohm load. AM, pulse, or 
CW modulation. Direct calibration 

$1,000.00 

-hp- 608D 10 to 420 MC Output 0.1 µv to 0.5 y. Incidental FM 0.001% entire ranee 1,100.00 

-hp- 612A 

---- - 

-hp- 614A 

450 to 1,230 MC 
Output 0.1 py to 0.5 y into 50 ohm load. AM, pulse, CW 

or square wave modulation. Direct calibration 1,200.00 

1,950.00 800 to 2,100 MC 
Output 0.1 Ir., to 0.223 y into SO ohm load. Pulse, CW or 

FM modulation. Direct calibration 

-hp- 6I6A 1,800 to 4,000 MC 
Output 0.1 /iv to 0.223 to into 50 ohm load. Pulse, CW or 

FM modulation. Direct calibration 1,950.00 

4 /3- 6188 3,800 to 7,600 MC 
Output 0.1 py to 0.223 y into 50 ohm load. Pulse, CW, FM 

or square Wave modulation. Direct calibration 2,250.00 

-hP- 620A 7,000 to 11,000 MC 
Output 0.1 my to 0.223 y into .50 ohm load. Pulse. FM or 

square wave modulation. Direct calibration 2,250.00 

-hp- 6238 5,925 to 7,725 MC 
Output 70 pv to 0.223 y into 50 ohm load. FM or square 
wave modulation. Separate power meter and wove 

meter section. 
1,900.00 

-hp- 624C 8,500 to 10,000 MC 
Output 3.0 µv to 0.223 v into 50 ohm load. Pulse, FM or 
square wave modulation. Separate power meter and 

wave meter section 
2,265.003 

-hp- 626A 10 to 15.5 KMC 
Output 10 dbm to -90 dbm. Pulse, FM, or square wave 

modulation. Direct calibration 3,250.00 

-hp- 628A 15 to 21 KMC 
Output 10 dbm to -90 dbm. Pulse. FM, or square wave 

modulation Direct calibration 
3.250.00 

3Rack mounted instrument available for $ 15.00 less. 

-hp- 608D vhf Signal Generator 
10 to 420 MC. Highest sta-
bility. No incidental FM or 
frequency drift. Calibrated 
output 0.1 pv to 0.5 
throughout range. Built-in 
crystal calibrator provides 
frequency check accurate 
within 0.01% each 1 and 5 
MC. Master-oscillator, in-
termediate and output am-
plifier circuit design. Pre-

mium quality performance, direct calibration, 
ideal for aircraft communications equipment test-
ing. $1.100.00. 
-hp- 608C vhf Signal Generator. High power ( I I, 
max.) stable, accurate generator for lab or field 
use. 10 to 480 MC. Ideal for testing receivers, am-
plifiers. driving bridges, slotted lines, antennas, 
etc. $1,000.00. 

-hp- 626 A/628A shf Signal 

Generators 
New instruments, 
bringing high power, 
wide range, conveni-
ence and accuracy to 
10 to 21 KMC range. 
Frequencies, output 
voltage directly set and 
read. Output 10 to 20 
db better than previ-
ous spot-frequency sets 

SWR better than 1.2 at 0 dbm and lower. Internal 
pulse, FM or square wave modulation; also exter-
nal pulsing or F.Wing. -hp- 626A, 10 to 15.5 KMC, 
$3,250.00. -hp- 628A, 15 to 21 KMC, $3,250.00. 

HEWLETT-PACKARD COMPANY 
4873A PAGE MILL ROAD • PALO ALTO, CALIFORNIA, U.S.A. 

CABLE "HEWPACK" • DAVENPORT 5-4451 

Field representatives in all principal areas 

line of precision signal generators 
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EIMAC TUBES 

NOW IN PRODUCTION 

IN AMERICA'S NEWEST, 

MOST MODERN TUBE PLANT 

In San Carlos, California, Eimac's third and largest plant is 

now in full production to meet the great demand for many 

popular Eimac electron tube families. Never before have so many 

advanced techniques and processes been applied to vacuum tube 

manufacture. Eimac's leadership in new processing methods has 

brought a new era of quality to electron tubes. 

Eimac, San Carlo,. ;Ireatly in, n• 1,ing production capacity, join, San Bruno and Salt Lake City facilities as Eimac's newest plant. 

lituilp».,,y),!1 ,111, 1115 

Ready for shipment, these Eimac ceramic tetrodes are just one of more 
than a hundred different tube types manufactured by Eitel-McCullough, 
Inc., including negative grid tubes, power amplifier klystrons, reflex 
klystron, and traveling wave tubes. 

11111018111/1161111101111101111/1110111/E11111q111111 1111 

lb 
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Final tube assembly in near-sterile "clean rooms" assures exceptional tube reliability. 
These rooms are pressurized with filtered, conditioned air to prevent the tiniest dust 
particles from entering. Even shoes are automatically vacuum cleaned as personnel 
enter the room through double-door air locks. 

'"'"'"""eeleIIIIIIIBIIIIMIIW7, 14eformaramem.........fflop,. 

41' 

Every tube meets rigid Eimac specification, 1,, fore shipment. On 
consoles like this, dozens of electrical characteristics are patiently 
tested and recorded for each Eimac tube produced. Environmental 
testing equipment is also available for testing for severe applications. 

Eimac designed rotary vacuum pumps speed production, achieve hard, clean tube 
vacuums. Pumping Eimac tubes at high voltages and ambient temperatures assures 
long life and reliability. These giant rotary pumps are typical of production equipment 
custom designed by Eimac for transmitting tube manufacture. 

EITEL—McCULLOUGH, INC. 

SAN CARLOS, CALIFORNIA 



BUSINESS THIS WEEK 

ELECTRONICS NEWSLETTER 

DIGITAL COMPUTER USE in industrial process 
control receives new impétus with the team-up of 
RCA and The Foxboro Co. of Foxboro, Mass., big 
name in industrial instruments and controls. RCA 

Industrial Electronic Products division is pack-
aging the heart of the input-output processor 
from its big new 501 computer as a separate 
model, the 110. The 110 is being sold as a master 
control unit for industrial production processes. 
Team hopes to crack the industrial control field 
by offering to engineer and build control systems 
in depth. 

Panel meetings on problems in circuit theory, recruiting 
of scientific personnel and education for leadership in 
electronics will highlight the 15th annual National Elec-
tronics Conference to be held next week in Chicago. 
More than 13,000 persons are expected to choose from 
28 sessions and over 125 papers, plus 282 exhibit 
booths. 

NEW GUIDANCE SYSTEM for missiles and air-
craft called PINPOINT combines ATRAN and 
inertial guidance. ATRAN is the Goodyear Air-
craft guidance system, used on the TM-76A Mace 
missile, which compares the terrain shown on a 
radarscope with a film strip previously obtained 
from the scope over the same course. System can 
then use landmarks such as lakes to correct flight. 
PINPOINT, just announced by Goodyear as an 
outgrowth and refinement of ATRAN, is said to 
correct errors generated by its inertial guidance 
subsystem, with accuracy independent of both 
range and velocity of the missile or aircraft. 

FIFTY-MILLION-WATT RADAR will be designed 
and manufactured by FXR, Inc. of Woodside, New 
York, under a $500,000 subcontract from Cornell 
Aeronautical Laboratory, which has an R&D 
prime contract from Army Ordnance. CAL's goal 
of 50 million watts peak power, with a variety 

of pulse lengths and repetition rates, follows CAL 
achievement of transmission of 21 million watts 
of peak power. FXR will make the complete trans-

mitter, which will use a series of amplifier tubes. 
The tubes will require synchronized frequency 
of about 3.5 millimicroseconds. 

Theoretical study of an interferometer tracking system is 
being carried out by Smith Electronics, Cleveland, 
under a contract from Air Proving Ground Center. 
Elgin AFR, Fla. System under study will track a tele-
metry signal in the 2.200-2,300-me range over a dis-
tance of 5.000 mi. It will provide Doppler velocity 
measurement besides position data. 

AUTOMOTIVE INDUSTRY continues electronics 
expansion. On one hand, electrical equipment 
suppliers are seeking new product lines. On the 
other hand, automakers want to improve their 
cars, often with their own electronic products. 
In the first category is Electric Autolite, which 

expects to market a new electronic commutator 
this fall for about $50. Other new developments: 

a transistorized inkless recorder, radiation-resis-
tant wire and surface-discharge spark plugs. 
Autolite is also developing high-temperature cer-
amics for electronic applications. Chrysler reports 
that its compact new Valiant will use a Chrysler-
made alternator-rectifier unit to provide 12-volt 
d-e, claims the new unit weighs 12 lb less than a 
conventional d-c generator of equivalent output. 
Automaker says the unit provides 10 A output 
at idle speed and increases brush life through 
the use of smooth slip rings instead of a serrated 

commutator. Rectifier transforms 19-cycle a-c to 
d-c; three silicon diodes permit positive pulses 
to pass and three others pass negative pulses to 
provide full wave rectification. System elimin-
ates the current-regulating solenoid. Chrysler 
hopes to produce at least 200,000 1960-model Val-
iants, will also use the device in its Imperial 
model. Ford offers a similar unit on heavy-duty 

trucks. GM, through its Delco-Remy division, pro-
vides its device as an option for fleet owners. 

Solar power system for space satellites, capable of pro 
during 100 watts of electricity continuously and 500 
watts peak, will be developed by Roffman Laboratories 
Los Angeles, a division of Roffman Electronics Corp. 
under a $600.000 contract front Wright ADC. Th 
large-area panel will be applicable to various space 
programs. 

• 

AUTOPILOTS for the fast-growing business air-
craft market get a marketing push with the intro-
duction of a new transistorized unit by Sperry 
Phoenix division of Sperry Rand. The company 
expects that business aircraft will number 38,000 
by 1965, 95,000 by 1975. Sperry says modular con-
struction of its new autopilot permits a user to 
install a single axis, later make it a two-axis or 
complete three-axis flight control system. 

SOVIET OCEANOGRAPHIC SUBMARINE Sever-
yanka (ELECTRONICS, p 19, Sept. 18, p 31, Mar. 20) 
is equipped with "a depth stabilizing device which 
enables it to remain at any depth" and an exit 
chamber through which scientists in diving gear 
can leave the sub while it lies on the bottom of 
the sea. This new information was reported in 
Tekhnika Molodezhi by Yu. Kryuchkov. 

ULTRASONIC MACHINE is bringing home leaner 
bacon in Britain, where the British Oil and Cake 
Mills at Barlby, Yorkshire, is using it to deter-
mine the suitability of boars as sires before a 
litter of bacon rasher types has been bred. Waves 
are sent at right angles to the skin and reflected 
back from the interface between the underlying 
fat and muscle with a time lag related to the 
depth of fat. Lean area can then be determined. 
Since thickness of outer fat is an inherited char-
acteristic in pigs, boars that would bring home 

fatty bacon through their progeny are not allowed 
to breed. 
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Raytheon Voltage Regulating 

PLATE-FILAMENT 
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TRANSFORMERS   

Transformers that regulate 

voltage to within ± 3% 

ype&
 T 

eeRctifterFillr • 
Se<ofire 

Note, 

itopplied woth 

transformer 

CIRCUIT DIAGRAM shows Raytheon 
Voltage Regulating Transformer in 
typical full-wave rectifier circuit. 
Three standard models with ratings 
up to 380 VDC @ 250 MA are im-
mediately available from stock. 

THIS BOOKLET GIVES YOU COM-
PLETE SPECIFICATIONS. For your 
copy plus a companion data booklet, 
write Raytheon, Manchester, N. H. 

This versatile Raytheon unit looks like a trans-

former, but does the combined job of trans-

former plus voltage regulator. 

In a conventional power supply circuit, the 

voltage regulating transformer maintains a de 

output voltage within Lt- 3% with line variations 

of 15%. 

For custom requirements, please write our Ap-

plications Engineering Group for an answer to 

your particular need. Raytheon Company, 

Manchester, New Hampshire. 

RAYTHEON COMPANY 

Industrial Apparatus Division 

€1111E0N 
Excellence in Electronics 

ELECTRONICS • OCTOBER 9, 1959 CIRCLE 13 ON READER SERVICE CARD 13 



' WASHINGTON OUTLOOK 

COMPLETE LINE 
+FAST SERVICE  

HIPERSIL CORES 
Westinghouse stocks all types 
and sizes of Hipersil cores in three 
locations to serve you better 

COMPLETE LINE includes the 
new EIA, RS-217 standard sizes. 

• Type C: 12,4,2 and 1 mil sizes, 
in single- and 3-phase, from 
a fraction of an ounce to 
300 pounds. 

• Ring Cores: with new 
polyclad treatment—assure 
best magnetic performance of 
any Epoxy resin-coated core 
ready to receive windings. 

• Special Cores: to any 
specification and shape 
requirement—rectangular, 
triangular and others. 

FAST SERVICE is assured by 
complete stocks at Greenville, 
Pa.; Boston, Mass.; and 
Los Angeles, Calif. 

Performance of Hipersil® cores 
in "iron-core" components is 
guaranteed to meet or exceed 
specifications. 

For more facts, write for Price 
List 44-520 and Descriptive 
Bulletin 44-550 to Westinghouse 
Electric Corporation, P.O. Box 
868, Pittsburgh 30, Pa. j_70920 

YOU CAN BE SURE. iç 

Westinghouse 
WATCH -WESTINGHOUSE LUCILLE BALL•Oew r 

COS TV riiipnrS 

WASHINGTON—THE PENTAGON'S SHAKEUP of its space organizations has 
several results of importance to electronics firms: 
The once-powerful Advanced Research Projects Agency is about 

washed up. 
Herbert York, the Pentagon's recently appointed director of defense 

research and engineering, has a stronger hand in the Pentagon's hierarchy. 
He now has clearcut policy-making responsibility over all military 
research and development efforts, including military space projects. 

In the cutting up of ARPA, the Air Force was assigned full control 
over development of the Midas early-warning and Samos reconnaissance 
satellites. Later on, it will also get complete responsibility for develop-
ment, production and launching of all rocket boosters for military space; 
space transportation projects; and the Discoverer experiments on recovery 
of space vehicles. 

The Navy was assigned full control over development of the Transit 
navigation satellite and the Army over the Notus satellite-borne communi-
cations system. But both services will have to turn to the Air Force for 
launching their specially-designed satellites. 
The shakeup does not affect the $500-million worth of purely scientific 

space projects of the National Aeronautics & Space Administration. NASA 
will remain in charge of scientific earth satellites, lunar probes, deep 
space probes and other astronautic projects not directly tied to military 
needs. 

ARPA was set up in the Pentagon during Washington's post-sputnik 
furor. For the most part, ARPA farmed out operating tasks and contract 
administration on military space projects to the three services. That's 
why the new switch in responsibilities will involve no major contract 
changes. 

The four projects covered by the switchover will total $110.9 million 
this year. Lockheed is prime contractor on Midas and Samos; Johns 
Hopkins' Applied Physics Laboratory on Transit; and Philco, GE, Bendix 
Aviation, ITT, and Radiation, Inc. on Notus. The other projects the Air 
Force is slated to take over from ARPA have a total budget of close 
to $200 million. 

Defense Secy. McElroy plans to continue ARPA. Its staff of 60 scientists 
will now be limited to "advanced research" in materials, solid propellants, 
scientific problems connected with ballistic missile defense, and other 
non-engineering fields. 

• The success of the Japanese in selling transistors in the U. S. market 
is going to be taken up by the Office of Civilian and Defense Mobil-
ization to see whether the booming trade is having a harmful impact 
on our security. 

The agency has been asked to investigate the situation by the 
Electronic Industries Association. The charge is that Japanese pro-
duction costs are low, that transportation costs are negligible, and 
that the 15 percent duty helps very little. The result, says EIA, is 
that a U. S. transistor that sells for $1.35 is up against a competitive 
Japanese product that sells for 80 cents or less. 

The EIA's point is this: despite the expansion of U. S. transistor 
capacity, the Japanese threat is such that U. S. producers won't be 
able to expand enough or finance enough R&D to keep pace with 
Soviet and other developments in electronics. 

There's no quick relief available. The OCDM procedures take 
months and months. First step: allowing interested parties—the 
U. S. industry, U. S. consumers, manufacturers of finished items, the 
Defense Department—to say how they think the situation affects 
them and the security of the country. 
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handling capacity 

of the new 

Westinghouse 

Silicon 

transistor! 
Greater than 99% efficiency when used to handle 1.5 kw of 
power in a low-frequency DC switch! Power loss is only 
10-15 watts when handling 1.5 kw. That's just one of the 
impressive specifications established by a remarkable new 
semiconductor device—the Westinghouse Silicon Power, 
Transistor. 

This Power Transistor is remarkable in other ways, too... 

• It is the first power transistor available in voltage 
ranges above 100 volts. 

• It has power dissipation capability of 150 watts made 
possible by the low thermal resistance of .7°C/watt. 

• It can operate at higher temperatures than germanium 
(150°C., compared to 85°C). 

0- It has astonishingly low saturation resistance—less than 
.5 ohms at 5 amperes and .75 ohms at 2 amperes, an achieve-
ment made possible through extensive research and de-
velopment of hyper-pure Siemens-Westinghouse Silicon. 

• It is 100% power-tested under actual maximum rated 
specifications before leaving the plant. 

• It is encapsulated in a rugged, all-welded case. 

HERE ARE A FEW OF THE APPLICATIONS... 

• Inverters and converters e Data processing circuits • 
Servo output circuits • Series regulated power supplies • 
As a low frequency switch • In class A amplifiers. 

Available in 2 and 5 ampere collector ratings in production 
quantities now. For complete specifications and details, 
contact your local Westinghouse representative. 

YOU CAN BE SURE- IF IT%Westin house 
ELECTRONICS • OCTOBER 9, 1959 

Westinghouse Electric Corporation, Semiconductor Department Youngwood, Pa. 
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CZ1 MAGNET WIRE 

CLASS-8 
[21 MAGNET WIRE 

aASSA 
/05°C  RANGE 

TYPE 71/eMALEX-F 
PIAN EAMMEL. 
Femme 
/VYFORAI 

scope-REY ° 

ANGE  /30°C  

TYPE 71/ERMAie-, 
SODERe 
(Lbil/TE0) 

121 MAGNET WIRE 
CLASS -F 

RANGE 

TYPE 

/5.5°C 

The right right insulation 

for every application 

with Essex Film-Coated Magnet Wire 

TraVol 

SN 

Write for the new data and samples 

available on all-purpose Thermalex-F-7 

—THE WIRE DESIGNED WITH THE FUTURE IN MIND! e "tq *.eiree 

544s, 
Pir 

MAGNET WIRE DIVISION 

ESSEX WIRE CORPORATION 
Fort Wayne, Indiana Manufacturing Plants: Anaheim, Calif.; Fort Wayne, Ind.; and Hillsdale, Mich. 

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

AMPERES 

-et 
NEW 

4 % INCREASE IN RAI  

NO INCREASE IN PRICE! 

NO INCitEASE IN nIZE I 

POWERSTATS of the new 10B Series incorporate the most 

up-to-date variable transformer design refinements to pro-

vide the highest ratings and performance characteristics in 

their price and size range. Separate ratings are given for 

constant-impedance and constant-current loads to permit 

maximum utilization of the POWERSTAT. Features include a 

rhodium-plated commutator surface and space-saving core 

and coil design. Ruggedly constructed for long life and 

dependable service. Two- and three-gang assemblies are 

available for increased ratings and three-phase operation. 

SHAFT IS SLOTTED TO PERMIT 
SCREWDRIVER ADJUSTMENT IF DESIRED 

20 116-
216 

117-
217 

126-
226 

136-
236 

1156C-
1256C H-C 

3.0 7.5 
3.0 

10.0 
4.0 

12.5 
6.0 

20.0 
9.0 

45.0 
28.0 

200 
and up 

IPOWERSIWIT® 
variable transformers 

.2';Ó 

TYPE 10B 

RATING CHART 

INPUT OUTPUT 

CONSTANT CURRENT LOAD CONSTANT IMPEDANCE LOAD 
VOLTS CYCLES VOLTS MAX. AMPS. MAX. KVA MAX. AMPS. MAX. KVA TYPE 

SINGLE PHASE 

120 
120 

50 60 
60 

0-120 
0-132 

1.75 
1.75 

.21 

.23 
2.5 
1 75 

.30 i 

.23 I 1013 

240 
240 

50 60 
60 

0-240 
0-264 

1.75 
1.75 

.42 

.46 
2.5 
1.75 

.60 1 

.46 I 10B-2 

THREE PHASE 

120 
120 

50 60 
60 

0-120 
0-132 

1.75 
1.75 

.36 

.40 
2.5 
1.75 

.52 \ 

.40 1 
1013-2 

240 60 0-240 1.75 .73 2.5 1.0 10B-3 

CORE STRIP WOUND OF HIGH 
GRADE SILICON STEEL MORE 
STEEL IN DEEPER CORE DESIGN 
INCREASES CAPACITY 

RHODIUM PLATED COMMUTATOR 
SURFACE GROUND AND POLISHED 

FOR SMOOTH OPERATION 
AND LONG LIFE 

TERMINALS DESIGNED TO PERMIT 

USE OF PUSH.ON TYPE CONNECTORS, 
SOLDERED CONNECTIONS OR BOTH 

SHAFT AND BRUSH ARM HUB 
PERMANENTLY PRESS- FITTED 

TOGETHER TO FORM SINGLE 

ASSEMBLY NO SETSCREWS 
TO LOOSEN AND DISTURB 

SHAFT TO BRUSH RELATIONSHIP 

NEW BRUSH DESIGN 
LARGE METAL TO CARBON BONDED 

AREA INCREASES EFFICIENCY 

r441***.e...e. BY REDUCING RESISTANCE METAL BACKING REDUCES 

DANGER OF BRUSH BREAKAGE 
UNDER SHOCK 

WIDE DESIGN STABILIZES 
BRUSH ON COMMUTATOR 

REDUCED THICKNESS OF BASE AND BRUSH ARM HUB MAIN NEW PHOSPHOR BRONZE 
TAINS OVERALL HEIGHT TO MAKE POWERSTATS OF THE 108 BRUSH ARM 
SERIES INTERCHANGEABLE WITH THE OLDER ID SERIES 

NO PIGTAIL ON BRUSH 
EASILY REPLACED WITHOUT TOOLS. 
NO NEED TO TAKE GANGED UNITS 

APART TO REPLACE BRUSHES 

• 
"r 

ST_JPEIFIXOFt ELECTItxc 

cc:1,1%0112.Am y 

Etri.tc>l, Cortruecticut, 1U-15.A. 

ADAPTER KITS are available foi mount-
ing potentiometers, rheostats, tap switches 
and other devices to operate in unison with 

POWERSTAT type 10B. If desired, complete 
assemblies are furnished with the device 

already mounted. 

, 1959. THE SUPERIOR ELECTRIC COMPANY 



SERIES 
10B 20 116- 

216 
117- 
217 1126-226 136- 

236 
1156C-
1256C H-C 

AMPERES 
1.75 3.0 7.5 

3.0 
10.0 
4.0 12.5/6.0 20.0 

9.0 
45.0 
28.0 

200 
and up 

NEW 

This all-new series rounds out the complete POWERSTAT variable transformer 
line. The 126-226 series offers open, enclosed, fused, cord-plug and enclosed 
terminal models; single, two- and three-gang types; manually operated and 
5, 15, 30 or 60 second motor-driven assemblies - all available in a new, 
compact functional design. They incorporate the characteristics inherent in 
every POWERSTAT: zero wave-form distortion, excellent regulation, high 
efficiency, conservative ratings, smooth control and linear output voltage. 

RATING CHART 

INPUT OUTPUT 

VOLTS CYCLES VOLTS 
CONSTANT CURRENT 
MAX. AMPS. 

LOAD 
MAX. KVA 

CONSTANT IMPEDANCE 
MAX. AMPS. 

LOAD 
MAX. KVA TYPE 

SINGLE 
120 
120 
240 
240 
240 
240 
480 
480 

PHASE 
50 613 
50 60 
50/60 
5060 
50/60 
50 60 
50 60 
50 60 

0-120 
0-140 
0-240 
0-280 
0-240 
0-280 
0-480 
0-560 

12.5 
12.5 
6.0 
6.0 
12.5 
12.5 
6.0 
6.0 

1.5 
1.8 
1.4 
1.7 
3.0 
33 
2.9 
3.4 

18.0 
12.5 
9.0 
6.0 

18.0 
12.5 
9.0 
6.0 

2.2 \ 
1.8 1 
2.2 1 
1.7 I 
4.3 1 
3.5 1 
4.3 1 
3.4 I 

126 

226 

126-2 

226-2 

THREE 
120 
120 
240 
240 
240 
240 
480 
480 

PHASE 
50 60 
50 60 
50 60 
50 60 
50 60 

60 
50 60 

60 

0-120 
0-140 
0-240 
0-280 
0-240 
0-280 
0-480 
0-560 

12.5 
12.5 
6.0 
6.0 
12.5 
12.5 
6.0 
6.0 

2.6 
3.0 
2.5 
2.9 
5.2 
6.1 
5.0 
5.8 

18.0 
12.5 
9.0 
6.0 

18.0 
12.5 
9.0 
6.0 

3.7 \ 
3.0 1 
3.7 1 
2.9 I 
7.5 
6.1 I 
7.5 \ 
5.8 I 

126-2 

226-2 

126-3 

226-3 

NM IBM Mffl NMI Mill Ma IBM ffl MIR Ma Mal 

THE SUPERIOR ELECTRIC COMPANY, Bristol, Connecticut 

Please send, 

POWERSTAT Bulletin n POWERSTAT Bulletin n Please have your 
on 10B Series. on 126-226 Series , representative call. 

name 

company 

111:001AVERSTAT® 
variable transformers 
For control applications having 

... up to 12.5 amperes constant-current loads 

... up to 18.0 amperes constant- impedance loads 

TYPE 3PN126 

RHODIUM PLATED COMMUTATOR 

SURFACE GROUND AND POLISHED 
FOR SMOOTH OPERATION AND 

LONG LIFE 

CORE STRIP WOUND 

OF HIGH GRADE 
SILICON STEEL 

WIDE BASE FLANGE FOR 

ADDED STABILITY TWO SETS 
OF MOUNTING HOLES TO SUIT 
NEW OR EXISTING LAYOUTS 

SOLID METAL SHAFT QUICKLY ADJUSTED TO 
ALLOW EITHER BENCH OR BACK-OF PANEL MOUNTING 

SELF LUBRICATED NYLON SHAFT BEARINGS 
PROVIDE SMOOTH. QUIET TURNING, 

MORE DEPENDABLE SERVICE, LONGER LIFE 

... FOR YOUR FILES 

Request 10E1 Series Bulletin and 
126-226 Series Bulletin giving full technical 

information, ratings and specifications. 

REMOVABLE COVER 
PERMITS EASY ACCESS 

FOR BRUSH 

INSPECTION 

TERMINALS 
FOR PUSH-ON 

CONNECTORS. LUG. WRAP-
AROUND OR SOLDERED 

CONNECTIONS 

I 

4.? 

address 

city /one state 1 

S1LJ PER IC)Ft ELECTRIC COBeIPAILNIC 
Srioutol. Cork nebezeicut. 5E4-05910 



ENGINEERS 

REACH 

THE 

SUMMIT 

AT 

LINK-

PALO ALTO 

The career-climb is easier... 

and there's more room at the 

top ... at Link Aviation's 

Research & Development 

Laboratory at Palo Alto. 

The professional atmosphere 

here is built on policies 

which give engineering talent 

room to expand — reward 

it when it does. 

Link-Palo Alto offers a 

diversity of work assignments 

and is expanding rapidly to 

serve additional commercial 

and military customers. This 

expansion means additional 

engineering and support per-

sonnel, new facilities, greater 

professional growth. 

Link now has staff openings 

for ambitious engineers with 

experience in: analog or digital 

computer components and 

systems; missile systems 

analysis; radar simulation; 

industrial and process control 

and engineering psychology. 

Raise the level of your career. 

Contact Link-Palo Alto at once. 

Write to Mr. A. W. Rutman 

Link Aviation, Inc. 

P.O. Box 1318 

Palo Alto, California 

IINK 1 

A 

GENERAL 
PRECISION 
COMPANY 

LINK AVIATION, INC. 

A subsidiary of 

General Precision Equipment Corporation 
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HIGH FREQUENCY STABILITY, 

RUGGED CONSTRUCTION, LONG LIFE 

The new VA- 210B Kly red to give 

long, reliable service under severe operating conditions. Frequency is extremely 

stable, even under conditions of the most severe shock, vibration and tempera-

ture variation. Features include a unique brazed- on external tuning cavity, a 

very rugged, quick-heating cathode, a slow- rate non-microphonic tuner and an 

all metal and ceramic construction. 

Varian makes a wide variety of Klystrons and Wave Tubes for use in Radar, 

Communications, Tests and Instrumentation, and for Severe Environmental 

Service Applications. Over 100 are described and pictured in our new catalog. 

•r your copy. 

0  à e 0 •« .—.... 

:A. . t0 All0 11b7 world CALIFORNIA 
12 associates ,.  

•  VvAvE ItiEltS, BACKWARD WAVE OSCILLATORS, LINEAR ACCELERATORS, MICROWAVE SYSTEM COMPONENTS, 
ETS, MAGNETOMETERS, STALOS, POWER AMPLIFIERS, GRAPHIC RECORDERS, RESEARCH AND DEVELOPMENT SERVICES 

1/.61Mc. _ 30 

Id 0 d 17.0 ILIA< . . . IQ 

5.231d 5 74 I.M< . 40 

VA }On 

VA N 

VA 211.4 
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FINANCIAL ROUNDUP 

Two Stock Splits Announced 
Two-FOR-ONE STOCK SPLIT has been 
voted by stockholders of Conti. 
nental Connector Corp., Woodside, 
N. Y. The firm's board of directors 
also declared a quarterly dividend 
of 121 cents on the new split class 
A shares. This dividend on the 
basis of the old non-split stock 
would have amounted to 25 cents 
a share, as compared with the 15 
cents a share previously paid. 

• Litton Industries stockholders 
have received announcement of a 
two-for-one split voted in mid-
September by company directors. 
Stockholders will vote at the reg-
ular annual meeting slated for 
Nov. 21 on the increase of author-
ized shares for this purpose. 

• Collins Radio, Cedar Rapids, 
Ia., board of directors have de-
clared a regular quarterly divi-
dend of 50 cents a share on the 
firm's 4-percent cumulative pre-
ferred stock. 

• Airwork Corp, Millville, N. J., 
has declared a stock dividend of 
three percent on common shares, 
payable Oct. 15 to stockholders of 
record at the close of business 
Sept. 30. Cash will be paid in lieu 
of fractional shares. This is the 
first dividend to be paid by Air-
work, which made its first public 
offering in July of this year. The 
company was organized in 1946 
and is engaged in repair and over-
haul of aviation electronics gear, 
instruments and aircraft engines. 

• Northern Plastics Co., La-
Crosse, Wis., has declared a spe-
cial year-end stock dividend of 10 
percent in addition to its usual 
dividend of 10 cents a share. The 
company manufactures industrial 
laminates and other plastic prod-
ucts for the electronic and elec-
trical industries. 

• Leetronics, Inc., Brooklyn, 
N. Y., stockholders have received 
dividend checks of 7 cents a share. 
Payment was made to stockholders 
of record at the close of business 
Sept. 17. 

•A quarterly dividend of 121 

cents a share on 5 percent pre-
ferred stock was paid on the first 
of this month to shareholders of 
Fischer and Porter Co., Hatboro, 
Pa. The company makes data re-
duction systems as well as indus-
trial instruments and precision 
glass products. 

•Motorola announces stock divi-
dend of 371 cents a share payable 
to stockholders of record on Sept. 
30. Checks will start on their way 
on Oct. 15. 

• General Electric stockholders 
of record on Sept. 25 will receive 
dividend checks in the amount of 
50 cents a share on Oct. 28. This 
will represent GE's regular quar-
terly dividend. 

• Central Transformer, Chicago, 
has issued dividend checks of 15 
cents a share to stockholders of 
record on the first day of last 
month. 

25 MOST ACTIVE STOCKS 

Avco 
Intl Tel & Tel 
Sperry Rand 
Zenith 
Gen Tel & Elec 
Gen Elec 
RCA 
Lear Inc 
Raytheon 
Texas Inst 
Gen Dynamics 
Univ Control 
Westinghouse 
Burroughs 
Emerson 
Elec & Mus Ind 
Admiral 
Philco 
Litton Ind 
Amer Bosch Arma 
Standard Coil 
Dynamics Corp 
Beckman Inst 
Ampex Corp 
Intl Bus Mach 
The above figures represent sales of electronics 
stocics on the New York and American Stock 
Exchanges. Listings are prepared exclusively for 
ELECTRONICS by Ira Haupt .9c Co. investment 
bankers. 

WEEK ENDING SEPTEMBER 25 

SHARES 
(IN 100's) HIGH LOW CLOSE 

1362 131/4  111/2  127/s 
1138 341/2  301/8 333/4 
1020 231/2  221/2  221/2  
886 987/8 871/4  953/4  
766 693/e 66 69 
717 773/4 74 771/2 
650 587/8 543/4  58Vs 
603 141/e 11 13V2 
582 477/e 441/4  461/4  
537 1311/2 1171/4 131 
530 463/4 44 461/4 
506 171/4  153/4  167/8 
462 915/s 863/4 91 
395 301/4  291/8 301/2 
375 151/2  123/4 143/4  
359 71/4 67/e 7 
354 207/8 17 201/4 
33f .253/8 211/4  243/4  
338 1101/4  1021/8 1103/8 
336 283/8 233/4  273/4  
335 16 133/4  153/4  
308 83/4 71/4 8Va 
305 521/4 47 511/4 
297 781/2  721/4 781/2  
292 422 401 4191/2  

STOCK PRICE AVERAGES 

(Standard & Poor's) Sept. 23, Aug. 26, Change From 
1959 1959 One Year Afel 

Electronics mfrs. 82.40 89.05 +37.1% 
Radio & tv mfrs. 99.55 108.67 +67.3% 
Broadcasters 90.42 97.41 +30.8% 

ELECTRONICS 

CAPITAL 

CORPORATION 

A $ 16,500,000 institution 
devoted to the manage-

ment and capital needs of 

the electronics industry. 

Electronics Capital Corpora-

tion is the first and largest 

Small Business Investment 

Company specifically 

licensed to provide long-

term capital for the growth 

and expansion of electronics 

companies throughout the 

United States. 

OFFICERS AND DIRECTORS 

Charles E. Salik, President 
President. Electronics Investment Corporation 

Richard T. Silberman, Executive Vice President 

Dr. Neil H. Jacoby 
Dean of the Graduate School of Business 

Administration 
University of California. Los Angeles 

Dr. Joseph M. Pettit 
Dean of the School of Engineering. 

Stanford Univeisity 

Louis J. Rice, Jr 
Vice President. Direcwr. First National Bank 

San Diego 

Donald C. Duncan 
Director. Contract Sales 
Beckman Instruments 

Alfred J. Coyle 
Partner. Hayden. Stone & Co 

David Salik 
Industrialist 

Bernard Koteen, Secretary 
Partner. Koteen & Burt 

Send for informative brochure 
"Long-Term Capital for 
the Electronics Industry" 
ELECTRONICS CAPITAL 
CORPORATION, 
1400 Fifth Ave., San Diego, Calif 
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TRANSISTORIZED 
PORTABLE 

OSCILLOSCOPE 

MOO.' 

TRULY PORTABLE 

Battery Powered. 

Weighs only 13 1/2 lbs. without batteries. 
Batteries weigh 2 to 4 lbs. 

Size only 51/4 " x 81/4 " x 16". 

TYPE 32 , OSCILLOSCOPE 

TYPE 321 

HIGH PERFORMANCE 

Vertical Response: DC to 5 MC, 0.07 µsec risetime. 
Calibrated Sensitivity: 0.01 v/div to 20 v/div in 11 calibrated steps. 

Continuously adjustable from 0.01 v/div to 50 v/div. 
Calibrated Sweeps: 0.5 nsec/div to 0.5 sec/div in 19 calibrated steps. 

Accurate 5x magnifier extends calibrated range to 0.1 µsec/div. 
Continuously adjustable from 0.1 itsec/div to 1 sec/div. 

Simplified Triggering: Fully automatic, or amplitude-level selection with 
preset stability control. 

4-KV Accelerating Potential on 3" crt. 

6-div by 10-div Display Area. 
Amplitude Calibrator. 

NO POWER SOURCE PROBLEMS 

Operates from: 

1. Ten size D Flashlight cells, 1/2 hour continuous, more with 
intermittent, operation. 

2. Ten rechargeable cells, 2.5AH-3 hours continuous operation. 
Ten rechargeable cells, 4.3AH-5 hours continuous operation. 

3. 11 to 35 y dc ( aircraft, auto, boot, etc.). 

4. 105 to 125 v ac or 210 to 250 v ac, 50 to 800 cps. 

Price $775.00 

Built-in Battery Charger  35.00 

Complete   36.50 

f.o.b. factory 

Set of 2.5AH Batteries 

00 

It's so easy to take the Type 321 wherever an 
oscilloscope is useful. It's a convenient solution 
to many difficult situations, too ... for example: 
Where power cords are apt to be a nuisance— 
where isolation, from ground is desirable—where 
power-line fluctuations are troublesome—where 
hum pick-up is a problem. The Type 321 is sure 
to satisfy your portable oscilloscope needs. 

Tektronix, Inc. 
P. O. Roo 831 • Portland 7, Oregon 

Phone CYpress 2-2611 • TWX-PD 311 • Cable: TEKTRONIX 

 ONIX FIELD OFFICES: Albertson. L. I., N.Y. • Albuquerque • Atlanta, Go. • Buffalo 
Cleveland • Dallas • Dayton • Elmwood Pork, Ill. • Endwell, N.Y. • Houston • Lathrop Village, 
Mich. • East Los Angeles • West Los Angeles • Minneopolis • Mission, Kansas • Newtonville, 
Moss. • Orlando, Flo. • Polo Alto, Calif. • Philadelphia • Phoenix • Son Diego • St. Petersburg, 
Flo. • Standard, Conn. • Syracuse • Towson, Md. • Union, N.J. • Washington, D.C. • Willowdale, Ont. 

TEKTRONIX ENGINEERING REPRESENTATIVES: Howthorne Electronics, Portland, Oregon, 
Seattle, Wash., Hytromc Measurements, Denver, Colo., Salt Loke City, Utah. 

Tektronix is represented in 20 overseas countries by qualified engineering organizations. 

ENGINEERS—Interested in furthering the advancement of the oscilloscope? We have 

openings for men with creative ability in circuit and instrument design, cathode.roy 

tube design, and semiconductor research. Please write Richard Ropiequet, V.P., Eng. 

If you missed the Type 321 at WESCON, see it at NEC, booth 193-194. 

22 CIRCLE 22 ON READER SERVICE CARD CIRCLE 23 ON READER SERVICE CARD—)-



•  will these alumina ceramics give you 

SMALLER, LIGHTER, MORE RUGGED UNITS? 

41;11' 11'1011 111111 '•111111111111-11111111 1 it 11111. 1..11 . 1 I 
4 8 '2 16 ,0 24 28 ' 4 "612 16 20 24 28 4 te Ifo 
321`.4ex 1 • 

AMERICAN LAVA CO 
'I,)!-.v-X,')IARY" 01 MINNP5(...)1A MINtN(..; 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 npplications 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 th;i 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 Subsidiary of 
Minnesota Mining and 

Manufacturing Company 

AMERICAN LAVA 
CORPORATION 

( CHATTANOOGA 5. TENN. 

', tièee" OF CERAMIC LEADCRSHIP 

For service, contact American Lava representatives in Offices of Minnesota Mining & 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, 
Mon. • So. San Francisco, Cal. • Seattle, Wash. Canada: Minnesota Mining & Manufacturing of Canada, Ltd., P. 0. Box 757, London, Ontario. 

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



Back at the earth 

terminal.. 

DOUGLAS AIRCRAFT COMPANY 
MISSILES AND SPACE SYSTEMS 

has immediate openings 

in the following fields— 

Electrical and Electronics: 

Control System Analysis & Design 
Antenna & Radome Design 
Radar System Analysis and Design 
Instrumentation 
Equipment Installation 
Test Procedures 
Logic Design 
Power System Design 

Mechanical Engineering — 
Analysis and Design of the following: 
Servo Units 
Hydraulic Power Systems 
Air Conditioning Systems 
Missile Launcher Systems 
Propulsion Units and Systems 
Auxiliary Power Supplies 

Aeronautical Engineering: 

Aerodynamic Design 
Advanced Aerodynamic Study 
Aerodynamic Heating 
Structural Analysis 
Strength Testing 
Dynamic Analysis of Flutter 
and Vibration 

Aeroelasticity 
Design of Complex Structure 
Trajectory Analysis 
Space Mechanics 
Welding 
Metallurgy 

Physics and Mathematics: 

Experimental Thermodynamics 
General Advanced Analysis in 

all fields 
Computer Application Analysis 
Computer Prd'gramming and 
Analysis 

Mathematical Analysis 

For full information 
write to: 

Mr. C. C. LaVene 
Box 620-F 

Douglas Aircraft Company, Inc. 

Santa Monica, Calif. 

MARKET RESEARCH 

Millions 
of 

Dollars 

JAPANESE ELECTRO 
Years 1957, PP 

eil,:•;•:•;•: First 

1958 1959 

Comm, Ind. & Mil. IRM2 

Quarter 

Japan's Production Jumps 48% 
JAPANESE PRODUCTION of electronic 
gear in 1959 is running 48 percent 
ahead of 1958, Business and De-
fense Services Administration re-
ports. Last year Japan was the 
world's fourth largest producer of 
electronic products, ranking behind 
the United States, United Kingdom 
and West Germany. 

Japan's first-quarter production 
this year was worth $184.4 million 
at factory values, which is equiva-
lent to an annual rate of $736 mil-
lion. This projected 1959 production 
is $238 million in excess of 1958 
production of $498 million and twice 
1957 production of $362.2 million. 
Actual figures were supplied to 
BDSA by U. S. Embassy in Tokyo. 

U. S. electronic production is run-
ning at an annual rate of approxi-
mately $8.5 billion, BDSA claims. 
However, other industry estimates 
for 1959 are over $9 billion. 
Consumer electronics contributed 

the greatest increase in Japanese 
end-equipment production between 
1957 and 1958, rising from $170.9 
million to $266.2 million. Television 
receivers were the key consumer 
item, with production rising from 
0.6 million units worth $86.8 million 

in 1957 to 1.2 million sets worth 
$154.1 million in 1958. Radio set 
production grew from 3.6 million 
units worth $67.0 million to 4.9 mil-

lion units worth $87.1 million over 
the two-year period. 

Production of military, commer-
cial and industrial items totaled 
only $85.2 million in 1958 and $26.8 
million in the 1959 first quarter 
(equivalent to an annual rate of 
$107.2 million). However, items 
produced covered a broad product 
spectrum, including radio and tv 
broadcasting, industrial tv, r-f and 
microwave communications, detec-
tion and navigation, ultrasonics, 
high-frequency heating and other 
equipment. 

Semiconductors registered a 129-
percent increase in production value 
between 1957 and 1958, jumping 
from $10.7 million to $24.5 million. 
First quarter 1959 production 
amounted to $11.5 million. 

Transistors were the principal 
semiconductor item. In 1957, 5.7 
million units valued at $8.9 million 
were produced, which compares 
with 26.7 million units valued at 
$21.4 million in 1958 and 15.0 mil-
lion valued at $9.9 million in the 
first quarter of 1959. 

FIGURES OF THE WEEK 

LATEST WEEKLY PRODUCTION FIGURES 

(Source: EIA) 

Television sets 
Radio sets, total 
Auto sets 

Sept. 18, Aug. 21, Change From 
1959 1959 One Year Ago 

166,118 138,758 39.8% 
421,143 274,526 35.9% 
155,338 83,041 41.3% 
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Guided tour 
of the 

solar system 

The new NASA Thor- boosted research rocket, DELTA, now being con-

structed by Douglas, will set up big signposts for further space explorations. 
Combining elements already proved in space projects with an advanced 
radio- inertial guidance system developed by the Bell Telephone Laboratories 
of Western Electric Company, DELTA will have the versatility and accuracy 
for a wide variety of satellite, lunar and solar missions. Douglas insistence 
on reliability will be riding with these 90 foot, three-stage rockets on every 
shoot. At Douglas we are seeking qualified engineers to join us on this and 

other equally stimulating projects. Some of our requirements are listed in 
our column on the facing page. 

Maxwell Hunter, Asst. Chief Engineer— Space Systems, goes over a 

proposed lunar trajectory with Arthur E. Raymond, n 0 UGLAS 
Senior Engineering Vice President of ii; 

MISSILE SYSTEMS 3 SPACE SYSTEMS II MILITARY AIRCRAFT Ill JETLINERS • CARGO TRANSPORTS In AIRCOMB IIII GROUND-HANDLING EQUIPMENT 
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class of '52 

LITTON INDUSTRIES REGIONAL INTERVIEWS 

FOR POSITIONS IN SOUTHERN CALIFORNIA 

Engineers • Scientists • Mathematicians 

Attending 

National Electronics Conference, Chicago, Oct. 12-15 

E. Coast Navigational Electronics Conf., Baltimore, Oct. 26-28 

Electron Devices Meeting, Washington, Oct. 29-31 

If you are experienced in airborne electronic systems and enjoy 
seeing your ideas turn into products, you may qualify for 
positions of major responsibility with Litton Industries in any 
of several convenient locations in the Los Angeles area. You 
will work with a company that is noted for developing, pro. 
ducing, and delivering superlative advanced hardware. 

INERTIAL GUIDANCE & CONTROL 

SYSTEMS DEVELOPMENT— Preliminary analysis through 
prototype development of highly advanced inertial navigation 
systems for manned and unmanned aircraft applications. 

CIRCUIT DESIGN—Preliminary analysis, design, and devel-
opment of transistorized circuitry pertaining to servo systems 
and advanced precision analog computers. 

ELECTRO -MECHANICAL DESIGN— Packaging of sub-
miniature components to include layout of etched cards and 
precision gear trains, sheet metal design and fabrication, and 
potting and encapsulation techniques. 

PROCESSES AND PROCEDURES— Establish advanced 
engineering techniques for the production of precision gyros, 
accelerometers, and gimbal systems for stable platforms. 

AIRBORNE TACTICAL DATA SYSTEMS 
COMPUTERS & CONTROL SYSTEMS 

CIRCUIT DESIGN— Digital and analog computers and 
associated input-output devices. 

LOGIC DESIGN—Application to special purpose airborne 
computers. 

CRT DISPLAY—Symbol generator, summations, deflection, 
and Z-axis amplifier design for display consoles. 

OPERATIONAL AMPLIFIER— Design and development of 
transistorized amplifiers for display systems. 

