
A FET and relay in a T0-5? transistor-boosts tiny currents 
It's been done. This new device to the level required to trip the 
operates directly off low-level relay. The bantam driver-and-relay 
microcircuit logic. The n-channel unit helps eliminate the problem 
FET-or if preferred a bipolar of interconnections. (Page 118.) 



AUDIO TRANSFORMERS 
00-T Prl. O.C. Ma.t Sec. Pri. Res. Pri. Res. Mw 01-T 

No. Imp. in Pri. Imp. 00-T Dl-T Level No. 
DO· T44 80 CT 12 32 split 9.8 11.5 500 DI· T44• 

100 CT 10 40 split 
DO· T29 120 CT 10 3.2 10 500 

150 CT 10 4 
DO-Tl2 150 CT 10 12 11 500 

200 CT 10 16 
DO· Tl3 300 CT 7 12 20 500 

400 CT 7 16 
DO-T19 300 CT 7 600 19 20 500 Dl-T19 
DO· T30 320 CT 7 3.2 20 500 

400 CT 7 4 
DO· T43 400 CT 8 40 split 46 50 500 DI· T43° 

500 CT 6 50 split 
DO-T42 400 CT 8 120 split 46 500 

500 CT 6 150 split 
DO-T41 400 CT 8 400 split 46 50 500 Dl-T41° 

500 CT 6 500 split 
DO· T2 500 3 50 60 65 100 DI· T2 

600 3 60 
DO-T20 500 CT 5.5 600 31 32 500 DT • T20 
DO· T4 600 3 3.2 60 100 
DO· Tl4 600 CT 5 12 43 500 

800 CT 5 16 
DO· T31 640 CT 5 3.2 43 500 

800 CT 5 4 
DO· T32 800 CT 4 3.2 51 500 

1000 CT 4 4 
DO· TlS 800 CT 4 12 51 500 

1070 CT 4 16 
DO-T21 900CT 4 600 53 53 500 Dl-T21 
DO· T3 1000 3 50 115 110 100 Dl-T3 

1200 3 60 
DO· T4S 1000 CT 3.5 16,000 split 120 100 

1250 CT 3.5 20,000 split 
DO-T16 1000 CT 3.5 12 71 500 

1330 CT 3.5 16 
DO· T33 1060 CT 3.5 3.2 71 500 

1330 CT 3.5 4 
DO-TS 1200 2 3.2 105 no 100 DI· TS 
DO-T17 1500 CT 3 12 108 500 

2000 CT 3 16 
DO· T22 1500 CT 3 600 86 87 500 DI· T22 
DO· T34 1600 CT 3 3.2 109 500 

2000 CT 3 4 
*DO-TSl 2000 CT 3 2000 split 195 

2500 CT 3 2500 split 
180 100 Dl-TSl* 

2000 CT 3 8000 split 195 
2500 CT 3 10.000 split 

100 Dl·T37• DO-T37 180 

4000 CT 2 8000 CT 320 
5000 CT 2 10,000 CT 

100 Dl-TS2* *DO-TS2 300 

7500 CT 1 12 505 
10,000 CT 1 16 

100 DO-TlS 

8000 CT I 3.2 505 
10,000 CT I 4 

100 DO·T3S 

8.000 CT I 1200 CT 640 
10.000 CT 1 1500 CT 

100 0 DO-T4S 

9.000 CT I 9000 CT 850 
10.000 CT 1 10.000 CT 

100 •DO-T47 

DO-T6 10.000 1 3.2 790 100 
10.000 1 500 CT 780 
12.000 1 600 CT 

100 Dl·T9 DO-T9 870 

10.000 1 1200 CT 
12.500 1 1500 CT 

DO-TlO 780 870 100 Dl-TlO 

DO-T2S 10.000 CT 1 1500 CT 
12.000 CT I 1800 CT 

780 870 100 Dl-T2S 

10.000 CT 1 2000 split 560 
12.000 CT 1 2400 split 

100 Dl-T3S• DO-T3S 620 

10.000 1 2000 CT 780 
12.500 I 2500 CT 

100 Dl·Tll 00-Tll 870 

DO-T36 10,000 CT 1 
12,000 CT 1 

10,000 CT 
12,000 CT 

975 970 100 Dl-T36 

20.000 .5 800 830 
30.000 .5 1200 

50 Dl·Tl DO-Tl 815 

20 .000 CT .5 800 CT 830 
30.000 CT .5 1200 CT 

50 Dl-T23 DO·T23 815 

20.000 CT .5 1000 split 800 
30.000 CT .5 1500 split 

50 DO-T39 

40,000 CT .25 400 split 1700 
50,000 CT .25 500 split 

50 DO-T40 

DO-T46 100.000 CT 0 500 CT 7900 25 
DO-T7 200.000 0 1000 8500 25 
DO-T24 200.000 CT 0 1000 CT 8500 25 
DO· TSH Drawn Hi permalloy shield and cover 20 /30 db Dl·TSH 

iocMA shown is for single ended useage (under 5 % distortion- lOOMW- 1 KC) .. for 
push pull, DCMA can be any balanced value taken by .5W transistors (under 5% distor­
tion-500MW- 1KC) . DO-T & 01-T units designed for transistor use only. U.S. Pat. No . 
2,949,591; others pending. - *Units newly added to series 

§Senes connected; §§Parallel connected 

DO·TBDl·T'" 
00-T 01-T 

Transistor TRANSFORMERS 
and INDUCTORS 

ALL ITEMS SUCCESSFULLY TESTED 
TO COMPLETE MIL-T-278 

ENVIRONMENTAL REQUIREMENTS 

*16 New Items Added to Stock Line 

IMMEDIATE DELIVERY ff3G',c 

High Power Rating ............... .......... .. ... .. up to 10 times greater 
Excellent Response ............................ twice as good at low end 
Low Distortion ...... ................................................ reduced 80% 
High Efficiency .... .. ......... up to 30% better ... comoare OCR 
Moisture Proof ............ .. .. .. .. .. hermetically sealed to MIL-T-278 
Rugged ............... ...... ........... Grade 4, completely metal cased 
Anchored Leads .................... will withstand 10 pound pull test 
Printed Circuit Use ........ (solder melting) nylon insulated leads 
Suited to Clip Mounting ........ .. ........ use Augat #6009-BA clip 

INDUCTORS 
OO·T Inductance OO·T 01-T 01-T 

No. HJS riil ma OCR(! DCRO No. 
•oo-TSO !.075 Hy /10 ma , .06 Hy /30 ma 10.5 
(2 wdgs.) H.018 Hy /20 ma, .015 Hy /60 ma 2.6 

DO-T2S .3 Hy /4 ma, .15 Hy /20 ma 25 
.I Hy /4 ma, .08 Hy /10 ma 25 Dl-T2S 

DO-T27 1.25 Hys /2 ma, .5 Hy /11 ma 100 
.9 Hy /2 ma, .5 Hy /6 ma 105 Dl-T27 

DO-TS 3.5 Hys /2 ma, I Hy /5 ma 560 
2.5 Hys /2 ma , .9 Hy /4 ma 630 DI-TS 

DO-T26 6 Hys /2 ma, 1.5 Hys /5 ma 2100 
4.5 Hys /2 ma, 1.2 Hys /4 ma 2300 Dl·T26 

•DO-T49 !20 Hys /l ma, 8 Hys /3 ma 5100 
(2 wdgs.) !§5 Hys /2 ma , 2 Hys/6 ma 1275 

POWER TRANSFORMERS 
*DO-T400 Pri 28V 380-1000 cycles, Sec 6.3V r.il 60 ma 
*DO-T410 Pri 28V 380-1000 cycles, 2-Sec 6.3 rill 30 ma each 
*DO-T420 Pri 28V 380-1000 cycles, Sec 28V <w 20 ma (lsol. Electrostatic Shld.) 

UNITED® TRANSFORMER CO. 

Write for catalog of over 
1,300 UTC TOP QUALITY 

STOCK ITEMS 
IMMEDIATELY AVAILABLE 

from your local distributor. DIVISION OF TRW INC. • 150 VARICK STREET, NEW YORK, N. Y. 10013 
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OUTSTANDING PERFORMANCE ... AT REASONABLE COST HIGHEST ACROSS-THE-BOARD 
PERFORMANCE AVAILABLE FROM A WIDEBAND DIFFERENTIAL DATA AMPLIFIER 

New Hewlett-Packard 2470A Differential Data Amplifier ... $585 

Top electrical performance: Com 
pare, spec to spec-DC gain XlO to 
XlOOO (optional precision vernier, 
Xl gain), output ±to v, 0-100 ma. 
Gain accuracy ±0.02% range; con­
stant 50 kHz bandwidth. Differential 
input for low drift, high cmr (120 db 
at 60 kHz on gains down to x30, 90 
db at xl) . Full output across full 
bandwidth (10' v/sec RTO). High 
1000-meg input impedance all gain 
settings, output impedance 0.1 ohm 
+10 µh. DC linearity of 0.002% on 
both polarities; de gain stability of 
0.005% per month achieved without 
chopper stabilization. Low drift and 
noise. Fast 100 microsecond settling, 
100 microsecond overload recovery, 
excellent overload protection, op­
tional overload indicator. Input and 
output isolated by internally driven 
guard shields; dual output available 
with fixed 2-pole filter. 

MULTlftlll 

Built-in reliability: The predicted 
MTBF of the 2470A is in excess of 
20,000 hours. Silicon transistors are 
used throughout, and passive and 
active components are selected for 
dependability, as well as perform­
ance. Amplifier meets spec at 95% 
humidity at 40°C. Critical para­
meters (zero drift, full-scale accu· 
racy, common mode rejection) are 
verified after 100 hours of "run-in" 
at elevated temperature. 

Price t .o.b. factory. 
Data subject to change without notice. 

HEWLETT 
PACKARD DYMEC 

DIVISION 

Packaging for value, compactness: 
Amplifier and self-contained power 
supply are enclosed in a unique, 
rugged molded dielectric case. Com­
bining case, bench stand, power and 
signal cables, plus many other 
accessories, are available. 

ON READER-SCRViCE CARD CIRCLE 2 
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Use if for: Amplifying signals from 
low-level resistive transducers, such 
as thermocouples, strain gages. 
High input and "low output imped­
ance make it ideal for amplification 
over long transmission lines; use it, 
with resistive or reactive loads, such 
as x-y, strip-chart or oscillographic 
recorders, digital voltmeters, null 
detectors and servo systems, telem­
etry systems .. . or use it as a high­
performance bench amplifier. 

Call your Hewlett-Packard field 
engineer for complete information 
or write the Dymec Division of 
Hewlett-Packard, 395 Page Mill 
Road, Palo Alto, California 94306, 
Tel. (415) 326-1755; Europe: 54 
Route des Acacias, Geneva. 

130 6 
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We're normally a hard-nosed, unsentimental bunch at CMC, dedicated to giving the other two 
major makers of electronic counters (Hewlett-Packard and Beckman) a run for their money. 
So you wouldn't think we'd have time for motherhood or advancing the counter art. But, 
we've scored on all three with our new 600-Series. (1) It's the first all-silicon solid state 
counter. (2) We' re the first of the big three to use the advanced "Mother-Board" technique. 
So we've cut size, weight, and components while increasing reliability and ease-of-maintenance. 
(3) Operating temperatures from -30° to +75 °C are available. (Other folks we know strain 
to claim - 25 ° to+ 65 °C). Model 607 provides a frequency range of 0 to 5 Mc and period 
measurement of 0 to 1 Mc. Other models have readout from 2 cps-to 2.5 Mc. That's eight 
times faster than any competitive counter at the price. All this, and a price that's competitive 
with ordinary germanium counters. Something free! We give a glorious Crusading Engineers' 
medal to engineers who have the courage to com· 
pare everyone's performance specs before buying 
a counter. Get yours by writing today for our new 
stimulating technical catalog. It's free, too. And 
your Mother will be so proud of your shiny medal. 

12973 Bradley• San Fernando, California• Phone (213) 367-2161 •TWX 213-764-5993 

COMPUTER MEASUREMENTS COMPANY IS A LEAOING DESIGNER AND MANUFACTURER OF ELECTRONIC INSTRUMENTATION TO COUNT. MEASURE. AND CONTROL. 
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NEWS 
13 News Scope 
17 LSI chips away at computer hardware costs 

Powerful logic functions on a single slice promise higher reliability as well as 
size and cost reductions. 

21 Memory process puts 645 million bits on a square inch. 
24 Electronics flies, dives, swims 

Aircraft, submarines and other miniatures shown at New York's National Hobby 
and Craft Exposition can do almost anything their prototypes do. 

27 Washington Report 
33 Computers to aid in designing computers. 
38 Microprobe checks tiny magnetic domains. 
46 Letters 
51 Editorial: Who's complaining now ... and who's listening? 

TECHNOLOGY 
54 Evaluate the thermal runaway point of transistor audio output stages using ex­

perimental data and a set of simple calculations. 
62 Don't gamble on system performance! Statistics and random sampling will give 

an accurate picture of a transmission system's behavior. 
68 Get ultralinearity from ramps. Charging the timing capacitor from a constant 

current source improves and simplifies ramp generators. 
76 Avoid relay misapplication. Case histories show that this can be done by giving 

the manufacturers more specs and applications data than is sometimes done. 
82 Try low-resistance trimmers. If applied correctly, they can provide not only high 

resolution but other advantages as well. 
86 Get rid of cross-polarization in edge-shunt slotted array antennas with only a 

partial grating placed across the center of. the array. 
90 Read off the life of pilot lights as a function of the operating voltage, current 

and candlepower with a simple nomograph. 
92 Reduce paperwork on MIL designs with this index of items that are cross-refer­

enced to military approval requirements. 
106 Ideas for Design 

PRODUCTS 
118 Cover Feature: Strange bedfellows in a T0-5-an spdt relay and a FET amplifier. 
144 Test Equipment 
148 Systems 
150 Power Equipment 
152 Semiconductors 
154 Materials 
156 Microwaves 
160 Microelectronics 

Departments 
96 Book Reviews 
162 Design Aids 
164 Application Notes 

166 New Literature 
174 Advertisers' Index 
176 Designer's Datebook 
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There's a G-E silicone 

Bonding 

Laminated layers of mica sheeting are 
securely bonded with G-E RTV silicone 
sealant. Ready to use, it bonds to most 
materials. 

Screws and drilling are eliminated by 
adhering identification plates with RTV 
sealant. It won't harden, soften, crack 
or shrink. 

G-E RTV translucent sealant provides 
excellent see-thru insulation instantly. 
UL-recognized, the sealant also comes 
in colors. 

Silicone rubber wire and cable insulation 
passes UL vertical flame tests and is fre­
quently used in high-voltage circuits. 

G-E silicone dielectric greases, ideal heat 
transfer media, are easily brushed, 
painted, sprayed, dip-coated or applied 
directly from tube. 

Damping 

G-E RTV-7 silicone rubber foams on the 
spot to provid e mechanical support, 
shock and vibration damping, and. light 
weight electrical insulation. 

Sealing 

G-E two-part RTV, available in a range of 
viscosities, seals filament condenser 
plate in dielectric heater. Also protects 
against vibration . 

G-E RTV Is ideal for high temperature 
moisture sealing of heating elements. It 

, withstands temperatures as high as 
600°F, as low as -75°F. 

ELECTRONIC DESIGN 28, December 6, 1966 



design solution for: 

Mold making 

Tough, flexible G-E RTV silicone for mold­
making reproduces detail accurately and 
minimi::es tooling costs. 

For prototypes or short-run parts produc­
tion, G-E RTV is an excellent flexible 
moldmaking material. And it needs no 
release agent. 

Potting and Encapsulating 

Many G-E RTV silicone compounds are 
available-all with good strength, out­
standing electrical properties and resist­
ance to temperature extremes. 

Impregnation of transformer coils with 
G-E RTV provides electrical insulation 
and environmental protection at high 
temperatures. 

G-E RTV provides attractive, protective 
packaging for components. Each unit is 
encapsulated in a different color RTV for 
easy identification. 

Fluids Applications 

G-E silicone dielectric fluids provide ex­
cellent electrical properties and thermal 
stability for many types of components. 

Fabricating 

G-E silicone elastomers are easily used to 
make numerous silicone rubber parts by 
standard rubber fabricating techniques. 

If you can't finrt it 
here, write for our 
Silicone Selector 
Guide: 
Section L12254, Silicone Products 
Dept., General Electric Company, 
Waterford, New York 12188. 

GENERAL. ELECTRIC 
ON READER-SERVICE CARD CIRCLE 4 
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With many hands like these ... 

• Burroughs manufactures a complete product line of 20, 30 
and 50 mil ferrite cores. 

• Burroughs manufactures temperature stable ferrite cores (for 
operation over a I 00 °C range in an environment of -50°C 
to +ioo°C). 

• Burroughs manufactures 2 l/2 D memory stacks. 

• Burroughs manufactures mass memories. 

• Burroughs manufactures the highest quality memory products 
(cores, planes and stacks) under a Zero Defects Program. 

• Burroughs now makes complete memory systems available 
for your computers. 

{;) Burrou~hs Corporatlon/ ELECTRON1c coMPONENTs D1v1s10N 

ON READER-SERVICE CARD CIRCLE 5 PLAINFIELD. NEW JERSEY 07061 
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111i~1·ttci1·c11if s 
An industry first. General lnstrulllent, 
the leading producer of both hybrid and 
MOS ICs, has colllbined both technolo­
gies to create the Illost advanced line of 
hybrid ·ICs yet produced. The PC-250 
is the result of this Illarriage of high 
perforlllance MOS transistors and high 
perforlllance bi-polar transistors used in 
conjunction with Gl's proven hybrid 
asselllbly techniques. 

The PC-250 is an ultra-high input impedance amplifier which can be used not only as a general purpose amplifier, but is 
designed for use wherever electrometer type high input impedance circuits are required-as in infrared detectors, high impe­
dance transducers and crystal cartridges-thereby eliminating the need for the much larger, more complex, less reliable elec- . 
trometer tube. The PC-250 and the PC-251 (the short-circuit- proof version of tlie PC-250) are immediately available in her­
metically sealed ceramic-metal fl.atpacks from your authorized General Instrument Distributor. Write for full information. 

CIRCUIT DIAGRAM: 
• The high impedance MOSFETS matched in a differ­
ential pair form the front end of the amplifier-result­
ing in an electrometer type performance input circuit. 

• No external frequency stabilization is required in 
most normal closed loop amplifier configurations. 

• This circuit is indicative of the many types possible 
with this new combined technology. 

FEATURES: 
Input resistance .... JOH typical 
Voltage Gain ... 50dB, 44dB min . 
Input Leakage Current . . .3 pA 

GENERAL 

Iii 
GENERAL INSTRUMENT CORPORATION • SOD WEST .JOHN STREET, HICKSVILLE, L. I., NEW YORK 

ON READER-SERVICE CARD CIRCLE 6 
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new Tektronix Plug-in 

simonnes 
Type 1S2 Sampling Unit for time domain 
reflectometry and general-purpose sampling 

You can test transmission lines, cables, connectors, 
broad-band devices with ease and accuracy with the 
new Type 1 S2 Sampling Plug-In Unit. It can be used 
in any Tektronix oscilloscope that accepts letter and 
1-series plug-ins. 

The ~90-ps risetime of the vertical channel, and 
deflection factors to 5 mV/div make the Type 1 S2 
useful in many general-purpose sampling measure­
ments. For this general-purpose use, a pretrigger or 
delay line is required. System risetime as a reflecto­
meter is ~140 ps. 

The illustration shows a Type 1S2 in a Tektronix Type 
549 Storage Oscilloscope being used to test a 50-0 
delay line. Information obtained from the upper trace in­
cludes electrical length of the line, nominal impedance, 
location and type of discontinuities. Lower trace is mag­
nification of the discontinuity shown near the center of 
the upper trace. Deflection factors: 
Upper trace - Vertical 0.25 p/div 

Horizontal 20 ns/div 
Lower trace - Vertical 0.025 p/div 

Horizontal 5 ns/div 
The Type 152 Manual Scan display mode was used in 
storing both traces to obtain optimum resolution. 

With the Type 152, positions of discontinuities in a 
line under test can be read directly from a dial in 
units of time or distance. Accuracy of round-trip 
time readings is within ±1% of full scale. 

Dual, full-scale 10-division horizontal calibration is 
in distances of 10 m, 100 m, and 1 km, and in times of 
0.1 µs, 1 µs, and 10 µs. The display can be expanded 
by a 7-step, calibrated, X1 through X100 magnifier 
for detailed examination of any discontinuities. 

Illuminated readout of the horizontal scale factor, 
including any magnification, adds to the operating 
ease. And testing of either short or long lines is fa­
cilitated by internal generators that provide a 50-ps, 
250 mV pulse and a 1-ns, 1-V pulse. 

A front-panel switch provides for matching the hori­
zontal calibration to the types of lines most com­
monly tested-air, TFE, and polyethylene. A variable 
control permits matching the calibration to lines 
using other dielectrics. 

Vertical calibration is in both p(rho) and in volts, 
from 0.005/div to 0.5/div, in 7 steps, with an accuracy 
within ±3%. It is also variable between steps, un­
calibrated. A ±2-V offset voltage, monitorable at the 
front panel, allows amplitude measurements, using 
slide-back techniques, with an accuracy within ±1 %. 

Vertical and horizontal outputs of 1 V/div of dis­
played signal are available at front-panel con­
nectors. 
Type 152 .............. $1300 
Includes~ 2X and 5X attenuators, 50-n termination, 
20-cm airline, 5-ns RG 8/AU cable, 2 GR elbows, 
18" patch cord, and 2 manuals. 

U.S. Sales Price f.o.b . Beaverton, Oregon 

Tektronix, Inc. 

I OFFSET t FINE 
TYPE 1$2 SAMPLING UNIT 

DISPLAY MODE ... ... IE"'' HOOll ATTlN c. MANUAl SCMll 
flllOfilMAL 

MAN llNOU ... 
HOllllZ 

l .. ~ .. l 
e ITAOT 

... 
.... 

For complete information, contact your 

nearby Tektronix field engineer or write : 

Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005 

•C 

.... c· 

/.o'o 
r: .. \:J 

""' 
lOCAl 

ON 
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PRECISION MOLDED 
MONOBLOCS 

• 

' PHENOLIC COATED MONOBLOCS 

• 

HERMETICALLY 
SEALED-IN-GLASS MONOBLOCS 

--
"NEW FLAT-PACK MONOBLOCS " 
Five 10,000 p F. capacitors in one 

e package 

IF YOU NEED 
SMALLER 

NEW HIGH VOLTAGE MONOBLOCS 
1400 pf. at 3 K Volts ... 
in only .003 cu. in. 

• 
NEW BUTTON-TYPE 
MONOBLOC FILTER-CAPACITORS 

• 

Quality _ 
CAPACITORS··· 

Speciiy 

MONOBLO~ CHIPS 
Any SIZE and shape available 

•••••• 
ERIE 

MONOBLOCS 
WORLD'S MOST COMPACT 
TRIMMER CAPACITOR ... 
5 to 25 pf. 100 WVdc 

• 

UNMATCHED for 
VOLUMETRIC EFFICIENCY, 
STABILITY and RELIABILITY 

In today's microcircuitry, Erie's unique 
MONOBLOC Ceramic Capacitors 
provide the answer to difficult 
packaging problems ... particularly 
where high capacitance , demanding 
stability, great reliability and severe 
environmental conditions are 
deciding factors. 
Monobloc Subminiature Capacitors are 
available now for a wide variety of 
microcircuit applications. Currently, 
Monoblocs are used extensively in 
aerospace and military control 
equipments. communications computers 
and other areas requiring the reliability 
of performance so characteristic of 
Erie Monoblocs. 
You name the capacitance problem 
and Erie will provide a Monobloc 
Capacitor with better reliabil i ty . . . 
in a smaller package . Write for 
Monobloc Ceramic Capacitor 
literature. 

Another Series of Components in Erie's Project "ACTIVE" 
Advanced Components Through Increased Volumetric Efficiency 

ON READER-SERVICE CARD CIRCLE 8 
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E . L TIC® CAPACITORS 
IN 42 CASE SIZES ... 

for maximum capacitance in minimum space! 

Type 36D Cylindrical Case 

Designed specifically for space economy, in applications 
such as computer power supplies, industrial controls, 
high gain amplifiers, etc . Case sizes from 1 % 11 x 21/e 11 

to 3 11 x 5% 11
• Improved temperature capabilities-may 

now be operated at 85 C. Low equivalent series resis­
tance, low leakage current, excellent shelf life, high 
ripple current capability. Superior seal employs molded 
cover with recessed rubber gasket. Reliable safety vents . 
Solder lug or tapped terminals. Standard ratings from 3 
to 450 VDC, capacitance values to 270,000 µ. F. 

Type 39D Tubular Case 

Smaller companion to proven 360 capacitor, possessing 
same outstanding performance. Case sizes from % " x 
11/e 11 to 1" x 3 % 11

• Designed for operation at tempera­
tures up to 85 C. Unique construction-anode and 
cathode terminals are welded-no riveted or pressure 
connections-prevents open circuits, even in microvolt 
signal range. Improved molded phenolic end seals con­
tribute to unusually long life (expectancy, 10 years or 
more). Low effective series resistance, low leakage cur­
rent. Standard ratings include capacitance values to 
18,000 µ. F, voltages from 3 to 450 VDC. 

For complete tecl1nical Jato on Type 36D or Type 39D Powerlytic Capacitors, 
write for Engineering Bulletins 34318 anrl 3415, respectively, to Technical Litera­
ture Service, Sprague Electric Co., 347 Marshall Street, Nortlt Arlams, Mass. 01247. 

Popular ratings are now available for fast delivery from your Sprague Industrial Distributor. 

SPRAGUE COMPONENTS 

CAPACITORS 

TRANSISTORS 

RESISTORS 

INTEGRATED CIRCUITS 

THIN·FILM MICROCIRCUITS 
4SC·!!i131R2 

10 

PULSE TRANSFORMERS 

INTERFERENCE FILTERS 

PULSE·FORM ING NElWORKS 

TORO IOAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAM IC·BASE PRINTED NElWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

.ON READER-SERVICE CARD CIRCLE 9 
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THE MARK OF RELIABILITY 
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News 

Large-scale integration makes a great impact 
on digital computers by upping the reliability 

of systems and power of data processors, 
while also cutting hardware costs. Page 17 

Electronic systems put new 
zip into tiny models. Page 24 

Microprobe is able to check tiny magnetic domains in order to 
judge the suitability of films for computer memories. Page 38 

Also in this section: 

Computers aid in the design of computers. Page 33 

New technique seals thousands of semiconductors at once. Page 44 

News Scope, Page 13 ... Washington Report, Page 27 . .. Editorial, Page 51 

ELECTRONIC DESIGN 28, December 6, 1966 11 



In High-Volume Producfionl 

~ Sx actual size 

ME,1ANET® TRUE METAL-FILM 
M PRECISION RESISTOR NETWORKS 

Save Space, Time, a.nd Money 

RESISTORS 

CAPACITORS 

• High packaging density-4 to 8 times that 
of individual components. 

• Fewer components to stock, handle, inspect, 
install. Entire module can be hand-inserted 
faster than one axial-lead component. 

e Permit substantial savings over equipment 
assembled with individual components. 

• Epoxy terminal board keeps pin terminals 
free of resin coating, unlike conventional dipped 
components, and provides uniform lead spacing . 

• Stand-off bosses permit efficient flux removal 
after soldering . Also prevent dirt and moisture 
traps around leads . 

• Extremely stable and reliable. Meet perform­
ance requirements of MIL-R-10509E. Resistance 
tolerances to + 1 % . 

• Ceramic capacitors can be incorporated for 
further savings and size advantages over indi ­
vidual components 

• • • 
For complete technical data, write for 

Engineering Bulletin 20,000 to Technical Literature 

Service, Sprague Electric Company, 347 Marshall 

Street, North Adams, Massachusetts 01247. 

SPRAGUE COMPONENTS 

SPRAGUE® 
TRANSISTORS 

PULSE TRANSFORMERS 

INTERFERENCE FILTERS 

PULSE-FORM ING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAMIC-BASE PR INTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAG NETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTI ONAL DIGITAL CIRCUITS 

INTEG RATED CIRCUITS 

THI N-FILM MICROCI RCUITS 
45 M-175-63R5 
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News scope 

Tubeless TV cameras 
oust vidicon? not yet! 

Despite increased effort by large 
companies to develop a solid-state 
tubeless television camera, it is still 
too early to predict the demise of 
the vidicon . 

The developmental efforts re­
ceived added impetus with the 
recent announcement by the Radio 
Corp. of America of a new solid­
state TV camera, designed by 
Dr. Paul K. Weimer and associates 
at the company's laboratories in 
Princeton, N. J. Both Fairchild and 
Westingouse disclosed comparable 
cameras in October during the 
IEEE Electron Devices Meeting in 
Washington, D. C. 

The RCA thin-film unit is experi­
mental; it was developed for the 
Air Force, hopefully for incorpora­
tion in reconnaissance systems. It 
consists of 32,400 microscopic dots 
of photoconductive material ar­
ranged in a 180-by-180 array on a 
square-inch glass side. Along two of 
the four edges of the image-sensing 

RCA's hand-sized, tubeless TV ca mera 

slide are two other slides, each with 
540 thin-film transistors. The tran­
sistor networks are connected to t he 
horizontal and vertical grid lines of 
the array. A fourth slide carries 
additional thin-film circuits re­
quired for various control functions . 

The camera is battery-powered. 
It draws only 3 watts at 14 volts 
de, including the transmitter unit. 

Dr. Weimer described the opera­
tion this way : 

As the scene is focused on the 
sensing array, the electrical resist­
ance of various photoconductive dots 
varies in proportion to the amount 
of light falling on them. A train of 
pulses sequentially applied to all 
180 vertical grid lines produces cur­
rent in each dot in proportion to the 
incident light intensity-the weaker 
the light, the weaker the current. 

At the same time the transistors 
in the second array sequentially 
sample each of the horizontal grid 
lines. This discloses the conductivity 
pattern in the photoconductive dots 
to create the electrical facsimile of 
the original scene. 

The sensing array is scanned in 
this fashion 60 times every second, 
a rate consistent with that of a con­
ventional television camera. 

Every time the array is scanned, 
the many currents and their relative 
positions are sensed and combined 
into a single fluctuating current 
that forms the output of the experi­
mental camera. This output, ampli­
fied and converted to a microwave 
signal in the transmitter, is sent to 
a television receiver for display. 

At present, according to Dr. Wei­
mar, the experimental camera is in­
ferior in resolution, sensitivity and 
speed to a conventional TV camera. 
However, he adds: 

"We expect to overcome many of 
these limitations in the future, by 
adopting new circuit ideas and by 
developing photoconductive arrays 
with as many as 10 times more 

ELECTRONIC DESIGN 28, December 6, 1966 

light-sensing elements as are used 
in this first, experimental model." 

The Fairchild camera was de­
scribed by researcher Gene Weckler 
at the IEEE meeting. It consists of 
10,000 phototransistors and 10,000 
MOS-FETs on a single chip a half­
inch square. 

Westinghouse's unit, Gene Strull 
told the same meeting, is an array 
consisting of 50-by-50 phototran­
sistors, also a half-inch square. 
Strull indicated, however, that his 
work showed that an array with 
resolution of 200 lines per inch was 
entirely feasible. 

But all of the new devices have a 
way to go before they can match the 
vidicon's resolution of 400 to 500 
lines per inch, as well as its sensi­
tivity and speed. The advantages of 
a solid-state vidicon are such, how­
ever, that a concerted effort to de­
velop a successful one will undoubt­
edly continue. 

As Dr. James Hi llice, vice presi­
dent of RCA Laboratories in Prince­
ton, observes : 

"Eventually cameras of this type 
could find the widest possible appli­
cation in the military, in space, in 
medicine, in home and industry. 
There is still much work to be done, 
but the promise is definitely there." 

Space-guidance laser 
will undergo testing 

The practical laser spacecraft 
guidance system will move a step 
closer to realization as a result of a 
recently awarded contract. 

NASA's Marshall Space Flight 
Center, Huntsville, Ala., awarded 
the contract to ITT's Federal Lab­
oratories at Nutley, N. J. Simulated 
tests will be made of a prototype 
light-beam system intended to guide 
space vehicles in rendezvous and 
docking maneuvers. 

ITT officials say that the optical 
system will be lighter and more 
compact, accurate and efficient than 
radar systems used. 

Gallium arsenide laser arrays are 
used on each spacecraft for rendez­
vousing. After initial acquisition, 
one vehicle's optical system becomes 
passive. 

The maneuvering spacecraft's 
laser pulses are returned by a re­
flective array on the passive craft. 
Angle, range and rate-of-closure in­
formation are converted by the 
maneuvering craft's computer into 
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signals for controlling its attitude 
and propulsion systems. 

ITT plans to use a mountain-top 
laboratory to house the passive ve­
hicle's system and an aircraft flying 
over the laboratory to simulate the 
maneuvering spacecraft. 

Upon successful completion of the 
mountain-top tests, the laser system 
will be tested in NASA's Gemini 
rendezvous simulator and Lunar 
Excursion Module simulator. 

80-kW accelerator 
being used by NBS 

One of the world's most intense 
electron beams is being produced by 
a new linear particle accelerator 
(linac) at the National Bureau of 
Standards laboratory complex at 
Gaithersburg, Md. 

With an electron power output of 
more than 80 kW- an intensity 200,-
000 times greater than any previous­
ly available at the bureau-the beam 
can infuse materials of all kinds 
with extremely high radiation doses. 

The linac is basically a 100-foot 
pipe through which electrons are ac­
celerated on the crest of a traveling 

A long look at 100-foot accelerator 
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radio-frequency wave. Individually 
powered accelerator sections are co­
ordinated and used to impart high 
energy to the electrons by means of 
repeated voltage applications. The 
NBS linac has nine such accelerator 
sections that the beam passes 
through. 

Since it is hard to maintain stead­
ily the high RF power necessary for 
an intense linac beam, the NBS 
linac beam is pulsed. Each electron 
pulse is synchronized with a burst 
of RF energy within the accelerator 
sections. The electron bunches with­
in a pulse travel on the crests of the 
RF field as they are moving down 
the accelerator. 

The linac wing occupies two base­
ment levels at the NBS complex. On 
one level are the linac chamber, a 
magnet room and measurement 
rooms; on the other level are cool­
ing, power and control rooms. 

The linac's well-defined beam, 
highly stable and extremely small 
in energy spread, can be controlled 
by magnetic fields and made to in­
teract directly with various materi­
als. Alternatively, it can be directed 
at certain targets to generate other 
radiations, such as X-rays, positrons 
or neutrons. 

Are Russians checking 
Theory of Relativity? 

The Soviet Union may be conduct­
ing experiments in space to check 
Einstein's Theory of Relativity. 

This speculation arose from the 
recent publication of a brief article 
in Pravda. It announced that the 
Russians had orbited an atomic 
clock of the ammonia type in Cosmos 
97, launched Nov. 26, 1965. 

Explaining possible uses of an 
ammonia frequency standard in a 
satellite, Soviet Academician N. G. 
Basov said that it "permits carry­
ing on communications with space 
devices, control over them and trans­
mission of telemetric information 
for very great distances." 

"In addition," he noted, "there is 
in this case a considerable increase 
in the operating precision of pro­
gram timer devices and systems for 
determining the trajectory of the 
satellite's movement." 

U.S. observers are speculating 
that the Cosmos 97 payload may be 
a prelude to checking Einstein's 
theory, by comparing the difference 
in performances of a space-born 

and a ground-based atomic clock. 
Such experiments have been sug­
gested in the past by both Soviet 
and U.S. scientists. 

The frequency of the satellite 
standard has been telemetered for 
comparison with a ground-based 
standard, Pravda reported. How­
ever, no quantitative data were re­
ported, to show the amount of de­
viation experienced. 

DOD will issue catalog 
for space experimenters 

For researchers with an experi­
ment that simply "must" be car­
ried into space aboard the next Ti­
tan or Saturn launch vehicle, the 
Defense Dept. has just the thing: 
a new semiannual catalog of second­
ary payload space and flight oppor­
tunities for experimenters. 

The catalog will be issued shortly 
by the Directorate of Defense Re­
search and Engineering, according 
to Dr. Finn J. Larsen, deputy chief 
of the directorate. He told a recent 
meeting of the National Space Club 
that the publication would be part of 
a move to establish a central operat­
ing agency to manage flight support 
for all DOD space experiments. The 
program will be conducted in coop­
eration with a similar NASA effort 
to utilize unprogramed secondary 
payload space, Dr. Larsen said. 

Integrated circuit used 
in FM receiver IF stage 

H. H. Scott, Inc., announced that 
for the past month it has been using 
Fairchild Semiconductor integrated 
circuits in the IF amplifier stage of 
its higher-priced FM receivers. This 
is the first use of ICs in a high-fi­
delity home entertainment product, 
according to H. H. Scott. 

Designated µ,A 703, the amplifier 
consists of five transistors and two 
resistors deposited on a single sili­
con chip mounted in an epoxied 
package. Four amplifiers are used 
in each FM. 

The use of an integrated circuit 
as an IF amplifier will, H. H. Scott 
says, improve the FM receiver' s 
capture ratio (the ratio of desired 
signal to unwanted interference and 
other stations on the same channel). 

Fairchild Semiconductor says 
that it plans to offer the device on 
the regular off-the-shelf market. 
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Westinghouse makes IC's 
faster than you can . buy them 

18 gate circuits with 1 
to 6 gates per package in a 

variety of input arrangements, 3 RS 
flip-flops, 2 JK flip-flops, 1 pulse binary 

counter, plus diode expanders, and a variety of 
interface circuits ... all available in dual-in-line pack, flat­

pak, or TO can. For technical data, write Westinghouse Molecular 
Electronics Division, P.O. Box 7377, Elkridge, Maryland 21227. 

Call your Westinghouse Electronic Distributor now. 

You can be sure if it's Westingh?~~~ @ 



The Model CW-1 Boxcar Integrator is 
a gated signal averaging device useful 
for the recovery of either complete re­
petitive waveforms or incremental por­
tions thereof from noise. The input to 
the Boxcar Integrator is sampled by 
a variable width, variable delay gate 
which can be fixed at any point on, 
or slowly scanned across, the repeti­
tive waveform. The sampled portion 
of the input waveform is averaged by 
a variable time constant integrator, 
displayed on the panel meter, and 
made available for external recording 
or other use. Because the mean value 
of random noise is zero, the output of 
the integrator will asymptotically ap­
proach the average value of that por­
tion of the input waveform being 
sampled at any moment, with a cor­
responding suppression of the accom­
panying noise. The Model CW-1 may 
be used in such widely varied appli­
cations as pulsed nuclear resonance, 
laser excitation decay, and biological 
evoked response experiments. In gen­
eral, this instrument should be of 
value in any application where noise 
interferes with the recovery of repeti­
tive waveforms. 
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SPECIFICATIONS 
SIGNAL CHANNEL -
Input Sensitivity: ± .2 volt to ± 100 
volts in 1, 2, 5, sequence for ± 10 volts 
output. 
Dynamic Range: Will accept inputs 15 
times full scale requirement without 
overloading. 
Integration Time Constants: 100 micro­
seconds to 100 seconds in l, 3, 10 
sequence. 
Holding Time: At least lQG times inte­
gration time constant for 10% F.S. 
change in output, up to 10s sec. 
Output: (a) 1/2% Panel Meter, ± 10 
volts. 
(b) ± 10 volts provided at front panel 
at an impedance of 1 K. 
(c) Recorder Output - suitable for 
most galvanometric and servo 
recorders. 

GATE TIMING CIRCUITS -
Operating Modes: (a) Ext. Trigger 
(b) Ext. Gate 
(c) Recurrent: Time Base triggered au­
tomatically and repetitively. 
(d) Continuous: Gate on continuously. 

ON READER-SERVICE CARD CIRCLE 12 

Time Base Widths: 10 microseconds 
to 1 second in 1, 2, 5 sequence. 

Gate Pulse Width: Continuously ad­
justable from 1 microsecond to .11 
second. 

Delay: (a) Manual adjustment from 0% 
to 100% of Time Base Width. 
(b) Automatic scanning from 0% to 
that % of Time Base Width selected 
by setting the Manual Delay Dial. 

Automatic Delay Scan Periods: 1, 2, 5, 
10, 20, 50, and 100 minutes. 

GENERAL -
Power Requirements: 105-125 volts or 
210-250 volts\ 50-60 Hz; approximately 
15 watts. 

Size: 19"W x 5"H x 14"D. 
Price: $1,950.00. Export prices approx­
imately 5 per cent higher (except 
Canada). Request Bulletin No. 127. 

PRINCETON 
PPLIED RESEARCH CORP. 

Dept. E 

Box 565. P11ncelun N J. Tel (609) 924 6835 
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NEWS 

LSI chips away at computer hardware costs 

Powerful logic functions on a slice promise higher 
reliability as well as size and cost reductions. 
Joseph J. Casazza 
Technical Editor 

Successful development of large­
scale integration (LSI) technology 
is making significant changes in 
digital computers. Some of these 
changes, according to Richard L. 
Petritz, director of Texas lnstru­
ments' Semiconductor Research and 
Development Laboratory, Dallas, 
are: 

• Lower system hardware costs. 
• Higher system reliability. 
• More powerful data processors. 
• Incorporation of software into 

hardware, with a resultant sim­
plification of software. 

Slice holds complete function 
Incorporation of a complete func­

tion (adder, register, etc.) on a sin­
gle circuit chip will have a great 
impact on computer design, Petritz 
points out. The present integrated­
circuit approach permits incorpora­
tion of only a sufficient number of 

!EC 
INTEGRATED EOOIPMENT COMPONENT 

0£VICE 

IC 
INTEGRATED CIRC\JIT 

1., Integrated equipment components 
perform complex logic functions (top) 
as opposed to conventional integrated 
circuits (middle) which perform sim­
ple logic functions . These, in turn , 
are compared with the single transis­
tor (bottom) which cannot perform 
any function independently. 

logic circuits to perform a part of 
some logic function. But as more 
complex logic functions are placed 
on a single slice of semiconductor 
material, computer software, too, 
can be simplified. The software will 
employ hardware to perform spe­
cialized operations that would oth­
erwise require complex and expen­
sive programs. 

Integrated-circuit chips which 
contain a complete logic function 
are referred to by Petritz as in­
tegrated equipment components 
(IECs) to distinguish them from 
single-function ICs. The difference 
between these is illustrated in Fig. 
1, which shows the relationship be­
tween a single device, IC and IEC. 

There is general agreement that 
LSI, or "complex arrays," will be 
the big difference between third­
generation and fourth-generation 
computers. 

What are the logic functions that 
can be handled by LSI? According 

(a) 

(b) 

2. Examples of present-day IECs in· 
elude this eight-bit shift register (a) 
and this binary-decimal decoder (b), 
both built by Texas Instruments. 
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to L. C. Hobbs, president of Hobbs 
Associates, Inc., Vista de! Mar, 
Calif., many functions that are pres­
ently handled by programed sub­
routines can be implemented easily 
with special-purpose circuits to per­
form the logic. Some of the func­
tions that could be dealt with in this 
manner include: 

• Binary-to-decimal and decimal-
to-binary conversions. 

• Code conversions. 
• Co-ordinate conversions. 
• Format control. 
• Table look-up operations. 
• Scaling. 
• Mathematical operations such 

as sq uare root, trigonometric func­
tions and matrix operations. 

MOS or bipolar? 

While the future role of LSI may be 
well established, the choice of de­
vice to implement this technology 
efficiently remains a major ques­
tion. Will it be the MOS or the bipo­
lar transistor? In answer, Petritz 
points out that MOS devices pro­
vide five times the amount of cir­
cuitry possible with bipolar transis­
tors for a given surface area. 
"But," ays Petritz, "the bipolar 
has a speed and power advantage." 
This, he believes, will offset the 
MOS device's size advantage in 
high-performance computer ap­
plications. This speed / power capa­
bility will give the bipolar transis­
tor a role in the large, general pur­
pose computer. 

For those applications where MOS 
has sufficient speed and current 
handling capabi li ty, it should be 
used on the basis of achieving high­
er complexity per unit of chip area. 
Examples today include shift regis­
ters in the megacycle speed range 
where the capacity loading of de­
vices is small because the fan-out is 
basically one. Some remarkable 
achievements have already been 
made in employing serial logic with 
MOSs for small processors such as 
desk calculators. 

On the other hand, says Petritz, 
bipolar will be the choice for the 
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(LSI chips, aontinued) 
more general applications, particu­
larly if speed is a factor . The basic 
advantage of the bipolar is it· 
inherently high transconductance 
( g 111 ) ; therefore, it is superior where 
appreciable capacitance must be 
charged as in para llel logic. 

Comparison of the size and per­
formance characteristics of both 
bipolar- and MOS-based IECs is 
shown in the table. Two of the de­
vices listed-an eight-bit bipolar 
shift-register and a binary-decimal 
decoder- are shown in Fig. 2. 

Designer's role changing 
As the complexity of integrated 

circuits changes, the computer de­
signer can reasonably expect to find 
his own ro le in the design process 
changing. Wendell B. Sander, of 
Fairchi ld Semiconductor's Research 
and Development Laboratory, Moun­
tain View, Calif., believes that the 
designer wi ll still have to make the 
decision to "buy standard, design 
custom, or bui ld your own." This 
is a problem that must be faced 
when dealing with both conventional 
integrated cir_cuits and their more 
complex counteparts. Where a com­
puter designer had easy access to 
a number of complete integrated­
circuit families incorporating the 
bas ic log ic functions (AND, OR, 
etc.), he could adapt standard com­
ponents to meet his needs . With 
complete functions on a single chip, 

however, the designer is now faced 
with the problem of using a readily 
avai lab le function and modifying 
his original design, or on the other 
hand proceed ing with his or iginal 
design and having special integrated 
circuits designed and bui lt for him. 
cu its designed and buil t for him. 

The question of whether or not to 
standardize complex logic-function 
families is of primary concern both 
to device and system manufac­
turers . Cost will certainly play a 
large role in any decision . Pointing 
to the large savings from the stan­
dardization of conventional integrat­
ed circu its, Dr. Robert N. Noyce, 
vice president of Fairchild Camera 
and Instrument, states that "the ap­
pearance of more standard arrays 
seems inevitable." 

Increasing use of complex inte­
grated computer circuits should 
simplify the designer's job and per­
mit h im to bui ld a more powerful, 
more compact and_ less costly ma­
chine. There will be even less em­
phasis on the design of individua l 
circuits and more on the synthesis 
of complex logic functions that are 
at present contained in software. 

Another effect of LSI on the de­
signer's job wi ll be to increase the 
importance of design by computer. 
According to Petritz there are two 
approaches to computer-aided de­
sign of complex integrated circuits. 
One of t hese involves computer-aid­
ed design directly at the device level 

- that is, dei=dgning IECs by com­
puter directly from device parame­
ters . This is essentially the proce­
dure followed by engineers today 
when approaching LSI through de­
vice-based design . Petritz believes, 
however, that a more useful ap­
proach will be to use computer-aid­
ed design at the circuit-function 
level. In this case the designer 
defines a set of logical circuits such 
as gates, flip-flops, etc., and uses the 
computer to design ci rcuit layouts 
which minimize crossovers, area, 
etc. 