SWITCHING CIRCUITS—Central computer and digital dis-
play circuits using core storage, capacitor storage, and semi-
conductors. 

ANALOG-DIGITAL CONVERSION EQUIPMENT — 
Digital-shaft position, digital- DC, shaft position- :: tal, DC-
digital. 

SYSTEM CHECKOUT—Test, modification, and evaluation 
of development and prototype models of complex digital data 
processing and display systems. 

LITTON INDUSTRIES 
Electronic Equipments Division, Beverly Hills, California 

A personal interview 

with members of 

our Technical Staff 

can be arranged 

in the following cities: 

CHICAGO: OCT. 12-15 

phone Mr. Joseph Mulligan 

DEarborn 2-0776 

BALTIMORE: OCT. 26-28 

phone Mr. C. T. Petrie 

LExington 9-8442 

WASHINGTON: OCT. 29-31 

phone Mr. C. T. Petrie 

ADams 4-0700 

LITTON INDUSTRIES 

Beverly Hills, California 
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Announcing the newest 

VARIAN Potentiometer RECORDER 

the Dual Channel 6-22 

MOST COMPACT AND PORTABLE 

Two-CHANNEL RECORDER 
Size and price need no longer limit 
the use of two-channel recorders. The 
Varian G-22 is the least expensive 
servo-operated two channel available 
—and also the most compact. It puts 
two time-correlated variables onto one 
chart of 5- inch calibrated width. 

The Varian G-22 is of completely mod-
ular design— and a truly versatile in-
strument. Plug-in input chassis are in-
terchangeable to provide various re-
cording characteristics. Chart motors 
are easily changed for additional 
speeds. Range is adjustable from 0-9 
mv to 0-100 mv on the basic input 
chassis. Zero can be set anywhere 
across the chart. And being a poten-
tiometer recorder, the G-22 has the 
necessary sensitivity to serve a wide 
variety of recording needs. 

FEATURES 

• Potentiometer measuring circuit thousands of 
times more sensitive than a galvanometer. 

• Quickly interchangeable plug-in input chassis 
provide various recording characteristics. 

• Two- speed gear shifter standard; four chart 
speeds available by dual motor option. Choice 
of speeds from 3g in/hr to 8 in/min. 

• Modular construction throughout; permits 
rapid removal of subunits with a screwdriver. 

• Panel mount or portable versions available. 
Total weight is 35 pounds. 

• 1% limit of error and one second full-scale 
balancing time. 

• Cast aluminum case and box frame structure 
provide ruggedness. 

• Direct shaft connection between servo motor 
and potentiometer provides positive drive and 
allows space for optional accessories. 

• Accessories include retransmitting slidewires, 
event markers, and alarm contacts. 

• Capillary pens and large reservoirs provide re-
liable inking. 

• Only $975 complete 

For full information, write the Instrument Division 

VARIAN associates 
PALO ALTO 1, CALIFORNIA 
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Kleinschmidt teletypewriters move up with the U. S. Army, 
operating without interruption under combat conditions 

NERVE CENIER 
for teleprinted messages 

interior view of van above 

Constant contact, in print, between combat head-
quarters and widely-dispersed field units! Devel-
oped in cooperation with the U. S. Army Signal 

Corps, Kleinschmidt teletypewriters in this mobile 
communications center are capable of sending and 
receiving thousands of teleprinted messages a day. 
Operation is fast, accurate, dependable, simple. In 

recognition of proved performance, Kleinschmidt 
equipment for the U. S. Army is manufactured 
under the Reduced Inspection Quality Assurance 
Plan. Now Kleinschmidt experience points toward 
new accomplishments in electronic communica-
tions for business and industry. The new concepts, 
new applications are virtually unlimited. 

KLEINSCHMIDT 
DIVISION OF SMITH-CORONA MARCHANT INC., DEERFIELD, ILLINOIS 
Pioneer in teleprinted communications systems and equipment since 1911 
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STABLE 
VOLTAGE 
FOR LIFE... 

U LTRA-STAB LE 

ZEN ER 
DIODES 

Tyne 

19821 
19822. 
I N823 
19824. 
19825 
19827 

SPECIFICATIONS 

%mug Range 
at lz = 7. nia at 25°C 

(V Its) 

Min. 

5.9 
=5.9 

5.9 
=5.9 

5.9 
5.9 

Max. 

6.5 
.6.5 

6.5 
=6.5 

6.5 
6.5 

Temp. Coefficient , 
(-55°C to + 100°C) 

at lz = 7.5 ma 
(?;./°C) 

..01 

.01 
= .005 
. 005 
..002 
=.001 

Maximum 
Dynamic , 

Resistance at 25°C 
at tz = 7.5 ma 

(Ohms) 

15 
15 
15 
15 
15 
15 

RATINGS 

Operating 
and Storage 
Temperature 

Range 
('C) 

—65 to + 150 
—6510+ 150 
—6510+ 150 
—65M+ 150 
—6510+ 150 
—6510+ 150 

Max. Operating 
Temp. at 

lz = 7.5 ma 
(°C) 

+125 
+125 
+125 
+125 
+125 
+125 

'Doti le anode ty es. 
apele mined by measuring a change of voltage from — 55*C to +25°C and a change of voltage trom +25"C 
to 800°C. 
'The Dynamic Resistance is measured by superimposing a small A.C. Signal pon the test D.C. Current. 
(Inc RMS 1/10 lot Test) 

19822 and 19874 types ifleet all specifications. including temperature coefficient, in both directions. 

This new line of subminiature silicon voltage references features a 
combined lower dynamic resistance and voltage stability exceeding 
that of any standard cell. 

Manufactured by diffusion, these devices offer temperature coeffi-
cients as low as 0.001% °C. Unique single piece construction enables 
the reference to maintain excellent voltage stability when subjected to 
severe thermal shocks. Axiat lead design and hermetically sealed glass 
encapsulation insure a rugged unit capable of providing long term 
reliability over wide ranges of environmental conditions. 

These new subminiature references are also available in double 
anode types for symmetrical clipping applications. 
Send for bulletin TE-1352. 

Select front the nation's 
broadest line of 

regulators and references, 
including these types: 

Rating Type Number 
250 MW SV5 — SV24 
250 MW 1N708 — 1N745 
400 MW 1N746 — 1N759 
750 MW SV804 — SV824 
1 WATT 1N1765 — 1N1802 

10 WATT SV904 — SV924 

Contact your nearest authorized Transitron industrial distributor for 
in-stock quantities 1-999. 

Tra n5itron 
electronic corporation • wakefield, massacnusetts 

"Leadership in Semiconductors" 



Hughes Research and Development Laboratories 
Culver City 66, California 

We promise you will receive a reply within one week! 

NEW OPENINGS 
AT HUGHES 
RESEARCH & 

DEVELOPMENT 
LABORATORIES 

Hughes has several hundred openings for 
engineeers and physicists whose training 
and experience are applicable to the re-
search, development, design and testing of 
airborne electronic equipment for use in 
supersonic military aircraft; in solid state 
physics, nuclear electronics, industrial dy-
namics, and related areas. 

Use of the following form will, we hope, 
reduce to a minimum the inconvenience of 
submitting an employment inquiry, yet will 
still permit us to give you a reasonably defi-
nitive reply. 

Please airmail to: r -1 1 
Mr. Robert A. Martin, Supervisor, Scientific Employment 1 HUGHES! 

I 1 
L J 

O 1959. HUGHES AIRCRAFT COMPANY 

Name  

Address  

City Zone State  

College Degree  

I am interested in 

RESEARCH 

DEVELOPMENT 

one of the following types of assignment: 

PRODUCT ENGINEERING 

TECH. ADMIN. 

SYSTEMS 

FIELD TEST 

I have had professional experience in the following specific areas: 

CIRCUIT ANALYSIS 
AND DESIGN 

DIGITAL COMPUTERS 

GUIDANCE DEVICES 

MICROWAVES 

STRESS ANALYSIS 

INDUSTRIAL DYNAMICS 

MATERIALS 

SYSTEMS ANALYSIS 

I have had a total of 

R-F CIRCUITS 

RELIABILITY 

ATOMIC AND/OR SOLID 

STATE PHYSICS 

INSTRUMENTATION 

years of experience. 

Year  

OTHER:  

ELECTRO-MECHANICAL 
DESIGN 

OTHER:  
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From Detroit, Camden, or L. A. 
TEXAS INSTRUMENTS SEMICONDUCTORS 

DELIVERED OFF-THE- SHELF OVERNIGHT 
RADIO PRODUCTS SALES FERGUSON ELECTRONIC 

SUPPLY CO. 
LOS ANGELES DETROIT 

Ready to give you fast, time saving local 
service, these three authorized TI distributors 
are backed by the pioneering leader with the 
greatest semiconductor experience— Texas 
Instruments— to deliver to you the most 
advanced, dependable semiconductor and com-
ponent products available anywhere. 
If you have an electronic component require-
ment, contact one of these three listed distribu-
tors for overnight delivery at factory prices 
from his complete line of TI stock. 

GENERAL RADIO 
SUPPLY CO., INC. 

CAMDEN 

Order today in the following quantities: 

1-999: 

silicon transistors, germanium transistors, sili-
con diodes and rectifiers, carbon film resistors 

1-199: 

sensistor silicon resistors 

1-99: 

tan-TI-cap tantalum capacitors 

Your Authorized TI Distributor 

• RADII PRODUCTS SALES INC. lbS 

1501 South Hill Street 
Los Angeles 15, California 

Richmond 9-7471 

Ferguson 
Electroni«. Supply 

2306 Puritan • Detroit 38, Michigan 

GENERAL RADIO 
SUPPLY COMPANY, Inc. 

UNiversity 1-6700 
600 Penn Street • Camden 2, New Jersey 
(Phila. • WAInut 2-7037) • WOodlawn 4-8560 



.4014fr 
• 

Army's SD-4 "Swallow" reconnaissance drone (mockup shown here) will use infrared, radar, photography and other sensory 
devices over enemy battlefield. Prime contractor Republic holds $30 million in contracts for the system 

From Airframes to Electronics 
Aircraft firms are pushing electronics expansion. It's the key to full 

weapon systems capability—and new opportunities for profits 

"TO OBTAIN complete weapon sys-
tems responsibility today you've got 
to show capability in electronics. 
You can't be in the running for the 
big contracts if you depend on a 
subcontractor to tell you how to 
integrate his black box into your 
system." 

This comment, from an official 
of an airframe company now push-
ing electronics expansion, typifies 
the attitude of most of the aircraft 
industry. 

Setting Up Rapidly 

A substantial number of plane 

builders, of course, have been a 
part of electronics for years and 
owe much to early electronics plan-
ning. Now, other airframe makers 
are rapidly setting up their own 
electronics research and engineer-
ing groups. 

Continuing trend towards more 
electronics in the aircraft industry 
is largely the result of demand by 
the armed services that a weapon 

systems manager have complete 
systems capability, including elec-
tronics knowhow. 
Apart from satisfying a military 

requirement for weapon systems 
management, electronics work in 
the aircraft industry is being 
spurred by new opportunities for 
profits. Electronics is taking more 
and more of the contract dollar. 
Rather than buy from subcon-

tractors, many aircraft firms are 
building their own electronic com-
ponents. Another reason for in-
house production of electronic sub-
systems and components is a need 
for extremely specialized gear, often 
in limited quantity. 

Acquiring Knowhow 

Since there has been a stepped-up 
rate of research in recent years by 
industrial and government labora-
tories that affects technical and 
business trends in electronics, air-
craft firms also have found it neces-
sary to embark on research pro-

grams to keep in the forefront of 
technology. 

Research and engineering teams 
in various electronics fields permit 
planemakers to build up a variety 
of useful knowledge. These teams 
are also pools of skilled manpower 
for testing and evaluating avail-
able hardware and components, 
especially useful when management 
must decide whether to buy an 
item or make its own. 

Device development can follow 
naturally from these cores of scien-
tific organization if management 
decides the facts call for this. 
The commercial aircraft market 

is by no means being overlooked in 
the planemakers' electronics expan-
sion. Advent of jet airliners has 
accented the same systems manage-
ment problems and opportunities 
that have arisen in the military 
field. 

Evolution of aircraft design has 
also influenced the planemaker's 
role in electronics. For some time 
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antenna systems have been de-
signed and manufactured by air-
frame makers because antenna 
configuration is so much a part of 
the configuration of the plane it-
self. 

Supersonic jet craft have tied in 
electronics more closely with aero-
dynamics. Now, electronic controls 
are usually necessary to make air-
craft flight stable. 
How far will the aircraft firms 

go in electronics? 
Off-the-record conversations with 

aircraft company officials suggest 
that the future will see electronic 
gear being marketed more and more 
by companies that once made only 
airframes. At first, such gear is 
likely to consist of critical aircraft 
subsystems and components. 
Some aircraft firms that jumped 

into electronics to beef up their sys-
tems engineering have seen this 
effort return profit in other ways. 
Their electronics divisions now 
market subsystems and components 
to outside airframe companies, sub-
marine builders and other firms out-
side the aircraft industry. 

Satellites Point 
Cameras at Moon 
WASHINGTON — The photograph 
of the earth made recently from a 
satellite at an altitude of 17,000 mi 
is the forerunner of a series of 
satellite photographs planned by the 
National Aeronautics and Space Ad-
ministration. 

Before the end of the year, NASA 
hopes to make similar photographs 
of the dark side of the moon and 
extensive pictures of the earth's 
cloud coverage. Eventually, spokes-
men working on the project say, 
earth pictures of Venus and other 
planets will be made. 
The picture was made from the 

Explorer VI satellite launched on 
Aug. 7. Equipment included a 2-lb 
camera and three transmitters—a 
digital transmitter operating on a 
378-me frequency and two analog 
transmitters operating on 108.06 
me and 108.09 mc. 
Equipment to photograph the 

moon, however, will use only digital 
transmitters because of better speed 
and accuracy. It will employ 150-
watt transmission—same as for the 
Explorer VI pictures. 

you 
can 

customize 
any 

trio labs  

build- in 
instrument 

as was 
done 
for... 

›leee‘REPUBLIC 
AVIATION 

. in the General Electric Line Maintenance Tester for 
the Flight Control System installed in the Republic F-10 

Thunderchief Fighter-Bomber. 

Here the trio labs "standard" Model D multi-range AC VTVM 

was custom-modified to special ranges plus external input jacks 
and modified mounting. 

Trio Labs offers you the industry's pioneer and complete line 

of miniaturized panel-mounting electronic build-in instruments 
. . . AC and DC VTVMs, null and phase meters, etc. They 
permit you to . . customize test systems .. . save space . . . 

save time and money . . . make monitoring foolproof . . . 
improve system reliability ... increase overall design freedom. 

Write for free " how to" Engineering Guide to Dept. E-10 

Trio Laboratories, Inc., Plainview, Long Island, New York 

® 1940. TRIO LABORATORIES. INC. 

TAC's 

supersonic 

fighter. 

bomber 

— Republic's 

Thunderchief 
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RECENT RAYTHEON DEVELOPMENTS 

IN MICROWAVE FERRITE DEVICES 

THREE-POSITION FERRITE SWITCH 

FOR C-BAND 

t 
FERRITE 
SWITCH 
5C12 

STANDBY 
CHANNEL 
PLUMBING 

MAIN 
CHANNEL 
PLUMBING 

TYPICAL MICROWAVE CIRCUIT in which Raytheon ferrite switch 
is now being used. Switch has three positions: antenna to main 
channel; antenna to standby channel; antenna to both channels 
simultaneously. 

FERRITE SWITCH SCL2 

FERRITE SWITCH IS ACTIVATED when fault is detected in sensing 
unit. Receiver fault causes switch to transfer to intermediate posi-
tion for comparison of main and standby. Normal baseband receiver 
noise and pilot tone allow switch to complete switchover. 

TYPICAL SPECIFICATIONS 
SCL2 

Frequency range (mc) . 6,575-6,875 
Isolation, minimum . . .. . . . 20db 
Isolation, maximum . . 30db 
Insertion loss, minimum . . 0.5db 
Insertion loss, maximum . 0.8db 
Power, average   . 10 watts 
Power, peak I kw 
VSWR, minimum   1.02 
VSWR, maximum  1.28 
Type of switch SPDT 

reciprocal 
Coil current   400 ma 
Coil resistance  60 ohms 
Length 8 in. 
Waveguide   RG-50/U* 

*Mates with 

ADVANCED SWITCHOVER 

PROTECTION PERMITS MORE RAPID 

AND FLEXIBLE OPERATION 

THAN EVER BEFORE 

A completely new ferrite switch has just been intro-
duced by Raytheon. The device, which is controlled 
by a specially designed switchover unit, provides fool-
proof switchover protection. It has three positions, 
connecting: 

1. antenna to main channel 
2. antenna to standby channel 
3. antenna to both channels 

simultaneously 

In the third position, the received signal is divided 
equally between the arms feeding the main and standby 
receivers. 

This allows an actual comparison of the two receiver 
signals before switching and eliminates the need for 
complex and unreliable signal injection systems. 

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

RAYTHEON COMPANY 
SPECIAL MICROWAVE DEVICES 

WALTHAM 54, MASSACHUSETTS 

Excellence in Electronics 
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Helping to guarantee a vital 

"something" for a rainy day 

hallicrafters * 
The effectiveness of America's defense "umbrella"— today 
and tomorrow— depends on instant availability of superior elec-
tronics weapons. 

For over seven years, the Hallicrafters company has been 
answering this urgent need with QRC—Quick Reaction 
Capability. 

For your electronic requirements . . . from single circuit to 
complete system ... for application on land, sea, air or space 

Hallicrafters QRC can provide you with this unique design 
and production service in electronics. 

ENGINEERS: Join our rapidly expand-

ing QRC team now. For complete 

Information address your inquiry to: 

William F. Frankart, Director of Engi-

neering. 

hallicrafters (3 company 
MILITARY ELECTRONICS DIVISION CHICAGO 24 ILLINOIS 

URGENT PROBLEMS RELIABLY SO 
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a stable, accurate SOURCE OF FREQUENCY— but now in miniaturized form... 

HAMILTON Tre FREQUENCY STANDARDS 
Hamilton provides complete circuit development and packaging 

of a wide range of miniaturized, transistorized tuning fork 

frequency standards. Hamilton engineers will be glad to assist 

you with your frequency control applications. Write today 

for product catalogs and complete information. 

'HAMILTON WATCH COMPANY 
HATHAWAY INSTRUMENT DIVISION 

5800 ost WWI • Denver, Colorado 



U. S. to Use More Computers 
Federal spending for electronic data processing 

gear is $50 million—up 150% in 2 years 

Armed services have long been heavy users of computers. Above: Air Force personnel 

are busy at a system's "repeater bank" 

FEDERAL OUTLAY for renting elec-
tronic data processing systems will 
run close to $50 million this year, 
an increase of $30 million— or 150 
percent—since 1957. 
Two years ago federal agencies 

were operating about 121 computer 
installations. The present number 
in use is more than 175. 

Payroll for personnel to operate 
this equipment, estimated at about 
$27 million in 1957, is expected to 
top the $80 million mark by 1963. 

This information, as well as other 
facts, emerges from testimony 
given to the House of Representa-
tives subcommittee on Census and 
Government Statistics. 

Savings Cited 

A reason for the increase in 
spending for computers and other 
edp gear is the substantial savings 
reported by departments, once the 
electronic gear is put in operation. 
The Treasury Department shows 

savings of about $2 million annually 
resulting from computer process-
ing. The Social Security Adminis-

tration reports close to $1 million 
savings a year in processing work 
electronically instead of manually. 
Savings of similar magnitude are 
reported by other federal groups. 
A sizable percentage of the cost 

reductions are traced to reductions 
in personnel made possible through 
the use of computers. Additional 
savings came about through faster 
record posting, information retriev-
al and arithmetic processing. 
One area slated for additional 

study by the investigating group 
concerns decisions regarding pur-
chase vs. lease of computer equip-
ment. 

Leasing Most Likely 

Many department heads fear that 
purchase of equipment might be 
unwise because of the rapid pace 
of today's computer technology. 
Spokesmen before the group cited 

several instances where federal de-
partments purchased equipment, 
only to find that later refinements 
in technology rendered their pur-
chases obsolete. From all indica-

tions, it appears likely that leased 
rather than purchased equipment 
will be used for quite some time to 
come. 

Centralized facilities will most 
likely be emphasized in the obtain-
ing of equipment. Subcommittee 
members are particularly interested 
in making certain that as much 
doubling up as possible will come 
about to insure maximum opera-
tional usage for all new edp pur-
chases. Federal personnel will be 
instructed to make careful studies 
along these lines. 

Personnel Needed 

In commenting on this subject a 
spokesman for the General Account-
ing Office says: "We find that the 
degree of success in working with 
this equipment is directly related to 
the amount of pre-planning and 
study that goes in before the acqui-
sition of the equipment. There is 
a direct relationship." 
Another area requiring intensive 

study is edp personnel recruitment. 
Department heads have found that 
more is involved than a mere shift-
ing of available personnel. Attempts 
to do this were made by the General 
Accounting Office and the Treasury 
Department. 
The results of one aptitude test: 

Total tested — 303; selected for 
training — 51 ; completed training 
—15. 

Similar results were obtained 
from other attempts. 
Spokesmen from several depart-

ments indicated that unless addi-
tional training is made available by 
academic institutions and computer 
manufacturers, the supply of skilled 
personnel in the edp field will be-
come critically low. 
Reason cited as creating the in-

creased personnel requirements is 
the growing potential of computers 
in such applications as price sup-
port computations, soil bank and 
wool program accounting. 

Also mentioned before the com-
mittee was increased government 
participation in road and bridge 
design, housing research and en-
gineering and the processing of sta-
tistics related to this field. 
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1H MICRO SWITCH Precision Switches 

SMALL ENOUGH 

TO HIDE BEHIND A DIME 

Smallest of precision snap-action switches 

... 1/2  kw capacity 

.350 

500 

CASE SIZE: .500" x .200" x .350"—ten to the 

square inch. 

WEIGHT: 1 gram-28 switches to the ounce. 

ELECTRICAL RATING: 28 vdc: 7a. resistive, 4 a. 

inductive—sea level; 2.5 a. inductive-50,000 

ft.; 4 a. motor load, 2.5 a. lamp load, 24 a. 

max. inrush. 115/230 vac: 60 to 400 cycles: 

5 a.; 15 a. inrush. 

MECHANICAL LIFE is 111 the millions of oper-

ations. 

The case of the 1SX1 has two through holes 

that accept #2 screws. One hole is slightly 

elongated to facilitate mounting. 

The 1SX1 operates dependably in tempera-

tures from —65°F to + 250°F. Operating force 

is controlled and predictable within 3 oz. to 

5 oz. limits. 

For more information about this important 

switch, ask for Catalog 63. 

MICRO SWITCH field engineers will be glad to 

provide application assistance and give you 

full information on this sub-subminiature 

switch and its actuators. Call your nearby 
MICRO SWITCH branch office. 

Now offered with six actuators 
These actuators are offered in four basic designs and, 

in addition, two reversed actuators are offered which 

provide lower free position and reduced pre-travel. 

Pivoted lever 

actuator 

Roller leaf 

actuator 

Pivoted roller 

lever actuator 

.‘ • 

Reverse leaf 

actuator 

Leal 

actuator 

Ntx, \odi 

Reverse roller 

leaf actuator 

MICRO SWITCH ... FREEPORT, ILLINOIS 

A division of Honeywell 

In Canada: Honeywell Controls Limited, Toronto 17, Ontario 

H 
HO EY 'l11 

Honeywell 
MICRO SWITCH Precision Switches 
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Precision Is The Standard At Coors 

Ceramic Wafers for Micro-Modules 

Miniature Tube Envelopes 

Tube Envelopes 
Coors makes high strength ceramic envelopes to 

extremely close dimensional tolerances and in a wide 
range of sizes for use in modern electron tubes. Cer-
tain of the Coors ceramic compositions were developed 
specifically to meet the rigorous operating conditions 
and reliability requirements to which high power, high 
frequency tubes are subjected. 

Illustrated here is one of the miniature ceramic 
envelopes in regular production. Coors regularly pro-
duces many other sizes up to 10" O.D. Larger sizes can 
be manufactured. 

Coors ceramics have outstanding electrical and 
physical characteristics. These properties are not 
affected by high outgassing or high operating 
temperatures. 

LOWER COSTS for Precision Ceramic Parts Through 
Quantity Production— Coors has been able to make sub-
stantial reductions in manufacturing costs by stepping up 
production of high precision parts through automation. 

All this adds up to these advantages for you: 1. Faster 
delivery on large quantity orders. 2. Precision parts—uni-
form and interchangeable, permitting you to use them on 
a production basis. 3. Prices that are correspondingly low. 

For further information about Coors Space Age 
Ceramics and for a complete description of physical prop-
erties, write for Bulletin 858. 

Micro-Module Wafers 
The hottest news in extreme miniaturization of 

electronic equipment is the micro-module—an amaz-
ingly small combination of sub-miniature electronic 
circuit components. The fundamental unit of a micro-
module is the high alumina ceramic base plate—a tiny 
ceramic wafer, approximately 0.300" square x 0.010" 
thick. Upon this is deposited or metalized a component 
of a circuit—a resistor, capacitor, transistor, diode, 
etc. The micro-module is a combination of several of 
these elements in a small space to serve a specific cir-
cuit function— amplifier, oscillator, etc. 

Coors is manufacturing these precision wafers in 
large quantity production runs for several manufac-
turers working on the same project. Coors holds all 
dimensions of the tiny ceramic wafer to extremely 
close tolerances so that the micro-elements produced 
from them are entirely interchangeable from manu-
facturer to manufacturer 

Ceramic-to-Metal Standard Terminal Insulators 

Standard Terminal Insulators 
Coors furnishes standard terminal insulators— 

available from stock— in various ratings and, also, can 
manufacture custom made insulators to meet your 
specific requirements. In the range of standard sizes, 
metal parts are bonded to the ceramic by Coors High 
Temperature Metalizing Techniques, thus producing 
strong hermetic ceramic-to-metal seals. The result is 
standard terminal insulators available for a wide range 
of requirements—insulators that have superior elec-
trical and mechanical characteristics. Production is on 
a large quantity basis — you do not pay a premium for 
high quality, precision terminals. • 

COORS PORCELAIN 
COMPANY 

Ann Ninth Street. Golden, Colorado 



Valuable 
BUYING DATA 
Will Be Found 
In This Year's 
Reference Section 

The 1959-1960 Ref-
erence'Section of the 
BUYERS' GUIDE con-
tains market figures, 
market distribution 
data, a government 
agency buying guide, 
Mil-Jan specs, a mate-
rials' guide, etc. — in-
formation of permanent 
use to the buyer... 

One more reason why 
advertisers and users of 
the BUYERS' GUIDE 
receive extra benefits 
available in no other 
place. 

BUYERS' GUIDE 
and Reference Issue 
• A McGraw-Hill Publication 
330 West 42nd St. 
N. Y. 36, N. Y. ABC 
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Magnetic Devices 
Washington conference gives 400 engineers 

newest data on developments, applications 

WASHINGTON—RUNDOWN on lat-
est developments with parametrons 
in Japan, description of a fast, 
high-density vacuum - evaporated 
magnetic memory, and use of mag-
netic amplifiers with high-power 
silicon transistors in missile control 
circuits were among the high points 
of the 1959 Technical Conference 
on Nonlinear Magnetics and Mag-
netic Amplifiers here recently. 

Sponsored by the AIEE and the 
IRE, the conference attracted some 
400 engineers and featured 25 pa-
pers. 

H. F. Storm of GE, who returned 
recently from Japan, discussed the 
state of the magnetic art there. 
He said a considerable effort is 

being made to sell parametrons in 
this country. Storm said an assem-
bly consisting of 25 parametrons 
including tank capacitors and re-
sistors sells for approximately $20. 

Describes Circuit 

C. L. Boyajion of GE discussed 
the operating characteristics of the 
transfluxor and analog memory cir-
cuit. K. D. Broadbent of the Hughes 
Research Laboratories presented a 
description of a vacuum-evaporated 
random-access memory matrix. The 
matrix consists of a multipath evap-
orated magnetic structure and mul-
tiple evaporations of insulating and 
conducting materials, and features 
magnetic turnover less than 80 
millimicroseconds, wide latitude in 
selection currents and a typical vol-
ume of 0.25 by 0.100 by 0.007-in. 
per bit. 

B. Mokrytzki and R. A. Stuart of 
Westinghouse, described a magnetic 
amplifier-silicon transistor power 
supply for a missile application. 
The use of high-power silicon tran-
sistors in combination with mag-
netic amplifiers resulted in a highly 
efficient, well regulated, rugged unit 
capable of operating reliably over 
a wide range of temperatures, the 
authors said. 

Lovell of MIT showed a model 
developed by D. Woodson (also of 

MIT) for a saturable reactor core 
and indicated how it is used to ex-
plain the operation of multicore and 
polyphase magnetic amplifier cir-
cuits. 
The effects of environment on 

magnetic properties of toroidal 
cores, and the effects of vibration, 
shock, acceleration and temperature 
on the magnetic characteristics of 
tape core material, were discussed 
by J. E. Mitch and H. A. Lewis of 
Arnold Engineering. 

Contract Proposals 

Losing You Sales? 
BOSTON — "Oversimplification is 
most frequently the Navy's reason 
for rejecting an R&D contract pro-
posal. Professional integrity and 
technical honesty count most. Tech-
nical dishonesty shows up when 
problem areas are minimized, ig-
nored or camouflaged. 

"Omit the sales talk—we've 
heard it before," advised Capt. 
Frank W. Evans of the Office of 

Explosive Forming 

Man-made lightning triggers underwater 
explosion that bulges an aluminum tube 
with 6,000-hp force, during demonstration 
at Republic Aviation. Firm hopes to use 
technique in a machine tool for forming 
such siiice-age metals as steel and titan-
ium alloys 
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Revealed 
Naval Material. He addressed the 

Boston session of the national sym-
posium conducted by the IRE Pro-
fessional Group on Engineering 
Writing and Speech. 

Other tips to proposal writers: 

Proposals are not judged by weight 
—don't send a truckload; they 
should be written on the working-
engineer level, with a one-page sum-
mary for executive personnel; don't 
copy chunks of the military specs; 

use simple, precise language; don't 
undérestimate costs; use color only 
if significant for the R&D problem; 
put into the cost of preparing your 
proposal only as much money as the 
company can afford to lose on it. 
James Girdwood, publisher of 

ELECTRONICS, spoke on "Technical 
Journalism and the Business 
Press." Pointing out there are 2,000 
business publications in the U. S., 
he said this dissemination network 
is peculiar to the U. S. and is ob-
viously related to its primacy in 
production. 

Supports Industry 

Chief aim of the business press, 
Girdwood said, is to advance the 
status of the industry it serves. "It 
deals directly with the reader's in-
terest in his job and his business. 
Its specific obligation to the reader 
is in providing valuable editorial 
material in return for an invest-
ment—the reader's time as well as 
the subscription cost." 

Publication of an idea lends va-
lidity, he said, "and it is our obli-
gation to edit against this stand-
ard." 

Trade publications, Girdwood 
said, are vital tools of communica-
tion: "How effective they are de-
pends on the writing engineer." 
He urged engineers to contribute 

to the communications system by 
writing articles, keeping in mind 
the specific audience the publica-
tion has. Demands on time have 
doubled in the past decade, he said, 
so engineering publications cannot 
use lengthy treatises. Technical ar-

ticles must appeal to broad inter-
ests. "Write to whet the interest of 
our best engineers and you'll inter-
est the rest," he said. 
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only Markite 

Potentiometers... 
Limit Linearity Changes for 

more than 50 Million Cycles 

Where performance is paramount and critical 
applications demand the ultimate in reliability ... 
Markite Potentiometers are specified. 

The results of the quality control test charted above 
show why . . . linearity stability for more than 50 
million cycles. 

At Markite, achieving this high degree of reliability 
is nothing startling ... it's normal ... it's inherent 
... it's a product of Markite's program to surpass 
minimum requirements. 

To complement reliable performance, Markite Conduc-
tive Plastic Potentiometers also provide: 

Infinite resolution. 
Independent linearity to 0.05% in 15/16 in dia. units. 
Operation in ambient temperatures up to 200°C. 
Shock and acceleration resistance in excess of 100g. 
• Vibration resistance in excess of 70g. 
• Rotational speeds up to 1,000 rpm. 
• Operation under all applicable Military Specifications. 

Write for Design Data and Catalog for Rotary 
and Rectilinear Potentiometers 

PRODUCTS CORPORATION 
155 Waverly Place • New York 14, N. Y. 
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The Silicon Controlled Rectifier 
how will it affect your business? 

General Electric's revolutionary Silicon Controlled Rectifier was introduced just two 
short years ago. The SCR has already proved it lowers costs, improves performance 
and solves old problems in radically new ways. It can replace thyratrons, magnetic 
amplifiers, power tubes and transistors, relays, switches, and many other devices. 
These are a few of the changes the SCR is now bringing about: 

Vastly superior motor control systems for 
industry. Faster, more precise, smaller, more 
versatile, non-mechanical. 

AC current for vehicles and aircraft. The SCR 
is the first really practical means of getting 
high power AC from variable DC. Static in-
verters with ratings of several kilowatts are 
possible. 

Simple temperature controls accurate to 1/10th 
degree or better. Practical for all types of 
industrial furnaces. 

Superior DC motor operation from an AC 
source. Extends the use of DC where desirable. 
Eliminates motor generator sets or magnetic 
amplifiers. Replaces mechanical speed and di-
rection changers. 

Stage lighting dimmer controls. Small, precise, 
reduces cost of installation for the entire 
system. 

Current-limiting circuit breaker. Opens in less 
than twelve micro-seconds, long before a fault 
current can reach its peak. 

More efficient lighting systems. Much more 
light per bulb through small, efficient SCR fre-
quency converters that result in higher fre-
quency and smaller ballasts. 

How will it affect your business? 

You'll be better able to judge after you have 
read our informative new folder. Write today 
to General Electric Company, Semiconductor 
Products Department, Section S25119, Elec-
tronics Park, Syracuse, New York. 

Progress Is Our Most /mpodant Product 

GENERAL ELECTRIC 
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CANNON RI: COAXIAL PLUGS MEET ANY CHALLENGE ...ANYWHERE 

CANNON 
PLUGS 

Cannon's complete line of RF coaxial plugs meet the exacting demands 

of today's technology with room to spare! Wherever coaxial cable is used; 

land, sea, air, or outer space, Cannon's RF plugs— standard, miniature, 

and light-weight aluminum— provide the exact type and size for any 

application ... whether industrial or military • Aircraft • Missiles • Ground 

Support Equipment • Ships • Submarines • Write for literature tu. 

CANNON ELECTRIC CO., 3208 Humboldt Street, Los Angeles 31, California . Please refer to Department 

Largest Facility in the World for Plug Research—Development—Manufacture 

120. 
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1400% more reliability 

Westinghouse 
electronic components... 
for uncompromising 
reliability 

Original research in electronics and related fields is 
constantly in progress at Westinghouse. Here, the 
latest development—molectronics—has reduced parts 
from 14 to 1, soldered connections from 15 to 2, in a 
light telemetry subsystem. The improvements in 

reliability when products like these reach automatic 
production are boundless. 

You can take advantage of this kind of component 
research and development by specifying Westinghouse 
high-reliability components for all of your circuit 
designs. At Westinghouse, you can 'draw not only 

from a wealth of off-the-shelf components, but also 
from a vast stock pile of knowledge, experience, and 
research which makes "break-throughs" like mole-
cular electronics a reality. 

For all of your needs in ultramodern components, 

contact your local Westinghouse sales engineer or 
write: Westinghouse Electric Corporation, P.O. Box 
868,3 Gateway Center, Pittsburgh 30, Pennsylvania. 

CIRCLE 46 ON READER SERVICE CARD 

through research 
Old and new—At left, a present semiconductor. At right, 

dendritically grown germanium crystals which perform the 
same function. Westinghouse expects to build several different 
electronic functions into single tiny slabs like these. 

J-92028 

WESTINGHOUSE ELECTRONIC COMPONENTS 
fer projects that must not fail 

Control Devices • Instrumentation • Laminated 
Plastic Forms (Micarta®) • Magnetic Amplifiers • 
Magnetic Materials • Power Supplies • Static In-
verters • Semiconductors • Transformers and 
Components • Tubes: Cathode-Receiving-Power-
Nuclear Control 

Write for your copy of the new Westinghouse Electronic 
Components Design Engineers Handbook. 

YOU CAN BE SURE...IF ITS 

Westin house 
WATCH -wESTiNGHOUSE LUC,LLE n,LL•Drsi ARNAZ SHOWS' . Ca$ Tv FRIDAYS 



Tests on storage potential of irradiated food have been encouraging. Midwest Irradiation 

Center rents its reactor for $ 100 per hour 

Electrons Aid Food Storage 
By L. G. SANDS, Consultant, Ridgewood, N. J. 

TODAY'S FOOD FREEZERS may some-
day be replaced by electron accel-
erators. Successful experiments in 
food preservation by irradiation 
have been going on for some time, 
but the Midwest Irradiation Cen-
ter's recent announcement that its 
accelerator will be available to all 
food industries indicates a definite 
speed-up in the experimental pro-
gram. 

Intensive testing of the storage 
potential of irradiated food has been 
carried on by the U. S. Quarter-
master Corps. Results have been so 
encouraging that approval by the 
U. S. Food and Drug Administra-
tion would almost certainly open 
this new area of food preservation 
to commercial use. 

Experiments have shown that 
meats can be processed, irradiated 

THE FRONT COVER—Rockford, ti!., acceler. 
con, is being prepared for food irradia-
tion test. $ 175,000 machine is operated 
by the W. F. Barnes Co. and Applied 
Radiation Corp. 

and stored for extended periods of 
time. Milk and other canned goods 
can be pasteurized in their con-
tainers. 

According to Food Engineering 
(a McGraw-Hill publication), the 
taste of some foods is changed by 
irradiation. However, this may not 
have a serious effect on the tech-
nique's commercial possibilities 
since the taste of some products 
changes under ordinary refrigera-
tion without hurting their market-
ability. 
The machine shown on the cover 

of this issue is the Applied Radia-
tion Corp.'s 8-million-electron-volt 
linear accelerator. The machine cost 
$175,000. Another $45,000 was 
spent for shielding. 
A 10-microsecond electron burst 

is fed through an aperture in a 
klystron into the accelerator wave-
guide. The electrons reach a speed 
close to the velocity of light, and 
the electron beam energy may be as 
high as 9 mev. The beam, 1 cen-

timeter wide at the window at the 
output end of the waveguide, flares 
out to 8 cm. 
The beam can irradiate materials 

of unit density up to thicknesses 
of 1 in, Materials two inches thick 
can be penetrated by irradiation 
from both sides. The beam energy 
can be adjusted to vary the depth of 
penetration. A tungsten target con-

verts the beam into X-rays, which 
are more penetrating than gamma 

rays of cobalt-60. 

TUBE 

PROBLEM: 

When the 6AF4 tube 
was replaced in UHF 
TV tuners, servicemen 
sometimes got a big 
surprise. Reason: 
the tubes were not 
standardized, and a 
replacement was 
likely to bring in one 
channel where another 
should have been. 

SONOTONE 

SOLVES IT: 

First, Sonotone set 
up extremely tight 
controls on all 
materials going into 
the 6AF4 components. 
Second, Sonotone 
used a more thorough 
exhaust process. 

RESULT: 

The Sonotone AF4 
family of reliable 
tubes has been 
accepted by the 
industry as standard 
for initial production 
and replacement. 

Let Sonotone help 
solve your tube 
problems, too. 

Sonotone 
E.e..tronic Aop.icorions DIvis:on, Dept. TRR-109 

ELMSFORD, NEW YORK 
Leading makers of fine ceramic cubit/es. speakers, micro-
phones, electronic tubes. 

In Coma, contul All. Radio Co,p., Ltd , Tnfonto 
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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. 

DIVISION OF 

Haydon J  GENERAL TIME CORPORATION 

AT TORRINGTON 2434 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 0, 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 1 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 0, 50 and 60 cps. Switch 
Rating: 28 amps, 250 vac 
non-inductive; 1 hp, 240 vac. 

18 CIRCLE 48 ON READER SERVICE CARD 
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Electronics companies make the 

Electronics Buyers' Guide 

and Reference Issue 
accurate, complete, authentic... 

electronics 

BUYERS' GUIDE 
and REFERENCE ISSUE 

For nineteen years, firms in the electronics industry have made direct contributions 

to the accuracy, completeness and authenticity of the BUYERS' GUIDE. 

Recently, the staff of the BUYERS' GUIDE decided to award plaques to express 
appreciation to those in the industry who had made direct contributions to improve 
the product listings. The photograph above represents a few of the awards that 

have been made. 

The awarding of the plaques is but one indication of how the BUYERS' GUIDE 
evolved over the years ... a cooperative effort between the publication and the 

industry it serves. 

Only through years of experience can a buyers' guide reflect the needs of an 

industry as complex and dynamic as electronics... one more reason why the 
BUYERS' GUIDE is the ONE accepted product and data book in the field. 

Published mid-year as the 53rd issue of electronics 

A McGRAW-HILL PUBLICATION 

330 WEST 42ND STREET, NEW YORK 36, N.Y. 
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BIRD 

Coaxial 
RF filters 

"Throlin•" 
Directionot 

RF Wattmeters 

Coaxial 

RF Switch') 
"Tormolinte" 
RF Absorption 
Wattmeters 

"Tormaline" 
RF Load 
Resistor s 

Model 
80-M 

Pee Model 
M 

' 

c.az  

tZol—effC 

81 R u 1800 E. 38 St., Cleveland 14, Ohio 

Model 
80-BNCM POWER RATING: 5 Watts Max. 

NOMINAL IMPEDANCE: 50 ohms 

USEFUL FREQUENCY RANGE: 0 to 11,000 mc 

VSWR: 1 2 Max to 4000 mc 
1 1 Max under 1000 mc 

SPECIAL VSWR: Can be proveled 

OPERATING POSITION: Any 

CASE: Brass FINISH: Silver Plated 

LENGTH: 3-3/8" Max. 

WIDTH: 11/16 Hex. 

WEIGHT: 4 ounces 

eleitotatt'ete" 
50 ohm 

Coaxial Line 

5-WATT LOAD 

RESISTORS 

etoutet act.et 
In measurements of 50-ohm coaxial sys-
tems, the Bird 5-watt coaxial terminations 
provide a known factor. 

As primary test equipment in field or 
laboratory, they are used as . . . 

• 50-ohm impedance standards; 

• terminations for slotted lines; 

• measurements of filter 
characteristics. 

• terminations for insertion loss 
measurements, and; 

• other measurements where an 
accurate and reliable 50-ohm 
termination is required. 

The low VSWR of the 5-watt "Termaline" 
resistors, their ability to withstand vibra-
tion, and their compactness in size makes 
their use applicable to a variety of elec-
tronic systems where a reliable 50-ohm 
termination is required. 

SPECIFICATIONS 

Model 
80-BNCE 

"wileiera,,ey 

OTHER BIRD PRODUCTS 

ELECTRONIC CORP. 
CHurchill 8-1200 

Western Representative: 

VAN GROOS COMPANY, Woodland Hills, Calif. 

MEETINGS AHEAD 

Oct. 11-16: American Institute of Elec-
trical Engineers, Fall General Meet-
ing, Hotel Morrison, Chicago. 

Oct. 12-14: National Electronics Con-
ference, AIEE, EIA, IRE, SMPTE, 
Hotel Sherman, Chicago. 

Oct. 12-16: Aeronautics and Space 
Administration Inspection, NASA, 
Langley Research Center, Norfolk, 
Va. 

Oct. 14: Institute of Printed Circuits, 
Fall Meeting, Sheraton Towers, 
Chicago. 

Oct. 14: Medical Electronics, Eval-
uating Cardio-Vascular Function, 
PGME of IRE, Moore School, Univ. 
of Penn., Philadelphia. 

Oct. 19-21: National Academy of 
Sciences, Research Council, URSI, 
IRE, Fall Meeting, El Cortez Hotel, 
San Diego, Calif. 

Oct. 19-22: Semiconductor Symposium, 
Fall Meeting, Electrochemical So-
ciety, Deshler-Hilton Hotel, Colum-
bus, O. 

Oct. 26-28: Aeronautical & Navigation 
Electronics, East Coast Conf., 
PGANE of IRE, Lord Baltimore 
Hotel, Baltimore. 

Oct. 28-29: Michigan Industrial Elec-
tronics Exposition, Electronics Rep-
resentatives Inc., Detroit Artillery 
Armory, Oak Park, Mich. 

Oct. 29-30: Electron Devices Meeting, 
PGED of IRE, Shoreham Hotel, 
Washington, D. C. 

Nov. 3-5: Mid-American Electronics 
Conf., MAECON, Municipal Audi-
torium and Hotel Muehlenbach, Kan-
sas City, Mo. 

Nov. 4-6: Automatic Control, Nations"' 
Conf., PGAC & PGIE of IRE, Sher-
aton-Dallas Hotel, Dallas. 

Nov. 5-6: Instrumentation Conf., 
School of Engineering, Louisiana 
Polytechnic Institute, Ruston, La. 

Nov. 9-11: Radio Fall Meeting, IRE, 
EIA, Hotel Syracuse, Syracuse, 
N. Y. 

Nov. 9-11: Instrumentaticrn Conf., 
PGI of IRE, Biltmore Hotel, At-
lanta. 

Mar. 21-24, 1960: Institute of Radio 
Engineers, National Convention, 
Coliseum & Waldorf-Astoria Hotel, 
N. Y. C. 

There's more news in ON the 
MARKET, PLANTS and PEO-
PLE and other departments be-
ginning on p 92. 
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1-BAND KLYSTRON 
DELIVERS 
10 MEGAWATTS onmilnue, 

This member of 
Litton Industries' 

klystron family is 

indeed a big 
brother. The L. 

3250 produces a 

peak power output 

of 10 MW at an 
average power out-

put of 15 kw. Now 
in production for a 

major early warn-

ing radar system, 

this klystron promises to equal the perform-
ance and reliability record of its predeces-
sors. Litton Industries' generic klystron, the 
2.2 MW L-3035, has delivered full perform-
ance for over 8,000 hours. The average 
operating life being obtained in field service 
is now approaching 3,000 hours and increas-

ing daily. 
Other members of our L-band family, rated 
at 4 MW and 5 MW, form the backbone of 
an expanding linear accelerator activity 
with their long pulse performance and low 
cost per operating hour. These units have 
been successfully operated at pulse lengths 

up to 30 microseconds. The technical 
problems associated with operation at much 
longer pulse length are well in hand. 
The long life obtained in these tubes pro-
vides low cost per operating hour which, 
combined with low initial cost, places linear 
accelerators within reach of many new users. 
New developments now approaching pro-
duction include tubes with higher power out-
put, wide bandwidth, longer pulse length, 
modulating electrodes, and other features 
which will provide major improvements in 
systems where electronic tuning and shaped 
pulses are important. 
The performance of our L-band klystron 
family has made Litton Industries the lead-
ing supplier of high powered klystrons in 
this range. Soon comparable families at 
other frequencies will enhance the reputa-
tion gained at L-band. 
For your present needs, whatever your re-
quirements for high power, be they radar, 
linear acceleration, or others, Litton Indus-
tries is the supplier. For your future needs, 
it's best to get our thinking early in your 
planning. Write to Litton Industries, Elec-
tron Tube Division, Office E21, 960 Indus-
trial Road, San Carlos, California. 

LITTON INDUSTRIES Electron Tube Division 
BARRATRON TRANSMITTING TUBES • MAGNETRONS • KLYSTRONS • TRAVELING WAVE 
TUBES • BACKWARD WAVE OSCILLATORS • CARCINOTRONS • GAS DISCHARGE TUBES 
NOISE SOURCES • CROSSED FIELD AMPLIFIERS • MICROWAVE FILTERS • DUPLEXERS 
TR TUBES • DIRECT-WRITING CRT • HIGH DEFINITION CRT • STORAGE TUBES 



TRADEMARK 

...SYNONYM for 

PRECISION in TIMING 

Request descriptive Catalog 
No. 198 

For timing requirements in research, testing or produc-
tion ... if the need for precision is paramount ... the 
choice is STANDARD. 

Recognized as THE criterion by which other timers 
are judged (and calibrated), STANDARD Elapsed 
Time Indicators are noted for their long life under con-
tinuous use. 

Large enough to work with handily and read readily, 
STANDARD timers are electric clutch controlled by 
manual or automatic switch or by electric circuits or 
output of electronic tubes. Units are synchronous motor 
driven. .. available for flush panel mounting or portable 
use ... equipped for manual or electric zero reset. 

For ultra precision timing with AC current, 
models available for 400 CPS operation. Also 
available: 400 CPS power supply operating from 
DC source. 

MODEL 
SCALE 

DIVISIONS TOTALIZES ACCURACY 

5-100 1/5 sec. 6000 sec. +.1 sec. 

S-60 1/5 sec. 60 min. +.1 sec. 

SM-60 1/100 min. 60 min. +.002 min. 

S-10 1/10 sec. 1000 sec. +.02 sec. 

S-6 1/1000 min. 10 min. +.0002 min. 

5-1 I /100 sec. 60 sec. ±01 sec. 

MST 1/1000 sec. .360 sec. ±.001 sec. 

MST-500 1/1000 sec. 30 sec. +.002 sec. 

THE STANDARD ELECTRIC TIME COMPANY 89 LOGAN STREET 

SPRINGFIELD, MASSACHUSETTS 

Travelling Display— 
Watch for showing 
in your area. See 
complete STAND-
ARD Systems in 
Operation. 

ALSO MANUFACTURERS OF: 

Emergency 
Lighting Equipment 

'5".11111: • LL 1_ 

Laboratory Hospital Signalling 
Panels I Equipment 

--Analogue 
Computors 

Precision 
Timers 
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A HOFFMAN SEMICONDUCTOR APPLICATION CASE HISTORY 

VISIT BOOTHS 

NOS. 227-228 

AT THE NEC SHOW 

SCHEMATIC 

DIAGRAM 
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THIS 
VOLTAGE STABILITY 

PROBLEM 
HAD TO BE 
SOLVED 

FOR CIRCUIT 
RELIABILITY IN A 

JET ENGINE 
TEMPERATURE 
INDICATOR 
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Engineers of the 8 & H Instrument Company, 
Fort Worth, Texas, required an extremely reli-
able voltage reference device for their BH183 
AutoTemp jet engine temperature indicator, 
used in the Lockheed Electra.... They chose a 
Hoffman 1N1530A Zener Reference Element, be-
cause of its STABLE characteristics even when 
subjected to widely varying environmental con-
ditions. 

The low 8.4 volt, zener operating voltage of 
1N1530A Hoffman 1N430 and 1N1530 Zener Reference 

Elements, makes them uniquely suited for use 
in circuits which are operating at a low D.C. 
voltage level (from 10 to 30 volts). The units 
have a voltage stability of ± 0.1%, or less, over 
a temperature range from —55°C to + 100°C, 
at 10mA. 

There are over 180 Hoffman Zener Devices avail-
able . . . now in the widest possible range of 
voltage and power dissipation ratings. Write us 
. tell us your problem ... the Hoffman semi-

conductor sales engineer in your area will pro-
vide the solutions. 

If you need a job in electronics done quicker and better, confect 
CORPORATION 

SEMICONDUCTOR DIVISION 

930 PITNER AVENUE EVANSTON, ILLINOIS 
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Design around Mallory 
for new 

For Miniaturization—Small and light enough to carry any-
where, the Comptometer Coronet enables business men 
on the go to dictate wherever they travel. Six long-lasting 
RM-12R Mallory mercury batteries provide portable 
power, in compact space, for as much as 24 hours of 
continuous dictation. 

OPEN CIRCUIT VOLTAGE STABILITY FOR MALLORY MERCURY REFERENCE CELLS 
1-5   1.3570 
1.4   

7 1.3535 1.3510 /1.3490 

0 6 

1.3470 

 4  
12 18 

TIME IN MONTHS 

Storage at or near 70°F 

1.3455 j1.3440 

mmnisemmO 

— 1% of initia I E.M.F. 

24 30 36 

For Steady Output—Highly constant output voltage of mercury batteries 
makes them valuable as reference sources in instrument circuits. The curve 
shows how open circuit voltage keeps within of original value during 
36 months storage. Exceptionally high accuracy can be obtained for short 
run service under load, as in missile telemetering, by calibration prior to 
use in the intended circuit. 
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Mercury Batteries 
miniaturization, stability, dependability 

You can put extra performance in your battery-
powered products by applying the unique per-
formance of Mallory mercury batteries in your 
new designs. Pioneered and perfected by Mallory, 
mercury batteries give you features unequalled 
by any commercial dry cell. 

Want smaller size? Mercury batteries have 
high energy-to-volume ratio, can be miniaturized 
without loss of performance. 

Want greater convenience? Long lasting mer-
cury batteries greatly reduce frequency of 
battery change. 

Want dependability? Mallory mercury bat-

In Canada, Mallory Battery Company of Canada, Ltd„ Toronto 4, Ontario 

For Dependability —"Atronic Pacer/Monitor"— 
pocket-size electronic heart stimulator, made by 
Atronic Products, Inc., supplies pulses that pre-
vent heart slowdown in cardiac patients ... lets 
them live useful lives away from a hospital bed. 
Life-saving impulses are powered by Mallory 
mercury batteries, which deliver constant power 
for months in this critical service. 

teries last up to four times longer in service than 
conventional types . . . can be stored for up to six 
years without appreciable loss of capacity. They 
operate over wide temperature ranges. 

Want stability? Output stays so constant that 
they can be used as reference voltage standards. 
Constant voltage discharge is ideal for tran-
sistor circuitry. 

The applications pictured here are typical of the 
ways that Mallory mercury batteries are adding 
new values to self-powered products. Let's get 
together on how we may help you, too . . . either 
by applying our line of standard batteries or by 
developing custom-made packs for you. 

Mallory Battery Co., Cleveland, Ohio 

a division of 

For Long Life—Mallory mercury batteries have 
been used as a primary power source for the tele-
metering transmitters in the U. S. satellite pro-
gram. In the Pioneer IV space probe, they 
powered radio transmission up to 407,000 miles, 
the greatest distance over which a radio signal 
has ever been received . . . and they far exceeded 
life expectations in Explorer and Vanguard flights. 

ELECTRONICS • OCTOBER 9, 1959 CIRCLE 55 ON READER SERVICE CARD 55 



AND 

HMI FREQUENCY 
SILICON TRANSISTORS 

Immediately available off-the-shelf, 
in quantities of 1 to 99, from your 
local Philco Industrial Semicon-
ductor Distributor. 

TYPES: 

2N495 

2 N496 

2N1118 

2N1119 

2N1199 

2N1267 

2N1268 

2N1269 

2N1270 

2N1271 

2N1272 

For High Temperature A.,plications 

• LOW SATURATION RESISTANCE 

• LOW COLLECTOR CAPACITANCE 

• UNIFORM CHARACTERISTICS 

• HIGH RELIABILITY 

For reliable performance in military and commercial circuits subject 
to high environmental temperatures, Philco now offers a full range 
of high frequency switching and amplifying silicon transistors... 
in both PNP and NPN types (SAT* and SADT**). 

In high speed circuits, the switching types provide the lowest 
saturation resistance at high junction temperatures . . . permitting up 
to 5 mc pulse rates using saturated configurations and up to 30 mc 
pulse rates with non-saturating techniques. 
The excellent high frequency response of the amplifier types permits 

the practical design of communications systems at frequencies up 
to 60 mc. 

For complete data and application information, write Dept. E-1059. 
*Trademark Philco Corp. for Surface Alloy Transistor. 
**Trademark Philco Corp. for Surface Alloy Diffused- base Transistors. 

PHI I LCO. 
LANSDALE TUBE COMPANY DIVISION • LANSDALE, PENNSYLVANIA 
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FIG. 1—Ohmic heating system develops 1.2 megavolt-amps at audio frequencies 

Ohmic Heating Circuits 

For Plasma Physics 

Audio generator heats stellarator plasmas to one million degrees C 

during thermonuclear fusion process. Experimental system produces 

1.2 megavolt-amperes at 0 to 20 kc 

By RODGER I. GAMBLIN*, Project Matterhorn, Princeton University, Princeton, N. J. 

CONTROLLED THERMONUCLEAR POWER production re-
quires maintaining a plasma of hydrogen isotopes at 
temperatures near one hundred million degrees C for 
an appreciable fraction of a second. One approach to 
this goal is through the use of stellarators (ELEC-
TRONICS, p 75, Dec. 19, 1958). 
Hydrogen gas is confined in the stellarator by a 

twisted, toroidially-shaped magnetic field of 20,000 
gauss or greater. Initially, electric fields are applied 
parallel to the magnetic field to ionize and heat the 
gas. First an r-f field partially ionizes the gas, then 
a d-c or audio signal completes ionization and raises 
the resulting plasma to 10 C. The circuib to be de-
scribed generates the d-c signal. The r-f generator 

Nww with International Business Machines Corp., Endicott, N. Y. 

was described in an earlier article (ELEcTRoNics, 
p 50, July 3, 1959). 

OHMIC HEATING—The d-c or audio signal used to 
heat the plasma is called the ohmic heating pulse. 
Normally, it consists of an arbitrary waveform of 
up to five milliseconds duration. The B3 stellarator, 

for which the ohmic heating equipment was designed, 
has a vacuum chamber five cm in diameter and 640 
cm long with an inductance of four h. During op-
eration, the vacuum tube is filled with ionized gas 
of such conductivity that the resistance offered to 
passage of the ohmic heating current may drop to 
in milliohms from an initial value of one ohm. 
The twist of the confining magnetic field tends to 

be unwound, or wound up to 2 e radians, by the cir-
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cular magnetic field produced by the ohmic heating 
current. When the twisting effect of the stellarator 
becomes completely neutralized, the plasma becomes 
hydromagnetically unstable and can no longer be con-
fined. In the B3 stellarator, maximum permissable 
current before onset of this instability at a confining 
field of 60,000 gauss is 6,000 amp. Such a current 
level is generally the maximum desirable stellarator 
current. 
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When the ohmic heating pulse is applied to the 
stellarator, each electron gains energy which it dissi-
pates in collisions with ions or neutral particles. The 
higher the energy of an electron, however, the smaller 
its collision cross section. If the voltage applied to 
the stellarator is too high, then some electrons gain 
so much energy between collisions that they escape 
because of the decline in collision cross section. Pri-
marily because of this problem, but also for other 
reasons dictated by the physics of the stellarator and 
needs for observation, it is desirable that the ohmic 
heating apparatus apply an arbitrarily-shaped wave-
form to the plasma. Figure 1 shows the basic block 
diagram of the ohmic heating system. 

DESIGN REQUIREMENTS—Two modes of stella-
rator operation are needed: constant voltage and con-
stant current. In the first mode, it is necessary to 
apply a voltage waveform closely approaching the 
input irrespective of the plasma impedance. In the 
second mode, it is desired that the plasma current 
approximate the input voltage waveform. For d-e 
pulse conditions c square unidirectional waveforms up 
to five milliseconds in duration) the ohmic heating 
pulse needs to be less than 200 v, indicating a power 
level operation of 1.2 megavolt-amperes. For opera-
tion at 10 kc, the voltage output needed is on the 
order of 680 v; however, since the plasma impedance 
increases because of inductive effects, total power 
requirements are comparable to the d-c case. 

Thus, the requirements for an ohmic heating sys-
tem are that it be able to operate at a power level of 
1.2 megavolt-amperes at any frequency ranging from 
zero to 20 kc into a load that varies from 1 ± j0.2 to 
0.01 ± j0.2 ohms. Since the possibility of operating 
the system with a capacitor tuning the inductance of 
the plasma is precluded by flatness requirements of 
frequency response and by a minimum rise time re-
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quirement, the output must operate into an inductive 

load. The amplifier must have an internal impedance 
small compared to 0.01 ohm for constant voltage 
operation and large compared to one ohm for con-
stant current operation. 

OHMIC HEATING AMPLIFIER—Figure 2 shows 
the basic circuit of the ohmic heating amplifier. A 
primary design criterion for the amplifier is the sta-
bility of the feedback loop. It has been shown that 
when an amplifier consists of a number of stages of 
nearly identical frequency response, and of one low-
pass stage, an approximate criterion for stability is 

that the feedback factor I Aai be less than the ratio 
of the frequency response of the high-pass stages to 
that of the low-pass stage. Since feedbacks on the 
order of 22 db are needed in the ohmic heating sys-
tem, a frequency response ratio of 20 was selected. 
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All stages, except the driver, are at least 180 kc and 

the latter is 9 kc. Since the driver is capable of a 
higher pass output, 200,000-ohm resistors are in se-
ries with each grid of the final stage. The rise time 
of the amplifier with voltage feedback is near 10 
µsec, indicating an approximate bandpass of 50 kc. 
The physical location of the feedback pickup loop 

requires that the signal be transmitted over 50 ft to 
couple with the amplifier. A totem pole amplifier, 
shown in Fig. 3, was selected to minimize distortion 
in driving the return coaxial cable. 

OUTPUT STAGE POWER SUPPLY—The power 
supply for the output stage consists of a shunt-regu-
lated, electronically-switched inductive energy stor-

age system shown in Fig. 4. Coil L, is charged 
through the vacuum switch. Just prior to operation 
of the ohmic heating system the grid of V, is pulsed 

positive and simultaneously the vacuum switch is 
opened. Tube V, breaks down as the switch opens. 
When the high voltage is needed, V, is fired and the 
negatively-charged capacitor in its cathode puts an 
inverse voltage on V, that de-ionizes it. The capacitor 
in the cathode of V, is then charged up by the coil 
current until the system reaches 20,000 3/, at which 
time the regulator starts operating and maintains 

the voltage constant. 
An electronic feedback regulator in shunt with 

coil L, draws current so that the output voltage is 
maintained constant at 20,000 v. 
The ohmic heating system has been operating since 

Aug. 1958. It was supported under contract AT (30-1) 
—1238 with the Atomic Energy Commission. 
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Experimental circuit is tested, using the closely regulated supply as a reliable source 
of constant voltage power 

By EDWIN GORDY and PETER HASENPUSCH 
Instrument Design and Development Dept., 
Roswell Park Memorial Institute, Buffalo, New York 

FIG 1.—Errer voltage of serles-regulated 
power supply appears at point B attenu-
ated by the R,R2 network 

FIG. 2—Constant current circuit allows 
total error to appear at 8 

Constant-Current-Coupled 
By driving a constant current through a fixed resistance, the total error 

voltage of a power supply can be fed into an error-correcting amplifier 

ERIES REGULATED power supplies 
operate on the principle of us-

ing an error signal to control the 
series regulating device. If the 
gain of the control loop can be in-
creased, the load regulating charac-
teristics of the power supply can be 
improved. A similar improvement 
in regulation can also be obtained 
if the error voltage is sampled with-
out attenuation by the customary 
resistive divider network. 
The basic circuit of a conven-

tional series regulated, transistor 
power supply is shown in Fig. 1. 
Transistor Q, is the series regu-
lator and point B the input to the 
error correcting loop. The desired 
or reference voltage is set in at Q,. 

The error signal appears at point 
B and is the voltage at point A 
attenuated by the factor R2/ ( Ri 
R2). 

New Approach 

Some factors which tend to lower 
the loop gain of the error correcting 
amplifier are reduced by a special 
circuit'. In addition, it is possible 
to lower the output impedance of 
the regulated supply by feeding the 
unattenuated output error voltage 
directly into a differential amplifier 
which is operated from two gas 
tube regulated auxiliary supplies'. 
A design using a new principle to 

obtain an unattenuated error signal 
is shown in Fig 2. A constant cur-

rent generator feeds resistor R,. For 
a fixed value of R„ there will exist 
a constant voltage across this re-
sistor equal to I,R,. The resistor 
with its constant current may then 
be considered the equivalent of a 
battery. Therefore, any error volt-
age existing at point A will be 
transferred, without attenuation, to 
point B, the input of the error-cor-
recting amplifier. By making either 
I, or R, variable, the output volt-
age can be varied. 
The ideal condition of constant 

current through R, is modified in 
practice by the finite current drawn 
by the base circuit of the input 
transistor of the error-correcting 
amplifier. The loading effect is 

60 OCTOBER 9, 1959 • ELECTRONICS 



2 ,< 4K -85V 

125175 

1MS's 

—)1—• 
6626 8552 

120 _ 40 

T I 

125175 

í 
115 VOLTS A. 

 ----
027 Hy. = =0 6 Hy. 4 03 

SV72's 1000 4000 

fit-\0 1 ma 

IC)<) rn° \--V00967 

PUSH FOR 10 ma — _ IA 0967 
 - - 

DT80 

Oit 2N174 

350 SIP? 

500 47K 

IK 

2N29I 

5G122 

100 

T °.5 

150 

2N671 

10K 

2N250 

9 

, 788 

Olo 

200 

lK 

47K 

1N537 

R1 
20K 

50 

PUSH 
FOR 
5 

VOLTS 
900K 

4000 100K 

50,La 

B2 

IN91's 80 

16 Hy. 

HE— 

FIG. 3.—Regulated power supply 

drift in 30 minutes is about 5 mv 

350 

6626 

3K 75K 

85A2 

SI200 
SG22 

-85V 
prSG22 

+9V 

°01 Q6 2N398 2N398 

SI200 50K 
47K 

10K 

2N293 

SG22 SG22 

Ox 

2N29I 

47K 

2N652 

7.51( 25K 

+85V 

uses two gas tube regulated auxiliary supplies to obtain performance. 

K. x1,000 

SG22' 

2N652 o 
R2 

4K 

With a load current of 900 ma, 

Transistor Power Supply 
minimized by keeping constant cur-
rent /, much larger than the base 
current of the input transistor. 

Constant current coupling as 
used in this power supply is not 
unusual in d-c amplifiers designed 
for neurophysiologic uses. The ap-
plication of this circuit to a regu-
lated power supply appears to be a 
new approach to the problem. 
A transistor operated in the com-

mon-base configuration has a high 
output resistance and can be used 
satisfactorily as a constant-current 
source. In the practical operational 
circuit of Fig. 3, Q, is the constant-
current source and Q, is used as 
thermal compensation for Q,. Both 
Q, and (22 are fastened to a common 
heat sink to keep them at the same 
temperature. 
The points B, and B2 on the B+ 

bus must be kept close together 
physically. Otherwise, the IR drop 

along as little as 1 in. of solid num-
ber 12 copper wire is enough to 
cause a rise in output voltage as the 
load current increases. 
The use of auxiliary positive and 

negative supplies follows from ref-
erence 2. The 6626 regulator tube 
is used in preference to an 0A2 
since it has better constant-voltage 
characteristics. The supply shown 
at the lower left of the schematic 
uses S1200 thermally compensated 
Zener diodes to obtain a drift-free 
reference voltage. 

Performance 

Regulation of the supply from 
zero load to 900 ma is 30 mv at 36 
volts output. Ripple is less than 2.5 
mv peak-to-peak. Line changes up 
to 10 percent do not affect the out-
put. 

Drift of the supply is less than 
5 mv after 30 minutes operation at 

750 ma. But temperature changes 
have a relatively large effect on 
drift. Without a one inch blanket 
of acoustic grade fiberglass over 
Q, through Q. transistors and cir-
cuits, drift was approximately 40 
mv in 15 minutes. With the chassis 
removed from the cabinet and no 
thermal blanket, drift was 100 mv 
over a few minutes. Thus a 20 to 
one improvement in drift was ob-
tained by relatively simple means. 
The complete supply is shown in 

the photograph where it is being 
used to check an experimental cir-
cuit. 

REFERENCES 
(1) R. D. Middlebrook, Design of Tran-

sistor Regulated Power Supplies, Pro° 
IRE. 43, p 1502, Nov. 1957. 

(2) T. H. Brown and W. L. Stephenson, 
A Stabilized D-C Power Supply Using 
Transistors, Electronic Engineering, 30, 
p 425, Sept. 1957. 

(3) J. Y. Lettvin, personal communica-
tion. 
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New technique achieves densities of 65 analog components and 160 digital 

components per cubic inch. Reliability and production rate also improved by 

modular construction process 

3-D Packaging Reduces 
Size of Electronic Units 
By ELDON C. HALL and RICHARD M. JANSSON, 
Staff Engineers, Instrumentation Laboratory, Massitelin›etts Institute of Technology, Cambridge, Mass. 

RESEARCH AND DEVELOPMENT in 
the field of air and space 

vehicle guidance systems is placing 
an ever-increasing premium on 
lightweight, miniature and reliable 
electronics. The electronic devices 
used must also be able to operate 
satisfactorily over a wide range of 
environmental conditions, partic-
ularly those of temperature, humid-
ity, vibration and acceleration or 
shock. The electronic packaging 
technique to be described was de-
vèloped to meet, more fully than in 
the past, these critical demands. 

Referred to as 3-D or high-den-
sity electronic packaging, the new 
technique involves mounting and 
wiring circuit components in a 
miniature three-dimensional unit 
mass. By using miniature compo-
nents now available from manufac-
turers and a newly-applied method 
of joining wire leads, 3-D packag-
ing has achieved a maximum com-
ponent density without sacrificing 
production feasibility. 
The 3-D technique consists of 

placing circuit elements side by side 
and forming the electrical connec-
tions on a three-dimensional basis 
as opposed to the two-dimensional 
printed circuit board. The wires 
are joined by electrical resistance 
spot welding, which is similar to 
the vacuum tube technique. After 
assembly and electrical checkout, 
the unit is encapsulated in epoxy 
potting compounds to form a 

module. The resulting miniature 
package is a maximum-density as-
sembly occupying all practical 
space within the package. 
When applied to analog circuits, 

3-D packaging has achieved com-
ponent densities up to 65 compo-
nents per cu in. Although these fig-
ures do not compare with densities 
achieved in microminiature binary-
circuit techniques now under devel-
opment, they have been obtained 
using such components as JETEC-
cased transistors, transformers, 
microfarad capacitors and others 
not found in binary circuits. In 
digital circuits, densities of 3-D 

modules up to 160 components per 
cu in. have been obtained. 

With a high component density, 
the completed module forms a unit 
mass that is nonresonant and struc-
turally rigid—a desirable design 
feature for meeting conditions of 

shock and vibration that may be 
encountered under operating con-
ditions for air and space vehicles. 

Analog Circuits 

Distinct differences in approach 
have been found necessary for pack-
aging digital computing circuits 
and analog servo circuits. In digital 
wiring, the large number of inter-
connecting logic wires complicates 

the design of the 3-D wiring setup 
and special layout techniques are 
necessary. In analog packaging, on 

the other hand, the chief problems 

encountered are heat dissipation 
from the module and interelement 
coupling effects of components in 
close proximity. 
An example of analog wiring and 

component arrangement is shown 
in Fig. 1, which illustrates a re-
solver drive amplifier. Electrical 
designers must deal with the prob-
lem of interelement coupling in 
this type of 3-D module, a problem 
usually not found in the breadboard 
or printed circuit assembly. Types 
of circuits used in analog elec-
tronics are, in general, very broad-
band, high-gain amplifiers with 
generous feedback. A compact 
three-transistor amplifier, for ex-
ample, if potted in a Mu-metal 
shielding can, may give rise to 
stray coupling through the can to 
the input. Circuit design and com-
ponent arrangement, therefore, 
must be carefully planned to avoid 
combinations that would lead to any 
oscillatory instabilities. 

After accomplishing the circuit 
design and component layout, tak-
ing into account the coupling prob-
lem and the most efficient packing 
arrangement, a production drawing 
is prepared in plan and elevation 
showing all views of the unit and 
the location and orientation of each 
component as well as the location of 
each weld. Components are num-
bered on the drawing for produc-
tion identification. The wiring 
configuration is clearly outlined 
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FIG. 1—Resolver drive amplifier shows 

application of 3-D packaging technique 

to analog circuits 

FIG. 2—Miniature welding head and 

special jig holds components during weld-

ing of wire leads 

showing all connections. Terminal 
connection instructions are also in-
cluded, along with color coding of 
the terminals. 
A major problem in the assembly 

of analog circuits was the variety 
of weld types to be handled, since 
component leads span quite a range 
of sizes and materials. It was found 
that by using a flat, nickel ribbon 

as the common lead-joining me-
dium, welding became more uni-
form and one weld setting could 
handle a number of weld types. A 
by-product of the use of this type 
wiring was an increase in struc-
tural rigidity of the unit before en-
capsulation. This is an important 
consideration since the unpotted as-
sembly is held together only by 
leads, welds and small amounts of 
Mylar tape. 

Handling must be kept to a min-
imum since damaging strains can 
result from excessively rough treat-
ment. After potting, of course, the 
modules are quite rugged and are 
fully capable of meeting missile 
environmental specifications. Fig-
ure 2 shows a weld being made on a 
3-D component, using a miniature 
welding head and a special jig 
to hold the components during 
welding. 

As an illustration of the densities 
to be achieved, plans are in effect 
to provide for a package containing 
analog electronics with dimensions 
of 0.15 to 0.19 cu ft, weighing 15 

to 20 pounds, in one unit mass 
structure. For this same system. 
a tightly designed electronics pack-

age using printed circuit boards 
had a volume of 0.6 cu ft and a 
weight of slightly less than 40 
pounds. 

Thermal Problems 

Thermal conditions within mod-
ules must be seriously studied. 
If power levels are reasonably low, 
as in the case of digital computer 
circuits, the modules can be stacked 
into one block and tied together, 
with the thermal problem treated 
rather lightly. For example, alumi-
num foil can be placed between 
layers to conduct the dissipated 
heat to an appropriate heat sink. 
However, analog circuits contain 
elements that require more heat 
sinking than corresponding ele-

ments of digital circuits. To accom-
plish the necessary heat transfer 
in the case of individual signal-level 
transistors, the transistor can be 
wrapped in aluminum foil which, in 
turn, is attached to an aluminum 
plate on one face of the module. A 
layer of such modules can be 
clamped to each side of a cold plate, 
thereby removing the heat from 
each module. 

In addition to signal-level mod-
ules, power transistors potted into 
modules with the copper heat trans-
fer face exposed (without studs) 
can also be effectively handled by 

this method of clamping to a cold 
plate. The result is a greatly sim-
plified ( and cheaper) cold plate de-
sign; and there are no mounting 
studs to interrupt the heat-transfer 
fluid passages. This design feature 
alone effects a considerable reduc-
tion in the volume required for heat 
exchanger equipment. 
To determine the values, and the 

distribution of values, of the ther-

mal resistance between encapsu-
lated power transistors and the 
surface of a cold plate, tests were 
made with representative modules 
mounted on a heat exchanger. An 
average value of the mounting 
thermal resistance for H-10 tran-
sistors, based on 64 test points, was 
determined to be 0.38 C/w with 
maximum and minimum values of 
0.49 C/w and 0.26 C/w, respectively. 
For H-7 transistors, the thermal re-
sistance is higher due to the smaller 
contact area, and results of the test 
gave an average (based on 56 
points) of 0.84 C/w. Maximum and 
minimum values of the thermal re-
sistance in this case were 1.00 C/w 
and 0.74 C/w. 

Digital Circuits 

The digital circuits described are 
used in an inertial guidance digital 
computer. In this type of computer, 
the thermal problem is not as criti-
cal in the design of 3-D packages. 
On the other hand, however, the 

large number of interconnecting 
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wires and the importance of correct 
logic wiring has made it necessary 
to develop special techniques in ap-
plying the design to the 3-D pack-
age. 

It may be seen, from a brief ex-
planation of the type of data-han-
dling circuits used in the computer, 
that the logic wiring has been made 
the controlling member in the com-
puter design. 
The computer is made up of three 

basic elements: NOR gates, a shift-
register memory, and a crystal-
controlled clock. The interconnect-
ing wiring between these three 
elements provides the logical func-
tion of the computer. 
The NOR gate is the only type of 

circuit building block used in the 
logic, the memory read-in and the 
memory read-out circuits. Each 
memory read-out consists of two 
NOR gates connected to provide a 
set-reset flip flop, resistor-coupled 
to the memory. The memory read-

in circuit consists of an OR block, 
which is the same standard NOR 
gate circuit with the collector load 
resistor removed. The installation 
of the resistor between the flip flop 
and the memory and the removal of 
the collector load resistor in estab-
lishing the OR block are both part of 
the production process when the 
logic wiring is applied. 
The circuit shown in Fig. 3 is an 

example of the data-handling ar-
rangement. An explanation of the 
NOR and OR symbols is also shown. 
Because of the exclusive use of 
identical NOR gates, a series of iden-
tical circuits can be used in 3-D 
packages and interconnected as 
needed in the design throughout the 
computer. 
The computer is designed around 

the shift-register memory ( also 
called a memory stick), which also 
contains repetitive circuit features 
whereby a standardized form of 
component layout can be employed 

in the 3-D module. The clock is the 
only element containing nonrepeti-
tive circuits. Therefore, the design 
of the computer is established by 

controlling the pattern of the logic 
wiring. 
The resulting 3-D package can 

be constructed in the form of a 
stick. This form of module can 
easily be assembled into a cube or 
other shape to provide for a mul-
tiple-stick assembly. Figure 4 
shows such an assembly together 
with the various stages of assem-
bly of a logic stick containing 36 
transistors, 144 diodes, 36 capaci-
tors and 108 resistors. The stick is 
7.5 in. long. 

Logic Stick Construction 

To position the multitude of parts 
in the stick and to hold them to-
gether during welding, a technique 
of film jigging was developed. This 
technique employs two punched in-
sulating films of Mylar tape to ac-
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FIG. 3—Logic matrices (top) show film instructions for circuit diagram at bottom 
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curately position all component 
leads. The film becomes a perma-
nent part of the assembly, also act-
ing as a physical insulating barrier 
between the stick components and 
the power buses and/or logic wir-
ing incorporated on them. 
The original layout of the stick is 

reflected in the instructions on the 
film, thus providing the information 
for proper positioning of the com-
ponents. The film jig information 
is based on the original component 
layout drawings, which indicate all 
component positions, lead locations, 
and power bus interconnections in 
plan and section. From these draw-
ings, overlay drawings are made 
showing the location of each lead"' 
in the plane of the film jig. This 
layout is photographically reduced 
to the jig size and produced on the 
Mylar tape. 
The lead locations are punched 

on a power punch to provide the 
properly oriented holes through 
which the lead wires are to pro-
trude when the components are in-
serted. In the design and layout 
of sticks, the film jigging procedure 
eases the design process and ulti-
mately results in the transfer of in-
formation to the fabricator in an 
expeditious manner. 
The logic wiring matrix that is 

applied to each side of the stick is 
manufactured separately from a 
wire mesh structure mounted in a 
frame. Mylar tape, with instruc-
tions for the welder, is also used in 
this operation to separate and hold 
the wires. Logic film layouts are 
prepared, as in the component lay-
out, and tack-weld points, clip areas, 
switch number, bus identification 
and subassembly identification are 
all included on the film. The logic 
film is slipped between the longi-
tudinal and cross-bus layers of the 
wire mesh and all welds are then 
made. Weld points are indicated by 
a hole punched in the tape. The 
welded matrix is clipped from the 
metal jig and the subassembly is 
hand-clipped and tested for con-
formance to the layout. 
As a further comparison with the 

printed circuit board technique, a 
3-D digital computer electronic 
package now being designed will 
have a total volume of 0.1 cu ft and 
weigh under 10 pounds, whereas the 
volume of a tightly designed printed 

(C) 

MATRIX 
LOGIC-WIRING 

(B) 
FILM JIG   

A) 
POWER BUSES _ MOUNTING STAN. 

NO CONNECTOR 

-AFTER 
POT TING 

BPEOFTOTRINEG 

ASSEMBLED 
STICK 

FIG. 4—Film ¡ig holds components in place (A); logic wiring matrix (B) is then welded 
on, resulting in assembled stick (C and D). Multiple- stick assembly (E) requires end 
connector to connect logic wiring between sticks in accordance with logical design of 
computer 

circuit computer package, assem-
bled for the same system, is 0.4 cu 
ft with a weight of approximately 
26 pounds. 

Other Advantages 

Some marked advantages over 
other methods have emerged from 
experiments in producing and test-
ing these 3-D units. One significant 
feature is the fact that present 
welding facilities for vacuum tube 
manufacturing are ideally suited, 
and the manufacturers are there-
fore presently equipped, for the 
production of 3-D modules. 

It has also been shown on a de-
velopmental basis that this welding 
technique greatly reduces the as-
sembly time as compared with man-
ual assembly of printed circuit 
boards. For example, it is esti-
mated that two technicians can as-
semble a 3-D package in the same 
time it takes six technicians to 
assemble the same circuit using 
two-dimensional printed circuit 
boards. 

Design flexibility is another im-
portant feature because of the va-
riety of components that can be 
handled and the manner in which 
they can be used. Transistor cir-
cuitry from signal level to power 

level when packaged by this method 
lends itself to easier solution of heat 
transfer, mounting accessibility and 
package design problems. This is 
because the shape of the module can 
be molded to suit particular needs 
and module groups can be arranged 
to fit unique package configurations. 
As for reliability, a vacuum tube 
manufacturer has estimated on the 
basis of vacuum tube production 
experience that for an assembly 
using 3-D packaging and contain-
ing several hundred welds, only one 
in 10,000 assemblies will be rejected 
because of bad welds. 
The 3-D packaging program de-

scribed herein is being carried out 
under the joint sponsorship of the 
Ballistic Missile Division, U. S. Air 
Force and the Bureau of Ordnance, 
Department of the Navy. Acknowl-
edgment is also due Samuel Francis 
of Francis Associates, Marion, 
Mass. for the original concept on 
which the M.I.T. Instrumentation 
Laboratory's development work is 
based; Raytheon Manufacturing 
Company and Sippican Corp. for 
their manufacturing and engineer-
ing help, under subcontract to 
M.I.T.; and William H. Mann of 
Jackson & Moreland, Inc. for assist-
ance with this presentation. 
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High Vacuum Pumping for 
Modern Electronic Needs 

Simulating space environments, constructing molecular electronic circuits, de-

gassing components and materials are chores for high-performance pumps 

By NORMAN BEECHER, Project Manager, National Research Corp., Cambridge, Mass. 

ADIO TUBES were one of the earliest applications of 
high vacuum. The diffusion pump, developed by Lang-
muir, is still the workhorse of the high vacuum field. 
Today, many new electronic techniques also require 
--a^uum systems. 

Semiconductor thin films are formed by vacuum 
--anoration and deposition at very low pressures. 
,̀-ocuum degassing and drying prepares dielectric oils. 
"il impregnation in vacuum chambers eliminates 
trapped moisture and gas bubbles. 
The space age requires new specifications for elec-

tronic equipment operating in satellites and rockets. 
Vacuum testing to detect vibration failure, over-
heating or evaporation of materials is essential. 
^lambers large enough to house satellites have been 
built. They must be pumped down rapidly and main-
tain high vacuum despite the release of large amounts 
of absorbed gases from the components tested. 

FOREPUMPS—High vacuum pumps attain pres-
sures of 10 mm Hg or below. Ordinary mechanical 
vacuum pumps sealed with oil will produce 10' mm 
Hg with fairly low pumping speeds. Simple rotary 
types handle permanent gases satisfactorily. Rotary 
gas ballast types handle condensable gases like water 
vapor. Air is admitted with the pumped gas, diluting 
the gas so that it will not condense in the pump. This 
prevents addition of condensed water to the pump oil. 

Rotary pumps are generally used as the forepump 
backing up a high vacuum pump. All diffusion pumps 
and molecular drag pumps constructed to date require 
a forepump. Ion-gettering pumps need a forepump 
for startup and initial pumpdown, but have the 
advantage of consuming gases rather than discharg-
ing them. 

PUMP SELECTION—Oil diffusion pumps are the 
most economical. If the vacuum system cannot tol-
erate even a trace of oil vapor, it may be feasible to 
use mercury diffusion pumps. The latter is used, for 
example, in evacuating fluorescent lamps where mer-
cury vapor is already present. 

Where the pressure on the high vacuum side is 
as high as 0.1 mm Hg, the use of the ejector principle 
with oil or mercury is advantageous. Ordinary dif-
fusion pumps begin to lose efficiency above 10' mm 
Hg. The booster type oil diffusion pumps cover the 

range between eiectors and regular diffusion pumps. 
For hi,21 ranaritv numning between 10 and 0.001 

mm Hg. Roots leowArs with a mechanical forepump 
can be used. The Roots blower pumps with a pair 
of interlocking metal impellers. For pressures below 
5 x 10' mm Hg, it is usually desirable to use a cold 
trap with diffusion pumps to minimize escape of 
pumping fluid into the vacuum system. Such traps 
generally have a liquid nitrogen-cooled surface block-
ing line-of-sight passage between pump and vacuum 
chamber. 

Ion-gettering pumps are especially useful for cyclo-
trons where low helium pressure is permissible, but 
all air in-leakage should be removed. They can pump 
for long periods in a sealed system. 

Molecular drag pumps are not used much in this 
country, but provide satisfactory clean systems for 
experimental work. The Pfeiffer pump should be 
commercially available soon and the Beaudoin pump 
has been on the market for some time. These pumps, 
however, operate at high speed and are expensive. 

Cryogenic pumps, using very cold surfaces to con-
dense certain gases, have long been used and are 
highly efficient for condensable gases. Temperatures 
in the range from liquid nitrogen to helium are used. 
It is usually desirable to design the cryogenic pump 
for a specific system (NRC and Arthur D. Little, Inc., 
have experience in this field). 
The list of pumps in Table I is not exhaustive and 

omission of a pump or manufacturer does not imply 
an unfavorable judgment. Only the largest pump in 
a line is described. These are generally large enough 
for test chambers. Smaller pumps will handle such 
pumping work as tube evacuation. Construction ma-
terial is metal, except that EIM and NRC-G-2-M 
employ glass. 

KEY TO MANUFACTURERS 

BEA 
CEC 
EIM 
KIN 
LEY 
NRC 
PFE 
STO 
VAR 
VEE 

Beaudouin (French, available through NRC) 
Consolidated Electrodynamics Corp. 
Eitel-McCullough, Inc. 
Kinney Manufacturing Co. 
Leybold (German, available through NRC) 
NRC Equipment Corp. 
Pfeiffer (Germany) 
F. J. Stokes Corp. 
Varian Associates 
Veeco Vacuum Corp. 
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Table I—Characteristics of Representative Commercial High Vacuum Pumps 

Advantages Disadvantages 
m  far and Dimen- Optimum I Max Pump Discharge Heater Cooling 

Model sinus , Range • Speed. Pressure Power Water 
(inches) (mm 11g) ; ( liters, see) (mm Hg) (kw) (gpm) 

FRACTIONATING OIL DIFFUSION. 3-STAGE 

NRC 
H-32-P" 

CEC NICF 
150004" 

STO 16" 
Ring Jet" 

KIN 
VF-1600" 

LEY 

DO- 1001' 

VEE" 

EP- tW 

EINI 

BOOSTER 

NRC 
11-12" 

STO 16" 

Ring Jet 

LEY 
OT8000 

60 high 
32 i.d. 

80 high 
32 i.d. 

54 high 

16 i.d. 

31 high 
16 i.d. 

27 high 
14 i.(I. 

15 high 
4 i.d. 

5X10-7 30,000 et 
-1 X10-3 ; 4X10-' ( b) 

5 X10-7 
-1X10-3 

5 X10-6 
-1 X10-2 

5 X10-7 

-1 X10-3 

X10-7 

-2 X10-3 

5 X10-3 
-2 X10-2 

27,500 e 

1 X10-4 (h) 

5,000 et 
1 X10-3 ( h) 

5,200 e 

2X10-4 ( b) 

4,000 e 
1 x10-6 (h) 

400 e 
5x10-3 (b) 

16 high X10-7 67 e 
4 i.d. , - 1 X10-4 1 X10-3 (b) 

TYPE OIL DIFFUSION. 2-STAGE 

49 high X10-4 2,800 e 
12 i.d. -5X10-2 1 X10-3 (e) . 

92 high 
16 i.d. 

47 high 
20 i.d. 

5X10-4 

-1 X10-' 

5X10-4 

-1 X10-2 

3,500 e 
1 X10-2 (c) 

6.000 er 
1 X10-3 ( c) 

0.2 

0.07 

0.1 

0.2 

0.2 

0.3 

0.001 

0.8 

1.5 

0.3 

9.5 4 @ 
20 C 

2 et 
20 C 

5 2 ® 
20 C 

5 1 @ 
20 C 

3 0.3 ®r 
20 C 

0.5 0.5 et 

20 C 

0.2 (air 
cooled) 

14 4 e 
20 C 

36 5 eï 
20 C 

5.7 4 e 
20 C 

OIL EJECTOR (0E) AND OIL DIFFUSION-EJECTOR (ODE) 

CEC (0E) 
10-500(J. 

LEY ( OE) 
ODP-300" 

140 high 
70 long 

60 high 

80 long 

CEC ( ODE) Ill high 
KS-16000" ; 156 long 

2X10-3 5,500 ei 
-1 X10-1 9X10-3 ( e) 

3X10-3 300 e 
-5x10-. I X10-' (e) 

3 X10-4 ! 19.200 e, 
-6X10-3 2X10-3 (e) 

MERCURY DIFFUSION (MD) AND MERCURY 

CEC ( NID) 29 high 1 X10-6 1,600 ei 
10 i.d. -2X10-" 5X10 6 (b) 

20 high 5 X10-6 55 e 
i.d. X10-24 1 x10-5 ( b) 

33 high I X10-6 45 et, 
— -5 X10-" I 1 X10-1 (b) 

NIIIG-900" 

NRC ( MD) 
G-2-M 

LEY ( MED) 
Hg 45 

ION-GETTERING 

CEC 23X22 
EI-2000 pump' 

VAR 35X10 
Vac-Ion pump* 

MOLECULAR DRAG 

BEA 15 high 
15 long 

PFE 

1 X10 - 7 

- 1 X 10 -4 

1.900 @, 
2X10-6 (f) 

1 X10-3 280 CI 10-3 
-1 X10-6 -10-7 (j) 

1 X10-6 
- 1 X 10-3 

60 er 10-3 
-10-i (I) 

13 high 1 X10-6 140 @ 10-3 
20 long - 1 X10-3 -10-8 (I) 

3.2 23 4 e 
20 C 

3 9 4 e 
20 C 

2 19 33 e 

no controls, no 
moving parts, 
pumps all gases, 
inexpensive, oil 
has low vapor 
pressure eliminat-

ing need for cold 
traps 

ksame a, above, 
I de,igneci for 
liiglier pressure 
range, large mass 
capacit y 

')saine as above; 
• quieter than 
Roots blower, 
no damage from 
j dirt 

20 C 

EJECTOR-DIFFUSION (MED) 

0.26 

0.5 

20 

(g) 

(g) 

2 

0.004 

2 0.3 e same as oil uf-
5 C ' ! fusion, Hg con-

; ( 
0.3 1 ef , taminant some-

5 é , times more toter-

-; able than oil 
2.4 1 @ like NID except 

25 C ' max speed at 10-3 

(h) 

(k) 

(1/9 hp 
motor) 

1 to 10-2 

little contamination, sealed, 
forepump only for startup 

no contamination, no mov-
ing parts, selfmeasuring 

no contamination, no seals 
(motor in vacuum) 

(1/4 hp good design for high ca-
motor) , pacity, elimination of seal 

leakage 

oil vapor may con-
taminate vacuum 
system, forepump 
required 

'same as above 

J 

Isaine as above; 
bulkier, narrower 
pressure range than 
'Roots blower; oil 
traps dirt, must he 
periodically changed 

llIg poisonous, Hg contamination in case 
of trap failure very 
>substantial; cold trap 

needed below 10-3 
mm; forepump 
needed 

getter feeding media-
nism may break down' 

high cost for amount 
of pumping' 

7,000 rpm, 0.002 clear-
ances, dirt damage 

16,000 rpm but fairly 
wide clearances, bear-
ing seal problems 

(a) Nlanufacturer has line of pumps with similar charac-
teristics ; I); Other gases: pumping speed increases with 

decreasing molecular weight, 112 pumped at approxi-
mately twice air rate (e) Like ( b) but not as much as 
3-stage pumps (d) Pressure of permanent gases only; 
Hg has vapor pressure of 2 Xl0-3 at 25 C. can be elimi-
nated with cold trap (e) Controls add 25 X42 and 
22 X 12 inches, respectively ( f) P ps noble gases about 

1 percent air speed. methane poorl Gas is con-

sumed. not discharged: p p down to 0.015 min 

required for startup ; h Variable to 2 kw for heater, 

small motor. controls j Also, complex controls and 

power supply (j) Pumps noble gases about 10 percent 

air speed (k) Variable to 1 kw for controls, electron 

emission (1) Light gases slightly faster 
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Ferrite Memories Simplify 
In typical telephone traffic data recorder systems, data reduction is necessary 

before all information on one particular call is obtained. This recorder allows 

information on individual calls to be recorded as one entry 

By J. W. BLANCHARD, E. C. BELLEE and J. SMITH, University of Arizona, Tucson, Arizona 

COMPLETE ANALYSIS of telephone 
traffic in a communications 

system requires a permanent record 
of all action occurring at each tele-
phone switchboard. The records ob-
tained at the switchboards can be 
reduced, at a central location, by 
means of a high-speed digital com-
puter. The result of this process of 
telephone traffic data collection will 
be a complete tabulation of all calls. 