Design by computer should 
benefit system manufacturers by 
shortening the time it takes for a 
device manufacturer to respond to 
system requirements. Another ad­
vantage of automated design tech­
niques is that more accurate simu­
lation for circuit analysis is possi­
ble with digital computers than 
with breadboarding. Normal bread­
boarding techniques do not simulate 
the actual conditions on a slice of 
si licon suffic iently well. 

The materia l in this article is 
based on a series of papers de livered 
at the Fall Joint Computer Confer­
ence, held in San Francisco, Novem­
ber 8 through 10. Copies of the 
Conference proceedings may be 
purchased from the Scientific and 
Technical Division of Spartan 
Books, Inc., 432 Park Avenue South, 
New York, N.Y. 10016. A cumula­
tive index is avai lable also at a cost 
of $3.00. • • 

Table. Comparison of integrated equipment components 
Area No. of Device density 

I I 
Power 

Mfr. Component Device (in 2) devices (devices/in") Speed (mW) Pads 

*Tl Series-53 Bipolar 0 .7 1200 1720 35 ns 1200 60 
a rray 

Tl 8-bit Bipolar 0 .006 l 60 26,500 15 MHz 190 6 
sh ift reg. 

Tl Honeywell Bipolar 0 .0071 100 14,000 25 ns 250 14 
memory 

Tl Pa ra llel -load Bipolar 0 .01 150 15,000 25 ns 270 22 
seria I sh ift 

tGME 100-bit MOS 0 .0065 613 94,500 1 MHz 200 12 
sh ift reg . 

tGI 21 -bit MOS 0 .0042 158 37 ,600 500 kHz 150 11 
shift reg. 

Tl 22- bit Bipolar 0.0126 350 27 ,800 3 MHz 35 8 
shift reg. 

Tl B-to-D MOS 0 .0057 152 26 ,700 200 kHz 2 5 26 
decode r 

"'Texas Instruments, Inc. t General M icro-Elect ron ics, Inc. tGenera l Instrument Corp. 
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Like Popcorn. 
The other day one of our engineers said, "We're 

turning out those Unibloc* plastic transistors like pop­
corn." And, boy did we jump all over him! 

Sure, it's one way of saying we're making them by 
the millions (by the tens of millions as a matter of 
fact). And, we suppose it even reflects the fact that we 
produce them so fast right here in Phoenix that we can 
compete price-wise with devices made anywhere in 
the world. 

But, that's not the point. 
The trouble with likening them to "popcorn" is that 

it doesn't give you the true picture about the precision 
and quality that's built into each and every device 
we make. 

As a matter of fact, we advertising guys are the ones 
who dubbed them "no compromise" transistors because 
you get the same premium performance with Unibloc 
devices that you've always associated with metal-can 
transistors. 

That is the reason we were so upset. 
So, on your next new design, grab a handful of 

popcorn and live it up. 

*Trademark of Motorola Inc . 

• 
MOTOROLA 
Semiconductors 

MOTOROLA SEMICONDUCTOR PRODUCTS INC. • P. 0 . BOX 955 • PHOENIX, ARIZONA 85001 • (602) 273-6900 • TWX 910•951-1334 
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This is the typical wideband noise figure of Sprague Types 2N4383 
and 2N4384 high-gain, low-level NPN silicon epitaxial planar tran­
sistors. Maximum NF is 2.0 db, one db lower than the type that has 
been the industry's most popular high-gain, low-level transistor. 

Sprague Electric also offers Types 2N4385 and 2N4386, with 
noise figures of 1.0 db typ., 3.0 db max. 

Characteristic Conditions 2N4383 2N4384 2N4385 2N4386 
(T0-5 Cose) (T0-18 Cose) (T0-5 Cose) (T0-18 Case) 

BVeeo le=lOµA 40V min. 40V min_ 40V min. 40V min. 

BVeeo le=lOmA 30V min. 30V min . 30V min. 30V min_ 

leeo Vee = 30V lOnA max. lOnA max. lOnA max. lOnA m<1x. 

leeo Vee =5V lOnA max. lOnA max. - -

hfE Vee= 5V, le= lµA 60 min. 60 min. - -
hfE Vee = 5V, le = lOµA 100 min . 100 min. 40 min. 40 min. 

hFE Vee= 5V, le= lmA 120 min. 120 min. 100 min. 100 min. 

NF 
Vee=5V, le=lOµA, r 9 =lOKn , 

2db max. 2db max. 3db max. 3db max. Bandwidth= 10 Hz to 15.7 kHz 

Evaluate these devices without delay. They're available now 
in production quantities. Call your nearest Sprague Electric 
district office or sales representative for prices and delivery. 
Or, write Marketing Dept., Semiconductor Division, Sprague 
Electric Company, Concord, N.H. 03302. 

SPRAGUE COMPONENTS 

TRANSISTORS 

CAPACITORS 
PACKAGED COMPONENT ASSEMBLIES 

FUNCTIONAL DIGITAL CIRCUITS 

RESISTORS MAGNETIC COMPONENTS 

INTEGRATED CIRCUITS PULSE TRANSFORMERS 

THIN-FILM MICROCIRCUITS CERAMIC-BASE PRINTED NETWORKS 

INTERFERENCE FILTERS PULSE-FORMING NETWORKS 
4SS·l5162 

SPRAGUE® 
THE MARK OF RELIABILITY 

' Spraaue a nd ®· are rea1ste1ed 1r1dem11ks ol the Spru;ue fleci11c Co. 
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Spinning ball-heart 
of inertial system 

A spinning ball in place of a con­
ventional gyroscope at the heart of 
a new airborne inertial guidance 
system has overcome a lot of fric­
tion and drift problems. The beryl­
lium golf-ball-sized rotor "floats" in 
an electrostatic field as it spins at 
60,000 rpm and furnishes a stable 
reference. 

The use of electrostatic suspen­
sion combined with the elimination 
of the contact surfaces of the con­
ventional gyro permit the ball to 
spin undisturbed in an evacuated 
chamber for periods up to three 
years. 

The gyro was developed by Honey­
well, Inc., under contract to the Air 
Force's Avionics Laboratory at 
Wright-Patterson AFB, Ohio. It is 
intended as part of the stabilized 
platform on C-124 aircraft. 

Air Force engineers say that the 
electrostatic suspension eliminates 
friction, the main source of inaccu­
racy in conventional gyroscopes, and 
gives a high degree of reliability. 

The position of the spin axis of 
the sphere with respect to the gyro 
case indicates the orientation of the 
gyro in inertial space. A beam of 
light focused on lines inscribed on 
the ·phere gives this reference. The 
platform's guidance computer uses 
data on the relative positions of the 
lines and the case. • • 

SPHERICAL 
SHELL 
ROTOR 

VACUUM PUMP 

OPTICAL 
POSITION 
SENSOR 

Ball replaces wheel as the rotor in a 
new electrostatic gyroscope. 
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Memory process puts 645 million bits on a square inch 
A new laser memory process is 

said to be able to pack 645 million 
bits of digital data on one square 
inch area of plastic tape. The laser 
burns minute craters in the tape, 
as the tape is drawn at high speed 
past an aperture. 

The process was developed under 
Dr. Carl Becker of the Precision 
Instrument Co., Palo Alto, Calif. A 
laboratory model, without the tape­
moving mechanism, has demonstrat­
ed the functions, but a complete sys­
tem has yet to be built. 

A one-watt cw argon laser, gated 
by an electro-optical modulator, 
burns the minute pits in the tape's 
opaque coating. The holes or the 
lack of them correspond to digital 
input data. A hole represents logical 
1 and no hole is a logical 0 bit. 

The operating system will move 
polyester tape around an imaging 
circle of the laser aperture. The 
aperture is formed by objective 
lenses rotating at 1800 rpm. 

The laser creates one-micron holes 
(0.0039 inch) in the opaque coating 
of the tape, leaving the clear back­
ing intact. The holes are burned in 
successive parallel lines slanted at 
a slight angle across the tape. This 
permits the entire tape surface to be 
used and results in the high storage 
density. 

A locating track in binary code 
is used to locate each individual 
track for readout. 

Light passing through the clear 
spots in the tape is used to verify 
the accuracy of the process. A plexi-

HELICAL TAPE PATH 

LASER 

OUTPUT SIGNAL 

DETECTION 
ELECTRONICS 

Mass memory process uses lasers to write, check and read records. The laser 
burns minute data bits on fast-moving opaque plastic tape. 

glass "light pipe" collects and trans­
ports light passing through the tape 
to a photomultiplier, where it is 
translated to electrical impulses. 
The impulses are then compared 
with the input data to verify the 
recording. 

The tape is read by the reverse of 
the writing process. A lower-power­
ed cw laser beam illuminates the 
tape as it rolls by. Light shines 
through the holes and is translated 
into an electrical pulse. The reading 
laser does not alter the tape. Pulses 
can then be fed to a computer, print­
er or other recorder. 

According to the Precision Instru­
ment Co., the new process is unique 
in the following ways: 

• The capacity is 645 million bits 
per inch. This compares with about 
5600 bits per square inch for stand­
ard magnetic tape. 

• The speed-recording rate is 12 
million bits per second. 

• Permanence-holes cannot be 
erased and do not fade. 

• The accuracy of the recording 
is verified instantly, and an alarm 
indicates lack of correspondence be­
tween input and output. • • 

Bureau of Standards calibrating peak-pulse instruments 
Need to have your peak-pulse 

voltmeter calibrated? Try the Radio 
Standards Laboratory of the Na­
tional Bureau of Standards, Boul­
der, Colo. 

The bureau recently announced a 
new service, which it said is capable 
of calibrating various types of in­
struments, such as meter and digital 
units and oscilloscopes. Pulse gen­
erators can also be calibrated, pro­
vided their controls can be set ac­
curately to some reference position. 

Peak voltages, the bureau said, can 
be determined over the range of 5 

to 1000 volts. Measurements are 
made to ± 1 % with accurate fast 
rise, unidirectional, trapezoidal 
pulses. 

The parameters of these pulses 
for the different voltage ranges are 
as follows: 
Voltage Range 
Rise and Fall Time 
Pulse Duration 
Pulse Rep. Rate 

Max. Duty Cycle 
Voltage Range 
Rise and Fall Time 

5 to 100 V 
10 ns (each) 
0.02 to 100 µ.s 
60 to 2 X 10s 
pps 
0.1 
100to1000 V 
30 ns (each) 
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Pulse Duration 
Pulse Rep. Rate 

Max. Duty Cycle 

0.06-to 5 µ.s 
60 to 1.66 X 
10spps 
0.01 

Any questions about calibrations 
within these specifications or about 
special calibrations not covered in 
the two voltage ranges should be 
directed to Philip A. Simpson, High 
Frequency Calibration Services, En­
gineering Division, Radio Stand­
ards Laboratory, National Bureau 
of Standards, Boulder, Colorado 
80302 . •• 
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Gaussian or Chebyshev Crystal Filters 

Solid State Electronic Commutation 

Uniform Frequency Response 

Damon's Multifilter Spectrum Analyzers 
are adaptive to signal rate, filter time 
constant or display response. A unique 
frequency-sharing principle permits opti­
mum utilization of filters for maximum 
economy. In analysis bands from 1 00 cps to 
10 Mc, multipole crystal filters with band­
widths from 5 cycles to 1 00 Kc resolve 
closely spaced signals having large amp­
litude ratios. 

These state-of-the-art Analyzers are 
illustrative of Damon's capabilities in 
frequency information retrieval and anal­
ysis. Other significant examples include 
the Telstar Comb Filter and the SPASUR 
Detection Pre selector. 

Write for Real Time Multiple Filter 
Spectrum Analyzer Brochure. 

Spectrum Analyzer 
Model 5187A 

DAMON ENGINEERING. INC. 
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240 HIGHLAND A VENUE 

NEEDHAM HEIGHTS, MASS. 02194 (617) 449-0800 
ON READER-SERVICE CARD CIRCLE 15 

NEWS 

Dual magnetometers 
help search for oil 

If you happen to see a helicopter 
flying low with two bomb-shaped 
devices dangling below it on a ca­
ble, don't be alarmed. Its intentions 
are peaceful. It is merely looking 
for oil. 

The new airborne surveying in­
strument, known as a geomagnetic 
gradiometer, has been developed by 
Varian's Quantum Electronics Div., 
Palo Alto, Calif. The instrument 
system is capable of mapping hun­
dreds of square miles of subsurface 
terrain a day. It is said to be su­
perior to the single magnetometer, 
now in common use. 

The gradiometer system furnishes 
detailed data for use in determin­
ing the location of geological struc­
tures that trap petroleum under the 
ground. It is made up of two rubidi­
um magnetometers in streamlined 
pods, suspended 100 feet apart ver­
tically below an aircraft. 

E a c h magnetometer s e n s e s 
changes in the earth's magnetic field 
as small as 0.01 gamma (about one 
part in five million) of the earth's 
magnetic field. Instrumentation 
within the aircraft simultaneously 
records the output of the lower 
magnetometer and the difference in 
signals between both. 

By using two magnetometers, the 
new gradiometer is said to have the 
following advantages over the sin­
gle magnetometer: 

• Vertical measurement sensitiv­
ity to determine the character of 
the deep layers and their relation to 
probable oil-bearing strata. 

• A sensor configuration that can­
cels the daily changes in the earth's 
magnetic field and prevents their 
distribution of measurement. 

The basic element in each mag­
netometer is a glass cell containing 
vaporized rubidium. Optical pump­
ing is used to excite the vapor. 
Changes in the vapor's energy level 
as the magnetometers pass through 
the earth's variable magnetic field 
are monitored optically. 

Varian scientists are working on 
even more sensitive cesium and 
rubidium magnetometers expected 
to have a twentyfold improvement 
over current magnetometers. • • 
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Bombs on a string? No, two mag­
netometer sensors. They are part of 
Varian 's new geomagnetic gradiom ­
eter for finding oil deep in the ground . 
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Field-proven hp 3400A RMS Voltmeter 
Measure true rms value, 100 µv to 300 v, 10 Hz to 10 MHz 

Accuracy is ± 1 o/0 full scale 

High crest factor for accurate pulse, noise measurement 

DC output 1 v at full scale 

High maximum input, 1000 v peak 

Use it to: 
Measure level of noise with a crest factor of 100 

Measure rms value of pulse trains 

Measure t rue rms current, using hp 456A Current Probe 

Make frequency response tests 

Convert ac to de for recorder or DVM operation 

The Hewlett-Packard 3400A RMS Volt­
meter measures the actual root mean 
square of ac voltages which are sinu­
soidal or nonsinusoidal and have crest 
factors (ratio of peak to rms) as high as 
10 at full-scale deflection and as high as 
100 at 10% of full scale. Overload protec­
tion to 30 db or 1000 v peak, whichever 
is less, on each range. Input resistance 
10 megohms. Scale calibrated in both 
rms volts and db, the latter permitt ing 

measurement -72 to + 52 dbm. Price 
3400A, $525; Option 01 (db scale upper­
most for better resolution), $550. 

1044 

HEWLETT 

' 

-~ .. • ... kl. , ; ·-. ., 

Call your Hewlett-Packard field engi­
neer for a demonstration of the 3400A or 
write for complete specifications: 
Hewlett-Packard, Palo Alto, Ca lif. 94304, 
Tel. (415) 326-7000; Europe : 54 Route 
des Acacias, Geneva . 

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

PACKARD 
An extra measure of quality 

ON READER-SERVICE CARD CIRCLE 16 
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NEWS 

Model-makers race, fly and 
sail with electronics 

If you think that electronics is all work and no play, you 
weren't at the National Hobby and Craft Exposition held in 
New York's Coliseum at the end of October. 

From finely detailed "slot racers" to a plastic, radio-con­
trolled duck, electronically operated models drew considerable 
attention from show visitors of all ages. Not only are these 
pint-sized replicas accurate reproductions of the real thing but 
they can duplicate many of their prototypes' movementi?. Most 
of these were home projects. But the racing cars, such as the 
one shown here, and the Norelco kit ($25) are on the market. 

Joseph J. Casazza, Roger Kenneth Field 

lt'lr never fly, but this colorful little bird 
will paddle about a pond under command 
from a miniature radio transmitter. Containing 
a tiny radio receiver, the duck is propelled by 
a small, battery-driven electric motor coupled to a 
propeller in its "stern." Rudder position is controlled 
by a miniature servo. He mixes well with other ducks. 

Answer to the parking problem? Not really. This little car is one of the 
very popular slot-racers. Propelled by miniature de motors and receiving 
their 12-volt power from metal-covered track "slots," these Lilliputian 
machines whiz around the track at blurring speeds. The next step may 
be radio-control. Integrated circuits could provide sufficiently small re· 
ceivers, but nobody has yet come up with servos that can steer the car 
yet are at the same time small enough to fit "under the hood." 
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Moans · / / ______ _,, 
Blending past and present, this model of a World War I 
fighter contains electronic equipment that was unheard-of 
in the days of flying goggles and white silk scarfs_ All 
control functions , including engine speed and wheel 

brakes, are incorporated in model aircraft such as this. 
The "pilot" flies his "bird" using the transmitter shown 
on the right. The little pennant on top of the antenna 
prevents spectators from poking an. eye out. 

For the man who wants 
.something different, 
here's a radio-controlled 
submarine that will dive 
and surface. Small servos, 
operating at the command 
of a land- or rowboat­
based transmitter, control 
the speed, direction and 
diving planes of this 
battery-driven undersea· 
model. 
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Coauthor Casazza 
fingers a tune on this 

organ , built from a 
Norelco electronic 

projects kit. Armed with 
transistors and diodes, 

the experimenter can 
build a number of 

different gadgets by 
plopping a wiring diagram 

over the spring clips and 
hooking away. 
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Custom blended 
for highest performance 

G-E microminiature hybrid circuits 
•Custom microminiaturization is 
yours with General Electric sol id-state 
hybrid circuits, designed and built 
specifically for your applicat ion. 

G-E hybrids combine the best 
technologies of discrete active ele­
ments and thick film techniques to 
offer performance advantages often 
unavailable in a lone integrated cir­
cuit. A blend of transistor, diode, and 
tunnel diode pellets selected from 
standard General Electric lines puts 
proven reliability in every hybrid. 
And G.E. can vary the components 
of each hybrid to provide a device 
specially built for your particular 
need. 

Jn the last two years G.E. has built 
over 400 hybrids for a wide range of 
applications, including highly spe­
cialized military and aerospace proj-

ects. That same high capability can 
work for you-producing hybrids for 
microminiature linear or digital cir­
cuits with high voltage or power re-

G-E hybrid circuit 
for multi-vibrator applications. 

qu irements . .. or high speed, low 
volume digital circuits ... or cir­
cuits demanding high frequency/ high 
speed capability ... or in many 
other applications. 

It's al I a result of General Elec­
tric 's total electronic capability. 

For more information on custom 
microminiaturization with G-E hy­
brids, get the free brochure "Mono­
lithic and Hybrid Integrated Cir­
cuits". Ask your G-E engineer/ 
salesman for publication 450.40. Or, 
write to Section 220-42, General Elec­
tric Company, Schenectady, New 
York. In Canada: Canadian General 
Electric, 189 Dufferin St., Toronto, 
Ont. Export: Electronic Components 
Sales, l.G.E. Export Division, 159 
Madison Ave., New York, N.Y. 

SEMICONDUCTOR PRODUCTS DEPARTMENT 

GENERAL fj ELECTRIC 
ON READER-SERVICE CARD CIRCLE 17 
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A third slash for military R&D? 

J-654 .U.S.AIK turn.,,c. : 

Military R&D faces another cut 
Pentagon R&D programs face the budget axe 
for the third consecutive year. The military 
R&D slash in the 1968 fiscal budget, which will 
be presented next January and take effect in · 
July, is expected to be the stiffest yet. Both the 
President and Defense Secretary McNamara 
have said that the new budget aims to eliminate 
every cent of Pentagon spending that is not 
absolutely essential. Budget Bureau officials say 
this generally means " not absolutely essential 
to the war in Vietnam." Marginal R&D 
programs face a death sentence. 

McNamara underscored the policy of frugality 
at the time he announced Poseidon production. 
He said : "We considered the basic policy which 
we will follow as a foundation for the defense 
program in fiscal 1968, and, upon the 
President's instructions, will defer every 
possible element of the defense program that 
can be deferred without adversely affecting our 
security." Still, the total defense budget for 
1968, not including an expected supplemental, 
is expected to rise $2 billion. Most of the increase 
will go to prosecute the war in Vietnam. 

Congres.s to probe Federal computer use 
The 90th Congress will take a careful look at 
the Government's use of computers, and the 
members of at least one committee hope 
improved application of computers will greatly 
cut the mounting pile of paperwork. More 
important, though, they hope to reduce the cost 
of using the computers. 

Rep. Robert N. C. Nix (D-Pa.) , chairman of 
the House Census and Statistics subcommittee, 
and Rep. Tom Murray (D-Tenn.) , chairman of 
the parent Post Office and Civil Service 
Committee, are expected to introduce 
legislation that will greatly influence the 
Government's use of computers. For one thing, 
they want agencies to apply source data­
automation methods more often. This should, 
they say, reduce the cost of preparing data to 
feed secondary computers. They point out that 
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it now costs $550 million a year to program the 
input for the Government's computers. 

They will also recommend a broad program of 
research on paperwork practices and systems. 
A new Federal center for research into 
paperwork may be set up. The Nix 
subcommittee recently issued a report on 
Federal paperwork and indicated strongly that 
all too often the use of computers in 
Government is creating more paperwork 
instead of cutting it. Nix singled out the storage 
problem created by computers that generate 
stacks of records 100 times faster than 
typewriters can. Research that would permit 
agency heads to forecast more accurately the 
implications of computerization is among the 
goals of the $500,000-a-year program 
recommended by the committee. 

FCC may regulate computer rentals 
The Federal Communications Commission 
plans to hold hearings that may lead to 
regulation of computer and computer-time 
rentals. The commission feels it has jurisdiction 
because input and output often are transmitted 
over telephone lines. 

The FCC will try to determine under what 
circumstances computer services are subject to 
regulation under existing law, whether public 
policy requires the regulation of computer 
rental, and whether the Commission should 
recommend new legislation. It is especially 
concerned over the privacy of input and wants 
to find out what security measures the service 
companies take to protect their clients. 

So far, says FCC chairman Rosel Hyde, there 
have been no reports of abuses. But he says the 
commission wants to avoid them in advance. 

Holifield seeks procurement study 

A two-year Congressional investigation of 
Federal procurement policies and practices will 
be proposed by Rep. Chet Holifield (D-Calif.) 
when Congress returns in January. Holifield is 
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Washington 
Report CONTINUED 

chairman of the Military Operations 
subcommittee of the House Government 
Operations Committee. He will introduce a bill 
to set up a two-year investigatory panel to 
study all aspects of Government buying. 

As Holifield envisions it, the special commission 
would include representatives of Congress, the 
Executive and public life. It would have the 
power to examine virtually all records of 
Government contractors. 

Billions in work up for grabs 
As already disclosed, the electronic industry is 
expected to receive most of the $2.6 billion that 
probably will be spent over the next five years 
to refit Polaris submarines for Poseidon 
missiles. But the big questions are: Who will do 
the work? And where? 

Officials at both the Pentagon and at Lockheed, 
the prime contractor on both Polaris and 
Poseidon missiles, say it is far too early to talk 
about electronics contractors for the 
modification program. However, they admit 
that present Polaris and Poseidon contractors 
undoubtedly have the edge, especially since the 
Defense Dept. apparently wants the work done 
quickly and at the lowest cost possible. 

Aside from Lockheed, Aerojet and Hercules are 
associate contractors for Polaris power plants, 
and Thiokol and Hercules are associates for the 
Poseidon propulsion system. General Electric 
and Hughes are associates for Polaris guidance, 
as they are for Poseidon. Of the subcontractors 
selected so far, many of those for the Poseidon 
program filled the same roles in Polaris. 

In the Polaris program, GE has a special 
relationship with the Navy as a separate 
contractor on the Mark 80 and Mark 84 fire­
control subsystems, while Hughes is the fire­
control subcontractor under Lockheed. 
Interstate Electronics, Inc., of Anaheim, Calif., 
is subcontractor for instrumentation. Five 
organizations hold a position called "sub­
prime" for missile guidance: Raytheon, 
Massachusetts Institute of Technology, GE, 
Hugh es Aircraft and Honeywell. Responsible 
for communications are Sylvania, RCA's 
Princeton Laboratories, Bell Telephone 
Laboratories and ITT Laboratories. Missile 
check-out is handled by Northrop's Nortronics 
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Div. Sperry Gyroscope is responsible for the 
navigation subsystem. 

Defense Secretary Robert S. McNamara says it 
will cost somewhat more than 60 per cent of the 
original cost of the subs to refit them. The Navy 
has 41 Polaris submarines, and the average cost 
of each is $104 million. Early models will need 
the most extensive modifications. Later subs 
were built to carry and launch the A-3 Polaris, 
and the Poseidon will be only three feet longer 
and 18 inches greater in diameter. Navy 
sources say the modifications to the launching 
tubes will be minor compared with the 
necessary changes in the electronics-guidance, 
check-out (in-tube status sensors) and arming 
systems. The decision to produce and deploy 
Poseidon is viewed here as McNamara's answer 
to the Soviet Union's antimissile system, now 
being made operational. The precept is that the 
best defense is a good offense. No official 
decision has yet been made public on whether to 
proceed with development of our own nuclear 
antimissile system, the Nike-X. Pentagon 
officials speculate that McNamara will not 
request production funds for it in fiscal 1968. 

McNamara still feels that a massive, costly 
fallout shelter program must accompany the 
deployment of any system like the Nike-X 
system, because it will pepper as much 
radioactive fallout over the U.S. as invading 
enemy missiles would. 

New experiments in space 

Five Applications Technology satellites ( desig­
nated AT-Bs officially) are to be launched by 
NASA, starting this month. An Atlas-Agena 
rocket will lob the spin-stabilized payloads 
into stationary orbits at the equator, 22,300 
miles above the Pacific Ocean at 151 degrees 
West longitude. 

The spacecraft will be capable of transmitting 
television (black and white and color) and 
narrowband communications between stations 
at Rosman, N. C.; Mojave, Calif.; Kashima, 
Japan, and Toowoomba, Australia. 

A number of firsts will be among the 
experiments to be carried out on the satellite. 

They include: 

• VHF experiment for voice transmissions via 
the satellites to airplanes in flight. 

• Transmission of high-quality cloud-cover 
pictures of the earth from synchronous orbit. 

• Transmission of weather data (weather maps 
and nephanalyses) over a long-distance system. 
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SCALE VOM 

RANGES 
DC VOLTS: 0-0.15/0-.75/0-3/0-7.5/0-30/ 0-75/ 

0-300/0-750/0-3000 @ 20KO/V; 0-0.3/ 0-1.5/0-6/ 
0-15/ 0-60/ 0-150/0-600/0-1500/0-6000 @ lOKO/ V. 

AC VOLTS: 0-2.5/0-7.5/0-30/ 0-150/ 0-750 @ lOKO/ 
V; 0-5/0-15/0-60/0-300/ 0-1500 @ 5KO/ V. 

DC MICROAMPS: 0-75 @ 150MV; 0-150 @ 300MV. 
DC MILLIAMPS: 0-0.75/ 0-7.5/ 0-75/ 0-750@ 

150MV; 0-1.5/0-15/0-150 @ 300MV. 
DC AMPS: 0-7.5 @ 150MV; 0-1.5/0-15 @ 300MV. 
DB SCALE (LlMW-600): -20 to +75.5 db in 

10 ranges. 
OUTPUT: 0.1 mfd capacitor in series with all 

AC Voltage ranges through 300 Volts. 
RESISTANCE: RXl , 0-5000; RX lO, 0-50000; 

RXlOO, 0-SOKO; RX lK, 0-500Ko; RXlOK, 
0-5 mega; RXlOOK, 0-50 megfl(4.5f!Center). 

ACCURACIES 
DC VOLTS:0-0.15to1500±l1h3; 

0-3000 to 6000 ±2Y2%. 
AC VOLTS: ±33. 
DC CURRENT: ± rn3 
RESISTANCE: RXl, ±3° of Arc ; RXlO and 

RX lOOK, ± 2Y2 ° of Arc. 

TWO OTHER SIMPSON DC/AC VOMs 
WITH INTERESTING CAPABILITIES 

100,000 OH MS .I VOL TS 
SENSITIVITY 

MODEL 269·2 
$90.00 

33 RANGES 
BIG 7-INCH SCALE 

MODEL 262-3 
$70.00 

64-RANGE, 7-INCH 

With the improved, overlapping range coverage of Simpson's new 263 VOM, almost any value you want to 

measure can be read on the upper half of the scale (hal f to full scale) . This results in a four to five times 

greater accuracy of reading. Other things you'll like about the 263 are its diode overload protection which 

prevents movement burnout at 200,000% overloads . .. 11/2-volt alkaline battery that keeps low ohms readings 

extra stable ... and its high accuracy. Sensitivities are 20,000 and 10,000 ohms/ volt DC; 10,000 and 5,000 

ohms, AC. The 263 is the newest member of Simpson's great family of VOM's with 7-inch meters. Order 

one from your Electronic Distributor, or write for Catalog 2074. Model 263, complete with 

test leads and operators manual, only . •• •. .. ..... ...• ... . .. • ....... .. .... .. .......... 

TWO OTHER NEW SIMPSON DEVELOPMENTS! New contest for "2609 VOM Applications" • .. new edition 

of "1001 Uses For Your 260 VOM" book. See your electronic distributor for details, or write direct. 

SIMPSON ELECTRIC COMPANY 
5202 W. Kinzie Street, Chicago, Illinois 60644 • Phone: (312) 379-1121 
Representatives in Principal Cities . . . . . . See Telephone Yellow Pages 
Export Dept.: 400 W. Madison St., Chicago, Ill. 60606 Cable, Simelco 
In Canada: Bach-Simpson Ltd., London, Ontario 
In India: Ruttonsha-Simpson Private Ltd., Vikhroli, Bombay 

WORLD'S LARGEST MANUFACTURERS OF ELECTRONIC TEST EQUIPMENT 
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From the expanding line of Sigma relays . 
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New 1, 2 and 3 pole relays 
for nearly every application 
in the 5and10 amp range. 

\'r 

Nrw Series 50 I-pole 
New Series SO 2-pole 

Try one-or any Sigma relay-absolutely free. 
We want to give you a new Series SO-or any standard Sigma relay-to use in an appli­
cation you're working on now. We think it will outperform any other brand you may 
be using. 

If you select the new Series SO you can choose from 12 versions that cover every com­
bination of its 1, 2 or 3 poles, Sor 10 amp AC or DC power ratings, enclosed and open 
types, plug-in and soldered connections. These versatile relays are designed for the 
broadest variety of general purpose industrial applications ranging from output relays 
in sensing controls to photocopiers and vending machines. 

The Series SO is U. L. listed and includes such quality features as: Adjustable armature 
hinge for precise contact alignment. Heavy-duty contact base material for improved 
dielectric strength and insulation resistance. Single molded plug assembly with high 
temperature resistant polycarbonate housing. 

Put the new Series SO, or any Sigma relay, to the test yourself, free of charge. Just send 
for the new Preferred Standard and Stock Relay Catalog of the expanding line of Sigma 
relays. Then select the relay you want to test and compare, and your Sigma representative 
will see that you get it. Offer limited to original equipment manufacturers having 
applications for relays. 

SIGM-6 DIVISION p SIGM~ INSTRUMENTS INC 
- Assured Reliability With Advanced Design/ Braintree, Mass . 02185 

Need Sigma relays fasU Call your Sigma distributor for off-the-shelf delivery of our most popular types. 

ON READER-SERVICE CARD CIRCLE 18 
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NEW hp 180A OSCILL.OSCOPE 
You can see more, do more with this 30-ppund oscilloscope that goes any­
where-field, laboratory, or production line. Designed from the user's 
viewpoint in, this new dual-trace 50 MHz scope is packed with new 
ideas and innovations to give you big picture CRT, plug-in versatility, 
step-ahead all-solid-state performance, minimum weight and rugged 
design. These features add up to more total performance, more usability 
than any other scope on the market! 

The hp 180A mainframe is the first with power supplies specifically 
designed for solid-state circuitry-gives you full performance .benefits 
from solid-state devices in all present and future plug-ins. With hp's 
all-new big-picture 8 x 10 cm CRT, you have an extra-large display area 
-get bigger displays, make accurate measurements easier! 

Vertical amplifiers drive the CRT vertical deflection plates directly, 
allowing even greater bandwidth capabilities in future plug-ins. Vertical 
amplifiers have low drift FET input stages for accurate DC measure­
ments . .. plus quick 15-second warm-up. Time base plug-ins offer new 
easy to use delayed sweep for examining complex waveforms in detail. 
Tunnel diode triggering circuits lock in waveforms to 90 MHz. Exclusive 
hp mixed sweep feature combines display of first portion of trace at 
normal sweep speeds, and simultaneously expands trailing portion of 
trace at faster delayed sweep speed to allow magnified examination. 

See the back of the actual size color photo at the right for abbreviated 
specifications and price. For full specifications and a demonstration of 
how you can see more, do more with this new, versatile, go-anywhere 
scope, call your nearest hp field representative. Or, write to Hewlett­
Packard, Palo Alto, California, 94304. Tel. (415) 326-7000; Europe: 
54 Route des Acacias, Geneva. 

HEWLETT PACKARD 
Aneztrameaaureofperformance 

SEE 
MORE! 
DO 
MORE! 

t> 

Tear out actual photo of 180A Oscilloscope. Set it on your bench. See what the big pictµre display will mean to your work. ~ 

ON READER-SERVICE CARD CIRCLE 19 
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hp 1 BOA Oscilloscope 

is shown here ACTUAL SIZE: 

COMPARE DISPLAY! 
See how the new 180A Big Picture Display 

can make it easier for you to get 
accurate measurements. Punch out this actual 
size CRT area on the perforations. Place the 
punched-out portion over the screen of your 
existing high-frequency scope. You will find 
the hp 180A Oscilloscope has 30% to 100% 

larger viewing area for easier-to -see, 
easier-to-read traces! 

COMPARE SPECIFICATIONS! (Condensed) 
180A Oscilloscope 

Horizontal Amplifier: 
External Input: DC coupled, de to 5 MHz; AC cou­
pled, 5 Hz to 5 MHz. Input RC. 1 megohm shunted 
by approximately 3D pf. 
Sweep Magnifier: X1. X5. Xl 0; magnified sweep 
accuracy = 5%. 

Calibrator : 1 kHz square wave, 250 mv and 10 v p-p, 
=1%. 
Cathode-ray Tube : 8 x 10 cm parallax-free internal 
graticule marked in centimeter squares. Post-acceler­
ator tube. 12 kv accelerating potential; aluminized P31 
phosphor. 
Beam Finder : Pressing Beam Finder control brings 
trace on CRT screen. 
Intensity Modulation : Approx. +2 volts, de to 15 
MHz. will blank trace. 
Active Components : All solid state, except CRT. 
Environment : 180A scope with plug-ins operates 
within specs over the following ranges. Temperature: 
-28"C to +65"C. Humidity: To 95% relative humidity 
to 40"C. Altitude : To 15,000 ft. Vibration: Vibrated in 
three planes for 15 min. each with 0.010" excursion 
from 1 0 to 55 Hz. 
Power : 115 or 230 volts, = 10%, 50-1000 Hz. 95 
watts, convection cooled. 
Dimensions : Cabinet, overall dimensions with feet 
and handle: 8" x 11" x 22Yz" deep. Rack mount: 5X" x 
19" x 19 Yz" deep behind front panel. 
Weight : With plug-ins. net 30 pounds. 
Outputs : Main and delayed gates. main and delayed 
sweeps. 
Accessories Furnished : Two 10 :1 voltage divider 
probes, mesh contrast filter. 
Price : Without plug-ins. Model 180A, $825.00; Model 
180AR (rack). $900.00. 

1801 A Dual Channel 
Vertical Amplifier 

Modes of Operation : Chan. A alone; Chan. B alone; 
Chan. A and B displayed on alternate sweeps; Chan. A 
and B displayed by switching at 400 kHz rate, with 
blanking during switching; Chan. A plus Chan. B 
(algebraic addition). 
Deflection Factor (Sensitivity) : 0.005 v/cm to 20 
v/cm; attenuator accuracy, = 3%. 
Bandwidth and Rise Time : DC coupled, de to 50 
MHz; AC coupled, 2Hz to 50MHz; rise time. < 7 nsec. 
Input RC : 1 megohm shunted by approx. 25 pf. 
Polarity Presentation : +or - Up. 
Triggering : Provides sufficient signal to the time 
base to trigger from de to 50 MH!. 
Price : Model 1801A, $650.00. 

1820A Time Base 
Sweep Range : 24 ranges, 0.05 µsec/cm to 2 sec/cm 

in a 1.2,5 sequence; accuracy, = 3%; to 5 nsec/cm 
with Xl 0 magnifier. Also single sweep. 

Triggering : 
Internal: See vertical amplifier. 
External: de to 50 MHz from signals 0.5 v p-p, 90 MHz 
With 1 V p-p. 
Automatic: Bright base line displayed in absence of 
input signal. Triggers from 40 Hz to > 50 MHz. 
Trigger point and slope: Controls allow selection of 
level and pos. or neg. slope; trigger level on external 
signal adjustable =5 v. =50 v in+ 10 position. 
Coupling: AC. OC, ACF. 

Variable Holdoll : Permits variation of time between 
sweeps to allow triggering on asymmetrical pulse trains 

Price : Model 1820A, $475.00 . 

1821 A Time Base and 
Delay Generator 

Main Sweep : 22 ranges, O.lµsec/cm to 1 sec/cm in 
1,2,5 sequence; accuracy, :e 3%; to 10 nsec/cm with 
Xl 0 magnifier. Also single sweep. 

Triggering : 
Internal: See vertica l amplifier. External: de to 50 MHz 
from signals 0.5 v p-p, 90 MHz with 1 v p-p. 
Automatic: Bright base line displayed in absence of an 
input signal. Triggers from 40 Hz to > 50 MHz. 
Trigger point and slope: Controls allow selection of 
level and pos. and neg. sf ope; trigger leve l on external 
signal adjustable =5 v. ±50 v in + 10 position. 
Coupling: AC, DC. ACF. 
Trace Intensification : Used for setting up delayed 
or mixed sweep. Increases in brightness that part of 
main sweep to be expanded full screen in delayed 
sweep or made magnified part of display in mixed sweep. 

Delayed Sweep : Delayed time base sweeps after 
time delay set by main sweep and delay controls. 18 
ranges. O.lµsec/cm to 50 msec/cm in 1,2,5 sequence; 
accuracy, :e 3%. 
Triggering: Applied to intensified Main, Delayed, and 
Mixed Sweep modes. Automatic: Delayed sweep starts 
at end of delayed period. Interna l, External, Slope, 
Level, and Coupling: same as Main Sweep. 
Delay Time: (before start of delayed sweep); Con­
tinuously variable from 0.1 µsec to 10 sec; accuracy, 
=1%; linearity, =0.2%; time jitter. <0.005% of 
maximum de lay of each range. 
Trigger Output : (at end of delay time): approx. 1.5 
v pulse. 

Mixed Sweep : Dual sweep display in which main 
sweep drives first portion of display and delayed sweep 
completes display at speeds up to 1000 times faster. 

Price : Model 1BZ1A, $800.00. 

I 



NEWS 

Light pen to mask via computer 
Using a computer, a TV-like dis­

play screen, and a "light pen" to 
draw images on the screen, IBM en­
gineers have significantly reduced 
the time between a design idea and 
a finished scale drawing of a micro­
circuit. 

Instantaneous communication be­
tween engineer and computerized 
display does away with many tedi­
ous steps associated with circuit de­
sign and creation of an engineering 
drawing: the computer turns a 
light pen drawing into a finished 
circuit mask. Thus, intermediate 
drawings, which must be redrafted 
when the engineer modifies his de­
sign, can be eliminated. Engineers 
using the display screen and light­
sensitive pen can change their de­
signs simply by manipulating the 
computer-generated images of tran­
sistors, diodes, resistors and other 
components. 

When the design is in final form, 
a computer-controlled printer pro­
duces a precise, scale-drawn layout 
of the circuit. This hard-copy draw-

duced to make a printing mask. The 
mask is used in actual printed-cir­
cuit fabrication. 

IBM has also experimented at its 
East Fishkill, N. Y., facility with 
computer-assisted logic design, us­
ing the display screen to map out 
logic blocks representing computer 
functions. By repositioning the 

Computer-aided computer design­
with a computer-controlled graphic 
display and light-pen . Final hard-copy 
drawing is used to make mask for 
actual fabrication. 

blocks, the engineer modifies the 
computer's operating scheme. The 
designer can then question the com­
puter to determine how to intercon­
nect components to perform the de­
sired logic operation. 

According to IBM engineers, the 
technique could be applied to large­
scale integration, where the objec-
.. : ... ..... ; n fr\ £> "ro'3 +o l'YlQl'lV Pnrnn11tPl .. fli1·-

cuits within a single chip of si licon. 
Computerized design could mini­
mize interconnections within and 
among circuits on the chip to 
achieve maximum circuit use with­
out increasing the size of the unit. 
The work was described at the 1966 
Fall Joint Computer Conference in 
San Francisco. • • 

Airport visibil·ity measured by laser 
A laser technique reported to 

offer the first practical means of 
measuring visibility along aircraft 
glidepaths is now under study by 
the Federal Aviation Agency. 

The new method being developed 
at the Sperry Rand Research Cen­
ter, Sudbury, Mass., uses a pho­
tomultiplier receiver to analyze the 
"signature" of the light scattered 
back by the atmosphere from a 
pulsed-ruby laser beam. 

The technique uses a 10-MW, Q­
switched laser and an optical receiv­
er, mounted with their axes parallel 

<liE ON READER-SERVICE CARD CIRCLE 19 

and separated by from one to six 
feet. The laser transmits a 20-ns 
pulse, which is scattered and ab­
sorbed by dust or water vapor parti­
cles along its path. In smoke, haze, 
or fog, the more numerous particles 
scatter more light back to the re­
ceiver. 

The receiver converts the re­
turned light into an analog elec­
trical signal, which is then viewed 
on an oscilloscope. The displayed 
trace shows the back-scattered en­
ergy as an increasing, peaking, and 
exponentially decaying curve. • • 

We thought 
of putting a false 

bottom on it. 
We toyed briefly with the idea of 

making our PVB (Potentiometric 

to be. We were worried about the 
skeptics who wouldn't believe we 
could combine seven high-accuracy 
measurement functions in a portable 
case the size of a typewriter. 

But we resisted temptation. We de­
signed the PVB as compact as solid­
state technology permits. And we said 
to the skeptics, "Seeing is believing. If 
you don't think that one $750 instru­
ment can deliver 0.02% accuracy or 
better on voltage, resistance, current 
and ratio measurements-just watch." 

The skeptics watched and they be­
came believers. They passed the word 
along to friends and made the PVB 
one of our best sellers. (If word hasn't 
reached you yet, write us direct.) 
They showed us this instrument has 
more uses than even we knew- in­
cluding potentiometric temperature 
measurement, checking of de power 
supplies, measuring pH and calibra­
tion applications galore. 

We should have known that false 
bottoms went out with the bustle. ESI, 
13900 NW Science Park Drive, Port­
land, Oregon 97229. 

Electro Scientific Industries e is li® 
ON READER-SERVICE CARD CIRCLE 20 

33 



This 

NEW 
G-V 

(§3 

AIR FL 

f LO SI 
' swnc~ AIR 

WITCH. • 

SULIED THlllHIAL nMll DELAY nLAYS 

G-V is the largest source and offers the widest 
variety. Severar types are hermetically sealed and 
still adjustable. All meet requirements of Mll-R· 
19648. Available in a wide variety including: sub­
miniature, rhiniature, octal and missile types. 
Features: delay time, 0.1 sec. to 3 min.; heater 
voltages to 230 V; ambient operating temp., -55°C 
to +125°C; vibration to 2000 Hz; shock to 50g. 

ON lllA• •VICI CARD CllCU 92 

01..' 
~v coN•~ . 1 

N· •· Livingston 

INDUSTlllAL THl:RM~ nMIE 
DGAY BUYS 

G-V industriaJ relays are designed 
and built to the quality standards 
of military types. They are available 
in minature, octal plug-in and printed 
circuit board mountings. Features: 
delay time, 0.5 sec. to 3 min.; heater 
voltages to 230V; operation in any 
plane. 

INSTANT ltDllT TlllllHIAL 
nMIN8DnlCU 

Instant reset during or after timing 
is available, by combining G-V's 
unique instant reset timing element 
with a ma11netic relay. Widely used 
in communication systems and data 
processing equipment. Features: De­
lay time, 2 sec. to 5 min.; ambient 
operating temp., 32°f to 185°f, 

• 



works when airflow stops! 
UNIQUE APPROACH TO AIR FLOW SENSING OFFERS 

POSITIVE PROTECTION... tJ/J flto~ G-V 
The G-V Air Flow Sensing Switch uses a new design concept and tech­
nique in monitoring the presence of air flow. The device utilizes a thermal 
principle which eliminates all moving parts, allows operation in any 
plane and eliminates maintenance and sensitive adjustments. It features 
a built-in time lag to disregard brief transient interruptions. It operates 
an alarm or automatic shut-down if the air flow drops below a safe level 
in electronic equipment, cooling packages, air conditioners, computers 
and wherever an air-flow cooling system is used. Military versions and 
mountings for industrial equipment are available. 

ON READER-SERV ICE CARD CIRCLE 91 

SE.AUD IELK01'lllCAL 
THDllOSTA'l'S 

Cartridp Type: Serie$ C8 hermetic­
ally sealed and still adjusjable. Con­
tact rating up to 5 amps. Crntal caa 
Size: Series VE-2 hermeticatlY seated. 
Contact ratina up to 3 ampi;. Flltlnll 
Rapid rate of response; minimal dlf· 
ferential; 9J)eratina range, -65° to 
+300°F; vibf'ation to 2000 Hz; shock 
to 50g. 

HUD STATE ftMIE DIELAY 

Serles 900-064 has been accepted as 
a standard for many military and 
aerospace applications where high 
quality, reliability and cost are re­
ciuiretnents. Futures: hennetically 
9181ed; fixed or adjustable time de­
lays 0.1 to 60 sec,; solid state or 
~o~ut; vibration to 2000 Hz1 

G-V CONTROLS INC. 
LIVINGSTON, NEW JERSEY 07039 

(201) 992-6200 

DIBCT-UNIE FIELD D81NEllRIN8 
SllRVICE 

G-V assistance is always available to help you 
design and produce a better product. G-V Regional 
Field Ensineers in your area will assist you and 
your design group in new applications and proper 
selection of your controls. G-V Product Engineers 
will help you with special applications. When you 
require experience, products and services in elec­
tro-mechanical and solid-state controls • • • call 
your man from G-V. 



• Over 20,000 operational 
hours without 
maintenance 

• Outstanding performance 
at moderate cost (under 
$30.00 for single units) 

• Only 2" deep 

• 110 v or 220 v operation 

IN STOCK FOR 
IMMEDIATE DELIVERY! 
Write for technical data on the Model 
6500 and other PAMOTOR axial fans to: 

G"- _,,..... 