Figure 1 is the functional dia-
gram of a traffic recorder system 
designed to work with a switch-
board that has provisions for 60 
telephone lines and patch cords that 
allow 15 calls to be in process at 
any time. 
Each of the 60 telephone lines 

has a line-relay unit that senses 
signals and, depending on the 

sequence of the signals, provides 
logic signals to control the trans-
lator unit. 
To record data on the 15 calls 

that may be in progress at one 
time and to record call attempts 
during an all circuits busy condi-
tion, 18 translation units are used. 

Each translator has access to all 
60 line-relay units. A temporary 
memory in each translator allows 
it to record all data on any com-
plete telephone conversation or call 
attempt, thereby grouping the data 
for later ease of analysis. When 

all necessary data have been col-
lected on any call, the contents of 
the memory are transferred, in a 
group, to the recorder unit. Here 
the data are permanently stored on 
punched paper tape for later col-
lection and analysis at the data 
analysis center. 

Auxiliary equipment consists of 
a clock unit that provides real time 
signals in the form of 6-digit binary 
signals, a 15-kc tone generator that 
provides a carrier signal to the 
switchboard, permitting recogni-
tion of operator functions, and a 
power supply that provides input 
power of 50 y for operation of the 
relay and transistor circuits. 
The clock shown in Fig. 2 pro-

vides real time signals in six-digit 
binary code to all translator units. 
It consists of 17 cascaded binary 

counters with feedback around the 
seconds and minutes sections to re-
set after 60 counts and feedback 
around the hours section to reset 
after 24 counts. 

In contrast to the usual electronic 
binary counters this unit consists 
of relay binary counters. 

Using a zero-impedance source, 
as provided by relay contacts, for 
the binary time signals to the trans-
lators eliminates the need for in-
dividual buffer matrix drive units 
in each translator. This provides a 
considerable reduction in equip-
ment size and complexity. 

Translator 

The translator provides the line 
search mechanism by which the 
calling line and called line are 
found and identified. This function 
is performed in conjunction with 
command signals from the line re-

lay units. A signal from the call-
ing line-relay unit activates the 
line-search circuit, allowing a step-
ping switch to run self interrupted 
until the line is found. 

68 OCTOBER 9, 1959 • ELECTRONICS 



BINARY 

FIG. 2—Binary clock uses relays and feed-
back to obtain real time signals 
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Two of the authors checking pulse sensing and stretching networks by manually interro-
gating ferrite core memory 

Telephone Data Analysis 
When the called line-relay unit 

receives a 15-kc signal it reacti-
vates the search circuit allowing 
the same stepping switch to find the 
line-relay unit associated with the 
called line. A binary code corre-
sponding to the number of each tele-
phone line is produced by the step-
ping switch. 
The translator also provides the 

CONNECTED TO 
SENSING NETWORK 
ON READ-:OUT. 

+50V 

necessary switching logic and 
ground gates that allow the real 
time signals on the dock output to 
be recorded in the temporary stor-
age unit whenever the proper se-
quence of events occur. For ex-
ample, when a call is placed, the 
time and line identification are 
read into storage after the calling 
line has been found. When the op-

X WIRES - INPUT IS INTERROGATION PULSES FROM READ-OUT NETWORK 

„  

ONE OF FOUR 
RELAYS DETERMINED 
BY SWITCH POS 

\\\)à)708d9cl« 4 5 10 

ALL CORES TELEMETER MAGNETIC-180TI 
I 47 

INTERRUPTER CONTACT 

12 
13 

ROTARY STEP SW IA 

15 

erator answers the calling party, 
a signal from the line-relay unit 
to the translator triggers the 
switching necessary for recording 
the time of occurrence of this op-
eration. 
Upon completion of the call, the 

magnetiè memory is full, and an 
associated relay circuit signals the 
recorder unit that it is ready for 

e  

-+50V 

=25 

X 
WIRES 

+ 50V 
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I AMP 

X WIRE 
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Y WIRE 
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READ-0U; PULSES 

FIG. 3—Matrix circuit uses rotary step switch to provide time signals and line identification at output. Read-out und write-in pulses are shown 
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readout. In the case of busy lines 
or any other unusual call situations, 
a gate causes the memory to be 
completed, making it ready for 
readout. In these cases the time 
recorded in the memory will be the 
same for each storage position be-
yond the last position in which the 
call sequence was normal. This fea-
ture permits the identification of 
the different unusual call situations. 

Memory 

The use of a temporary memory 
in each translator virtually elimi-
nates data reduction. The temporary 
memory allows association of a 
memory matrix with each indi-
vidual phone call from the time of 
its origination to the time of its 
completion. At the time the call 
is completed the data is transferred, 
as one entry, into the paper tape 
permanent storage section of the 
recorder unit. Data from the per-
manent storage unit is converted 
directly to card form for process-
ing on a computer. 
The matrix stores the data on a 

call in the form of 15 six-bit binary 
numbers, two numbers identifying 
the two lines involved in the call and 
the other thirteen giving the times 
that various events occur. 

Figure 3 shows the write-in cir-
cuit and the write-in and read-out 
pulse waveforms. Depending upon 
the position of the stepping switch 
the low side of the matrix is con-
nected to either one of the three 
sections of the clock or to the line 
identification section of the trans-
lator. If the switch is on position 
ONE, a relay is activated which con-
nects the Y-write lines to the hours 
section of the clock counter. 

BL K j--frt 
OSC 50" 10K 
PULSE irr.lk, 01 

2N167 

0.002 
470 

K. X 1,000 

1:6  

- 

The clock counter will supply 
ground gates corresponding to the 
time. If the hour is ten, a ground 
will appear on the 2' and 2' Y-write 
wires and these two matrix columns 
will receive half-write current 
pulses. The second and fourth cores 
in the first row are selected by a 
half-write, current pulse supplied 
by Ci discharging through R„ the 
interrupter contact and the first X-
write wire. 

Both the X and the Y wires are 
single turn windings, while the X' 
windings, which are the interroga-
tion windings, have five turns. One 
of the relays on the low side of the 
matrix connects the Y windings to 
the sensing circuit when the trans-
lator is selected by the recorder 
unit for the readout operation. 
The Y wires serve as both write-in 
wires and sensing wires in the read-
out operation. 
The interrogation pulse for the 

readout is a 1-amp, 3-kisec pulse 
that is provided by a blocking oscil-
lator. Figure 4 is a schematic of 
the readout network that senses 
the output of the matrix. There are 
six of these circuits, one for each Y 
wire. The input to this network 
contains a transistor coincidence 
circuit, Q, and Qs. This coincidence 
circuit is necessary for reliable 
sensing because of the physical dis-
tance between the matrix and the 
recorder unit and the presence of 
the noise generated by the many 
rotary switches and relay used. 
The interrogation pulse from the 

blocking oscillator which is applied 
to the X' wire in the matrix is also 
applied to Q,. If the core selected 

was in the ONE state, a 6-v, 1-psec 
pulse appears on the secondary of 

+50V, 

K2 

PUNCH 
MAC 

05 

204A RING CALLED LINE 

pulse transformer T, and at the 
base of Qs. This establishes coinci-
dence, and a 1- sec, 25-v negative 
pulse is applied to the input of the 
pulse stretching multivibrator Qs 
and Q,. The output of the multi-
vibrator is a positive 25-v, 20 milli-
second pulse which turns on Qs. 

Relay K, is activated when 
is switched on. A contact of K, 
completes the circuit through a 
punch magnet K, on a Friden tape 
punch. This punch magnet corre-
sponds to the particular matrix 
column. The punch permanently 
records the fact that the selected 
core was in the ONE state by punch-
ing a hole in the paper tape. 

Typical Record 

Figure 5 shows a typical punched 
tape record for one phone call. The 
record shows that line 21 placed a 
call 5 seconds after 11:40 and the 
operator answered 15 seconds later. 
Then at 11:40 + 25 seconds, the 
operator rang line 1. Line 1 an-
swered at 11:40 + 51 seconds, the 
conversation lasted until 11:42 + 2 
seconds and the circuit was cleared 
at 11:42 + 21 seconds. 

Figure 5 also shows the informa-
tion recording sequence; starting 
with time of calling line appear-
ance and ending with operator 
disconnect. 
The authors wish to acknowledge 

that much of the original design of 
this recorder was the work of G. R. 
Peterson and G. M. Russell of 
the Electrical Engineering Depart-
ment of the University of Arizona. 
This equipment was developed un-
der contract with the U. S. Army 
Electronic Proving Ground, Con-
tract DA-36-039-SC-80012. 
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Using Feedback in 
Electrometer Design 

Here are the factors involved in designing a highly sensitive, wide-bandwidth, 

electrometer. Analysis shows how feedback circuits get desired results 

By D. ALLENDEN, Electronics Section Leader, Associated Electrical Industries Ltd., Aldermaston, Berkshire, England 

T,I E INSTRUMENT to be de-
scribed measures currents in 

the range of 10-" amp to 10' amp. 
Measuring technique used is to pass 
a current through a high-value pre-
cision resistor and amplify the volt-
age across the resistor with the 
direct-coupled amplifier of an elec-
trometer. Two projalems inherent 
to this method are bandwidth reduc-
tion by the distributed capacitance 
across the resistor and th g high 
input-impedance requirement of the 
d-e amplifier, which must not draw 
appreciable current. Another prob-
lem is drift in the d-c amplifier. 

Drift 

Drift resulting from changes of 
supply voltages and tube character-
istics is so large that drift less than 
1 mv/hr, referred to the input, 

is hard to achieve.' 2 Very low drift 
requires a carier-frequency ampli-
fier and at high impedance levels 
only the expensive vibrating-capaci-
tor electrometer is available." 
With a current-measuring elec-

trometer the effect of drift is de-
creased by developing 100 my or 
more across the measuring resistor. 
Thus, a direct-coupled amplifier 
with 1-my drift is adequate for the 
electrometer unless very long-term 
stability, or a current sensitivity > 
10 -1` amp fsd (full-scale deflection) 
are required; current sensitivity is 
a factor because resistor stability 
and reliability fall off above 10' to 
107' ohms. 

Cathode variations in the first 
electrometer tube are the main 
cause of drift. However, if the 
stage gain is not very different from 

one, such variations in the second 
stage are equally significant. Bal-
anced stages have been widely em-
ployed to reduce drift but have the 
disadvantage of increasing tube 
noise and uncorrelated drift by a 
factor of V2. As short-term ca-
thodic variations are largely uncor-
related,' this electrometer uses sin-
gle-ended rather than balanced 
stages." 
Filamentary electrometer tubes 

are particularly suited to this appli-
cation, since their low filament 
current permits efficient and eco-
nomical stabilization, and as they 
give a high gain ( above 50), sec-
ond-stage drift is hardly significant. 
Voltage-dependent cathode drift is 
somewhat greater than 10 my per 
1-percent voltage change. 

Electrometer Feedback 

Electrometer bandwidth is essen-
tially determined by the high-im-
pedance input circuit ( Fig. 1A). 
Current-measuring resistor R has 
its own stray shunt capacitance C. 
The steady state output voltage is 
—AiR and the rise time-constant 
and bandwidth are, respectively, 
R(C±C.) and 1/27TR(C±C.). In-
serting typical values, (R = 10" 
ohms, C 11.4, C. = 5/Lid) gives 
an input time constant of 6 sec and 
a bandwidth of 0.025 cps. 

Sensitivity of a simple electrom-
eter of this type is normally 
varied by switching the input re-
sistor. 

This requires a special high in-
sulation switch and accurate input 
resistors. 

Figure 1B shows the system with 

Electrometer stage VI is inside a separate 
5 X 3 X 2 in. screening box 

feedback added. Here, feedback-
factor fi is frequency-independent. 
In this ease, the steady state output 
(subject to the normal feedback-
system criterion that Afl > > 1) is 
V. = (— iR//3). Thus, the sensi-
tivity can be changed by variation 
of fi, eliminating the special switch, 
and range factors are established at 
low impedance levels in the feed-
back circuit where accurate re-
sistors are reliable and inexpensive. 
Voltage gain is reduced, but large 
voltage gain is seldom required for 
electrometer application. 

Effective input impedance is now 
R/ Ag, shunted by capacitors CAfl 
and C.. The steady state resist-
ance is much lowered, and, as lAI 
varies arbitrarily, is not precisely 
defined; this is unimportant. The 
input time-constant is 

(R/A 0) ICAO + C.) R (C C./.110 

Thus loop gain reduces the effect 
of C., but leaves the RC term un-
changed. In the previous example 
an infinite loop gain would increase 

the bandwidth by a factor of only 
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6, and a loop gain of 10 would in-
crease it almost as much. 

Inclusion of an integrating net-
work (y) in the feedback path 
(Fig. 1C) giving a /3-transfer func-
tion of 130/(1 pr) modifies the 
effects of input capacitance more 
significantly.' If i• CR, then C 
is eliminated and the input imped-
ance becomes R/A/3,, paralleled by 
C.. The bandwidth can now be in-
creased to any desired value by ap-
plying high loop gain. The difficulty 
imposed by C being a distributed 
element can be avoided by adding 
lumped capacitance. 

If fl is real, C should be kept as 
small as possible; if 0 is complex it 
is C. which should be minimized. 
However, the use of feedback-

path integration may involve a time 
constant in the hundreds of milli-
sec, and loop gain at power-line and 
audio frequencies may then be too 
low to obtain the desired reduction 
of ripple, hum and microphony. 
Consequently feedback integration 
is an optional feature in this elec-
trometer and is used only when 
maximum bandwidth is the main re-
quirement. Figure 1D shows a 
compromise solution which reduces 
the effect of C. by a predetermined 
factor. In the )9 equation k is in 
the range 0.1 to 0.25. 

Noise 

In an electrometer the unusual 
input conditions are such that noise 
and drift levels may be comparable. 
Significant noise sources are ther-
mal noise in the input resistor, 
noise due to statistical fluctuations 
of steady grid current, tube shot 

- iRA = Vo 

RANGE 
CHANGE BY 
SWITCHING 

(A) 7 ---

nO 

Zo —.> 
 ri° 
IT 

and partition noise (of uniform 
spectral density), and tube flicker 
noise. 
About 20 µV of noise (rms) is 

possible; thus, corresponding peak-
to-peak fluctuations may be of the 
order of 100 /iv. 

Amplifier Design 

Requirements, were for a sensi-
tivity variable between 10' and 
10' amp (fsd) with the best noise 
and drift performance possible, and 
a bandwidth of 0.2 cps at max 
sensitivity. 
The highest available reliable 

value of input resistor was chosen 
(10" ohms) in the interests of sig-
nal-to-noise ratio and drift mini-
mization. A loop gain of 10' was 
then necessary to achieve the re-
quired bandwidth. Decade range 
variation by /3-switching gives a 
loop gain of 10' at 10 amp (fsd), 
when the input voltage is 10 v; 
since 10 y is also a convenient out-
put voltage, 100-percent feedback 
can be employed in this range, and 
the forward gain is thus also 10'. 
A single-ended high-gain elec-

trometer stage with stabilized 
heater and plate supplies is used 
(Fig. 2). The British CV2348 
(similar to the CK5886) is used. 
Tests on a number of tubes show 
a grid current of about 2 x 10' 
amp and an effective heater drift 
of 30 my per 1-percent filament-
current fluctuation. Thus the zero 
offset due to grid current will be 
about 20 percent of fsd at 10' amp 
—which is unimportant if grid cur-
rent is stable. If we assume 10-
percent fluctuation, a zero un-

- 4 s 
RisE-TimE:R(c+co) ( B) s. /30 - RISE-TIME. R ( C + CO/Aa0 ) 

Aao l CPT 

°0  
Vo 

/ Ro 

RISE- TIME RCo/APO 

1 

y 

13'41°11+pr 

-Fki 

RISE- TIME = R(C/k+Co/Aao) T CR.C .(t+R) 

( D ) k..e/(e4 R') 

-iR RANGE CHANGE 
BY SWITCHING fi 

FIG. 1—Electrometer amplifiers without and with, feedback; without feedback (A); 
frequency-independent feedback ( B); integrating circuit added to feedback loop (C); 

restricted-range integrating circuit in feedback loop ( D). 

certainty of only 2 percent of fsd 
results. The input voltage at 10' 
amp is normally 10 my and there-
fore a filament current stability 
of 1 part in 10' gives a drift 
of 3-percent fsd. An overall esti-
mate of noise suggests probable 
peak-to-peak fluctuations of about 
80 to 100 ity, or 1-percent fsd; thus, 
these three limiting factors have 
nearly equal effects, with drift pie-
dominating. 
With a gain of 50 in the electrom-

eter stage, the plate can be allowed 
15-my variation for 300 etv equiva-
lent input. At 10-v plate voltage 
this variation is only a part in 700; 
a 1-in- 10' supply for plate and fila-
ment is used. The second stage of 
the amplifier requires a heater-
voltage stability of 1 part in 70 for 
300-1w equivalent input. Since this 
requirement is easily furnished, the 
voltage-fluctuation drift of the 
whole amplifier can be about that 
of the electrometer tube filament. 
The requirement for a loop gain 

of 10' means that the frequency 
responses of individual stages may 
have to be controlled well into the 
mc region; a dominant time-con-
stant is needed somewhere in the 
feedback loop. This time constant 
is located in the plate circuit of the 
stage V,. The cable connecting the 
electrometer-tube stage to stage V, 
acts as loading capacitance. 

Head Amplifier 

Stage V, is housed in a separate 
head. Tube V, operates at plate 
voltage and current of 10v, 5 /Lamp 
and 8.2-ma filament current. Pent-
ode performance is maintained 
down to zero frequency by a 6-v 
Zener, diode D,, across the screen; 
this diode must be selected to 
avoid fluctuations. The 2.5-µa 
screen current hardly loads the di-
vider. Tube V1 is biased by the 
voltage drop across R, and R,. The 
plate resistance of V, is so high that 
it causes no significant zero-fre-
quency degeneration. A gain of 43 
is obtained from this stage. 

Potentiometer 113, which varies 
plate voltage of V„ forms the fine 
set-zero control. As this control is 
inside the feedback loop, its ef-
fectiveness is decreased as loop 
gain increases—on the 10-11-amp 
range it has virtually no effect. 
Potentiometer 113 is adjusted only 
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Fig. 2—Coaxial cable connects the electrometer tube V, stage to the second stage of amplification. Link switch S, is in position that connects 
integrating capacitor C, to feedback circuit 

when V, is changed. Resistor R, is 
enclosed in a brass tube which 
forms a shunt capacitance of about 

3 eqd• 
The optional fi-integration time-

constant is located in the head to 
prevent shift of zero setting caused 
by leakage in the cable that links 
head and main amplifiers. Link 
switch S, removes capacitor C, and 
grounds the R, enclosure when 
fi-integration is not required. 

The first stage is loaded to cut-off 
at 100 cps (power-line ripple fre-
quency) by the 235-p.p.f capacitance 
of the coaxial signal cable to V,. 

Main Amplifier 

Overall gain of stages V„ V, and 
V, is 250. Tube V, has a stabilized 
d-c heater supply. The low ( 10v) 
plate level necessitates a cathode 
resistor which introduces zero-fre-
quency degeneration. Impedance of 
the self-bias source is 560 ohms; 
this is provided by 11:, and R. com-
bined with D„ an 8-v Zener diode. 
Capacitor C2 effects high-frequency 
compensation, raising the band-
width from 187 to 374 kc. 

After V„ direct anode-grid cou-
pling is not practicable. A sta-
bilized negative line is required, 
but as there is high gain, anode 
stability requirements are nominal. 

Gain to the grid of V, is 1,600, 
leaving a gain uf about 7 to be pro-
vided. Assuming a cathode-follower 
gain of 0.9 and a coupling loss of 
0.4, the actual gain required in V, 
is 19.5 with a possible anode swing 
of some -±-30 v. Tube V„ a wide-
band pentode, is chosen on gain-

bandwidth considerations as its 
response must be controlled well 
into the mc region. Since a large 

(180-ohm) bias resistor would in-
troduce too much degeneration, a 
bias voltage divider is used. Cathode 
compensation brings bandwidth up 
from 4.25 mc to 7.5 mc. 

Coupling gain from V, to V5 is 
0.42, owing to the relatively high 
plate voltage of V.. The output is 
taken from V, cathode, provision 
being made for recorder and cro in 
addition to the internal meter. The 
meter and recorder circuits are re-
turned to the coarse set-zero con-
trol R,. As this control is outside 
the feedback loop, its effect is in-
dependent of range setting. Zener 
diode D„ provides meter overload 
protection by clamping at about 20 
percent overload and reversal. 

Loop Gain and Stability 

Range factors are provided by 
the '9-divider R. to R,. Resistor R,, 
gives a loop gain of 9 to preserve 
the range factor of 10 throughout. 
The no-feedback range position pro-
vides a nominal sensitivity of 10' 
amp fsd, but is not normally used. 
Loop-stabilizing networks are in-
cluded in V, and V, anode circuits. 
Since these networks operate well 
below the cut-off frequencies of 
their associated stages, the cut-offs 
are extended by factors equal to the 
h-f attenuation of the networks. 
On the three least sensitive 

ranges, scale factor is within 1-per-
cent accuracy and linearity as good 
as the meter. On the 10' amp 
range, the range factor was about 

2à. percent in error. 
The drift figure is good, though 

not equal to that obtained in cer-
tain investigations.°' '° Noise is 
about 3 times the calculated value, 
but since the analysis assumed in-
put resistor noise no greater than 

thermal value and the flicker noise" 
is subject to uncertainty, the result 
is not excessively high. The current 
sensitivity approaches the practical 
limit estimated" for amplifiers 
using the voltage drop principle. 
The author acknowledges the 

assistance and cooperation of R. 
Thorn, E. C. Fellowes, R. N. 
Bloomer, D. Pomroy. He is indebted 
to Dr. T. E. Allibone for permis-
sion to publish. 
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Clock Track Recorder 

Clock track recorder with the magnetic drum. 
are housed in the chassis at left 

Complete electronics with control panel 

M AGNETIC DRUMS have found 
widespread use in data-proc-

essing systems as memory storage 
units. Drums are reliable and can 
store a great deal of information 
economically. 
The magnetic drum can also 

serve to generate the basic timing 
signals for the entire system. At 
Hughes, a transistorized clock track 
recorder was developed that can 
write, automatically, any pre-
selected number of timing bits on 
one channel of the drum. The re-
cording heads are spaced in proper 
position around the drum periph-
ery. A timing track on the drum 
channel synchronizes all the com-
putational cycles and information 
flow to and from the memory. Sig-
nals are then distributed to the 
rest of the computing system. 

Total power consumption of the 
unit is about 15 watts. 

Timing Signals 

A block diagram of the tran-
sistorized clock track recorder is 
shown in Fig. 1. The central data 
source, module 9,999 counter, sup-
plies all of the necessary timing 

signals used in both head setting 
and clock track recording. Four 
module 10 counters, connected in 
series, produce the total count of 
9,999. Standard transistorized two-
input flip-flops are used as the basic 
element, and diode gating accom-
plishes the proper timing. Since 
the counter is divided into four 
identical counters, the logical equa-
tions are the same for each, with 
the exception of an additional AND 
circuit to gate the following tens 
counter. 
The counter can be reset in two 

ways: by an RZ origin pulse; and 
by the counter's own final output. 
The origin pulse is recorded on 
the drum by passing a transient 
current through the head while the 
drum is at a standstill. This re-
cords one RZ pulse in one spot on 
the drum. 
The origin pulse is fed into the 

OP amplifier. The pulse is trans-
former-coupled to an a-c grounded-
emitter stage. This, in turn, is 
transformer-coupled to a second 
a-c grounded-emitter stage. The 
output stage of the amplifier is 
transformer-coupled, but the base 

etereteit eheetrb 

„el leLPt J 

Card assembly assembly containing two flip-flops 

return of the transformer is re-
turned to a bias point which is 2 
volts more negative than the 
emitter return voltage. This puts 
the transistor in a cutoff stage 
until the signal overrides the bias 
and allows this stage to conduct. 
The one-shot multivibrator sup-

plies a gating voltage for the reset 
flip-flop. The multivibrator is a 
modified transistorized Eccles-Jor-
dan flip-flop. 

Counter Output 

The counter output sets up a 
gating voltage for the reset flip-
flop, provides a scope sync and 
drives the KK write flip-flop. The 
writing amplifier is controlled by 
a switch, Write MOP-Clock Track. 
In the MOP position, the output of 

the flip-flop is connected to the 
input of the writing amplifier. In 
the clock-track position, the write 
amplifier writes all "l's" on the 
drum. 
The clock-pulse amplifier and 

digit square-wave amplifier, Fig. 2, 
serves two functions: it generates 
clock pulses which drive all of the 
flip-flops in the system; and it gen-
erates digit square wave signals 
which are used only in the Man-
chester conversion network of the 
writing amplifier. 
The input of the clock-pulse am-

plifier and digit square-wave gen-
erator comes from either of two 
sources: an external signal gen-
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For Memory Drum 

All-transistorized unit facilitates writing of timing signals on a magnetic drum. 

Recording heads, properly spaced around periphery of drum, automatically 

write any preselected number of timing bits on one channel of the drum, and 

synchronize all of the memory information 

By A. J. STRASSMAN Mornher of Technical Staff, Hughes Aircraft. Los Angeles 

and R. E. KEETER, Member of Technical Staff, Aeroneutronics, Newport Beach, Calif. 

erator provides the desired fre-
quency for writing the time track; 
and timing signals, previously re-
corded on the drum, set up the bit 
spacing between the read and write 
heads. 
The read amplifier and read flip-

flop unit is used in conjunction 
with head space setting of the read 
and write heads. The input to the 
read amplifier comes from a read-
ing head on the drum. The read-
amplifier output goes to the read 
flip-flop and can be viewed with an 
oscilloscope. 

Flip-Flops 

The JK flip-flop, Fig. 3, is a tran-
sistorized Eccles-Jordan switch, 
with the collectors clamped with 
diodes to stabilize the operating 
points. Grounded collector tran-
sistors, driven from the switches, 
provide the current for driving 
voltage stage gating circuits. 

The Kk flip-flop is really divided 
into a normal JK flip-flop with in-
creased input capacitance at J, and 
a pulse-steering network. This net-
work is driven by an npn emitter 
follower. The normal K-side clock 
pulse is AND'ed with the emitter 
follower output and the normal J 
side pulse is introduced through a 
1,200 µid capacitor. The pulse ref-
erence on the J side becomes es-
sentially the input voltage level and 
is pulsed only if this level is at —6 
v. At the zero-volt level, J pulsing is 

FIG. 1—Block diagram of clock track recorder 
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+50V 

prevented by a clamp decoupling 
diodes. 

Write Amplifier 

The digit square wave generator 
receives the square-wave output of 
the read amplifier and produces 
two 0 (-6) volt square waves, 

DSW and DSW, phase displaced by 
180 deg with respect to each other. 
These waves are utilized in the gat-
ing of the write amplifier for the 
Manchester conversion. 
The write amplifier, Fig. 4, con-

tains a power amplifier and im-
pedance-changing device which is 
arranged to convert the voltage 
waveform at the output of the flip-
flop into a corresponding current 
waveform in the low-impedance re-
cording head. The driver consists 
of an a-c grounded-emitter input 

10 390 75.75:75 - 1 
'AA  

DIODES:HD2038 ORIN67A K : X 1,000 

FIG 4—Write amplifier contains a power amplifier and an impedance-changing device 
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FIG. 5—Read amplifier for the reading 

head also used to synchronize 

stage driven through a capacitor 
by the output stage through a 4 
to 1 center-tapped step-down trans-
former. 

The output stage of the write 
amplifier consists of a push-pull 
parallel Class B amplifier, using pnp 
transistors. The square-wave sig-
nal furnished by the driver's stage 
is transformer-coupled into the 
bases of the output stage and serves 
to switch the two sets of the output 
transistors alternately on and off 
to provide a current square wave 
in the output transformer. 

The write amplifier supplies the 
proper current waveform for Man-
chester recording to the write head. 
A 220 ma peak-to-peak current is 
required by the write head winding 
with the head-to-drum spacing of 
0.001 inches. 
The read amplifier, Fig. 5, is used 

to amplify and synchronize. Am-

plification is necessary because of 
the low read-back voltage achieved 
with the low-impedance reading 
head. This voltage is primarily a 
function of the head-to-drum spac-
ing although it varies inversely 
with magnetic cell density. The 
minimum read-back voltage that 
will be permitted is 0.06 volts, for 

independence of cross talk and 
other noise. 
The signals from the amplifier 

output stage are essentially square 
waves, oR'ed with clock pulses, the 
outputs of the OR gates are applied 
to the inputs of the read flip-flop, 
and trigger it so that the informa-
tion finally appears as voltage 

states of QRA and 6IRA. These two 
output states go to the oscilloscope 
shown in Fig. 1. 
The wave form of the read-back 

signal for the Manchester system 
of magnetic recording may be con-
sidered as a phase-modulated sine 
wave that is step modulated. There-
fore some means of phase detection 
must recover the stored informa-
tion. 
There are only two frequencies 

present in the signal received from 
the reading head—a sine wave of 
the bit frequency when the reading 
signal changes from one to zero, 
or vice versa. This permits use of 
a bandpass amplifier that must have 
little more than a two-to-one fre-
quency pass band. 

Voltage Feedback 

The amplifier portion of the read 
amplifier has an a-c grounded 
emitter input stage transformer 
coupled to a second grounded emit-
ter stage. The first stage uses 
voltage feedback through the series 
0.01 id, 68-K resistor to increase 
the band width of the stage. Volt-
age clamps in the second stage pro-
tect the transistor against over-
swing as well as provide a plateau 
for the gating. 

A 2.5 : 1 : 1 stepdown transformer 
couples the second amplifier stage 
to the OR gates. 
The two diodes connected back-

to-back to the secondary of the in-
put transformer produce a sym-
metrical limiter to insure reliable 
operation over a wide range of am-
plitudes of the input signal. 
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Report from IBM 46, Yorktown Research Center, New York 

MATHEMATICS IN PURSUIT OF SUBSTANTIVE SOLUTIONS 

As mathematics has advanced the physical sciences, so 
has the scientist's need for precise mathematical analogies 
spurred many new advances in mathematics. At the IBM 
Yorktown Research Center, a group of mathematicians are 
attacking a wide range of research problems in applied 
mathematics. Beyond immediate solutions, their work often 
leads to insights of a purely mathematical nature. 

A project to study the mathematical theory of wave mo-
tion in compressible viscous fluids was stimulated by recent 
developments in new high-speed hydraulic engineering 
techniques. One problem involved wave motion in a com-
pressible liquid in a tube containing a free mass. A Fourier 

analysis led to a new system of discontinuous orthogonal 
eigenfunctions, which are being studied further for their 
mathematical interest. At the same time the solution pre-
dicted effects of varying the physical design parameters, 
which are currently being tested in a mechanical model and 
its electrical analogue. 

The stimulus to mathematical inquiry illustrated in this 
example from fluid mechanics characterizes the mathematics 
activity at IBM Research in a variety of fields. At present 
other studies are under way on mathematical problems in 
such fields as solid mechanics, electromagnetics, nonlinear 
oscillations and in numerical analysis. 

IBM, RESEARCH 
Investigate the many career opportunities available in exciting new fields at IBM. 

InternatiOnal &illness Machines Corporation., Dept. 554J2, 590 Madison Avenue. New York 22. New York 
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FIG. 1—Circuit used in moisture meter 

stabilizes heater current 
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FIG. 2—Single transistor control circuit 

demonstrates circuit functions 

Inverse Feedback Stabilizes 
Dry Cell Current Sources 

Errors in test instruments that draw heavy current from dry cells are 

reduced with transistor circuit that maintains constant current 

By G. E. FASCHING, Bureau of Mines, U. S. Department of the Interior, Morgantown, West Virginia 

HIGH PERCENTAGE of negative 
feedback is used in transistor 

circuit to offset effects on dry cells 
of heavy current loading and con-
sequent voltage decay. 

Moisture Meter 

Meter for measuring moisture in 
pulverized coal or other powders 
required constant current supply 
from conventional zinc-carbon cells 
subjected to heavy loading. In the 
meter, six standard cells in series 
provide 344 ma to a 2-watt heater. 
Without control, current variation 
with time over the 20-minute test 
periods introduced errors. 
The transistor version of a cath-

ode follower in Fig. 1 provides di-
rect compensation for limited bat-
tery voltage decay. A correction 
voltage, about equal to change in 
battery voltage but opposite in 
polarity, appears at the output of 
Q,. The correction voltage is ob-
tained by using inverse voltage 
feedback in a two-stage, direct-
coupled amplifier. Voltages E„ E„ 
and E3 are bias voltages; E, is a 
mercury cell used in a voltage null 
detector circuit for adjusting 

heater current 1,, through heater Rh 
at the beginning of each test. 

Adjustment of heater current at 
the start of each test is done with 
R„, and R3 provides enough voltage 
drop to prevent Q, from overheat-
ing. 
For analysis, a simplified version 

of the circuit is shown in Fig. 2. 
It is accompanied by the a-c 
equivalent when small-signal T-
parameters are used. Use of these 
is limited to operation within the 
linear region or a small region of 
the transistor characteristics. 

Analysis 

To determine heater current 
change, i,, that would result from 
voltage decay of E, and E„ it was 
found that for a voltage change e, 
in heater source E,: ¡hi = = 
e,r,,/[(R' r, re — r„,) rh (R' 

r,) r,l. For a voltage change e, 

in base bias E,: i,, 2 = 271: 1 = e2 
r,/[(R' + re -I- re, — rm) rh (R' 

r, ) r,]. 
Upon inserting values of typical 

junction transistor parameters and 
external circuit constants into these 
equations, it was found that a unit 

change in E, causes only a small 
change in heater current because 

of the large dynamic resistance. 
This resistance, being in the order 
of megohms, permits heater-current 
deviation of only microampere mag-
nitude coincident with a unit volt 
change in the heater supply. 

However, for voltage changes in 
base bias E2, dynamic resistance is 
relatively small and significant 
heater current deviation occurs for 
a unit decay of base bias. This 
shortcoming is partly offset by the 
lower discharge ( hence decay rate) 
of the source. Bias current relative 
to load current is dictated by the 
inherent forward d-c transfer ratio 
of the transistor used (normally 
40-150). 

Performance 

The circuit in Fig. 1 has high 
current stability in the 20-minute 
test period. Heater current varies 
less than 150 ea from the preset 
value of 344 ma. Without the con-
trol and under similar conditions, 
heater current deviation ranged 
from 8,000 to 15,000 ea. Stability 
improvement factor is over 50. 
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CEC's 5-119 Oscillograph with 3 interchangeable magazines 

TELLS THE 

WHOLE STORY... 

YOUR WAY 

.rri••• 

6 

TYPg 5.119 RECORDING OSCILLOGRAPH WITH DATARITE MAGAZINE AND TAKEUP REEL 

Here's the universal 

engineering research 

tool thpt provides 

unprecedented versatility 

in monitoring high-

frequency, dynamic data. 

CEC's 5-119 Recording 

Oscillograph enables 

engineers to use the 

photographic recording 

process best suited to 

their specific test 

requirements. 

The 5-119 converts quickly to: 
A DIRECT-PRINT RECORDER using an internal high-actinic 

light source and a 5-051 Slot-Exit Magazine that clearly 
resolves writing speeds in excess of 50,000 ips produces 
records on standard direct-print papers without chemical 
processing. 

AN AUTOMATIC PROCESSING RAPID-ACCESS INSTRUMENT 

using a 5-036B DATARITE Magazine that processes 
standard photographic films or papers in the shortest time 
of any known oscillograpttic process...provides ready-
to-read test results in 0.8 second after exposure. 

A CONVENTIONAL OSCILLOGRAPH using a 5-006A Standard 
Magazine and 12zinch recording films or papers that are 
processed following the record run. 
The 5-119 provides 36 or 50 independent data input 

channels and wide record-speed and frequency ranges. 
For complete details call your nearest CEC sales and 
service office, or write for Bulletin CEC I536-X7. 

ECC  Electro Mechanical Instrument Division 

CONSOLIDATED ELECTRODYNAMICS 360 Sierra Madre Villa, Pasadena, California 
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RESEARCH AND DEVELOPMENT 

Computer Developments Revealed 
DIODES are used to perform the role 
of a core-switching array in a 
memory under development at the 
University of Chicago's Institute 
for Computer Research. 

Design of an 8,192-word, 54-bit 
memory using this technique and 
having a cycle time of less than 
2 x 10'1' sec was reported to the 
Association for Computing Ma-
chinery at MIT. Nearly 1,200 com-
puter users and researchers at-
tended the 3-day conference. 

R. T. Shevlin of the AEC Com-
puting and Applied Mathematics 
Center at NYU disclosed that GE 
1N92 germanium junction diodes 
are used and 420-mil RCA experi-
mental cores. He also reported de-
velopment of a combination sense 
and digit drive line free from the 
effects of noise and post-write dis-
turbance. 

In the linear-selection diode-
steered switch array, selection of a 
memory word is similar to that of 
the core switch array. A steering 
diode is selected by a coincidence of 
X and Y currents so as to cause cur-
rent to flow in the selected diode 
and consequently through the cores 
of word 1. All remaining diodes 

stay cut off. Current in the selected 
diode results in minority carrier 
storage in its base, and this charge 
may be used for reverse memory 
drive. 

Core Geometry 

To overcome effects of ringing on 
the sense line during and after re-
write, Shevlin reported a new type 

FIG. 1—Sense and digit drive line is 
wired so that effects of noise and post-
write disturbance are eliminated 

of core geometry was developed. By 
wiring the sense line as shown in 
Fig. 1, it appears as a balanced, 
loaded transmission line. It can be 
treated as a lossless line and termi-
nated in its characteristic imped-
ance. Impedance of the line can be 
controlled by core spacing. Sample 
lines have been constructed having 

Programmed Tools Aid Jet Output 

Tape-controlled profiler at Republic Aviation is one of a battery of such machine tools. 
Metallic punched tapes containing all of the data found on blueprints direct machines, 
which are greatly reducing time and cost of producing modern aircraft 

between 200 and 400 ohms imped-
ance and delay of 100 millimicro-
seconds for 4,096 cores. Because 
the line is balanced and twisted, it 
is practically immune to noise. 
The Biax, a new magnetic com-

puter element, was introduced to 
the ACM conference by W. E. Frady 
of Aeronutronic Systems. A small 
rectanguler bar of ferrite magnetic 
material has two orthogonal holes 
between which no conventional 
magnetic coupling exists. Rapid 
flux interference phenomena do oc-
cur, however, and may be made 
either destructive or nondestruc-
tive, depending on spacing between 
holes. 
The destructive mode is used 

for logical gating functions and the 
nondestructive mode for memory. 

Automatic Design 

Also described to computer users 
were new techniques for multipro-
gramming, time-sharing, informa-
tion storage and retrieval, and auto-
matic computer design. J. P. 
Malbrain and A. V. Banes of 
Thompson-Ramo-Wooldridge re-
ported that automatic design pro-
cedures have greatly reduced lead 
time in building new computers. 
Instead of the logical designer pro-
ducing a finished set of equations, 
a computer is used to check equa-
tions, derive details and point out 
trouble areas. 

Digital computers are used, they 
reported, to simulate the logic, de-
termine parts values, compute sub-
unit loading, write wiring lists, 
design logic boards, and print check-
out charts and maintenance charts. 
The techniques are presently being 
used in design and fabrication of a 

large-scale military computer. 

Radar Techniques 
Help Meteor Study 
ASTRONOMERS at Havena, Ill., are 
studying meteor particles and their 
effect on radio transmission. Op-
erators of an elaborate electronic 
system hope to discover the origin 
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CAPACITORS 

in Oft SUBMINIATURES for 

ra stor Gnu/ 

t 
 600114  

METAL ENCLOSED • MYLAR DIELECTRIC • HERMETICALLY SEALED 

Six rugged new capacitor types designed SPECIFICALLY to SAVE 
SPACE in compact, transistorized assemblies. Two temperature ranges 
to choose from. All types rated for 500-hours accelerated life testing. 

Full Rated to 85°C Full rated to 125°C. 
Types 626C - 627G (Extended foil) Type 616C (Extended foil) 
Types 628C - 629C (Inserted tab) Type 617G (Extended foil) 

Temperature Range-Full rating at 85 °C- to 
125°C with 50% derating. 

Life Test-500 hours at 85°C and 125% of 
rated voltage. 

Capacity Tolerance-All tolerances to ± 1%. 
Insulation Resistance-40,000 meg. x mfd. at 
25°C but need not exceed 70,000 megohms. 

Case Styles-Available in all case style variations 
in MIL-C-25A. 

Temperature Range-Full rating to 125°C - to 
150°C with 50% derating. 

Life Test-500 hours at 125 °C and 125% of 
rated voltage. 

Capacity Tolerance-All tolerances to ± 1%. 
Insulation Resistance-50,000 meg. x mfd. at 
25°C but need not exceed 100,000 megohms. 

Case Styles-Available in all case style variations 
in MIL-C-25A. 

50- VOLT DIMENSIONS 

Capaci  626C* 627C 628C° 629C 616C't 617Ct on NUR. 
D L D L D L D L D L D L 

.001 .173 x i'à .17.3 x sii, .173 x 55 .173 x 'r. .173 x % .173 a 14 

.0022 173 x .'32 .173 x ail .173 x 55 .173 X .13 .173 x "4 .173 x % 

.0047 .173 X 'Il .173 X %1 .173 x 15 .173 x 5. . l 9.3 x .15.t .193 x 50 

.01 .173 x ”à .173 x 5in .173 x 15 .173 x 1r. .193 x 1%. .193 a % 

.022 .233 x t's. .233 x 115, .193 x "n .193 x an .233 x 55 .233 x 'X* 

.047 .312 X . I1 .312 x aj. .233 ig ii„ .233 x ". 312 x "Ca .312 x 14 

.1 .312 a " 33 .312 x '5Si .312 x .'à .312 X .12 .400 X % .400 X '4 

.22 .400 x 1 .400 x P.S. .400 x % .400 x 1'1. .500 x 1 .500 x 114 

.47 .500 x Ili .500 x Is,. .500 x 1 .500 x ri. .562 x 1!5 .562 x I% 
1.0 .560 x 1"n .560 x ilt” .560 ic Inn .560 x l'iu - _ 

'These types have one lead 

grounded to the case. Others 

have both leads insulated. 

}Also available in 150V. 400V 
600V ranges. 
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Write for literature on these new types. 
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• OGALLALA. NEBRASKA 

GOOD-ALL CAPACITORS NOW AVAILABLE 

AT YOUR LOCAL DISTRIBUTOR 
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Up-to-date information and new working aids 

hi these recent McGran.-Hill books 1 
MODERN TRANSISTOR CIRCUITS 

JUST PUBLISHED—Quick help when designing equipment and 
devices in which transistors play a part. This book presents almost 
200 modern transistor circuits in 101 separate articles—with all the 
necessary design information and electronic component values required 
to utilize them in your own circuit designs. Circuits and data are given 
for such applications as amplifiers, oscillators, power supplies, and pulse 
circuits; home-entertainment and broadcast equipment; audio and r-f 
communications circuits: missile, aircraft, and satellite telemetering 
equipment; test instruments: and industrial, scientific, and medical 
devices. Emphasis is upon new circuits combining transistors and elec-
tron tubes and transistors and magnetic amplifiers. All the material is 
arranged so that you can put it to work almost immediately to design 
similar equipment. By JOIN M. CAR ROLL Managing Editor, Elec-
tronics. 296 pp., inns_ $8.50 

DIGITAL COMPUTING SYSTEMS 
JUST PUBLISHED—Full coverage of digital 
computing systems: principles, design, operation. 
and applications. Describes the various elements 
contained in modern computers, explaining the 
underlying principles of the devices used and 
illustrating the devices themselves. The circuitry 
by which the elements are made to perform de-
sired functions is clearly covered, with many 
examples of typical circuits. Logical design and 
programming are discussed, and how computers 
are used to solve scientific, business, and data 
handling problems is shown. By SAMUEL B. 
WILLIAMS. Consultant, Dept. of Defense. 213 
pp., 168 illus., $7.75 

SERVOMECHANISM 
FUNDAMENTALS 

JUST PUBLISHED— Practical guide to help 
you efficiently operate and maintain servo sys-
tems. You get a sound working knowledge of 
servomechanisms needed for effectively working 
with many of today's industrial devices. Explains 
engineering principles—using a minimum of 
mathematics. Shows the various forms of control 
systems and their components—electronic and 
magnetic amplifiers—ac and dc servomotors—and 
other important aspects. Treats hydro-amplifier 
systems, mechanical gearing and pumning sys-
tems. and measurement methods. By BEN 
ZETNES. RCA Institutes, Inc., 254 pp., 230 
illus.. $5.50 

SEMICONDUCTORS 
AND TRANSISTORS 

JUST PUBLISHED—Broad. practical, and es-
sential non-mathematical explanation of the physi-
cal principles underlying the behavior of semi-
conductors, transistors, and other solid-state 
devices. Describes the physics of semiconductors. 
discusses their characteristics, and shows the way 
transistors and diodes operate—by means of the 
working p-n junction. Applications to a variety 
of useful circuits are given. By DOUGLAS M. 
WARSCHAUER, Research Physicist, Aeronau-
tical Research Laboratory, Wright Air Develop-
ment Center. 276 pp., 201 illus., $6.50 

PRINCIPLES OF 
ANALOG COMPUTATION 

JUST PUBLISHED—An advanced, practical 
treatment on how to use the analog computer. 
You see how to plan and program your problems: 
simulate linear systems; make use of diodes and 
function relays in computation circuits; and 
apply implicit-function techniques and arbitrary-
function generators. Main emphasis is upon fit,_ 
type of problem which can be solved and the 
techniques which will help you produce the solu. 
tion. By GEORGE W. SMITH, Resenreh Group 
Engr., and ROGER C. 1V001), Senior Dynamics 
Engr.. Ryan Aeronautical Co. 240 pp.. 192 
illus., $7.50 

TRANSISTORS IN RADIO, 
TELEVISION, AND ELECTRONICS 

JUST PUBLISHED—SECOND EDITION: To 
give you practical know-how for modern manu-
facturing and application jolis, and servicing 
work. this book gives a simplified summing up of 
facts about transistors and transistor circuits— 
how they are designed and work, and their use 
and maintenance. Ranges from a complete ex-
planation of the basic theory upon which the 
transistor works to valuable information on tran-
sistor servicing. By MILTON S. MYER. 
author of FM Simplified, Television Simplified, 
and other standard books. Second Edition. 423 
pp., 337 illus., $7.95 

CONTROL ENGINEERS' 
HANDBOOK 

With 36 contributing experts represented, this 
handbook gives engineers, designers, and develop-
ment engineers basic information on components 
and techniques for use in the design of feedback 
control systems. Emphasis is on components, in-
cluding electro-mechanical, mechanical, hydraulic. 
and pneumatic as well as electronic and magnetic 
components. (lives physical explanations of how 
these components work, mathematical descriptions 
of their use in typical control systems, etc. Edited 
by JOHN G. TRUXAL, Elec. Engr. Dept., 
Polytechnic Inst. of Brooklyn. 1048 pp.. 1114 
Miss.. $18.50 

MAIL COUPON FOR 10-DAY FREE EXAMINATION 

McGraw-Hill Book Co., Dept. F-8-28 
327 W. 41st St., N.Y.C. 36 
send me book(s) checked below for 10 days' examination on approval. In 10 days I 
will remit for book(s) I keep plus few cents for delivery cost and return unwanted 
book(s) postpaid. ( We pay delivery costs if you remit with this coupon—same return 
privilege.) 

Carroll— Modern Transistor Circuits. $8.50 (PRINT) 
Name   

3 Williams— Digital Computing Systems. $7.75 

Zeines—Servomechanism Fendamentals, $5.50 

Warschauer—Semiconductors & Trans.. $6.50 

Smith— Principles of Analog Comput., $7.50 

Ej Kher—Transistors in Radio, Television 
and Electronics, $7.95 

Address   

City  Zone . „ State   

Company   

Traxal—Control Engineers' Handbook, $ 18.50 Position   
For price and terms outside U. S., write McGraw-Hill Intl., N.Y.C  F-10-9 

of meteors, the physical processes 
involved when a meteor particle im-
pinges on the upper atmosphere and 
to study the upper atmospheric 
winds. 
The program, sponsored by the 

National Bureau of Standards, is 
under direction of F. Whipple, di-
rector of the Smithsonian Astro-
physical Observatory and Professor 
of Astronomy, Harvard University, 
and Harvard's G. S. Hawkins, 
who was formerly associated with 
the Jodrell Bank Observatory, Eng-
land. 

Guyed tower appears at right of one of 
the Raytheon radar receiver stations 

Though meteors have long been 
credited with reflecting radio sig-
nals over long distances, until re-
cently meteor showers were con-
sidered too sporadic for practical 
use. When the scientists finish 
bouncing radio signals off meteor 
trails, their findings may eventually 
help extend the range of radio 
broadcasts. 
The ionized air molecules result-

ing from meteor bombardment of 
the atmosphere can be used for re-
flecting transmitted signals simi-
larly to the reflection process of 
the ionosphere. Ionization produced 
by meteors may contribute signifi-
cantly to the general level of ioniza-
tion of the night-time E region. 

If the study proves that forward 
scatter signals are useful, the 
scientists expect to be able to pre-
dict direction of arrival of meteor 
particles from day to day. Reflec-
tion of signals from meteor trails 
may be more practicable for long-
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range transmission than micro-
wave relay satellites. By using this 
system of transmission, it may be 
possible to set up an almost con-
tinuous system of worldwide com-
munications. 

Equipment 

Using radar equipment, 40-me 
pulses are transmitted at -a peak 
power of 4 megawatts. Originally 
three receiver sites are being used. 
If the observation system meets ex-
pectations, the receiver network 
will be expanded to include six sta-
tions. Improved accuracy with six 
stations should enable astronomers 
to measure deceleration of Meteor 
particles after they are in the at-
mosphere, which will increase accu-
racy of meteor orbital determina-
tions. 

Five radar receiver stations will 
be placed seven miles apart in a 
line running east and west, and an-
other receiver station will be lo-
cated seven miles north of the 
central station. 

Echoes received from space by 
the radar receivers will be relayed 
to a central terminal. Output of 
the receiver i-f strip, which has a 
200-kc bandwith centered at 3 mc, 
will be fed to a Raytheon micro-
wave relay system transmitter. 
When the relayed i-f signals are 
received, they are then demodulated 
to video at the central terminal and 
applied to oscilloscopes for study. 
A series of crt displays and a 

70-mm camera will be used. From 
the time difference at which re-
flected energy is received at the re-
ceiver stations, astronomers can de-
termine radiants and orbits of the 
meteors. 
The antenna system for the Ray-

theon relay link is composed of 
4-ft parabolic antennas and 6 by 
8-ft passive reflectors supported by 
guyed microwave towers about 100 
ft high. This type antenna-reflec-
tor combination has been found to 
provide adequate Fresnel Zone 
clearance over all obstacles along 
the microwave paths. 
The microwave equipment elimi-

nates need for laying cable to each 
location. The precision and speed 
with which the equipment is able to 
beam the signals was also a factor 
in it choice. 

He knows that the answer 
is in the wirer 

He uses Hickory Brand 
MW Hookup Wire 
exclusively 

• HIGH DIELECTRIC STRENGTH 

• FLEXIBLE AT LOW TEMPERATURES 

• STABLE AT HIGH TEMPERATURES 

Use Hickory Brand MW Hookup Wire for elec-
tronic devices, aircraft instruments, radio and 
radar transmitters, receivers, and lighting and 
power rectifiers. 
Thermoplastic insulation type MW 1000 volt-
80°C, military specifications Mil-W-76A. In 30 
color combinations. Fungus-proof. Resistant to 
acids, alkalis, oil, flame and moisture. 
All Hickory Brand Electronic Wires and Cables 
are quality-engineered and precision-manufac-
tured to meet the most exacting requirements. 

Write for complete information on the full line of 

HICKORY BRAND 
Electronic Wires and Cables 

Manufactured by 
SUPERIOR CABLE CORPORATION, Hickory, North Carolina 
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COMPONENTS AND MATERIALS 

Understanding Dielectric Materials 

J. J. Weeks of the National Bureau of Standards is shown making a micrometer reading 
to determine the dielectric properties of a material undergoing a change of state. A 
special fusion cell is used for this wcrk either with the bridge shown at the right, or 

the higher frequency resonant circuit located beneath the fusion cell housing 

TO PROVIDE a better understanding 
of the properties exhibited by di-
electric materials, the National 
Bureau of Standards is conducting 
a program of fundamental research 
sponsored in part by the Depart-
ment of Defense. 

Behavior of Materials 

Primary objectives of this pro-
gram are to explain observed dielec-
tric phenomenon and to develop 
theories which can be used to pre-
dict the behavior of certain mate-
rials. In most of this work, a solid 
state approach is employed to probe 
the molecular behavior responsible 
for dielectric phenomena. These 
studies are complemented by efforts 
to improve the accuracy of dielectric 
measurements in the fields of elec-
tricity, electromagnetic waves, elec-
tronics, solid state research, poly-
mer studies and physical chemistry. 

During the past few years, de-
mands for dielectric materials de-
signed for specific applications have 
become more and more insistent. 

In the missile and aircraft fields, 
for example, dielectrics with electri-
cal properties that are relatively 

independent of temperature are 
needed. 
To create dielectrics for special 

purposes in this way, the effects of 
various physical conditions on elec-
trical properties must be deter-
mined, and the relationship between 
molecular behavior and electrical 
properties must also be established. 

Group of specimens typical of those 
studied in the dielectrics laboratory. Small 
disk: electrode-plated poly (methyl meth-
acrylate); large disk: polystyrene; opaque 
rods (first and third from left): polychloro-
trifluoroethylene; clear rods: polystyrene. 
The most promising materials ore those 
whose electrical properties are not greatly 

affected by humidity 

Programs of dielectric studies, car-
ried out by the Bureau's Dielectrics 
Section and Ferroelectricity group 
located in Washington, and the 
Radio and Microwave Materials sec-
tion of the Boulder, Colo. Labora-
tories, provide concepts for such 

molecular engineering. 

Dielectrics for Space 

Dielectric constants and dissipa-
tion factors are measured over a 
frequency range of 0.1 to 10" cps 
at temperatures from — 100 to 500 
C. In addition, facilities for milli-
meter-wave work are available at 

Boulder and studies have been made 
at the low frequency end of the di-
electric spectrum involving fre-
quencies whose periods are days in 
length. 
The Signal Corps is also support-

ing a program at Johns Hopkins 
University to determine what prob-
lems will arise and which dielectrics 
are most suitable for use in outer 
space. Nelson Terhune of the U. S. 
Army Signal Research and Develop-
ment Laboratory in a report on 
dielectric materials for outer space, 
states: "Where it is determined 
that improved or special dielectrics 
are needed; work cannot be started 
too early a date because experience 
has shown that even with a vigorous 
and persistent effort, several years 
are always required to introduce a 
major improvement in a dielectric 

material." 
Since various agencies directly 

concerned with the missile and sat-
ellite program are well aware of the 
new problems in the mate4ials area 
which have arisen as a result of ex-
plorations into outer space, they 
have initiated several general inves-
tigations to study the behavior of 

available materials. 
As evidence of the growing need 

to understand dielectrics a series of 

lectures in Materials and another 
in Insulation Practice are being 
held in New York City this fall. 
Both series will offer lectures by 
outstanding research specialists. 
The New York chapter of the 
American Society of Metals is 
sponsoring the series entitled "New 
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They got rid of the dobbin.. 

We got rid of the bobbin! 

Why should precision wire wound resistors continue to be wound on bobbins and encapsulated in epoxy 

resin ... when we know the life of the resistor is shortened and its stability lowered by the varying expansion 

rates of the wire, bobbin, and resin. 
Let's face it: Bobbin's ready for the pasture! General Transistor has developed a precision wire wound 

bobbinless resistor that floats in a special viscous fluid. Result: a strain-free resistor with tolerances as low as 

0.05% and Temperature Coefficients of Resistance as low as 2PPM °C. 

These facts alone are proof that it's time to learn more about GT Precision Wire Wound Bobbinless Resistors. 

Get the full details! Write today for brochure GR-30. 

GENERAL TRANSISTOR CORPORATION 
91-27 138th Place • Jamaica 35, New York • Phone: HIckory 1-1000 

Actuai 
size 

FOR IMMEDIATE DELIVERY FROM STOCK, CONTACT YOUR NEAREST AUTHORIZED GENERAL TRANSISTOR DISTRIBUTOR OR GENERAL TRANSISTOR DISTRIBUTING CORP., 

91-27 1138TH PLACE, JAMAICA 35, NEW YORK. FOR EXPORT, GENERAL TRANSISTOR INTERNATIONAL CORP., 91-27 138TH PLACE. JAMAICA 35, NEW YORK. 

PRECISION MAGNETIC RECORDING HEADS AVAILABLE FROM GENERAL TRANSISTOR WESTERN CORP., 6110 VENICE BLVD., LOS ANGELES, CALIF. 
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For your 
CRITICAL or 
HIGH- STABILITY 
CIRCUITRY... 

ERIE Custom-designed 

Ceramicon Trimmers 

You can have all the advantages of Erie Ceramicon 
Trimmers custom-designed to fit the special re-

quirements of your circuits. Cost is reasonable. 

chassis space conserved . . . assembly operations 
reduced. 

Erie Ceramicon Trimmers are famous for their 

stability under severest operating conditions. 
Optically-flat lapped surfaces of base and rotor 

eliminate temperature-created air-space variations. 
Capacity change per degree of rotation is practi-
cally constant, assuring smoothest adjustment. 

For literature, samples, or a sales engineering 

call at your convenience, contact your local Erie 
Sales Representative, or write to: 

ERIE ELECTRONICS DIVISION 
ERIE RESISTOR CORPORATION 

Erie, Pennsylvania 

Materials for Advanced Applica-
tions: Missilery, Space, Electron-
ics," and certificates will be awarded 
upon completion of the course. The 
New York section of the AIEE is 
sponsoring a series on "Develop-
ments in Insulation Practice." And 
various engineering groups all over 
the country are devoting more time 
for this area. 

Radio and Microwaves 

In the interaction between elec-
tromagnetic waves and matter, con-
ductivity properties of materials 
are essentially inseparable from the 
dielectric properties. At radio and 
microwave frequencies, studies are 
therefore an important component 
of any dielectric program. In this 
connection, the Radio and Micro-

Wavemeter with a precision of about 3 
parts in a million, developed by the 
National Bureau of Standards for accurate 
dielectric measurements 

wave Materials Section of the Na-
tional Bureau of Standards is in-
vestigating the tensor or directional 
conductivity of semiconductors, 
such as single crystals of germa-
nium, at microwave frequencies un-
der different physical conditions. 
Some important questions in the 
theory of solid state will be inves-
tigated in this work. It is expected 
that these studies will yield a bet-
ter understanding of the crystal 
lattice forces and processes. The 
results may prove of value in micro-
wave engineering if the tensor 
properties for radio waves are ap-
preciable. 

Propagation of electromagnetic 
waves or radio signals through a 
material is governed by the product 
of the material's magnetic permea-
bility and its dielectric constant. 
For many substances the magnetic 
permeability is unity. In such cases 
the travel of waves in the material 
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is dependent only on the complex 
dielectric constant or the ability of 
the material to stpre electrical en-
ergy. In this connection studies are 
being conducted on the dielectric 
properties of various propagation 
media, such as ferrite, soils, tar 
sands, and oil bearing sandstones. 
Ferrites have important magnetic 
properties at radio and microwave 
frequencies and have directional 
characteristics important in micro-
wave applications. They also have 
very high dielectric constants which 
are currently being investigated. 

Oil Deposits 

Studies on soils are important in 
locating radio transmitters and an-
tennas and establishing and predict-
ing radio communication links. Tar 
sands and oil bearing sandstones 
contain valuable oil deposits which 
do not flow under their normal tem-
perature environment in which the 
tar sands and paraffin in oil are 
solid. By application of suitable 
radio or microwave energy, it is 
hoped to tap these resources by 
warming the deposits sufficiently 
for flow. Properties of composite 
dielectrics are of interest. 

Bondable Teflon 

Teflon wire, immersed in u monomer und 

Cobalt 60 used as a radiation source, 
yields bondable wire with pull out 
strengths claimed to exceed all other 
methods. The technique, according to 
Tensolite Insulated Wire of Tarrytown, 
N. Y., produces competitively priced Teflon 
wire. Initial production is limited to 100,-

000 feet a week 

TRANSISTORIZED 

11111111MIN 
elf•Rit 01IM 

0081111.tc 

till. 0 '• 

we, • 

"". 

Easier reading...greater reliability...lightweight...compact 

ERIE 
100T frequency counter and digital tachometer 

Advanced transistor-circuit design gives the ERIE /mini/nation 100T 
electronic counting instrument unmatched reliability, compactness, and 
portability ... with in-line readout that is visible across a room. 
Modular design permits rapid servicing and easy conversion to special 

counter/timer applications. Time-base circuits are contained on a plug-
gable etched circuit card; other circuits are combined on a second 
pluggable card. 

Complete data sheets and information on the ERIE lnstrumation 
Model 100T are available from your local ERIE Instrumation representa-
tive. Or write to Erie Pacific. 

APPLICATIONS: 

th photo-
As a Tachometer—Wi 

electric or magnetic angular 

speed pickups. 

As a Flow Rate Indicator—. 
tranS-

-with turbine-type flow 

ducers. 

As an Indicator of Pressure, 
Temperature, Acceleration 

, 

Velocity, Force using any 
transducer which generates 
a frequency proportional to 

input. 

SPECIFICATIONS: 
Maximum Count: 9999, 4 digits 
Counting Rate: 10 to 120,000 cycles 

per second 
0 to 120,000 cycles 

per second 
220 KC optional 

Input: Sensitivity: 50 mv rms 
150 volts maximum 

Impedance: Approximately 
100.000 ohms 

Display Time: 0.2 to 6 seconds 
Time Bases (Gate Times): 

0.01, 0.1, 1 second 

Accuracy: ± 1 count * stability 
Stability of 10 KC Time Base: 

0.01 percent 

Size: 6" high, 81/2" wide, 10" deep 
Weight: Approximately 10 pounds 
Power Requirements: 

105 to 125 volts, 60 to 420 cps, 40 watts 
Model 100TR ( Rack-mounted model) 

Size: 19# x 7" panel, 10" deep 

ERIE PACIFIC-DwisioN OF 
ERIE RESISTOR CORPORATION 

Erie, Pennsylvania 

Openings now for engineers qualified in electronic digital instruments and systems 
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PRODUCTION TECHNIQUES 

Tube Parts Welded Semiautomatically 
By J. F. STEWART, Electron Tube Division, Radio Corp. of America, Marion, Ind. 

STUDS SUPPORTING the glass insu-
lating rods of electron gun struc-
tures were formerly welded in place 
on fixtures manually loaded and 
operated. A semiautomatic ma-
chine was developed which increased 
the production rate by 400 to 500 
percent. 
Two types of studs are used: nail 

head studs and staple studs. Both 
have flattened ends to provide a 
better grip in the glass. The flat-
tened ends must be oriented length-
wise in the glass to provide ade-
quate strength. The machine was 
originally developed to handle nail 
head studs and has been more re-
cently modified to handle staple 
studs. 
A fully automatic machine, with 

stud forming mechanisms and weld 
inspection devices, was considered 
and rejected. The low cost of the 
semiautomatic machines allowed a 
machine for each gun part, assur-
ing flexibility. Use of operators 
provides full inspection and re-
duced scrap. 

Nail Head Machine 

Nail head studs progress up the 
spiral track of a vibratory feeder. 
After passing a pressure relief 
point, they drop head up into a 
special track which guides them in 
a row to the feed tube, from which 
they drop into an electrode. The 
gating device is simply a cross pin 
escapement actuated by a straight 
slide-bar. The vibration of the feed 
tube rotates the stud. When the 
flattened end is aligned with a slot 

Nail head stud welding machine. Escape-
ment cam is wedge on side of electrode 
cross slide. Head guide pins are at right 
of mandrel 

Staple stud welding machine in use. Electron gun cups are positioned on mandrel by 
hand, but remaining operations are automatic 

Closeup of nail head escapement, elec. 
trade and mandrel. Nail head is visible 
at top of tubular electrode 

in the electrode, the stud is oriented 
and falls into welding position. 
The cross slide which carries the 

electrode is driven by an air cylin-
der. After the electrode is loaded 
it is retracted to welding position 
under the mandrel. After welding, 
the cross slide returns to loading 
position. As it returns, a cam moves 
the escapement slide bar, via a 
roller, dropping another stud into 
the feed tube. 

Mandrel Operation 

The mandrel which holds the gun 
cup provides radial and longitudinal 
control of stud placement. It pro-

jects through the machine head and 
is guided and spring-loaded at the 
rear. The standard weld head was 
modified with head guide pins and 
linear ball bearing bushings to im-
prove accuracy. 
The operator places a cup over 

the mandrel and welds the first 
stud. The mandrel is pushed in-
ward until the first stud is against 
a stop pin, then the second stud is 
welded. The mandrel is released, 
comes forward, is hand rotated 90 
or 180 degrees and the next pair 

Plunger mechanism at top right pushes 
staples off track and into slotted electrode. 

Gun part is in mandrel at left 
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RMC type JL DISCAPS 
can provide the answer because 
these ceramic capacitors are espe-
cially engineered for applications 
requiring a minimum change in 
capacities as temperature varies 

between —60°C and + 110°C. The 
capacity change over this extreme 
range is only + 7.5% of capacity 
at 25°C. Standard working volt-
age of Type JL DISCAPS is 
1000 V. D. C. 
Type JL DISCAPS also offer 

the advantages of longer life, de-
pendability, and lower cost. Write 

on your letterhead for additional 
information on these and other 
DISCAPS. 

SPECIFICATIONS 
POWER FACTOR: 1.5% Max. @ 1 KCi (initial) 

POWER FACTOR: 2.5% Max. @ 1 KC (after humidity) 

WORKING VOLTAGE: 1000 V.D.C. 

TEST VOLTAGE (FLASH): 2000 V.D.C. 

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

INSULATION: Durez phenolic — vacuum waxed 

INITIAL LEAsKAGE RESISTANCE: Guaranteed 
higher than 7500 megohms 

AFTER HUMIDITY LEAKAGE RESISTANCE: 
Guaranteed higher than 1000 megohms 

CAPACITY TOLERANCE: ±10% ±20% at 25° C 

RADIO MATERIALS COMPANY 
A DIVISION Of P. R. MALLORY a CO., INC. 

GENERAL OFFICE, 3325 N. Calif•rnia Aye., Chicago 14,111. 

Two INC Plants D d Exclusively In Ceramic Capacitors 

FACTORIES AT CHICAGO, ILL. AND ATTICA, IND. 
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PROPERTIES 

US600 US500 US100 

Dielectric 
Constant 

1350 1200 500 

Curie 
Temperature 

310C 330C 150C 

Rad. Coupling 
Coefficient 

0.46 050 031 

d Constant (d,,) 
ow...tv.m.o 

— 120x10' — 170x10-" —62110' 

g Constant (g.,) 
wm.w 
...memo 

25.3x10-' 38x1Cr' 31x10-' 

NEW CERAMIC 
TRANSDUCER 
ELEMENTS 

U. S. SON ICS 
new transducer elements 
US600, US500, and US100 
are characterized by their: 

• 

High activity over wide tempera-
ture ranges ( US500, US600) 

• 

High coupling coefficient ( US500, 
US600) 

• 

Stability over wide temperature 
ranges ( US500, US600) 

• 

Demonstrates excellent activity at 
temperatures to — 300F. 

• 

Advanced production techniques 
assure reproducibility. 

LTransducer elements are intended for use as drivers, 

resonators, and sensors. 

Applications include: missile systems, underwater sounding, 
thickness detectors, depth and liquid level sensing gages, 

IF filters, ladder networks, microphone elements, and 

power drivers. 

For farther information writs or tall: 

U. S. SONICS CORPORATION 
625 McGRATH HIGHWAY SOMERVILLE 45 

MOnument 6-5100 

MASSACHUSETTS 

of studs is welded. 
A cylinder, cam, valve and switch 

mechanism replaces the standard 

welder foot pedal mechanism and 
drives the welding head. Other 
added controls are a synchronous 
weld timer and the amplitude regu-
lator of the feeder. 

Staple Stud Welder 

A new feed mechanism was de-
vised for staple studs. These studs 
are made to straddle a feed rail. 

Part of electron gun, using staples rather 

than pairs of nail head studs 

As they leave the vibratory feeder, 
they are gravity fed to the throat 

of a transfer. The transfer cylin-
der drives a plunger which in turn 
drives each stud into the fully 
slotted electrode. A cross slide car-
ries the electrode under the man-
drel, which is then brought down 
to the stud as with the nail head 
welder. 

Cam Locks Wires in 
New Connector Strip 

Screwdriver is used to make or break 
connection 

REGENT DESIGN for quick connect-
disconnect wire connector strips 
and terminal boards employ small 
die-cast V-groove cams. The cam 
action locks one or more bare wires 
in position until the cam is backed 
off with a screwdriver. 
The connectors are made by 

Willor Mfg. Co., New York. Cams 
are zinc alloy, die cast by Gries Re-
producer Corp., New Rochelle, N. Y. 
Cam design is shown in Fig. 1. 

They have a screwdriver slot on the 

90 CIRCLE 90 ON READER SERVICE CARD OCTOBER 9, 1959 • ELECTRONICS 



SECTION A—A  

DISCONNECT CONNECT 

FIG. 1—Profile and cross-section of cam ... 

Cams are zinc alloy, automatically diecast 

CELL,. 

WIRES UNDER COMPRESSION 

FIG. 2—Wires are locked between cam 
groove faces and cell wall 

top and a pivot boss on the bottom. 
As the cam turns on the pivot, the 
groove forms a triangular opening 
with a metal cell wall which is al-
most tangent to the cam. The 
groove varies in width, depth and 
angle along its length. 
Wire ends are inserted in the 

groove ( Fig. 2). As the cam is 
turned toward the wire (clockwise), 
the cam surface wedges the wires 
against the cell wall. Tension, tend-
ing to pull the wires free, causes 
the cam to rotate clockwise, lock-
ing the wires more firmly in place. 
The wires can be disconnected by 
turning the cam counterclockwise. 
The locking action reportedly gives 
good electrical contact without 
crimping or solder. 

Die casting is used for the cam 
because the shape is difficult to 
machine economically and accu-
rately, and tool marks and burrs 
could not be removed satisfactorily 
by tumbling. Cams are nickel 
plated. The cams are dropped into 
position in metal cells so that the 
pivot bosses protrude through a 
pivot hole in the cell bottom. The 
bosses are swaged into rivet heads 
and the plastic housing screwed into 
place over the cells. 

*REGATRON POWER SUPPLY 

DOES THE WORK OF 3 
ORDINARY POWER SUPPLIES 

a case history 

*age C) 

G 4, • • • 
• de 

(Model 212AM: 
0-100 V dc, 0.100 ma, 

$122.00 unmetered) 

A MANUFACTURER required three different regulated voltages. 
The voltages, which were to be used alternately, could be furnished by three 
separate power supplies or by a single power supply and a voltage divider. 
But, three power supplies were expensive. On the other hand, a voltage 
divider meant a loss of power and regulation plus the expense of high-
wattage components. 

THE SOLUTION: Three 1-watt resistors and a *Regatron Program-
mable Power Supply. An exclusive programming feature permits changing 
output voltage by shunting two terminals with a resistor. For each 1000 
ohms, the Regatron delivers one volt . . . at rated current and regulation. 

IN THE PROBLEM quoted here, the required voltages were 14.5, 
28, and 45 V dc. The three resistors were 14.5K, 28K, and 45K. Regatron 
Programmable Power Supplies are available in many ranges up to 600 V dc 
and 3 amperes. Bulletin 765A tells more about how Programmable Regatrons 
solve d-c problems. Write for your copy. 

TRANSISTOR TYPES 

MODEL 
NUMBER 

OUTPUT REGULATION MAXI-
MUM 
RIPPLE 
IN MV 

Voltage Current 

LINE 
105-125 V AC 
50-60 CPS 

NO LOAD 
TO 

FULL LOAD 

',0 V Po V 

712A1 0-100 V DC 0-100 MA 0.15 0.05 0.1 0.05 Or 

2-212A' EQUIVALENT TO TWO MODEL 212A's. OUTPUTS MAY BE USED IN SERIES, 
PARALLEL. OR INDEPENDENTLY. 

224A, 0-100 V DC 0-200 MA OIS 0.05 0.1 0.05 I 

220A 0-50 V DC 0-500 MA 0.1 0.05 01 0.03 

22IA 0-100 V DC 0-500 MA 0.1 0.05 0.1 0.05 

213A 0-50 V DC 0-1 AMP 0.1 0.05 0.1 0.05 1 

214A 0--100 V DC 0-1 AMP 0.1 0.05 0.1 0.05 1 

715A 0-50 V DC 0-3 AMP 0.1 0.05 0.1 005 1 

7113A 0-100 V DC 0-3 AmP 0 I 0.05 0 I 005 I 

I. Modulation input provided for measurement of transistor parameters b small sig al method. 

*Registered U.S. Patent Office. U.S. Patents Issued and Pending. 

(:;...n.) 
ELECTRONIC 

MEASUREMENTS 
COMPANY, INCORPORATED 

EATONTOWN • NEW JERSEY 
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On The Market 
Tachometers 
versatile units 

AIRPAX ELECTRONICS INC., Seminole 
Div., Ft. Lauderdale, Fla. Speed 
or rpm problems are simplified by 
the series 7000 tachometer line. 
Providing better than 1 percent ac-
curacy, they employ semiconductors 
and a saturating transformer to 

Indicator 
phase sequence 

MASTER SPECIALTIES Co., 956 E. 
108th St., Los Angeles 59, Calif. 
Unit is designed for permanent in-
stallation on airborne or ground 
equipment to monitor the phase se-
quence of a 3-phase power supply; 

maintain high reliability and lone 
life. Input signals may be supplied 
by electromagnetic, photoelectric, 
and proximity pickups, tachometer 
generators, turbine type flowmeters 
or any instrument delivering an 
output frequency proportional to 
rpm. Amplitude of the input signal 
may be as low as 0.005 y rms. 
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Wire Stretcher 
and cutter 

THOMAS INSTRUMENT Co., Phoenix, 
N. Y. Compact machine is designed 
to automatically straighten, stretch 
and cut fine wire to a preset length. 

Operated by a ratiomotor, the quiet, 
rugged, bench-type machine works 
at the rate of 2,280 pieces per hr 
of 31 in. long No. 36 wire. Dimen-
sions are 10 in. deep, 32 in. long 
and 9 in. hie. 

CIRCLE 202 ON READER SERVICE CARD 

qualified per MIL-E-5272A; fail-
safe in that incorrect phase se-
quence, or disconnected lead will not 
allow the neon lamp to illuminate; 
operates over a wide range of am-
bient temperature, voltage, and fre-
quency. All static components in-
sure long life. 
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Commutator 
lightweight unit 

AIRFLYTE ELECTRONICS Co., 535 
Ave. A, Bayonne, N. J. A miniature 
switching commutator features low 
noise, low torque, long life and 
angular accuracy of 10 minutes of 
arc. It is available either motor 

driven or hand detented and meets 
Specs 5400 and 5272. Unit is ideal 
for programming, data processing. 
selecting, telemetering, high-speed 
sampling, analog-digital conversion, 
sync drives, multipole and multi-
throw switches and sinusoidal 
switches. 
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Thermal Cells 
fast, accurate 

VICTORY ENGINEERING CO., 524 
Springfield Rd., Union, N. J. Gas 
analysis, gas chromatography and 
sampling or control or analysis of 
chemical processes are made easier 

with VECO thermal conductivity 
cells. The sensitive cells contain a 
matched pair of glass coated, bead 
type thermistors which may be 
conveniently connected into any de-
sired external circuit configura-
tion 
CIRCLE 204 ON READER SERVICE CARD 

Converter 
digital to analog 

NAVIGATION COMPUTER CORP., 1621 
Snyder Ave., Philadelphia 45, Pa. 
Model 141A ladder network sums 

ten flip-flop outputs from binary 
counters or shift registers, and pro-
duces bi-polar current proportional 
to count. Proportional current may 
be applied to control devices for 
continuous monitoring of digital 
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INHERENT STABILITY 
Assured in a DALOHM RH Resistor 

ROAST IT1 

Even searing heat from a glowing bed of coals 
causes no deviation from the inherent stability 
that is standard in Dalohm resistors. 

Stored on the shelf for months ... or placed 
under continuous load ... operating in severe 
environmental, shock, vibration and humidity 

HIGH POWER • WIRE WOUND • MINIATURE 

DALOHA1 TYPE RH RESISTORS 

Designed for specific application 
of high power requirements, 
coupled with precision tolerance. 
Mount on chassis for maximum 
heat dissipation. 

e 

75 

50 

25 

o 
25 

TYPICAL DERATING CURVE 

„,„ 

75 125 175 225 275 
AMBIENT TEPAADEG. CENTIGRADE 

SISTORS 

conditions ... Dalohm precision resistors retain 
their stability because it has been "firmly in-
fixed" by Dalohm design and methods of 
manufacture. 

For all applications demanding resistors that 
meet or surpass MIL specifications, you can 
depend on Dalohm. •  

• Rated at 10, 25, 50, 100 and 250 watts 

• Resistance range from 0.1 ohm to 175K 
ohms, depending on type 

• Tolerances ±: 0.05%, -± 0.1%, ± 0.25%, 
-± 0.5%, ± 1%, ±- 3% 

• Temperature coefficient 20 P.P.M. 

• Operating temperature range from 
—55° C. to + 275 ° C. 

• Welded construction from terminal to ter-
minal. 

• Ruggedly housed; sealed in silicone and 
inserted in radiator finned aluminum 
housing. 

• Smallest in size, ranging from 7/16" x 
34" to 3" x 41/2" 

• Surpass applicable paragraphs of MIL-R-
185468 (Ships). 

Write for Bulletin R-21, with handy cross-reference file card. 

SPECIAL PROBLEMS? 

You can depend on Dalohm, too, for help 

in solving any special problem in the 

realm of development, engineering, design 

and production. Chances are you can 

find the answer in our standard line of 

precision resistors (wire wound, metal 

film and deposited carbon); trimmer 

potentiometers; resistor networks; collet-

fitting knobs; and hysteresis motors. If 

not, just outline your specific situation. 

from DALOHNI 
Better things in 
smaller packages 

1300 28th Ave., Columbus, Nebr. 
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TERMINALS and CONNECTORS FOR 

IGH PRODUCTION APPLICATIONS 

• Save Wiring 
Time 

• Speed 
Production 

• Cut Assembly 
Costs 

MINIATURE TUBULAR 
TERMINALS—Save time and 

labor in printed circuit 
assembly. Snap in 
instantly and hold firmly 
until permanently soldered. 

RECEPTACLES AND 
CONNECTORS—Fit quickly 

and firmly. For use with 
Malco Tubular Terminals 
and for similar quick 
connect and disconnect 
applications. 

WRAP-A-WIRE 
TERMINALS—Quickly 

inserted. Exclusive staked 
clinch-type feature locks 
terminal firmly until 
permanently soldered. 

SOLDER LUGS AND 
INTERLOCK CONNECTORS— 

Especially designed for 
production line assembly 
operations. Interlocks 
are ideal for interlocking 
printed circuits or 
flybacks, as speaker lead 
connectors or as 
transformer mounting lugs. 

SPECIAL TERMINALS 
AND CONTACTS —Malco 

Manufacturing Company 
has complete facilities 
to furnish practically any 
design or construction to fit 
individual requirements. 

MALCOMATIC* MACHINES 
—Designed for high 
volume production, these 
machines automatically 
insert, crimp or stake. 
They pay for themselves 
in time and labor costs, 
greatly speed assembly. 

*Request Bulletin 581. Send 
b/p or specs and annual 
requirements for quote. 

*Registered Trade Name 

eillateC MANUFACTURING COMPANY 
4023 WEST LAKE STREET • CHICAGO 24, ILLINOIS 

data. As a step-function generator, 
the size and number of steps are 
easily varied. Unit is a standard 
slide-in module measuring 21 by 
101 by 7 in. 
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Band Pass Filter 
170 cycle spacing 
HERMETIC SEAL TRANSFORMER Co., 
555 N. Fifth St., Garland, Texas. 
Hermetically sealed receiving filter 
for multiplex telegraph systems 
offers 18 channels with high inter-
channel attenuation, flat pass bands 
and excellent harmonic rejection. 
Center frequencies, 425 cps through 
3,315 cps; frequency response: 
center frequency, 0 db; 25 cps 
either side, down not more than 1 
db; 50 cps either side, down not 
more than 5 db; 145 cps either side, 
down at least 40 db. 
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Pilot Relays 
long life 

WESSTER ELECTRIC Co., Racine, 
Wisc. PR series pilot relays are 
used generally as single or dual 
level controls (pump in or out), 
high or low level alarm, contact 

meter amplifiers, liquid leak detec-
tors and temperature detectors. 
Life, maintenance, installation and 
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SYNTHETIC 

SAPPHIRE 

FOR 

HELIX SUPPORTS 

The bifilar helix and electron gun 
structure of this backward wave 
oscillator tube are supported by 
sapphire rods. The tube was de-
veloped and built at the Electronics 
Research Laboratory, Stanford 
Universily, and operates from 500 
to 1000 megacycles at 100 watts. 

110110.-
Ji... - 
.”,r';'••. 

S ingle crystal synthetic sapphire rods are being 

used as support members for TWT helices and elec-

tron gun structures. 
Sapphire offers flexural strength at elevated tem-

peratures, excellent dielectric properties, stria II-

diameter r;gidity, strength at elevated temperatures, 

low- loss characteristics, zero porosity, and economy. 

In addition to rods, single crystal sapphire is avail-

able in the form of windows and domes for micro-

wave and infra- red systems. Special sapphire shapes 

for custom applications can be obtained. 

Other single crystals, such as ruby and doped 

titanio for maser amplifiers are available. LINDE also 

supplies single crystal yttrium iron garnet, for solid-

state devices. 
For further data, write to Linde Company, Division 

of Union Carbide Corporation, 30 East 42nd Street, 
New York 17, N. Y. In Canada: Linde Company, 

Division of Union Carbide Canada Limited. Address 

Department E-102. 

detie 
•••0( 10•11.14 

"Linde" and "Union Carbide" are registered 

trade marks of Union Carbide Corporation. 



sophisticated 
servo 

solutions 
size 8's that do the work of 10's ... 5's with 100,000 rad/sec2 

acceleration., . 11's and 18's with inertia or adjustable velocity damp-

ing. Extract your solution from an infinitude of BECKMAN servomotors. 

To satisfy the unknowns 

in your system, 

try these representative specs 

on your slipstick. 

/ -0-  

__,v __-() Wee 
(5) 

-(:,), .e90 

dl Servomotors — Typical Standard Spec) 

60014 0 1950 0. Id. 

Size 8 servomotor. 
rate generator 

Model 8MG420/410 

26v 
Excitation 400-cycle 

Length, inches 1.350 

No-load, rpm 

Torque at stall, 
oz. in. 

Acceleration at 
stall, rad/sec, 

Output voltage 
volts/1,000 rpm 

Null voltage, 
millivolts 

Additional damping 
available 
dyne cm. sec. 

radian 

6,000 

0.22 

68,000 

0.1 

4 

Size 11 velocity. 
damp servomotor 

Model 11VM460 

115v 
400-cycle 

2.033 

5,300 

Size 15 servomotor 
Model 15SM461 

115v 
400-cycle 

0.63 

22,200 

OM. 

1.375 

6,000 

1.45 

100,000 

Size 18 inertia-
damp servomotor 
Model 18IM460 

115v 
400-cycle 

2.525 

4,700 

2.35 

22,200 

10-100 
(adjustable) 940 

There are 10m standard á spec types available in these popular sizes! 

For complete 
crib-sheets...specs, drawings, 

torque speed curves 
and unit characteristics... 

write for data 
file A 413. 

Beckman 
frielipote 

Helipot Division of Beckman Instruments, Inc. 

Fullerton, California 
Engineering representatives in 29 cities 

potentiometers: dials: delay lines: expanded scale meters: servomotors: breadboard parts 
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operation are improved by having 
no parts in the liquid, no stuffing 
box nor bellows. Level detection is 

better than 0.10 in. Special cable is 
not normally required. 
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Megohmmeter 
six ranges 

ASSOCIATED RESEARCH, INC., 3777 
W. Belmont Ave., Chicago 18, Ill. 
Model 2570 Vibrotest megohmmeter 
provides stable resistance measure-
ments to 5 million megohms in six 

ranges. Constant voltage for these 
measurements is provided by a v-t 
power supply. Test voltage varia-
tion is less than percent over the 

entire range with power line fluctu-
ations from 95 to 135 v. Resistance 

measurements are stable over the 
full range and there is no drift 
even in the top range. 
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Servostepper 
for airborne use 

GIANNINI CONTROLS CORP., 918 E. 
Green St., Pasadena 1, Calif. Model 
1500C, size 15 Servostepper for 
high accuracy airborne applica-

tions: volume, 2.8 eu in.; weight, 
4 oz.; rate, 90 steps per sec ( in 
some applications, 160 steps per 
sec). Withstands 50 g shock, 75 g 
steady state acceleration in any 
axis, and temperatures from —55 



The University of Michigan's Dr. Norman Scott (left) demonstrates the Michigan Instructional Computer— only 

unit of its kind in the world— to Strand Engineering Company's Robert Carson who is working for his Ph. D. 

IN SOUTHEASTERN MICHIGAN: 

A SCIENTIFIC CLIMATE FOR THE ELECTRONICS INDUSTRY 
Electronics companies in Southeastern Michigan have an invalu-
able asset right from the start. Their personnel find advanced 
schooling readily accessible. In the area are conveniently located 
science schools whose postgraduate and extension facilities and 
faculties are comparable with the best available anywhere. 

Within easy reach of these competent schools are communities 
which have carefully organized and blueprinted their prosperous 

growth. Done by skilled professional land-use planners, it's the 
kind of planning which reassures management people concerned' 
with plant location. Such communities can be particularly i 
confident when they extend an invitation to the electronicsi 
industry to look them over. We, too, would welcome the oppor-
tunity to discuss communities and plant sites with you on a com-i 
pletely confidential basis. 

*We IN 

I 'M Maid 
t• 

1111R,4 

tLeft) Analog computer, Michigan State University. (Center) One of the modern College of Engineering buildings, Wayne State 
University. (Right) University of Detroit engineering students conduct electronic experiments in the characteristics of gravity. 

Write to Plant Location Service, DETROIT EDISON 1 Area Development Division 

Southeastern 
Michigan — 
a Scientific 
Climate 



FREQUENCY RESPONSE FOR 
PROCESS CONTROL 

Clear treatment. of the fund:uncut:Li methods 
of frequency response and their application 
to the analysis, testing, and design of proc-
ess control systems. Explains analysis of 
complete systems and gives typical solu-
tions to many practical problems. Edited by 
W. Caldwell, G. Coon, and L. 7.014S. Taylor 
Instrument Co. 406 1111.. 267 lIbio..sI l-50 

ENGINEERING ECONOMICS FOR 
PROFESSIONAL ENGINEERS' 

EXAMINATIONS 
Virtually evcr thing y‹ ,ti tir-cd to pass the 
engineering economics section of the P.E. 
Examinations. Gives typical questions, many 
with worked-out solutions . . . formulas, 
tables, problem-solving techniques, etc. By 
M. Kurtz, Consult. Struct. Engl.. 2611 pp., 
80 illus. 86.56 

ANALYSIS OF 
ELECTRIC CIRCUITS 

Clear guidanc, on elcctrical eirt uit analysis 
to aid in solving problems of linear systems. 
Shows how linear systems behave—and 
the limitations and approximations which 
enable you to use circuit theory effectively. 
By E. Brenner and M. Javld, City College 
of N. Y. 655 pp., Illus.., $9.50 

INFORMATION TRANSMISSION, 
MODULATION AND NOISE 

A Unified approach to the pi inciples and 
limitations of information transmission sys-
tems. Emphasizes the two basic limitations 
to the transmission of information and ex-
plores their significance in a representative 
group of modulation systems. By M. 
Schwartz, Polyteeh. Inst. of Brooklyn. 461 
pp., 282 illus., $ 12.56 

GERMAN-ENGLISH 
SCIENCE DICTIONARY 

New and enlarged third edition of this well-
known pocket-sized dictionary. Translates 
more than 50,000 scientific terms from Ger-
man to English . . . covers biology, chem-
istry, physics, mathematics, and related 
sciences. Includes important idioms, ab-
breviations, literary terms, etc. By L. De 
Vries, Iowa Memorial Union. Third Ed. 
634 pp., 87.00 

10 DAYS FREE EXAMINATION 

MCGRAW-HILL BOOK CO., INC, Dept. L-10-9 
327 W. 41st St., N. Y. C. 36 

Send me book(s) checked below for 10 days' ex-
amination on approval. In 10 days I will remit for 
book(s) I keep, plus few cents tor delivery costs, 
and return unwanted book(s) postpaid. ( We pay 
delivery costs if you remit with this coupon—same 
return privilege.) 

G Caldwell et al—Fraq Response for 
Process Control, $ 11.50 

G Kurtz—Engg. Econ. for P.E.Exam.. 06.50 

n Brenner & Javid—Anal. of Elec. Circ., $9.50 

G Schwartz— Information Trans., Mod. & Noise, 
$12.50 

D De Vries—German- Eno. Sel. Diet., $7.00 

(PRINT) 
Name   

Address   

t'ity  Zone. . State  

ompanY   

i.o.ition   

For price and terms outside U. S. 
Write McGraw-Hill Intl.. N. Y. C. L-10-9 

C to +71 C. Can be coupled or pro-
vided with built-in potentiometers 
and other control devices. 
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Phase Detector 
versatile unit 

BOONSHAFT AND FUCHS, INC., Hunt-
ingdon Valley, Pa. The visual phase 
sensitive detector is used in per-
formance evaluation of a-c servo 
systems and similar devices employ-
ing carrier modulation. Used with 
any oscilloscope it provides a visual 
demodulation of the carrier with no 
phase shift or time delay. Phase 
and amplitude distortion are zero, 
regardless of the carrier frequency. 
Quadrature and even harmonic re-
jection are on the order of 100:1, 
making the crossover point free of 
hash and noise. 
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Tv Camera 

pencil type 

DIAMOND POWER SPECIALTY CORP., 
Lancaster, Ohio. C-C tv camera 
built to operate inside reactor tubes 
3 in. in diameter. Permits inspec-
tion of reactor tube welds without 
pulling tubes from pile. Stainless 
steel reactor tubes blacken under 
radiation, but defective welds re-
main clean and show as white areas 

for immediate 
del/very 6f 

General 
Instrument 
semiconductors 
at factory prices 
call your 
stocking distributor 

The authorized distributors listed 
below carry a full stock of all 
General Instrument semiconduc-
tors — and can give you imme-
diate delivery from stock: 

SILICON RECTIFIERS 

SILICON DIODES 

GERMANIUM 

DIODES 

CALIFORNIA 

Newark Electric Company 
4736 W. Century Blvd., Inglewood 

Valley Electronic Supply Co. 
1302 W. Magnolia Blvd.. Burbank 

Shanks & Wright. Inc. 
2045 Kellner Blvd., San Diego 

Pacific Wholesale Co. 
1850 Mission St., San Francisco 

DISTRICT OF COLUMBIA 
SlIberne Industrial Sales Corp. 

3400 Georgia Ave., NW 

ILLINOIS 
Nlernuip company 

5904 W. Roosevelt Rd., Chicago 

Newark Electric Company 
223 W. Madison St., Chicago 

INDIANA 
Brown Electronics. Inc. 

1032 Broadway, Fort Wayne 

Graham Electronics Supply, Inc. 
122 S. Senate Ave., Indianapolis 

MASSACHUSETTS 
The Greene Shaw ('o., Inc. 

341-347 Watertown St., Newton 

NEW YORK 
Hudson Radio & TV Corp. 

37 W. 65th St., NYC 

Sun Radio & Electronics Co., Inc. 
050 Sixth Ave., NYC 

OHIO 
The 5lytronle Company 

2145 F'Iorenre Ave.. Cincinnati 

Pioneer Electronic Supply Co. 
2115 Prospect Ave., Cleveland 

Buckeye Electronic Distributors, Inc. 
236-246 E. Long St., Columbus 

OKLAHOMA 
Oil Capitol Electronics 

708 S. Sheridan, P.D. Box 5423. Tulsa 

PENNSYLVANIA 
D & H Distributing Co. 

2535 N. 7th St., Harrisburg 

Herbert, & Itademan, Inc. 
1204 Arch St., Philadelphia 

WASHINGTON 
Seattle Radio Supply Co. 
2115 Second Ave., Seattle 

WISCONSIN 
Radio Parts Co.. Inc. 

1311 N 7th St. Niilwackee 
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GENERAL INSTRUMENT SEMICONDUCTOR DIVISION 

1/10.1411/, 

custom made to your needs 

GENERAL INSTRUMENT 

PACKAGED 
ASSEMBLIES 

Silicon Rectifiers 

Silicon and Germanium 
Diodes 

in any shape... in any circuit configuration 

Want semiconductors in a special package? General Instrument 

will make up AUTOMATIC rectifiers and Radio Receptor diodes in 

any packaged assembly needed to fit your specific requirements. 