PAN(e;1'oR, •NC. 
312 SEVENTH STREET • SAN FRANCISCO, CALIF 
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NEWS 

Laser system counts railroad freight cars 
Counting the cars in an ordi­

nary freight train, as any rural 
youngster knows, is a tedious job 
-and one that is subject to human 
error. But supposing you were 
asked to count-and identify­
every car in a busy railroad yard 
. ' ' ? 

Westinghouse has come up with 
a simple solution: a laser system 
that detects and identifies the rail­
road cars at the entrance and exit 
to the yard. The system, installed 
beside the tracks, provides a con­
tinuous inventory of cars in the 
yard. It is fast enough to pick out 
and identify the cars as they trav­
el at any speed up to 80 mph. The 
Association of American Railroads 
will begin testing the method on 
the Pennsylvania Railroad this 
month. 

The system uses a 300-milliwatt 
helium-neon gas laser. Its output 
is directed through a small hole in 
a fixed mirror, reflected off a rotat­
ing mirror and onto a binary-coded 
sign attached to the side of a pass­
ing railroad car. 

The binary-coded light from the 
sign is reflected off the rotating 
and fixed mirrors, through a con­
denser lens and onto the lens of a 
photo field-effect transistor. The 
output of the FET is amplified, 
checked to ensure its validity and 
used to operate any standard 

punch or printer, or it can be used 
as a computer input. 

The six-inch-wide car signs are 
made from retroreflective tape 
and coded into five-level binary 
numbers or letters with 10 charac­
ters per sign. The tape is similar to 
that used on auto bumpers and 
some highway signs. Two tape 
widths are used, one to represent 
the binary zero and the other the 
binary one. 

The retroreflective nature of the 
tape causes the reflected light to 
follow the same path as the proj­
ected beam. A slight divergence of 
the reflected light does occur, how­
ever, and is important for proper 
system operation. The divergence 
allows the returned light to reflect 
off the fixed mirror rather t han en­
ter the small hole through which 
the laser beam was first projected. 

The first system built used an 
eight-sided rotating mirror, but 
the system to be tested will have a 
15-sided mirror, a Westinghouse 
spokesman said. The rotating 
mirror provides a vertical scan­
ning arc of 45 ° to 90 ° de­
pending on how far the system is 
located from the tracks. The sys­
tem can scan a sign that is travel­
ing past at 80 mph at least 4 times; 
however, only two scans are requir­
ed to check the validity of returned 
binary information. • • 

ROTATING MIRROR 

EJ 
OUTPUT 
SIGNAL 

l .. 
i 

CONDENSER LENS 1 

FOTOFET 
t- ;L .. ~<-

Laser beam reads signs on the side of box cars by focusing the binary-coded 
reflected light onto a photo field-effect transistor. The transistor output is 
amplified and fed into a c.omputer or printer. 
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Today, Only Motorola Offers 
Integrated Circuits 
With The 
Speed Potential Required 
For Your 
"Next Generation" Computers! 

Let's look at the facts. 
First of all, consider that the computer systems of 

tomorrow are going to require greater and greater speed. 
And, as you get below 5 ns, today's so-called "high­
speed" logic approaches are not practical for driving 
transmission lines due to impedance mismatching prob­
lems. MECL* integrated circuits offer the solution. 

Then, remember that with most saturated logic sys­
tems internally generated "large noise spikes" become 
a problem as you go to higher and higher speeds. Not 
withMECL. 

And, when you consider the need for reduced "can 
count" for lower system costs you'll want for the future, 
the "simultaneous complementary logic function at each 
gate" feature is a strong inducement. ( In fact, our 
coming new multi-function MECL series will provide 
the lowest can count per system of any logic family. ) 
Only MECL offers it. 

When you sift through all the confusion about "best 
speed/power product" only one system is best at high 
speeds. That's MECL. 

Today five of the major computer companies in the 
United States are designing or developing new systems 
utilizing MECL integrated circuitry ... compelling evi­
dence that MECL is indeed the direction of the future . 

You can start getting familiar with tomorrow's sys­
tems today by designing your newest prototype from 
this wide selection of MECL types - the largest num­
ber of circuit functions available in any integrated 
circuit line: 

Prop. Del1J 
@ 25"C Ttlll l'lwer 

TYPE tt FUNCTION ns TJP Oisslp11ion 
t,,, I.a mW Trp. 

MC301/MC3Sl S·lnput OR / NOR Gate 7.S 7.S 37 
MC302/MC3S2A R·S Flip-flop w/ Buffered Outputs 10.S .. 11.St 43 

/ MC3S2 R·S Flip-Flop 10.s·· II.St 40 
MC303/ MC3S3 Half-Adder 7.0 8.0 63 
MC304/ MC3S4 Bias Driver - - 18 
MC30S/ MC3SS Gate Expander s.o 4.0 -
MC306 / MC356 3-lnput OR / NOR Gate 7.S 7.0 37 
MC307 / MC3S7 3-lnput OR / NOR Gate 7.S 7.0 IS 
MC308/ MC3S8A AC-Coupled J-K flip.flop w/ Buffered Outputs . 8 •• 10 t 87 

/MC358 AC.Coupled l·K Flip.flop 8 •• 10 t so 
MC309/ MC3S9 Dual 2-lnput NOR Gate 6.S 8.0 54 
MC310/ MC360 Dual 2-lnput NOR Gate 6.S 8.0 54 
MC311 / MC361 Dual 2-lnput NOR Gate 6.5 8.0 41 
MC312A/ MC362A .oual 3-lnput NOR Gate w/ Buffered Outputs 7.S 7.0 70 
MC312/ MC362 Dual 3-lnput NOR Gate 7.S 7.0 54 
MC313F I MC363F Quad 2-lnput NOR Gate 6.S 8.0 12S 
MC314/ MC364 AC-Coupled J-K flip-Flop 12 •• 13 t 118 
MC3 ! S / MC36S line Driver 14 12 270 
MC316/ MC366 lamp Driver - - 13S 
MC317 / MC367 Level Translator - MECL to Saturated Logic 30 •• 2S t 63 
MC318/ MC368 Level Translator - Saturated Logic to MECL 17 16.S IDS 

/ MC369F Dual 4-lnput Clock Driver/ High-Speed Gate 3 3 2SO 
/ MC369G Dual 2- lnput Clock Driver/ High Speed Gate 3 3 250 

t t MCJOO Serles - 55 to + 12s •c .. to, 
MCJSO Serles o to + 1s•c ft.ti 

One other point. The new, faster multi-function types 
we're developing today for future introductions (we've 
already demonstrated a 200 MHz Frequency Counter 
- using our soon-to-be-announced 1.5 ns MECL series) 
will be completely compatible with existing types. Thus, 
they'll fit right in with the designs you develop using 
today's MECL types. 

Call your Motorola semiconductor distributor and 
order evaluation units of the above MECL integrated 
circuit types. Our field representative has complete 
application information on use of MECL circuits in 
system applications. Contact him. 

0 Trademark of Motorola Inc. 

m MOTOROLA 
Semiconductors 

MOTOROLA SEMICONDUCTOR PRODUCTS INC. • P.O. BOX 955 • PHOENI X, ARI ZONA 8500 1 • (602) 273-6900 • TWX 910 • 95 1- 1334 
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for fast 
delivery of 

cables up to 
2,, in dia111eter 

with virtually 
any nu111ber 
and any type 
of conductors 

tie-in with 
Colu111bia Wire, 
they deliver 

what you need. 

write fo r our fully-illustrated catalog 

WIRE PRODUCTS COMPANY 
2850 Irving Park Rd. • Chicago, Ill. 60618 
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Microprobe checks 
tiny magnetic domains 

The microprobe can be rotated to test H-B relationships in any d irection. 

Some companies have a serious 
interest in evaluating the suitabili­
ty of experimental magnetic fi lms 
for computer memories. But the es­
timate of a film's ability to store in­
formation at extremely high densi­
ty requires the testing of mil-sized 
areas at high resolution. 

IBM has devised a tester that 
makes just such measurements. It 
consists of a special probe, a 10-
MHz signal generator, a 20-MHz 
tuned amplifier and an oscilloscope. 
The probe is simply a nonconduc­
tive needle around which are 
wrapped two fine wires. 

One wire is connected to the sig­
nal generator and transmits a 10-
MHz magnetic field to the surface 
of t he magnetic fi lm under test. The 
other wire is the receiver: its turns 
convert the oscillating magnetic 
fie ld of the film into a volLage. The 
tuned receiver amplifies the second 
harmonic of the sensing coil. (It fil­
ters out the fundamental, because 

if it did not, the transmitting coil 
would merely resonate with the re­
ceiving coil and there would be no 
interaction at all with the magnetic 
film.) The unit tests the fi lm by dis­
playing the imposed field, H, on an 
axis perpendicular to the sensed 
field, B. This provides information 
about the film's saturation point 
and hysteresis. 

The unit can even analyze mag­
netic films coated with oxides, met­
als and other nonmagnetic materi­
als. Tests can also be performed in 
arbitrary magnetic fields produced 
by a pair of Helmholtz coils. 

One square inch of magnetic film 
may contain 10,000 bit positions or 
more. These films, typically 4 micro­
inches thick, are made by plating a 
nonmagnetic substrate with a mag:­
netic alloy. 

Most measurement techniques 
now use optical methods which re­
quire bulky equipment and special 
darkrooms. • • 
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OKAY. MAYBE YOU HAD A REASON FOR 
NOT USING PNP SILICON DEVICES. 

AIRCl-llL 

• • EMICO OUCTOR 

•& ~ Fairchild PNP Epoxy Devices 

Number hFE at le LVeeo ~T ton toll at le ~rice* 

Min.- Max. :~:·to::~, Max. Max. 

2N3638 30 50mA 75ns 170ns 300mA $.28 

2N3638A 100 50mA 25V ~OOMHz 75ns 170ns 300mA .43 

2N3639 30-120 10mA 6V 500MHz 25ns 25ns 50mA .31 

2N3640 30-120 10mA 12V 500MHz 25ns 35ns 50mA .35 

2N3644 100-300 150mA 45V 200MHz 40ns 100ns 300mA .43 

2N3645 100-300 150mA 60V 200MHz 40ns 100ns 300mA .55 

2N4121 70-200 10mA 40V 400MHz 40ns 150ns 50mA .38 

2N4122 150-300 10mA 40V 450MHz 40ns 150ns 50mA .41 

2N4248 50 100/LA 40V 40MHz -- --- --- .25 

2N4249 100-300 100/LA 60V 40MHz -- --- --- .38 

2N4250 250-700 100/LA 40V 50MHz -- --- --- .40 

2N4257 30-120 10mA 6V 500MHz 15ns 15ns 10mA .29 

2N4258 30-120 10mA 12V 700MHz 15ns 20ns 10mA .35 

2N4354 50-500 10mA 60V 100MHz 100ns 400ns 500mA .42 

2N4355 100-400 10mA 60V 100MHz 100ns 400ns 500mA .55 

2N4356 50-250 10mA 80V 100MHz 100ns 400ns 500mA .55 

2N4389 30-180 10mA 12V 400MHz 20ns 90ns 50mA .28 

*In quantities 1000-9999 

NOW WHAT'S YOUR EXCUSE? 
FAIRCHILD SEMICONDUCTOR/A Division of Fairchild Camera and Instrument Corporation • 313 Fairchild Drive, Mountain View, California (415) 962-5011 • TWX: 910-379-6435 

ON READER-SERVICE CARD CIRCLE 25 
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The 7100A measures 
volts, ohms, and ratio. 

It has 0.013 accuracy 
10µ.V resolution, 
fully guarded input, 

. Dual-slope integration, 
automatic ranging 
and polarity. It's the only 
one that has everything. 
For $2,100. 

Our new brochure 
shows all it has. 
For free. 

FAIRCl-llLCJ 

INSTRUMENTATION 

FAIRCHILD 1NSTRUMENTATION /A Division of Fairchild Camera and Instrument Corporation • 475 Ellis, Mountai n View, California 94040, (415) 962-2011 • TWX: 910-379-6944 

ON READER-SERVICE CARD CIRCLE 26 
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150 db Common Mode Rejection 
SHIELDED TRANSFORMERS 
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SIGNAL-GUARD 
TRANSFORMERS 

Low and Medium Frequency (DC to 100 KC) response 
Designed for use in analog acquisition and computation equipment 
use. Signal Guard provides isolation, voltage comparison, imped­
ance matching, and common mode rejection. 

DATA-GUARD 
TRANSFORMERS 

High Frequency Signal (1 kc-20 me) 
Designed and shielded to isolate and terminate high frequency sig­
nal data in the form of pulses, AM and FM modulated carriers, 
multiplexed signals, and other low to high frequency data. 

ELECTRO-GUARD 
TRANSFORMERS 

Power (1 watt to 100 VA) 
Electrostatically shielded for use in signal conditioners, bridge sup­
plies, and Zener reference supplies to isolate circuits from noise 
transients and undesirable common mode voltages commonly car­
ried on electrical power lines. 

Write for complete technical details and specifications. 

KEY SUPPLIER JJ,~!Ml[jj~ OF COMPUTER .d 
CONTROLS @ 

ELECTRONICS INC. 

4050 North Rockwell· Chicago, Illinois 60618· 312-463-6500· TWX 312-222-0745 
ON READER-SERVICE CARD CIRCLE 27 

NEWS 

Ultrasonics check 
on pressure leaks 

A new three-pound ultrasonic 
leak detector will accompany each 
production F-111 to its tactical 
base. With it, a technician can accu­
rately check out the integrity of the 
pressurized electronic and radar 
systems up to ten times faster than 
if he used soap solutions, according 
to General Dynamics' Aerospace 
Ground Equipment Group. 

It is extremely important to spot 
leaks immediately, as the aircraft's 
several radar sys-terns are kept un­
der pressure by a single air source. 

The tester, built by the Deleon 
Div. of Hewlett-Packard Co., Palo 
Alto, Calif., consists of an ultrason­
ic microphone responding to 36-44 
kHz, a frequency shifter that makes 
ultrasonic sounds audible, and a 
pair of earphones. So equipped, the 
operator can "hear" ultrasonic 
sounds emanating from pinhole 
leaks. Since the microphone is in­
sensitive to sounds that are ordi­
narily audible, the earphoned opera­
tor is not distracted by the usual 
hissing and buzzing sounds of an 
operating aircraft. 

In the past, mechanics have made 
such tests by crawling into barely 
accessible spaces, liberally spread­
ing soapy water on joints and crev­
ices, and watching for little soap 
bubbles. The process could take 
days to - check one aircraft thor­
oughly. • • 

As the microphone nears a leak, an 
audible hiss gets louder. The leak de­

. tector also has a meter and volume 
control. 

ON READER-SERVICE CARD CIRCLE 28 JI> 



RCA announces 
40429 and 40430 
6ATRIACS 
· With high gate sensitivity 
·With symmetrical triggering characteristics (ler=25 mA max) 
·With surg~ current protecti~n up to BOA $

1 50 * · and the price on the 40429 1s only............ • 

RCA 40429 
controls 720 watts 

at 120 volts 
(VBOM = 200 V). 

*$1.50 each 
in quantities of 

1,000 and up. 

RCA 40430 
controls 1440 watts 
at 240 volts 
(VBOM = 400 V). 
$1.98 each 
in quantities of 
1,000 and up. 

RCA brings you a new generation of control devices! Each of 
these 6-amp Triacs can provide the same full-wave function 
as two SCRs ... with the option of using either positive or 
negative gate-trigger signals. Hermetically sealed in an all­
welded T0-66 package, RCA 40429 and 40430 can simplify 
your control circuits ... reduce costs . .. add reliability and 
efficiency. 

write RCA Electronic Components and Devices, Commercial 
Engineering, Section RG12-l , Harrison, N. J. 07029. 

CHECK YOUR RCA DISTRIBUTOR FOR HIS PR ICE AND DELIVERY 

Evaluate these new RCA Triacs for AC motor controls, 
heat controls, universal motors, de power supplies, or solenoid 
or relay controls. They could very well be the key to next 
year's model improvements. 

For complete information including price and delivery, 
contact your RCA Field Representative. For technical data, 

- RCA ELECTRONIC COMPONENTS AND DEVICES 

• ®The Most Trusted Name in Electronics 

Quadrant 

mA@ 25°C 

I + 

typ. 

10 

GATE FIRING CHARACTERISTICS 

1- 111+ Ill -

max. typ. max. typ. max. typ. max. 

25 20 25 20 25 10 25 



NEWS 

Laser system helps delay RF and microwave signals 
A continuously variable delay line 

that operates on signals in the RF 
and microwave ranges has been suc­
cessfully tested at United Aircraft 
Research Laboratories, Norwalk, 
Conn. A laser beam interacts with 
an acoustical wave to provide delays 
up to 10 µ.s at 1 GzH and 500 µ.s at 
30 MHz. 

The delay system should find its 
greatest use in radars, information 
processing and · electronic counter­
measures, according to its devel-

opers, Drs. Mike J. Brienza, research 
physicist, and Anthony J. DeMaria, 
principal scientist. 

Essentially, the system consists 
of a laser beam, an acoustic delay 
medium and a photodetector (see 
figure). The input to the acoustic 
medium, through a thin-film cad­
mium sulfide transducer, is the 
signal to be delayed, at the frequen­
cy f 2. The time needed for the gen­
erated acoustical wave to propagate 
down to the point where the laser 

INPUT FREQUENCY-f 2 

ACOUSTIC 
WAVE PULSE 

QUARTZ 
BAR 

J HIN-Fl LM CdS TRANSDUCER 

- - -- ------t, 
- ,, f -...; '.....! + f PHOTO 

-...... z_ Cf ETECTOR 

SIGNAL BEAM/-.........._ -........_ __ 

~ OUTPUT-
-.,t2 

Laser beam interacts with acoustical wave to provide continuously adjustable 
delay for RF and microwave signals. The delay depends on the distance D. 

beam enters the rod determines the 
delay. This time depends on the dis­
tance, D 

The delay may be varied continu­
ously by changing the location of 
the intercept point. This is done 
either by changing the direction of 
the laser beam or by moving the 
rod. 

The interaction of the laser beam 
and the acoustical wave results in a 
frequency shift (by /2) of the out­
put light beam. Optical heterodyn­
ing with the aid of a photodetector 
(pin in this case) recovers the de­
layed signal. 

The acoustical material depends 
on the frequency range, says De 
Maria: "The ideal material is lith­
ium niobate. It is small and can 
operate continuously from 30 MHz 
up to 2 GHz with delays from 0 to 
10 µ.s. However, the material is 
quite unreliable now. At room tem­
perature, we use fused quartz up 
to about 60 MHz and crystalline 
quartz up to about 800 MHz." 

The bandwidth depends on the 
transit time of the acoustical wave. 
A typical value is about 19 MHz at 
500 MHz. Better focusing of the 
laser improves the bandwidth by 
decreasing the transit time. • • 

New technique seals thousands of semiconductors at once 
A new sealing technique which 

will make it possible to encapsulate 
thousands of silicon semiconductor 
devices while they are still on a sin­
gle silicon wafer has been reported 
by scientists at Bell Telephone Lab­
atories, Murray Hill, N. J. 

The seal is formed by application 
of a layer of silicon nitride and 
beam lead contacts to the silicon 
dioxide layer of the transistor and 
integrated circuit device. 

With standard encapsulation 
methods, the silicon slice must be 
cut into individual circuits and each 
circuit encapsulated separately­
usually in vacuum-tight metal cans 
for high-reliability devices. 

Deposition of the silicon nitride 
layer is accomplished by mixing two 
gases, silicon hydride (diluted in 
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hydrogen) and ammonia, near a 
heated silicon slice. The silicon nit­
ride adheres to the slice to form a 
protective barrier against penetra­
tion of sodium and other metallic 
ions. Beam lead contacts, are then 
applied to the device. 

The contacts form a strong me­
chanical bond with the silicon nit­
ride layer, thus sealing the required 
contact areas against ion penetra­
tion and preventing the leads from 
becoming detached. 

The completed wafer is finall y 
etched apart. The individual devices 
and circuits are impervious to acids 
that would ruin canned devices, 
and can withstand accelerations of 
300,000 G. 

"Actually we have yet to see a 
failure due to shock," says the in-

ventor of the process Martin Lep­
selter, "but our centrifuges don't 
go any higher." • • 

SILICON NITRIDE 

New junction seal shown on epitaxial 
silicon transistor. 

ON READER-SERVICE CARD CIRCLE 29 li>-



Customers have proved our switches ... 
all around the worldl 

Who are these customers? The Gemini 
family-and all of the U.S. manned 
space vehicles before them. 

We've earned our part in aero-space 
projects. Starting in 1920, when we de­
signed the first line of switches espe­
cially for airborne use. Today, nearly 
everything that flies uses Cutler­
Hammer positive-action switches­
full size and miniature. 

For fast local service contact your 
nearby Cutler-Hammer Sales Office or 
Distributor. Or write for our compre­
hensive catalog, designed especially for 
military-switch users. 

CUTLER - HAMMER 
Milwaukee, Wisconsin 53201 
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We've opened up some new possibilities for design 
engineers to consider when using reed relays. Power 
parameters for reed relay operations can now be 
considered to extend into the 5 amp switching range, 
thanks to ADC's remarkable new switch that can 
handle 5 amps-50 VA-and rated in excess of 1 
million operations. • Write Jar more information. 

(ADC) 
ADC PRODUCTS 

A DIVISION OF MAGNETIC CONTROLS CO. 

6405 CAMBRIDGE STREET • MINNEAPOLIS, MINN. 55426 
ON READER-SERVICE CARD CIRCLE 30 

Leners 
SQUID magnetometer's 
sensitivity questioned 
Sir: 

Your source of information about 
magnetometer state of the art 
["Sensitive SQtnD measures min­
ute magnetism," ED 17, July 19, 
1966, pp. 35-37] must be confused. 
There are several instruments com­
mercially available that can meas­
ure magnetic fields in the order of 
10-s gauss. There are at least 100 
magnetic observatories around the 
world that continuously monitor 
the "tiny fluctuations in the earth's 
magnetic field." The term usuatly 
used in geophysical work is a gam­
ma, which is 10-5 gauss. We are 
presently working with microgam­
ma units several orders of magni­
tude below the SQUID sensitivity. 

Your statement about measuring 
from zero to 50 microgauss is ex­
tremely misleading since 50 micro­
gauss is a rather large unit and 
there are no units that can measure 
zero field intensity. 

The major problem with magnet­
ic measurements using sensitive in­
struments is caused by the ambient 
magnetic noise. I doubt seriously 
that any measurements were made 
on the SQUID or any other instru­
ment at the levels you indicate. It 
takes special techniques to get these 
environmental levels controlled well 
enough to permit measurements. 

Our standard magnetometers 
have 10-milligamma sensitivity. We 
also make special magnetometers 
for magnetic research with much 
lower sensitivity. Varian Associates 
of Palo Alto, Calif., advertise a ru­
bidium magnetometer with 0.002-
gamma resolution. 

While the SQUID may represent 
a new technique, it certainly is not 
a sensitivity breakthrough. 

Fred J. Morris 
President and Director of Research 
The Electro-Mechanics Co. 
Austin, Tex. 

The authors reply 
Sir: 

We were most interested to learn 
that Fred Morris is selling magne­
tometers of 10·8-gauss sensitivi­
ty and that he has developed 10·9-
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EXCLUSIVE INTERNAL 
HEAT SINK FOR MORE 
EFFICIENT HEAT 
DISSIPATION 

Fixed composition resistors offer 

Lower changes at high temperatures 
When tested for prolonged periods at high temperatures, IRC fixed composi· 
tion resistors clearly established their superior high temperature and high 
overload characteristics. 

Even after 1,000 hours at 100°C and full rated power, resistance changes are 
less than the 10% MIL allowance. After 1,000 hours at 150°C, no load, resist· 
ance changes are still well within MIL limits. At 200% rated power at 70°C 
ambient, resistance changes are less than 10% after hundreds of hours 
of operation. Resistance temperature coefficient is typically less than 
0.064%/°C over the range of 25°C to 150°C. 

Here's why. I RC's resistance element is a carbon composition film that is 
bonded to a glass substrate at approximately l ,000°F. This results in superior 
high temperature performance. And, IRC's exclusive talon leads go deep 
into the body and act as heat sinks to conduct heat out of the resistors. 

For better load life and long term stability, specify I RC fixed composition 
resistors. Write for catalog, prices and sample to: 
IRC, Inc., 401 North Broad Street, Philadelphia, Pa. 19108. 

ON READER-SERVICE CARD CIRCLE 31 
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-
IRC COMPOSITION 

RESISTORS ALSO OFFER 

• Greater moisture 
protection 

• Superior high frequency 
characteristics 

• Stronger lead assembly 
• Excellent solderability 
• Values to 100,000 megohms 
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WRITE for this FREE 36 page catalog de­
scribing our complete line of card-mounted 
digital microcircuits. Brochure contains logic 
diagrams, connections, performance data, 
power supplies and card drawers. NEW price 
sheet is also included. 

V -31 

-tlilro ELECTRONICS 
Producers of NEMS-CLARKE Equipment 

A Division of Vitro Corporation of America 
919 Jesup-Blair Drive • Silver Spring, Maryland (301) 585-1000 

2301 Pontius Avenue • Los Angeles 64, California (213) 477-6717 

ON READER-SERVICE CARD CIRCLE 32 

LETTERS 

gauss sensitivity in special-order 
units. Accordingly, he is correct in 
stating that 10-1-gauss in a rubidi­
um-vapor magnetometer is "state of 
the art." 

Members of our staff here in 
Dearborn, however, have used labo­
ratory versions of the SQUID mag­
netometer to make scientific stud­
ies in which the sensitivity of 10-8 

gauss was achieved. 
In our Cryogenics Devices Dept., 

which is located in Newport Beach, 
Calif., we have a research program 
under way to determine the limit­
ing sensitivity of SQUID magnetom­
eters and we have now developed 
a system in which the noise level is 
about 10-10 gauss. 

Thus it would appear that both 
the SQUID system and Mr. Morris' 
variable-mu method have compara­
ble sensitivity in their present state 
of development. While we agree 
with him that making measure­
ments with sensitive magnetome­
ters is difficult because of ambient 
magnetic noise, we have developed 
elaborate, laboratory-type systems 
for reducing this noise and the 
numbers· that we provided for the 
article are based on actual measure­
ments that we have recorded. 

Peter B. Spender 
Scientific Research Staff 
Ford Motor Co. 
Dearborn, Mich. 
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Accuracy is our poliCy 
In the Application Note, "Piezo­

electric Accelerometer," ED 25, 
Nov. 8, 1966, p. 202, two equations 
were misprinted. In paragraph 4, 
line 11, the equation should read: 

F = Ma. 

The equation three lines below this 
should read: 

q = dF = dMa. 

In "A 35-lb radar set destined for 
Vietnam," ED 24, Oct. 25, 1966;· p . 
40, the name of the radar's manu­
facturer was wrongly stated. It is 
made by the Radio Receptor Div. of 
the General Instrument Corp., 
Hicksville, N. Y.- not by the Gen­
eral Radio Corp. 

ELECTRONIC DESIGN 28, December 6, 1966 



E3olitron 
announces another FIRST: 

a family of high voltage 60 Amp NPN 
Silicon Power Planar Transistors 
featuring lfEo ranges from 200V to 300V, 
capable of Pr=350 W@ 25°C ! 

DESIGN LIMITS PER FOR MANCE SPECIFICATIONS 

PT BVcao Vc£o BV1tao h,. v .. (sat) Ve• (sat) lcao IT 
Type t-------1 (SUSt 

Watts 
Number ~ Volts Volts Volts Volts Volts µA MH• 

Case le = lmA le = 0.2A l. =·!mA le = 40A le = 60A le = 40A la = 6A Yeo = JOOV 

Max. Min. Min. Min. Min. Min. Max. Max. Max. Typ. 

SDT895! 350 200 200 8 J().40 5 2.0 2.0 JO 20 

SDT8952 350 225 225 8 J().40 5 2.0 2.0 JO 20 

SDT8953 350 250 250 8 J().40 5 2.0 2.0 JO 20 

SDT8954 350 275 275 8 J().40 5 2.0 2.0 JO 20 

SDT8955 350 300 300 8 J().40 5 2.0 2.0 JO 20 

TRANSISTOR DIVISION ~i 0 litro n DEVICES, INC. 
1177 BLUE HERON BLVD. I RIVIERA BEACH, FLORIDA I (305) 848-4311° I TWX: (510) 952-6676 

Leader in Germanium and Silicon Power Transistors, Cryogenic Thermometers, High Voltage Rectifiers, Hot Carrier Diodes, Temperature Compensated 
Zeners, Voltage Variable Capacitors, Random/White Noise Components, Microelectronic Circuits, and Power-Sink Interconnection Systems. 

ON READER-SERVICE CARD CIRCLE 33 
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Type X601 PE Metallized Mylars 

typify TRW's stature in advanced 

metallized dielectrics. 

They're smaller and lighter . . . 

metallized! Tou gh and ru gged .. . 

50 

... stand tall 

epoxy sealed! Ideal for printed cir­

cuits .. . save space! 

TRW offers many additional 

styles and dielectrics for demand­

ing Military and Instrument needs. 

ON READER-SERVICE CARD CIRCLE 34 

Product information is available 

from TRW Capacitor Division, TRW 

INC., Box 1000, Ogallala, Nebraska. 

Phone (308) 284-3611. TWX: 910-

620-0321. 

TRW 
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EDITORIAL 

Who's complaining now. 
and who's listening? 

If you are a supervisor or manager, how do you react to a con­
stant griper? Do you dismiss him as a pest who wastes valuable 
time? Or do you welcome an opportunity to identify, and-hope­
fully- rectify, an employee's problem? 

If you report to an engineering manager, do you feel com­
fortable about airing your complaints to him? Or are you con­
vinced that you would be wasting your time and po·ssibly 
jeopardizing your job security? 

Grappling with gripers is not an easy battle for several reasons. 
First, reason and logic often go by the board as tempers rise. 
Second, the two parties involved both tend to talk and argue­
neither seems to listen. And third, both parties may be right, but 
expressing the same ideas differently. 

Here are some tips for the griper: 
• Get the facts. Don't quote uninformed sources on such mat­

ters as company policy, plant relocation or cutbacks in design 
projects. 

• Organize your complaints. Don't jump from one subject to 
another. Keep to the main points, and avoid quibbles. 

• Be open to suggestions and explanations. It's pointless to 
relate your opinions and conclusions and then close your ears to 
the manager's side of the story. 

And here's some advice for the manager: 
• Listen and listen ·attentively. Don't miss any facts. Hold off 

phone calls and other interruptions until the air is cleared. 
• Summarize the points made. Show the griper that you have 

clearly identified his message and allow him the opportunity to 
correct any misinterpretations. 

• Be honest-admit mistakes where they exist. If you indicate 
action will be taken, make sure action is taken soon. Don't make 
excuses or shift the blame. 

• Clearly explain questions relating to company policy. Use 
written policy statements whenever possible to add weight to 
your statements. 

• Be human. Listen to the griper and delve a bit into his home 
situation. Don't pry-but try to determine whether personal 
probl~ms are disturbing him on the job. 

Gripers and managers share one common burden-neither can 
perform effectively in a hostile environment. And it's not really 
that difficult to resolve differences intelligently. 

How ARD BIERMAN 
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CHARACTERISTICS 

Replace 803 of all 
FET types with one! 

H . ' h . ere 5 OW• Buy the Union Carbide 2 N4416 uni-
versal FET in quantity, and you can select transistors over the entire 
frequency range covered by 80% of all field effect types. The 2 N 4416 
is specified below as a VHF /UHF amplifier. However, from any class 
lot of this device you can select (1) general purpose, low noise, high 
gain amplifiers from D.C. to 900 MHz, or (2) ultra low noise devices 
for low frequency applications. This device is also available in a ribbon 
lead ceramic package (.13 8" dia.) as the low capacitance 2 N 4417 . 
Use for TV tuners, FM sets , IF strips, mixers, oscillators , or even 
switches. Write for complete specifications. 

2N4416 
10 

Small Signal, Common Source @ 25°C T0-72 Frequency 

Forward Transconductance RE (Y,.) (min.l 4000 µmhos 400 MHz 

4.0 pf 1.0 MHz 

2.0 pf 1.0 MHz 

Input Capacitance, C;., (max.) 

Output Capacitance, c ... (max.) 

! _y 
~ - y 

Reverse Transfer Capacitance, C,.. (max.) 0.8 pf 1.0 MHz => Admittance vs. Frequency 

Spot Noise Figure 
(Neutralized}, NF (max.l 

~ l .O t----1 Forward Transfer ILL 
~ t----1 vos=+15v --t--t--+-jl~.1 --+---t-+--H 

Spot Noise Figure, NF (max.) 
(Neutralized} 

Power Gain, G •• (mm.) 
(Neutralized) 

4.0 dB 

2.0 dB 

10.0 dB 

400 MHz 

100 MHz 

~ ~Gs==~O ~~~--+----+--vl-A-L--+--+--+--t--H 

~ ~ -+- r }4 
0.1 '---'----'----'-~~~~LJ-~~~---'--~~~ 

10 100 1000 

·400 MHz FREQUENCY MHz 

• ELECTRONICS 
UNION CARBIDE CORPORATION 365 Middlefield Road , Mountain View, California 94040 TWX: 910-379-6942; Telephone : (415) 961-3300 

ON READER-SERVICE CARD CIRCLE 35 
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Techno1ouv 

The thermal runaway point of transistor audio 
output stages evaluated by a combination 

of experiments and computations is found 
accurately with little effort. Page 54. 

Fast ramp generators with ultralinearity and 
great flexibility in varying slope and amplitude 

are obtained by charging the timing capacitor 
from a constant current source. Page 68 

Also in this section: 

Transistor systems' behavior is given by statistics and random sampling. Page 62 

Proper specifications allow the relay manufacurer to give maximum service. Page 76 

Correctly applied, low-resistance trimmers offer numerous advantages. Page 82 

Cross-referenced index reduces the paperwork on MIL designs. Page 92 
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Evaluate thermal runaway point 
of transistor audio output stages using experimental 
data and a set of simple calculations. 

Determination of the thermal runaway point of 
a transistor circuit can be difficult and the result 
may be vague. The approach described below does 
away with much of the work and many of the 
sources of error inherent in a pure mathematical 
calculation. lt combines experiments and computa­
tions in such a fashion as to arrive at an accurate 
solution with minimum effort. It applies to a wide 
variety of circuits that meet several general re­
quirements, which will be defined. 

What is thermal runaway? 

The basic concept of thermal runaway is the 
following: as ambient temperature increases, it 
causes a rise in the junction temperature of a 
transistor. The higher junction temperature 
causes an increase in transistor dissipation, and 
this, in turn, results in a change in temperature 
rise between junction and ambient. 

The total effect can be compared to a closed-loop 
system whkh is stable only for certain values of 
loop gain. When the loop gain is less than unity 
(i.e., if the increase in temperature rise is less 
than the induced change), even though the junc­
tion temperature increases more than the ambient 
temperature, a stable point is reached. 

Experimental analysis for transfer curve 

To determine whether the loop gain is high 
enough to initiate runaway, two factors must be 
known: 

• The rate of change of dissipation with re­
spect to junction temperature. 

• The change in temperature rise which results 
from a given change in dissipation. 

The second factor can easily be determined as 
the product of the increase in power dissipation, 
Pc, and the thermal resistance, <P. Under de condi­
tions, the first factor can be determined from the 

M. S. Fisher, Applications Engineer, RCA, Harrison, N. J. 
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Glossary of terms 
<I>-thermal resistance 

<l>J -co - thermal resistance between the junc· 
tion and infinity 

{3-common-emitter forward current transfer 
ratio 

Pc - collector power dissipation 
P-maximum non-regenerative dissipation 

at high signal levels 
le - collector current 
10 - collector idling current 

lco - collector cutoff current 
V /lE - base-to-emitter VOitage 
V cs - collector-to-emitter voltage 

D - degrees required to double le 

Tc- case temperature 
TJ - junction temperature 
T00 -temperature at infinity point 

TJ-oo - temperature rise between the junction 
and infinity 

TJJi - junction temperature at which runaway 
occurs 

T1rn - temperature rise at the runaway con­
dition 

T An - ambient temperature which causes run­
away 

TI er/ -actual external ambient temperature 

collector-to-emitter voltage (assumed constant in 
an output stage where de resistance is negligible) 
and the transfer characteristic between collector 
current and junction temperature. This transfer 
characteristic is a function of the circuit configura­
tion, component values and device parameters 
(such as common-emitter current transfer ratio, 
{3, collector-cutoff current, I co , base-to-emitter volt­
age, Vu s, and others). 

The difficult and imprecise part of the analysis 
occurs when an attempt is made to develop this 
transfer characteristic from theory. The transfer 
characteristic can, however, be determined experi­
mentally, if the circuit under consideration is 
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1. The collector resistance of an audio output stage 
should be small as shown in the above typical output­
stage de bias arrangement. Note the nonlinearity in the 
collector current vs junction temperature. 
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2. Collector current doubles for every 30°C increase in 
the junction temperature for this circuit. The transfer 
characteristic is a pure exponential. 

operated at a low collector-to-emitter voltage, 
V c E, to avoid dissipation, and the case tempera­
ture, T c, is varied (in an oven or heat controller) 
to provide the desired values of collector current, 
l e, as a function of junction temperature, TJ. 

Figure 1 shows a transfer characteristic deter­
mined experimentally for a typical output-stage 
de bias arrangement using a 2N2147 transistor. 
The curve is plotted on linear co-ordinates to 
illustrate the nonlinearity of the transfer charac­
teristic. At low junction temperatures, the slope 
(or change in l c for a given change in TJ) is small. 
As junction temperature increases, the slope 
increases, and thus the loop gain also increases. 
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When the curve of Fig. 1 is replotted on semilog 
graph. paper, as shown in Fig. 2, it can be seen 
that the transfer characteristic is a pure exponen­
tial over the range of interest. (This relationship 
exists because of the exponential nature of l c as a 
function of V BE and the exponential nature of 
l co·) For the curve in Fig. 2, collector current 
doubles for every 30°C increase in junction tem­
perature. 

The junction temperature at which thermal 
runaway will occur can be determined for de op­
erating conditions by use of .a chart such as that 
shown in Table 1. For the example shown, col­
lector current l e is assumed to be 0.1 ampere at 
a junction temperature of 30°C. The transfer 
characteristic is assumed to be parallel to that 
obtained in Fig. 2 (i.e., to have the same slope so 
that l c doubles for every change of 30 ° C in T J) . 
Data for TJ and l c are given in Columns 1 and 2, 
respectively. Column 3 shows the collector dissi­
pation, P c, which is equal to le (from column 2) 
times the collector-to-emitter voltage, V cE (as­
sumed to be 20 volts in the example). Column 4 
shows the temperature rise between the junction 
and infinity, TJ,,_,, which is equal to the dissipation 
(from column 3) times the thermal resistance 
from junction to infinity, <I>J-oo (assumed to be 
5°C/ W). The infinity point is defined as the am­
bient point at which no temperature change re­
sults from a change in dissipation.* Column 5 
shows the temperature at the infinity point T 00 , 

which is equal to TJ (from column 1) minus the 
temperature rise (from column 4). Column 6 
shows the change in T 00 between a row and its 
preceding row divided by the corresponding 
change in TJ. For instance, T 00 increases by 20 °C 
from row 1 to row 2, while TJ increases by 30°C; 
therefore, column 6 for row 2 is + 20/ 30. 

As junction temperature increases, the increase 
in T"' required to produce a given increase in TJ 
becomes smaller, because the slope of the transfer 
characteristic increases with junction temperature 
(i.e., loop gain increases). By the time row 4 is 
reached (TJ = 120 °C), T 00 is decreasing for in­
creases in Th column 6 is negative, and runaway 
has occurred. The point at which thermal runaway 
occurs is the point at which t:i.Too/6.TJ in column 6 
is zero. For the data shown in Table 1, it can only 
be determined that this point occurs somewhere 
between temperatures of 60 °C (where t:i.T 00 / t:i.TJ 
is positive) and 120°C (where t:i.T00 / t:i.TJ is nega­
tive). A closer determination can be made by use 

*It should be noted that the infinity point is not the 
ambient in the immediate vicinity of the device, especially 
if the device is enclosed and the air is still, because the 
immediate ambient temperature can change as a result of 
dissipation. A runaway problem can exist when an ampli­
fier is placed in a closed environment because of the high 
thermal resistance to infinity. 
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of smaller increments between the rows, or by 
mathematical analysis. 

Mathematical analysis gives runaway point 

In order to derive an equation for the junction 
temperature at which thermal runaway occurs, it 
is necessary first to derive an expression for the 
transfer characteristic which was plotted from the 
experimental data. Such an expression is derived 
in Appendix 1-A for a pure exponential in terms 
of D, the number of degrees required to double 
the current. The current, 10 , at zero junction tem­
perature can be determined by extrapolation of 
the curve to zero or by solution for l o at known 
values of l e and TJ. For the data plotted in Fig. 2, 
the value of D is 30°C and the value of l u is 0.05 
ampere. Collector current 10 is then given by: 

l 0 = 0.05 e <o .69 ) crJ J/3o . (1) 

It should be noted that D is the slope of the ex­
ponential curve plotted on semilog paper, as shown 
in Fig. 2. If D is not a pure exponential (i.e., 
varies with junction temperature), the value of 
D is obtained from the slope of the curve at the 
junction temperature of interest. 

As already stated, the point at which runaway 
occurs can be determined by use of smaller and 
smaller incre1pents of TJ until th~ following con­
dition is reached: 

1. AT 00 O dT oo O 
im -T = . . or dT = . 

a .... o A J J 

When this definition is used for thermal run­
away and zero collector resistance is assumed, an 
expression can be derived for the junction temper­
ature at which thermal runaway occurs, TJR. This 
expression, which is derived in Appendix 1-B, is 
as follows: 

TJR = (D/ 0.69) In [(D/ 0.69) / 10 il>J-oo V ee ]. (2) 

For the data shown in Table 1, the following solu­
tion is obtained by use of this equation: 

TJR = (30/ 0.69) In [(30/ 0.69) / (0.05)(5)(20)] 
= 94 °C. 

Effects of changes in various parameters 

Examination of Eq. 2 reveals that idling cur­
rent l 0 , collector-to-emitter ~oltage V eE, and 
thermal resistance il>J_00-all have the same effect. 
Therefore, if the values of two or more of these 
parameters are changed but the product of the 
three remains the same, the value of TJR does 
not change. For example, in a given circuit with 
fixed values of D and <f>J-oo, the voltage could be 
doubled if the idling current were cut in half, and 
the runaway temperature would not change. 

The factor D appears in two places in the nu­
merator. A higher value of D (more junction-tem­
perature change required to double the collector 
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current) results in a higher value of TJ1t, as 
would be expected for a circuit with a higher 
stability factor. However, if a circuit that has a 
higher value of D is operated near the limit of its 
thermal-runaway capability, greater variability 
results from changes in l o, il>J-oo, or V ee· This 
effect can lead to smaller safety margins for high 
line voltages, component tolerances, and the like 
for a circuit that has a better stability factor. 
Reasons for this effect are discussed below. 

Appendix 1-C derives equations (A-15 through 
A-22) that show the effect on TJR of changes in 
the various parameters in Eq. 2. These equations 
are used below to illustrate the effect of changes 
of a factor of two from the original condition: 

If the value of D is doubled, the new value of 
TJR is given by: 

(3) 

That is, TJR increases more than twice. 
If the product 10 <f>J-oo V ee is doubled (by changes 

in any or all of the three parameters), the new 
value of TJR is given by: 

TJR2 = TJR1 - D. (4) 

That is, a change by a factor of two in l o il>J-oo V ee 
(possibly as the result of a change of 21

'
3 = 1.26 in 

each parameter) decreases TJR by D°C. 
As an example, it is assumed that two circuits 

have similar TJR values of 100° C, but different D 
values of 30 °C and 60 °C (the latter circuit must 
have a higher 10 <J>J-oo V ce product to provide a TJR 
of 100 °C). In either circuit the l o ~J-oo V ee product 
could change by a factor of two as a result of 
supply-voltage variations or a change in thermal 
resistance resulting from transistor tolerances, 
improper connection to the heat sink, or location 
of the circuit in ·a crowded environment. 

Because the value of TJR decreases by D de­
grees in either case, in the circuit where D was 
originally 30°C the value of TJR becomes 70 °C. In 
the "more stable" circuit where D is 60°C, howev­
er, T.n1 is reduced to 40 °C. This example illus­
trates the fact that a circuit cannot be judged for 
stability by the D factor alone. Only a complete 
analysis in terms of thermal runaway under 
worst-case conditions reveals the actual safety 
margin. 

(It will be shown later that, of the two circuits 
in the ex~mple, the one that has the higher value of 
D will also "run away" at a lower ambient temper­
ature. This result emphasizes that the analyses 
must be carried to a solution for ambient tempera­
ture before a true evaluation of the thermal capa­
bility is achieved.) 

De conditions for thermal runaway 

Appendix 1-D shows how TJR can be eliminated 
from the equations to provide an expression for 
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Chart for determining thermal runaway point 
Cle= 0.1 A at TJ = 30 ° C; <I> = 5° C/W; VcE = 20 V) 

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6 

Junction DC collector DC collector Temperature Temperature AT".,/ ATJ 
Temperature current dissipation rise at infinity 

T,-° C le-A 

Row 0 0 0.05 

Row 1 30 0.1 

Row 2 60 0.2 

Row 3 90 0.4 

Row 4 120 0.8 

the operating conditions at the point where ther­
mal runaway occurs .. Eq. A-26 demonstrates that 
the point of thermal runaway is reached for the 
following conditions: 

<I>J-oo l c V cE = T RR= D/ 0:69. (5) 

In other words, thermal runaway occurs if the 
temperature rise due to direct current and voltage 
equals the D / 0.69 factor. It should be noted, 
however, that the collector current, Ia, in this 
equation is the value obtained when the junction 
temperature has increased to T JR · 

It may take some time, even hours, for the 
temperature (and thus the collector current) to 
rise to this value and for runaway to occur. It is 
desirable, then, to determine what de conditions 
must exist at the time of initial turn-on to cause 
eventual increase of the junction temperature to 
T.111, and thus to cause runaway. Appendix 1-E 
derives this condition with the assumption that 
there is no temperature rise at the first instant 
(because of the thermal capacitance) so that the 
junction temperature is equal to the ambient 
temperature. The result shows that the initial 
( t = 0) de conditions required to cause eventual 
thermal runaway (when there is no change in 
ambient temperature) are given by: 

VaE lcu~o> = D / (0.69)(e)( <I>J-co ) 
= D / (0.69) (2.72) (cl>J-co ). 

(6) 

It should be emphasized that this expression 
cannot be used if the ambient temperature 
changes. It can be used only if the de conditions at 
time zero are measured at the maximum expected 
ambient temperature. Even under these condi­
tions, the expression does not give an indication of 
the safety margin in terms of changes in the 
ambient temperature. 

The ambient temperature which produces 
thermal runaway under de conditions, T AR, can 
be determined by combining Eqs. 2 and 5 : 

T 1111 = T iu - D 10.69. (7) 
This ambient temperature, TAR• is of most con-
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Pc-W TJ_oo_ oc Too- oc 
1 

2 

4 

8 

16 

5 -5 

10 20 '+25/30 

20 '1-0 +20/30 

40 50 +10/30 

80 40 10/30 

cern to the circuit designer. Equation 7 shows that 
TAR is lower than TJR by D/ 0.69 degrees under 
de conditions. 

Ac conditions are obtained from de analysis 

Although only de operating conditions ha"\l'e 
been considered thus far, the results of the de 
analysis can also be used to analyze an audio 
output stage that develops ac power. 

As mentioned previously, thermal runaway, in 
its fundamental form, is a closed-loop phenomenon 
in which an induced change in junction tempera­
ture causes a change in dissipation, which causes 
a change in temperature rise which, in turn, 
causes a further change in junction temperature. 

Under de conditions, the change in dissipation 
is the result of a change in the de collector current 
caused by the increased junction temperature. 
When an ac signal is present, there is no collector 
current, but there is still a change in dissipation. 
This is a result of the change in the operating load 
line which results from a changed junction tem­
perature. Just as the i~ate of change of collector 
dissipation with respect to junction temperature 
under ac conditions differs from that under de 
conditions, so too the temperature at which runa­
way occurs is different. In both Class-A and Class­
AB operation, however, the worst-case conditions 
occur during de (idling) conditions. Hence, both 
Table 1 and Eqs. 1 through 7 can still be used. 

In a Class-A output stage, dissipation is always 
highest when there is no ac power output. For this 
de condition, therefore, the equations may be 
applied directly. For experimental verification, a 
Class-A output stage should be checked out by 
increasing the ambient temperature while the 
output stage is idling. 

Equation 4 shows that T JR decreases by D ° C 
when the product Io <P.1-00 V cg is increased by a 
factor of two. Under de conditions, this lower 
junction temperature reduces the idling current to 
half the original value (because current doubles 
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every D degrees), with the net result that the 
temperature rise at the new value of TJR remains 
the same (see Eq. 5). In a Class-A amplifier, 
therefore, a decrease of D degrees in TJR causes a 
decrease of D degrees in T AR, the ambient tem­
perature required to cause thermal runaway. 

In a two-transistor Class-AB push-pull output 
stage, two factors make the analysis more com­
plex. First, maximum dissipation occurs at de­
creasing signal levels as idling current increases 
toward Class-A push-pull. Second, the rate of 
change of dissipation with respect to junction 
temperature at high signal levels is very low. 
(These relationships can be demonstrated by 
drawing the different load lines that occur at 
different idling currents and performing the 
integrations necessary to find average power.) 

Two cases must be considered for the two­
transistor AB stage. In the first case, operation is 
such that, when the junction is near TJH, maxi­
mum dissipation occurs at high signal level (be­
cause of low initial idling current). In this case, 
the value of TJT1 calculated from de considera­
tions may be exceeded as a result of the dissipa­
tion at high signal levels; yet runaway will not 
occur, because the dissipation is less regenerative. 
However, if the signal is cut off and operation 
returns to de while the junction temperature is 
higher than Tm, thermal runaway will then 
occur. In other words, thermal runaway can be 
made to occur if the ambient temperature is 
increased, some power is dissipated at high signal 
levels to heat the junction above TJR, and the 
signal is then cut off to return the stage to de 
conditions. 

In the second case, operation is such that, when 
the junction is near TJR, maximum dissipation 
occurs during idling (because of high idling cur­
rent). In this case, maximum temperature rise 
occurs during idling and operation is as for the 
Class-A stage. Therefore, runaway is made to 
occur simply by increasing the ambient tempera­
ture. 

In either case, runaway occurs at the de condi­
tion, and Table 1 or Eq. 2 may be used to deter­
mine T .1R· In the first case, however, the effective 
ambient temperature (which is the ambient tem­
perature listed in Table 1) is much greater than 
the actual ambient temperature because of the 
temperature rise caused by the nonregenerative 
dissipation. The actual external ambient tempera­
ture T A rex t J is determined as follows: 

(8) 
where Pis the nonregenerative maximum dissipa­
tion at the high signal level. 

Because oneration of a Class-AB stage may be 
as described for either case, experimental 
verification involves the following tests. First, the 
ambient temperature is increased in steps. At each 
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step, temperature is brought to equilibrium pro­
vided runaway does not occur. Next, the signal 
level is varied to determine the signal which 
causes the highest dissipation (the signal level 
required may change slightly as heat-sink temper­
ature changes). If temperature equilibrium is 
obtained, the signal is then cut off and the idling 
current is observed for a decrease (stable) or an 
increase (unstable) . 

In either of the two cases described, when T JR 
is decreased by D degrees as a result of increas­
ing the product ! 0 <I>J-oo V cs by a factor of two (as 
in Eq. 4), the external ambient temperature re­
quired to reach T JR also decreases by D degrees. 
In the first case, Eq. 8 shows that T A must change 
by the same number of degrees as TJH because 
P <r>J-oo is a constant. In the second case, the analy­
sis is the same as for the Class-A stage because 
de conditions exist. 

Appendix 2 shows sample calculations for the 
various conditions described. 

As a final comment it must be noted that the 
table and equations developed in this article de­
scribe thermal runaway under de conditions. The 
table can be used even if collector resistance is 
present. The equations, however, are valid only 
for zero collector resistance. In either case, the 
concept described can be applied to an entire sys­
tem analysis because the results are based on an 
experimental D factor for the system rather than 
a set of equations describing the system. The use 
of this D factor makes the analysis accurate and 
practical. 

Appendix 1-Derivation of Equations 
A. Require~ To derive an expression for 

collector current as a function of junction 
temperature from experimental data. 

Procedure-Assume that the data show 
that the equation is a pure exponential func­
tion in which current increases by a certain 
ratio every time junction temperature in­
creases by a certain increment. Arbitrarily 
select a ratio of two for current, and deter­
mine the increment of junction temperature 
that corresponds to a doubling of current. 
The expression can be written: 

(A-1) 

where x/ D is a constant that provides the 
required slope of two for every temperature 
increment D. The value of x necessary for the 
expression to double in value for an increment 
of D degrees is determined: 

(A-2) 

When the natural logarithm is taken of both 
sides of Eq. A-2, the following relation is 
obtained: 

In e" <r ,+Dl / D = In 2 ExrJ 10 . (A-3} 
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This equation can be simplified as follows:* 

x(TJ + D) / D = In 2+ xTJ/ D. (A-4) 

The value of x is then given by 

x = In 2 = 0.69. (A-5) 

When TJ = 0, the exponential e0 is unity and 
l e = A. However, ! 0 is defined as the current 
when TJ = 0. Therefore, A = ! 0 • The final 
equation can then be written as follows: 

(A-6) 

B. R equiredr--To derive an equation de­
scribing the junction temperature at which 
thermal runaway will occur. 

Procedure-Assume that there is negligi­
ble resistance in the collector-to-emitter cir­
cuit and that collector current I c is a function 
of junction temperature TJ, as described by 
Eq. A-6. Collector power Pc then becomes: 

Pc= V cE l c= V cE l oE<0 ·';9 J<T,J/ D. (A-7) 

If infinity is defined as the point nearest to 
the junction at which the temperature does 
not change as a result of dissipation, then 
temperature rise TR between the junction 
and infinity is given by: 

Tit= <t>J-oo V eg l o E (o .G9 HT,J/D. (A-8) 

The junction temperature, TJ, is given by: 

(A-9) 

where T"" is the temperature at infinity. 
Equation A-8 can be substituted into Eq. 

A-9: 

(A-10) 

Equation A-10 can then be rearranged in. 
the form: 

(A-11) 

Thermal runaway has been defined as occur­
ring when dT 00/ dTJ = 0. Therefore, Eq. A-11 
is differentiated to obtain the expression: 

!/:Too _ _ <l>.1-xi V Cf: l o ( 0.69) (O . li9 )(T )/D (A-l2) 
dTJ - 1 D E J • 

This expression is then set equal to zero to 
obtain the TJ required for runaway, TJR: 

[lo <f>J-oo V cg(0.69) / D] E (O.G 9)(T,J/D= l; (A-13) 

TJ/1 = (D/ 0.69) In [(D/ 0.69) / (10 <I>J-oo V eg )]. 
(A-14) 

C. R equiredr--To show the effect of chang­
es in parameters by a given ratio, N. 

Pr ocedure-Let the original condition be 
indicated by the subscript 1 and the new con­
dition by the subscript 2. 

(a) Changes in D. The original condition 
is given by: 

*In AB = In A+ In B. 
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Tm 1 = (D, / 0.69) ln [(D, / 0.69) / (10 <I>J-oo V cFJ)]. 
(A-15) 

If the value of D is changed to D 2 = ND 11 

Eq. A-15 becomes: 

TJR2 = (D j 0.69)ln[(D2/0.69) / (I0 <I>J-oo V eg)] 
= (ND1/ 0.69)ln[(ND, / 0.69) / (A-l6) 

Uo <f>J-oo V cFJ)]. 

Equation A-16 can be rewritten in the fol­
lowing forms: 

TJ1t2 = (ND,; o:69)ln[(D1 / 0.69) / 

or 

U o q,J-oo V eg)] + (ND1 / 0.69)ln N; 
(A-17) 

TJR 2 = N[TJJi1 + (D, / 0.69) lnN]. (A-18) 

(b) Changes in the product ! 0 <I>J-oo V cE· The 
original condition is given by: 

TJR1 = (D/ 0.69)ln[(D/ 0.69) / (lo <I>J-oo V cE),]. 
(A-19) 

If the value of Io <I> J-oo V cE is changed to (Io 
<I>J-oo V cg) 2 = N(lo <I>J-oo V cE)1, Eq. A-19 be­
comes: 

TJR2 = (D/ 0.69)ln[(D/ 0.69) / (Io <I>J-oo V cE) 2] 
= (D / 0.69) In { (D / 0.69) I (A-20) 

[N(Io<I>J-oo V cE )1]}. 

Equation A-20 can be rewritten in the forms: 
TJR2 = (D/ 0.69) In [(D/ 0.69) / (lo <I>J-oo V cFJL] 

- (D/ 0.69) In N;. (A-21) 

or: 

(A-22) 

D R equiredr--To eliminate TJR from the 
equations. 

Procedure-If the transistor is biased to 
the steady-state current which causes run­
away (I cR), then the junction temperature is 
at TJTt and Eq. A-6 may be written: 

(A-23) 

Equation A-23 can then be solved for TJJi: 

TJR = (D/ 0.69) In U c1d l o) (A-24) 

Because Eqs. A-14 and A-24 are both ex­
pressions for TJR, they may be equated to 
obtain: 

(D/ 0.69) ln [(D/ 0.69) / (lo <I>J-oo V cE)] 
= (D/ 0.69) In U c&/ l o). (A-25) 

If the D/ 0.69 and Io terms are canceled and 
the logarithm is removed from each side, Eq. 
A-25 can be solved for <PJ-oo V cFJ I cR: 

<I>J-oo V cFJ l e&= D/ 0.69. (A-26) 

Equation A-26 shows that the product I cR 'PJ -oo 

V cg, which is the temperature rise at the 
runaway condition, is given by: 

Tim = D/ 0.69. (A-27) 

E. R equired-To find, for a constant am-
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and high performance (1/a watt rating) of the PME 
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cepted PyroSeal carbon film resistors. 
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the entire Pyrofilm line. 

PVROFILM RESISTOR 
COMPANY, INC. 

3 SADDLE ROAD • CEDAR KNOLLS, NEW JERSEY • 201-539-7110 

ON READER-SERVICE CARD CIRCLE 36 

bient temperature, the current at time zero 
(with TJ assumed equal to T A) which will 
provide the final steady-state current (at 

_junction temperature TJR) necessary to cause 
thermal runaway. 

Procedure-At time zero, the junction 
temperature TJ is lower than the junction 
temperature for runaway '1'JJ1 by an amount 
equal to the temperature rise T RR which oc­
curs when the collector current reaches 1 en· 
The value of TR11 is given by Eq. A-27. The 
collector current I c at time zero can be writ­
ten in the following forms: 

or 

I 
0 

= l o e <T,R· D/O.s9) co.ag/ D ) ; 

(t = O) 

(A-28) 

l a = [/0 e <o.ag)(T,R) / D] / e. (A-29) 
(t=O) 

Equation A-23 can then be solved for Io and 
the result substituted in Eq. A-29: 

l e = l cR/ e= l cn/ 2.72. (A-30) 
(t=O) 

Equation A-30 can then be substituted into 
A-26 to obtain the following relation: 

V cE l a = D/ (0.69) (2.72) (il>J.00 ). (A-31) 
( l =O) 

Appendix 2-Sample problems 
A. R equired-To determine the value of 

TJ/{ from the data given in Table 1. 
Procedure-TJR is calculated from Eq. 2: 

TJ/1 = (30/ 0.69) ln (30/ 0.69) / (0.05) (5) (20) 
= 94 °C. 

B. R equired-To determine the value of 
T,rn for the data given in Table 1 under de 
conditions. 

Procedure-TAR is calculated from Eq. 7: 

TAR= 94 °C-(30/ 0.69) = 50.5 °C. 

C. R equired-To determine the value of 
T .1n for the data given in Table 1 for a Class­
A output stage or a Class-AB output stage 
in which dissipation during idling at TJR is 
greater than the fixed dissipation at high 
signal level. 

Procedure.:._TAR is calculated from :Eq. 7: 

TAR= 94 °C- (30/ 0.69) = 50.5 °C. 

D. R equired-T'o determine the value of 
T .1R for the data given in Table 1 for a Class­
AB output stage in which there is a fixed dis­
sipation at high signal level which is greater 
at T.rn than the dissipation during idling. 

Procedure-Let the fixed power P equal 10. 
watts. T A11. is then calculated from Eq. 8: 

T,1R = 94 °C - (5) (10) = 44 °C .. 

In this case, runaway will occur when the 
junction temperature reaches 94 °C and signal 
is then cut off. • • 
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... new value 
from new pricing 

. on hot carrier diodes 
from HPA 

Ultra-fast switching with HP Associates 

2900 Hot Carrier Diode is now more eco­

nomical than ever. New production tech­

niques and experience have reduced the 

cost of these popular devices, and the 

savings is passed on to you . 

The performance characterist ics and 
_,-1 • 
pricing listed in the chart make the HPA 

2900 ideally suited for use in TV tuners , 

commercial communications limiters, 
detectors and mixers, and multiplexing 

in signal processing . 

Contact your Hewlett-Packard field 

engineer for complete data or write HP 

Associates, 620 Page Mill Rd., Palo Alto , 

California 94304, Tel. (415) 321-8510. 
997 R 
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TYPICAL SPECIFICATIONS, HPA 2900 

Forward Current Breakdown Voltage .. , ev • 

20 ma min . @ V, =l.Ov 
10 v @ 1. =10 µa 

1.0 ma min. @ v, =J.4V 

Leakage Current Lifetime 
Price 

'· .,. 

100 na @ v. =-5.0 v 120 ps 
1 to 99, $3.00 

100 to 999, $2.25 

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

HEWLETT =- -
PACKARD ; ~ HP 

ASSOCIATES 
ON READER-SERVICE CARD CIRCLE 37 
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Don't gamble on system performance! 
Statistics and random sampling will give an accurate 
picture of a transmission system's behavior. 

Statistical measuring techniques provide realis­
tic performance data on transmission channels 
that process such random or near random signals 
as voice or music. The addition of random sam­
pling to statistics broadens the range of frequen­
cies over which statistical techniques are useful. 

In the design of channels that are to process 
random or almost random signals, stimula­
tion/ response tests with single-frequency sine 
waves may yield deceptive or incomplete measures 
of system performance. Equal-probability signals 
and wide-band Gaussian noise are the logical 
choice as test signals for a statistical examination 
of system performance. 

In the statistical description of periodic signals, 
the amplitude probability density distribution 
must be carefully related to the actual waveform, 
since there is an infinite number of waveforms 
that can exhibit the same density distribution. The 
probability density distribution function is a 
measure of the likelihood of finding a waveform at 
any particular point within a wave's peak-to-peak 
amplitude excursion. For the periodic signal this 
function takes a form which is proportional to the 
inverse of the slope of the waveform. 

As an example, consider the triangular wave, a 
waveform which has the characteristic of being 
equiprobable. A recording of ·the actual function 
(the triangle) and its density distribution is 
shown in Fig. 1. The statistical description plotted 
on the left has been rotated 90 ° clockwise to 
show the relationship between the probability 
density distribution and the real-time function. 
The vertical axes in both plots represent wave­
form amplitude. The probability density is repre­
sented horizontally in the recording on the left. 
Another example of a time function and its densi­
ty distribution is shown in Fig. 2. The signal 

John Boatwright, Engineering Section Manager, Hewlett­
Packard Co., Loveland, Colo. 
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shown is random noise and its distribution is the 
familiar normal, or Gaussian, curve. In fact, 
Gaussian noise takes its name from this curve. 

The obvious curvature of the distribution of 
Fig. lb indicates that the triangle in this plot 
departs somewhat from the ideal. This distortion 
is less apparent from an examination of the origi­
nal signal alone (Fig. la). 

The sensitivity of the density distribution to 
irregularities in the ideal waveform appears more 
clearly in Fig. 3, which shows the triangle wave of 
Fig. 1 after it has been processed by an amplifier 
exhibiting crossover distortion. 

The probability density distribution has certain 
characteristics which can be identified and related 
to the signal being analyzed. In the time domain, a 
complex signal can often be decomposed into two 
or more simpler signals for analysis and the 
superposition used to reconstruct the original 
signal. The summation of two time signals results 
in the convolution of their respective density 
functions. For simplicity of illustration, two 
deterministic signals (i.e., signals whose values 
are exactly known at every point in time) are 

A A 

1. The triangular waveform (a) is an equiprobable signal. 
Its probability density function (b) is a measure of the 
likelihood of finding the waveform at any particular point 
within a wave's peak-to-peak amplitude range. Note that 
(b) has been rotated 90 ° clockwise from its conventional 
position. 
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Conventional ac measurement techniques 

A 

Probably the most widely used measure­
ment technique that combines acceptable 
accuracy and reasonable cost is the absolute­
average ·method. Figure A shows a typical 
arrangement for making an average meas-

, urement. The input signal is amplified (or 
attenuated) and fed to the meter circuit 
through the diode bridge. For good linearity 
the amplifier should exhibit low output 
conductance at all frequencies of interest. 
Typical performance limits for this tech­
nique restrict the bandwidth to some 10 MHz 
and sensitivities to a few hundred µ. V full­
scale. Absolute-average-measuring instru­
ments are generally calibrated in the rms 
value of a sine wave and are relatively in­
sensitive to harmonic distortion. 

Peak-detecting measuring schemes, one of 
which is shown in Fig. B, are probably sim­
plest of all and can be performed over a 
bandwidth extending to several thousand 
MHz. Good linearity is possible for input 
sinusoidal signals of one volt and above; for 
signals smaller than one volt, special compen­
sation techniques must be used to achieve 
linear read-out. For sinusoidal signals of less 
than about 30 m V rms, semiconductor diodes 
will recover the mean square value of the 
signal being measured rather than the peak 
value. As in the case of the average-reading 
instrument, these devices are usually cali­
brated in the rms value of a sine wave. Peak­
reading instruments are generally quite 
sensitive to harmonic distortion and care 

AMPLIFIER 
a 

ATTENUATORS 

A 

<>1 
9 IN -C\::P't:r 

P(Al 

2. Gaussian noise (a) is described statistically by the 
familiar normal, or Gaussian , distribution curve (b) . It is 
from this description that Gaussian noise gets its name. 
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must be taken in the interpretation of the 
measured peak value of a nonsinusoidal 
waveform. 

The - true rms measurement technique is 
most often used when a high degree of accu­
racy is required or when it is necessary to 
make sensible measurements of nonsinusoi­
dal signals. The block diagram of Fig. C 
indicates one form of a true rms instrument 
that makes use of a servo-loop to yield a 
linear output display.* The thermocouple 
elements form a bridge which is initially 
unbalanced by the signal current present in 
the heater winding in the ac amplifier output. 
The couple unbalanced is amplified by the de 
amplifier and fed back to the heater winding 
in the second thermocouple, re-establishing 
bridge balance. The de current flowing in the 
one heater winding is then directly propor­
tional to the rms value of the ac signal cur­
rent in the other winding and may be read 
out directly on a de meter. 

The performance limitations of this type 
of instrument are generally imposed by the 
ac ·amplifier and are similar to those of the 
average-measuring instrument mentioned 
previously. Since the true rms value is meas­
ured, independent of the waveshapet, dis­
tortion is not an "error-contributing" factor. 

*Arrangement used in Hewlett-Packard Model 
3400A rms Voltmeter. 

tProvided that peak excursions of the measured 
waveform do not exceed the dynamic range of the 
instrument. 

DC 
AMPLIFIER 

AC 
AMPLIFIER 

@ © 

A A 

P(A) 

3. Crossover distortion of the equiprobable triangular 
waveform (a) is easier to detect if the signal's density 
function (b) is examined . 
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added and the resulting density distribution is 
shown in Fig. 4. The two signals used are a sine 
wave and square wave. 

Severe band limiting, either in the processing 
channel or in the analyzer, will alter the shape of 
the signal's waveform and will a lso change the 
shape of the signal's probability density distribu­
tion. Using a test signa l such as Gaussian noise is 
therefore advantageous because the shape of its 
density distribution is not affected by bandwidth 

' limitation. 

Random sampling preserves signal's statistics 

The capability of present equipment is a few 
megahertz. The usefulness of the statistical ap­
proach may be extended beyond this, however, if 
use is made of recently developed sampling tech­
niques. If the signal to be analyzed is periodic, it is 
possible to use "synchronized" or coherent sam­
pling actua lly to reproduce the high-frequency 
waveform at a much lower frequency-a tech­
nique used in the sampling oscilloscope. For pur­
poses of statistical analysis it is not necessary to 
preserve the actual waveform ; therefore the 

A A 

P(A) 

4 . Complex waveforms can often be described as the sum 
of two simpler signals in order to simplify analysis. The 
sum of a sinusoid and a square wave (a) results in the 
convolution of their respective density functions (b). 

CLAMP DRIVE 

sampler need not be synchronized with the incom­
ing signal. The output of the sampler (retained by 
a zero-order hold circuit) in this case is a series of 
pulses of apparently randomly oriented ampli­
tudes. Examination of the process will show that, 
even though the order of the "stretched" samples 
bears no coherent relationship to the original 
signal, the amplitude distribution is identical to 
that of the wave being measured. That is, al­
though the sampling process is random, the statis­
tics of the signal are preserved. 

The upper portion of Fig. 5 shows the original 
sinusoidal signal which has been randomly sam­
pled. The collection of samples is plotted in the 
lower trace of the same figure. Note that all time 
information about the waveshape is lost, but a 
statistical analysis of each trace would result in 
the same density distribution. 

A simplified block diagram of the sampler, the 
Hewlett-Packard 3406A sampling voltmeter, is 
shown in Fig. 6. The pulse generator and the 
sampling bridge in the probe are designed to sam­
ple signals which may extend beyond 1000 MHz. 
The sample is taken in a very short interval; after 
proper amplification, the value of the sample is 

5. Random sampling of a sinusoidal signal (a) results in 
the collection of samples shown in (b) . All time informa­
tion about the original waveshape is lost but the probabili­
ty distribution of both waveforms is identical. 

SAMPLE HOLD DRIVE 

SAMPLER DRIVE~.-----_G_:_~_ELR_si_To_R_ 

INPUT -+----1 
SAMPLING 

PROBE 
ASSEMBLY 

ATTENUATOR 

RANGE 
CONTROL 

REPETITION 
RATE 

MODULATOR 

SAMPLE 
HOLD 

CIRCUIT 

SAMPLE 
....----<HOLD 

OUTPUT 

SIGNAL 
PROCESSOR 

METER HOLD 

6. Waveform sampling can be accomplished by using a 
sampling voltmeter. A block diagram of an instrument of 
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this type is shown above. Note the relative simplicity of 
the over-a ll system. 
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RANDOM 

SAM PLER 

RAMP 
GENERATOR 

7. Recording of the sample waveshape can be obtained 
using the setup shown. 

held in the zero-order hold circuit until the next 
sample is taken. The interval between samples 
averages about 60 µ.s. The stretched samples are 
available at the sample-hold output for connection 
to other measuring equipment. Since the statistics 
at this point are the same as those of the input 
signal, properties such as peak, average and rms 
can be measured with instruments of only moder­
ate bandwidth capability. Statistical measurement 
can be made on extremely wide-band signals with a 
simple, inexpensive analyzer. A block diagram of 

the setup used to make the recordings shown here 
is shown in Fig. 7. 

Figure 8a displays a portion of the sample-hold 
output and the density distribution of the noise 
present at the output of a wide-band amplifier. 
The noise is essentially "white" over a bandwidth 
of about 150 megacycles; that is, the noise con­
tains components of a ll frequencies in this range. 
The same noise is shown in Fig. 8b, but this time 
with the amplifier overdriven slightly so that a 
small amount of clipping occurs. Note the sensi­
tivity of this clipping exhibited by the density dis­
tribution. 

Extension of the use of statistical signal descrip­
tion to the design and testing of voice communica­
tion channels, including multi-channel multipl~xed 
systems can be readily seen. The use of such tech­
niques in the optimum choice of quantization levels 
is a must. In short, any linear of quasilinear chan­
nel that is required to handle signals with the 
characteristics of a random variable lends itself to 
examination and synthesis by these statistical 
measurement methods. Proper care in measuring 
and data interpretation must be exercized, how­
ever, to assure accurate results. • • 

A NORMAL AMPLIFICATION 

A 

A AMPLI Fl ER OVERDRIVEN 

A 

8. Output of a wide-band noise source amplified 40 dB 
and its probability density are shown in (a) . The noise 
was plotted using a sampling oscil loscope. The same. 
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noise source was used to obtain the trace shown in (b) 
but in this case the amplifier was overdriven . Note the 
distortion in the probability density for the latter case. 
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MIL-T SPECS call for 22% to 32% 
wax coating on LACING TAPE. 

66 

· But what really is the right amount 
for trouble-free, tight-knot lacing? 

• GUDEBROD KNOWS. They make yard after 
yard after yard exactl tlobll 

• GUDEBROD TAPE cuts harness costs! 

You are often required to lace with tape that meets MIL-T Specs­
with a specified range of wax content. But that's no assurance that 
you are using a tape that ties tight , holds tight , that probably won 't 
be rejected-unless , of course , you have Gudebrod Gudelace. Like 
all Gudebrod Lacing Tapes it's manufactured under strict quality 
control including the wax coating. Every yard of Gudelace is im­
pregnated exactly the same, exactly right. You can count on that-and on 
speedier, easier, better harnessing. That's where you save real 
money. Want to know more? Get in touch with Gudebrod. 

tape- everytime. 

GUDEBROD CABL~LACER 
The first hand tool engineered for wire harnessing. 
Handle holds bobbins , feeds tape as needed , 
grips tape for knotting. Speeds , eases 
harnessing. Pays for 
itself in time saving.~ 

Area Code 215, WA 2-1122 

UDEBRDD BROS. SILK ca .• INC. 

~~~ 
12 SOUTH 12th STREET, PHILADELPHIA, PENNSYLVANIA 19107 

ON READER-SERVICE CARD CIRCLE 38 
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Series 705 

SPEAKING OF STEPPERS 

Suppose you built this robot. (You might as well build it to look like this one.) 
Anyway, suppose you set her stride at 24 inches and controlled her gait with 

a Guardian stepper (one step per step). You could program her to walk from 
New York to Los Angeles and on into the Pacific , with complete assurance 
that her Guardian stepper would still be clicking away. 

You have no robots on the drawing board? No matter. The important things 
to remember are that Guardian steppers average over ten million operations 
on the life test rack-and that Guardian makes more steppers, and more 
different types of steppers than anybody else in the business. 

It's a good idea to have all the specs on all the Guardian steppers in your 
file. Write for bulletin F32. Guardian Electric Mfg. Co., 1550 W. Carroll Ave., 
Chicago, Ill. 60607. 
Guardian makes the most steppers and the most dependable steppers 

GUARDIAN®@ ELECTRIC 
ON READER-SERVICE CARD CIRCLE 39 
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Get ultralinearity from ramps. 
Charging the timing capacitor from a constant current 
source improves and simplifies ramp generators. 

Fast ramp generators with linearity better than 
0.1 % can be obtained by use of a constant-current 
source in addition to a current-sensing circuit in a 
feedback configuration. Three basic designs ena­
ble the eni;i;ineer to choose the approach best suited 
to his particular need. F urthermore, ramp slope 
and amplitude variations of 200 to 1 and 20 to 1, 
respectively, have been demonstrated with ramp 
ret race times of better than 1 microsecond. 

In comparison with conventional circuits using 
the Miller and bootstrap effects, these circuits 
afford the following advantages : 

• Equal or better linearity. 
• Greater slope range. 
• Faster recovery time. 
• Higher load handling ability. 

The circuits' uses cover: 
• Pulse width modulation. 
• Analog-to-digital conversion. 
• Accurate monostable operation. 

Constant-current source is linear 

The constant-current source constitutes the 
basic building block for all the ramp generators. 

Its basic circuit is shown in Fig. 2. As operation 
starts, timing capacitor C is assumed to be initial­
ly discharged with Q8 ON. A step input of the 
desired ramp duration turns Q8 OFF, and Ql 
starts charging C. The current through C develops 
a proportionai voltage change across R, which is 
essentially in series with C. This voltage modifies 
the emitter current of Q2, which is equal to the 
base current of Q1. 

The over-all effect of Q2 and R is to compensate 
for any load current variations. Should 11, de­
crease, for instance, I a will tend to increase, if the 
collector current of Q1 is constant. The increase in 
I r, however, will drive Q2 toward cut-off. This 
will decrease the base current of Q1, thus drop­
ping its collector current and compensating for 
the decrease in IL· This sequence of events is 
reversed for an increase in I L· 

Since the emitter current of Q2 is in general 

Gilbert Marosi, Project Engineer, General Precision , Inc., 
Link Group, Sunnyvale, Calif. 

fl8 

two orders of magnitude less than the current 
through C, the change in emitter current of Q2 
_will accurately follow changes in capacitor cur­
rent, and by means of the current amplifying 
action of QI will cause C to charge linearly. 

The effect of current through R 1., is minimized 
by the current gain of Q4 (emitter-follower ac­
tion). The bootstrapping action of R3 further 
improves the linearity by providing a feedback 
input to the base of Q2. 

The linearity error factor is defined as : 

L e= (A p- A a) / Ap, (1) 

where A ,, is the ideal amplitude at time t and A a is 
the actual amplitude. 

By making reasonable approximations, Eq. 1 
can be reduced* to: 

(2) 

where t = 1 s, R1., = 1 Mn, C = 10 µ, F, f3 = 100, 
Le= 0.05 %. 

It will be observed that t he constant-current 
sources used in these three ramp generators are 
different from the general one presented above. 
The difference is that the bases of the current-

*The complete analysis of the circuit can be obtained by 
circling 309 on the Reader-Service card. 

1. The slope of the ramp of the Type-I I I generator (visible 
on the scope face) can be adjusted over a wide range, as 
the author demonst rates. 
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R2 
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2. Ultralinear current source uses only four transistors. 
All transistors should be high-speed, high-beta, low-leak­
age. In particular, Q2 should have high beta at low col­
lector currents. Timing capacitor C should have flat 
characteristics over the operating temperature range. 

sensing transistors of each constant-current 
source are connected to ground in all three cases. 
The reason for this is the need to discharge the 
timing capacitor at the end of each cycle rapidly 
and fully. Any base resistance will slow down the 
operation or result in an incomplete capacitor 
discharge. This latter effect would eventually 
prevent the operation of a generator altogether. 

Type-1 ramp generator uses Schmitt trigger 

The complementary Schmitt trigger in conjunc­
tion with the linear current source make up a 
versatile ramp generator with both ramp ampli­
tude and slope control as well as gate outputs. In 
Fig. 3, Q4 and Q5 comprise the complementary 
Schmitt trigger. Ql and Q2 perform the linear 
charging of timing capacitor Cl and Q3 is an 
emitter-follower that furnishes a low-impedance 
drive to the complementary Schmitt and mini­
mizes load current variations. 

In the stable state Q4 and Q5 are ON. The 
emitter of Q2 is at + 18 volts while the collector of 
Q5 is at + 19.6 volts. Q2 is therefore OFF, and DI 
is forward-biased. The supply voltage for Ql is 
provided by Q5. Ql is turned ON by the - 20-V 
supply's causing an emitter current to flow 
through it. With Q4 ON, the base of Q3 is at + 0.3 
volt and Cl is discharged. Since the emitter of Q3 
is essentially at 0 volts, the current needed to turn 
on Q4 is provided by 95 through RB. 

A negative trigger through C4 and D 3 turns 
OFF Q4 which in turn turns OFF Q5. Since there 
is then no base drive for Q4, it remains OFF. With 
Q5 OFF and the emitter of Q2 at + 18 volts, Dl is 
back-biased. Cl is then charged linearly by the 
constant-current source Ql and Q2. A linear rise 
in voltage occurs at the base as well as the emitter 
of Q3 owing to the charging of Cl. When the 
voltage at the emitter of Q3 reaches the point at 
which the current through R4 exceeds the current 
through R A and R5 by the amount of base current 
needed to drive Q4 into the active region, Q4 
starts to turn ON. This turns Q5 ON, which sup­
plies additional base drive to Q4 and turns it ON 
harder. Consequently, both Q4 and Q5 saturate. 

Cl now discharges rapidly through the base­
emitter junction of Ql, and through D4 and the 
saturated Q4. D5 ensures a rapid ramp retrace at 
the emitter of Q3 in the case of a capacitive load, 
since the charge on the external capacitor would 
back-bias the base-emitter junction of Q3 whenev­
er Cl discharges. In such a case a path to ground 
is provided through D5 and D4. A maximum step 
of 0.3 volt at the start of the ramp is made cer­
tain by D7, which clamps point A and the emitter 
of Ql to ground. D7 also prevents the back-biasing 
of Ql by a sudden rush of current through Cl due 
to any delay in the constant-current source action. 

The period of the generator is obtained from: 

r-CURRENT- - - - -
SOURCE 

-----------~------------~t--~~---......-+r_--_-_-_--_-_-_-_--_-_-_-_-_-_-_--_-_-_-_-_-1----_-_-_-_-_-_-_--_-_-1---_--_-_-_-.--+------0--~2ov ___ i 

07 

05 
2N2635 

GATE 
OUT u 

IOOµs +j f+ 

I 
I 

~~~~~~~-+--+-~~~~~-+-1t---~~~~~~~~~~~~~--0-2QV I 

-- - - - - ---- - --- - - - - - -- 03 L--- - - - -- - --- -- - --SCHMITT-TRIGGER ____ - -------- ---- ------~ 
IN0..._~---")1----~----11A-~~~~~~~~~~~~~ 

C4 
82pF 

3. Type-I ramp generator has ramp and gate outputs. 
Pulse width modulation can be obtained by applying a 
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DIODES ARE IN662 

control voltage to amplitude control potentiometer RA. 
Note separate slope and amplitude controls. 
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T = AVC/ A!. (3) 

where AV is the increment of voltage across C1, 
and Al is the increment of current through C1. 
The end of the ramp occurs when the current 
through R4 exceeds the current through R11 by 
the base current of Q4. AV may therefore be ex­
pressed in terms of R11, R4, the current gain of 
Q4 and the various drops in the circuit. The fol­
lowing equations can be derived: 

(AV-Vbea -Vbe•)/R4 = [(Vbb-Vbe•) / R 11 ] 
+ U e. / f1} (4) 
+ [Vbe•I (R8 + R11} J. 

Assuming I e•I f1 and the current through R8 and 
R11 both to be small compared with the current 
through R4 and R" : 

AV= [(Vbb - Vbe4}R4/ R11]+Vbea+ Vbe4 • (5} 

Assuming that the base-emitter drops of the 
transistors are equal: 

AV = (Vbb- Vbe) (R4 / R ,i) + 2Vb., (6) 

Al= (Vbb - vb. i} / R s. (7) 

The period of the ramp generator may now be 
calculated by substituting Eqs. 6 and 7 into Eq. 3. 

T = [(Vbb - Vb . ) (R4 / R A) +2Vbe]C/ 
[(Vbb- Vbe) / R s]. (8) 

It is seen from Eq. 8 that the period is in­
versely proportional to R 11 and directly propor­
tional to R8 • The amplitude of the ramp may be 
varied over a range of 20 to 1 either by poten­
tiometer R A or a control voltage at the bottom 
of R 11 . The period in the latter case is: 

T = [(Vc- Vbe) (R4 / R A) + 2Vbe]C/ 
[(Vbb - V be ) / R s], or, (9) 

T = (Ve R4/ R 11 ) / (Vbb/R s), (10) 

if base-emitter voltage drops are neglected. The 
generator may then be readily pulse-width-modu­
lated. The slope of the ramp may be varied over a 
range of 200 to 1 by R.~, with the period of 1 to 
200 microsef!onds. C4 should be selected for the 
worst case, \..,.hich here means the inability of C4 
to block the current through R8 (with R,1 at its 
maximum range) and any additional current for 
rapid turn-off of Q4. The ratio between C1 and 
C3 should be 20 to 1 for proper discharge of C1. 

The design of the complementary Schmitt 
trigger is accomplished as follows. R11 and R6 are 
chosen according to the load current and rise time 
requirements. R9 is selected according to I co · 

lb5 = [(Vcc- VrlR- V c. ) / {1 R11] 
+ [ (Vd, + V bei;) / R9]; (11) 

(12) 

where I ho is the current through R7. Since R 4 
will essentially be connected across the base-emit­
ter junction of Q4 at the end of the cycle, the 
current through R 8 will have to be equal to the 
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current through R A and the base current necessary 
to turn ON Q4. In equation form: 

Ina = (Vbe•/R4) + [(Vbb+ Vb •• ) / R ;1 ] 
+ (Vee/f3 R6}; (13} 

R8 = (Vee- V c1s- V e8 5}/ lna· (14) 

R4 has to allow at least three times the base cur­
rent at the minimum expected ramp amplitude 
( V n 1nin ); namely: 

I J(,4 = 3(Vee V e .. ) / {3 RO, (15) 

so that: 

R4 = (Vn "'i11- Vbe}/ l n4 . (16) 

Since Q2 should be back-biased when the circuit 
is in the stable state, the emitter of Q2 should be 
set to some value lower than V ee so that Q2 may 
be cut off and to allow for maximum ramp ampli­
tude. A divider consisting of R1 and R2 and capa­
ble of carrying 10 times the maximum capacitor 
charging current serves this purpose. R1 and R 2 
may then be determined as follows: 

R1 = (Vee- V, } / 10 l e"'""" ; 

R2 = V./10 l e"'"""' 

where V. is the maximum ramp voltage. 

(17) 
(18) 

There are several important f ea tu res associated 
with this circuit. First, the current drawn by the 
load does not affect the linearity of the ramp. By 
contrast, the normal method of using a transistor 
in the common emitter configuration as a current 
source results in a marked degradation in lineari­
ty as the load current increases. Second, the re­
trace of the ramp is typically no greater than 1 
microsecond; this allows a high duty cycle (95 % ) 
and frequency division up to 20 to 1. Third, pulse 
width modulation is simply achieved by applying a 
control voltage to the amplitude control resistor. 

Type-2 ramp generator depends on UJT 

The design of the generator depicted in Fig. 4 
hinges on the characteristics of the unij unction 
transistor. One particular advantage of this 
configuration over the others is the fact that no 
current is drawn by the unijunction transis .or 
until it has fired, which improves the linearity of 
the ramp. In this circuit, Q3 and Q4 constitute the 
constant current scource. Q1 and Q2 a re connected 
as a flip-flop which, together with unijunction 
transistor Q5, allows monostable operation. 

In the circuit of Fig. 4, Q2 is normally ON and 
Q1 is OFF. With Q1 OFF, D6 is forward-biased; 
this in turn cuts OFF Q3 since this transistor' s 
emitter is held at + 18 volts. With D6 forward­
biased, V ee furnishes collector voltage for Q4 by 
way of R1 3 . Q4 is set in the active r egion by the 
forward-biasing action of R s and V bb · The collec­
tor current of Q4 is (Vbb- Vbe.i ) IR.~ . When Q2 is 
ON, C3 is held in a discharged state and Q5 is off. 
A negative pulse through D5 cuts OFF Q2 and 
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turns ON Q1. With Q1 ON, the voltage at the anode 
of D6· is + 16 volts and the voltage at the base of Q3 
is + 17.3 volts. Thus D6 becomes back-biased. The 
combination of Q3 and Q4 linearly charges C3 up 
to the firing point of unijunction transistor Q5. 
The firing of QS rapidly discharges C3 and, at the 
same time, sends a positive pulse through D3 , 
turning Q2 ON and Q1 OFF. Q1 turns OFF Q3 , 
and the circuit is back to a stable state. 

Using the definition of Eq. 3, /1 V, M and the 
period for this case may be calculated as follows: 

11 V = a V ee, (19) 

where a is the stand-off ratio of QS. 

M = (Vbb - Vbe) / R s. (20) 

Substituting Eqs. 19 and 20 into Eq. 3: 

T = (aVcc )RsC / (Vbb - Vbe). (21) 

The flip-flop is designed as follows: R7 and R14 
are chosen in the same manner as R1 and R 2 of 
Fig. 3. R13 and R1 are selected so as to back-bias 
D6 by 2 volts when Q1 is ON, as well as to allow 
some current to be drawn from the collector of 
Q1 when it is OFF. Accordingly: 

R13 = (Vcc- V ea- Vbes- 11 V) / l c,; (22) 

R1 = (V0 a-Vbea -l1V) / l c1 , (23) 

where V ea is the voltage at the emitter of Q3 and 
11 V is the desired D6 back bias with Q1 ON. 

Type-3 ramp generator is based on phantastron 

The ramp generator shown in Fig. 5 is a 
modification of the transistorized phantastron.1 

Q4, Q1 and Q6 comprise a monostable whose 

GATE 
OUT 

l_J 
~100µ.s!+ 

R3 
6.BK 

C4 

R6 
C2 5.IK 

220pF 

R4 
68K 

R5 
6.BK 

transient state is determined by the transfer of 
current from Q1 to Q6 through Q5 at a rate pro­
portional to the linear rise in voltage across 
timing capacitor C3 and a back-biasing current 
set by R .4 and the negative supply. 

Q4 is normally ON, and Q6 is OFF. With Q6 
OFF, the voltage at the anode of D6 is + 20 volts. 
Q3 is ON, with a collector current set by R s and 
Vbb· The supply voltage for Q3 is furnished 
through D6. The emitter of Q2 is held at + 18 volts 
by R 2 and R10. With D6 conducting, the base of 
Q2 is at + 19.8 volts; Q2 is therefore OFF. With 
Q4 ON, C3 is discharged at + 0.3 volt with D5 
forward-biased. Q1 is an emitter-follower provid­
ing low output impedance drive to external loads. 
The emitter of Q1 is at -0.7 volt with Q4 satu­
rated. Q5 is normally OFF because D5 and Q1 are 
forward-biased. With QS OFF, D3 is forward­
biased by the current through R A, and with D3 
forward-biased, the base of Q6 is at - 0.3 volt; Q6 
is therefore cut OFF. A negative pulse through 
D4 and Cl cuts Q4 OFF. The emitter of Q1 then 
goes up to - 20 volts, forward-biasing QS, the base 
of which is still momentarily at + 0.3 volt. The 
instantaneous current through the emitter of QS 
is essentially V cc/R6. This current minus the 
current through R A goes into the base of Q6 and 
turns it ON. In equation form: lbs = (Vcc/R6) 
- (Vbb/R A). 

When Q6 is ON, the voltage at the anode of D6 
drops to + 15 volts. Since the voltage at the emit­
ter of Q2 is + 18 volts, D6 is now back-biased. The 
constant-current source (Q2 and Q3 ) now linearly 
charges C3. As in the other two generators, 
Q3 monitors the current through C3, compensat-

----------------------------1 

05 
2N2646 

R9 
47 

D3 

220pF OS ':" RS 

INPUT o--j 1---..._ __ ,........,.,__ ______ +-L _-_-_-_-_-_-_-_-_4-'-IK'---l-_-_-_-_-_-_-_-_-_-_ __._ _____ __, 

RIO 
IOK 

NOTE. I . Rs IS 13 K FOR 100µ.s 
2. npn ARE 2N3415 

pnp ARE 2N3702 

DIODES ARE IN662 

4. Type-II ramp generator uses a unijunction transistor to 
improve linearity. This circuit is particularly useful for 
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CURRENT 
SOURCE -20V +20V 

Rl2 
IOOK 

-20V 

generating long (up to 1 minute), accurate gates. Ramp 
amplitude is determined by the firing point of Q5. 
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Cl 

GATE 
OUT 

DI 

04 

RI 
2K 

150pf D4 

INo---41-----4>--.-..-+--------' 

Rl2 
IOOK 

Vee• -2ov 

RS 
IOK 

NOTE I. npn ARE 2N3415 2. FOR 100µ5 GATE 

pnp ARE 2N3702 Rs IS 132K AND 

DIODES ARE IN662 RA IS 40K 

5. Type-Ill ramp generator is slightly more complex than 
the Type· I (Fig. 3). While basically the same as the Type-I, 

ing for any changes due to load. The constant­
current charging of C3 causes a linear rise in 
voltage at the emitter of Q5. This causes the 
emitter current of Q5 to decrease, since ihe emit­
ter of Q1 is at + 20 volts during this time. When 
the decreasing current of Q5 essentially equals the 
current through RA, the base current of Q6 drops 
to zero. Q6 then cuts OFF, turning ON Q4 which 
dischares C3. At the same time Q2 is turned OFF 
to guard Q4 against an excessive collector current 
due to the base current supplied by Q3 and am­
plified by Q2. With C3 discharged, D5 is forward­
biased, cutting OFF Q5 and ending the cycle. 

The period calculations may be performed as 
follows (the notation of Eq. 3 is used): 

(24) 

l r5 = l nA at the end of the timing period. (25) 

l e5 = [Vee- (L\ V e+ Vbe)] / R6 = Vbb/ R A; (26) 

L\Ve = [Vcc- (Vbb R6/ R A)] - Vbe 
= (Vee- Vbe) -(Vbb R6/ R ,1). (27) 

Substituting Eqs. 24 and 27 into Eq. 3: 

T = [ (Vce-Vbe ) - (Vbb R6/ RA) JC/ 
[(Vbb - Vbe) / R sJ. (28) 

If the emitter-base drops are neglected, Eq. 28 
may be simplified : 

T = [Vee -(Vbb R6/ R.1)]C/ (Vbb / Rs). (29) 
Pulse width modulation may be achieved in this 

circuit by maintaining R11 constant and applying a 
control voltage to R,1• Eq. 29 then becomes: 

T = [Vee- (Ve R6/ R A)]C/ (Vbb / R s), (30) 
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RAMP OUT 

/1+16V 

GD__/ L 
+j100µs f+ 
PULSE WIDTH MODULATION Ve b 

Rll 
470 

AMPLITUDE 
CONTROL 
RA 
IM 

Vee• -2ov 

it has greater slope range and better gate driving ability. 
Note that it is a modified phantastron. 

where V c is the control voltage. The slope may be 
varied in this circuit over a range of 500 to 1, with 
the period of 1 to 500 microseconds, and the ramp 
amplitude of 50 to 1. A 20-to-1 ratio should be 
maintained between C3 and C2 for proper dis­
charge of C3. 