Units can also include resistors, capacitors, etc. to produce 

complete circuit packages if you desire. 

Let us accept the shrinkage and other technical problems — it's 

our business and we have the experience and facilities to do a 

superior job. Result will be a compact package virtually unlimited 

in Ply, with all the reliability General Instrument semiconductors 

are noted for. Total cost? Even less than if you developed your 

own package. Write or call today for further information. 

Semiconductor Division 
GENERAL INSTRUMENT CORPORATION 
65 Gouverneur Street, Newer k 4. N. J. 

GENERAL INSTRUMENT CORPORATION INCLUDES F W. SICKLES DIVISION, AUTOMATIC 

MANUFACTURING DiviSION, RADIO RECEPTOR CO . INC , MICAMOLD ELECTRONICS 

MANUFACTURING CORPORATION AND HARRIS TRANSDUCER CORPORATION ISUREIDIARIES 
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AIRPAX TYPE 371 

AVAILABLE IN PLUG•IN 
OR BRACKET MOUNT 

The Airpasx type 371 chopper is designed 

to provide reliable operation under extreme 

conditions of shock and vibration. Its center 

pivoted armature permits it to function dur-

ing vibrations of 15 G amplitude over a 

frequency range of 10 to 2500 CPS, with 

less than 10 degrees of contact derange-

ment. Mechanical shocks of 50„G in any 

plane will not damage this chopFr. 

Drive is 6.3 volts, 400 CPS, and operating 

temperature range is from — 65°C to 125°C. 

Hermetically sealed, the type 371 is oper-

able in relative humidities to 100%. Infor-

mation signals up to 100 volts DC at a 

maximum current of 2 ma, can be converted 

to a 40d CPS modified square wave. 

AIRPAX ELECTRONICS INCORPORATED 

Cambridge Division, Cambridge, /Add 

on the 17-in. tv monitor. Monitor 
and camera control-power unit are 
cart mounted for movement to in-
spection sites. 
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Test Chamber 
temperature type 

ASSOCIATED TESTING LABORATORIES, 
INC., Clinton Road, Caldwell, N. J. 
Environmental test chamber for 
low-high temperature testing at 
—100 F to + 1,000 F. Liquid CO2 
will pull-down from ambient to 
—100 F in less than 3 minutes. Heat 
load dissipated in chamber is at 
least 5,000 BTU/hr at — 100 F. 
Dimensions are 18 by 18 by 18 in. 
Price: $1,250, plus optional fea-
tures. 
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Precision Ohmmeters 
portable units 

ASSOCIATED RESEARCH, INC., 3777 

W. Belmont Ave., Chicago 18, Ill. 
Direct-reading ohmmeters. Accu-
racy is held to percent of mid-
scale value, for resistance measure-
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THE SEARCH . . 
Your attention is invited to a limited number of senior positions 
created by Raytheon Government Equipment Division's current 
expansion. 

Comprehensive anti-submarine warfare systems 
Advanced aerospace systems 
Major electronic system programs 
Long range surface radars, ordnance and communications 

systems 
Infrared and countermeasures devices 

For information on opportunities in each area, contact Mr. Donald 
Sweet, Executive and Engineering Placement, Government Equip-
ment Division, Raytheon Company, 624 Worcester Road, 
Framingham, Massachusetts. 

GOVERNMENT EQUIPMENT DIVISION 

SUBMARINE AIRBORNE SYSTEMS 

SIGNAL 

HEAVY SANTA 

BARBARA EXCELLENCE 

IN ELECTRONICS 

ELECTRONIC MANAGEMENT ELECTRONIC 



ALLIED 
d yea dieteteityitaeatelec neeekisq tit 

electronic supplies 

ePP 
on request 
the most widely used 

electronic supply guide 

ALLIED'S 1960 CATALOG 
the most complete, 

easiest-to-use buying 

guide— providing the 

detailed tech specs you 

need to write up your 

supply requirements— 

the one catalog that fills 

all your needs... 

BUY AT FACTORY PRICES 

wore.Steatedsdevetesokeate 
WE SPECIALIZE IN THE SUPPLY OF: 

• Semi-Conductors • Connectors 
• Special-Purpose Tubes • Capacitors 
• Relays • Test Instruments, Meters 
• Switches & Timers • Controls, Resistors 
• Electronic Parts for Every Industrial Need 
• Knight- Kit ® Test Instruments in Low-Cost Kit Form 
• Knight t) Paging and Public Address Equipment 

ONE ORDER TO ALLIED FILLS THE WHOLE BILL 

Simplify and speed your buying of electronic parts and equip-
ment. Your ALLIED Catalog is the best single source for 
electronic supply. With the world's largest stocks at your com-
mand, there's no need to deal with hundreds of separate fac-
tories—one order to us fills the whole bill. Finally, you get the 
fastest service in electronic supply (same day shipment) and 
you buy at factory prices. Send today for your FREE 1960 ALLIED 
Catalog—your one-source electronic supply guide. 

ALLIED RADIO 
TOO N. Western Ave., Dept. 11-K9, Chicago 80, III. 

Phone: HAymarket 1-6800 • TWX: CG-2898 

OUR 39th YEAR 
--

et e ea eele *dale e ederveye e;( de/trade 

ments of leads, grounds, compo-
nents, point-to-point circuit tests, 
and many other applications. Model 
244 is calibrated in four ranges, 
for measurements from 0.05 to 50,-
000 ohms; Model 246 for 0.01 to 
100,000 ohms. 
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Thermal Relay 
for missile use 

G-V CONTROLS INC., Okner Park-
way, Livingston, N. J. Type PT 
thermal time delay operable under 
20 g vibration to 2,000 cps and 50 
g shock for 11 millisec. There is no 
resonance below 2,000 cps and ex-
tended exposure to these conditions 
causes no damage or change in 
characteristics. Operating time de-

lays of 3 to 60 sec are factory set 
within -±-5 percent. Effects of am-
bient temperature are held to ±-5 
percent over — 65 C to + 125 C. 
Heater voltages range from 2 to 115 
y for delays of 3 to 12 sec and from 
2 to 230 y for longer delays. 

CIRCLE 214 ON READER SERVICE CARD 

D-C Power Supply 
solid-state 

VIDEO INSTRUMENTS CO., INC., 3002 
Pennsylvania Ave., Santa Monica, 
Calif. Model SR-200E solid-state 
regulated supply with floating out-
put is designed especially for strain 
gage excitation. It features less 
than 10 pV of noise peak to peak 
when measured with a 350 ohm 
strain gage bridge, 0.1 percent reg-
ulation for line voltage changes 
from 95 to 135 v, high insulation 
resistance to ground ( at least 
10,000 megohms), an extended volt-
age range from 0 to 15 y continu-
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These R&D Projects for Future Decades in Space 
typify Lockheed's vast program of Air/Space Science 

Ill New programs and study contracts awarded to 
Lockheed's California Division are planned to solve 
America's future exploration projects into space. 
The new multimillion- dollar Research Center in 
nearby San Gabriel mountains is further evidence 
of Lockheed's determination to support and sup-
plement its already extensive research and 
development activities. 
As a result of this markedly expanded program, 

there is urgent need for engineering and scientific 
personnel with high-level technical skills. 
Long a leader in advancing the science of flight, 

Lockheed is placing vast resources and accumulated 
knowledge into programs designed to provide major 
break-throughs in the fields of: Basic and applied 
research; manned aircraft of advanced design; mis-
siles and spacecraft. Some of these important 
research and development programs are: 

High Altitude Flight Vehicles with speed ranges 

LOCKHEED 
CALIFORNIA DIVISION 

BURBANK, CALIFORNIA 

between Mach 8 to 25. Problems associated with 
landing Manned Space Vehicles capable of hyper-
sonic glide or orbit about the earth. Infrared System 
studies as an advanced method of detecting ultra-
sonic missiles and high-speed aircraft. Solar Radia-
tion studies. Vertical Take-Off and Landing and 
"air recovery" vehicles. Helicopters. Supersonic 
Transports. 

High caliber scientists and engineers are invited 
to investigate Lockheed's outstanding career oppor-
tunities. Openings now exist in: Aero-thermody-
namics; propulsion; armament; electronics— 
research and systems; servomechanisms— flight 
controls; sound and vibration; operations research; 
physics; antenna and telemetry; and underwater 
sound propagation. 

Write today to: Mr. E. W. Des Lauriers, Manager 
Professional Placement Staff, Dept. 1510, 2400 
North Hollywood Way, Burbank, California. 

•••"" 
••••' 

AL-r= s • 

4t 

New Multimillion-Dollar Research 
Center under construction in Southern 
California's San Gabriel Mountains — 
designed to house most of the research 
facilities of Lockheed's California 
Division. Here will be found advanced 
research facilities in all fields related 
to atmospheric and space flight. 

Space transports capable of 
transporting — to an orbit of more than 
1000 miles—a pilot and 1000 pounds 
of payload, or three passengers 
equipped to work in space. 



Call these authorized 

Immediate Shipment 
FROM ENDLESS 

STOCKS of 

STAINLESS STEEL 
FASTENERS 
AN- MS- COMMERCIAL 

Your order, large or small, 

filled "fast" from the 

world's largest stock of 

stainless steel fasteners. 

AN, MS, Commercial 

specifications in stock. 

Rigid quality control, mass 

production economies. 

Special stainless steel 

fasteners also manu-

factured to your exact 

requirements on extremely 
short notice. Just send 

blueprint or specs for 

quotation. Full range of 

raw material, on hand, 

assures prompt service. 

WRITE • WIRE • PHONE 
FOR QUOTATION OR SHIPMENT 

ASK FOR CATALOG 

Alle4 114 111111-Y11-414. 

Screw Products Company, Inc. 
MANUFACTURERS OF STAINLESS FASTENERS SINCE 1929 

821 Stewart Avenue, Garden City, L.I., N.Y. 
Phone: Pioneer 1-1200 TWX GCY 603 

Midwest Division 
6424 W Belmont Avenue, Chicago 34, Illinois 
Phone: AVenue 2-3232 TWX CG 3185 

West Coast Division — Office and Warehouse 
5822 West Washington Blvd., Culver City, Calif. 
Phone: WEbster 3-9595 TWX LA 1472 
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ously variable by means of a 10 
turn helical pot, and 200 ma maxi-
mum output current. 
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Standoff Insulator 
5 kv rating 

THE GLASTIC CORP., 4321 Glenridge 

Road, Cleveland 21, Ohio. Glastic 
fiber glass reinforced polyester in-

sulators have a proven performance 
record of several years service in 
a variety of large mill power con-

trol apparatus (5 kv rating), where 
they are functioning as bus sup-
ports and switch and contactor 

support insulators. They feature 
greater dimensional accuracy, 
greater impact strength, no chip-
ping, less weight and lower cost. 
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D-C Amplifier 
operational type 

GEORGE A. PHILBRICK RESEARCHES, 
INC., 285 Columbus Ave., Boston 16, 
Mass. Model K2-WJ plug-in d-c op-
erational amplifier for high re-
liability military applications. It 
is similar to commercial version, 
but slightly smaller and has open 
frame construction for optimum 
ventilation and at higher ambient 

temperatures. Design center d-c 

DISTRIBUTORS 
for an immediate demonstration or 
delivery of Simpson Laboratory 
Test Equipment. 

CALIFORNIA 
R. V. WEATHERFORD COMPANY 
6921 San Fernando Road 
GLENDALE 1, Victoria 9-2471 

NEWARK ELECTRIC COMPANY 
4747 W. Century Blvd. 
INGLEWOOD, ORegon 8-0441 

ELECTRONIC SUPPLY CORPORATION 
2085 East Foothill Blvd. 
PASADENA, SYcamore 5-5901 

COLORADO 
WARD TERRY & COMPANY 
70 Rio Grande Blvd. 
DENVER, AMherst 6-3181 

GEORGIA 
ELECTRO TECH EQUIPMENT COMPANY 
690 Murphy Avenue S.W. 
ATLANTA 10, PLaza 3-4128 

ILLINOIS 
ALLIED RADIO CORPORATION 
100 N. Western Avenue 
CHICAGO 80, HAymarket 1-6800 

NEWARK ELECTRIC COMPANY 
223 W. Madison Street 
CHICAGO 6, STate 2-2944 

MICHIGAN 
RADIO SPECIALTIES COMPANY 
456 Charlotte Avenue 
DETROIT 1, TEmple 3-9800 

MINNESOTA 
NORTHWEST RADIO 
123 East First Street 
DULUTH 2, RAndolph 7-1565 

NORTHWEST RADIO & 
ELECTRONICS SUPPLY CO. 
52 South Twelfth Street 
MINNEAPOLIS 3, FEderal 9-6346 

GOPHER ELECTRONICS COMPANY 
370 Minnesota Street 
SAINT PAUL 1, CApitol 4-9666 

NEW YORK 
STACK INDUSTRIAL ELECTRONICS, INC. 
25 Susquehanna Street 
BINGHAMTON, Phone: 3-6326 

ELECTRONICS CENTER INCORPORATED 
211 West 19th Street 
NEW YORK 11, ALgonquin 5-4600 

HARRISON RADIO CORPORATION 
225 Greenwich Street 
NEW YORK 7, BArclay 7-7777 

NORTH CAROLINA 
SOUTHEASTERN RADIO SUPPLY CO., INC. 
414 Hillsboro Street 
RALEIGH. TEmple 3-1936 

DALTON-HEGE RADIO SUPPLY CO., INC. 
912 West 4th Street (Rear) 
WINSTON SALEM, Phone: 5-8711 

OHIO 
PIONEER ELECTRONICS SUPPLY CO. 
2115 Prospect Avenue 
CLEVELAND 15, SUperior 1-9410 

PENNSYLVANIA 
CONSOLIDATED RADIO COMPANY 
612 Arch Street 
PHILADELPHIA 6, WAInut 5-7871 

SOUTH CAROLINA 
CAROLINA RADIO SUPPLY CO., INC. 
221 W. Washington Street 
GREENVILLE, CEdar 2-6740 

TEXAS 
ENGINEERING SUPPLY COMPANY 
6000 Denton Drive 
DALLAS 35, FLeetwood 7-6121 

MIDLAND SPECIALTY COMPANY 
500 W. Paisano Drive 
EL PASO, KEystone 3-9555 

BUSACKER ELECTRONIC EQUIP. CO., INC. 
1216 West Clay 
HOUSTON 19, JAckson 9-4626 

HARRISON EQUIPMENT COMPANY, INC, 
1422 San Jacinto Street 
HOUSTON 1, CApitol 4-9131 

MIDLAND SPECIALTY COMPANY 
2101 Andrews Highway 
ODESSA, Phone: 7-7212 
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DON'T INVEST IN TEST EQUIPMENT 'TIL YOU COMPARE FEATURES WITH THE 

NEW Sitikpi3On,LABORATOR \I 
C(Lçj 

PULSE GENERATOR ... model 2620 

No Unit Offers Such Accuracy, Versatility, 
and Set-Up Speed Within This Price Range 

Twin meters read pulse repetition frequency and pulse 
duration simultaneously. Rise time is 0.02 microseconds; 
decay time, 0.03 microseconds. Pulse duration, contin-
uously variable from 0.1 to 1000 microseconds. Jitter, 
less than 0.005 microseconds. Pulse repetition rate, con-
tinuously variable from 10 to 100,000 pps in $ 
four ranges. Price  625 
WRITE FOR COMPLETE SPECIFICATIONS 

LABORATORY STANDARD 

VOLT-OHM-MILLIAMMETER ... model 2600 

4 Self-Powered Calibrator for Electrical Instrument 
Maintenance and High Accuracy Testing 

Two terminal connections cover all 49 ranges for 
unusually fast operation. DC accuracy is -± 0.5% 
F.S.; AC, :I: 0.75% F.S. (at 77°F, 25°C). Separate 
meters (self shielded movements) for $1620 

DC and AC readings. Price   

WRITE FOR COMPLETE SPECIFICATIONS 

e• 41) 

e is de 0111 
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deeeet e  
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WIDE- BAND OSCILLOSCOPE ... model 2610 

For the 1001 Jobs Where You Don't Need 
an Expensive Specialized Scope 

Here's a high-gain scope that makes your test equipment ap-
propriation go farther. Vertical sensitivity, 6 mv RMS. Verti-
cal calibration accuracy, -± 3%. Response (linear position): 
DC to 5.0 inc/see, ± 0.5 db; DC to 8.0 me/see, ± 1.5 db. 
Response (transient position): DC to 3.5 mc/sec,-3 db, and 
—6db at 5.0 me/sec. Triggered and recurrent sweeps. Precal-
ibrated sweep positions of 5. 50. 500. 5000 microsec- $575 
onds. Price   

WRITE FOR COMPLETE SPECIFICATIONS 

'01 "Ire 

n1, 4011 

AVAILABLE FROM MANY INDUSTRIAL ELECTRONIC DISTRIBUTORS COAST-TO- COAST 

Write to Factory for Details 

MANUFACTURERS OF 

ELECTRONIC TEST 

EQUIPMENT FOR OVER 
50 YEARS 

ELECTRIC COMPANY 

ELECTRONICS • OCTOBER 9, 1959 

5203 West Kinzie St., Chicago 44, Illinois • Telephone: EStebrook 9-1121 

In Canada: Bach-Simpson Ltd., London, Ontario 
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NEW PRECISION VARIABLE 
RESISTOR with no sliding wiper 

By 

These Rotary Metallic Film 

Potentiometers 

are the perfection of years of 

research and development 

FEATURES: 

.•0 Complete Hermetic Seal 
*Infinite Resolution 
'High Temperature Operation 
•Long Life 
•Low Torque 
'Exceptionally High Accuracy 
•Extremely Low Noise 

NEW 
CATALOG 

of the most 
complete line of 
potentiometers 
— available upon 
request 

MF- k 

Super 
reliability 
is inherent 
through 
unique 
manufacturing 
techniques 

A patented compression contact eliminates the wear 
or friction caused by usual wiper contacts. A precious 
metal capsule contact provides dependable long life 
operation. The deposited metal film resistance element 
is encased and hermetically sealed. The ultimate in 
craftsmanship is employed in the manufacture to 
produce a potentiometer unparalleled for perform-
ance. This new concept of design makes possible 
super reliability under the most severe environmental 

conditions such as those encountered in airborne, 
missile and satellite applications. 

TECHNOLOGY 
555 Main St. 
Acton, Mass. 

COlonial 3-7711 

INSTRUMENT CORP. 

P. 0. Box 3941 
No. Hollywood, Calif. 

POplar 5-8620 

open loop gain is 15,000; at 500 kc 
the open loop gain is typically 
greater than 2. Maximum design 
output range of -±- 50 V at 1 ma may 
be increased by booster follower 
techniques. 
CIRCLE 217 ON READER SERVICE CARD 

Reversible Fans 
wide range of cfm's 

MCLEAN ENGINEERING LABORA-
TORIES, P. 0. Box 228, Princeton, 
N. J. Filter box propeller fans are 
shown cooling computer racks in an 
electronic flight simulator built by 
the Electronics Division of Curtiss-
Wright Corp. The fans have a 
range of cfm's suited to trailers, 
vans, mobile or stationary generat-
ing systems and are adaptable to 
many mounting arrangements. 

CIRCLE 218 ON READER SERVICE CARD 

Milliwattmeter 
for X-bond 

WAYNE KERR CORP., 2920 N. 4th St., 
Philadelphia 33, Pa., announces a 
portable and extremely accurate re-
sistive film bolometer wattmeter, 
the X-band microwave milliwatt-
meter, type U-281, for the measure-
ment of microwave power. It meas-
ures power in a l to 100 mw range 
with an accuracy of ±-3 percent, 
over the frequency band 8.4 to 10.2 
kmc. The unit consists of a thin 
resistive film which is mounted 
symmetrically in the transverse 
plane of the waveguide. The rise 
in temperature of this film caused 
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MAN HUNTERS 
....ATTENTION! 

When you are in need of specialized men for specialized jobs—from general managers to super-

visors contact them through the EMPLOYMENT OPPORTUNITIES SECTION of McGraw-Hill pub-

lications. 

The EMPLOYMENT OPPORTUNITIES SECTION is the national market place for those wanting 

the services of men in technical, engineering and operating capacities in the fields served by these 

publications. 

AMERICAN MACHINIST 
AVIATION WEEK 

BUSINESS WEEK 
CHEMICAL ENGINEERING 

CHEMICAL WEEK 

COAL AGE 
CONSTRUCTION METHODS ANC. 

EQUIPMENT 
CONTROL ENGINEERING 

ELECTRICAL CONSTRUCTION AND 

MAINTENANCE 
ELECTRICAL MERCHANDISING 

ELECTRICAL WHOLESALING 

ELECTRICAL WORLD 
ELECTRONICS 
ENGINEERING AND MINING JOURNAL 

ENGINEERING NEWS-RECORD 
FACTORY 

FLEET OWNER 
FOOD ENGINEERING 

NATIONAL PETROLEUM NEWS 
NUCLEONICS 
PETROLEUM WEEK 

POWER 

PRODUCT ENGINEERING 
PURCHASING WEEK 

TEXTILE WORLD 

The men you need are the men who read the 

EMPLOYMENT OPPORTUNITIES SECTION of 

McGRAW-HILL PUBLICATIONS 
Classified Advertising Division 

P. 0. BOX 12, NEW YORK 36, N. Y. 

VALUABLE 64 PAGE 

REFERENCE SECTION 

in electronics BUYERS' GUIDE 

Prepared especially by the 25-man edi-

torial staff of electronics, this 64-page 

section is designed to assist the buyer by 

providing him with market data, elec-

tronics applications, market distribution, 

market reports and books, industry or-

ganizations and services. 

1BI) 

electronics BUYERS' GUIDE 

and Reference Issue 

A McGraw-Hill Publication 

330 West 42nd Street 

New York 36, New York 

Advance 

Relays 

Automatic 

Electric 

Besson and 

Robinson 

Collins 

Electronics 

C. P. Clare 

Elgin 

Neomite 

EMS. 

Guardian Electric 

Kurman 

Leach 
Ways 

Monitor 

Phillips 

Control 

Potter 

& Brumfield 

R- B-M 

Div. Essex Wire 

Struthers 
Dunn 

T•rado 

And Others 

Now...Ruy 

Factory Prices 
24 Hour Delivery 

from 

RELAY SALES 
Send for our Catalog C-9 

Phone West Chicago 1100 

TWX West Chicago, ill. 3464-U 

Write P.O. Box 186A, West Chicago, III. 
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ELECTRONIC COMPONENTS 

Miniature TIME DELAY RELAYS 
Low-cost for commercial applications 

Curtiss-Wright offers a reliable and inexpensive thermal time delay 
relay in the "G" and "K" Series — miniature size hermetically 
sealed in glass. 

SPECIFICATIONS 

Time delay Preset 3 to 60 seconds 
Contact arrangement sps-r or SPDT 
Heater voltage.. . 6.3. 26.5, 117 AC or DC std. 

Weight Less than one ounce 
Base Miniature 9 pin 
Size 16 3/2 bulb—Max. hgt. 23/4 r" 

New DIGITAL MOTORS 
Stepping motors for high reliability ap-
plications. Meet the requirements of 
assured reliability and long life for air-
craft, missile and automation systems. 

FEATURES Bi-directional • Positive lock • Dynamically 
balanced • Simplicity of design • High pulsing rate. 

New ULTRASONIC DELAY LINES 
Enables development engineers to em-
ploy new concepts in existing and pro-
jected applications. Low in cost, small 
in size and simple to operate. 

SPECIFICATIONS 

Delay range 5 to 6000 microseconds 
Tolerance  0.1 microsecond 
Signal to noise ratio Greater than 10:1 
Input and output impedance.50 to 2000 ohms 

Carrier frequency 100 kc — 1 mc 
Delay to pulsc rie time . ..... Up to 900:1 

WRITE FOR COMPLETE COMPONENTS CATALOG 159 

ELECTRONICS DIVISION 

CURTI BSA 1-n11 Glo 
COR—PO—RATION • WEST —CA—LD—INUL, 

by absorption of incident micro-
wave radiation is used to measure 
the input power. 

CIRCLE 219 ON READER SERVICE CARD 

01\ïr 

Silicon Rectifier 
50 to 400 pi v 

SARKES TARZIAN, INC., 415 N. Col-
lege Ave., Bloomington, Ind. Y 
series have thermal dron less than 
10 C junction to base, junction tem-
perature raise of approximately 60 
C, and are rated at 250 amperes d-c 
to minimize thermal-aging prob-
lems and extend life expectancy. 
Either positive or negative base 
polarity is available. Designed for 
use in welding, electroplating and 
electrolysis, or any application re-
quiring 1,000 or more d-e amperes. 

CIRCLE 220 ON READER SERVICE CARD 

Signal Conditioner 
for airborne use 

NEFF INSTRUMENT CORP., 2211 E. 
Foothill Blvd., Pasadena, Calif. 
The SCAMP signal-conditioning 
system is designed specifically for 
airborne telemetry and tape appli-
cations, and features transistorized 
d-c, a-c, or carrier amplifiers. It 
accepts my inputs and produces 0-5 
y to drive voltage controlled oscilla-
tors or record amplifiers. The 

6-channel modular case accepts any 
combination of solid-state ampli-
fiers, each containing separate con-
trols and capable of individual 
operation in or out of the case. 
Each amplifier measures 1.1 in. 
wide, 31% in. high and 4111 in. long. 
Gain stability is better than 1 per-
cent over all environmental condi-
tions including 20 g's shock, vibra-
tion of 1 in. peak-to-peak from 5 
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SAVE SPACE 

WEIGHT and COST 
• 

///--P/// 
MOLDED URETHANE 

FOAM... CiAkIMY1- rmde TO 
YOUR PACKAGING 

NEEDS! 

N 

Urethane foam insert for 
delicate electronic tube 

offering maximum protection 
from shock and vibration. 

The excellent energy absorption of urethane foam at low 
density and compression set is supplemented by economy 
of this material in terms of labor, space, and weight savings. 
Another factor is the no-dust feature — so important in 
packaging sensitive instruments and components. 
Stanfoam offers a maximum protection in a minimum amount 
of space for a wide area of products. Its characteristics allow 
a full range of resilience with a neutral Ph factor and offer 
resistance to time, temperature, chemical action, fungus 

and vermin. 
We have the engineering know-how, experienced personnel 
and, most important, the desire to serve you well. 

STANDARD PLASTICS, INC. 
FOGELSVILLE, PENNSYLVANIA 

DID YOU KNOW THAT 

PRODUCTS ADVERTISED in 

electronics BUYERS' GUIDE 
are UP-DATED WEEKLY? 

Advertisers in the electronics BUYERS' 

GUIDE use the 52 regular issues of 

electronics magazine to promote new 

products and keep the industry informed 

about their latest technical developments. 

electronics advertisers are offered the op-

portunity to up-date their product adver-

tising by keying it to the catalog-type 

advertising in the BUYERS' GUIDE. 

IBP 

electrunics BUYERS' GUIDE 

and Reference Issue 

A McGraw-Hill Publication 
330 West 42nd Street 
New York 36, New York 

Advance 
Relays 

Automatic 
Electric 

Besson and 
Robinson 

Collins 
Electronics 

C. P. Clare 

Elgin 
Neomite 

E. M. S. 

Guardian Electric 

Kurman 

Leach 
Relays 
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Phillips 
Control 

Potter 
& Brumfield 

R- B-M 
Div. Essex Wire 

Struthers 
Dunn 

Terado 

And Others 

FREE 
Descriptive Literature 

Available 

CIRCLE 153 ON READER SERVICE CARD , 

Now... Buy 

FACTORY PRICES 
24 HOUR DELIVERY 

from 

RELAY SALES 
Send for our Catalog C-9 
Phone West Chicago 1100 

TWX West Chicago, Ill. 3464-U 

Write P. 0. Box 186-A, West Chicago, Ill. 
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1118110R 
advancement 

in instrument 

design 

INDUCTION 

SOLDERING 

UNIT 

Model PM 1 

FOR SMALL PARTS AND ASSEMBLIES 
Simplifies, improves and speeds up 
component production. Provides local 
heat to otherwise inaccessible spots. 
Safe and simple. Max. power Input 
775 watts, 100 watts standby, 115 
volts, 60 cycles. 15' x 213e x 15°. 
150 lbs. Bulletin on request. Marion 
Instrument Division, Minneapolis-Honey-
well Regulator Company, Manchester, 
N. H., U. S. A. 

Copyright © 1958. Marke 

• 

marion 
z's•Hriti racrao,+,cs wers rot (Yr 

meters H 110101SEU 
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send for this 

FREE 
EICO 
Electronics 
Catalog 

you save 50% on Top- Quality 
Test Instruments 

Hi -Fi • Ham Gear 

KITS AND WIRED 
for professional and home use 

TEST INSTRUMENTS 
battery eliminators 
battery testers 
bridges 
decade boxes 
electronic switch 
flyback tester 
oscilloscopes 
probes 
signal and 
sweep generators 

tube testers 
transistor tester 
vacuum tube 

voltmeters 
volt-ohm-

milliammeters 
LIFETIME service and celebration guarantee. 
IN STOCK at your neighborhood EICO dealer. 

Send now for FREE catalog E-10 

H141 
stereo and monaural 
tuners 
preamplifiers 
power amplifiers 
integrated amplifiers 
speaker systems 

HAM GEAR 
cw transmitter 
modulator-driver 
grid dip meter 

OVER 11h MILLION 
EICO instruments in 
use throughout 
the world. 

5ficals. 
33-00 N. Blvd., L. I. C. 1, N. Y. 

... praised by the experts 
as BEST BUYS IN ELECTRONICS 

01.3. 333ertortIc NIT*, CO.. 

to 20 cps, and temperatures from 

—55 C to +85 C. 

CIRCLE 221 ON READER SERVICE CARD 

VHF Beacon 

miniature type 

LEL, INC., 380 Oak St., Copiague, 

N. Y. Miniature vhf beacon air-

craft or drone crash locator, signal-

ing, control, telemetering or other 

purposes is crystal - controlled. 

Three subminiature tubes supply 

carrier output up to 100 mw in 300 

mc band. Contains transistorized 

modulator-power supply. Input is 

6 y at 660 ma; output impedance, 

50 ohms; modulation, 1,000 cycles. 

CIRCLE 222 ON READER SERVICE CARD 

Stable Resistor 
deposited-carbon 

KEY RESISTOR CORP., 321 W. Re-

dondo Beach Blvd., Gardena, Calif. 

Deposited-carbon resistors shown 

are filled with silicone oil and her-

metically sealed for stability under 

heat and high voltage. Units meet 

all MIL specs; are available in all 

military sizes, plus w and w, 

in resistance values from 5 ohms to 

20 megohms. 

CIRCLE 223 ON READER SERVICE CARD 

Ferrite Isolators 
for C-band use 

M OTOROLA INC., 8201 E. McDowell 

Rd., Phoenix, Ariz. Ferrite iso-

lators for radar system and labora-

Cut Holes 

In Less Than 

90 Seconds! 
with 

CHASSIS PUNCHES 

me. 
Make any size hole you want for 
sockets, plugs, meters, others ... 
do it faster with less effort with 
famous Walsco L.T.* Chassis 
Punches. Easy to use ... last a 
lifetime. Send postcard for free 
literature. 

eair 
(*LT. is Walsco's exclusive "Low-Torgue" des4'.n . 

WALSCO ELECTRONICS MFG. CO. 
Divesion of Textron Inc. 

Western Plant: Los Angeles 18, California 
Mein Plant: ROCKFORD, ILLINOIS, U.S.A. 

CIRCLE 156 ON READER SERVICE CARD 

You Get Things Done With 
Boardmaster Visual Control 

* Gives Graphic Picture of Your Operations— 
Spotlighted by Color 
Facts at a glance— Saves Time, Saves Money, 
Prevents Errors 
Simple to operate—Type or Write on Cards, 
Snap in Grooves 
Ideal for Production, Traffic, Inventory, Sched-
uling, Sales, Etc. 
Made of Metal. Compact and Attractive. 
Over 400,000 in Use 

Complete price $ 4950 including cards 

24-PAGE BOOKLET NO. C-10 

FREE  Without Obligation 

Write for Your Copy Today 

GRAPHIC SYSTEMS 
55 West 42nd Street • New York 36, N. Y. 
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MUSSER 

See 
Us at 
Booth 
16 
NEC 
Show 

Chicag( • 

ey,oldeeé 
'BLACK NYLON 

SCREWS 
ez,ed 

NUTS 

Acid resistant... 

Need no insulation 

Can't rust ... 

Can't corrode... 

CUT ASSEMBLY TIME 

2-56, 4-40, 6-32, 8-32 10-32 and 1-20 
in stock. Actual production samples 
will give you the whole story. Write 
On v our letterhead. 

WECKESSER COMPANY 
5701 Northwest Highway • Chicago 46, III. 

CIRCLE 158 ON READER SERVICE CARD 

Advance 
Relays 

Automatic 
Electric 

Besson and 
Robinson 

Collins 
Electronics 

C. P. Clare 

Elgin 
Neomite 

EMS. 

Guardian Electric 

Kurman 

Leach 
Relays 

Monitor 

Phillips 
Control 

Potter 
EL Brumfield 

R- B-M 
Div. Essex Wire 

Struthers 
Dunn 

Terado 

And Others 

Now... by 

FACTORY PRICES 
24 HOUR DELIVERY 

from 

RELAY SALES 
Send for our Catalog C-9 
Phone West Chicago 1100 

TWX West Chicago, Ill. 3464-U 

Write P. 0. Box 186-A, West Chicago, Ill. 
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Meet 

John Mason 
Associate Editor, electronics 

MILITARY ELECTRONICS EXPERT 

Resumé: 
Mexico City College, Mexico, BA. Air Force officer, 

navigator with 32 combat missions; Director of 
Flight Training, Pathfinder Radar School; head of 
Loran School. News editor, associate editor of aero-
nautical trade magazine, wrote free lance aviation 
articles. Recalled to Air Force, 1951, and studied at 
Georgetown Graduate School. Assigned to Libya, 
then Munich. Wrote news stories plus daily digest 
of iron curtain radio news. 

Present Occupation: 
As an associate editor of electronics John is deeply 

involved with the technical and business aspects of 
military electronics (the current $4.5-billion govern-
ment market) and draws heavily on his electronics 
and Air Force background. 

References: 
John is typical of the 26-man staff of specialists 

who edit electronics . . . men who produced 2,856 
pages of editorial material during 1958. A mature, 
experienced staff, averaging 36 years of age, these 
people are dedicated to serving the needs of the 
reader of electronics. If your subscription to elec-
tronics is expiring, or if you are not a subscriber 
. . . if you will miss reading some of the exciting ar-
ticles John Mason is planning for the near future 
. . . fill in the box on the Reader Service Card. It's 
easy to use. Postage is free. 

(Apc IBP electronics 
A McGraw-Hill Publication • 330 West 42nd Street, New York 36, N.Y. 
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Let el) grite4:57weg 
put your 
plant on the 
map! 

By providing the 

right location to match 

your specific needs 
Locating sites where companies will prosper is a specialty of 
GPU Site-Service! 
Here is the one central source of plant location assistance for nearly 

half of Pennsylvania and New Jersey. 
By providing you with up-to-the-minute facts about local conditions 

and resources it can save you site-seeking time, trouble and travel. 
By being able to recommend available sites and buildings 

exactly fitting your requirements, it can help you 
solve your expansion and relocation problems 
quickly and economically. 
Take the first step toward putting your own 

plant in one of the nation's most profitable 
industrial areas. Wire, write or phone GPU 
Site-Service today! Your inquiry will 
receive prompt, confidential attention. 

Metropolitan Edison Co. 
Pennsylvania Electric Co. 

New Jersey Power & Light Co. 
Jersey Central Power & Light CO. 

GENERAL PUBLIC UTILITIES CORPORATION 
At?: Wm. J. Jamieson, Area Development Director, Dept. E-7 • 67 Brood St. New York 4, N. Y. • WHitehall 3,5600 

tory use in 6,575 to 6,875 mc C-band 
applications. Isolation loss is 40 
db; insertion loss, 1.0 db; vswr, 
1.2; nominal ambient temperature, 
130 to 160 F; weight, 2 lb: length, 
5 in. 
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Deflection Tester 
for plastics 

AMERICAN INSTRUMENT CO., INC., 
8030 Georgia Ave., Silver Spring, 
Md. Lab instrument indicates the 
deflection of thermoplastics when 
subjected to various loads and tem-
peratures in accordance with ASTM 
test D648-56. As many as four 
samples can be tested simultane-

ously by placing each in a specimen 
holder and lowering the holders 
into an insulated bath. Deflections 
are indicated on dials mounted on 
the specimen holders. Unit meas-
ures 26 by 161 by 23 in. high. Bath 
temperature can be increased at the 
rate of 2 C per minute from am-
bient to 260 C, or maintained con-
stant at any point within this 
range. 
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C-Band Isolator 
high power 

RA NTEC CORP., Calabasas, Calif. 
Model IC-400 C-band load isolator 
covers 4.6-6.0 kmc band and pro-
vides 12 db minimum isolation ( 18 
db band center) with 1.0 db maxi-
mum insertion loss (0.6 db band 
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WHOLESALE CATALOG 

FOR RESALE DEALERS 

Big-Name 
Brands 

ELECTRIC MOTORS 
(1/250 to 60- HP) 

GENERATORS 
BLOWERS 

EXHAUST FANS 
AIR CIRCULATORS 

FAN PARTS 
APPLIANCES 

HEATING EQUIPT. 
AIR COMPRESSORS 
POWER TOOLS 

PUMPS 

GRAINGER'S 

eeeahie 
SUPPLY 
SERVICE 

Over 4000 Items Stocked 

PROMPT DELIVERY. Warehouses and 
sales offices in 63 principal cities, coast-to-
coast. All fully stocked for pick-ups or 24-
hour shipping service. 

SALESMEN at each sales office available 
for help and guidance. 

180 PAGE CATALOG and buying 
guide. Includes detailed descriptions on 
over 4000 items. Lots of technical and 
application data. 

WHOLESALE ONLY. Free net price 
catalog sent only when requested on letter-
head. Na consumer requests honored. 
O.E.M. prices available for quantity buyers. 

WHOLESALE CATALOG 
Write for Autumn Edition 

PlifeRAINOER,INC. PHONE BOOK 

Warehouse In 
Find Nearest 

Dept. 43 118 S. Oakley Blvd., Chicago 12 
CIRCLE 160 ON READER SERVICE CARD 

MEET BULLY CHAREST 
RESUME: 

AiOw Associate 
:1017911P Editor 

electronics 

Charest, Roland J., 
Boston University, BS 
in Journalism. Formerly 
New England editor for 
electronics. Navy sonar-
man. Writer, reporter, 
uditor 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. Rally'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 
fi rst 

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 12 
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specify... 
G-E 85C 

TANTAILYTICMc 
CAPACITORS 

for low-voltage a-c and d-c applications 
requiring superior performance, small 
size. 

• Dependable operation over a tempera-
ture range of — 55C to +85C. 

• Longer shelf life and operating life 
than previous units. 

• Polarized, non-polarized, etched, or 
plain foil Tantalytic capacitors are avail-
able. 

SPECIFYING INFORMATION on G-E's 
complete Tantalytic line is available from 
your nearest Apparatus Sales Oak; or 
write for GEC-808D, to General Electric, 
Section 449-12, Schenectady 5, N. Y. 
*Registered Trademark of General Electric Co. 
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...sign here! 

If you want top-quality pots when you need them, you could make 
your own! Of course, you'll need Swiss screw machinery to produce 
the cases necessary to complete the job. So plunge right in — sign up 
for those highly precision screw machines . . . and hang the cost! 

But before you deplete the family exchequer with a grand flourish of 
the pen, come to Ace! We've already taken the plunge, and it's paid 
off. These machines automatically deliver, at high 
speed, cases with mechanical tolerances closer 
than .0002. This also means the most flexible 
production operation in the industry. No sub-
contracted parts to wait for — we design our own 
cams to any special size and shape, and we run 
the cases ourselves, on a 24-hour day basis! So 
for dependable delivery, see your ACErepl 

Here's one of our automatic-production cases, on a servo mount A.I.A. 
size 1-1/16" ACEPOT®. In-plant production on cases up to 6". 

:AcE ELECTRONICS ASSOCIATES, INC. 
-- 99 Dover Street, Somerville 44, Moss. 
SOmerset 6.5130 TMX SMV1. 181 West. Union WUX 

Acepo® Acetrine Amine Aceohm® *Reg. Appt. fot 

center). It has been successfully 
tested at a power level of 300 kw 
peak, 300 w average, in the pres-
ence of an ionizing source with a 
2:1 variable phase load impedance. 
Unit is constructed in UG49/U 
w a v egu id e with UG-149A/U 
flanges; length 4 in., weight 41 lb. 
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Register Tube 
cold-cathode 

BAIRD-ATOMIC, INC., 33 University 
Rd., Cambridge 38, Mass. Digitron 
cold-cathode register tube GR1OG 
may be added to existing counter 
circuits to display the state of count 
of either hard-tube counting cir-
cuits or cold-cathode load tube 
decades. It is ideal for indicating 
the position of selector or stepping 
switches on a remote panel or moni-
tor board. The 1i in. high numerals 
may be read easily from distances 
up to 50 ft at a 160 deg angular 
readout in brighter than normal 
room illumination. 
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Crystal Can Relay 
rugged construction 

ELECTRONIC SPECIALTY Co., 5121 
San Fernando Rd., Los Angeles 39, 
Calif. Crystal can relay handles 40 
amperes overload. It provides a 
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switching mechanism capable of 
handling 10 ampere loads for 100,-
000 operations. Operating power is 
150 mw for 20 g to 2,000 cps vibra-
tion. Coil resistances are available 
to match any transistor or vacuum 
tube load. 
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Laboratory Furnace 
multipurpose 

MATERIALS RESEARCH CORP., 47 
Buena Vista Ave., Yonkers, N. Y 
Model MF-90 multipurpose furnace 
provides a heat treating and experi-
mental laboratory furnace in one 
apparatus. It may be used in hori-
zontal or vertical position at tem-
peratures up to 1,100 C. A clock 
motor is mounted for use in the 
growth of single crystals by the 
Bridgman technique. An immedi-
ately replaceable furnace core 

avoids lengthy shut down. 
CIRCLE 229 ON READER SERVICE CARD 

Energy Storage System 
nuclear- battery power 

RADIATION RESEARCH CORP., 1114 
First Ave., New York 21, N. Y. 
Energy storage systems capable of 
storage densities exceeding 10 mil-
lion ergs/cu. in. utilizes nuclear 
battery with a specially designed 
low leakage, high voltage, storage 
capacitor and voltage regulator 
tube for applications requiring con-
stant available energy over long 
periods of time. The nuclear bat-

improved reliability and sustained quality control, 
through periodic calibration of test instruments, can 
be achieved by semi-skilled personnel using either 
of these self-contained standards. 

Model 829 provides full-scale calibration 
accuracy of 0.5% for both AC and DC meters 
over ranges from 0.25 millivolt to 2000 volts 
and 2 microamperes to 20 amperes. AC cali-
brations can be performed from 50 to 400 cps., 
depending on line frequency used, or unit can 
be driven by optioned variable frequency 
power supply. Automatic protection for both 
operator and instrument under test is provided 
by interlocks and high voltage discharge cir-
cuits. Net price $2,650. 

Model 829A provides full-scale calibra-
tion accuracy of 0.25% for AC and DC meters 
over same ranges as Model 829. Horizontally 
mounted standard meters are employed, and a 
fluorescent light is provided for proper illumi-
nation. The illustration shows the Model 829A 
mounted on the Model 10 Test Equipment Cart 
with the standard meters recessed into a drop-
leaf work shelf. Mounted inside the Cart is the 
Model 500 Variable Frequency Power Supply 
which will supply any frequency for calibra-
tion from 50 to 400 cps., plus excellent line 
regulation. Net price of Model 829A with spe-
cial Weston meters is $ 3,150. 

SEND 
FOR 
TECH. 
DMA 

For additional inforrna-
tion, including applica-
tion data, write or 
hone In et-3100 Deal-

Ponsticitiont available 

by local representatives. 

Performance is rigidly guaranteed. 
Prices are f.o.b. Boonton, N.J. 

and subject to change without notice. 
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fret  

THE FIRST 

MODULAR 
eh.ei 

PORTABLE RECORDING SYSTEM 

MASSA METERITE 

Model BSA 200 

Basic System Assembly 

with Preamplifiers 

Ôrshiandieff. qeahetei 

• INTERCHANGEABLE PLUG-IN PREAMPLIFIERS — Low, Medium, 
High Gain DC; AC; Chopper; Carrier and Servo 

• EXTENDED FREQUENCY RANGE — Full Scale Amplitude to 
100 cps. Reduced Amplitudes to 200 cps available 

• RECTILINEAR MOTION — Free of Curvi/inear Distortion 

• 6 CHART SPEEDS — Covering the Range .5 to 200 mm/sec 

• INK OR ELECTRIC WRITING — Ink, using hermetically sealed 
disposable ink carLidges. Electric, using auxiliary power 
supply and electric styli 

• TRANSISTORIZED DRIVER AMPLIFIERS — Differential and 
Single Ended 

• LIGHTWEIGHT Approximately 35 lbs. 

Multi-Channel Systems Are Also Available 

Write for Complete Information 

MASSA\ 
1,z, • S. ,-

P./OCS.^,•C 

6 FOTTLER ROAD 

HINGHAM. MASSACHUSET rs 

tery uses Krypton 85 and is free 
from the hazards of ingested radio-
activity. 
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Scaler 
count and time 

RADIATION INSTRUMENT DEVELOP-
MENT LABORATORY, INC., 5737 S. 
Halsted St., Chicago 21, Ill. Model 
49-33 combines decimal count scaler 
with time scaler on single chassis. 
It features preset time to 1,000 sec 
or preset count to 107; resolving 
time, 1 esec; positive or negative 
input; includes full range discrimi-
nator, precision fixed mercury pulse 
generator and electrically reset four 
digit register. 
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Portable Tester 
of insulating oil 

ASSOCIATED RESEARCH INC., 3777 
W. Belmont Ave., Chicago 18, Ill. 
Model 4505-A is a portable high 
voltage tester of insulating oils used 
in oil immersed transformers, bush-
ings, power supplies, electronic 
components and assemblies. It 
weighs 42 lb and provides up to 
35 kv a-c at 2 kva for voltage break-
down tests. Price is $725. 
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Thyratron Tube 
high-voltage 

WESTINGHOUSE ELECTRIC CORP., 
P. 0. Box 284, Elmira, N. Y. WI,-
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THE GUIDE TO 
INDUSTRIAL 
ELECTRONIC 
WIRE & CAR 
including 

ALPHLEX0 TUBING 
& LACING CORD 

• now over 5,000 items 

• industry's most 
comprehensive line 

• Alpha Wire products are IN-STOCK at 
electronic parts distributors coast to coast. 
Write for your free catalog to Dept. I 59 

ALPHA WIRE CORPORATION 

200 Varick Street, New York 14, N. Y 

ALPHA WIRC CORPORATION 

NEW 

INDUSTRIAL 
EDITION 

abie • tac e  
ALPHLEX1, Tubing 8 SleevIn• b  

CIRCLE 162 ON READER SERVICE CARD 

DRAWN SHELLS 

FORMED METAL PARTS 

EYELETS • FERRULES• METAL STAMPII;IGS•ASSEMBLIES 

ENGINEERING The Cly-Del Engineering Department is avail-
able to you to help develop your requirements. 