R11 and R7, R2 and R10 are selected in the 
same manner as in the Type-2 generator. R6 is 
chosen so that the current through it at the maxi­
mum expected ramp amplitude is at least three 
times larger than the base current of Q6. Or: 

R6 = (Vcc- V,,,ax) / 3 h. (31) 

Suit circuits to your needs 

While all the generator types described above 
can be used in a wide variety of applications, each 
has been designed for a specific need. Thus, Type-1 
and -3 generators are particularly suited for ap­
plications in pulse width modulation, analog-to­
digital converters, high-frequency dividers and 
accurate monostables. 

Type-2 is well suited to applications where 
accurate gates up to 1 minute long and with rapid 
retrace times are required. It is especially useful 
for timing capacitors up to 100 µF . Types-1 and -3 
are not as efficient in this application, since they 
require the addition of speed-up capacitors for the 
discharge of the timing capacitors. • • 

Reference: 
1. Gilbert Marosi, "Modified Multi Forms Phantastron 

Oscillator," ELECTRONIC DESIGN, XIII, No. 14 (July 5, 
1965)' pp. 46-48. 
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nEW family 
of medium­

power 
silicon nPn 
transistors 
packs BIG 

performance 
at mass 

production 
pnc~s 

Here's A Typical Value: RCA 40458 

hFE··· ............... 50 min. at 300 mA 
VcEO (SUS) ....... 40 V min. at 100 mA 
V cE (sat) ....... 0.3 V max. at 300 mA 
f 1 .......................... 150 MHz min. 
le ......................................... lA 
Dissipation: 2 Wat 75°C Case Temp. 
only 47c* 

Hermetically sealed 
in a metal case 

now examine the entire family of value-packed industrial fypes 
RCA 2N3241A Silicon Epitaxial Planar Transistor Family Characteristics 

2N3241A 2N3242A 2N4074 40397 40398 40399 40400 40458 

BYeco 25 40 40 25 25 18 18 40 max. volts 

hrc 100-200 125-300 75-300 165·600 75-300 165-600 75-300 100·300 
10Y, 10mA 150 min. @ 300mA) 

Ir typ. 175 175 80 80 80 80 80 150 min. MHz 

Yee <SAT) 0.25 at 0.3 at 0.3 at 0.25 at 0.25 at 0.2 at 0.2 at 0.3 at max. volts 200mA le 300mA le 300mA le 200mA le 200mA le IOOmA le lOOmA le 300mA le 

Turn-on 75 75 - - - 75 max. nanoseconds le = 150mA - -

Dissipation•• 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 max. watts at 25°C Ambient 

le 
Limited by Limited by 0.3 0.2 0.2 0.2 0.2 1.0 max. amperes Pr Pr 

Price• $0.44 $0.50 $0.44 $0.40 $0.36 $0.33 $0.30 $0.47 

'In quantities of 1,000 and up. .. All types available with integral heat radiator for 1 watt dissipation at r. = 25°C. Add 4• per unit for these versions. 

The new RCA 2N3241A family of NPN epitaxial 
planar transistors, designed for amplifier and switch­
ing service in audio and video frequency ranges, is 
as versatile as it is reliable. Applications include 
• relay drivers • video amplifiers • }:iigh current 
audio drivers • saturated switches • TV deflection 
drivers • medium power audio output amplifiers . 
All devices offer exceptionally low leakage, low sat­
uration voltages, and high minimum beta. Check 
the chart for specifications .. . andnote the low prices! 

See your RCA Distributor for his price and delivery 

·~ RCA Eloo<ro•" Com'°"'"" ood o,.;ooo 

1 
• ®The Most Trusted Name in Electronics 

Double the 25°C free air dissipation capability 
from ¥.i watt to 1 watt by specifying integral heat 
radiator versions of the devices listed above. 

You won't find another family of medium-power 
silicon transistors with so much performance, at so 
little cost, available immediately in production 
quantities. Call your local RCA Field Office for 
complete information. For technical data sheets 
write: RCA Commercial Engineering, Section 
EG12-l, Han-ison, N.J. 07029. 

0 Price in quantities of 1,000 and up. 
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Everybody's 
getting started in 

Complementary Symmetry ... 
Everybody but Amperex! 

We got started 
four and a half years ago. 

Today we're delivering 
the broadest line of 

complementary symmetry 
transistors and accessories 

in the business ... 

delivering them off-the-shelf, 
in production quantities, 

at production prices. 
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Complementary Symmetry, the ultimate in eco­
nomical, reliable circuitry for audio applications, 
~ill be found in most of the latest home entertain­
ment equipment. 

While not a new engineering approach, Comple­
mentary Symmetry remained a textbook approach 
until early in 1962 when Amperex announced it 
had the tools to make the textbook dream come true. 

Today Amperex is delivering the broadest line 
of Complementary Symmetry transistors in the busi­
ness ... off the shelf, in production quantities, at pro­
duction prices. We have the matched transistors, 
heat-sinks, circuits and application reports. Where 
required, breadboarded prototypes will be provided. 

EXTRUDED 
ALUMINUM 
HEAT·SINK 

Complementary Symmetry achieves enormous 
manufacturing savings with no sacrifice in reliability, 
by using transistors as they should be used-as low 

New Audio Designer's Slide Rule 

Ingeniously handy slide rule provides instant de­
sign data on seven most basic Complementary Sym­
metry circuits and all the scales and formulae you 
rely on in your daily work (on the reverse side) . Use 
coupon for ordering and please enclose 50¢ in coin 
or stamps to cover costs of mailing and handling. 

voltage, low impedance, low temperature devices 
for Class B push-pull. 

Low voltage eliminates need for bottom plates, 
interlocks, etc. Low temperatures mean longer, more 
reliable component life. Simple mounting clip elim­
inates need for expensive heat sinks, mica insulating 
washers and mounting hardware. Low output im­
pedance of emitter follower output circuit obsoletes 
impedance-matching output transformer and re­
lated protective devices. 
2N2707 matched pair 2N2430 (NPN) and 2N2706 
(PNP) for power up to 1 watt for low cost phopos, 
amplifiers and radio; TO-l's in dual heat-sink clip. 
2N4136 matched pair 2N2430 (NPN) and 2N2431 
(PNP) for power up to 2.5 watts; T0-1 cases in 
dual heat-sink clip. 
2N4107 matched pair 2N4105 (NPN) and 2N4106 
(PNP) £or power up to 7 watts; T0-1 cases in ex­
truded aluminum heat-sink. 
2N4079 matched pair 2N4077 (NPN) and 2N4078 
(PNP) for power up to 12 watts; T0-3 cases. 

FOR AUTO RADIO OUTPUTS 
( 5 watts at 13.6 volts) 

THE 2N4079 PAIR IS IDEALLY SUITED 

AMPEREX OFFERS YOU TWO WAYS TO GO WITH COMPLEMENTARY SYMMETRY ... 
OFF THE SHELF ASSEMBLIES - OR - OFF THE SHELF TRANSISTORS 

You can get immediate delivery on any of these printed cir­
cuit assemblies, starting as low as $2. 73 * Add your signal 
source, speakers, cabinets, etc., and rou're in production: 

MODEL DESCRIPTION 

PCA-1-9 ........ lW, 9V D.C., 4 Transistor Amplifier 
PCA-lLDC-14 ...• PCA-1-9 less rectifier and filter capacitor 
PCA-1-14 ........ 2W, 14V D.C., 4 Transistor Amplifier 
PCA-2-9 .... .... . 3/ 4W, 9V D.C., 3 Transistor Amplifier 

* PCA-2SLDC-9 .... Same as PCA-2-9 with off-on switch, less 
rectifier diode and filter capacitor 

PCA-2-14 ........ lW, 14V D.C., 3 Transistor Amplifier 
PCA-2S-14 . ...... Same as PCA-2-14 with switch 
PCA-2LD-14 ..... Same as PCA-2-14 less rectifier diode 
PCA-3B-18-l ..... 4W /Channel Stereo Amplifier 
PCA-6B-18 ...... PCA-3B-18-l with pre-amp for ceramic 
PCA-4-9 ......... lW, 9V D.C., 4 Transistor Amplifier 

for radio and ceramic cartridge 
PCA-4-9A ....... Same as PCA-4-9 with tone control circuit 
PCA-4-14 ........ 2W, 14V D.C. , 4 Transistor Amplifier 

for radio and ceramic cartridge 
PCA-4-14A ...... PCA-4-14 with tone control circuit 
PCA-5A-14 ...... 2W /Channel 14V D .C. Stereo Amplifier 

with balance tone volume 
PCA-6A-25 ...... SW/ Channel Stereo Amplifier 
PCA-6A-25SCS . .. PCA-6A-25 with separate control strip 
PCA-7B ......... Tape cartridge pre-amplifier, stereo 
PCA-8 . . ..... ... 20W Mono Amplifier 
PCR-1-9 ......... 9V-2 Transistor AM Tuner 

Amperex welcomes the opportunity to quote on produc­
tion of your own designs or to design to your specifications 
... printed circuit assemblies for any industrial, commercial 
or audio application. 

For immediate action, use the coupon below or phone 
Product Manager Murray Barlowe, in Hicksville, Long 
Island, 516-WE 1-6200. 

r:~~;~~~;~~~~;~~~---,1 
Attention: Murray Barlowe 
Hicksville, Long Island, N. Y. 11802 I 
Please send without delay, items checked off: 

D Circuits and Data Brochure on Complementary 
Symmetry Audio Amplifiers 

D Audio Designer's Slide Rule 
(Please enclose 50¢ for handling and mailing) 

D Set of individual spec sheets on assemblies 

STREET ADDRESS~~~~~~~~~~~~-

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

CITY STATE ZIP___ I 
L-------------------J 

Ampere• 
TOMORROW'S THINKING IN TODAY'S PRODUCTS 

ON READER-SERVICE CARD CIRCLE 41 
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Avoid relay misapplication. Case histories show 
that this can be done by giving the manufacturer more specs 
and applications data than sometimes meet the eye. 

Thomas E. Castaldi, RBM Controls, Logansport, Ind. 

The best way to order a relay is, obviously, to give the manufacturer 
complete specifications* and circuit information. He then not only 
can offer the best relay but, based on his expertise, provide circuit and appli­
cation tips as well. But what constitutes "complete" specifications? 
They vary from application to application, making hard-and-fast 
guidelines difficult to establish. 

Experience may be the best teacher here. Some specific examples show 
how "complete" information allowed a relay manufacturer to help 
a user to avoid misapplication. These case histories should give you 
some insight into the variety of data that the manufacturer needs, if he 
is to help you fully. 

Example 1. Full specs lead to economy 
A relay for a relatively straightforward 

application was required by Company A. 
After analyzing the electrical, environmental 
and reliability requirements, these specifica­
tions were sent to the relay manufacturer: 

• SPDT pilot duty :110 volts ac. 
• Button contacts: make before break. 
• Pickup: 85 to 95 volts. 
• Ambient temperature: 0° to 140°F. 
• Life expectancy: 100,000 operations. 
• Must operate with minimum of noise. 
It happened that the relay manufacturer 

had three standard relay types capable of 
meeting these requirements. One of these 
was an economical, enclosed general-purpose 
relay that could be adjusted precisely during 
production to meet the pick-up and make­
before-break requirements. This relay was 
entirely adequate for the user's needs, since 
his specifications covered all the important 
aspects of his application. Although this is a 
simple example, it demonstrates a point: 
Complete specifications frequently lead to 
substantial cost savings. 

Example 2. Circuit diagram contains useful data 
Company B needed a motor-starting relay 

for an application employing a single-phase 
motor. The motor to be controlled had the 
following characteristics : 

• Full-load current: 25 A. 
• Locked-rotor current: 132 A. 
• Start capacitor: 400 µ.F. 
• Run capacitor: 30 µ.F. 
The company requested samples of poten-

tial units from the relay manufacturer, based 
on the following specifications: 

• Continuous coil voltage: 336 V. 
• Pick-up voltage: 340 to 360 V (hot). 

317 to 345 V (cold). 
• Maximum drop-out voltage: 170 V. 
• To be used in the position recommended 

by the manufacturer. 
With these specifications alone, the relay 

*For a comprehensive guide to writing complete relay specifications, see ELECTRONIC DESIGN'S Relay Applications 
Directory, Nov. 29, 1965. Copies are still available at $5 each. Payment must accompany order. 
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( E xample 2., continued) 

engineer could have supplied a sample relay. 
The customer, however, submitted his circuit 
diagram (below left) along with the above 
specifications. As it turned out, the circuit 
was the key to the proper application. 

From this schematic and a description of 
the machine on which the motor was to be 
used, the relay engineer learned that a short 
ON time was characteristic of the motor's 
operation. This limited ON time would not 
allow sufficient time for the start capacitor to 

PHASE 
OR START 
WINDING 

04------ LINE------->O 

RUN 

MAIN WINDING 

.discharge internally. The normally closed 
. contacts of the motor-starting relay might 

therefore weld when the motor was shut off, 
because of the discharging of the start capac­
itor. There could be serious motor damage. 

Before furnishing a relay, the supplier 
discussed the situation with the customer. As 
a result, a bleeder resistor was added to the 
circuit (below right), to provide a discharge 
path for the start capacitor. Complete infor­
mation in the hands of the supplier thus avert­
ed what could have been a costly breakdown. 

PHASE 
OR START 
WINDING 

04------ LINE-------·o 

BLEEDER RESISTOR-.........._ 
~--'¥.~----. ~_,.,,.,,.,.____, 

RUN 

MAIN WINDING 

Example 3. Environment is important, too 
For some time a relay manufacturer had 

been supplying Company C with a contactor 
to control an air-conditioning condenser fan. 
Company C then began using a new-style 
room-temperature thermostat control. After 
the thermostat was brought into use, the 
customer started to complain about contacts 
welding on the load-handling contactors. The 
company informed the relay manufacturer of 
the problem, submitted the circuit diagram 
(below left) and asked if there was a solu­
tion. 

From the supplied data, the relay engineer 
determined that the room thermostat con­
trols had very light contact pressure, and 
were susceptible to chattering contacts 

:Jll 
LOW-VOLTAGE 
TRANSFORMER 

HIGH-LOW PRESSURE 
CONTROL a OVERLOAD 

CONDENSER 
THERMOSTAT FAN RELAY 

COIL 

CONTACTOR 
HOLDING COIL 
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caused by normal shock and vibration in the 
environment. The chattering contacts of the 
thermostat transmitted electrical pulses to 
the contactor, causing its contacts to chatter 
and ultimately to weld. 

After the circuit had been studied, it was 
recommended that a thermal time delay be 
used between the thermostat contacts and the 
contactor's contacts or coil. This would 
prevent the contactor from following the 
thermostat contact chatter. 

A time-delay relay was consequently 
installed (below right). It had normally open 
contacts, which closed when the heater coil 
was energized. Thus environment was a key 
factor in the solution of this problem. 

THERMAL 
DELAY RELAY HIGH-LOW PRESSURE 

r - - - - - -, CONTROLS OVERLOAD 

:JI l..-------;....(1 

I 

LOW-VOLTAGE 
TRANSFORMER 

THERMOSTAT 

CONDENSER CONTACTOR 
FAN RELAY HOLDING COIL 

COIL 

(continued on p. 78) 
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Example 4. Circuit simplifications are possible 
Company D submitted the following spec­

ifications to a relay manufacturer when 
requesting a time-delay-relay for a control 
application: 

• Type of delay: time delay on pick-up. 
·• Input voltage: 24 volts de -+-10%. 
·• Timing range : 7 seconds -+-10 % . 
• Method of initiation: remote. 
• Termination : octal pin. 
• Contacts: SPNC, low-current crossbar. 

SPDT, low-current crossbar. 
• Temperature requirements: ambient 

range of 50° to 80°F. 
• Reset time: 100 milliseconds. 
• Life: 100,000 operations. 
Although no circuit information :was 

provided, the specifications were very com­
plete. The customer was using a time delay 
on pick-up but had not considered a time 
delay on drop-out. This complicated the 
circuitry, which employed a pre-set time 
delay to control the amount of tape fed into a 
machine. Opening the tape switch started the 
timing action; at the end of the delay period 
a knife cut the tape to the correct length. The 
operation of the customer's circuit was as 
follows (below left) : 

The electromechanical tape switch is 
closed when the start switch is actuated, 
causing relay A to pick up. The closure of 
contact A3 energizes relay B, which latches 
through its contact Bl. Relay B then sup­
plies power to the remammg circuit 
through contact B2. However, since all 
branches have open contacts, no relay (C, D, 
or E ) will energize. 

When the tape switch is opened by the aa-

START 
SWITCH B2 

o----0""' 
Al 

El 
DI 

B 

TIME c DELAY 

E2 

Bl D2 

TAPE A3 A2 
SWITCH 

E3 

Cl 

vancing tape, relay A drops out, closing con­
tacts Al and A2, and opening A3. This 
causes relay E to pick up and starts the time 
delay. Upon closure of contact E2, relay D 
picks up, opening one branch to both relay E 
and the time delay. Power is still applied to 
E and the time delay, though, through con­
tact E3. At the end of the time delay, C 
picks up, breaking power to relay E. The de­
energizing of relay E removes power from 
the time delay and coil C, and permits A to 
pick up if the tape switch is closed. This 
will not be the case, however, since the tape 
must be advanced before .. the tape switch can 
close. When A is energized, it removes pow­
er from D. 

The time-delay relay was supplied as 
requested: no problems " ere reported. Later, 
however, the circuit diagram was submitted 
along with a request for additional samples. 
After examining the circuit, the relay engi­
neer advised Company D that a single unit 
featuring time delay on drop-out could elimi­
nate relay E. The revised circuit (below 
right) would operate as follows: 

The electromechanical tape switch is 
closed when the start switch is actuated, 
causing relay A to pick up. The closure of 
contact A3 energizes relay B, which latches 
through its contact Bl. The lock-out relay, 
B, supplies power to the rest of the circuit 
tl)rough B2, but since all branches have 
open contacts no relay will energize. 

When the tape switch is opened by the ad­
vancing tape, relay A drops out, closing con­
tacts Al and A2, and opening A3. This 
causes C to pick up and start the time delay. 
Upon closure of contact C2, relay D picks 
:up, openin_g one branch to the time delay. 

START 
SWITCH B2 

~<>-+---.~-1 ~~--..~~~.....-~--, 

TAPE 
SWITCH 

B 

Bl 

A3 

Al 

DI 

TIME 
DELAY 

DUAL COIL 
c 

C3 

C2 

D2 

A2 
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Power is still applied to the time delay, 
though, through contact C3. At the end of 
the time delay, C drops out by application of 
power to the bucking coil of the dual-coil re­
lay. This in turn removes power from the 
time delay and coil C, permitting A to pick 
up if the tape switch is closed. This will not 
be the case, however, since the tape must be 
advanced before the tape switch can close. 
Energizing A then removes power from D. 

This same circuit could be simplified furth­
er, with consequent cost reductions, by elimi­
nation of one relay coil, two normally open 
and two normally closed contacts. This was, 
in fact, done through the use of a dual-coil 
relay that operates on continuous duty 
without overheating. The actual unit used 
combines relays with solid-state components 
and offers a versatile time-delay range. The 
circuit, shown below, operates as follows: 

The electromechanical tape switch is 
closed when the start switch is actuated, 
causing relay A to pick up. The closure of 
contact A3 energizes relay B, but again no 
other relay will energize. 

When the tape switch is opened by the ad­
vancing tape, relay A drops out, closing con­
tact Al and opening A3. This causes C to 
pick up and start the time delay. At the end 
of the time delay, C drops out through appli­
cation of power to the bucking coil of the 
dual-coil relay. This in turn closes ·Cl, per­
mitting A to pick up if the tape switch is 
closed. If the tape switch is not closed­
which will be the case until the tape is ad­
vanced-power remains on both coils of C. 
When the tape is advanced and the tape 
switch closes, relay A picks up, removing 
power from C. • • 

START 

~T0C_H __ ~...._--lBI--~+-~~~~~~~....., 

Cl 

TAPE 
SWITCH 

B 

Bl 

A3 

Al 

DUAL COIL 
c 

TIME 
DELAY 
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Cedar Standard 
Motor-Tachs give you 

TOP QUALITY 
FAST DELIVERY 
REAL ECONOMY 

Nine out of ten of our size 8 or 10 motor­
tachometers use identical housings, stacks, shaft 
and rotor assemblies, tuning plugs and bearings. 

And yet, they still meet a wide variety of our 
customers' specifications. For, each unit has a 
different winding and pinion. Each unit per­
forms in a different way-any way you prescribe. 
You still set the parameters. You still get the 
torque, speed, input voltages, pinions, tacho­
meter gradients and other parameters you want. 

What does this mean to you? 
Standardization permits large volume manu­

facture ... allows more intensive engineering 
and testing ... and provides an on-hand inven­
tory for immediate use. 

This standard hardware approach has made 
Cedar the nation's largest manufacturer of size 
8 and 10 motor-tachometers. We can deliver 
prototypes of standard size 8 or 10 motor­
tachs in two weeks. Let's talk about it. Call or 
write Cedar today. 

CEDAR CONTROL DATA 
ENGI NEERING D IVISION 

CORPORATION 

5806 West 36th Street , Minnea polis, Minn. 55416 
Phone (61 2 ) 9 29-1681 
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Now . • .think smaller! 

/ 

New subminiature TEC-LITE Indicators ... 
1/6 SIZE* OF PRESENT TRANSISTOR-CONTROLLED INDICATORS 

80 

for integrated circuits . .. discrete component circuitry, too. 
Function remains the same ... only the size has 
changed ... Now 18 self-contained transistor con­
trolled indicators fit on the panel ".'Jhere only eight 
standard size units fit. Back panel length is r~duced 
up to 50%. This size reduction is essential to meet 

the demand for high density display require­
ments in subminiature computers, portable 

programming and maintenance 
consoles, airborne systems and sim­
ilar applications. Subminiature STL 

NEW STL SERIES 
Compared with standard size 
TEC-LITE MTL and TIL Series 
With permanently wired neon or 
100,000 hour incandescent T-1 
type lamps. Flat top lens with 
choice of 13 colors and optional 
legends. Terminals are silver fin­
ish turret lug and isolated from 
the body. Mounts in %" holes on 
centers as close as %" in panels 
from 1/i6 " to 3!i6 " thick. Price: As low 
as $6.00 in 100-499 quantities. 

Series Indicators are controlled by low level signals 
present in integrated or discrete component systems. 
The neon or incandescent lamp, transistor and related 
circuitry are mounted in a body .360" diameter by 
.600" long ... with the entire indicator only ll/8 " long. 

For information on a complete line of information 
display panels, digital readouts, indicators, switch­
indicators and new Electronic Keyboard Systems con­
tact your TEC-Rep or write direct. 
*By volume 

NEW SIL SERIES 
Compared with standard size 
TEC-LITE MDL Series 
Non-driven indicator has the same 
space saving design as STL Series 
above, but its body is only .250" long 
- 11/i6" long overall. Uses permanently 
wired neon (with optional internal cur­
rent limiting resistor) or 100,000 hour 
T-1 incandescent lamps. Has lens and 
terminal options to match STL Series. 
Price: As low as $2.00 in 100-499 
quantities. 

size 

~D I ~ ~ R I r:.::_·········1 JITJE l+lsl3l6b2l1I •••••••••• ••••••••• - -
INDICATORS DATA· PANEL DIGITAL ELECTRONIC 

& SWITCHES DIS P LAY SYSTEMS READOUTS KEYBOARD 
SYSTEMS 

Transistor Electronics Corporation 
Box 6191 • Minneapolis, Minnesota 55424 • Phone (612) 941-1100 

ON READER-SERVICE CARD CIRCLE 43 
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·Knotty power problems 
got you in a bind? 

We'll 
cut the cord! 

At Sonotone, we'll clip 4 to 6 feet off your idea 
and make it infinitely more salable, to boot. How? 
By eliminating the power cord. And equipping 
your new product design with Sonotone re­
chargeable portable power. 

That's no problem to the engineers at Sono­
tone. As a leading producer of sintered-plate, 
nickel-cadmium cells and batteries, Sonotone 
has well over 167 batteries of all sizes and shapes 
to choose from ... to supply your pet project 
with the portable power it needs. 

We're an experienced hand at this highly 
specialized science. For example, Sonotone low 
weight, constant discharge nickel-cadmium 
batteries are supplying power to a broad range 

of cordless applications, many as sophisticated 
as Titan boosters and NASA satellites, others 
as best selling as electric carving knives and 
toothbrushes. 

Whatever your power problem, Sonotone's 
top-rated team of nickel-cadmium battery special­
ists will find the answer for you. Or design a new 
battery that does! 

So ... if you've got an idea in need of portable 
power, bring it over to Sonotone. We'd like to 
cut in on it while it's still new. 

Sanatane Batteries DO© 
portable power - from Titan to toothbrush 
SONOTONE CORPORATION, BATTERY OIV., ELMSFORD N Y 10523 

Aircraft, Missile and Satellite Batteries • Power Supplies • Battery Charger/Analyzer 

Looking for a more challenging opportunity? Join Sonotone's fast-growing engineering team in the sky­
rocketing field of nickel-cadmium battery design and development. An equal opportunity employer. 

ON READER-SERVICE CARD CIRCLE 44 
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Try low-resistance trimmers. If applied 
correctly, they can provide not only high resolution 
but other advantages as well. 

By definition, a trimming potentiometer is a 
"set-it-and-forget-it" device, used for making 
circuit adjustments to compensate for normal 
system variations. As such, there is frequent need 
for it to produce the smallest possible incremental 
change in voltage-or in other words, it must have 
good resolution. 

When choosing a wirewound trimming poten­
tiometer for a particular application, designers 
normally apply conventional resolution theory, 
which for the most part equates high resolution 
with high resistance. This is not always the best 
approach, however, since low-resistance units can 
frequently meet all system design parameters 
while at the same time providing other important 
advantages. In such an alternate approach, fixed 
resistors are used with the potentiometer to pro­
vide the total circuit resistance required. The 
potentiometer resistance can then be relatively 
low, with its total resistance range being just 
sufficient to provide the desired output voltage 
swing. 

Resolution depends on wire size 

The resoll,ltion obtainable with a wirewound 
potentiometer is limited by the diameter of the 
resistance wire used. The smaller the wire diame­
ter, the better the electrical resolution, since more 
turns of finer wire can be wound on a given man­
drel length or angle. 

But as wire diameter decreases, its resistance 
increases for a given alloy and configuratio.n of 
the winding form. The result is a trade-off be­
tween resolution and resistance, with high-resolu­
tion potentiometers normally being in the high­
resistance range. 

Let us consider an example showing the advan­
tages and pitfalls inherent in the selection of a 
high-resistance trimming potentiometer. Then 
let's examine the alternate approach, in which a 
relatively low-resistance unit is chosen. (Some 

James A. Cunningham, Manager, Components Application 
Engineering, Weston Instruments, Inc., Weston-Archbald 
Div., Archbald, Pa. 
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basic definitions of resolution are given in the 
accompanying box as well as in Fig. 1.) 

Conventional approach meets requirements ... but! 

Assume that a system designer is faced with the 
problem of selecting a trimming potentiometer 
based on the circuit parameters shown in Fig. 2. 
He normally would consult a catalog or spec­
ification sheet to find a standard potentiometer 
that fits his needs. In this example, one possible 
choice would ·be a standard unit (such as Weston's 
Model 301 squaretrim), which has a total resist­
ance of 50 Kand a theoretical resolution of 0.086 % . 

But what exactly has the designer obtained by 
his selection of a 50-K potentiometer? From the 
stated resolution of 0.086 % , the smallest incre­
mental change in voltage possible can be calculated 
from: 

E" = Resolution x applied voltage 
= 0.00086 x 200=0.172 volt. 

Therefore, as the potentiometer wiper is rotat­
ed across the resistance element, each turn of 
resistance wire will produce a change of 0.172 
volt. And theoretically the desired output voltage 
of 100 volts + 5% (95-105 V) can be obtained in 
steps of 0.172 volt. 

The selected potentiometer has an electrical 
angle of 336°, and so, with a total input of 200 
volts, will produce a change of 0.595 volt per 
degree of wiper rotation. The desired output 
variation of 10 volts (100 V + 5% ) will therefore 
be obtainable with an angular wiper rotation of 
16.8 degrees. 

It is obvious from the above data that the 
selection of the 50-K potentiometer was theo­
r etically correct and that the system's elec­
trical requirement can be fulfilled. However, there 
is a potential flaw that the designer must make 
known to production, test and field-maintenance 
personnel. This flaw lies in the fact that the me­
chanical and electrical limits associated with the 
potentiometer make it possible for the design 
output voltage of 100 volts +5 % to be exceeded. 
The potentiometer can produce an output voltage 
variable from zero to 200 volts. And should it 
mistakenly be set too far outside the desired 
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MECHANICAL TRAVEL 

1. Both mechanical and electrical resolution in a potenti­
ometer depend on the diameter of the resistance wire 
used in the unit. 

Ei n = 200 volts de 

E00 t = 100 volts ±5% (desired) 

~E = 0-200 volts 

E2 = Smallest incremental change in volt­
age produced by one turn of resist­
ance wire 

E3 = Voltage produced per degree of wiper 
rotation 

R1 = 50,000-ohm potentiometer 

Resolution = 0.086% 

It= 0.004 A 

2. Conventional approach for applying a trimming po­
tentiometer for high-resolution applications normally re­
sults in selection of a high-resistance unit. Although cir­
cuit requirements can be met with such a unit, improper 
s~tting can result in circuit failure. 

range, system failure can occur. 

Alternate approach eliminates failure risk 

Potential failures caused by improper setting of 
the potentiometer in the previous example can be 
avoided by selection of a lower-resistance poten­
tiometer. The principal feature of this alternate 
approach is that it establishes suitable voltage end­
limits that are within the system's reliable opera-

ELECTRONIC DESIGN 28, December 6, 1966 

Definitions of resolution 
Theoretical resolution: Used in wirewound 
linear potentiometers only. It is the reciprocal 
of the number of turns of the resistance wind­
ing in the actual electrical travel, and is ex­
pressed as a percentage. 

Theoretical resolution = (1/N) 100 in per 
cent, where: N = Total number of resistance­
wire turns. 

Mechanical resolution: In any specific portion 
of the resistance element, the maximum value 
of shaft travel in one direction per incre­
mental voltage step. The relationship between 
mechanical and electrical resolution is shown 
in Fig. 1. 

Voltage resolution: In any specified portion 
of the resistance element, the maximum in­
cremental change in output ratio with wiper 
travel in one direction. 

f : ~: ___ E~r 
LIE 

Ei n = 200 volts de 

E <>ut = 95 to 105 volts (100 volts ±5% ) 

~E = 10.0 volts 

E2 = Smallest incremental change in volt­
age produced by one turn of resist­
ance wire. 

E3 = Voltage produced per degree of wiper 
rotation 

R1 = 2500-ohm potentiometer 

Resolution = 0.25% 

R2 = 23,750-ohm fixed resistor 

R3 = 23,750-ohm fixed resistor 

Rt = 50,000-ohm total resistance 

I,= 0.004 

3. Low-resistance trimming potentiometers, when applied 
properly, can provide high system resolution as well as 
protection from catastrophic system failure in the event 
of improper setting. 

tional range. 
To illustrate the alternate approach, we will 

maintain the original system parameters, in­
cluding the required total resistance of 50 K (see 
Fig. 3 for circuit and parameters). The poten­
tiometer used, however, will be a 2500-ohm unit, 
with a resolution of 0.25 o/o . 

A 2500-ohm value is selected on the following 
basis: The total ~E required is only 10 volts (95 
to 105 V). Therefore the total variable-resistance 
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NOW .. 

INSTANT 
SWITCHIN6! 

ADJUSTABLE 
STOPS NOW 
AVAILABLE IN 

1/2,, ROTARY 
SWITCHES 

. """ents 
If'' sh•P•·· 

''Off-The-she TRY' S 
/Nous Y' 

for EL/VER , 
BEST D 

• • from 2 to 12 positions (shorting or non­
shorting) available merely by moving 
external plate! 

• • up to 6 poles available on one deck! 

• • Instant switching to any desired number 
of circuit positions! 

• • ideal for breadboard setups, laboratory 
stock, and prototype work-where rapid 
circuit modification may be desired. 

Write for complete engineering information. 

General Sales Office: 

One Hixon Place, Maplewood, New Jersey 07040 
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Normal vs alternate design approach 

Theoretical values 
Parameter Normal Alternate 

Potentiometer 50,000 2500 
resistance (R) 

Applied voltage Ein 200 200 
(volts) 

Desired output voltage 100 100 
± 5% (volts) 

Maximum output voltage 0·200 95-105 
possible (6.E) 

Nominal resolution 0.086 0.25 
(per cent) 

Smallest increment 0 .172 0.025 
of voltage (volts) 

Voltage crange/degree 0.592 0.029 
of wiper rotation 

Actual electrical angle 16.8 336 
for desired output 
voltage (degrees) 

element can be computed as follows: 

D.R=D.E/ ! = 10/ 0.004=2500 ohms 

The 50-K system requirement is then satisfied 
by placing the 2500-ohm potentiometer in series 
between two fixed resistors of 23, 750 ohms each. 
Now, not only is the desired 100-volt -+-5% out­
put produced, but the output is limited to the 
range of 95 to 105 volts regardless of the poten­
tiometer setting. Note here that the fixed resist­
ance values used are for the purpose of this exam­
ple. In actual practice, standard values could be 
used, provided that when added to the value of the 
selected potentiometer, they meet the total resist­
ance requirement. 

Other improvements besides increased reliabili­
ty also accrue from this alternate approach. The 
smallest incremental voltage obtainable with the 
2500-ohm potentiometer (E2) can be determined 
from the value of D.E as: 

E , = Resolution x D.E 
E e = 0.0025 x 10.0 = 0.0250 volt. 

Therefore, as the wiper is moved across the 
resistance element, each turn of resistance wire 
will produce a change of 0.025 volt. Theoretically 
the desired output voltage of 100 volts -+-5% can 
be obtained in increments of 0.025 volt. 

lf we assume an electrical angle of 336 degrees 
for the 2500-ohm potentiometer, each degree of 
wiper rotation will theoretically produce a 0.029 
incremental voltage change. Thus the entire 
electrical angle of the potentiometer is used to 
produce the output voltage variation of 10 volts. 

The results of both methods just described are 
summarized in the table. It is evident that the 
alternate design approach offers attractive advan­
tages that make it well worth considering. • • 
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Philco 
talked to 
409 

• engineers 
before 
designing 
these 
two 
930 DTL 
circuits. 

Two of the problems most of these engineers men­
tioned were: a large package unit count; and an 
excessive amount of external wiring on bread­
boards. That's why we designed these two circuits. 
They give you flexibility in design, 930 compatabil­
ity, and added utility to the entire 930 series. 

DUAL RS FLIP FLOP: Two 3-input NAND gates. A 
basic memory operation with a double set and reset 
capability-all in one package. 

TRANSFER GATE: Has four 2-input NAND gates 
and one inverter. It will transfer logic functions­
even octal-with ease. And you won't have to use 
an additional package unit for phase change. This 
has an inverter built right in. 

Dual RS Flip Flop 

Transfer Gate Function 

Philco has a complete line of 930 DTL integrated 
circuits-packaged in flat pack, dual inline, ceramic 
flat pack, and T0-5 cans. Military and limited tem­
perature range. We would be happy to talk with 
you about any of these, which include : Dual 4-input 
Gate, JK or RS Binary, Dual Buffer, Dual 4-input 
Expander, Dual Power Gate, Clocked Flip Flop , 
Quad Gate, Binary, Hex Gate, and a one-shot Multi­
vibrator. Available now. 

Call for the name of your nearest distributor. Philco Micro­
electronics Division Sales Offices: 2920 San Ysidro Way, Santa 
Clara, California (408-245-2966) / 999 North Sepulveda, El 
Segundo, California (213-772-6226) / Northwest Industrial Park, 
Second Avenue, Burlington, Mass. (617-272-1600) / Benson 
Manor, Suite 114B, Washington Lane, Jenkintown, Pa. (215-885-
0430) / 1215 Drew Street, Clearwater, Florida (813-446-0124) / 
815 Connecticut Avenue, N.W., Washington, D.C. (202-298-7810) . 

I I. 
PHILCO-FORD CORPORATION 

PHILCO , Microelectronics Division 
... ____ ...,.._..,.,_ Santa Clara, California • 95051 
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Get rid of cross-polarization 
in edge-shunt slotted array antennas with only a 
partial grating placed across the center of the array. 

Slotted waveguide array antennas have no back 
radiation or spill-over radiation. An edge-shunt 
slotted array antenna, which has inclined slots 
in the narrow wall for horizontal polarization, on 
the other hand, has the inherent disadvantage that 
the inclination of the slots produces a cross­
polarized component, i.e., a vertical component. 
This induces fairly large lobes at approximately 
45 ° on either side of the main beam in the hori­
zontal plane. These cross-polarized radiation 
beams, which create false echoes when navigating 
in narrow channels or near massive targets, are 
suppressed by partial grating. 

The edge-shunt slots are inclined with respect 
to the waveguide axis to couple to the field within 
the guide. Successive slots have opposite inclina­
tions and the distance between slots is A.u/2 in 
order to preserve the proper phase relations, as 
shown in Fig. 1 (A.u is the wavelength in the 
guide). Thus the horizontal components of adja­
cent slots are in phase, but the cross-polarized 
components are out of phase. A group element 
factor, Eu, that indicates the interaction between 
adjacent slots by yielding the cross-polarized com­
ponent, may be expressed as: 

Eu = E a ( ¢) [E A exp j (if + 8 A) - E B exp - j (if + 811 ) J , 
Sl) 

where 
E a(</>) = element factor of slots, 
EA> EB = amplitude of electromagnetic field 

across the slot, 
.p = 27Td/ >.. sin¢, 
d = slot spacing, 

<P = angle from normal to array axis, 

Dr. Tadaaki Takeshima, Design Engineer, Rada r Section, 
Kobe Industries Corp. , Akashi , Japan . 
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().=wavelength in free space, and 
8Ai 811 = phase difference of electromagnetic 

field between adjacent slots. 
For a resonant type of uniform array, we can, 

for the sake of simplification, assume that the 
element factor is equal to 1. Then E a(</>) = 1, Ec1 
= EB = E o, 8" = 88 = 0. The group element fac­
tor, Eu, may be expressed as follows: 

Eu = E o sin (.p/ 2), (2), 

which may be normalized with respect to E 0 : 

E uo = sin ( .p / 2) . (3) 

Consider an array with 2N slots. Each pair 
of slots forms a group element. Therefore the 
number of group elements is N, and the group 
element spacing is 2d. 

The cross-polarized radiation beams, E ce. of an 
end-fed array are obtained as the product of 
Eq. 2 and the array factor of the group elements: 

E ce = [sin Nip sin (.p/ 2) J / N sin .p. (4) 

In the case of center-fed arrays, the array fac­
tor of the group element is the product of the 
array factor of the N / 2 group elements on one 
side of the feeding point, the synthesis array 
factor, E ., of both sides of the feeding point, and 
the group element factor E uo· The synthesis array 
factor depends on the feeding branch. The con­
ventional approach is to use a coaxial-to-waveguide 
adapter because of its small and simple construc­
tion. Then the horizontal components of the slots 
on both sides of the array are in phase and the 
cross-polarized components of the group elements 
on both sides of the array are out of phase. The 
synthesis array factor, E ., of the group elements 
is estimated as follows: 

E . = sin (N.p/ 2). (5) 

The cross-polarized radiation beams, E cc, of a 
center-fed array may be expressed as : 
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~g/2 -

1. In an edge-shunt slotted waveguide array antenna the 
horizontal field components, EH, are in phase and the 
cross-polarized components, E., are out of phase for 
adjacent slots. The spacing between slots depends on the 
half-wavelength in the ·guide1 >..g[2.: 

1.0 

- 0 .5 

I 50 

I I 

' I I I 
I I 
I I 
I I 
v 

Ece (ENO - FED) 

2. Calculated cross-polarized radiation pattern shows 
difference between end-fed and center-fed arrays. The 
array has 20 slots, the wavelength is 32 mm and the 
d istance between slots is 22.35 mm . 

E cc = [sin2 (Nof;/ 2 ) sin ( of; / 2)] / (N/ 2) sin of; ( 6) 
= [sin2 (Nlf!/ 2)] / N cos (of; / 2) . 

The cross-polarized radiation beams, cai'culated 
from E qs. 4 and 6, are given in F ig. 2, where 
>.. = 32 mm, d = 22.35 mm and 2N = 20. 

Partial grating removes cross-polarization 

Gratings, act ing as a filter, can effectively sup­
press cross-polarization, even if applied only 
acruss certain sections of the array rather than 
across its ent ire length. 

In an array with the partial grating on 2n slots 
of its center part , as shown in Fig. 3, assume that 
t he cross-polarized radiation field from 2n slots 
is suppressed perfectly. In this case, the array 
factor, E a, of (N - n ) / 2 group elements on one 
side of the array may be expressed as follows: 

Ea= {2sin[ (N - n ) of;/ 2] }/ [ (N - n ) sin of;J. (7) 

The array factor of both sides of the array E a,, 
(for the end-fed type) is estimated as follows : 
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3. Partial grating across the ~enter section (a) and (b) 
suppresses cross-polarization. For example, ,a g ~,ating , con­
sisting of 16-mm wide and 0.5-mm thick metal plates, 
placed 12.5 mm apart, yields - 20 dB attenuation (c) . 
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PECENTAGE OF PARTIAL GRATING 
FOR ARRAY (GRATING RATI O) 

4. Measured suppression effects show good correlation 
with calculated values. Dots ind icate measured results , 
solid lines represent calculated ones. The effect is more 
pronounced for Dolph -Chebyshev arrays (in color) . The 
results are va lid for an arra y having 38 slots and operat­
ing at 9375 MHz. 
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NY LATCH. 
FASTENER 

LOW COST• TOP QUALITY• RAPID INSTALLATION 

© PUNCH A STANDARD HOLE. 

@ PUSH IN GROMMET - CAPTIVATED! 

Q) PUSH IN PLUNGER - CAPTIVATED! 

@ PUSH TO LATCH - PULL TO UNLATCH. 

• Instant push/ pull operation 
• Improves your product- cuts costs 
• Positive interference design 
• 10-second installation without tools 
• 60-pound minimum tension load 
• 30,000 cycle-tested without failure 
• Choice of 3 plunger head styles in black or white 
• Accommodates variable material thicknesses 
• Special adaptations can be engineered to your require­

ments 
• Thousands used in electronics, business machines, 

lighting, vending machines, neon signs, etc. 

Nylatch is replacing many fasteners used in metal, wood and synthetics. 
The shoeshine kit and the electronic equipment package shown above are 
typical applications. 

Write for sample and literature. 

CJ., THE HARTWELL CORPORATION 
~ 9035 Venice Boulevard, Los Angeles , California 90034 
~ Branch Offices : Hacke.nsack, Fort Worth, Chicago 
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5. Cross-polarized radiation has been reduced from - 20 
dB (color) to - 27.4 dB with partial grating. The grating 
ratio is 54%. The tested array has 34 slots and operates 
at 9375 MHz. 

E aa = COS [(N + n).p/ 2]. .(8) 

The cross-polarized r.adiation beams with the 
partial grating are obtained as the product of 
Eqs. 7, 8 and 2: 

sin[ (N - n).p/ 2] cos [ (N + n).p/ 2] sin(.p/ 2) 
E C7,= 2 ------------------­

(N - n) sin y, 
= (sinNy, - sinny,) / [2(N - n) cos (y,/ 2)]. 

(9) 

The suppression effect of the partial grating is 
measured and calculated as shown in Fig. 4. 
Curve A is calculated from a uniform array, 
whereas curve B represents the case of a Dolph­
Chebyshev array, designed with - 30-dB sidelobes. 
The results of the pattern measurements are 
shown in Fig. 5, where a thin, vertical, parallel 
metal-plate grating designed for - 20-dB attenu­
ation is used. 

Because the slot inclinations of the center part 
of the tapered distributed array are larger than 
those at the ends, the cross-polarized radiation 
fields are greater from the center part of the array 
than from the ends. If a 60 % partial grating is 
used, the cross-polarized radiation beams will be 
suppressed to near the - 38-dB level. The sup­
pression effect is nearly equal to - 16 dB, as shown 
in Fig. 4. The cross-polarized radiation field from 
the ends of the array therefore becomes negligible, 
and it is both unnecessary and uneconomical to 
install the grating across the entire length of the 
ai·ray aperture. The percentage of the partial 
grating of the array must be gauged according 
to system requirements. • • 
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WE MAKE EPOXIES 
FOR JUST ABOUT 

ANYTHING YOU CAN 
THINK OF. 

Critical electronic parts 
often require epoxies 
for low outgassing and 
outstanding heat resist· e /.116>/.I H£AI 

~~/STANCE. 

~eAb£ 
/~-<DIV £AJ¥) 

/91'f 

\ 
However, if epox­
ies are not what 
you need, we have 
a complete line of 
other thermosets 

ance. Plaskon ® epoxies are currently 
being specified in a wide range of 
parts, including some that have 

to provide the 
right product for the 

job: Diall: Pheno-
.)\ lies, Alkyd, Urea been designed to meet or exceed & J and Melamine. But 

·••• the proposed 
.._,, ___ •• • ·military speci-

fications. 

fl fJ./ ~ all you have to worry 
~- ~ <b about is a good idea. 

':/:- }# § 90 ~ It's our job to find the 
~ ~l.f cn ~ right epoxy or other 
~ ~ d thermoset to make it a 

--. reality. PLASTICS IMI 
DIVISION 
POST OFFICE BOX 365 • e 
MORRISTOWN, N. J . 

-----------1 

Please send me complete infor. I 
mation on the right epoxy for I 

application. I 

Address ___ _____ _ 

CompanY----,--- - - --

I 
I 
I 
I 

City State Zip Code_ I 
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ENGINEERING DATA 

Read off the life of pilot lights 
as a function of the operating voltage, current, 
candlepower from a simple nomograph. 

Even the humble incandescent lamp may create 
intriguing problems if its lifetime must be evalu­
ated rigorously in terms of its operating character­
istics. The questions are: To wtiat degree the volt­
age, the current and the candlepower change the 
life factor of the pilot light? The accompanying 
nomograph supplies the answers in a few simple 
steps. 

intended applied voltage. This obviously does not 
apply where the duty cycle of the applied voltage 
is such that the lamp will be on for only short 
periods, where brightness is not important, and 
where blue lenses are used, since the blue-light 
output is low for low-temperature lamps. 

To illustrate the use of the charts, consider this 
problem. A lamp is operated at 0.8 times its rated 
voltage. How will the life factor, current and 
candlepower change? From the graph we can read 
off the folloW:ing: The life factor increases to 14.5 
times its rated value, the current decreases to 0.88 
of its rating l'J,nd the candlepower drops to 0.46 of 
the rated vah~e. • • 

Manufacturers recommend that the rated 
voltage of the lamps be 10 to 20 % higher than 

Max H. Applebaum, Technical Writer, Thomas Organ Co., 
Sepulveda, Calif. · 
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The closer you get to a 
Bendix Pancake connector, 

the more innovations you see. 

You're looking at room for up to 66 con­
tact pins in our Size 18 Double Density 
model, for example. Look further and 
you'll see Bendix® JT Pancake™ connec­
tors cut weight up to 60 %, length up to 
50%, making them the lightest, small­
est miniature cylindricals available. 

You'll see nine major connector im­
provements, too. Included are greater 

resistance to pin contact splay and 
bending. Design simplicity. Increased 
reliability. A wide, wide temperature 
range (cyrogenic to 392°F). Hard face 
socket inserts to prevent pin contact 
dielectric piercing. Alternate keying to 
eliminate cross plugging. Better sealing. 
Improved contact identification, too. 

What about design versatility? 

Choose from crimp, solder, grommetted, 
potted and hermetic versions. Eight 
shell types and nine shell sizes - 8 
through 24; 34 insert patterns; 16-, 20-, 
22- and 24-contact sizes that will accept 
a wire range of 16 through 28 gage. 

Like to look even further into Bendix 
JT Pancake connectors? Just write us 
in Sidney, New York. 

Scintilla Division i~no'// 
CORPORATION 



CAREERS AND MANAGEMENT 

Reduce paperwork on MIL designs 
with this index ot items that are cross-referenced 
to military approval requirements. 

You are bound to get into trouble on a military 
contract if you use a part that is not "preferred" 
or "approved." One way to avoid this is to know 
exactly what parts are preferred for any particu­
lar job. An impossible task? Not so, thanks to this 
cross-referenced index of the general equipment 
specifications. 

General equipment specifications are included 
in practically all military contracts. Though they 
differ from service to service because each service 
has its own product and environment require­
ments, they always provide standards for se­
lecting parts, materials, processes, design and 
construction of electronic equipment. 

Nine of the commonly found specifications are: 
MIL-1-983- Interior Communication Equip­

ment, Naval Shipboard; Basic 
design requirements for 

MIL-E-4158- Electronic Equipment, Ground; 
General requirements for 

MIL-E-5400- Electronic Equipment, Aircraft; 
General specification for 

MIL-P-11268-Parts, Materials, and Processes 
used in Electronic Communica­
tion Equipment 

MIL-E-11991-Electronic, Electrical and Elec­
tro-Mech an i ca 1 Equipment, 
Guided Missile Weapon Systems; 

_ General specification for 
MIL-E-16400-Electronic Equipment, Naval 

Ship and Shore; General speci­
fication 

MIL-T-17296-Test, Checkout and Evaluation 
Equipment, G u i d e d Missiles 
(Fixed Installations); General 
specification 

MIL-F-18870-Fire Control Equipment, Naval 
Ship and Shore; General speci­
fication 

MIL-T-21200-Test Equipment for use with 
Electronic and Fire Control Sys­
tems; General specification for 

These documents differentiate between those 
items considered best suited for an application 
and those regarded as less desirable. The accept­
able items are classified as preferred or standard; 
all other items are not considered to be standard. 

Martin Franchina, Senior Engineer, Radiation Division, 
Sperry Gyroscope Co., Great Neck, N. Y. 
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While the former require no official approval, a 
written request, accompanied by supporting doc­
umentation, is required for all nonstandard items. 

Knowing which items require written approval 
prevents the indiscriminate use of parts that may 
later cause delays and complicate the job. 

Using the tables 

Table 1 is a compilation of contract items that 
will often be examined for preferability. The list 
is separated into four sections; 

A. Parts. 
B. Materials. 
C. Design, construction, processes, 

finishes. 
D. Documentation, tests, identification. 

A cross-reference number is listed against each 
entry and is keyed to Table 2, which lists the 
approval paragraphs for each specification. Note 
that paragraph numbers followed by two periods 
indicate that the approval requirements are de­
tailed in a number of sub-paragraphs. 

Given a military specification, one can quickly 
determine the required approvals. 

As an example, assume you want to find the 
items that require approval in military specifica­
tion MIL-I-983D(l). You would: 

1. Find MIL-I-983D (1) in Table 2. 
2. Note the paragraph numbers and correspond­
ing Item Numbers (i.e., paragraph 3.6.4 cor­
responds to Item Number A6). 
3. Note from Table 1, that A6 refers to electro­
lytic capacitors. 
4. If the job calls for electrolytic capacitors, 
look up paragraph 3.6.4. in MIL-I-983D(l) and 
determine the approval requirements. 
The table can also be used in reverse to check 

the coverage of particular items by a general 
equipment specification. For example, to find the 
approval requirements of connectors for MIL-E-
5400H, refer to Table 1 and find the Item Number 
for connectors-A7. In Table 2, look up A7 in the 
Item Number list and MIL-E-5400H in the spec­
ification columns-paragraph 3.1.5* of MIL-E-
5400H lists approval requirements for connectors. 
The asterisk (*) indicates that paragraph 3.1.5 
refers to another military specification where the 
detailed requirements are listed; in this case, MIL­
STD-454, Requirement 10. • • 
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Table 1. Item Names and Numbers 

Item 
No. 

Al 
A2 
A3 
A4 
AS 
AG 
A7 
AB 
A9 
AIO 
All 
Al2 
Al3 
Al4 
AIS 
AIG 
Al7 
AIB 
Al9 
A20 
A21 
A22 
A23 
A24 
A2S 
A2G 
A27 
A2B 
A29 
A30 
A31 

Bl 
B2 
B3 
B4 
BS 
BG 
B7 
BB 
B9 
BIO 
Bil 
Bl2 
Bl3 
Bl4 
BIS 
BIG 
Bl7 
B,lB. 
Bl9 
B20 
B21 
B22 
B23 
B24 
B2S 
B2G 
B27 

Item Name 

Parts 

Adjusting devices using special threads 
Batteries 
Bearings, sleeve type 
Boots for push switches in watertight applications 
Capacitor, air dielectric 
Capacitor, electrolytic 
Connectors 
Control of parts design 
Control shafts and coup I ings 
Crystals 
Electron tubes (tube selection) 
Electron tube sockets 
Fluorescent lamps 
Fuseholders, clip type 
Gears, fiber construction 
Kn i le switches 
Locking devices (tube thread) 
Meters, high-sensitivity 
Miniature parts 
Nonstandard parts 
Nuts, sheet spring 
Power-plug locking devices 
Relays 
Selection of parts; standard parts 
Self-tapping screws 
Selenium rectifiers 
Semiconductor devices; transistors 
Set screws using other than hexagon socket heads 
Shock mounts and vibration isolators 
Terminal boards; terminal strips 
Transformers 

Materials 

Aluminum and aluminum alloys (chemical treatment 
Anti seize compound 
Cable (application and treatment) 
Castings; metals; alloys 
Ceramics 
Cotton fabric laminates 
Cotton· or wood-filled molding compounds 
Critical materials 
Electrical insulation; solventless varnish 
Fiberboard 
Fungus-inert material 
Glass 
Glass-bonded mica 
lnsu lated hook-up wire 
Insulating sleeving 
Laminates (sandwich core material) 
Magnesium; magnesium alloys 
Nonslip surface coating 
Nonstandard material (unspecified material) 
Organic material 
Plastics (selection , color application) 
Radioactive material 
Rope 
Rubber 
Solder and soldering flux 
Standard material (material selection) 
Substitution of materials 
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Item 
No. 

B2B 
B29 
B30 
B31 
B32 

Cl 
C2 
C3 
C4 
CS 
CG 
C7 
CB 
C9 
CIO 
Cll 
Cl2 
Cl3 
Cl4 
CIS 
CIG 
Cl7 
CIB 
Cl9 
C20 
C21 
C22 
C23 
C24 
C2S 
C2G 
C27 
C2B 
C29 
C30 
C31 
C32 
C33 
C34 
C3S 
C3G 
C37 

DI 
D2 
D3 
D4 
DS 
DG 
D7 
DB 
D9 
DIO 
Dll 
Dl2 
Dl3 
Dl4 

Tape 
Thermoplastic material (rigid) 
Toxic material 
Unacceptable material 
Wire (insulated hookup) 

Item Name 

Design, constructi on , process, finish 

Antijamming 
Control panel layout (operating controls) 
Cooling with heat exchangers 
Design approval and design changes 
Deviations from specific design requirements 
Dial illumination 
Dielectric strength and insulation resistance clearance 
Drip-proof enclosures 
Electrical requirements 
Electronic tubes mounted horizontally 
Equipment weighing over ISO pounds 
Factory adjustment controls 
Finishes and special finishes 
General requirements 
Impregnating, encapsulating and embedding 
lnterchangeabi I ity 
Interference reduction (filters) 
Maintenance 
Mechanized production (including printed circuits) 
Mock-ups 
Modulator construction 
Nonrepairable assemblies 
Overload protection, equipment protection and time delays 
Parts and unit moun tings 
Preferred circuits 
Power requirements 
Processes; deviation from specified processes; nonstandard processes 
Protection against corrosion (dissimilar met~ls) 
Reliability 
Ship's hull (chassis or enclosure for active circuits) 
Soldering 
Special tools 
Threads in plastics 
Through-bolting or threading in to watertight enclosures 
Tropicalization 
Waveguides and waveguide assemblies 
Working drawings 

Documentation, tests, identification 

Circuit labels 
Documentation; drawings; manuals 
Equipment errors 
General requirements for identification 
Identification markings and labels 
Preproduction (or design approval tests) 
Printed wiring 
Nameplates; nameplate facsimile; nomenclature 
Test equipment provisions; test sets 
Test point plan 
Test procedures 
Through-bolting in watertight enclosures 
Use of equipment subjected to shock test 
Wire coding; external wiring 

(Table continued on p 94 ) 
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Table 2. Approval Requirements of Common Military Specifications 

Item MIL-I- MIL-E- MIL-E- MIL-P- MIL-E- MIL-E- MIL-T- MIL-F- MIL-T-
No. 9830(1) 4158C(2) 5400H 112680(2) 119918 16400F 172960 18870C 21200F 

Al 3.4.2B.3 
A2 3.4.6 3.4.16.4 
A3 3.4.7 .3 
A4 3.6.12.4 
AS 3.2.3* 3.1.3.l* 3.2.3.2.2. l* 3.4.9.2.l 3.1.4.l* 
A6 3.6.4 3.1.3.2 3.2.3.2.l 3.4.9.1.l 3.4.16.13 .. 3.1.4.2 
A7 3.2.16.8 3.1.S* 3.3B 3.4.11* 
AB 3.3 .. 
A9 3.4.S.2 
AlO 3.8.12 
All 3.3.1.1.2 3.1.1.2.2 3.70 .. 3.2.3.3B.2 3.4.31..* 3.8.22* 3.4.16.2S.2 
Al2 3.4.32 
Al3 3.4.16.36.3 
Al4 3.4.17 
AlS 3.2.3.11 3.11.S.l 3.9.S. l 
Al6 3.4.16.S4.2 
Al7 3.7.22.l 3.4.29.S 
AlB 3.4.20.S 
Al9 3.2.17 3.4.S 
A20 3.6.1.l 3.3.2 .. 3.1.1.. 3.1.7 3.4.1.. 3.B.l 3.4.16.2 3.1.1.. 
A21 3.1.27 .S 3.4.2B.1S 3.1.27 .s 
A22 3.7.22.l.2 
A23 3.6.7.2 3.SB 3.2.3.21 3.4.24 3.B.16 
A24 3.3.l 3.1.6 3.B. l 3.4.16.2 
A2S 3.60.4 3.4.2B.10 3.6.B.2 
A26 3.2.3.20.1 
A27 3.6 .2* 3.3. l. l.2 3.1.1.2.2 3.2.3.3B. l 3.4.31* 3.2.24* 3.4.16.4B.5 
A2B 3.4.tB.12 
A29 3.2.3 3.2.3.24.4 3.11.B.4 
A30 3.4.11 
A31 ... 3.67 .1 
Bl 3.2.1.10. l. l 3.6 .3 
B2 3.7.11.S 
B3 3.7 .1.2 
B4 3.4.B.3 3.17.2 3.2.1.13.3 3.11.l 3.7 .19 .. 
BS 3.4.10 3.2.l.lS 
BG 3.4.9. l 
B7 3.4.9.1 
BB 3.7.2 
B9 3.B.12 .. 
BlO 3.14 
Bll 3.4.4.l* 3.1.12* 3.1.13* 
Bl2 3.2.1.16 
Bl3 3.2.1.16. l 
Bl4 3.22.2 3.2.1.21. l.2 
BIS 3.33.7 
Bl6 3.S.7 .2.1 
Bl7 3.4.B.2 3.4.12 3.2.1.10.2 3.S.7.2 3.7.6.3 3.7.19.10 
BIB 3.2.1.18 
Bl9 3.4 3.1.1.. 3.1.7 3.1.1.. 
B20 3.7 .20 
B21 3.4.9.4 3.7 .21.. 
B22 3.7.9 
B23 3.2.1.9.6 
B24 3.20 
B25 3.11. 3 3.7.4 3.7.10 
B26 3. 7. l 

* Approval information will be found in another specification that is referenced in this paragraph. 
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ltein MIL·I· MIL·E· MIL·E· ..MIL·P· MIL·E· MIL·E· MIL·T· MIL.f. MIL·T· 
No. 9830(1) 4158C(2) 5400H 112680(2) 119918 16400F 172960 18870C 21200F 

827 3.4.2 3.4.1 3.7.7 
828 
829 
830 3.4.6 3. 5.3.l 3.7.4 3.7.10 
831 3.4.3.1 3.5.3 .. 
832 3.22.2 3.2.1.21.1.2 
Cl 3.2.10 
C2 3.39.8 3.13.14 3.4.5.2 
C3 3.2.6 3.2.5 3.5.6.3 
C4 3.9.3.2 3.3.3 
C5 3.2 
C6 3.8.11 
Cl 3.8.13 
CB 
C9 3.2.3. . 
ClO 3.7 .22.1.1 
Cll 3.2.32 
C12 3.13.10 3.4.5.3.l 
C13 3.26 3.2.1.12 
C14 3.2.3 .. 3.1 2.3 
C15 3.4.11.2 3.5.9.2 
Cl6 3.4.4 .. 
C17 3.8.4.2 
C18 3.2.12 .. 
C19 3.2.16 .. 3.2.1.. 3.2.1.1 
C20 3.9.2.2 3.11 
C21 3.3.2 
C22 3.2.16.4 
C23 3.3.10.2 
C24 3.4.6 3.5.14 .. 
C25 3.9.2 
C26 
C27 3.3.. 3.5.1 3.1.7 
C28 3.4.15 .. 3.2.7* 3.1.8* 3.1.9* 3.1.8* 
C29 
C30 3.8.5 
C31 3.8.6.3 .. 3.5.5* 3.1.23.l 
C32 3.2.31.2 3.1.28 3.3.19.2 3.11.17 4.5 .. 
C33 3. 7.11.7 
C34 3.7.7 
C35 3.31.. 3.3.20* 3.7 .5.1 
C36 3.2.3.35.1 
C37 3.9.3 
01 3.6.9.2 
02 3.9.3 .. 
03 3.9.7 .2 3.3.4.3.2 
04 3.14 .. 
05 3.1.19.2 
06 4.3 4.3. l 
07 3.6.17 
08 3.6.1.. 3.4.l 3.5.3 3.13* 3.4.l 
09 3.3.18.l 3.6.3 3.2.3.4 
010 3.2.30.1.1 
011 4.5 4.4 
012 3.7.7 
013 4.4.18 
014 3.3.11 

* Approval information will be found in another specification that is referenced in this paragraph. 
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Engineers with a BS in Physics 
or an EE and two years' 
experience in semiconductor 
technology or circuit design 
can move up fast in product 
engineering at Signetics. 

Work involves analysis 
of circuit function and 
component characteristics, 
relating electrical parameters 
to process variables. 
Experience in measurement 
of electrical properties of 
devices is helpful. Experience 
with small-signal transistors 
is acceptable, though 
knowledge of linear or digital 
integrated circuits is desirable. 

You'll find salaries and 
benefits attractive. And we 
pay relocation expenses. 

Signetics is in Sunnyvale, 
California-less than one hour 
from San Francisco. 
You're near the nation's top 
education, recreation and 
culture centers. Climate 
is excellent. 

May we set up a 
headquarters interview for 
you? Direct your inquiry to: 

• Signetics Corporation 
811 East Arques Avenue 
Sunnyvale, California 
Attention: Mr. Charles Westover 

Sl&NETICS [SI 
INTE6RATEO 

CIRCUITS 
A subsidiary of Corning. A leader in 

l/C development and growth . 
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Book 
Reviews 

Senlconductor 
Counters for 
Nuclear 
Radiations 

G.DEARNALEY 
D.C.NORTHROP 

Radiation and design: 
A helpful guide offered 
S emiconductor Counters for Nu­
clear Radiations. G. Dearnaley and 
D. C. Northrop (John Wiley & 
Sons, .Inc., New York) 459 pp. 
$12.75. 

While the major purpose of this 
book is to deRcribe techniques to an­
alyze nuclear radiation, a design en­
gineer concerned with the effects of 
radiation on semiconductors should 
find it helpful. 

Thus Chapter 1, which describes 
the nature of radiation, can serve as 
a basic introduction. This informa­
tion, combined with Chapter 10 
("Radiation Damage in Semicon­
ductor Detectors" ) should prove 
helpful in predicting the effects of 
radiation on semiconductors in 
spacebound hardware. A discussion 
about the silicon p-n junction photo­
cells (Chapter 9) can be applied in 
analyzing radiation damage to so­
lar-cell panels. 

For those designing instruments, 
both laboratory and industrial, the 
book is a good compendium of the 
latest radiation-measurement tools 
in the field. Reading the measure­
ment requirements, one can spot 
and envision the needs for equip­
ment and, possibly, develop a new 

instrument line. 
The authors have demonstrated a 

rare ability to describe complex 
physical phenomena by simple 
mathematical treatment. 

The book deserves a prominent 
place on the desks of nuclear physi­
cists, nuclear-reactor control engi­
neers and instrument designers. It 
could also serve as valuable back­
gmund in designing for high-radia­
tion environments. 

- Peter N. Budzilovich 

Electronics 
Having Fun In Electronics, Leo G. 
Sands (Howard W. Sams & Co., 
Inc., Indianapolis ) . 160 pp. $3.25. 

This book is for the person inter­
ested in learning about electronics 
through experimental construction 
projects. Several basic circuits, 
such aR audio, communications, and 
power supply units, are presented 
to help the reader to develop his 
construction skills and understand­
ing of basic circuits. As well as the 
projects to build, the book explains 
basic principles of operation, so 
that the reader can understand the 
circuit action. 

Amplitude modulation 
Understanding Amplitude Modula­
tion, Irving M. Gottlieb (Howard 
W. Sams & Co., Inc., Indianapolis). 
160 pp. $3.25. 

The author sets out the principles 
used in the amplitude modulation of 
a carrier signal and describes the 
various types of systems, both tube 
and transistor, used to accomplish 
it. Various levels of modulation are 
discussed, and switching modula­
tors are explained and illustrated. 
The various improvements that can 
be made in a basic system are also 
explained. Written for advanced 
amateurs, broadcast technicians, 
engineering students, and others, 
the text is more than an introduc­
tion but not a full engineering-level 
treatment. 
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CAREER INQUIRY - confidential 
Respond to the career opportunities advertised in this issue. Fill out and send us this handy resume. 
Electronic Design will do the rest - neatly typed copies of this form will be mailed to the companies of 
your choice, indicated by the circled Career Inquiry Numbers at the bottom of this page. 

Name 

Home Address (Street) 

Age 

Desired Salary 

TIJ.S. Citizen 

Oves 
Prime Experience 

0No 

Employment History - present and previous employers 

Company 

City, State 

Dates to 

Title 

Specialty 

: City 

I 1 Security Clearance 

l Avallablllty Date 

Education - indicate major if degree is not self-explanatory 

Degree 

College 

City, State 

Dates to 
Additional Training - non-degree, industry, mi I itary, etc. 

Professional Societies 

Published Articles 

Career Inquiry Numbers: 

to 

to 

I"'"' Pho" 

1 
State 

I 

Secondary Experience 

to 

to 

I ZIP Code 
I 
I 

900 901 902 903 904 905 906 907 908 909 ELECTRONIC DESIGN 
850 Third Avenue 

910 911 912 913 914 915 916 917 918 919 New York, New York 10022 
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career 
opportunities in 
nuclear power 

• • eng1neer1ng 
AT THE WORLD'S LARGEST 
SHIPBUILDING COMPLEX 

For nuclear power, electrical, 
chemical, g_eneral, marine 
and mechanical engineers. 
The San Francisco Bay Naval Shipyard offers both newly graduated 
and experienced engineers of many categories a chance to work today m 
what will be tomorrow's source of industrial power. 

The Shipyard is engaged in important programs in all aspects of nuclear 
propulsion, including: 

Reactor Engineering 

Fluid Systems and Mechanical 
Engineering 

Control Engineering 
(Instrumentation) 

Test Engineering 

Nuclear Quality Engineering 

Radiological Control 

Nuclear Refueling 

Starting salaries are commensurate with academic achievement, experience 
and training. 

Job locations: San Francisco Bay Naval Shipyard has two work sites located 
40 miles apart: San Francisco and Vallejo, California. Each location has 
ready access to the full cultural advantages of San Francisco and the 
mild year-round climate of the Bay Area. All types of recreation from ocean 
surfing to skiing on the slopes of the Sierras are within easy driving distance. 

Send your resume or Standard Form 57, Application for Federal 
Employment, to: 

Coordinator, Professional and Technical Recruitment (Code 174A13) 
, Employment Division 
San Francisco Bay Naval Shipyard 
J7 allejo, California 94592 

A.c~ EQUAL Ol'l'ORTUNITY E~ll'J,01'.ER l\I UST BE A U . S . CITIZ E N 

ON CAREER-INQUIRY FORM CIRCLE 903 

BOOK REVIEWS 

General study of 
amplifiers 
Amplifier Handbook, Richard F . 
Shea (McGraw-Hill Book Company, 
New York). $37.50. 

This volume gives comprehensive 
information on amplifier basics, 
amplifying devices and amplifier 
circuits to help solve everyday am­
plification problems. It is intended 
as a standard reference for prac­
ticing engineers, scientists and 
technicians on amplifying techni­
ques in general and on specific cir­
cuits for a wide range of applica­
tions. It includes material . that 
should permit the design of circuits, 
other than those presented, to fit 
individual needs. The text is divided 
into three major sections: funda­
mentals, devices and circuits. Em­
phasis throughout is on practical 
application, with theory and mathe­
matics held to the minimum neces­
sary for usability. With almost 
1500 pages the book contains a pro­
fusion of reference material, in­
cluding tables, specifications and 
similar data, compiled with a multi­
tude of sources to help locate de­
sired information quickly and easi­
ly. Over 1500 illustrations demon­
strate important principles and 
procedure. 

Dynamic programing 
Introduction to Dynamic Program­
ming, George L. Nemhauser (John 
Wiley & Sons, Inc., New York). 256 
pp. $7.95. 

This book deals with the theory 
and computational aspects of dy­
namic programming. It is an ap­
plied book designed for operations 
researchers, management, scien­
tists, statisticians, engineers and 
social scientists. It tries to show 
when dynamic programing can b~ 
used and how to develop applica­
tions. The basic theory and compu­
tational methods are extended to 
cover stochastic and competitive 
models, nonserial processes and 
infinite stage systems. Applications 
to inventory them·y, allocation prob­
lems, control theory and chemical 
engineering design are illustrated 
with numerous exercises. 
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INFRARED ENGINEERS AND SCIENTISTS: 

Can you contribute to the development of products like these? 

Interceptor IR search / track set. 

Anti-tank missile controller. 

Homing guided 
miss i le seeker head. 

Star tracker for 
SURVEYOR spacecraft. 

20-element Ge :Hg detector array. 

Min iature closed-cycle 
cryogenic refrigerator. 

Cryogen ically cooled 
parametric amplifier. Radiometer for NIMBUS weather satellite . Multi-element cooled IR detector. Cast sil icon IR optical components. 

Rapid growth of Hughes infrared 
activities in the Aerospace Divi­
sions and the Santa Barbara Re­
search Center has created many 
responsible positions for quali­
fied engineers and scientists in 
all phases of IR systems devel­
opment from conception through 
production engineering . 

Immediately available assign­
ments include openings in such 
diverse technologies as optical 
design, semiconductor physics, 
cryogenics, mechanical engi­
neering, precision electro-mech-

an isms, electronic circuit design, 
servo systems .. . and many 
other areas. 

Current Hughes IR contracts 
include advanced systems for: 
space exploration, weather satel-
1 ites, anti-ballistic missile de­
fense, night reconnaissance , air­
craft and space vehicle defense, 
and tactical weapon guidance 
and fire control. 

Professional experience, an ac­
credited degree and U.S. dtizen­
ship required . 

ELECTRONIC DESIGN 28, December 6, 1966 

For immediate consideration, please air­
ma il your resume to : 

Mr. Robert A. Martin 
Head of Employment 

Hughes Aerospace Divisions 
11940 W. Jefferson Blvd. 

Culver City 2'1 , California 

r--------- ---------, 
I I 

: HUGHES: 
I I L _________ _ ________ J 

HU GHES AIRCRArT CO M PA Y 

AEROSPACE DIVISIONS 

An equa l opportuni ty empl oyer 
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BOOK REVIEWS 

Oscilloscope measuring 
Oscilloscope Measuring Technique, 
("Philips Technical Library") J. 
Czech (Springer-Verlag New York, 
Inc.) 620 pp. $15.80. 

Theory and design techniques re­
lating to modern oscilloscopes with 
information on means of using the 
instrument, photographic recording 
and large-screen projection of oscil­
lograms are covered in this text. 
Eighteen chapters are devoted to 

detailed descriptions of measuring 
techniques in different fields. This 
is thus a handbook on uses of the 
modern cathode-ray oscilloscope in 
research, development and control. 
A valuable feature is the extensive 
collection of reproduced oscillo­
grams from the author's collection, 
showing examples from work in 
electronics, acoustics, optics, me­
chanics and other branches of pure 
and applied science. 

WHEN 
YOU TALK SIMULATION, 

YOU'RE TALKING CONDUCTRON 
Conductron is the company that developed the Gemini Simulator and the Mercury 
Trainer, !Me 737 Simulators and Trainers, the Orbital Timing Device, the 
Lockheed C5A Simulator, and the Bio-Medical Critical Monitoring Device. From 
our aircraft and spacecraft avionics come auto-pilots for missiles, side· 
looking radar displays and Marine battlefield coordination computers. Current 
projects include making simulators for commercial aircraft, an operation 
which is expanding into helicopter and engineering flight simulators. 

Conductron has facilities in St. Louis, Los Angeles, Houston and Ann Arbor, 
with programs in Airborne Collision Avoidance Systems, Airborne Digital 
Navigation Aids and Holography. 

Right now Conductron needs experienced simulator specialists who wantabove­
average compensation, generous benefits and liberal tuition aids. Current oppor· 
!unities include openings in the following categories: 

ELECTRICAL ENGINEERS • ELECTRONIC ENGINEERS 
DESIGN ENGINEERS • MECHANICAL ENGINEERS 

OPTICS • SCIENTIFIC PROGRAMMERS 
COMMUNICATIONS SPECIALISTS 

Send your resume in complete confidence to: 
Mr. Richard Ayres, Personnel Office, Dept. E 

CONIDUCTRON •/llllSSOURI 
Division of Conductron Corporation 

2600 N. Third Street • Box 426 • St. Charles, Missouri 63301 

We are and always have been an equal opportunity employer 

ON CAREER-INQUIRY FORM CIRCLE 904 

Control systems 
Automatic Control Systems Engin­
eering, Vol. I. A. W. Langrill, Jr. 
(Prentice-Hall, Inc., Englewood 
Cliffs, N. J.) 376 pp. $17.25. 

The first two volumes devoted 
to automatic control systems engi­
neering deals with linear control 
theory, while the second is con­
cerned with nonlinear control sys­
tems theory. Volume I comprises 
two main sections: Part I, Dynamic 
Systems Analysis, and Part II, Bas­
ic Control Systems Theory. This 
text concludes with Appendix A, a 
table of Laplace transform pairs 
and Appendix B, the Routh stabili­
ty criterion. Engineering personnel 
desirous of a working knowledge of 
control systems engineering will 
find this book a source of reference. 

Digital tape drives 
Digital Tape Drives, James E. 
Taunt (The Business Press, Elm­
hurst, Ill.), 161 pp. $7.45. 

This book is intended for people 
associated with digital computers­
operators, programers, ·analysts, 
managers and consultants. This 
text is directed to those individuals 
who want to learn about digital 
tape drives. Found at the end of 
each chapter is a summary as well 
as questions to further the readers, 
understanding. The information 
made available in this book is par­
ticularly useful when investigating 
an unknown computer system, when 
trying to increase the efficiency of 
an existing computer system, or 
when planning increased capacity. 

Engineering management 
Successful Engineering Manage­
ment, Tyler G. Hicks (McGraw-Hill 
Book Company, New York). 287 pp. 
$8.50. 

This is a guide for the engineer 
or scientist who holds, or seeks to 
hold, a managerial position. It de­
votes special attention to practical 
problems of delegating, instructing, 
guiding and controlling people. It 
aims to show what to do, when to 
do it, and how to do it. The book 
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Anticipation 
Engineering 

It is one thing to talk about designs ahead of their 
time. It's another thing to apply today's technology to 
the problems of tomorrow ... and get results. 

Matching achievement to future applications is 
both an art and a science. It only happens when imagi­
nation and reality meet head-on. 

Done 
Here 

We call it "Anticipation Engineering". Engineering that leads out of the laboratory 
and into practicality. Engineering that answers questions soon to be asked. 

In the 1950's, Anticipation Engineers at McDonnell began to develop the designs 
and equipment that made possible the successful Phantom Aircraft and Mercury, 
Gemini, and ASSET Spacecraft programs that have dominated the Sixties. Disciplined 
thinkers at McDonnell with an innate creativity, boundless enthusiasm, and an intense 
curiosity are today anticipating the technological requirements of the Seventies. 

If you are a graduate engineer who finds success and satisfaction in creative de­
partures from convention, you would fit in well with the men and the requirements at 
McDonnell. Opportunities exist in virtually every area of aerospace technology. 
Corporate expansion and diversification generate open-ended possibilities for your 
advancement. 

·--------------------- ltllc:,,c;,tvtv/EL.L. ---------------------, 
Mail This Form To : W.R. Wardle, McDonnell Employment Dept. R-12 Box 516, St. Louis, Mo. 63166 

Nam.~-------------------Home Address----------------------

City & State-------------------ZiP·-----~hone-----------Age ___ _ 

Education: BS ____ MS,----~hD----Major Field:------------------------
Date Date Date 

Primary Experience Arca=-------------------~resent Position=--------------

_____________ _.,umber 0£ Years•----------1 would like to receive application form 0 
L ________________________ An Equal Opportunity Employer. _______________________ _ 

ON CAREER-INQUIRY FORM CIRCLE 905 
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Challenge: 

"Fly" a Titan Ill mission 
by equation formulation, 
simulation, validation. 
We're helping to guarantee a payload gets where it's going before a Titan 111 mission begins. How? By 
evolving guidance equations, and computer programs for the many and varied Titan 111 missions. This is 
typical of the growing number of space guidance and navigation assignments for AC Electronics in "con­
trolled software" .. . the establishment of equatable simulations for various missions. 

This is just one of many new and exciting challenges awaiting scientists, mathematicians and engineers 
at AC Electronics. The new programs recently assigned to AC include SABRE, a new reentry system for 
missiles, and the new Ships Self-Contained Navigation System (SSCNS). Other projects include: MOL; the 
guidance and navigation systems for Apollo and the Lunar Module; navigation systems for supersonic 
aircraft; ILAAS (Integrated Avionics Systems); a computerized fire-control system for the new Main Battle 
Tank, a joint U.S.-Federal Republic of Germany program. If these fields interest you, we invite you to 
contact us regarding a career with AC at one of three excellent locations-Milwaukee, Boston, Santa Barbara. 
Send resume including salary requirements to : R.E. Schroeder, Dir. of Scientific & Professional Employ­
ment, Dept. 5753, AC Electronics Div., Milwaukee, Wis. 53201. 

PRODUCTION ENGINEERS 
LOGIC DESIGN AND DIGITAL CIRCUIT ENGINEERS 
MANUFACTURING DEVELOPMENT ENGINEER 
PHOTO OPTIC ENGINEER 
INERTIAL INSTRUMENT TEST ENGINEERS 
MECHANICAL DESIGN ENGINEERS 
ELECTROMECHANICAL PACKAGING ENGINEERS 
STRESS/VIBRATION/THERMAL ANALYSTS 
SCIENTIFIC PROGRAMMERS 
GUIDANCE/NAVIGATION EQUATION ANALYSTS 

COMPUTER SYSTEMS ANALYSTS 
DIGITAL FLIGHT CONTROL ENGINEERS 
DIGITAL CIRCUIT DESIGNERS 
COMPUTER LOGIC DESIGNERS 
ELECTRONIC DESIGN ENGINEERS 
DIGITAL SYSTEMS ENGINEERS 
SYSTEMS DESIGN ENGINEERS 
SYSTEMS ANALYSIS ENGINEERS 
OPTICS SYSTEMS ENGi NEERS 
SYSTEMS MECHANIZATION ENGINEERS 

ON CAREER-INQUIRY FORM CIRCLE 906 
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deals with engineering management 
in all areas of modern technology, 
including engineering design, man­
ufacturing, plant operation and 
maintenance, and construction proj­
ects. Numerous checklists, organi­
zation charts, control forms, and 
tabulations are included. The au­
thor attempts to show the reader 
how to evaluate his chances for ad­
vancement, to begin his rise up the 
management ladder, to check his 
progress, and what to do if his ad­
vancement is slower than he thinks 
it should be 

Plasmas 
The Particle Kinetics of Plasma, 
I. P. Shkarofsky, T. W, John­
ston, and M.P. Bachynski (Addison­
Wesley Publishing Company, Inc., 
Reading, Mass.). 518 pp. $17 .50. 

This book describes the furiaa> 
mentals of particle kinetics as they 
apply to a gaseous plasma. It ap~ 
plies these ideas to develop basic 
equations for plasmas under var­
ious conditions. Although only the 
behavior of gaseous plasmas is dis­
cussed explicitly in this book, some 
of the concepts are equally applica­
ble to plasmas in the liquid or solid 
state. 

·This volume is intended both as a 
· reference for research and as a text 
for a graduate course on plasma ki­
netics. Where possible, the subject 
matter is developed from first prin­
ciples in· sufficient detail to .enable 
the reader to follow the derivation 
closely. A knowledge of vector and 
matrix calculus, differential equa­
tions, atomic physics, and electro­
magnetism is .assumed. 

Sweep generators 
101 Ways To Use Your Sweep 
Generators, Robert G. Middleton 
(Howard W. Sams & Co., Inc., Indi­
anapolis): 160 pp. $2.95. 

This book comprehensively ·covers 
the practical uses of a sweep gener­
ator. Specific sections cover the use 
of audio and RF generators for 
checking and calibrating test equip­
ment, making audio amplifier tests, 
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The challenge offered by a career 
with LTV Electrosystems is not un­
like ari invitation to a contest. This 
"contest" - an intense, high-spirited 
competition within a framework of un­
limited opportunity. At LTV Electro­
systems you'l l also be an indispensible 
part of a larger challenge: to help us 
compete in a crowded marketplace by 
producing a better idea, a better product. 
That we have met this challenge with 
success is a matter of record. Combining 

ELECTRONIC DESIGN 28, December 6, 1966 

"an invitation to join in a contest" 

youth with experience we have grown on 
all fronts: a sa les curve shooting off the 
top of the chart, new faci Ii ties, expanded 

R & D programs, a growing backlog. All 
of this points to greater opportunity for 
the individual scientist and engineer. 
Programs inc lude sophisticated elec-

Ironies systems for ground, air and space 
environments; nuclear detection; com­
mand and control; communications; 
information processing and display; an­
tennas; electronic warfare; range instru­
mentation and tracking; satellite tracking, 
and more. R & D capabilities are 
channelled into four basic technical 
fields: systems analysis, information 
collection, information processing and 
vehicle support. Our place in the sun is 
Greenville, Texas (near Dallas), in a 
pleasant region of great recreational, 
cultural and educational opportunity. 
(For example, an exclusive closed circuit 
TV system will soon link our Greenville 
facility with special graduate engineering 
c lasses beamed from Southern Method­
ist University in Dallas.) If you are a family 
man, you will appreciate the 
superior educational system, the suburban 
hospitality and the serene and easy 
living in Greenville. 

Consider this an invitation to join us -a once-in-a-lifet ime chal lenge to get in on 
the ground floor of something great. Right now we are interviewing specia lists 
in the following disciplines: 

DIGITAL SYSTEMS ANALYSIS 
ANTENNA SYSTEMS DESIGN 
AIRCRAFT STRUCTURES DESIGN 
STRESS ANALYSIS 

RF SYSTEMS ANALYSIS 
DIG ITAL CIRCUITS DESIGN 
RADAR SYSTEMS 
MECHANICAL SYSTEMS 
ELECTRO-OPTICS SCIENTIFIC AND BUSINESS PROGRAMMING 
RF CIRCUIT DESIGN 

Please write or send resume (including telephone number with dates and times 
we may reach you) to : Mr. C. L. Waller, Professional Placement, P.O. Box 1056, 
Greenville, Texas 75401. 

GREENVILLE DIVISION 

L"rV" ELECTRC>SYSTEl\AS, 11'1C. 
A SLJBSIDIA~V C>F L.ING - TEl'VfCC> VC>LJG,_,-r: INC . 

AN EQUAL OPPORTUNITY EMPLOYER - M/F 
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• electronic engineers 
Do you have a flair for unusual work? 
Electronic Warfare Anti-Submarine Warfare 

If you have a background in any of the following fields 
we would be interested in talking to you: 

COMMUNICATIONS• MICROWAVE 
RADAR • SONAR •TELEMETRY 
If you are an Electronic Engineer with a BS or MS Degree, and your engineering 
career has advanced to the point where you would like to apply your experience 
to technical management as well as having responsibility for program formulation, 
then you may wish to consider stepping up to an engineering position with the 
Naval Ship Systems Command. 

The Naval Ship Systems Command is responsible for research and development 
and project management for all electronic systems and equipment utilized aboard 
ships of the U. S. Navy. In directing laboratory and contract activity in support 
of this research and development, experienced engineers are required in all 
phases of electronics. 

Starting salary range-$9,500 to $15,000 per year 
Call Mr. Crowley on Area Code 202, OXford 6-3652, OXford 6-2353, or OX­
ford 6-3619, or send your application to: 

Naval Ship Systems Command, Code 20325-H 
Main Navy Building, Room 2422 
18th and Constitution Avenue, N.W. 
Washington, D. C. 20360 

An Equal Opportunity Employer 

ON CAREER-INQUIRY FORM CIRCLE 908 
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and performing RF and 1.1:<' align­
ment and tests. It also discusses 
special uses in color-TV receivers. 
Each application includes full data 
on connections required, additional 
equipment needed, proper test pro­
cedure and evaluation of results. 
There are more than 250 illu ·Lra­
tions, waveforms and diagrams. 

Control systems 
Introduction to Nonlinear Automat­
ic Control Systems. Rajko Tomovic 
(John Wiley & Sons, New York). 
172 pp. $7.50. 

The stress is on the fact that the 
presence of nonlinearities causes 
important qualitative changes in 
system behavior. Therefore, the 
parallel between linear and nonli ­
near mathematical models is always 
kept in mind. An important part of 
this book is devoted to experiments 
with simulation models. The analog 
computer is used experimentally to 
give insight into the physical char­
acteristics of nonlinear systems. 

Circuit Design 

Engineers 
To 
ELECTRONIC 
ENGINEERS 
with a sense 
of timing ... 

.BENDIX (KANSAS CITY DIV.I ••niir 1 IS ON THE /,/fir&• 
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This is the opportune moment to investigate your 
career potential at Bendix, Kansas City Division. As 
prime contractor for the AEC, we have enjoyed an 
enviable, orderly 16-year growth. Now we are entering 
a unique developmental phase, opening new fields of 
activity in microminiaturization, microwave and logic 
circuitry. This situation adds up to a ground-floor 
opportunity in a well-established corporatfon noted 
for advanced engineering. Cooperative, professional 
atmosphere, plus excellent living conditions. Let us 
hear from you promptly so we may detail more clearly 
the many advantages we can offer you. 

Please mail resume at once to: 

Mr. T. E. Mason.Tech. Personnel Repr. 
THE BENDIX CORPORATION. Box 303-NE 
Kansas City. Missouri 64141 

AN EQUAL OPPORTUNITY EMPLOYER 

;::zmfy 
CORPORATION 

ON CAREER-INQUIRY FORM CIRCLE 909 

Don't answer this ad unless you person­

ally want the challenge of an enormous 

variety of circuit design problems-and 

the freedom to seek out the solutions­

wi th a growing midwest electronics 

OEM. 

If you're interested, salary range is from 

$8,000 to $15,000, depending on type 

and amount of experience. Reply in con­

fidence to: 

Electronic Design 
Box-100-DP 

850 Third Ave. 
New York, N.Y. 10022 
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Remember when complex support and simulation $ystems 
were developed AFTER the· prime systems were completed? 

Forget it. When you're working on systems a~ formidable as the continuously evolving fleet ballistic 
missile system, the challenge to the support eguipment engineer is at least equal to that f~ced by the 
primary systems or product engineer. Maybe more. More, because our people are not only conceiving 
and developing their equipment to evaluate and exercise the multiplicity of systems and subsystems 
of the prime system ... they're also creating simulators for the primary equipment so that the evalu­
ating systems can be exercised ... all in parallel with or ahead of the development of the missile 
guidance and fire control system itself! •The equipment is then used to simulate flight control loops 
in the development stage of the missile. Later, you're likely to find this same equipment on fhe launch­
ing pads , firing developmental missiles.• All in all, our way is admittedly tougher than the "after the 
fact" support systems work you may have experienced someplace else at some other tjme. But if 
you've outgrown that experience, we promise you the kind of new assignments that witl help you 
forget it. Like these: 
ELECTRONIC CIRCUIT ENGINEERS . . . tion equipment for the POSEIDON fleet tems. Keep abreast al nfw knowledge 
Dev~lop, design, package and evaluate ballistic missile system. Extensive liaison about digital memory design, software 
digital and analog circuits to meet re- with the customer, sub-contractors and techniques and microminirture modules 
quirements of Weapon Control and guid- manufacturing. and apply this knowledge to the logic 
ance systems. Analyze, design and eval- DIGITAL SYSTEMS DESIGN ENGINEERS design of control systems. Experience in 
uate circuits and packaging techniques- ... Responsible for the concept and de- mechanization techniques, tape readers , 
using both discrete solid-state components velopment of digital computational and printer and compiler organizat ion desired. 
and integrated micro-electronic circuits for control systems for inertial guidance and RELIABILITY ENGINEERING AND HUMAN 
applications such as submarine based mis- fire control evaluation equipment. Establish 
sile fire control, gun mount and antenna system design requirements utilizing state-
drives, digital servos, sophisticated space of-the-art knowledge in digital data han-
power conversion and control equipments. dling and mechanization techniques. Per-
PRODUCT DESIGN ENGINEERS ... Elec- form trade-off analysis, determine optimum 

trical or mechanical engineering graduates 
to be responsible for the conception of 
mechanical, electro-mechanical and electro-
optical designs from customer and systems 
specifications. Applications include pan­
els, displays, packaging, cabling, switches . 
automatic wiring on tactical and evalua-

mechanization approach . Position requires 

knowledge of techniques for tolerance par­
titioning and real-time input / output equip­
ment. 
DIGITAL LOGIC DESIGN ENGINEERS ... 
Responsible for the sub-system mechaniza­

tion of developmental digital control sys -

FACTORS ... Openings in these activities 
for work on POSEIDON fire control, guid-
ance and support equipments . 

TECHNICAL WRITERS ... To keep pace 
with each technological bre<Jk-t hrough and 
innovation on major defense programs and 
effectively bridge the gap bftween the de­
signer and user. Backgrounjl in fields of 
electronics, digital and analog computers 
and/or servomechanisms, pl ~s and interest 
in developing competence in technical com­
munications and publication ~ is desired. 

If you have the qualifications, and interest, please send full details, including salary requirements, to, 
Mr. D. F. Kline, Room 59-R, Ordnance Dept., Genera/ Electric Co., 100 Plastics Avenue, Pittsfield, Mass . 

GENERAL fl ELECTRIC 
An equal opportunity employer M&F 

ON CAREER-INQUIRY FORM CIRCLE 911 
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IDEAS FOR DESIGN 

Phase-shift oscillator 
cuts cost and size of VCO 

A phase-shift oscillator ana a frequency-deter­
mining circuit, combined in the configuration 
shown below, yield a simple voltage-controlled 
oscillator. Transistors with very low betas can be 
used in the phase-shift oscillator, since the bias 
network is not a part of the frequency-selecting 
circuit. (When it is , as in conventional phase-shift 
oscillators, the designer usually has to degrade the 
beta of the transistor in order to maintain the 
network 's stability.) 

The circuit (see schematic) is particularly useful 
in telemetry systems and some analog-to-digital 
conversion schemes, where full advantage can be 
taken of its compact size and not too critical 
component tolerances. 

The center frequency is given by the conven­
tional formula : 

f = 1/ 2 TT RC, 

which may be adjusted with R3. 
The frequency is varied by controlling the 

resistance of the emitter of the phase-shift oscilla­
tor. The emitter leg of Q1 is the transistor Q2, 
which acts as a voltage-sensitive resistor. The 
center control voltage and the range of de control 
voltage may be varied by the proper selection of 
R7 and R 2. Their exact values depend on the 

VOTE! Circle the Reader-Service-Card number corresponding to 
what you think is the best Idea-for-Design in this issue_. 

SEND US YOUR IDEAS FOR DESIGN. Submit your IFD describing 
a new or important circuit or design technique, the clever use of a 
new component, or a cost-saving design tip to our Ideas-for-Design 
editor. If your idea is published, you will receive $20 and become 
eligible for an additional $30 (awarded for the best-of-issue Idea) 
and the grand prize of $1000 for the Idea of the Year. 

Microcircuit plus capacitor 
make simple one-shot 

A microcircuit logic block with one external 
capacitor can be used to provide a fixed pulse 
whenever an input goes from a high to a low state. 
The circuit (see schematic), is implemented with 
an RTL block (Fairchild 910 or 914 would be 
suitable) , although DTL or other logic forms 
could also be used. Note that the small numbers at 
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Phase-shift VCO is designed with separate bias and 
frequency-selecting circuits, to permit the use of transis­
tors with very low betas. 

source characteristics. 
The linearity of this circuit, designed for a 

center frequency of 9.5 kHz, is about -+- 3 %. The 
components are all standard. The replacement of 
transistors will generally require readjustment of 
R3. 

Saul A. Rittennan, Assist. Professor, Bronx 
Community College, N. Y. 

VOTE FOR 110 

junctions refer to pin connections on a T0-5 or 
epoxy package. 