TOOL ROOM The Cly-Del Tool Room can help you meet the 
demands of time, economy, accuracy. 

MANUFACTURING Cly-Del ... The complete home for contract 
production ... can manufacture custom parts for you 
from all metals. 

CLY-DEL MANUFACTURING CO. 

46 SHARON ROAD 

WATERBURY, CONN. 

WRITE FOR 

complete insight 
into Cly-Del. Free 

reference brochure. 

8 MAX. 

/nee 64 
Magnecraft 

Relay 

2 5. 32--H iw11 64 

11-5 16 TjT 
For 1'6. .317 
DPDT t 

2 — 6-32.37 
— topped holes +750 

inn of Great Sensitivity 
• • 

Minimum Operate Milliwatts 
SPDT DPDT 3PDT 4PDT 

60 120 200 300 

Long Time Delay 

66 S 

Operate Delay up to . 15 sec. 

Release Delay up to .25 sec. 

and Tremendous Life 
A unique, pin-type armature hinge, with stain-

less steel pin and heavy duty yoke with precision 

reamed over sized bearing surfaces assures re-

liable operation through long service with mini-

mum adjustment. 

Available with wide selection of contacts 
ranging from bifurcated gold alloy for dry 
circuits to 10 ampere heavy duty. 

For DC operation tt ith 12 contact arms per 
stack ( 24 arms per relay I. 
For direct AC operation st ith 6 contact arms 
per stack ( 12 arm, per relay). 
Full wave rectified for operation from all 
AC frequencies ( 25 to 400 cycles) with 12 
contact arms per stack ( 12 arms per relay). 

Also available with plug-in mounting and 
hermetically sealed or dust tight enclosure. 
....an be furnished to meet military specifica-
tions for shock and vibration; also to with-
stand wide temperature variations. 

Literature moiled promptly on request. 

MAGNECRAFT 
Electric Company 
3350B W. Grand, Chicago 51, III. 
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New UNION readout instruments 

withstand shock, vibration and 

extreme temperature changes 

Union Switch & Signal's new READALL* 
readout instrument replaces complicated 
systems of lights and relays for reading, 
storing or transferring all types of in-
formation for industrial and military 
applications. It is not to be confused with 
conventional indicating devices. 

Designed to meet require-
ments of MIL-E-5422D. The 
new READALL readout instrument is 
precision-built and provides instantane-
ous and continuous operation under con-
ditions of shock, vibration and extreme 
ranges in temperature. The digital dis-
play includes characters in numerical 
sequence from 0 to 9 plus two blank 
spaces. 7/ft2-inch characters can be illumi-
nated red or white as desired; when not 
illuminated, they appear white against 
a black background. 

Reliability. Performance through one 
million random operations is an in-
herent feature of the new READALL in-
strument. Each module is gasket-sealed 
in its case to exclude moisture and seal 
out foreign particles. An especially thin 
enclosed DC motor, containing ball bear-
ings, permits more efficient operation. 

Modular Construction. A 
unique feature of the readout instrument 
is its modular construction. It can be 
used individually or in groups to display 
multiple characters in a single case. 

Direct Code Translation. The 
operation of the READALL readout in-
strument is based on a positioning system 
using a four-bit code. The visual display 
is the result of a direct electro-mechani-
cal conversion of a binary signal to a 
decimal read-out. There is no need for 
additional conversion equipment. Sepa-
rate code and motor circuits permit the 
use of the readout instrument in low-
level circuitry. 

Electrical and Visual Data 
Storage. Once positioned, the infor-
mation is displayed until a new code is 
transmitted to the instrument. No power 
is consumed while the information is 
retained. This data may be stored or 
read-out electrically for further trans-
mission or recording. 

Operate Time. The operate time 
varies from 0.1 second to 1.0 second de-
pending on character position. 

Weight and Size. Maximum 
weight including case is seven ounces; 
without case, four and one-half ounces. 
Size encased is 513/64 inches long, 14%4 
inches high and 3%4 inch wide. The new 
READALL instrument is designed for 
operation over a temperature range of 
-54°C to +71°C in humidities up to 
100% and altitudes up to 70.000 feet. 
For more information, write for Bulletin 
1019. *Trademark 

'jtoineeitd by Azih-deuel,on, Science" 

El UNION SWITCH & SIGNAL 
DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY 

PITTSBURGH 18, PENNSYLVANIA 

7269 high-voltage thyratron tube 

for new designs of d-c power sup-

plies. Rating of 3.2 amperes and 

21-kv inverse voltage permits de-

sign of 20-kv, 10-ampere, three-

phase, full-wave bridge-type recti-

fier adjusted by phase control from 

zero to full voltage. Also permits 

high-speed electronic regulation of 

the d-c output. 
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Tape Recorder 
full track 

ROBERTS ELECTRONICS INC., 1u28 

N. LaBrea Ave., Los Angeles 38, 

Calif. Model 191 full track mon-

aural tape recorder (similar to 91)-

C stereo recorder) with new full-

track erase and record/playback 

heads. Equipped with head, pre-

amp, amplifier outputs, Roberts 

hysteresis synchronous motor and 

VU meter. Price: $325. 
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Magnetic Clutch 
meets MIL- E-5272B 

GUIDANCE CONTROLS CORP., 110 

Duffy Ave., Hicksville, L. I., N. Y. 

Type C-18 magnetic clutch features 

high output torque for its size. For 

friction face models output torque 

is 80 oz in. ( minimum) at 24 to 28 

d-c. Breakaway torque is 0.15 oz 

in. energized and 0.05 oz in. de-

energized. Maximum weight is 13.5 
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oz. It meets MIL-E-5272B environ-
mental qualifications tests for vi-
bration, fungus, shock, humidity, 
temperature, salt spray, sand and 
dust. 
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Motor Drive Amplifier 

precision unit 

PRECISION INSTRUMENT CO,, San 
Carlos, Calif. Designed to provide 
precise 60 cps power for tape re-
corder motors, the MDA series has 
applications in other fields where 
extreme frequency regulation of 
the power source is required. Mo-
tor drive amplifiers are available 
for operation from either 24-28 
d-c or 105-125 y a-c, 48-62 cps. Out-
put is 100 w with frequency regu-
lation -±0.02 percent. Third har-
monic component is negligible. 
Unit weighs 35 lb, measures 7i in. 
high by 15i in. wide by 8g in. deep. 
Price is $ 1,350. 
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Crystal Case Relay 
rugged unit 

HI-G, INC., Bradley Field, Windsor 
Locks, Conn. Type B relay meets 
all requirements of MIL-Std draw-
ing MS-24250. Also available as 
type BR, with internally mounted 
silicon rectifiers for use at 400 cps 
a-c or higher. Contact rating is 2 
amperes at 28 I/ d-e or 115 y a-c for 
a life of 100,000 cycles. Both types 

0 
A 

F.M. Deviation Measurement 

Wide Deviation — 

High Carrier Frequency 

MARCONI DEVIATION 

METER MODEL 928 CAN 

BE USED AT CARRIER 

FREQUENCIES UP TO 

500 mc FOR DIRECT 

MEASUREMENT OF DE-

VIATIONS UP TO 400 kc. 

DEVIATION METER 

MODEL 928/2 

is an alternative narrow-

deviation model arrang-

ed for use at carrier 

frequencies between 215 

and 265 mc. 

Please send for leaflet B1321.4 

ABRIDGED SPECIFICATIONS 928: — CARRIER FREQUENCY: 20-100 mc 
(fundamental), up to 500 mc using harmonics. FREQUENCY DEVIATION: 0-100 
kc, 0-200 kc; 0-400 kc in the mod. frequency range 50 cps—I20 kc. ACCURACY: 
+3% R.F. INPUT RANGE: 55 mv — 10 v. 928/2: — As above except for the 
following:—CARRIER FREQUENCY: 215-265 me. FREQUENCY DEVIATION: 0-15 kc, 
0-50 kc, 0-150 kc. 

MARCONI 
INSTRUMENTS 

Inteithei, 

let 6- et, 
tat eap, 

Ill CEDAR LANE ENGLEWOOD NEW JERSEY Tel: LOwell 7-0601 

Carrada: Candian Marconi Co. Marconi Building. 2442 Trenton Ave. Montreal 16 

MARCONI INSTRUMENTS LTD • ST. ALBANS HERTS • ENGLAND 

ii 

TC132R 
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PYR I STO R ... protects your 
equipment circuitry.. .precisely 

Write for new 
Brochure containing 
complete specifications: 

advanced concepts of 
precision specialty 
switches for maximum protection 

REPLACE FUSES WITH A 

NEW miniature, hermetically sealed, single-
shot, current- sensitive switch for positive 
overload protection and for current operated 
triggering devices. 

RELIABILITY in critical environments 
... from —100° F. to +1000°F. continuous. 
...closing time 1 millisecond to 5 seconds. 

1631 COLORADO AVENUE 
SANTA MONICA, CALIFORN IA 

are suitable for vibration of 30 g 
to 2,000 cps minimum, and employ 
permanent magnets as "hold open" 
devices to eliminate contact chatter 
due to mechanical resonance. 

CIRCLE 237 ON READER SERVICE CARD 

---- I • 

Panel Meter 
subminiature 

ALCO ELECTRONICS MFG. CO., 3 Wol-
cott Ave., Lawrence, Mass. Model 
S-10 subminiature panel meter 
has shielded moving coil movement 
and adapts to miniature tran-
sistorized circuits for voltage and 
current indication. Unit's clear 
plastic front measures by in., 

barrel diameter. Available 
ranges are 0-200, 500 i.ta d-e; 0-1, 5, 
10 and 20 ma d-c; 0-15, 0-100 y d-c; 
and 0.150 y a-c. 
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Terminal Boards 
commercial type 
GENERAL PRODUCTS .CORP., Union 
Springs, N. Y. Terminal boards for 
commercial applications have 
molded-in conductors, do not need 
saddle plates on mounting supports. 
Solid insulating back reduces break-
age, guards against moisture and 
makes insulating strip unnecessary. 
Interchangeable with other indus-
trial boards, they feature current 
carrying capacity, long creepage 
path, and thick, high barriers for 
insulation. 
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Control Chassis 
stores encoder data 

DATEX CORP., 1307 S. Myrtle Ave.. 
Monrovia, Calif. Model K-111 con-
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AUTHENTIC 

IN PARIS 

FROM FEBRUARY 

19th. to 23rd. 

1960 

íd internationa 
exhibition 
of electronic 
components 

All manufacturers throughout the world 

will be showing their latest 

achievements. 

Apply for your exhibitor's tile NOW. It will 

give you all the information you need in 

connection with your participation. 

FÉDÉRATION NATIONALE DES INDUSTRIES ÉLECTRONIQUES 

23, rue de Lübeck - PARIS 16e - Tél. : PAS. OUI() 
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NOW POSSIBLE... 
instant construction of Shielded cables with 

NEW! SHIELDED 

Zippertubing 

FEATURES: 
• Pure metal foil now laminated to the inner surface of 
Zippertubing for Immediate shielded cable. 

• Shielded cable at a fraction of the cost of the conven-
tional tin-copper shielding, plus outer jacket. 

• Permits emergency and maintenance repair modifications 
in the field. 

• Both high & low frequencies are shielded up to six 
gausses with attenuation result up to 1200:1 at 250MC. 

• Offered with overlap construction for 100% coverage 
protection. 

• May be stored in flat form with sizes from 1/2" I.D. up. 

A strong, durable, yet flexible 
shielded cover can be applied in 
minutes. With Shielded Zipper-
tubing a manufacturer can create 
his own shielded cable at a frac-
tion of the cost and approximately 
1/10 of the delivery time. The nor-
mal time and labor spent in en-
casing cables and wire harnesses 
can be reduced by as much as 90%. 
No special equipment necessary. 

Zippertubing MANUFACTURED BY 
THE ZIPPERTUBING CO. 

752 So San Pedro Street, Los Angeles 14, Calif., Michigan 0831 

Three ranges of shielding 
available; light-aluminum, 
medium-lead, heavy duty-
magnetic foil. 

SPECIFICATIONS: 

Wall Thickness: 
.020, . 040, .060 AVVG 

Material: 
Plastic saturated fiber 
glass backed material 
laminated to various 
metal foils. 

Put- Up: 
Available in 25 to 300 
foot rolls. Longer 
lengths available upon 
specification. 

Sizes: 
3/4 " I.D. up, in 
increments of kis", 
± 

Colors: 
Gray. Other colors 
available on special 
order. 

IN LESS THANC\ 
4 SECONDS 

FROM THIS 

TO THIS 

OR THIS 

WITH THE REVOLUTIONARY 
PRODUCTION AID TOOL! 

"PIG-TAILOR"4 

Foot operated 
No accessories 
3 minute sel up 

$125•00 

"PIG- TAILORING" 
a revolutionary new mechanical process for 
higher production at lower costs. Fastest 

PREPARATION and ASSEMBLY of Resistors, 

Capacitors, Diodes and all other axial lead 

components for TERMINAL BOARDS, PRINTED 

CIRCUITS and MINIATURIZED ASSEMBLI ES. 

FIG-TAILORING el;n1;nates, . Diagonal cutters 
• Long nose pliers • Operator judgment • 90% 
operator training time • Broken components • 
Broken leads • Short circuits from clippings • 
65% chassis handling • Excessive lead tautness 
• Haphazard assembly methods. 

PIG-TAILORING provides: • Uniform component 
position • Uniform marking exposure • Minia-
turisation spacing control • "S" leads for termi-
nais • "U" leads for printed circuits • Individuel 
tut and bend lengths • Better time/rate analysis 
• Closer cost control • Invaluable labor saving 
• Immediate cost recovery. 

Pays for itself in 2 weeks 

\ ew  

"SPIN-PIN" 
Close-up views of 
• illustrate 

fast assembly of 

tadored-lead roue ta 

terminal. 

• No Training 

• No Pliers 

• No Cl ippings 
• Uniform Crimps 

• 22 Sizes 

PAYS FOR ITSELF 

THE FIRST DAY1 

$500 Foc. 
Write for illustrated book fo Deot E- U 

BRUNO-NEW YORK INDUSTRIES CORP. 
DESIGNERS & MANUFACTURERS OF ELECTRONIC EQUIPMENT 

460 WEST 34th STREET • NEW YORK 1, N. Y. 
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GM TACHOMETER-GENERATORS 
Built to all applicable Government.Specification 

In production—available for prompt delivery. 

BuOrd Mark 12 Mod 0 SERVO MOTOR Tachometer 
Generator 115 volts / phase, 4500 RPM (min). 

reeM11111111111 

dareameaelle 

BuOrd Mark 16 Mod 0 SERVO MOTOR Tachometer 
Generator 115 volts / phase, 4500 RPM (min). 

e-1! Servo Ijotors 
G-M LABORATORIES INC. 

1336 N. Knox Avenue • Chicago 41 

eet 
o 

For complete information 
on these and all 

. .... % SERVO MOTORS, 
write for G-M 
PROCUREMENT ..... 
SPECIFICATION 
NO. 665 and 

çattilo 

BuOrd Mark 16 Mod 3 SERVO MOTOR Tachometer 
Generator for transistor operation 115 volts fixed 
phase 36/18 volts control phase, 4500 RPM (min.) 

trol chassis offers rapid acquisition 
of data. Unit translates Datex or 
other binary-coded inputs into deci-
mal or binary-coded outputs, and 
upon command stores the input in-
formation for remote readout. It 
utilizes transistor storage of en-
coder data and combines this buffer 
storage input with relay output. It 
is capable of three modes of opera-
tion: store only, follow only, or fol-
low and store on command. 
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Resistor 
very low noise 

OHIO SEMICONDUCTORS, INC., 1035 
W. Third Ave., Columbus 8, Ohio. 
Type MS-41 Magnetoresistor is a 
semiconductor in which electrical 
resistance is a function of an ap-
plied magnetic field. It features a 
10 to 1 change in resistance with an 
applied field of 10 kilogauss. 
Greater changes can be achieved at 
greater fields with a linear depend-
ency. At lower field densities, it 
obeys an approximate square func-
tion. 
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Voltage Reference 
highly stable 

NETWORKS ELECTRONIC CORP., 
14806 Oxnard St., Van Nuys, Calif. 
Voltage reference has 1-v d-e out-
put operating into 1,000 ohms. Out-
put is held within ±1.2 mv over in-
put conditions from 100 to 130 
a-c, 25 cps to 10,000 cps, operating 
temperatures of —55 C to +100 C, 
and any combination of specified 
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NEW FROM SPECTROL 

variations in temperature and power 
input. Meets MIL-E-5272A, requires 
3 va nominal power, weighs 3 
oz and mounts in any position. Used 
in power supplies, metering cir-
cuits, and strip chart recorders. 
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Thyratron Driver 
3.9 K output impedance 

COMPUTER CONTROL CO., INC., 92 
Broad St., Wellesley 57, Mass. 
Model TO-10 thyratron driver ac-
cepts standard T-PAC model LE-10 
signals. Generates output pulses 
of sufficient amplitude and width 

to trigger thyratrons, other devices 
or circuits which cannot be driven 
directly from the LE-10. Output 
amplitude is 14.0 I/ positive; output 
pulse duration; 50 esec minimum, 
75.0 esec nominal. 
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Dual Delay Line 
relay operated 
ESC CORP., 534 Bergen Blvd., Pali-
sades Park, N. J. Model 71-50 is a 
relay operated, dual channel delay 
line, designed to obtain coincidence 

between two signals of different 
time and a third reference signal. 
Characteristics are: delay, 1 to 1.5 
esec, independently variable in each 

channel in increments of 0.05 ¿asee; 11 

The Industry's First Complete Line of 

MILe2224,›..U.L 
Multi-Turn Precision Potentiometers 

Spectrol's sturdy new metal 
multi-turns are as tough to push out 

of shape as Sir Spectrol, our man 
in armor. Available in eight models, 

featuring anodized aluminum 
cases with 3/16 inch thick walls that 

absorb no moisture — dissipate 
more heat faster and stay 

dimensionally stable. These 
armored pots, four 3-turn and 
four 10-turn, will operate from 

—55°C to + 125°C and 
withstand relative 
humidity of 95%. 

You can choose diameters of 7/8, 1, 
1-5/16 and 1-13/16 inches in both 
three and 10-turn models. Standard 
linearity tolerance is ± 0.25% with 
special linearity available to ± 0.020%. 
Like Sir Spectrol, the man in the iron 
suit, the new metal multi-turns will take 
a respectable jolt. They function to 
20g vibration from 55 to 2,000 cps 
and withstand 30g shocks. 

For more details, call you Spectrol engineering representative listed 
in the yellow pages or write us direct. Please address Dept. 180. 

MODEL 

No. of coil turns 

Diameter (inches max.) 

Standard resistance 
range in ohms (±3%) 

Special resistance to 

540 530 580 560 780 790 880 840 

10 3 10 3 10 3 10 3 

1 1 1% 1% 1% 

25- 10- 25- 10- 30- 10- 50- 20-
125K 36K 150K 40K 300K 90K 400K 120K 

250K 75K 250K 75K 750K 240K 1 meg 330K 

Be ur e 

ELECTRONIC S 
CORPORATION 

1704 South Del Mar Avenue 

San Gabriel, California 

your pot's In armor! 
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ANOTHER ACME ISONEL WIRE! 

Specify #175 — Class F— /55° C 

ACME Isonel Wire 175, when used 

with compatible varnishes, is suit-

able for Class F applications. 

ACME Isonel Wire = 175 has all the 

properties of Formvar Wire PLUS, 

without increase in cost. 

ACME Isonel Wire = 175, when used 

with ACME = 150 Varnish, is suit-

able for Class B applications. 

THE ACME WIRE COMPANY 
NEW HAVEN, CONN. 

MAGNET WIRE • COILS • VARNISHED INSULATICNS 
INSULATING VARNISHES AND COMPOUNDS 

•••••••••••••••••••••••••••••••••••••••••9••••••••••••• 
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DE FASTENERS\ 
PROVIDE VIBRATION-PROOF HOLDING 
AND QUICK, FOOL-PROOF RELEASE! 

APPROVED UNDER ARMY- NAVY STANDARDS 

Here's a simple, easy means of securely 
fastening assemblies to withstand shock or 
vibration, and yet allow quick removal for 
inspection or repair. Instant snap action en-
gages or releases fastener . . . no tools 
are required! After installation, fasteners 
never need adjustment . . . even with re-
peated use. 

Three sizes available for different load 
requirements. Large and medium sizes are 
made of corrosion-resistant stainless steel. 
Small size is made of nickel-plated brass. 
Stock parts fit various thicknesses of flanges 
and mounting plates . . . special parts 
can also be supplied. 

I II111,111,..., 

WRITE FOR FULL DETAILS TODAY 

( 
COMPAN 

202 E. SIXTH STREET DAYTON. -OHIO 

impedance, 1,000 ohms; output rise-
time, 0.06 iisec per channel; dimen-
sions, 8 by 4 by 4 in. 
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í4t1 

Panel Light 
front mounted 

TRANSISTOR ELECTRONICS CORP., 
3357 Republic Ave., Minneapolis 26, 
Minn. FML series requires no rear 
in place by the lens which acts as a 
compression ring. Replacement is 
accomplished by removing the lens 
and slipping the unit forward 
through its own mounting hole. 
Connections are made by means of 
collet terminals, by wire wrap or 
by soldering. The FML mounts in a 

in. hole on .t in. centers. 
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Spatula 
for relay cleaning 

JONARD INTERNATIONAL CORP., 624 
Madison Ave., New York, N. Y. 
Diacrom spatula cleans and polishes 
relays and contacts with diamond 
particles without affecting normal 
gap between contact points. 
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Molding Compound 
polyurethane 

COAST PRO-SEAL & MFG. CO., 2235 
Beverly Blvd., Los Angeles 57, 
Calif. Pro-Seal 793 two-part poly-
urethane molding compound with 
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electrical properties and fluid re-
sistance needed for cable. Tempera-

ture range is — 65 F tu +300 F; 
tensile strength, 2,000 psi; elonga-

tion, 500 percent. Aside from cable 
molding, the compound is used for 

general purpose molding, encapsu-
lation and coating. Cures at room 

temperature. 
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R-F Receptacle 
for printed wiring 

SEALECTRO CORP., 610 Fayette Ave., 

Mamaroneck, N. Y. A ConHex type 

3007 receptacle connects coax cable 

to printed wiring by dip soldering. 

Center contact is held in assembly 

between two insulators, preventing 
longitudinal or rotating movement, 

and is also soldered to the printed 
wiring on the face of the board. 

Mates with ConHex type 3000 

straight plug, type 3005 right-angle 
plug or equivalent. 
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Test Set 
frequency-voltage 

AIRPAX ELECTRONICS INC., Seminole 
Division, Ft. Lauderdale, Fla. 

Model 4B measures frequency, a-c 
and d-c voltages. Expanded-scale 
frequency meter ( 350 to 450 cps) 

accuracy is ", cycle at 400 cps. D-C 

voltage measurement ( 0 to 30 v) 

accuracy is percent at 27.5 v. Two 
a-e ranges ( 0 to 150 and 0 to 300 v) 

provide 1 percent accuracy at 115 

FREE ANALYSIS 
OF YOUR DIFFICULT 

MACHINING PROBLEMS 

Cuts Round Semiconductor Chips, Increases Yield 13% 

PROBLEM: Cut round semiconductor chips from silicon and germanium 
wafers. Advantage of round chips is that for a given area they fit into 
smaller packages than rectangular chips. Also, round chips offer no 
orientation problem in packaging, thus lend themselves readily to auto-
matic assembly. 

SOLUTION: A Raytheon Impact Grinding Analyst recommended using 
ganged steel tubes brazed together as the cutting tool with a 700 watt 
Raytheon Impact Grinder. 

RESULT: Round chips successfully mass-produced, yield per wafer of 
semiconductor material increased 13%. 

HOW YOU CAN BENEFIT: Whatever your difficult 
cutting, slicing, drilling or shaping problem—in 
hard or brittle material your Raytheon Impact 
Grinding Analyst can help you solve it. For full 
details, fill out the enclosed coupon and send 
it in. No cost or obligation. 

MAIL THIS 

COUPON 

FOR FREE 

ANALYSIS 
—without 

cost or 

obligation. 

Excellence in Electronics 

TO: RAYTHEON COMPANY 
INDUSTRIAL APPARATUS DIVISION 
PRODUCTION APPARATUS DEPT. GE10 
MANCHESTER, NEW HAMPSHIRE 

o 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.) 

NAME  

COMPANY  

ADDRESS  

CITY  STATF 

9 
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YOKE Dim RtiOg 
your problem? 

Uniform magnetic fields 
Produced in Celco 
Precision 
Deflection 
Yokes 
Minimize 

SPOT 
DISTORTION 

Exclusive Celco core materials make it 
possible to achieve faster recovery times, 
minimum hysteresis, high linearities and 
maximum sensitivities. 

Contact Celco Engineering Department for 
a fast solution to all your yoke problems. 

Celco produces a complete line of stand-
ard or special commercial and military 
precision deflection yokes. 

Celt() 
ecuedectati« e E«.9cie eele:«9 

ael afrzatau:e4 ea. 

Main Plant: MAHWAH, N. J. DAvis 1-1123 
• Pacific Division • Cucamonga, Calif. - YUkon 2-2688 
• Central Division, Lanesboro, Pa. - Ulysses 3-3500 
• Southern Division, Miami, Fla; - Wilson 5-2164 

and 208 v, and 2 percent full-scale. 
Phase checker and continuity check-
! ing are built in. your worries about 

This package can end 
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silicon processing ... 

Preamplifier 
variable bandwidth 

KIN TEL DivisioN of Cohu Elec-
tronics, Inc., 5725 Kearny Villa 
Road, San Diego 12, Calif. Model 
458 preamplifier handles small d-c 
or a-c signals in the 30 to 2,000 cps 
range. It extends the sensitivity of 
precision measuring instruments. 
Gain is set at a constant value of 
100, with gain accuracy of 0.1 per-
cent. Linearity is held within 0.01 
percent. Amplifier is chopper sta-
bilized to keep drift below 2 gv per 
24 hr. 
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Portable Ohmmeter 
direct reading 

ASSOCIATED RESEARCH, INC., 3777 

W. Belmont Ave., Chicago 18, Ill. 
Precision ohmmeter with accuracy 
held to percent of mid-scale, ad-
vantageous in resistance measure-
ments of leads, grounds, compo-
nents, point-to-point circuit tests 
and many other applications. Model 
244 is calibrated in 4 ranges, for 
measurements from 0.05 ohm to 
50,000 ohms; model 246 for meas-

Inside this box you'll find doped silicon 
single crystal slices from Allegheny. 

Who needs them ? You do... 

If you wish to increase production 
without tying up capital in facilities 
for slicing, lapping, etching and such. 

If you'd like to avoid being depend-
ent on just one source of supply. 

You solve either (or both) of these 
problems with Allegheny's new service 
because you get single crystal slices 
that are ready for use. 

These slices from vertically pulled 
or float zoned crystals are doped to 
range with 99.999% group III and/or 
V elements. Standard thicknesses from 
.005" to .020" and diameters from 1/4, 
to 1% inches. 

As for lapping, this we do to your 
specification. If you wish, we prepare 
one or both sides for diffusion. Other-
wise slices are etched, cleaned and dried 
before being delivered to you. 

Details? We'll provide answers to 
your questions, promptly. 

NOTE: You'll find that Allegheny devotes its 
efforts exclusively to producing ultra-pure sil-
icon in every form. You might also be inter-
ested in more facts about bulk, billets, rods, 
doping alloys, seeds or special forms. 

If so, write, wire or phone: 

Allegheny Electronic Chemicals Co. 
207 Hooker-Fulton Bldg., Bradford, Pa. 
252 North Lemon St., Anaheim, Calif. 

ALLEGHENY 
ELECTRONIC CHEMICALS CO. 

Producers of semiconducting materials for 
the electronics industry. 
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PRECISION RESISTORS 
Type P. wire wound, encapsulated, minia-
ture single ended units for mounting on 
printed circuit with no support other 
than wire leads. Resistor element is in-
sulated by Teflon from lead wire, in-
creasing voltage breakdown. Can be 
operated in ambient temperatures up 
to 125°C. 7 sizes, from 1/4" to 3/8" 
diam. Rated from .1 to .4 watt. Re-
sistance values to 2 meg. Toler-
ance from 1% to .05%. Meets 
requirements of MIL-9-93B. 

Other PRECISION WIRE 
WOUND RESISTORS: Type L 
with radial lugs, radial or 
axial wire leads; Type S, 
hermetically sealed, with 
axial wire leads. 

RESISTANCE PRODUCTS 
COMPANY 

914 5. 13 St. Harrisburg, Pa. 

Specialists in manufacturing quality resistors: Presumo cm 

Wire Wound — High Voltage — High Megohm — High 

Frequency. Our test equipment and standards tom 
checking and calibrating are matched only by leading 

.obototorres Write for more information. 

METAL FILM RESISTORS 

NEW! This precision low noise metal 
film resistor meets and exceeds 
requirements with temperature co-
efficient of plus or minus 50 
ppm/°C independent of resistance 
value. Standard tolerance plus 
or minus 1 per cent. Type 
WIIM-1.125" long x .406" 
diam.—is equivalent to MIL 
Style RN 75, maximum volt-
age rating 500V. Type WFH-
.781" long x .250" diam. 
—equivalent to MIL Style 
RN 70, maximum volt-
age rating 350V. 

Enclosed in spe-
cially designed 
hermetically sealed 
plastic casing ( pat-
ent pending) to 
protect precision re-
sistor element. 

urements from 0.01 ohm to 100,000 
ohms. 
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Spectrum Analyzer 

high-frequency 

FURZEHILL LABORATORIES LTD., 475 

Fifth Ave., New York 36, N. Y. 
By using the S.510 the frequency, 
amplitude spectrum of a-m or f-m 
emissions in the 3-30 mc band may 
be observed and measured by means 
of a panoramic presentation on a 
crt. Dual-persistence screen used 
permits a range of trace repetition 
rates from 0.1 to 30 sec. Equipment 
is suitable for measurement of sig-
nal components in a 60 db range 
and occupying a bandwidth of up 
to 30 kc. Type S.520 frequency 
changer which mounts below, and 
draws its power from the analyzer, 
extends the range below 3 inc. 
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SPDT Switch 

high-temperature 

MICRO SWITCH, Freeport, Ill. The 
17AC1-T subminiature door inter-
lock switch for h-v cabinets, radio, 
radar, sonar, x-ray, and other elec-
tronic cabinets measures 1.182 in. 
by 1.50 in. by 0.35 in. and weighs 
0.32 oz. 
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Reduce rejects and 

operational failures 

caused by airborne dirt, 

dust, lint, abrasives 
with the 

HONEYWELL 
ELECTRONIC 
AIR CLEANER 
\ hen microscopic airborne dirt, 
dust, lint and abrasives get into 
precision electric and electronic 
devices, the results are unusually 
high reject rates, poor product 
quality, operational failures. The 
Honeywell Electronic Air Cleaner 
will protect your precision com-
ponents from the damaging action 
of these airborne spoilers by trap-
ping particles 100 times as small 
as those stopped by mechanical 
filters. 

Pays for itself! Send 
coupon today to learn how the 

Honeywell Electronic Air Cleaner 
soon pays for itself in: 

• Electronic Manufacturing 

• Controlled environment 
rooms for precision 
manufacturing, processing 
and assembly 

• Switch & relay rooms 

• Computer rooms 

• Transmitter rooms 

• Precision component 
manufacturing 

MINNEAPOLIS-HONEYWELL 
Dept. EL-10-45 Minneapolis 8, Minn. 
Please send free copy of Electronic Air 

Cleaner booklet, "A Close Look at Air-
Borne Dirt." We have the following 

i)roblerns• 

Vamp  

Company  

.1ddress 

City State 
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Literature of 
The 

importance 

of being 

YOU 
is important 
at Motorola 

You as an engineer know ... and Motorola knows .. . 

that a project has its best chance for success when you are given 

the opportunity to be yourself. This means expressing 

your ideas in an atmosphere that encourages initiative and 

independence and recognizes accomplishment. As a 

member of a project team, you become a key figure at every 

level of creative engineering, from preliminary conception, 
design, into production, then final evaluation. The success of 

Motorola's integrated project approach to military 

;electronic assignments is a matter of record. A great number 

of diversified positions with rewarding careers . . . plus 

a bonus in better living in the sunniest, healthiest climate in the 
United States . . . await you in Phoenix. Write today 

to Kel Rowan. Dept. A-10 

OPPORTUNITIES 

ELECTRONIC ENGINEERS 

MECHANICAL ENGINEERS 

PHYSICISTS 

System Analysis, Design & 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 l-F 

Servos • Digital and Analog 

Technical Writers and Illustrators, Quality 
Control Engineers, Reliability Engineers 

A MOTOROLA 

Western Military Electronics Center 

8201 E. McDowell Road, Scottsdale. Arizona 

Motorola aiso offers opportunities at Riverside, California and Chicago, Illinois 

MATERIALS 

Epoxy Resin. Minnesota Mining 
and Mfg. Co., 900 Bush Ave., St. 
Paul 6, Minn. Processes for in-
sulating transformers to meet the 
grades of MIL-T-27A with Scotch-
cast brand epoxy resin are out-
lined in an 8-page booklet. 
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COMPONENTS 

Transformer Specification. IL-
crotan Co., Inc., 145 E. Mineola 
Ave., Valley Stream, N. Y., has 
available a short-form interpreta-
tion of transformer type designa-

tion per MIL-T-27A. 
CIRCLE 271 ON READER SERVICE CARD 

Computer Transistors. Texas 
Instruments Inc., 13500 N. Central 
Expressway, Dallas, Texas. A 
mailing piece covers eight com-
mercially available complementary 
pnp and npn alloy germanium com-
puter transistors. 
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Miniature Clamps. Sterling Pre-
cision Corp., 17 Matinecock Ave.. 
Port Washington, N. Y. A 48-page 
catalog offers the complete stand-
ard stock line of miniature clamps 
used by the servo computer. elec-
tromechanical and electronic in-
dustries. 
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Magnetic Clutches. Dynamic In-
strument Corp., 59 New York Ave., 
Westbury, L. I., N. Y., announces 
a 4-page catalog on its magnetic 
clutches, brakes and clutch brakes. 
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EQUIPMENT 

Meters. Helipot Division of 
Beckman Instruments, Inc., 2500 
Fullerton Rd., Fullerton, Calif. A 
20-page catalog covers expanded 
scale a-c and d-c voltmeters, ex-
panded scale frequency meters. 
and linear scale ammeters. Cata-
log also points up the company's 
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the Week 

ability to provide voltage monitor-
ing packages. 
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Servo System Simulator. Servo 
Corp. of America, 111 New South 
Road, Hicksville, L. I., N. Y. How 
to design, breadboard, and analyze 
servo systems rapidly, without 
need for fabrication of expensive 
intermediate prototypes, is de-
tailed in a comprehensive report 
describing the Servolab servo sys-
tem simulator. 
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Shock and Vibration Control. 

Barry Controls Inc., 700 Pleasant 
St.. Watertown 72, Mass. Bulletin 
59-05 contains shock and vibration 
control data for military applica-
tions. machinery mounts, commer-
cial applications and test equip-
ment. 

CIRCLE 277 ON READER SERVICE CARD 

Carrier Modulation Analyzer. 
Boonshaft and Fuchs Inc., Hat-
boro Industrial Park. Hatboro, Pa. 
Technical bulletin 91411 describes 
the theory and operation of the 
visual phase sensitive detector, a 
test instrument used in the per-
formance evaluation of a-c servo 
amplifiers and mechanisms. 
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FACILITIES 

Solder Joint Reliability. Dres-
sen-Barnes Corp., 250 No. Vinedo 
Ave.. Pasadena, Calif. An illus-
trated comprehensive report tells 
how failure in electronic equip-
ment can be reduced appreciably 
and reliability improved by using 
a carefully planned. clearly de-
fined. and illustrated checkout 
procedure for solder joint checks. 
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Receiver Sensiti‘ity. HRB-
Singer, Inc., Science Park, State 
College, Pa., has available a re-
ceiver noise figure and sensitivity 
slide rule. To obtain one write on 
company letterhead. 

NEWI An Electronic 

ANALOG COMPUTER 

KIT for just $19995 

104)060 (6 4) 4D.1"k" 
actriterade«,e tsetse:eel 

its deb /se dess 
Plecittrits4sesseeewshets 

t 

4 
00 

HEAT KIT 

• Simulates Mechanical Problems. Processes and Conditions 

• Solves Mathematical Problems 
(Add, Sub., Divide, Multiply, Integrate. Differentiate, get Transfer Functions) 

• In a Class by Itself. But Compares in Functions to Computers Costing Over $1,000.00 

• Easy to Build in 35 to 40 Hours With No Experience 

The lowest priced computer of its quality available anywhere, the new Heathkit 
EC-1 Computer now puts advanced engineering techniques within reach of all. 

Industry %ill find the EC-1 invaluable in trial solutions to mechanical and math-
ematical problems . . . shortens engineering time, speeds up preliminary work. 
frees the advanced-computer time for more complex problems and final solutions. 
And the EC-1 aids in training computer operators and acquainting engineers with 
computer versatility and operation. 

Schools and colleges will find the EC-1 ideal for teaching and demonstrating in 
engineering. physics. and math classes; perfect for laboratory use in teaching 
computer design and applications. 

Individuals will find the EC-1 a fascinating helper in solving mathematical and 
mechanical problems. To consultants and those who work alone, the EC-1 soon 
becomes an indispensable path to speedy, trustworthy solutions. 

Set up scores of complex problems with the assortment of precision components 

and patch cords supplied. Read problem results directly on the 3-range computer 
meter. or use an external read-out device such as the Heathkit OR-1 DC Oscillo-
scope, or a recording galvanometer. Meter can be switched to read output of any 
amplifier for problem results or balancing purposes. Informative manuals provided 
show how to set up and solve typical problems, illustrate operating procedures, 
and supply basic computer information, references, and construction procedure. 
Shpg. Wt. 43 lbs. 

SPECIFICATIONS: Amplifiers: 9 O.C. Operational Amplifiers using one 6U8 per amplilier; each solves mathematical 
problems; each balanced by indixidual panel control without remOvind p,oblem snt-uo. Computing components mount 
on connectors and plug ietc, pan, I sc,c,J ts Open loop gain arproximate:y 1000. Output — 60 to +60 volts at 3 ma. Power 
Supplies: + 300 volts at 25 ma electronically regulated; variable from +250 to + 350 3 control with meter reference for 
‹. !). , 1 +300 volt 1,1,Joat,,, 150 volts at 40 ma regulated by VR tube. Coefficient Potentiometers: Five on panel. Initial 
Condition Potentiometers: Thrcc on panel; used to introduce initial velocity : J ', iron, 41e, on the three "given" 
quantities. Repetitive Operation: Multivibrator cycles a relay at adjustable , ' • • 15 CPS). to repeat the SOlubOn 
any number o! Or',its observation ot effect on solution of changinu •• • Meter: 50.0.50 un movement. 
Power Requirements: 105.125 volts, 50.60 cycles, 100 watts. Dimensions: 193: - " •• 

Order Direct by Mall or see your nearest Authorized Heath kit Dealer 

FREE CATALOG 

Mall the coupon now for 
the Free Heathlut Catalog 
describing over 100 easy. 
to- build Heathldt products 
including test equipment, 
ham radio gear, marine 
equipment and hi-li 
components. 

HEATH COMPANY BENTON HARBOR 1» mlc ,-1 

I: a subsidiary of Daystrom, Inc. 

Please send the latest Free Heathkit catalog. 

NAME 

ADDRESS 

CITY ZONE STATE 

ALL PRICES F.O.B. BENTON HARBOR, MICH. PRICES AND SPECIFICATIONS 

SUBJECT TO CHANGE WITHOUT NOTICE. 

1 
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Sylvania: 22 Plants in Pa. 
MUNCY, PA.—A new plant for custom production of computer com-
ponents, assemblies and coils has just been opened here by Sylvania Elec-
tric Products Inc., subsidiary of General Telephone & Electronics Corp. 
The 77,000-sq-ft facility is Sylvania's 22nd plant in Pennsylvania. 
The new Computer Products Operations plant employs more than 600. 

It replaces leased facilities in nearby Williamsport, where only 250 were 
working at the end of 1958. 

Sylvania President Robert E. Lewis, and a senior vice president, How-
ard L. Richardson, were key speakers at the dedication ceremony. Lewis 
called the new plant "one of the most important units in the nation de-
voted exclusively to the custom production of computer components, 
assemblies and coils." Richardson pointed out Sylvania has a similar 
plant in Santa Cruz, Calif., to serve the West Coast electronics market. 
Lewis predicted the electronic data processing market will amount to 

more than $1 million this year and double itself by 1965. 
The new plant here supplies leading computer manufacturers, diversi-

fied electronics companies throughout the country, and the armed services. 
Sylvania now has 45 plants and 22 laboratories in 39 communities in 13 

states. The company's total productive area is about 6.8 million sq ft. 

Barmat Heads 
New GI Division 
APPOINTMENT of Melvin Barmat, 
thermoelectric physicist-engineer, 
as manager of the newly-created 
Thermoelectric Division of General 

Instrument Corp. is announced. He 
previously had been with the Mar-
tin Co. where he was project man-
ager for Snap III, the five-pound 
atomic thermoelectric generator un-
veiled by the AEC at the White 
House earlier this year. 

Bradley Corp. 

Adds to Staff 
THREE appointments recently an-
nounced by Bradley Semiconductor 
Corp., New Haven, Conn., continue 
a series of changes made during the 
past few months in what shapes up 

as a general revamping of staff and 
production facilities. 
Edward C. Keough, applications 

engineer, has been named to the 
newly created post of assistant sales 
manager. He will assist William J. 

Gagnon, sales vice president, in co-
ordinating new engineering de-
velopments with the broadening 
sales program. 
Robert Carr joins the Bradley or-

ganization as divisional manager in 
charge of the Silicon Division. He 
has served as an engineer with 
Proctor and Gamble, U. S. Steel, 
and most recently in charge of semi-
conductor design in the rectifier de-
partment at General Electric. 
Robbie H. Glass is named produc-

tion engineer in charge of the 
Selenium Division at Bradley. He 
was in the research department of 
the Lynchburg (Va.) Foundry Co., 
and later in the rectifier division 
of General Electric as component 
engineer. 

Appoint Willits 

Department Head 
AIRPAX ELECTRONICS, INC., names 
C. L. Willits as head of the Quality 
Control Department of the Semi-
nole Division in Ft. Lauderdale, 
Fla. 

Willits was previously with the 
Bendix Aviation Corp., Davenport, 
Iowa, where he was employed as 
senior project engineer and Bendix 
Pacific, as design engineer. Prior 
to his employment with Bendix he 
spent 3 years in Europe as en-
gineering representative for Mac-
kay Radio, a division of Interna-
tional Telephone and Telegraph 
Corp. 
As head of the Quality Control 

Department, Willits is responsible 
for insuring conformance of com-

ponents and systems to rigid speci-
fications for industrial products as 
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Last year, traffic accidents killed 37,000, injured 1,400,000 

arid they wasted Five Mori Dollars! 

Traffic accidents' human toll is so tragic we sometimes overlook their 

staggering economic waste. Five Billion Dollars in lost wages, medical 

expenses, insurance costs and property damage! Your business— every 

business— shares in this loss. So you have a double interest in helping 

reduce traffic accidents. And you can help! Drive safely and obey the law 

yourself . . . certainly. But go further. Use your influence to promote safe 

driving and urge strict law enforcement. To make your efforts more effec-

tive, join with others working actively to reduce traffic hazards in your 

community. Support your local Safety Council! 

Where traffic laws are strictly enforced, deaths go DOWN! 

Published in an effort to save lives, in cooperation with the National Safety Council and The Advertising Council. 
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is LIRA 
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 -rredilus 

Le st co 

LOW 
capacitance 
& attenuation 

TYPE mu Fiti IMPED.si O.D. 
CI 7.3 150 .36' 
C11 6.3 173 .36' 
C 2 6.3 171 .44' 
C 22 5.5 184 .44' 
C 3 5.4 197 .64e 
C 33 4.8 220 .64' 
C 4 4.6 229 1.03' 
C 44 4.1 252 1.03 

N MX and SM SUBMINIATURE CONNECTORS 

Constant 50n 63n 70n impedances 

TRANSRADIO LTD.138A Cromwell Rd, London SW7 ENGLAND MILES TRAM», !MOM 
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VALUABLE 64 PAGE 

REFERENCE SECTION 

in electronics BUYERS' GUIDE 

Prepared especially by the 25-man edi-

torial staff of electronics, this 64-page 

section is designed to assist the buyer by 

providing him with 

tronics applications, 

market reports and 

market data, elec-

market distribution, 

books, industry or-

ganizations and services. 

1BP 

electronics BUYERS' GUIDE 

and Reference Issue 

A McGraw-Hill Publication 

330 West 42nd Street 

New York 36, New York 

dirft, 

well as for the ever expanding mis-
sile and aircraft projects being 
handled at the plant. 

Gattoline Joins 
Daystrom 
APPOINTMENT of John J. Gattoline 
as sales manager of Daystrom 
Transicoil, Division of Daystrom, 
Inc., is announced. He was formerly 
vice president of E. W. Larrabee, 
Inc., design and development engi-
neers. During his sales and engi-
neering career, Gattoline has been 
associated with Hillyer Instrument 
Co., Inc., and W. L. Maxson Corp. 
Daystrom Transicoil designs and 

manufactures servo and synchro 
mechanisms and components, 
largely for the missile industry. 
Company headquarters and plant 
are in Worcester, Montgomery 
County, Pa. 

Organize New 
Corporation 
CONLEY ELECTRONICS CORP. is a new 
corporation in Skokie, Ill., organ-
ized for the development and mer-
chandizing of electronic products 
for the consumer, industrial and 
military markets. 

The corporation now has three 
divisions: Waters Conley Co., Inc., 
Rochester, Minn., portable phono-
graph manufacturer; the Fidelivox 
Division of Skokie, Ill., which de-
velops and manufactures automatic 
tape reproducers; and the Fidelipac 
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Division of Toledo, Ohio, which re-

cently announced the volume intro-
duction of a continuous play one 
reel magazine. 