Basically, the operation is as follows. 
Initially, assume the input voltage is high ( 1 V 

is used for illustration). Q1 and Q3 are ON and Q2 
is OFF; thus Vo is low. When V; switches to the 
low state (at t i in timing diagram) Q1 and Q3 
turn OFF, and Vo immediately goes high, since 
both Q2 and Q3 are now OFF. Capacitor C starts 
to charge through Rei· When the voltage across C 
reaches V1, the turn-on voltage for Q2, Q2 turns 
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Testing integrated circuits is a key 
step in their production. At the Molec­
ular Electronics Division of Westing­
house Electric Corporation, Tally per­
forators are used to log data as each 
module is run through a series of 
parameter checks. Data logged on the 
tape is then analyzed by computer. 

According to W. De Lauder, Fore­
man of the Instrumentation Section at 
Westinghouse, the five Tally Model 420 
perforators worked extremely well 

during a fifteen month period just 
ended. Fewer than eight calls per per­
forator were made to keep all five per­
forators on duty over the entire period. 
The average time per call was 2.23 
hours with an average cost for parts 
of $3.05. 

Doting the fifteen month period, the 
five perf orators punched with preci­
sion over 478 miles of tape. There are 
a lot of good solid engineering reasons 
why Tally perforators are extraordi-

narily reliable. For all of them, please 
address Ken Crawford, Tally Corpor­
ation, 1310 Mercer Street, Seattle, 
Washington 98109. In the U. K. and 
Europe, address Tally Europe, Ltd., 
Radnor House, 1272 London Road, 
London, S. W. 16, England. 

TALLY. 

There are five hard working 
Tally perf orators on the job 
around the clock at Westinghouse. 
During one 15 month period, 'these 

perforators were ready for work I 
99 .9% of the time . .. and work they 

did, knocki g pe f ect chad out of 
7,52 0 fee of e! 
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RTL microcircuit, with the addition of a capacitor (dotted 
loop) , produces a pulse of period t 2 - t 1 when the input 
voltage shifts from a high to a low state. An RTL block 
(top) is connected as shown below with the pin 2 input 
grounded. 

ON and V 0 returns to the low state. At some time 
later, when Vi returns to the high state, Q1 and 
Q3 will be turned ON again, capacitor C will 
discharge, Q2 will turn OFF, and the circuit will 
be r eady to repeat operation. 

The pulse period depends on the time constant, 
CR c1, and can be set according to the choice for C. 
Also, ta must be greater than t2. 

If two such circuits are cascaded, the result is a 
pulse delayed in time from t, by t2 - t ,. This 
might be useful to avoid time race or to establish 
settling times in analog circuitry. 

Robert H. Katzive, Design Engineer, Varian 
Associates, Palo Alto, Calif. VOTE FOR 111 
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Simple circuit multiplies 
frequency up to 40 times 

High-order frequency multiplication can be 
quite a problem at low frequencies, say below 5 
kHz, because inductors and capacitors become 
bulky and unwieldy, especially if high Qs are 
needed. 

A conventional Q multiplier circuit is the de­
signer's answer. The circuit shown can efficiently 
multiply the frequency 40 times or more with very 
little envelope decay. Hence the output can be 
amplified with a little filtering for clean wave­
shapes. 

Normally such circuits are used to obtain great­
er selectivity by multiplying the Q of a tank cir­
cuit and narrowing the bandwidth. The frequency 
multiplication is best illustrated with an example. 
Assume that the 20th or greater harmonic of a 1-
kHz signal is needed. Ll is selected from a catalog 
to have a high Q at 20 kHz. Then Cl is selected to 
resonate with Ll at the desired frequency, accord­
ing to the equation: 

C1 = 1/ L(2-rrf) 2
, (1) 

where f is the multiplied frequency (Hz). 
The value of resistor Rr should be below that 

required for oscillation. It may be a potentiomet­
er, for maximum selectivity, or a fixed resistor. 
The feedback voltage through R1 is enough to 
compensate for the losses inherent in the tank 
circuit. Hence R1 can be adj usted to the point 
where the circuit will oscillate at frequency f. Any 
value below this initial value will increase the Q of 
the tank. If it is assumed that the input impedance 
of the emitter follower stage Ql is infinite and 
there is no loading on the tank, the critical value 
of Rr is: 

R ,=0.5 7T fLQ, 
(continued on p . 110 J 

+Vee 
I KHz 20V -il R5 R2 

C2 IOOK 

INPUT• I 
15µ.F 

l QI 
Cl 2N333 

Cx 

~ LI Rf 

12mH 

RI OUTPUT • nf 
12K n •POSITIVE 

Cl 

~l 
INTEGER 

2000pF 

Conventional Q multiplier circuit performs efficient high· 
order frequency multiplicat ion . 
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Substantial production economies may result from monolithic but 
separable alumina ceramic substrates as pioneered and 
developed by American Lava. The user snaps the parent part into individual 
substrates AFTER all film and circuit work is completed. 

Tooling is presently available for pre­
ferred style Snap-Strates in a thickness 
of .020" in these sizes: 

Snap-Strate AISiMag 614 1" x 2" 
yielding four lh" x 1" 

Snap-Strate AISiMag 614 l" x 2" 
yielding eight 1/2" x 1/2" 

Snap-Strate AISiMag 772 2" x 2" 
yielding four 1" x 1" 

Snap-Strate AISiMag 772 lV2" x 2V2" 
yielding sixty V4 " x 1/4" 

The tooling is interchangeable between 
AISiMag 614 and AISiMag 772 if a slight 
difference in size is not critical. 

As new requirements in volume are es­
tablished, Snap-Strates will be made 
available to meet these new needs. If 
you have special requirements, we will 
be glad to make Snap-Strates to your 
blueprint or to work with you to flnd the 
most economical design. 

We suggest you consider presently avail­

able preferred style Snap-Strates. They 

involve no tooling charges and are more 

promptly available. These Snap-Strates 

can be supplied in AISiMag 614, a 

dense 96% alumina ceramic with a nat­
ural finish highly desirable for thick fllm 
or screened circuitry. Where a smoother 
natural surface is required, as in thin 
fllm, AISiMag 772, a dense ultra-smooth 
99% % alumina ceramic is supplied. New bulletin No. 661 on Ceramic Substrates and Snap-Strafes will be sent on request. 

=:r;:.'":' _TT_!!".!~ L~ s~~?.~~"!! 3m 
Jw ..,.., ..- Anlerlain lav• ,.,._ • ...._ la Oii-of~ Ml .... •IMI MllnofMlllltnt C......, la lhea dim 
(lee ,.. ..... lllaplaw .._....,): Atlanhl, G.. • Boston: Needh•m Heights, M.a • Chiago: Bedford P•rk, Ill. • C::levei.nd, 
Ohlt e D.ila. 'Fex. e Uurent, S. C. • Loa Angeles, C.llf. • Metropolitan New York: Ridgefield, N. J. • U~hlte New YOrk and 
~ Baldwlnavllle, N. Y. • Phillldelphi., Penn. • Roanoke, V•. • St. Louis: Lees Summit, Mo. • South San Fnmclaco, c.lif. 
T ... Mlchlgmi • 3M lntem•tlon•I: c/o AmeriClln i..v. Corporation, Chattanooga, Tenn. 37405, U.S.A., Phone 615/265-3411. 
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IDEAS FOR DESIGN 

where Q= loaded Q of the coil and !=multiplied 
frequency. 

The emitter-follower stage is designed for 
Class-A operation. RS should be as large as possi­
ble to avoid loading the tank with the parallel 
combination of R2 and R4, and the transistor 
input impedance. The input wave can be a saw­
tooth, -or pulse wave with high harmonic content. 
This is fed to the base circuil of Ql through re­
sistor R5, which is also selected so as not to load 
the tank circuit. A capacitor Cx can be inserted 
across Ll to obtain exact tuning to the desired 
harmonic and can also serve to tune to higher or 
lower harmonics. 

The circuit performed good frequency multipli­
cation of 1 kHz up to 40 kHz at temperatures 
above 60 °C. 

A. L. Plevy, Designer, East Brunswick, N. J. 
VOTE FOR 112 

For higher gain, diode network 
reduces negative feedback 

If the gain of an amplifier is increased as the 
signal level increases, it will linearize transducers' 
nonlinear outputs and enhance selected portions 
of a video signal. 

The inclusion of two diodes in the emitter 
feedback loop (Fig. 1) helps to reduce the nega­
tive feedback. This leads to an increase in stage 
gain. 

The diodes are biased into conduction whenever 
the signal excursions at the emitter reach a cer­
tain amplitude (about 0.9 V p-p). Then RF, in 
parallel with the emitter resistor, reduces the 
negative feedback. The signal level at which this 
nonlinearity occurs may be increased by the 

INPUT f '!" 

•; 

.---_,__ __________ __,g+l5Vdc 

2.7K 

15K 2.7K 

22/15V 
+ 

IN660 

22/15V 

+ ( 

IN660 

OUTPUT 
0 

1. Gain of nonlinear amplifier increases with increasing 
signal levels because of the diodes in its emitter feedback 
loop. 
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2. The transfer characteristics of the amplifier may be 
adjusted by varying R ~' · The diodes are biased into 
conduction at the break point of 1 volt. 

inclusion of more than one diode in each leg of the 
parallel feedback network. As shown in the plot of 
the transfer characteristics (Fig. 2), the gain 
above the break point may be adjusted by varying 
the value of Rp. 

If the diodes are placed in the collector-to-base 
feedback network, the gain will be reduced (see 
"Complementary diode feedback produces nonli­
near gain," ELECTRONIC DESIGN, XIII, No. 12 
(June 7, 1965), p. 42). 

Jack K. Hickman, Engineer, Texas Instru­
ments, Inc. , Apparatus Div ., Dallas . 

Synchronized one-shot 
bu i It with three SC Rs 

VOTE FOR 113 

A useful, synchronized one-shot can easily he 
built with silicon-controlled rectifiers. 

Operation of the circuit (see figure) is as fol­
lows: Assume that the line voltage has been con­
nected for some length of time and the reset button 
S2 has been activated. Then SCR2 is the only SCR 
conducting. During the positive half cycle SCR2 
conducts through paths R2 - D9 - SCR2 and D7 -
Rl - SCR2, and Cl charges through Sl - Dll - Cl 
- R5. During the negative half cycle, SCR2 is 

ELECTRONIC DESIGN 28, December 6, 1966 



The first JAN voltage-variable capacitor I 

TRW's newest addition to the 
broadest line of voltage-variable 
capacitors ... JAN 1N4801A-
1 N4815A Varicaps to MIL Spec 
19500/3298 ! 

Outstanding characteristics are 
extremely low leakage (less than 
0.005 µA at MWV) and the widest 

capacitance change per volt avail ­
able anywhere! 

Optimum un iformity and track­
ing is assured by TRW proprietary 
alloy junction process- ideal for 
VCO, VCXO and delay lines. 
Capacitance range from 6.8 to 
100 pF nominal. 

ON READER-SERVICE CARD CIRCLE 52 
ELECTRONIC DESIGN 28, December 6, 1966 

Contact any TRW distributor or 
TRW Semiconductors In c., 14520 
Aviation Blvd ., Lawndale, Calif. 
90260. Phone: 679-4561. 

TRW 
111 
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SYNCHRONIZEO ONE SHOT 
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SCRs are used to build a synchronous one-shot useful for 
dispensing-system and electric welding applications. 

held in conduction by capacitor Cl's discharging 
through path D10 - Rl - SCR2 - D15. 

The time constant Rl - Cl must be chosen such 
that a discharge current greater than the holding 
current of SCR2 flows for more than one half 
cycle but less than two half cycles. R5 is chosen 
such that it safely limits the charging current of 
Cl during the positive half cycle through Sl - D11 
- Cl - R5. SCR1 and SCR3 are prevented from 
triggering into conduction by the IR drop across 
Rl and R2 and by the fact that the series com­
binations of diodes Dl - D2 - D3 and D4 - D5 - D6 
combine to form a junction 'whose breakdown is 
higher than the voltage drop across SCR2. 

If set button Sl is depressed, Cl is no longer 
charged during the positive half cycle. Cl will 
discharge such that, at the beginning of the next 
positive half cycle, SCR2 will be OFF and SCR1 
will be triggered through path D7 - Rl - Dl - D2 
- D3 to its gate. Similarly SCR3 will be triggered 
through R2 - D6 - D5 - D4 to its gate, but later 
than SCR1, since R2 must first charge C4 to 
SCR3's gate breakdown voltage. When SCR1 be­
gan conducting, a delayed triggering path (SCR1 · 
- D14 - RfJ ) for SCR2 was established. R8 and CS 
must be chosen such that SCR2 will always be 
triggered ON after SCR3 for proper operation. 

When SCR3 conducts, it functions as an Sl 
bypass which will supply a charging path for Cl 
(D8 - S2 - SCR3 - D12 - Cl - R5), regardless of 
how many cycles the operator holds Sl open. SCRS 
locks in by virtue of C2's being charged during the 
positive half cycle through path D8 - C2 - R7 -
D16; during the negative half cycle, C2 discharges 
through ::>2 - SCR3 - R6 - D13, maintaining SCR3 
in conduction till the next positive half cycle. SCR1 
conducts until the line reverses on it and it re-

112 

sumes its blocking state. In the following positive 
half cycle, SCR1 is prevented from triggering ON 
by SCR2 as described earlier. SCR1 then conducts 
synchronously for a complete half cycle and pro­
vides the operation expected of it. 

The circuit has potential application in several 
areas such as electric welding or industrial dispen­
sing systems. 

Alexander Prokop, Research Dept., Skil Corp., 
Chicago, Ill. 

VOTE FOR 114 

FETs in balanced modulators 
improve linearity and band 

A balanced modulator made with field-effect 
transistors offers the best trade-off among conven­
tional modulator types. It consumes · less power 
than tube types, is less expensive than diode types 
and has a _broader band than both the saturating 
and mechanical switching types. It is more linear 
than most bipolar transistor modulators, and its 
high degree of harmonic rejection eliminates the 
need for the filters used in switching modulators. 

Almost any standard balanced-modulator ap­
plication can be met with the circuit shown in Fig. 
1, so long as the power and frequency limitations 
of the FETs are not exceeded. 

The bridge is initially balanced with R7 to give 
a minimum output signal with the modulating 
signal input grounded. During most of one half 
cycle of the modulating signal, diode Dl is back­
biased, and the gate of Ql is grounded through R3 
(typically about 1 M). This turns Ql on. At the 
same time the resistance of Q2 is being modulated 
by the gate voltage, unbalancing the bridge to 
change the carrier level. During the other half 

R5 

"""'~" l SIGNAL 

RI 

R 
R7 ~"" NAL 

R6 

R2 

OUTPUT 

l 
1. FET balanced modulator gives 180° zero-crossing 
phase shifts as the resistances of Q2 and Ql are modu­
lated during the first and second half cycles, respectively. 
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Put out because you can't get a reliable 10 amp magnetic latch relay? 
Next time call Leach! 

Our 10-amp, 2 pdt, CL Series is just the answer. Of course 
we can't deliver bundles right now (it 's just going into 
production), but we can meet your prototype requirements. 
And immediately. 

This relay not only meets MIL-R-5757, but it's been tested 
against all your previous magnetic latch relay complaints. 
And it more than stands up to all of them. 

For example, the CL magnetic assembly is a closed 
loop design which minimizes interaction with magnetic 
fields or other relays. And it only takes a 15msec pulse 
to switch and hold-no continuous power is required 

It' s the smallest (1.100 high) . The lightest (1.6 oz.) . And 
directly interchangeable with other magnetic latch relays. 

The CL Series is rated at 5og shock; 3og at 2000 cps vibra­
tion. Pretty tough. And construction is all welded and sealed, 
contaminant free, with an electron beam. 
So don't be soured by other types you might have tried. 

Order ours . You'll get them. No ifs, ands, or ... 
Call Leach Corporation, Relay Division, 5915 Avalon 

Blvd., Los Angeles, California 90003 . LEACH 
Phone Area code (213) 323-8221 

Export : LEACH INTERNATIONAL, s. A. 
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2. Spectrum of noise-modulated signal is essentially flat 
from fc- f 1 to fc+f1 with a hole at f c. The swept-frequency 
bandwidth is 10 cps. 

cycle of the modulating signal, Q2 is on and the 
bridge is unbalanced in the opposite direction. The 
180° zero-crossing phase shift results, character­
istic of a balanced modulator. El biases the gates 
of the FETs slightly down, improving linearity 
during the time when the modulating signal is 

. near zero, much like the biasing circuitry of a 
class-AB amplifier. A good value for El is 5 to 
10% of VP. Rl and R2 minimize the effects of 
nonlinear transformer loading; they should there­
fore be much smaller than R3 and R4. 

The FETs should be matched for Um or ron and 
v". The modulating signal level should be kept 
small enough so that the FET's transfer function 
is approximately linear. If greater linearity is 
desired, a nonlinear function generator may be 
inserted in the gate lead to compensate for the 
nonlinearity of the FET transfer function. The 
transformers can, of course, be replaced with 
active phase splitters and suitable isolating capac­
itors, if the designer wishes. 

The circuit values are noncritical and will vary 
with the FETs and transformers used, but here is 
a sample set: 

R5 + R6 + R7 should be about equal to 20 r"" 
of the chosen FET; so for a 2N4303, R5=R6=3.3 
kn and R7=5 kn. RL should not load the bridge 
severely-27 kn is a good value. R3 = R4 = 1 Mn. 
Dl = D2 = any silicon signal diode (for silicon 
FETs), for example, 1N461. El = l / 2 V with the 
2N4303s. Rl = R2, and these should be selected to 
match the transformer, or vice-versa, but they 
should not be so large that 1 Mn will provide 
significant loading. To conserve modulating pow­
er, values as high as 68 kn may be used for audio­
frequency work. 

114 

3. Typical output waveform shows the modulation of 3-kHz 
signal by a 300-Hz one. The vertical scale is - 50 mV /cm, 
and the horizontal, 500 µ,sec/cm. 

Of course, system constraints,-such as input 
and output impedance, required frequency range, 
etc.-must be considered in the selection of ele­
ment values and transistors. 

The carrier rejection of the circuit is greater 
than 35 dB, as is the second harmonic rejection. 
Linearity in the 1-2 % region can be obtained 
without function generators if signal levels are 
kept low and the FETs and diodes are fairly close­
ly matched. Extremely close matching is not 
required-about 5% for r 0 ,, and 10 % for Vw 

The unit is broadband with respect to both the 
carrier and the modulating signal, which is a 
distinct advantage over a class-C balanced modu­
lator in many applications. 

If the modulating signal is noise that has been 
passed through a low-pass filter with cut-off 
frequency fi. and the carrier frequency is f c. the 
resultant spectrum (Fig. 2) will be essentially flat 
from f c- fi to f c+ f 1 (with a hole at f c). This 
flatness is a result of the modulator's carrier­
rejection properties. The band of noise may be 
varied in frequency by varying l e· 

A typical output waveform of a 3-kHz sinusoi­
dal signal modulated by a 300-Hz signal is shown 
in Fig. 3. 

James M. Kasson and John L. Stewart, R esearch 
Associates, Santa Rita Technology, Inc., Menlo 
Park. Calif. 

VOTE FOR 115 

IFD Winners for Aug. 30, 1966. 
Gilbert Marosi and Neal Vinson, Design Engi­
neers, Link Group, General Precision, Inc., Sunny­
vale, Calif. 

Their Idea, "Extra transistor gives Schmitt 
monostable multi capabilities," has been voted the 
$50 Most Valuable of Issue Award. 
Cast Your Vote for the Best Idea in this Issue. 
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POWER SUPPLIES FOR LOGIC CARD SYSTEMS. 

Now available in any 
current to 40 amps. 

0.5 amps 
12 volts 
Model HT12·0.5A 
$75 

8.0 amps 
12 volts 
Model HT12·8.0A 
$198 

CONSOLIDATED AVIONICS 

CORPORATION 

800 Shames Drive, Westbury, L. I., New York, (516) ED 4-8400 

TWX: 510-222-6151 

1.5 amps 
12 volts 
Model HT12·1.5A 
$99 

4.0 amps 
12 valts 
Model HT12·4.0A 
$138 

14.0 amps 
12 volts 
Model HS12·14.0 
$268 

The modules shown on this page, designed spe· 
cifically for' logic card systems, are just part of Con 
Avionics' line of power supplies. Those shown all 
operate at 12 volts. (We make just as many at 3, 6, 
18 or any other logic card voltage.) The modules 
have a combined line and load regulation of 
± 0.05%. 

Like all Con Avionics power supplies, these are 
unconditionally guaranteed for five years. Models 
with a current rating below 10 amps have a typical 
M.T.B.F. of 100,000 hours. Others have an M.T.B.F. 
of 35,000 hours. 

You'll find Con Avionics supplies for relay appli· 
cations, IC systems, or any systems requirement, all 
listed and priced in our Catalog 66A. For your copy, 
circle card, or write, call or TWX Mr. Gerry Albers. 

ON READER-SERVICE CARD CIRCLE 54 
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Here's the first AC-powered, high sensitivity 
Null Detector that won't upset circuit balance! 

New Honeywell 3990 
with True Differential Input 

ZOO AOJ. 

31'0 GUAIDfD MICltOVOlT 
MUU. omcroo 

r---------- -------------------------------- ---------, 

Carl Boyer 
Mail Station l 2-12A 
Honeywell Test Instruments Division 
Denver, Colorado 80217 

Please send Model 3990 Null Detector literature to: 

Address ________________ _ 

I 
I 
I 
I 
I 
I 
I 

City State ip ! 
L-----------------------------------------------------~ 

The new Honeywell 3990 Null Detector's true dif­
ferential, symmetrical input permits AC operation 
while providing isolation and common mode rejec­
tion comparable to similar battery powered units . 
When reversing polarity, absolutely no Zero Offset 
is experienced. A wide performance range is assured 
by sensitivity of betterthan 20 nanovolts. with seven 
full scale ranges from ±0.1 microvolts to ±100.0 
millivolts . And, the new 3990's high input imped­
ance allows its use with source impedances or un­
balance as high as 6000 ohms without degradation 
of performance. 

The Honeywell 3990 eliminates these common 
measurement problems: 

• False balance when reversing polarity 
• Inaccuracies due to ground loops 
• Large decrease in sensitivity due to high source 

impedances 
• High noise levels due to high source imped­

ances 
• Stray noise pickup 
• Poor common mode rejection on AC operation 

These features make the 3990 the most versatile 
Null Detector you've ever used: 

• Failsafe operation with excessive input over­
load 

• AC operation - no battery replacement 
• Chopper stabilized operational amplifier assures 

excellent stability 
•High CMR; greaterthan 160 db @ 60 Hz 
• Expanded scale meter for greater resolution 
• Grounded recorder output. completely isolated 

from input. 
• Available as bench or rack-mounted model 

All these outstanding features. yet the new 3990 is 
as easy to use as a galvanometer and you don't 
have to worry about vibration! For complete infor­
mation. contact your Honeywell Representative. or 
mail the coupon for fully illustrated literature. 

LABORATORY STANDARDS 

Roney"7"ell 
ON READER-SERVICE CARD CIRCLE 55 
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Products . ' 

A relay and a FET in a T0-5 can? For operation 
off low-level micrologic, this spdt relay has its 

own integral solid-state amplifier. Strange 
partners in a T0-5 can? Page 118. 

---<o ; 
........_ .... 

\J\ ' { 1ope I I vPI 
,, - + 

flldll I fl 

Low-loss cable uses foam dielectric, 
tubular outer conductor. Page 156. 

Portable function generators operate triple-mode­
triggered, gated or phase-locked . Page 144. 

Also in this section: 

Tiny inductors are tuned irom the top. Page 122. 

Submin silicon diodes lose their whiskers. Page 152. 

Unijunction transistors for long time-delay circuit design. Page 153. 
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COVER FEATURE READER SERVICE NO. 159 

FET amplifier and relay in a T0-5 can 
operates directly off low-level microcuitry 

Teledyne Precision, Inc., 3155 El Segundo Blvd., 
Hawthorne, Calif. Phone: (213) 679-2205. P & A: 
$29.85 (1 to 99), $22.50 (500) for FET, $27.90 (1 
to 99), $20.90 (500) for bipolar; 6 wks. 

Proponents of solid-state technology have been 
declaring the mechanical relay passe. Opponents, 
on the other hand, say that relays have isolation 
and environmental advantages that solid-state 
switching devices cannot match. Teledyne Preci­
sion, Inc., has paused long enough in the scuffle to 
combine the best of the two technologies: it has 
put its T0-5 relay and a FET or bipolar transis­
tor amplifier in the same T0-5 can·. 

Formerly the circuit engineer could design in a 
relay that would be tripped directly (requiring a 
comparatively large amount of current). Or he 
could use a transistor in conj unction ' with the 
relay to reduce the amount of current needed for 
activation. The new Teledyne line provides the 
relay and amplifying device inside the standard 

118 

T0-5, so that, for the same space and weight, the 
designer has a relay that requires only tiny drive 
currents for operation directly off low-level logic 
circuits. 

Two devices are being introduced. The relay­
FET amplifier requires only nanoamps to trip the 
relay. The relay-bipolar transistor amplifier offers 

-----1 +12V SUPPLY 

Spdt relay and FET driver are mounted in standard T0-5 
can . Supply voltage is 12 Vdc nominal and relay coil is 
rated at 500 n. 

ELECTRONIC DESIGN 28, December 6, 1966 
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MEW TEST DATA 
llJB CTI INDESTRUCTIBLE CERMET s. c,' 

er; ~' 
fMt.PRECISION RESISTOR NETWORKS es 750 

shown act\} 

Series 2-Pin 4-Pin 6-Pin 8-Pin 
750 ( 1 Resistor) (3 Resistors) (5 Resistors) (7 Resistors) 

Total 
Module 

Load 0 .5 Watts 1.0 Watts 1.5 Watts 2.0 Watts 

Approx. 20~ 21~ 23~ 29~ 10,000 
cost ~ ~ ~ ~· 

Approx. 18~ 19~ 21~ 26~ 100,000 
cost ~ ~ ~ ~ 

The data speaks for itself. Examine and judge its 
value for your application: 

Extreme Stability and Reliability 

High Power Capability: (Up to 1 watt per resistor) 

• Space saving-a single module replaces up to 7 discrete 
resistors. 

• Available in an infinite number of circuit combinations. 

• Custom-built to your exact requirement. 

• Ideally suited for cost-saving automatic handling. 

• Cover coating unaffected by solvents. 

STANDARD MODULE SPECIFICATIONS 
FOR ALL SIZES 

Resistance Range 

Resistive Tolerance 

TC 

50 Oto l OOK O 

±5.0% 

±300 ppmf°C 

Load Life: 0.1 W per resistor at 70°C, 1000 ± 0.40% t:i. R max. 
hrs. (Over 4 ,000,000 resistor hours) ± 0.20% t:i. R av. 

Moisture Resistance: .1 rated wattage at ±0.50% t:i. R max. 
70°C, 90-98% humidity, 1000 hrs. ±0.20% t:i. Rav. 

Insulation Resistance: measured wet after 
moisture resistance test, 200 voe 

Thermal Shock: 5 cycles, - 63°C to + 125°C, 
no load 

500 meg. O 

±0.10% t:i. R max. 
± 0.03% t:i. Rav. 

Short Time Overload: 2.5 times rated volt- ± 0.25% t:i. R max. 
age, 5 sec. ±0.05% t:i. R av. 

Low Temperature Exposure: - 63°C, 4 hrs. 

Terminal Strength: 5 lb. tensile & compres­
sion , 30 sec. 

Effect of Soldering: 63/37 solder, 246°C, 
2 sec. 

±0.10% t:i. R max. 
±0.04% t:i. R av. 

±0.10% t:i. R max. 
±0.03% t:i. R av. 

± 0 .10% t:i. R max. 
± 0 .05% t:i. R av. 

Request Cermet Catalog r---------Ex-t_ra_co_s_t_o_p_ti_on-
9
-------.. i 

Resistance Range CTS 
OF BERNE, INC. 

10 to 490, 
lOlK to 1 mea.o 

BERNI!, INDIANA Resistive Tolerance :!::0.5%, 1", 2.SCJ 

8UHIOIAltY o• TC :150 ppmrc 
CTS coaPOaanoN • UHAU, tNDtANA ------------------------911111/ 
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Designed 
for 

Advanced 
Data Systems ... 

Thee Series 400 

TELCOM Receiver 

Look at these features ... 

• A II solid state design 

• Superior performance 

• Completely modular, plug-in construction 

• RF heads for VHF and S-Band 
telemetry, sweep tuned and wide band 
heads for surveillance applications 

• Plug-in pre-detection recording converter, 
spectrum display, electrically switchable 
IF Filters 

Interested? Get the detailed specifications. Write 

for your free copy of the DCS Series 400 TELCOM 

Receiver brochure. 

Would you like an appointment to see a TELCOM 

Receiver for yourself? Just call the DCS office below 

nearest you . .. 

Dept. ED-10-66 East Liberty Street, Danbury, Cann . 06813 

Telephone: 203-743-9241 • TWX 744-1990 

e DATA·CONTROL SYSTEMS INC. 
'7~u•t•t4U- /a'i ie~ 

Sales Offices 
Silver Spring , Md ., Huntsville, Winter Park, Long Beach , Santa Clara, 

Albuquerque 

Copenhagen London Rome Paris Munich Amsterdam 

ON READER-SERVICE CARD CIRCLE 57 

COVER FEATURE 

Component characteristics 

FET (Amelco U 1526) 

BVros; = 40 V (Vos = 0, 10 = 0.001 mA) 
loss= 20 mA (Vos= 20 V, Vas= 0) 
loao• lsao = 1 nA (V oa = 25 V, 18 = 0) 
10 (off) = 1 nA (Vos= 20 V, Vas= 11 V) 
VP = 2 to 10 V (Vos= 20 V, 10 = 10 nA) 
Ros (on) = 100 n (Vas= 0 , 10 = 1 mA) 

Bipolar transistor (Amelco A1341). 

h FE = 50 
Pc= 200 mW 
Vc110 = 75 V 
Ti = 150 ° C 
lco = 0.01 µ,A 

Relay 

Contacts: 1 Form C (spdt) 
Contact rating: low-level to 1 A, 28 Vdc 
Contact resistance: 0 .1 to 0 .2 n 
Life: 105 cycles at 1 A, 10' cycles at low-level 
Insulation resistance: 10,000 Mn at 500 Vdc 
Operate time: 2 ms max 
Contact bounce: 1.5 ms max 

the same benefits in those cases where the FET's 
input impedance is not a consideration. Prices 
here are slightly lower. 

The relay itself, which Teledyne believes to be 
the world's smallest, has been available in the T0-
5 can for about two years. It is rated at 1-A 28-
Vdc resistive in an spdt contact arrangement. 
Supply voltage is 12 V de and load resistance (coil) 
is 500 n -+- 10 % . Initial contact resistance is 1 n, 
increasing to a maximum of 2 n. The operating 
time is 2 ms. 

The addition of the chip inside the same can 
produces some obvious design benefits: compared 
with the use of a discrete relay and discrete solid­
state amplifier, the new units cut volume in half, 
reduce weight by the same factor and increase 
reliability (one header and a whole set of inter­
connections are eliminated). 

The unique package has not compromised T0-5 
can or relay reliability either. The devices meet 
MIL-R-5757 over an ambient range of - 65 to 
125 °C. They withstand 80-G, 11-ms shock and 
30-G, 100- to 3000-Hz vibration with no opening 
of closed contacts in excess of 10 µ,s . 

The solid-state chips are being produced by 
Teledyne's Amelco Semiconductor Div. The FET, 
an Amelco U1526, is an n-channel silicon planar 
device. The bipolar, Amelco Al341, is a general­
purpose silicon npn audio amplifier. Specs on the 
FET, the bipolar and the relay are tabulated in the 
table above. 

CIRCLE NO. 1 59 
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Ohmite ••• World's Largest Selection 
of Power Rheostats: 71h to 1000 Watts 

Quick, Watson, the magnifying glass! You'll need it when you 
examine this newest addition to Ohmite's family of wire-wound, 
ceramic rheostats. 

The Model C follows the basic, rugged construction of Ohmite's 
bigger-wattage jobs which have been specified by industry for 35 
years. Yet it measures only 'h." in diameter, and projects only 15 /32" 
behind the panel. 

For its rating, you won't find anything that compares with the 
Model C rheostat. Specify it for extra design flexibility in equipment 
miniaturization. 
Rating : 7Yz watts* at 40°C ambient. 
Resistance Values : IO to 5000 ohms. 
Shafts : Standard type; locking-bushing type; also a high-torque shaft 
which holds its setting under conditions of shock and vibration. 
•Mounted on metal panel. SEND FOR BULLETIN 203C 

RHEOSTATS• POWER RESISTORS• PRECISION RESISTORS• VARIABLE TRANSFORMERS• RELAYS 
TAP SWITCHES • TANTALUM CAPACITORS • SEMICONDUCTOR DIODES • R.F. CHOKES 

OH MITE MANUFACTURING COMPANY 
3633 Howard Street • Skokie, Illinois 60076 

Phone: (312) ORchard 5-2600 
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Tiny inductors are 
tuned from the top 
Piconics, Inc., North Bill erica, 
Mass. Phon e : (617) 663-4862. 
P&A : from $9.50; 2 weeks. 

Inductances from 0.006 to 5800 
µ.H are available in top-tuning TT 
inductors that measure 0.280 x 0.97 
x 0.450-in. From 2 :1 to 10 :1 vari­
ance ranges are provided depending 
on the value of the inductance. A 
stability of 65 ppm/° C is typical. 
All types of auto transformers, bal­
ancing transformers, bifilar trans­
formers, fixed and tunable are 
available in the design. 

The Kodak Inst• · 
matic M6 Movie 
Camera's battery. 
powered electric 
eye, with Vactec 
Cadmium Sulfide 
photocells, oper­
ates through the 
lens fO"r high ex­
posure accuracy. 

Vactec Selenium 
photocells are 
among the impor· 
Ian! components 
that help the 
Kodak lnstamatic 
804 Camera 
automatically 
integrate film 
speed, shutter 
speed, lens 
aperture and 
existing light 

CIRCLE NO. 160 

BeO washer insulates 
T0-66 transistors 
Thermalloy Co., 8717 Diplomacy 
Row, Dallas. Phone : (214) 637-
3333. 

For insulating many of the newer 
high-frequency high-voltage tran­
sistors, the 4066 washer is designed 
for T0-66 packages. The beryllium 
oxide washer is offered as an option 
to mica or anodized aluminum. Its 
insulation breakdown is typically 
700 V / mil. Heat transfer is compa­
rable to bare aluminum at 140 
Btu/ hr.ft. ° F at 72 ° F. Typical di­
electric constant is 6. 

CIRCLE NO. 163 

Part of Kodak's 
automatic ease 
" You aim through here, and press 
here. " That's the simplicity of Kodak 
lnstamatic Cameras. And Vactec fur­
nishes part of the ease-photocells 
that automatica lly control exposure 
settings. Come to th ink of it, that's 
contro lling quite a lot. 

You can a lways expect the finest in 
light sensitive devices from Vactec. 
A complete line of photocells is avail­
able for your products. Or, we will 
custom design units to meet special 
needs. 

Write for Bulletin PCD-3 for Cadmium 
Sulfide and Selenide types; Bulletin 
SPV -4 for Selenium photoelectric; 
types . 

to com pute and 
set exposures 
faster than you 
could yourself. 

2423 Northline Industrial Blvd. 
Maryland Hts., Mo. 63045 

Area Code 314, HE. 2-4200 

See Vactec's listing under " Semiconductors" in EBG, and in Sec. 3700 of EEM. 
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Audio plugs and jacks 
accept 4 or 5 leads 
N exus Inc., 700 Canal St., Starn­
f ord, Conn. Phone : (203) 325-1501. 

For intercoms, language labs and 
similar applications, here is a 
standard line of small 4- and 5-line 
plugs and jacks. One-piece contacts 
eliminate a ll soldered or welded 
joints in the line and plug contacts 
are nickel-plated brass molded into 
the grey plastic case (DuPont Del­
rin ) . Jacks have nickel-plated beryl­
lium grabber contacts and phosphor 
bronze finger contacts. 

CIRCLE NO. 165 

Thermistors matched 
in current, voltage 
F enwal Electronics, Inc., 63 Foun­
tain St., Framingham, Mass. 
Phone: (617) 875-1351. 

Gas chromatographic equipment 
and other thermal conductivity gas 
analysis instruments are among the 
suggested applications for three 
voltage-current matched thermis­
tors. The units are revised versions 
of the manufacturer's G112, G126 
and G128 thermistors. A new met h­
od of mounting the thermistor bead 
is said to improve stability and re­
duce noise. 

CIRCLE NO. 161 
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S/lECTRDN CORES 
Standard and Custom Designed Cores With 
Highest Performance Characteristics 

Arnold Silectron cores are fabricated from the highest grades of grain ­
oriented silicon steel. We maintain complete control over all phases of 
fabrication . .. processing, rolling, slitting, winding, annealing and final test 
are all " in plant" functions. Many are in stock ready for same day shipment. 

Arnold is also • Permanent Magnets • Tape Wound Cores • Bobbin 
Cores • MPP Cores • Iron Powder Cores • Electrical Alloy Transformer 
Laminations • Transformer Cans & Hardware • Magnetic Shields • 
Special Magnetic Materials 

Our facilities are complete 

JHI AINOlD INGINIHINO COMPANY, Ma in OffKf' MAREN GO , Ill 

IRANCH OfflCES or.4 lfPlfSfNTATIVfS "" PRINCIP'Al CITlfS 
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SPEED 
MEASUREMENT 
FREQUENCY 
MEASUREMENT 
BATCH COUNTING 
TIME/INTERVAL 
MEASUREMENT 

• Proven Dependability. 
• Laboratory Accuracy 

Magtrol's newest frequency counter uses 
all silicon transistors to provide utmost 
reliability, Jong life. Accuracy equals that 
of the line frequency, usually .05% or 
better. Nixie readout; spill indicator; 
external gating provision. $575. For 
specifications and other data, ask for 
bulletin' 101. 

M A G T R D l!!!c. 
240 SENECA ST. • BUFFALO, N . Y. 14204 

716-856-7451 
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Rectangular connector 
uses 16-gauge contacts 
Hughes Aircraft Co., 500 Superior 
Ave., Newport B each, Culver City, 
Calif. Phone: (714) 548-0671. 

A rectangular connector for OEM 
computer applications uses # 16 
contacts. It is .offered in sizes from 
10 to 212 contacts with a maximum 
contact density of about 50/sq-in. 
The over-all mated length of the 
CRS connector ranges from 1.675 to 
2.875-in. Components of the 212-
contact CRS connector will fit 
through a mounting hole 2.310 x 
2.175-in. 

CIRCLE NO . 162 

Fluidic devices 
sense and control 
Fluidonics Div., Imperial-Eastman 
Corp., 6300 W . Howard St., Chica­
.go, Ill . Phone: (312) SP 4-1700. 

Circuit-sensing and control is 
offered by a line of ftuidic devices 
called "Sensicon". The series is 
compatible with any control system 
requiring digital pressure output. 
The ini tial Sensicon uses an inter­
ruptible gap for proximity ~ensing, 
providing a digital on-off. The com­
plete line will include devices de­
signed for proximity, interruptible, 
temperature, noise, light or mag­
netic sensing. 

CIRCLE NO. 164 
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This is a naked YAES terminal. 

We've stripped it to show why 
Burndy YAES lnsulug· terminals 
. . 
are unique. 

Once the insulation is off, it's easy to see that this ter­
minal is a one-piece unit. That's a Burndy exclusive . 
Look closely and you'll see that the seam on the ter­
minal body has been brazed. Another unique Burndy 
feature. And all YAES terminals are fully plated . You 
won't find any exposed copper edges. In fact, there are 
no un'plated edges where the terminal is separated 
from the carrier. Look inside the terminal body, too. 
The surface has been serrated to insure intimate 
contact. 

Additionally, each terminal is marked with the range 
of wire acceptable. As a double check, the tough, nylon 
insulation is color-coded to indicate wire size. 

Installation is quick and easy with either MS 25037 
or MR 8-83 ratchet-controlled hand tools. 

INTERNATIONAL SALES HEADQUARTERS ANO MANUFACTURl~ G FACILITI ES: 

Automatic installation tools are ava ilable, too. 
Burndy's Bandolug® equipment, the SME and the SME 
10, handles wire ranging from 22 to 10. And they han­
dle them quickly, simply and inexpensively. More so 
than any other tools. 

Burndy YAES terminals meet both the Class I and II 
requirements of MIL-T-7928 when installed with ap­
propriate tools. 

There really is more than meets the eye when it 
comes to lnsulug terminals and tools. Write for Bulletin 
YAES-66 and see for yourself. 

.O BURNDV 'O NORWALK, CONNECTICUT 

CANADA 1 Scarboro, Ontario/ ENG LAN Di St. Hele ns, Lanes./ PELGIUM: Mechelen / MEXICO i Naucalpan de Ju.arez /BRAZIL.: Sao Paulo/ JAPAN: Tokyo / Sales Off ices in Other Major Cities 
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Rotary sampler below 
50 microvolts in noise 

accuracy. In design the unit is a 
conventional multifinger w1pmg 
contact switch. Its features are 
credited to a special insulating ma­
terial that eliminates tracking or 
leaks between contacts through 
grains of contact material that ad­
here to the insulator surface. 

l.D.M. Electronics Ltd., Arkwright 
Road, Reading, Berkshire, England. 
Phone: Reading 82557. Price : from 
$645. 

Extremely lqng life and very low 
noise are the leading features of a 
rotary sampling switch from 
Britain. Life is specified for 100 
million revolutions minimum before 
servicing and noise is said to be be­
low 50 µ. V, too low to measure with 

Max sampling speed with ten 
switch-disks is 640 points per sec­
ond at a speed of 600 rpm. The in­
sulation resistance is 200 Meg 11t 
500 Vdc. 

CIRCLE NO. 166 
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that's rugged, precise, modular 
True modular versatility permits a wider-than-ever range of applications for 

the new, ultra -compact Johanson Type 6100 gang capacitor. Specify from one 
to five sections ... each section can be supplied in different capacitance ranges 
and in the following capacity variations: straight line capacity, straight line 
frequency, butterfly or split stator. Mounting versatility is another big feature 
- a special bearing mount permits easy direct panel mounting. 

Functional simplicity is the keynote of the 6100. Exceptionally high shock 
and vibration resistance are the result of a new design utilizing an exclusive 
spring-type bearing and special alumina support of the rotor and stator. In 
addition the new 6100 series features low temperature coefficient, low torque 
and smooth tuning . 

Save space ... save cost. Get all the facts on the Johanson 6100 before 
•you design your next project. 

Write for full details, specifications 

~ MANUFACTURING 
~IN(_) CORPORATION 

400 Rockaway Valley Road, Boonton, N.J., Phone (201) 334-2676 
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Programed relay 
switches 15 amps 
Cornell-Dubilier Electronics, 50 
Paris St., Newark, N. J. Phone: 
(201) 624-7500. 

Switching capability is rated at 
15 A, 125-250 Vac for the 1460 se­
ries programed relays. The unit 
mounting up to 3 form-C switches, 
is intended f~H' use in sequential 
controls in the industrial and com­
mercial market. Programing is pro­
vided by cam geometry. The cam is 
driven by a small ratchet and pawl 
mechanism. Optional items, such as 
a coil harness to accept 1/ 4-in. 
quick-connect terminals, are avail­
able. 

CIRCLE NO. 167 

Matrix mask 
guides programing 
Sealectro Corp., 225 Hoyt St., Ma­
maroneck. N. Y. Phone: (914) 698-
5600. 

A 10 x 10 program mask is 
offered as a means of insuring er­
ror-free programing of complex 
functions on matrix program 
boards. Called Sealectomask, the 
template is made of Mylar film 
0.005-in. thick. In use, it is pre­
punched to allow a shorting-pin 
only at the correct points. Masks 
for larger programing boards or 
multiple boards are also available. 

CIRCLE NO. 168 
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THE ~O!DD~D 
LOGIC HANDBOOK 

For those dreaming of computers for Christmas, or instru­
mentation using digital techniques, we have two free gifts 
for you - that really should be opened first. 

Just published is a 540-page Handbook of Small Computers, 
which begins with a primer (or, what everyone should know 
about small computers), and goes on to describe, in detail, 
three of the most exciting small computers in the industry. 
The PDP-8/S, the PDP-8, and the LINC-8 are general pur­
pose, on-line, real time, Fortran-speaking machines that are 

mamomn 
SMALL COMPUTER 
HANDBOOK 

friendly, approachable, creatively adaptable . .. Prices begin 
at $10,000 for a complete computer. 

The 330-page Digital Logic Handbook describes four series 
of Flip Chip™ modules, which are not only ideal for interfacing 
with the computers, but from which most digital instrumen­
tation can be made. The handbook describes the logic in 
detail, as well as applications. 

Write for your presents. 

COMPUTERS• MODULES 

DIGITAL EQUIPMENT CORPORA TION. Maynard, Massachusetts 01754. Telephone: (617) 897-8821 • Cambridge, Mass. • New Haven • Washington , 0. C. • Pars1ppany, 
N. J . • Rochester, N. Y . • Phi ladelphia . Huntsville . Pittsburgh . Chicago . Denver • Ann Arbor • Houston • Los Angeles • Pa lo Alto • Seattle • Carleton Place and Toronto, 
Ont . • Read ing, England • Pans, France • Munich and Cologne, Germany • Sydney and West Perth, Austra lia • Modules distribu ted also through Allied Radio 



NEW/FROM 
NORTRONICS 

8-CHANNEL 
CAPABILITY 
ON X"TAPE 
WITH LOW-COST 

MODEL BQL 

TAPE HEADS 
For maximum information stor­
age at minimum cost, Nortronics 
recommends the new Model 
BQL. Providing instrumentation 
head quality at audio head prices, 
the Model BQL is designed for 
high speed 8-track stereo dupli­
cating and 4- or 8-channel instru­
mentation appl ications. 

The Model BQL head is 
designed with four in-line tracks, 
spaced so that a pair of staggered 
heads will produce an interlaced 
pattern of eight channels on 
I,4-inch tape. Track width is 
.02 1 ±.001, and head track spac­
ingis.127 ±.001 between centers. 
Complete technical data is avail­
able on request. 

ii[] 
The new Model BQL displays 
the quality, engineering, ingenuity, 
and responsiveness to every 
recording need that have made 
Nortronics the world's larges t 
manufacturer of laminated core 
tape heads and the standard-setter 
for the industry. · 

If you're using heads, use your 
head . . . and check Nortronics 
first! 

711rlr11niM 
COMPANY. INC. 

8101 Tenth Avenue North 
Minneapolis, Minnesota 55427 
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25 and 50 Q-factors 
for varactor line 
Eastrnn Corp., 25 Locust St., Ha­
verhill, Mass. Phone : (617) 373-
3824. P&A: $3 .50-$25.00; stock-30 
days. 

With capacities of 1 to 5 pF at 4 
Vdc, the MC200-205 and MC300-305 
voltage-variable capacitors have a 
minimum Q-factor of 25 and 50 re­
spectively. Minimum inverse cur­
rent for both series is 0.1 µ, amp at 
50 V and PIV rating is 60 V. The 
components are avai lab le in 5, 10 
and 20 % tolerances. They are glass 
encapsulated in an axial-lead pack­
age 55% smaller than the D0-7. 

CIRCLE NO. 169 

Trio-pentode tube 
for TV application 
General Electric, 2100 Gardiner 
Lane, Louisville, Kentucky. Phone : 
(502) 459-4323. 