Promote Two 
At Bell Labs 
KENNETH G. McK AY has been 
elected vice president in charge of 

systems engineering of Bell Tele-
phone Laboratories, New York 

City. A research physicist, McKay 
has been associated with electronic, 
semiconductor and solid state re-

search and development programs 
at the Labs since 1946. 
Morgan Sparks has been named 

director of developments of compo-
nents and solid state devices, suc-
ceeding McKay. Previously Sparks 

served as director of transistor de-
velopment. 

News of Reps 
Four new engineering sales reps 

have been named by Tally Register 
Corp., Seattle, Washington. 
Pivan Engineering, with head-

quarters in Chicago, covers Illi-
nois, Indiana, eastern Iowa, and 

eastern Wisconsin. Dayton Asso-
ciates, with offices in Cincinnati 
and Dayton, covers Ohio and 

western Pennsylvania. Wild Asso-
ciates, which has previously rep-
resented the firm throughout the 
Middle Atlantic States, has estab-
lished a Boston office to cover the 
New England States. Engineering 
Products Associates of St. Paul 
services Minnesota, western Wis-
consin, western Iowa, and North 

and South Dakota. 

Wallace-Gluck Co. of Dallas, 
Texas, has been appointed sales 
rep for Perkin Engineering Corp., 
Electronic Division, El Segundo, 
Calif. Territory includes Louisi-
ana, Arkansas, Oklahoma, and all 
of Texas except El Paso. 

James R. Bunn, a staff engineer in 
the Neely Enterprises Albuquer-

que office since 1957, has been pro-
moted to field engineer. In his 
new position he will headquarter 
at the firm's Las Cruces office. 

PLATING of electronic components 
" 

Tight Conformity to Specifications 

limer GOLD • ILVER • RHODIUM • PLATINUM • PALLADIUM • NICKEL 

Diodes...Transistors ... Rectifiers... Capacitors 
Our Electronic Plating Thickness Tester measures plating within most rigid 
specifications. This includes precious metal plating for bomb heads, printed 
circuits, precision instrument parts, hermetic seals, fuses, relays, rotor arms, 
slip rings, locking clips, contact points, terminals, transistors, diodes, recti-
fiers and capacitors. 
In addition to a constant thickness check of all specification plating, the 
technicians of our Research and Development Unit maintain a continuous 
check on the purity of solutions. 

30,000 Sq. Ft. devoted to Electronic Plating and Research. Send for our elec-
tronic plating brcuctiuté ... or have our representative call. 

Specialists in Metal Plating since 1936. 

SPECTRONIC PLATING CO.. INC. 
A Division of Spectranome Plating Co., Inc. 

330 W. 13 th STREET • NEW YORK 14, N.Y. AL 5-8677 „ 

CIRCLE 171 ON READER SERVICE CARD 

e THE GREATEST a\ 
PUNCH 

WE EVER MADE... 

IN USE ALL OVER 
THE WORLD 

CAPACITY 
MILD STEEL !:4 "  THRU 16 GA. 

Thé famous 
WHITNEY-JENSEN 

No. 5 JR. 
HAND PUNCH 

IN METAL 

BOX WITH 

7 PUNCHES 

AND Uitb 

Write for NEW CATALOG 

WHITNEY ME1AL TOOL CO. 
‘47.22 Forbes St., Rockford, III. Since 19_1J(i00 
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....Peckegé System Teamwork 

: PRECISION WAFERING MACHINES 
Models for all jobs requiring very thin 

slicing of semi- conductor and other diffi-
cult- to- cut materials, Model WMA 

Fully automatic, produces 

Optical ••• wafers consistent in thick. 

•••• within . 0005" total 
ness and parallelism to 

•  

ORIENTATION ••••.varionon. •,,.. 
TEM SYS 

EFFICIENT. Visual undistorted 
pattern allows immediate adjust. 

ment. Requires no interpretation 

or correlation with charts and data. 

PRACTICAL. Safe and simple to 

handle. Always ready for imme-

diate use. Compact— takes up only 

two square feet of table surface. 

ECONOMICAL. Low cost, self 

contained unit. Uses no film or 

expendable accessories. No main-

tenance required, 

for laboratory 
• 

or production use ••.• 

Micromech's experienced En-

gineering Department is at 

your service in developing 

on optical orientation system 

to meet your particular re-
quirement. 

Write for 

illostroted brochvres 

• 

MICROMECH MANUFACTURING CORP. 
A Envision of Sanford Manulacturtng Corp. 

1020 COMMERCE AVE., UNION, N. J. 

SELECTE 
FOR TH 

OMAR 
SYSTEM 

'if FORCE P/-10T 

CIRCLE 172 ON READER SERVICE CARD 

MINIATURIZED 
COOLING UNITS 
from American-Standard 

Industrial Division 

Now part of eight missile systems, pack-
aged American Blower Air - Moving 
Units help prevent breakdowns from 
self - generated heat in sensitive elec-
tronic equipment. Your choice of nu-
merous sizes and designs. All can be 
modified to solve your particular prob-
lems. Or we can design and build units 
to fit the requirements of your elec-
tronic equipment. For individual speci-
fication sheets write, detailing your re-
quirements, or send for Bulletin No. 
5412. American - Standard* Industrial 
Division, Detroit 32, Mich. In Canada: 
American-Standard Products ( Canada) 
Limited, Toronto, Ontario. 

* AAIER1CAN -.Standard and Oat:darer are trademark., 
of American Radiator ic Standard Sanitary Corp. 

AMERICAN BLOWER PRODUCTS • ROSS PRODUCTS • KEWANEE PRODUCTS 

COMMENT 
Western Growth 

It was interesting to read, in the 
Aug. 7 issue of ELECTRONICS 
("Technical and Business Growth 
in West," p 103), your story on 
western industry. I was disap-
pointed, however, to note that the 
Albuquerque-Santa Fe-Los Alamos 
area was not included. 

There are more than fifteen firms 
in this area, even excluding Sandia 
Corp. and the Los Alamos Scientific 
Laboratory. Since a great portion 
of the work carried on by these 
laboratories is in the electronics 
area I feel they should be included. 
If this were done, the number of 
firms would be at least as large as 

that listed for Denver, and the num-
ber of employees would be con-
siderably larger. 
You may also be interested in the 

academic research underway at the 
University of New Mexico. In elec-
trical engineering we are concerned 
particularly with problems of radio 
propagation, including radar return 
from the ground; submarine com-
munications; and a classified study 
having to do with rocket exhausts. 
In addition, we are active in the 
semiconductor area, are developing 
transistor distributed amplifiers, 
applying information theory to 

distance-measuring systems, and 
developing a kit-style digital com-
puter. 

Our physics department is active 
in magnetohydrodynamics. It has 
the world's largest scintillation 
counter. The department is study-
ing cosmic rays, ozone content of 
upper and lower atmosphere, and 
other topics. 

R. K. MOORE 
UNIV. OF NEW MEXICO 
ALBUQUERQUE, N. M. 

Wrong Head 

I was pleased to see my article 
"Solders for Nuclear and Space 
Environments" in the Sept. 4 issue 
(p 50). 
I am writing to correct one error 

which appeared in the article by-
line. I am head of the materials 
and devices research section of the 

research and analysis department 
here, and although I appreciate 
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your promoting me to head of the 
whole department, I believe a cor-
rection might be in order. 
David Ellis is the head of re-

search and analysis department at 
Litton Industries. 

ALVIN B. KAUFMAN 
LITTON INDUSTRIES 
BEVERLY HILLS, CALIF. 

Apologies to all hands. 

Names in Error 

Concerning my article ("Locked 
Oscillator for Color Tv," in Re-
search and Development, p 90, Sept. 
25), please note carefully that 
Brookhaven National Laboratory 
was only my summer mailing ad-
dress. No reference to Brookhaven 
National Laboratory should appear 
with the article. 
The circuit was developed by me 

while I was a member of the tech-
nical staff of RCA Laboratories Di-
vision, and should be so identified 
with the article. 
My present affiliation is with the 

Department of Electrical Engineer-
ing, The City College . . . 

MARVIN METH 
THE CITY COLLEGE 
NEW YORK 

We regret that author Meth's 
letter arrived too late for us to 
make the necessary correction. We 
also made another error in giving 
his name as I. N. Meth instead of 
M. Meth. 

Kudos 

Here in Latin America, we re-
gard ELECTRONICS as an author-
ity . . . 
One impressive trend I've per-

sonally noticed is how, without af-
fecting the quality of your tech-
nical features, you've been building 
up the level of the departments in 
the back of the magazine. It's get-
ting so that Production Techniques 
and Components & Materials are 
almost more interesting than the 
rest of the magazine, especially here 
where sophisticated techniques and 

advanced materials are always late 
arriving. Research & Development 
is another department that we all 
read avidly. 

STEWART FABREGA 
COLON, PANAMA 
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Experimentation in nuclear particle motion and 

energy—one of our many probes into the future. 

For employment 

information write: 

Personnel Director 

Division 59-93 

alarnos 
scientific laboratory 

OF THE UNIVERSITY OF CALIFORNIA 

LOS ALAMOS, NEW MEXICO 
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EMPLOYMENT OPPORTUNITIES 

SENIOR ENGINEERS / SCIENTISTS 

G ro ti 

an o ganizatio 

has expanded 

2000°0 in 17 

n that 

ni 

over 

nths 
...built on a record of technological  

achievement at Sylvania's 

Data Systems Operations 

Programmed growth, built on a solid base of technological and 
scientific accomplishment in advanced data processing areas, 
has made possible this rather spectacular expansion of 
Sylvania's Data Systems Operations. Revolutionary commercial 
and military projects of long-term significance afford talented 
engineers and scientists the opportunity of virtually limitless 
growth with one of the industry's most dynamic R&D organiza-
tions, that is setting tomorrow's standards now. 

Typical of the programs you can contribute to when you join 
Sylvania's Data Systems Operations are: MOBIDIC — a unique 
concept in large-scale mobile, transistorized digital computers 
developed for the U.S. Army Signal Corps; DATA PROCESS-
ING PHASE OF BMEWS—the USAF's Ballistic Missile Early 
Warning System — plus a number of other special purpose 
computers. These senior positions are immediately available: 

SENIOR SYSTEMS ENGINEERS 

To work on digital data systems. 
Past experience ( 5-10 years) as 
Systems Designers or Project 
Leaders. Also openings for JR. 
SYSTEMS ENGINEERS with 
1-5 years experience. 

SENIOR MECHANICAL 
ENGINEERS 

Positions in product engineer-
ing and design of data proc-
essing systems. Areas: ( 1) 
packaging design of digital and 
analog circuits; ( 2) structural 
design of cabinets,racks,chassis 
and other modular packaging; 
(3) environmental control, test-
ing and analysis; (4) design of 
consoles and displays; ( 5) de-
sign of electronic test equip-
ment; (6) systems integration. 

ENGINEER-IN-CHARGE 
BS or MS in EE; 5-10 years 
experience in general electron-
ics, 3 of which should have been 
design experience in relation to 
data processing equipment. Will 
monitor technical progress, 
status and analysis of trouble 
areas and will assist in defining 
technical tasks. 
SENIOR ENGINEER 

BSEE plus 4-7 years diversified 
experience in radar systems, 
digital and analog circuitry, 
CRT, storage tube and related 
displays and some supervisory 
experience. Responsible for 
D&D and testing of electroni-
cally programmed radar target 
simulators for use with large-
scale radar data conversion 
systems. 

Please send resume to Mr. J. B. Dewing 
Data Systems Operations / SYLVANIA ELECTRONIC SYSTEMS 

A Division of 

5: SYLVAN IA 
Subsidiary of 

GENERAL TELEPHONE & ELECTRONICS (11...) 

189 B Street — Needham 94, Massachusetts 
 .09 

'being derived and 

• explored in bold, 

sophisticated research 

und development programs 

Excellent opportunities exist for 

ELECTRONIC ENGINEERS 

with three years' minimum ex-

perience in vital areas of re-

connaissance data reduction, 

mapping methods and color tele-
vision systems. 

— digital computer development: 

circuit and logical design 

— television systems, circuits and 
displays 

—printed circuit design and 
packaging 

Qualified persons are invited to 
contact Mr. S. Shelby, Personnel 
Administrator 

1501 Broadway, New York 36, NY 
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EMPLOYMENT OPPORTUNITIES 

The remarkable new semiconductor shown above 
combines features of a transistor and a rectifier: It 
not only changes AC to DC, but also controls current 
"on" and "off". 

General Electric's silicon controlled rectifier thus 
offers the circuit designer complete control of current 
turn-on without complicated circuitry—plus switching 
speeds in microseconds. Already it is causing funda-
mental changes in the electrical and electronic indus-
tries. 

This is typical of the dramatic projects you will be 
working on at G-E Semiconductors. We now have un-
usual opportunities for chemical, electrical, mechan-
.ical and metallurgical engineers, physicists and pbysi-

GENERAL 

cal chemists (B.S. through Ph.D.) at all levels of ex-
perience. U. S. Citizenship is not required. Semicon-
ductor experience is desirable but not essential. 

Assignments are in the fields of semiconductor ap-
plied research, device design and process develop-
ment, semiconductor materials engineering, test and 
production equipment design and development, appli-
cation engineering, and quality control. You'll live in 
the heart of New York's famous Vacationland ad-
jacent to the famed Finger Lakes region, the Thou-
sand Islands, and the Adirondack Mountains. Liberal 
benefits include tuition refund for graduate studies at 
Syracuse University. Write in strict confidence to 
Mr. M. D. Chilcote, Division H. 

ELECTRIC 
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EMPLOYMENT OPPORTUNITIES 

Scheduled to open about the first of the year, Republic's new Research & Develop-

ment Center at Farmingdale, Long Island, New York, will comprise seven different 
laboratory facilities. Included are an Electronic Development Laboratory and a 
Guidance and Control Systems Laboratory. These modern facilities will contain 
the most up-to-date equipment obtainable for the research, development and test 
of advanced astrionic and avionic systems, equipments and components. 

ELECTRONIC ENGINEERS ... 

agajaiiite'v 

• You can be one of the R&D men 

who'll help guide exotic projects at 

Republic Aviation's new $14,000,000 

Research and Development Center 

IN-AT-THE-BEGINNING OPPORTUNITIES at Republic's new Research Center encompass 

the electronic aspects of a wide diversity of projects and investigations, from 

space probes to ballistic missiles, from high Mach aircraft to helicopters, from 

automatic ground control equipment to exotic detection systems. Today Republic's 

dynamic expansion in research and development activities offers you assignments 

where you can win technical renown — and rapid personal advancement — in 

any of these areas: 

F' INERTIAL GUIDANCE & NAVIGATION SYSTEMS ENGINEERING DIGITAL COMPUTER 

DEVELOPMENT INFORMATION THEORY TELEMETRY•SSB TECHNIQUE RECEIVER & 

TRANSMITTER DESIGN JAMMING & ANTI-JAMMING RANGING SYSTEMS GROUND 

SUPPORT EQUIPMENT DOPPLER RADAR COUNTERMEASURES RADOME & ANTENNA 

DESIGN MICROWAVE CIRCUITRY & COMPONENTS AIRBORNE NAVIGATIONAL SYSTEMS 

MINIATURIZATION-TRANSISTORIZATION , PROPAGATION STUDIES. INFRARED & 

ULTRA-VIOLET TECHNIQUES 

Address your resume in confidence to: 
Mr. George R. Hickman - 

Engineering Employment Manager, Dept. 11K-2 

.iirEeneelieL/ 4 IVITA 7747/1/ 

Farmingdale, Long Island, New York 

eiec ronit 
cierrtisT 
»Ted 

to head research labora-
tory being set up by 
internationally known 
medium-sized electronic 
component manufacturer 
in east to develop tanta-
lum type electrolytic 
capacitors and anticipate 
other requirements of 
space age. Compensation 
open, confidences respect-
ed. Reply directly to com-
pany through 

P-2647, Electronics 
Class. Adv. Div. 

P. 0, Box 12, N. Y. 36, N. Y. 

PHO OR MASTER 
ELECTRONIC OPPORTUNITY 
The most progressive medium sized manu-
facturer in Arizona is expanding its Phoe-

nix facilities into a broader field of 
electronics and wants individual 35 to 45 
years, interested in part ownership and 
being officer, must be capable of man-
aging and bringing in new ideas. $60,000 
will obtain approximately Salary 
open. 

s 

St, ri 4, l'“f if« 

WANTED: TRANSLATORS 
(Russian to English). 

S111•1•hili•IS 110 Call itn-lar, 
tuat.q.lal ut, t Ill I 't ba ,,, 

qt,otld 

and I ihn ()ugh familial it ith 
to.ininnino ii11111vuel. it 

Blinn : 

CONSULTANTS BUREAU, INC. 
227 W. 17 St, New York 11, N. Y. 

Need Engineers? 
Contact them through this 

EMPLOYMENT OPPORTUNITIES section 
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IDEA 

design, manufacturing and quality control engineers- 3-10 years experience 

es arid icI t I" I 

ORIGINAL PHOTO 

Quantizing Photographs— electronic surveillance pictures are a source of information, but the usefulness of such 
information when transmitted over long distances depends upon the faithfulness of the data link. Amplitude modu-
lation, as the data- link approach, cannot be relied upon as signals are oftimes attenuated to almost useless levels. 

Quantizing photographs and then using a coded transmitting scheme such as pulse code modulation improves repro. 
duction and surveillance usefulness at the receiving end of the digital transmission link. 

RESULT: faithful transmission and reception over greater distances. 

TRANSMITTED: BY AMPLITUDE MODULATION 

Ideas come where they are encouraged, and at TI's 
Apparatus Division engineers work in a permissive 
atmosphere, one which produces creativity as a 
watural result. Both the modern air-conditioned work 
facilities and the pattern of life in the progressive 
city of Dallas encourage a man to his most efficient 
productivity and rewarding accomplishments. 

Your experience in one of the following technologies 
may find immediate application in our Electronic 
Surveillance, Antisubmarine Warfare, Heavy Surface 
Radar, or Missile Systems programs. 

radar • sonar • infrared • magnetic anomaly detection • passive 

detectors • servos • navigational systems • special-purpose 

computers • timers • programmers • microwave • telemetering 

• data link • optics • video mappers • visual displays • intercom 

PROFESSIONAL 

PLACEMENT 

APPARATUS 

DIVISION 

BY QUANTIZING AND CODING 

Our stable growth requires a steady influx of men 
qualified in these technologies. To learn more about 
us and how we can fit into your career plan, write 
for a copy of "We can tell you this much about 
Apparatus division" to: J. R. Pinkston, Department 
105 Apparatus Division. 

current career openings 

EE's & PHYSICISTS: missile guidance, control systems design 
and analysis, radar (ground and airborne), antenna and microwave 
components, servo- mechanisms, telemetry, digital circuits, sonar, 
infrared design, and flight test. 

ME's: antenna, mechanisms, miniaturization, thermodynamics, 
refrigeration, insulation, packaging, and structures design. 

INDUSTRIAL ENGINEERS: cost estimating, quality control, 
and quality assurance studies. 

MANUFACTURING ENGINEERS: tooling design and produc-
tion planning and supervision. ( Degrees in EE or ME.) 

TEXAS INSTRUMENTS 
INCORPORATED 

6000 LEMMON AVENUE • DALLAS 9. TEXAS 



EMPLOYMENT OPPORTUNITIES 

Pioneer in design and development of nuclear powered submarines, 
Electric Boat Division is embarked upon a broad program of expansion 
and diversification in advanced technological areas. 

One project now underway is a complex simulator for training Polaris 
weapon system crews in submarine control, navigation and missile firing. 
This trainer, housed in its own building, uses a DC analog computer to 
provide realistic response to trainee actions and will permit practice of 
normal operations as well as emergency drills which may be too dangerous 
to perform in °pea n.ting submarines. 

Other stimulating work areas include large control systems ( 140-foot 
precise radio telescope, world's largest wind tunnel, submarine systems) ; 
training equipment ( emulators and trainers for missiles, submarines and 
other weapons systems); advanced submarine development ( integrated 
control systems for sonar, navigation, missile launching and weapons 
guidance). 

Immediate Opportunities in: 

SYSTEMS 

EE, ME or Physics degree required. 
Responsible for conceptual engi-
neering and systems analysis of 
large complex devices employing a 
combination of electrical, elec-
tronic. electromechanical, hydrau-
lic and pneumatic systems. Should 
be familiar with servomechanisms 
theory, experienced in use of an 
analog or digital computers as a 
design tool, and have a good grasp 
of mathematics. Will work on pro-
posal preparations, feasibility 
studies and execution of hardware 
contracts. 

COMPUTERS 

Responsible for conceptual engi-
neering and programming of special 
purpose digital and analog com-
puters. Should be familiar with 
system engineering, experienced in 
programming and check systems for 
both analog and digital computers, 
with good grasp of simulation tech-
niques. Requires EE, Physics or 
Mathematics degree. 

CIRCUITS 

Responsible for conceptual and 
production engineering of elec-
tronic equipment. Familiar with 
servomechanisms and analog com-
puter theory. Experienced in use 
of semiconductors, magnetic amp-
lifiers and vacuum tube circuit ele-
ments; good grasp of mathematics; 
EE or Physics degree. 

OPERATIONS RESEARCH 

PhD in physical sciences required. 
To be responsible for operations re-
search studies of submarine and 
anti-submarine weapons systems. 

SERVOMECHANISMS 

For engineering design of servo-
mechanisms in both the instrument 
and multiple horsepower class. Will 
interpret performance specifications 
and be responsible for design of a 
system in accordance with the 
specifications, including stability 
studies, and the calculation of other 
performance criteria. 

Electric Boat Division is located on the beautiful Con-
necticut shore near New London.. Situated half way be-
tween Boston and New York City, it affords gracious New 
England living and year round recreation for you and 
your family. 

To arrange convenient appointment, write in confidence to James P. 
O'Brien, Technical Employment Supervisor. 

GENERAL DYNAMICS 

Electric Boat Division 
GROTON CONNECTICUT 

ADDRESS BOX NO. REPLIES TO: Box. No. 
Classified Adv. Dlr. of this publication. 

Send to office nearest you. 
NEW YORK 36: P. 0. BOX 12 
CHICAGO 11: 520 N. Michigan Ave. 
SAN FRANCISCO 4: 68 Past St. 

SELLING OPPORTUNITY OFFERED 

Established manufacturer of custom-designed 
high quality electromechanical components 
requires representatives capable of providing 
thorough engineering sales and service coy-
erage. All territories open except New Eng-
land, California and Metropolitan New York 
City area. RW-2720, Electronics. 

LEGAL NOTICE 

STATEMENT REQUIRED BY THE ACT OF AUGUST 
24, 1912, AS AMENDED BY THE ACTS OF 
MARCH 3, 1933, AND JULY 2, 1946 ( Title 

39, United States ('ode. Section 233) 
SHOWING THE OWNERSHIP, 

MANAGEMENT, AND 
11 RC 1 • LATION 

Of Electronics published weekly at Albany. New York 
for October 1, 1959. 

1. The naines and addresses of the publisher, editor. 
managing editor anti business manager are: Published 
by McGraw-Hill Publishing Company, Inc., 330 West 
42nd Street, New York 36, N. Y.; Editor, W. W. 
MacDonald, 330 West 42nd Street, New York 36. N. Y.  
Managing editor, John M. Carroll. 330 West 42nd Street. 
New York 36, N. Y.; flintiness manager. Frank II. Ward, 
330 West 42nd Street. New York 36. N. Y. 

2. The owner s McGraw-Hill Publishing Company. 
Inc., 330 West 42nd St., New York 36, N. Y. Stock-
holders holding 1% or more of stock are: Donald ('. 
McGraw & Willard T. Chevalier. Trustees under Inden-
ture of Trust in/b Jantes It. McGraw, dated 1/14/21 as 
modified; Donald C. McGraw & Harold W. McGraw, Trus-
tees under an Indenture of Trust m/b Jantes H. McGraw, 
dated 7/1/37 as amended; Donald C. McGraw, Individ-
ually; ( all of 330 West 42nd St., New York 36, N. 
Mildred W. McGraw, Madison, New Jersey; Grace W. 
Mehren, 536 Arenas St., LaJolia, Calif.; Affiliated Fund, 
Inc., 63 Wall St., New York. N. Y.; Genoy & Co., P. B. 
Box 491, Church St. Station, New York. N. Y.; Touch-
stone & e/o Wellington Fund. Inc.. Claymont, 
Delaware. 

3. The known bondholders, mortgagees. and other 
security holders owning or bolding 1 percent or more of 
total amount of bonds, mortgages, or other securities 
are: None. 

4. Paragraphs 2 and 3 inelude. in cases where the 
stockholder or security holder appears upon the books of 
the company as trustee or in any other fiduciary relation, 
the name of the perlon or corporation for whom such 
trustee is acting; also the statements in the two para-
graphs show the affiant's full knowledge and belief as to 
the circumstances and condltions under which stock-
holders and security holders who do not appear upon the 
books of the company as trustees, hold stock and securi-
ties in a capacity other than that of a bong fide owner. 

5. The average number of copies of each issue of this 
publication sold or distributed, through the mails or 
otherwise, to paid subserlbers during the 12 months pre-
ceding the date shown was: 52.076. 
McGRAW-HILL PUBLISHING compANY. INC. 

By JOHN J. COOKE, Secretary. 
Sworn to and subscribed beanre tut. this 10th day of 

September. 1959. 
[SEAM JANET A. HARTWICK. 

(My Conunisslon expires March 30, 19011 

NEED EXPERIENCED 
ENGINEERS 

Place an "Engineers Wcmted" 

advertisement in this EMPLOY-

MENT OPPORTUNITIES sec-
tion. It's an inexpensive, time 

saving method of selecting ex-

perienced personnel for every 

engineering job in the electronic 

industry. The selective circula-
tion of ELECTRONICS offers 

you an opportunity to choose 

the best qualified men avail-

able throughout the industry. 

For rates & information write 

ELECTRONICS 
Classified Advertising 

Post Office Box 12 

New York 36, New York 
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EMPLOYMENT OPPORTUNITIES 

ASTRO 
Air-Space Travel Research Organization 

Of The Marquardt Corporation... 

OFFERS EXCEPTIONAL 

ENGINEERS AND SCIENTISTS 

A UNIQUE ENVIRONMENT 

FOR CREATIVE RESEARCH 

ASTRO is expanding its facilities, its breadth of 

interest, and its organization — now offers 

exceptional career opportunities to outstanding 

scientists and professional engineers. 

Marquardt's ASTRO Division offers creative people 

a unique environment combining unusually 

challenging active projects and a lively interest 

in new ideas. The result: opportunity for 

significant creative satisfaction. 

The men who qualify will join this long-range 

research group in its new, ultra-modern research 

center at Marquardt-Van Nuys. The new 

facility includes a variety of specialized 

laboratories designed and equipped for applied 

research in the broad areas of advanced electronics, 

powerplants, direct energy conversion systems, 

optics, mechanics and space medicine. From these 

laboratories will come the new products of 

Marquardt's Divisions. 

dr uat-di 
CORPORATION 

Van Nuys & Pomona, California— Ogden, Utah 
Subsidiary: Cooper Development Corp., Monrovia, Calif. 

If you are a creative scientist or 
engineer — capable of probing the 
future, originating new concepts, and 
then establishing their feasibtlity — 
you are invited to consider the 
following opportunities: 

GUIDANCE & 
CONTROLS 

Controls 
System Circuitry 

Space Vehicle 
Guidance Systems 

Electronic 
Systems Engineering 

COMBUSTION 

Exotic Fuels Chemists 

Energy Conversion 
Or Energy Addition, 
Non- Chemical 
Power Systems 

Aerothermo Chemistry 

ROTATING MACHINERY 

Hot Gas Servos 

High Speed 
Rotating Machinery 

For a copy of our informative brochure 
"Environment For Engineering," 
Engineers and Scientists are invited to 
contact: 
Mr. Floyd Hargiss, Manager 
Pro f esstonal Personnel 
16555 Saticoy Street 
Van Nuys, California 
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EMPLOYMENT OPPORTUNlTit 

ENGINEERS & PHYSICISTS 

olisman k is continuing its growth 

in the I eh I of automatic navigation 

and flight instrumentation. 

The Record to Date: 

1. KoIIiiiaii ha delivered  e mt tic 

tracking systems than the l'CSi of the 
industry combined. 

2. Kollsman has delivered  e air data 

computers than the rest of the industry 
combined. 

KOLLSMAN INVITES YOU TO 
SHARE IN ITS FUTURE 
Sea • positions in research and development, 

pi.oduct engineering, suppoi.t equipment and 

services, and sales are presently 

For interview appointment. please send a 
resume to T. A. DeLuca. 

kolIsman INSTRUMENT CORPORATION 

80.08 45th AVENUE, ELMHURST, NEW YORK • SUBSIDIARY OF cç..lCaared COIL PRODUCTS CO. INC. 

RESEARCH & DEVELOPMENT 

in Florida 
Diversified Commercial and Military Electronic Re-

search and Development Programs that Provide 

Opportunities for Professional Growth. 

MICROWAVE 

ENGINEERS & PHYSICISTS 

M.S. or Ph.D. in Physics or E.E. preferred. Experience desirable in 

microwave theory, circuitry and correlation analysis. ASW experi-

ence helpful. Ability to develop into group leadership necessary. 

Submit your qualifications and experience to: 

Mr. K. .1. Green 
USI Technical Center 
3900 N. E. 12th Avenue 
Pompano Beach, Florida 

Les; 
10311=111111 Technical Center 
DIVISION U. S. INDUSTRIES, INC. 

POMPANO BEACH, FLORIDA 

FOR 
ADDITIONAL 
INFORMATION 

About Classified Advertising 

Contact 

TJIte Mcgraw-iiill 
Office neareil You 

ATLANTA, 3 
1301 Rhodes-Haverty Bldg. 

JAckson 3-6951 
M. MILLER 

BOSTON, 16 
350 Park Square 

HUbbard 2-7160 
D. J. CASSIDY 

CHICAGO, 11 
520 No. Michigan Ave. 

MOhawk 4-5800 
W. HIGGENS 
E. S. MOORE 

CLEVELAND, 13 
1164 Illuminating Bldg. 

SUperior 1-7000 
W. B. Sul LI VAN 

T. H. HUNTER 

DALLAS, 2 
1712 Commerce St., 
Vaughn Bldg. 

Riverside 7-5117 
GORDON JONES 
F. E. HOLLAND 

DETROIT, 26 
856 Penobscot Bldg. 

WOodward 2-1793 
J. R. PIERCE 

LOS ANGELES, 17 
1125 W. 6th St. 

HUntley 2-5450 
R. YOCOM 

NEW YORK, 36 
500 Fifth Ave. 

OXford 5-5959 
H. T. BUCHANAN—R. P. LAWLESS 

T. W. BENDER 

PHILADELPHIA, 3 
Six Penn Center Plaza 

LOcust 8-4330 
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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EMPLOYMENT OPPORTUNITIES 

DEVICE 
DEVELOPMENT 
ENGINEER 

26,(1110 TI transis,',. .e produced from the thin sliC 
nf germanium in the container above bein 
inserted into a furnace. In circle at left, pre--
cisely separated ngle slice ( magnified 10 times) 
are 37 of more than 1,000 transistor hearts per slice. 

your future: a challenging opportunity with an industry leader 

For 
immediate 
Eastern 

appointment, 
contact 

H. C. Laur 
Dept. 2O1-EEL 

1141 E. Jersey St. 
Elizabeth, N. J. 

Now take advantage of maximum professional growth at Texas Instruments 
by participating in development of the most advanced semiconductor-component 
devices. Working with the newest facilities, take part in: 

• DEVICE DEVELOPMENT Development of new devices by studies in solid-state 
diffusion, alloying of metals and semiconductors, vacuum deposition 
of metals, surface chemistry, and solid state physical measurements. 

• SURFACE STUDIES Surface reactions and surface energy phenomena on 
silicon and germanium. 

• ADVANCED COMPONENT DESIGN Development of new components by studies 
of deposition of thin films, electrolytic studies such as anodic oxidation 
rates and film structures. 

• NUCLEAR RADIATION experiments on semiconductor materials and devices. 

With TI... receive liberal company-paid benefits, including profit sharing 
(last year 15% of base salary) ... enjoy premium living in a moderate climate 
with excellent neighborhoods, schools and shopping facilities ... work in a plant 
selected as one of the 10 outstanding U. S. industrial buildings of 1958. 

Interviews will be held in your area soon. If you have an Electrical Engineer-
ing, Physical Chemistry or Physics degree and experience in semiconductor or 
related development areas, please send a resume to: 

C. A. Besio, Dept. 201-EL 

TEXAS I INSTRUMENTS 
\-\L INCORPORATED 

SEMICONDUCTOR - COMPONENTS DIVISION 

POST OFFICE BOA UALLA5, TEX AS 
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EMPLOYMENT OPPORTUNITIES 

SENIOR ELECTRONICS ENGINEER 
Primary responsibility will be design and development of electronics equipment at 
project level. Also will visit packaging machinery manufacturers to evaluate perform. 

once of new plastic films on production equipment. Travel 10-20 per cent. B.S.E.E. 

With at least 5 years of practical experience in instrumentation and electronic 

equipment used in the chemical, paper, or plastics industries required. 
SEND resume to' 

W. P. Engelking 

VISKING COMPANY 
DIVISION OF UNION CARBIDE COMPANY 

6733 West 65th Street Chicago 38, Illinois 
Reliance 5-1234 

SEARCHLIGHT SECTION 
(Classified Advertising) 

BUSINESS OPPORTUNITIES EQUIPMENT - USED or RESALE 

D.C. TO 10-MC. 

OSCILLOSCOPE 
L F. E MODEL 411 

A high gain, wide band versatile labora-
tory instrument. Vertical amplifier band 
width DC. to over 10 megacycles. Cali-
brated horizontal sweeps from . 1 µsec. 
/CM. to . 1 sec./CM. Transient response rise 
time .035 gsec. This unit is supplied with 
the basic model 1400 trigger generator 
plug in. In factory cartons 5395.00 
WE SPECIALIZE EXCLUSIVELY IN 
RADAR AND MICROWAVE SYSTEMS, 

COMPONENTS, AND TEST EQUIP-
MENT. 

RADAR DIVISION 

RAMAGE a MILLER 
ENTERPRISES 

3221 Florida Avenue, 

Richmond, Calif. 

PHONE: BEacon 4-7061 

Cable: RADAR, Richmond, Calif. 

All equipment and components are new 
and in perfect condition unless specified 
TERMS 2°. TEN DAYS NET 30—F.O.B. 
RICHMOND, CALIF. 

CIRCLE 57 ON READER SERVICE CARD 

WANT 

MORE 

INFORMATION 
on 

Searchlight 

Advertisements? 

• The Reader Service card is available 

as a new service on Classified 
(Searchlight Section) advertisements. 

• Use the handy, prepaid reader serv-
ice card to bring you more data. 

The Reader Service number appear-
ing under each advertisement need 
only be circled on the card. 

• Use this time-saving service to keep 
abreast of the latest in used, rebuilt, 
surplus new equipment, or business 
Opportunities. 

WANTED 

ALLEN-BRADLEY 
RESISTORS & POTENTIOMETERS 

LEGRI S COMPANY 
391 Riverdale Ave. Yonkers 5, N Y. 

CIRCLE 58 ON READER SERVICE CARD 

CONTACTS 
FOR THE FIELD OF 

ELECTRONICS 

"HOW TO MAKE MONEY 
Mobile Radio 'Maintenance" 
AUTHORITATIVE GUIDEBOOK 

ANOU,' TNE NOON IN I'Ve0.WAY NOBILE•PAPIO: 
4IVES !ACT, PAT ANTES. 

WRITE TOBAYI FREE 

1 PROFESSIONAL 
SERVICES 

YARDNEY ELECTRIC CORP. 
•tr:ooror• te Compte 1. 

Generators of Energy 

"from to megawatts" • 

10-50 Leonard Street WOrth C-3100 
New York 1::. N. Y. • T.M. 

Your inquiry 

will have 

Special value . . . 

If you mention this magazine, 

when writing advertisers. Natur• 

ally, the publisher will appreciate 

it ... but, more important, it will 

identify you as one of the men the 

advertisers want to reach with this 

message . . . and help to make 

possible enlarged future service to 

you as a reader. 

AN/APR-4 
SEARCH RECEIVER 

38 to 4000 MC, 30 MC if strip with 
accurately calibrated tuning units. 

With 3 tuning units 38 to 1000 MC... $159.50 

With 4 tuning units 38 to 2200 MC... $239.50 

With 5 tuning units 38 to 4000 MC... $389.50 

Excellent condition. 
Write for prices on tuning units only. 

DUMONT 256B A/R 
RANGE SCOPE 

Ideal for radar, color TV, pulse and lab 
use. Video response to 7 mc at 3 db down, 
10 mc at 6 db down. Stable triggered sweep, 
adjustable precision sweep delay. Crystal 
controlled marker generator with built in 
divider chain. Marker pulses and trigger 
pulses available at front panel. Beautifully 
built. Designed by M.I.T. Radiation Labs. 
Fully described in " Electronic Instruments" 
Vol. 21, Radiation Labs Series. Weight 150 
lbs. Good condition. Govt. acquisition cost 
$1700. Your cost only $99.50 

TS-13'AP PORTABLE 
SIGNAL GENERATOR 

With self contained wave meter and power 
monitor. Will generate either pulsed or CW 
RF power. Consists of a 723A/B oscillator 
which permits triggered or self synchronous 
operation. A direct reading thermister bridge 
for power measurement, an RF attentuator in 
decibels below 1 milliwatt and a regulated 
110 VAC 60 cycle power supply. Freq. 9305 
to 9445 mc/sec. Exc. condition: $59.50 Good 
condition: $39.50 

R-W ELECTRONICS 2430 S. Michigan Ave. 

Chicago 16, III. 

CAlumet 5 1281 
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INDEX TO ADVERTISERS 

:11re Electronics Associates. Inc  114 

Acme Wire Company. The  126 

Airings Electronics Incorporated  100 

.tilled Radio   102 

Allegheny Electronic Chemicals Co  128 

All Metal Screw Products Company, Inc  104 

Alpha Wire Corporation  119 

American Lava Corp  23 

American-Standard Products   136 

Bird Electronic Corp  50 

Bruno-New York Industries Corp  123 

Burnell g: ('o.. Inc  3 

California Technical Industries  6 

Can  Electric Co  45 

Cebo Constantine Engineering Labora-

tories Company   128 

Clare it Co.. C. P 24, 25 

Cly-Del Manufacturing ('o  119 
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Coors Porcelain Company  41 
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Dimco-Gray Company   126 
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Eitel-NIcCullough, hic.   10 

Electronic Instrument Co., Inc. (RICO)  110 

Electronic Measurements Company. Inc  91 

Electronics Capital Corp  21 

Erie Resistor Corporation 86, 87 

Essex Wire Corp  16 

Federation Nationale Des Industries 

Electroniques   123 

G-M Laboratories. Inc  124 

General Electric Company 

Apparatus Dept.   113 

Semiconductor Products   44 

General Instrument ('orp 98, 99 

General Piddle 'Utilities Corporation.... 112 

General Transistor Corporation  85 

Good-All Electric Mfg. Co  81 

Goodrich Company, B. F. The  2 

Grainger, Inc., W. W  113 

Graphic Systems   110 

Hallicrafters Company   

Hamilton Watch Company. Hathaway 

Instrument Divis  

Ilaydon Division of General Time. Como-

rat'   48 

Heath Company   131 

lielipot Division of Beckman Instru-

ments, Inc.   96 

Hewlett-Packard Company  8 9 

Hoffman Electronics Corp  53 

Hughes Aircraft Company  32 

International Business Machines Corpo-

ration   77 

Kleinschmicit Division of Smith-Corona 

31archant. Inc.   30 

Lampkin Laboratories   146 

Linde Company   95 

link Aviation. Inc  19 

Litton Industries  28. 51 

Lockheed Aircraft Corp  103 

Los Alamos Scientific Laboratory  137 

Magnecraft Electric Company  119 

Mateo Manufacturing Company  94 

Mallory g: Co.. Inc.. P. R 54. 55 

Marconi Instruments Ltd  121 

Marion Instrument Division, Minneapols-

Honeywell Regulator Company  110 

Markite Products Corporation  43 

Massa, a Division of Cohu Electronics, 

Inc.   118 

McGraw-Hill Hook Co.. Inc  98 

Micromech Manufacturing Corp  136 

Nlicroswitch, a Division of Honeywell  40 

Minneapolis-Honeywell   129 

Motorola. Inc.   130 

( orporatioi)   56 

Radio Corporation of America 4th Cover 

Radio Frequency Laboratories, Inc  117 

Radio Materials Company   89 

Raytheon Com pony  12. 13, 36. 101, 127 

Relay Sales  107, 109. 111, 113 

Resistance Products Company  129 

Simpson Electric Company 1114, 105 

Monotone Corp.   47 

Spectrol Electronics Corporation  125 

Spectronic Plating Co., Inc  135 

Sprague Electric Co  5 

Stackpole Carl  Company  7 

Standard Electric Time Company, The  52 

37 Standard Plastics. Inc.   109 

Superior Cable Corporation   83 

38 Superior Electric Company, The 17, 18 

Company 

Name 

Street 

City   Zone State 

OFFERS THE FINEST 

PROPERTY VALUES 

FOR FINER PRODUCTS 

• Absolute Chemical 
Purity 

• Extreme Heat 
Resistance 

• Thermal Shock 
Resistance 

• Chemical Inertness 

• Outstanding Electrical 
Properties 

• Full Range Radiant 
Energy Transmission 

In laboratories and other 

applications where critical 

requirements must be met, 

there is no room for second 

best. Vitreosil possesses 

properties of greatest value 

for: ultra - violet applica-

tions, metallurgical investi-

gations, chemical research, 

photochemistry, spectrosco-

py, and many uses in phys-

ical, optical and electrical 

research as well as prod-

uct operations. 

Vitreosil is available in an 

unusually wide variety of 

types and sizes—Or, we'll 

be happy to fabricate to 

your specifications. Write 

us about your requirements 

today. For your conven-

ience, use the coupon be-

low. See our ad in Chemical 

Engineering Catalog. 

THERMAL AMERICAN 

FUSED QUARTZ CO., INC. 

18-20 Salem Street, 

Dover, New Jersey 

Please send technical dota on à 
e 

• 

a 
a 

a 

ear se se ssi 
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PRECISION 
DEFLECTION 

COSSOR YOKES 

Slip RI, Yoko 

Component Development 
Engineering at its BEST! 

• ADVANCED ELECTRICAL DESIGN 

• PRECISION MECHANICAL DESIGN 
• ACCURATE PRODUCTION METHODS 

Custom Built to the most 

Exacting Specifications 

by Cossor Engineers 

In Murnetel Cores for Optimum Geometry 
le Ferrite Cores for Speed and Seneitivity 

le Non-magnetic Core. for Perfection of Respond,* 

Any of Cossor's Three Core Types can be 
made in single or double axis with single or 
push-pull windings. and encapsulated for 
fixed or slip ring ( rotating) use. 

Normal characteristics of yokes for 1-1/2 in. 
neck tubes are: 

Positional accuracy • the spot position will con. 
form to the yoke current 
co-ordinates within 0.25% 
of tube diameter. For de-
flection angles less than 
2 25' better accuracy can 
easily be achieved. 

Memory • 0.5% max. without over-

o . 1% or less with controlled 
overswing. 

Complete encapsulation in epoxy (stycast) or 
silicone resins is standard for all Cossor deflection 
yokes, and is done with special moulding tools 
ensuring accurate alignment of the yoke axis. When 
slip rings are added, solid silver rings are mounted 
in encapsulating resin. The finished slip ring yoke 
is precision turned to centre bore, and can include 
bearing mounting surfaces with dimensional toler-
ances approaching those associable with high quality 
metal parts. 

Settling Time IMicro sac 

120 Inductanc• ii, Henries 

Sensitivity degrees/ mzIliamperel = 

e 

( 

/Inductee,. • millihenriee 
0.095  

V Aceeleretor Voltage - kV 

COMPONENTS DIVISION 

COSSOR 
CANADA LIMITED 

301 Windsor St., Halifax, N. S. 

8230 Mayrand St., Montreal, Que. 

648A Yonge St., Toronto, Ont. 

Corporation House, 160 Laurier West, Ottawa, Ont. 

Technology Instrument Corp  106 

Tekt roil ix, hic.   

Texas 1 net rument s I ncorporat ed  33 

Tlteri al American Eased Quartz Co  

In    117 

Time  al   122 

Transitron Elect r  ('orporitt  31 

'Fransradio I.td.   134 

'Frio Laboratories, lust'   

Union Switch Signal Division of West-

ing' se ..'mir Drake C pan>   I lu 

1.7. S. Sonies Corporat  110 

United Transformer Corp  ( osir 

Varian Associates  20. 29 

Walsco Electronics Mfg. ('it   110 

Weeke•ser Com pa ny   Ill 

Westinghouse Electric (' orporation.I I. IS  16 

W hit tie Co.   135 

Zippertubing ('o.. The  123 

PROFESSIONAL SERVICES   146 

• 

CLASSIFIED ADVERTISING 

F. J. Eberle, Business Mgr. 

EMPLOYMENT OPPORTUNITIES.138-146 

EQUIPMENT 

(Used or Surplus New) 

For Sale   146 

WANTED 

Equipment   146 

ADVERTISERS INDEX 

Autometric Corporation   138 

Consultants Bureau Inc.  140 

General Dynamics, Electric Boat Div  142 
General Electric Company  139 

Kollsman Instrument Corp.  144 
Legri S. Company  146 

Marquardt Corp.   143 

R-W Electronics   146 

Radar Division, Ramage & Miller 

Enterprises   146 

Republic Aviation   140 

Electronics   138 

Texas Instruments Incorporated 

Apparatus Division   141 

Semiconductor-Components Div.   145 

USI Technical Center, Div. U. S. 
Industries Inc.   144 

Visking Company, Div. of Union 
Carbide Company   146 

Sylvania sub. of General Telephone 

This index is published as a service. Every care is taken 
to make it accurate, but ELECTRONICS assumes no 
responsibilities tor errocs or omissions. 

THE STANDARD 

2" 
BLOWER 

Dean & Bensons 

O 
New HP St HF Series 

Flange location anywhere 

e. Lightweight Aluminum alloy con-

struction for clean aerodynamic sur-
_ 1:1 faces and rigid construction. 

Square or round flange located at 
your option, anywhere along the 

0 blower housing. 

Slip out AC or DC motor allows for 

easy and inexpensive maintenance 

o without replacing entire unit. 

- 

POWAIR performance opens the 

door to a tighter system design for 
weight and size reduction. 

DEAN & BENSON 
RESEARCH 

Division of Benson Manufacturing Co. 
Kansas City I, Mo. 
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