Designed for use in color televi­
sion receivers, the Compactron 
6AG9 contains a triode and a high­
transconductance frame-grid pen­
tode. The pentode is intended for 
video output use and the triode for 
such applications as age, sync sep­
aration or video amplification. Pen­
tode performance is 30,000 µ,mhos 
at 28-mA plate current ancl dissi­
pation of 10 watts at the plate, 1.5 
watts at the screen. The amplifica­
tion factor of the triode is 39 with 
a transconductance of 4600 µ,mhos 
and a plate current of 6.2 mA. 

CIRCLE NO. 211 

Crystal oscillator 
instantly "on" 
MF Electronics Corp ., 118 E. 25 St., 
New York. Phone : (212) 674-5360. 

"On-off" control of the 403A gat­
ed crystal oscillator is accomplished 
by grounding a contact,' avoiding 
the stabi lizing time required when 
power-control is used. The 403A is 
modularly constructed and is repar­
able in the field. It uses 28 V de and 
generates 2 V rms into 600 n at 
fixed frequencies from 3.5 Hz to 80 
kHz with a tolerance of ± 0.01 %. 0 
to 60°C. 

CIRCLE NO. 212 

Differential amplifier 
a.ccepts microvolt input 
California l nstr11,m,ents Corp., 3511 
Midway Dr., San Diego, Calif. 
Phone: (714) 224-3241. P&A: 
$385-$545; 30 days. 

With gains from 0.5 to 2500, the 
five models of the 3300A differential 
amplifier series accept microvolt 
level signals from de to 50 kHz. 
The compact packaging allows 12 of 
the 3300A series units to fit into a 
single 19-in. rack adapter only 3-
1/ 2-in. high. Linearity is + 0.01 % 
of full scale and accuracy is + 0.1 % 
at fixed-gain points. The basic unit 
has a single fixed-gain setup be­
tween 10 and 2500, and the four 
other models have seven fixed-gain 
points plus vernier. 

CIRCLE NO. 213 

Coded output switches 
stress flexibility 
Co-Ord Switch, 102-48 43 Ave., Co­
rona, N. Y. Phone : (212) 899-5588. 
Price: from, $6.95/decade. 

A wide variety of binary codes 
are offered by the 63030 computer 
coded-output switches. Insertion of 
a single pin provides a 3-, 4-, 5- or 
6-bit word output. Decades can be 
provided in 1248, 1247, 1125, 1224 
and other codes specified. The 
switches are offered as an option to 
standard thumbwheels. 

CIRCLE NO. 214 
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ALLEN-BRADLEY Type J 
Hot Molded Variable Resistor 
rated 2.25 watts@ 70'C 
shown 2 times 
actual size. 110nly Allen-Bradley Type J pots 

give us the smoqth control 

to maintain the high calibration 

accuracy of our instruments" 

Krohn-Hite Corporation 

• 
This quickly locates the positions of the Type J 
potentiometers in the illustr..ation below. ------

• Krohn-Hite engineers have found that only Allen-Bradley 
Type] potentiometers provide the smooth control, low noise, long 
term stability, and low temperature coefficient they require for 
their precision instruments such as the variable electronic filter. 

The Type J control has the resistor, terminals, faceplate 
mounting bushing, and insulating material hot molded into a 
solid integral unit. The solid resistance track assures smooth, 
quiet control that is free from the undesirable discrete steps of 
_wire-wound units. On accelerated tests, Type J exceeds 100,000 
complete operations with less than 103 resistance change. 

Insure the performance of your equipment by insisting on 
Allen-Bradley Type J hot molded potentiometers. Besides, when 
you use Allen-Bradley fixed and variable hot molded composition 
resistors you provide your apparatus with the label of "quality." 
For more complete specifications, please write for Publication 
6024: Allen-Bradley Co., 1344 S. Second St., Milwaukee, Wis. 
53204. In Canada: Allen-Bradley Canada Ltd. Export Office: 
630 Third Ave., New York, N.Y., U.S.A. 10017. 

THIS KROHN-HITE VARIABLE FILTER pro­
vides low-pass, high-pass, band-pass, and 
band-reject operation with high and low 
cutoff frequencies independently adjust· 
able from 0.02 cps to 20 kc. 

IN THE MODEL 335, continuous tuning of the 
high and low cutoff frequencies is accom­
plished by simultaneously varying four po­
tentiometers .with a single knob. Only A-8 
Type J controls )lave been found to provide 
the smooth control and precise tracking 
without discontinuities to ac;hieve the re­
quired calibration accuracy. 

ADDITIONAL ALLEN-BRADLEY HOT MOLDED 
VARIABLE RESISTORS 

TYPE G CONTROLS are only 112'' in 
diameter. Quiet, stepless opera­
tion. Rated 1/2 watt at 70°C. Values 
to 5 megohms. Type Lare similar 
in construction but rated 1/2 watt 
at 100°C. 

TYPE F CONTROLS are for mount­
ing directly on printed wiring 
boards by means of their termi­
nals. Rated 1,4 watt at 70°C. Values 
to 5 megohms. Type 0 are similar 
but rated 0.4 watt at 70°C. 

TYPE R ADJUSTABLE FIXED RE­
SISTORS are built to withstand en­
vironmental extremes. Only 11,4" 
in length. Have stepless adjust­
ment. Watertight and can be en­
capsulated. Rated 'A watt at 70°C. 
Values to 2.5 megohms. Type N 
for less severe environments are 
rated Va watt at 50°C. 

166-3A8 
1 1 

ALLEN-BRADLEY 
;o.g1i QUALITY ELECTRONIC COMPONENTS 
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FIRST PRIZE: 

win 2 round-trip 
MwlOrk 

~ All Electronic Design subscribers are 

~ Over 100 other valuable prizes! 

~ Guess the top ten ads in Electronic Design's 

~ "ELECTRONICS IN THE WORLD OF TOMORROW" 

Electronic Design 's 1001 

SEPARATE CONTEST FOR MANUFACTURERS 
AND ADVERTISING AGENCIES 

Not forgotten in the "Top Ten" 
contest, advertisers and their 
agencies may also enter. In addi­
tion to prizes of a flight to Paris, 
color TV, and electronic time­
piece, the top 10 ads, and the 
winning advertiser's ad (if run 
January 4, 1967) will be re-run in 
the April 1st issue. Watch for the 
special "Top Ten" contest rules 
and entry blanks appearing Janu­
ary 4, 1967 

aND PRIZE 
HOFFMAN COLOR TY CONSOLE 
Hofl1111111 28'" console, featuring 29,000 volts of 
picture tube po-r ••• 4• x .. front-firing apeaker ••• 
... Y vlalon camera control for aharp color movlu 
and poaltlve, black and white picture ahadlng ••• 
tnataVltlOn on-off control • • • W x W x 1~• 
-cabinet. (Retell value: '800JIG.) 

llRO ro BTH PRIZ/6S 
IULOVA ACCUJRON8 

ELECTRONIC TIMEPIECES 
The "Spfcavlew" la an Ideal timepiece for elec­
fronlc9 englneera. Its cleat-view dial reveal• tran­
alatorlzed electronic circuit and tuning fork aaeem­
bly. The tuning fork, advertising aymbol and unique 
frequency standard of Accutron• tlmeplecea, la the 
ntaaon tulova guarantees an ln-uae, on-the-'Wl'let 
accuracy of within IO aeconda a month. (Retail 
value: $190.00.) 

Pl.US fOO ADDITIONAL PRIZ/6S 
MICROElEC1RONIC DESIGN 
Thia clothbound, 8~ x 11, 320-page, 1818 edition 
will be given free to 100 wlnnera. "Microelectronic 
Dealgn" offer• a thorough overvl- of the fleld In 
alx aectlona-haa almoat 90 outstanding articles 
complied from the pages of Electronic Design. 
Edited by H\)ward Bierman. (Retail value: $11.50.) 



VIA AIR 

eligible! 

January 4 issue 

''Too Ten" co test 

HERE'S ALL YOUHAVETODOTOENTER: 

Rate the ads appearing in the January 4, 1967 issue of Electronic 
Design. Select the "Top Ten" ... the ads that, in your opinion, will 

be best remembered by readers. Your choices will be measured 

against the 10 ads ranking highest in the "Recall-Seen" category of 

Reader Recall-Electronic Design's . scientific method of measuring 

readership. In making your predictions, be sure to consider your 

54,000 fellow engineers' interest in the subject matter of the ads, their 

effectiveness, impact, and attention-getting values. 

Entry blanks and complete contest rules will appear in the January 

4th issue. Don't miss this opportunity to win one of the many valuable 

prizes shown at left. The first prize winner will receive round-trip 

tickets for two, between New York and Paris via Air France! 



VICTOREEN SPARK GAPS 

132 

Victoreen Type VX-96 Spark Gaps now provide cre­
ative designers with circuit protection never before possible 
by simple, economical means. Because of extremely fast 
firing time, Victoreen Spark Gaps ward off catastrophic 
effects of pulses, spikes, even transients with extremely 
steep wave fronts. Available in any desired firing voltage 
from 150 - 5000 volts ± 5%. Low interelectrode capacitance 
enhances use in HF applications where wave deformation 
cannot be tolerated. 

For Ignition Applications, as a "hold-off" cievice, 
Victoreen Spark Gaps prevent current flow until circuit 
voltage has reached breakdown voltage of gaps. Their 
excellent repeatability and long life enhance operation in 
continuous duty systems. Ambient temperature range -65 ° 
to 125 °C, shock resistance to 1 OOg for 11 milliseconds, 
vibration resistance 1 Og from 55-2000 cps. Write or wire 
for full details. Or call Applications Engineering Department, 
(216) 795-8200, Ext. 306. ••oo·A 

THE VICTOREEN INSTRUMENT COMPANY ...._ _____ _, 
10101 WOODLAND AVENUE • CLEVELAND, OHIO ••10• 

'--------~ 
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Hermetically sealed 
subminiature connectors 
Deutsch Co., Electronic Compo­
nents Div., Municipal Airport, Ban­
ning, Calif. Phone: (714) 849-6701. 

Said to be ideally suited for use 
in transducers, transmitters, radars 
and submersible units, the MD plug 
and receptacle connectors are her­
metically sealed. The mated pair is 
1-in. long with a 5/8-in. diameter 
mounting flange. They are made of 
corrosion resistant alloys in a varie­
ty of rpounting styles . . . solder, 
square flange, weld or jam nut. 

CIRCLE NO. 215 
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Voltage references 
accurate to -t-0.01 % 
Riedon Avionics, Inc., 7932 Haskell 
Ave., Van Nuys, Calif. Phone: 
(213) 873-3464. P&A: $100; 4 
weeks. 

A voltage reference network that 
can be produced to your spec­
ifications features accuracies as 
close as ±0.01 %. Stability rating 
for the design is better than 
±0.002% under load for 1000 
hours. Regulation can be held to 
0.03% with an input voltage change 
of 0.5%. The reference networks 
can be produced to your exact spec­
ifications and are also available in 
manufacturer's standard models. 

CIRCLE NO. 216 
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Convert digits to 
phase information 
Servo Corp. of America, 111 New S. 
Rd., Hicksville, N. Y. Phone: (516) 
938-9700. 

The solid-state digital-to-synchro 
converter, model 201 is offered as a 
stock item in production quantities. 
The converter is designed to accept 
parallel 11-bit words representing 
shaft angles and convert them to 
400-Hz, 3-wire or 4-wire resolver 
information. The system's 4-5/8-in. 
cards are also available individual­
ly. The 201 consists of three of 
these cards, and logic. 

CIRCLE NO. 217 

Ceramic trimmer 
occupies 0.007-in.·3 

Erie Technological Products, Inc., 
6444 West' 12 St., Erie, Pa. Phone: 
(814) 456-8592. 

A capacitance range of 5 to 25 pF 
is packed into the 0.007-in.3 model 
518 ceramic trimmer. The compo­
nent is rated at 100 Vdc to 85° C and 
50 V de to 125 ° C. The unit's range 
and capacity are said to be the re­
sult of a construction process in 
which ceramic film dielectrics are 
fired into solid structures of one or 
inore layers. Dielectric strength is 
rated 200 V de. 
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BROAD BAND OPERATION 

HIGH POW[R l BAND 
UP CONV[Rl[R 
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-+-1 db over 10% bandwidth of h. Factory adjustment allows operation 
from 1000 MHz to 1500 MHz. f1+h must be at least 20% removed 
from h. f 1 bandwidth is two percent. 
HIGH POWER 
0.5 watts minimum output. 
EFFICIENT OPERATION 
-6 db conversion efficiency. For 0.5 watt output, inputs of 2.0 watts at 
f2 and 1.0 watts at hare required. 
SPURIOUS SIGNALS 
Fundamental and lower sideband 30 db below output signal. 

For further information regarding custom units, 
other frequencies, bandwidth or power levels, contact 
Mr. Joseph Brumbelow, Director of our 
Solid State Department at the address below. 

WRITE FOR OUR FREE CATALOG ON SOLID STATE CIRCUITS 

MICROWAVE DEVELOPMENT LABORATORIES • INC. 
87 Crescent Road • Needham Heights • Massachusetts 02194 

Telephone: 617-449-0700 • TWX 617-444-2695 
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GENALEX 
REED CAPSULES 

FOR ENVIRONMENTAL 
VERSATILITY 

HUMIDITY VIBRATION DUST 

The M - 0 V RCI Reed Capsule is ideal for all fast low­
level switching applications where reliability and long 
life are required. Offering high resistance to vibration and 
shock, its contact is hermetically sealed to protect it 
from environmental influences of humidity 
and dust. M - 0 V Reed Capsules ,~re to 
British Post Office specifications. 

Maximum overall length of Capsule 
Maximum switched voltage, resistive load 
Mijxi111um switched current, resistive load 
Maximum current through closed contact 
Capacitance 
Operating time (including bounce) 
Release time 
Contact resistance 
Field strength to operate switch 
Life expectancy when operated by solenoid 
Coil to operate switch 

46.1mm 
50 V a.c . or d.c. 
100 mA a.c. or d.c. 
1 A a.c. or d.c. 
less than 0.2 pF 
less than 2 milli secs. 
less than 0.5 mi Iii secs. 
less than 100 mil Ii ohms. 
73 gauss 
1 Q7.1 QB operations 
58 A turns 

Our techn ical information centre is ready 
to help, w ith your application problems. 

The 
M·O V RCl 

Reed Capsule 
actual size 

Gena.lex 
THE M-0 VALVE CO LTD 

North American Sales Manager · David LaFrenais 
P 0 Box 5000 · Don M ills · Ontario · Canada · Tel : 291 -1985 
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Infinite resolution from 
a linear transducer 
Bourns I nc., 1200 Columbia Ave., 
R iverside, Calif. Phone: (714) 684-
1700. 

Chief feature of t he Model 177 
linear position transducer is the use 
of the "Infinitron" resistance ele­
ment, providing continuous resolu­
tion. This element is also said to 
provide a longer life expectancy 
than comparable wirewound ele­
ments. Ranges are 0.5 and 1.0 inch 
with resistances of 250 to 15 kn 
and a tolerance of ± 5 % . 

CIRCLE NO. 219 

Synchro-input servo 
housed in 23 frame 
Ocean Technology Inc., 777 Front 
St., Burbank, Calif. Phone: (213 ) 
849-6477. P&A: $750; stock to 60 
days. 

A miniaturized synchro-input 
servo mechanism is housed in a size 
23 frame. The unit includes its own 
error or follow-up synchro, power 
supply, servoamplifier and motor. 
Designated OTR-23, it provides 
zero-backlash operation with an ac­
curacy of 0.25 ° . It is directly inter­
changeable mechanically and elec­
trically with any 23TR synchro and 
accepts either 60- or 400-Hz inputs. 

CIRCLE NO. 220 
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Time on these unique machines is now available through Gardner-Denver contract service. 
At left is a Grid-Drill machine. One of the automatic "Wire-Wrap" machines is at right. 

Now available . Gardner-Denver contract service 
with these advanced production machines 

Increase your product reliability ••• decrease cost. 
For the first time, Gardner-Denver offers a contract serv­
ice utilizing its high-production Grid-Drill™ for printed 
circuit board drilling ... and automatic "Wire-Wrap"® 
machines for back plane wiring. The new service offers 
these advantages: 
1. Production experience in advance of actual delivery. 
You'll have a chance to use "Wire-Wrap" machines and the 
Grid-Drill in actual production situations, including prototype 
and preproduction runs. 
If you have one of these machines on o.rder, the contract 
service offers you a valuable opportunity to get operating 
experience before the machine is delivered . If you are 
considering the purchase of these machines, you can see 
what they can do on your parts, at a very reasonable cost. 
2. Expert application engineering services available to 
users of the "Wire-Wrap" machine. These services, in the 
area of hardware, design and development, assure you 
unrivaled reliability in electrical cor.nections, lowest possible 
wiring cost, and smooth, speedy integration into your total 
production facilities. 
3. Prototype-stage proof of the merits of the machines on 
your products. Give yourself the lead time to design for 

the latest in electronic technology, and know it will work. 

PERFORMANCE CHARACTERISTICS 
"Wire-Wrap" machines make solderless wrapped connec­
tions, with 24-gauge through 30-gauge wire, on terminal 
spacings down to .1 00". Complete programming services 
for developing the punched cards used to program the 
automatic "Wire- Wrap" machine. 
Grid-Drills will handle panels up to 30" x 40" with hole 
sizes from .01 O" to .125" in diameter. Exceptional hole 
quality for multi-layer and through-hole plating. Extreme 
accuracy provides hole registration to all data points. 
The highly efficient tape-controlled Grid-Drill makes prices 
attractive on 1 0 pieces or 1 0,000. 

Want to know more? Write Don Brouwer, Manager, 
" Wire-Wrap" Division, Gardner-Denver Company, Grand 
Haven, Michigan. Tell him what you want, how many pieces 
are involved and your delivery schedule. He'll supply the 
facts promptly. 

SEE WHAT AIR IS DOING NOW ... SEE 

GARDNER-DENVER 
Gordner~Oenver Company, Quincy, Ill ino is 
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OR THESE TROUBLES: 

Brush wear• Arcing• RFI emission 
• Contact bounce • Bearing con­
tamination from brush-wear parti­
cles • Brush friction error 

We left out all these synchro prob­
lems by leaving out the brushes. 
Rotary transformers couple signals 
into rotors without contact. Re­
sult is far longer synchro life -
which can exceed 10,000 hours­
with performance equal to the best 
of brush types. 

Patented Harowe brushless syn­
chros are available for all common 
functions, in sizes 5, 8, 10, and 
11 as standard; larger sizes as 
special. All types meet applicable 
requirements of MIL specs. Re­
quest complete data from -

Servo, Stepper & 
Synchronous Motors 

Motor Generators • Synchros 
Resolvers • Pancakes • Gearheads 

HAROWE SERVO CONTROLS, INC. 
22 Westtown Road 

West Chester, Pa. 19380 
(215) 692-2700 
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Decals record peak 
ambient temperatures 
William Wahl Corp., 1001 Colorado 
Ave., Santa Monica, Calif. Phone: 
(213) 393-6419. 

"Temp-Plate" temperature re­
cording decals provide an irrever­
sible reading when specified peak 
temperatures are reached. The 
range of temperatures available is 
from 100 through 1100° F, normally 
in 10 ° gradients with a ± 1% accu­
racy factor. Kits have been selected 
for such industries as electronics, 
aircraft and aerospace. Complete lot 
control and traceability is provided 
with each indicator. 

CIRCLE NO. 221 

Miniature reeds 
switch up to 750 mA 
C. P. Clare & Co., 3101 Pratt Blvd., 
Chicago. Phone: (312) 262-7700. 

In PC board use, "MicroClareed" 
relays Type MRME and MRMC 
offer switching capability up to 750 
mA. The MRME molded epoxy mod­
ule and the MRMC open-coil module 
provide for 1 to 5 Form A contacts 
and occupy a max of 0.406 in.3 of 
board space. Voltage rating is 200 
Vdc, 110 Vac max and load is 10 
VA. Coil voltages range from 6 to 
48 Vdc. 

CIRCLE NO. 222 

IF YOU DON'T 
RECOGNIZE 
THIS 

IT'S NO WONDER, 
because you've probably never seen 
2940 feet of coaxial cable measured 
this way before. 

HOW COULD YOU? 
We used the TRW Model 46A Trigger 
Delay Generator, just coming on the 
market. It's brand new, with some in­
herited virtues of its predecessor, 
TRW Model 2A-nanosecond ac­
curacy, high power trigger to over­
ride random noise, clear digital dis­
play, selectable triggering threshold­
plus plug-in capability so you buy 
exactly the triggering input you need, 
exactly the sensitivity and spectral 
range your application calls for. 

ASK US FOR A TECHNICAL 
DATA BULLETIN AND 
APPLICATION NOTES 

giving the characteristics of the TRW 
Model 46A and the plug-ins, and il­
lustrating how you can use the TRW 
Trigger Delay Generator, as we did, to 
make direct measurement of delay 
lines, to generate fiducial marks, cali­
brate oscilloscopes, and trigger the 
TRW Image Converter Camera or 
countless other laboratory instruments. 

TRW1NSTRUMENTS 
139 Illinois Street, El Segundo, California 

AC 213, 679-9101 Extension 22884. 

Developers and manufacturers of state of 
the art diagnostic instruments for basic and 
applied research. 
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Probe-type transducer 
repeatable at --+-1 % 
Thermal Systems, Inc., 15100 Sonth 
Broadway, Gardena, Calif. Phone: 
(213) 321-4350. 

Precision platinum temperature 
transducers are offered for a range 
of 100 to 400 ° C with a repeatabil­
ity factor of ± 1 % . Probes consist 
of reference grade platinum with a 
resistance factor of 100 n at 0 ° C 
wound strain-free on a mandrel. 
Long-term reliability is assured by 
a thermal shock test. Applications 
are seen in commercial . process con­
trol equipment. 

CIRCLE NO. 223 

Pushbuttons, toggles 
meet esthetic specs 
American Zettler, Inc ., 697 Ran­
dolph Avenue, Costa Mesa, Calif. 
Phone: (714) 540-4190. Price: $0.75 
to $2 .70. 

Designed with esthetics in mind, 
the Series T-500 pushbutton anlf 
toggle switches are also panel space 
savers. Overall depth behind the 
panel is 1.5 in. The switches can 
be mounted directly with other elec­
tronics so that the front panel 
serves only as a cover plate. Square 
and round pushbuttons of the line 
can be illuminated. 
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Even if your non-linear function looks like the Playmate of the Month in profile, 
Duncan can build a pot to match it. All you have to do is use the new "DUNCAN 
DO-IT-YOURSELF NON-LINEAR FUNCTION KIT," which we'll send you without 
obligation if you' ll fill out and ma i l the coupon below. The kit includes a fabulous 
French curve*plus all other necessary ingredients and instructions. You supply 
us with the non-linear trace of your function and other supporting data. We'll feed 
it to our high-speed computer and analyze the data defining the pot's desired 
function. Then we'll enter the output tape into our servo-controlled machines to 
produce the variable-pitch winding to meet your function. 

To be sure the output of the pot conforms to the specified tolerances, we'll com­
pare it with the theoretical function on our unique conformity tester. 

The result? A precision, accurate pot exactly to your specifications. 

Our applications engineers can help solve your problems quickly and economically. 
In many cases they'll be able to match your function using pre-calculated data 
from our extensive tape library. 

So forget about cams, differentials, and non-linear gears. For the direct approach 
to a complicated non-l inear potentiometer problem - for airborne data computa­
tion or matching thermocouple curves - depend upon Duncan. You'll have more 
time to check out other interesting curves! 

Send for your free Duncan "do-it-yourself" kit today. For literature only, circle the 
appropriate number and mail the inquiry card enclosed in this magazine. 

~------------------------, I DUNCAN ELECTRONICS INC. I 
I Please send me my free "DUNCAN DO-IT-YOURSELF NON-LINEAR I 

FUNCTION KIT" and complete technical literature on Duncan's family 
I of non-linear potentiometers. I 
I I understand that there is no obligation on my part. I 
I Name Title I 
I I 
I Company I 
I I 
I Address I 
I I I City State zip I 

L •French curve ruler by Birule Co. .J 
------------------------

DUNCAN electronics .inc. 

2865 Fairview Rd., Costa Mesa, California 92626 Tel.: (714) 545-8261 lWX: 910-595-1128 
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SPEED SEQUENTIAL 
Push a Button .. I 

6 7 8 9 1" 
1 2 3 4 5 ---g,,,;. -- 161711 

(Jb~~Jb~.\b=--=--
ci::m=:i!ISlllD-=--

b, l&50A PROGRAMMER 
~llPl.UT·,...... 

ll(M(IU: on • <IJIU41. 

~ 

CONDENSED SPECIFICATIONS 

MODEL 155A OSCILLOSCOPE 
Vertical Deflection Factor (Sensitivity) : 5 mv/cm to 20 v/cm. 

Deflection Bandwidth: DC coupled: DC to greater than 25 MHz. 
System AC coupled: 2 Hz to greater than 25 MHz. 

Position: Base line can be offset ± 25 cm from center screen of 
CRT in calibrated steps. 

Signal Delay: Signal is delayed so that leading edge of fast rise 
signals is visible at start of sweep. 

Input Impedance: 1 megohm shunted by approximately 50 pf. 

Horizontal Internal Sweep: From 0.1 µs/cm to 50 ms/cm. 

Deflection Magnification: X 5 expansion available on all ranges. 

System Slow Sweeps: _,_ 10 slows sweep to 0.1 sec/cm. 0.2 sec/cm. or 
0.5 sec/cm. 

Triggering: 

Automatic: Internal. external. or from line. 

Trigger Slope: Positive or negative. 

Amplitude Selection: Internal , or external. 

Trigger Point and Slope: Internally from any point on the displayed 
wave form; externally from any point between ± 5 volts, positive or 
negative slope. 

Single Sweep: Front panel switch selects single sweep operation. 

Remote Programming is accomplished by contact closures to an isolated 
Programming common line . Programmable functions are listed below. 

Vertical : Deflection factor (sensitivity). Input coupling. Vertical 
positioning. 

Horizontal: Sweep time. Trigger source. Trigger slope . 

Price: $2450.00. 

MODEL 1550A PROGRAMMER 
Up to 18 programs can be preset in the 1550A Programmer. Plug-in diodes provide the 
means for programming vertical sensitivity, vertical positioning. vertical input coupling. 
sweep time, trigger source. and trigger slope in the 155A Programmable Oscilloscope. 
Price: $600.00. 
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WAVEFORM TESTS 
~ead a Trace! 
~EW PUSH-BUTTON, PROGRAMMABLE OSCILLOSCOPE 

Sequential testing is now a one-two procedure with the new 
hp Model 155A/1550A Push-Button, Programmable Os­
cilloscope! All you do is select a test point, then - push a 
button ... and read a trace. 

This new automated hp oscilloscope is the first scope 
specifically designed for production line and automatic sys­
tems applications. It will reduce test time per unit, simplify 
test procedures, minimize operator errors, shorten training 
time - and can even reduce the number of required test sta­
tions! Check-out routines in automatic systems are speeded 
by eliminating all manual adjustments. 

The 155A oscilloscope embodies all the features of a 
conventional laboratory instrument, with push-button con­
venience. Most frequently used controls are located on the 
front panel. All other controls are located behind the swing ­
down access door. 

You can insert up to 18 test programs in each 1550A 
digital programmer, or cascade programmers for additional 
capability. Each test program can control any or all major 
scope functions - including vertical positioning, sensitivity, 
input coupling, sweep time, trigger source, and trigger slo.pe 
- with the press of a button! Each programmed function can 

be manually over-ridden at any time. Back-lighted indicators 
show program, sweep, sensitivity, and vertical position for 
error-free readout. 

Only a few minutes are required to insert diode pins for 
setting up programs in the all-digital programmer. Diode­
controlled, digital programming makes the 155A/1550A fully 
compatible with any contact-closure-to-ground program­
mer for high speed, automatic check-out systems. 

Measurements are repeatable, because the unique hp DC 
stabilizer circuitry eliminates DC drift. The trace stays where 
it is positioned for measurement confidence, regardless of 
sensitivity or sweep. Calibrated positioning over ± 25 cm 
dynamic range can eliminate need for voltmeters. Typical 
DC measurement accuracy is ± 2% of reading. 

To find out what this new measure of scope performance 
means to you in speeding your sequential testing, call your 
nearest hp sales office for a demonstration of the new hp 
Model 155A/1550A Push-Button Programmable Oscillo ­
scope. Or, write Hewlett-Packard, Palo Alto, California 
94304, Tel. (415) 326-7000; Europe: 54 Route des Acacias, 
Geneva. Pric&: hp Model 15 5A Oscilloscope, $2450.00; 
hp Model 1550A Programmer, $600.00, f.o.b. factory. 

HEWLETT PACKARD 
An extra measure of quality 
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Methode's unique Plycon harnesses 
can solve many of your design prob­
lems quickly, efficiently! 

Available in both straight jumper 
and extensible styles, Plycon har­
nesses are ideal for use in drawers or 
racks or as jumpers between points 
on a chassis. 

Plycon harnesses are a combina­
tion of two superior products: long­
life Plyo-Duct multi-conductor wiring 
systems and Reli-Acon connectors. 

Through an unusual Methode design, 
Plyo-Duct has memory characteristics, 
so that extensible harnesses will ex­
tend, then always retract to their 
original position .. 

Reliable male or female Reli-Acon 
connectors are available in a variety 
of standard sizes and number of con­
tacts to meet your design require­
ments. 

Both single and twin-layer har­
nesses with from 6 to 48 conductors, 
and any combination of 
connector style and num­
ber of contacts are avail­
able. 

Write today for a new, fully· 
Illustrated catalog with com· 
plete engineering data. 

Connector Division 

Electronics, Inc. 
7447 W. Wilson Ave. Chicago, Ill. 60656 

312/ 867 -9600 ,, ................ .. 
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"Bite" indicator 
monitor in avionics 
A. W. Haydon Co., 232 N. Elm St., 
Waterbury, Conn. Phone: (203) 
756-4481. 

To meet DOD requirements for 
fault-indication in avionics equip­
ment, a line of microminiature 
units is now available. Called Bite 
indicators for Built In Test Equip­
ment, the units indicate a fault 
visually through a window on the 
side and front of the 0.7 x 0.2 x 0.4-
in. module. They operate over a 
range of 17 to 29 V de and are acti­
vated by pulses down to 15 msec. 

CIRCLE NO. 225 

Polycarbonate caps 
operate to 125°C 
Southern Electronics Corp., 
Cypress Ave., Burbank, 
Phone: (213) 849-3193. 

150 w. 
Calif. 

Metallized polycarbonate capaci­
tors of the ML line are specified for 
operation up to 125° C. The compo­
nents are avai lable in 200, 400 and 
500-volt ranges with values from 
0.001 mfd. Retrace stabi li ty is less 
than 0.05 % and insulation resist­
ance is beyond 100,000 Meg at 
25 ° C. The units are oval in shape 
for high-density applications. Her­
metically sealed tubular versions are 
optional. 

CIRCLE NO. 226 

Circuit breaker has 
"off-on" switch 
ETA Products of America, 6284 N. 
Cicero Ave., Chicago. Phone : (312) 
545-1553. 

An off-on switch mechanism on 
the 44-7-S-H-N breaker prevents 
reset during overload conditions. 
The breaker is available in standard 
current ratings from 125 to 400 A 
at 28 Vdc. The breaker button can 
only be operated in conjunction 
with the slider latches to prevent 
accidental operation. Max inter­
rupting capacity is 10,000 A at 28 
Vdc. 

CIRCLE NO. 227 

Shielded transformers 
transfer below 0.1 µ.f 
United Transformer Co., 150 Var­
ick St., New York. Phone : (212) 
255-3500. 

For critical circuitry, isolation 
close to that of battery power is · 
claimed for the HIT 450 ultra­
shielded power-line isolation trans­
formers. The rated capacity cou­
pling between primary and second­
ary windings is less than 0.1 µ.F 
which can be reduced even farther 
by the circuit design. For 400-Ilz 
operation, MIL power rating is 80 
W and specifications of MIL-T-27B 
are guaranteed. 

CIRCLE NO. 228 
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Cinch gives you 
the tail stability 
you need for 
pr .. ogramme~ 

. . wire wrapp1ng-
i n a miniature p.c. connector 

A. 

CM6619 

B-~ln A. Tail stability is provided 
by the comb contact con· 
struction which permits 
force fit through the insu· 
la tor. 

B. Gap uniformity is 
achieved through preload· 
ing contact against insu· 
lator stop. 

C. Contact pressure is 
independent of P-C board 
insertion depth because 
of contact profile. 

Cinch has combined cantilevered co"ntact reliability with .025" square 
tail wrapping speed. This new Cinch high contact density printed 
circuit board connector can be wired at a rate of up to 750 net wires per 
hour with a Gardner-Denver automatic wire wrap machine. This is 
more than 15% faster than for .045" square tail connectors. 

This new connector uses a comb contact assembly which provides the 
gap uniformity of preloaded cantilever construction and contact pressure 
which is independent of printed circuit board insertion depth. Contacts 
are on .125" centers. Construction combines minimum insertion force 
with maximum contact pressure. 

The connector is especially suited for programmed automatic wire 
wrap applications and is particularly well designed for use with the 
latest packaging techniques, particularly the dense packaging currently 
being developed for electronic data processing equipment. For cost 
reduction in volume applications the precision contacts can be selectively 
gold plated. This Cinch developed technique substantially reduces the 
amount of gold required, resulting in lower connector costs. 

These precision tooled comb contacts are precisely and automatically 
preloaded with insertion of the comb into the insulator. The true tip 
location in the required position for automatic wrapping equipment is 
assured by the comb assembly technique. This technique employs a 
force fit to the insulator, assuring rigid, exact positioning. Cinch also 
manufactures .045" square tail rectangular terminal and other wire wrap 
terminated printed circuit board connectors suitable for use with the 
automatic wire wrap equipment manufactured by Gardner-Denver. 

For additional information, write to Cinch Manufacturing Company, 
1026 S. Homan Avenue, Chicago, Illinois 6062.ft • 

I CINCH I ............. 
DIVISION OF UNITED-CARR 
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TELEDYNE TELEMETRY COMPANY 
A Divi sion of Teledyne, Inc. 

AEROSPACE DIVISION - ~NAPllX OIVISIDN 
12964 Panama Street 

Los Angeles, California 90066 
Telephone (213) 870-9831 

TWX: 910 343 6855 

P.O. Box 341 Alexander Road 
Princeton, New Jersey 08540 

Telephone (609) 452-2550 
TWX: 510 685 2379 
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Brass clips for 
plastic transistors 
Wakefield Engineering, Inc., Wake­
field, Mass. Phone : ( 617) 936-
3069. P&A: $7.25 to $8.50/M; stock. 

For use as an electrostatic shield 
and/ or thermal retainer, three types 
of brass clips mate plastic transis­
tors. Type 256-ST shield mounts a 
single device. Type 256-DT is also a 
shield but mounts two devices. Type 
256-D is a thermal retainer without 
a shield and holds two transistors 
at equa l temperature. The clips are 
formed of 1/ 2 hard brass. 

CIRCLE NO. 229 

Proximity switch uses 
Hg-wetted contacts 
General Equipment & Mfg. Co., 
3300 Fern Valley Rd., Louisville, 
Ky. Phone: (502) 969-2386. 

Mercury-wetted contacts are 
credited with providing reliable, 
bounce-free operation in a minia­
ture proximity switch by General 
Equipment and Mfg. Unit-life is 
said to run into billions of cycles 
and operation at 3600 cycles per 
minute is possible. In a typical ap­
plication, the switch is used in 64 
circuits on a 14-in. magnet, and 
each switch is operated only by its 
individual operator. 

CIRCLE NO. 230 
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Fast, convenient 
direct reading 
measurements of 
impedance and 
phase angle 500 kHz 
to 108 MHz ... 

~
~-·-. ~-

~Al '< . . -·: ~{_ =~ : • • t 
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THE 481SA RF VECTOR IMPEDANCE METER 

This new Vector Impedance Meter is a 
versatile instrument that provides fast, 
direct reading measurements of imped­
ance and phase angle over the frequency 
range from 500 kHz to 108 MHz. It is 
continuous tuning over this frequency 
range, and does not require balancing or 
data interpretation. Thus, it is an ex· 
tremely useful tool for the evaluation of 
the complex impedance of both active 
circuits and components. The conven­
ience of probe measurement, ease of 
operation, and direct reading features 
make the instrument equally useful for 
laboratory, receiving inspection or pro­
duction line measurements. 

The 4815A is a convenient and powerful 
measuring tool for any application in­
volving measurements over a band of 
frequencies or in-circuit measurements. 
It may be used to determine the self­
resonance point of capacitors, the series 
and parallel resonance points of crystals, 
or the characteristics of high frequency 
transformers and transducers. Price: 
$2650 f.o .b. factory. For complete spec­
ifications, contact your local Hewlett­
Packard field engineer or write Hewlett­
Packard, Rockaway Division, Green Pond 
Road, Rockaway, N. J. 07866; Europe: 
54 Route des Acacias, Geneva. 

Advantages: 

Fast, continuous tuning from 
500 kHz to 108 MHz 

Provides data directly in impedance 
and phase angle, 1 ohm to lOOK ohms 

Oto360° 

Convenient probe for in-circuit measuremenh 

Analog outputs permit permanent 
data recording 

Self calibration check provides 
measurement confidence 

Low-level test signal minimizes 
circuit disturbance 

HEWLETT PACKARD 
An extra measure of quality 
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MODEL 5340 DIGITAL CAPACITOR TESTER 

• Measures true series capacitance 
• Direct digital display with long-life Nixie® tubes 
• Tests capacitance, leakage, OF, and ESR 
•Test frequencies of 120 cps and 1 kc 
• Internal de bias supply with electronic current limiting 

The dual-frequency 5340 provides an exceptionally flexible instru­
ment for accurately measuring a wide range of capacitance, leakage, 
dissipation factor and equivalent series resistance values. Results 
(in picofarads, nanofarads, microfarads) are displayed immediately 
on a 4-digit Nixie® readout, with a separate 3-digit readout of DF 
or ESR. Five terminal guarded measurements prevent stray 
capacitance and lead resistance errors. A 25 % over-range capability 
facilitates test operation procedures. Since capacitors are always 
specified in terms of series capacitance by the manufacturer, direct 
series capacitance measurements on the Model 5340 DCT are there­
fore much faster and easier. No need for conversion formulae. No 
table look-ups. Reduced operator error. Priced at $4500.00. Single 
frequency capacitor testers from $1995.00. 

For complete information, including a new 4-page technical 
paper entitled "Theory and Application of Capacit'1nce Measure­
ments", contact the Micro Instrument representative near you or 
write directly to us. 

12901 CRENSHAW BLVD., HAWTHORNE, CALIFORNIA 90250 
TELEPHONES: (213) 679-8237 & 772-1275 
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Portable generators 
operate in 3 modes 
Wavetek, 8159 Engineer Rd., San 
Diego, Calif. Phone: (714) 279-
2200. Price: $745 to $945. 

Triggered or gated operation as 
well as phase-lock capability are 
offered in the Model 115 function 
generator. In the trigger mode, a 
manual or external voltage gener­
ates one cycle. In the gated mode, a 
discrete number of cycles are keyed 
by a ± 5-V gate. The unit will lock 
to any input within 10 :1 of dial fre­
quency and phase-lock to the funda­
mental of the dial frequency within 
specified accuracy. 

CIRCLE NO. 231 

Tracing transmitter 
for fault location 
Hipotronics, Inc., Route 22, Brews­
ter, N. Y., Phone : (914) 279-8484. 

Location of faults, cable and 
phase identification, and continui­
ty testing is accomplished by the 
Model 8030-30TC low-voltage trac­
ing current transmitter. The in­
strument delivers 30 Vdc at 30 A 
pulse-coded into a three-phase cable, 
in a system called directional im­
pulse tracing. It is designed to be 
hand carried and has continuously 
adjustable output control. 

CIRCLE NO. 232 
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Sliding pulser gives 
ramp-effect trains 
Berkeley Nucleonics, 
Calif. Phone : (415) 
P&A: $1460; 30 days. 

B erkeley, 
848-1457. 

The GL-3 provides a pulse train 
of linearly increasing amplitude 
for applications such as testing 
differential linearity of amplifiers 
and pulse-height analyzers. The in­
strument also generates precision 
amplitude pulses for conventional 
testing. In the sliding pulse mode, 
linearity is rated better than 
± 0.25% with a pulse rep-rate of 1 
Hz to 1 MHz. Stable pulse mode Jin-
earity is ±0.1 % . 

CIRCLE NO. 233 

~-.. . .. 

Analyzer evaluates 
magnetic materials 
Adar Associates, Inc., 73 Union St., 
Somerville, Mass. Phone : ( 617) 623-
3131. 

Evaluation of magnetic mate.rials 
is the function of a multi-channel 
current-pulse-train generator. The 
solid-state instrument features pro­
gramable operation, variable pulse 
current/ voltage calibration and op­
erational speed. Called the Pl-D

1 

core analyzer, the generator is 
packaged as a plug-in to fit Tek­
tronix scopes. 

CIRCLE NO. 234 
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You'll replace six of theirs 
· for every one 

of ours. 

Litton's solid state optical encoders offer six times the life 
expectancy of tungsten element encoders~ 

Rugged, durable gallium arsenide 
light-emitting diodes make !:., 

the difference. By eliminating t'~Q 
tungsten bulbs - prime cause of optical ~ 
encoder failure - MTBF is increased 
to 30,000 hours for a 213 binary encoder. 
Environmental perfcirmance is just as exceptional. 
Litton's GaAs encoders recover from 115g shock and operate 
dependably during 70g shock. 
Still higher requirements can be met. 

Our solid state e.ncoders are ideal for 
applications where access is difficult or for 
systems where reliability is paramount. 
For information, write Encoder Division, 
20745 Nordhoff St., Chatsworth, Calif. 91311, 
or telephone 213 341-6161. 
Europe: Schwamendingenstrasse 5, Zurich 8050, Switzerland. 

rn ENCODER DIVISION 
LITTON INDUSTRIES 
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You can increase the flexibility and utility of your 
laboratory test equipment - and reduce the quan­
tity and variety of coaxial cables - by using BNC 
Adaptors from Pomona Electronics. 

MODEL 1269 
BNC Receptacle to 
Double Banana Plug 

Select from these 
popular adaptors to 
cover most of your 
needs ... or choose 
from ten different 
combinations listed 
in our General 
Catalog, sent free 
upon request. 

MODEL 1296 
Binding Posts 
to BNC Plug 

MODEL 1645 
BNC Receptacle to 
Shielded Banana Plugs 

MODEL 2631 "BREAKOUT" 
BNC Receptacle to Minigator Clips 

Select from these popular adaptors to 
cover most of your needs . .. or choose 
from ten different combinations 
listed in our General Catalog, sent 
free upon request. 

POMONA 
ELECTRONICS CO., INC. 
1500 East Ninth Street, Pomona, California 91766 

Telephone (714) 623 -3463 
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• 
Photoelectric reader 

.. 

lives in a suitcase 
Electronic Engineering Co., 1601 E. 
Chestnut Ave., Santa Ana, Calif. 
Phone: (714 ) 547-5501. 

For airborne, mobile or suitcase 
use, the 3002 photoelectric punehed 
tape reader is completely rugged­
ized. The unit's direct coupled step­
ping motor drives the tape in either 
direction at rates up to 200 ch/ s. 
The tape advances one character for 
each read-command, stopping on a 
character at all speeds. Design 
meets environmental specs of MIL­
T-21200, Class 2. 

CIRCLE NO. 235 

Modular camera 
nets flexibility 
Electro-Optical Instruments, 441 
Whisman Rd., Mountain View, 
Calif. Phone: (415 ) 968-6220. 
Price: from $4950. 

For quantitative nanosecond pho­
tography, the modular "building­
block" image converter camera 
X500 records at speeds from 5 to 
1000 ns. Pictures recorded are up to 
3-1/ 2-in. in diameter with 760 re­
solved line pairs across the field. 
X500 system components are inter­
chan geable, including three heads 
and controls for single- or multi­
frame configurations. 

CIRCLE NO. 236 
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IC card tester 
patch programed 
Wyle Laboratories, 133 Center St., 
El Segundo, Calif. Phone: (213). 
322-1763 . 

Rapid go no-go testing of IC 
cards is provided by the Model 
1569. The instrument is programed 
by a front panel patch-cord board 
and for high-volume repetitive 
testing, prepatched panels can be 
provided. A check of both log ic 
function and voltage level is provid­
ed by t he instrument and a counter 
indicator allows you to determine 
the exact malfunction. 

CIRCLE NO. 237 

Time-code generator 
uses integrated logic 
Parabam, Inc., 12822 Yukon Ave., 
Hawthorne, Calif. Phone: (213),, 
679-3393. Price: $2,000. 

The Series M digital clock time 
code generator features IC logic. It 
provides times information in BCD 
form for time transmission, range 
timing, time display and data sys­
tems. Time base is developed from 
the power line frequency or from 
optional internal oscillators. A vari­
ety of BCD output formats are 
avai lable. Options for special ap­
plications such as controlling out­
put at an external clock rate, remote 
start-stop and special pulse outputs 
are also offered. 

CIRCLE NO. 238 
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Do you have to 
"ride herd" on drifting 

oscillators? 

... and need to check 
frequency periodically, 

monitor regularly, or 
adjust to a standard? 

Then the TRACOR direct-reading 
Model 527B Frequency Difference 
Meter is just what you need. It 
determines instantly-with an 
accuracy of 10-10 

- the fractional fre­
quency difference between two stable 
oscillators. 
It includes most of the features of its 
"big brother", the 527A, but costs 
inuch less. You read directly on a 
zero-center front-panel meter frac­
tional frequency difference in parts 
per 10', 108

, 109 or 1010
• The meter 

movement continuously follows your 
oscillator adjustment - provides 
instantaneous reading of oscillator 
correction. 
You may change the input frequen-
cies without switching ...... frequen-
cies of the two input signals need not 
be the same. The 527B accepts in­
puts of 100 kHz, 1.0 MHz, 2.5 MHz 
and 5.0 MHz; it is ideally suited for 
rating crystal oscillators. The 52 7B, 
when used with your counter, will 
allow you to measure differences of 
parts in 101 2

• 

The Model 52 7B 
sells for $ 2 ,2 5 0. 

For more informa­
tion on this ad­

vanced-technology ..... '":::' i ~ . 
... - g::1 product, please write or 

call: TRACOR, INC., 6500 
Tracor Lane, Austin, Texas 78721 
AC 512 926-2800. 

Tizne & Frequency rnstruznents by ~ ~ 
TFA-1466 
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SYSTEMS 
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Time-display units 
operate remotely 
Electronic Engineering Co., 1601 E. 
Chestnut Ave., Santa Ana, Calif. 
Phone: (714) 547-5501. Price: from 
$850. 

It is possible to have time infor­
mation as produced by a time-code 
generator visible at any location in 
a test facility. A series of time dis­
play units, using Nixie displays can 
be located at any distance up to sev­
eral miles from the generator. Mod­
els are available to operate from 
time codes in either serial-modulat­
ed carrier form or in parallel form. 

CIRCLE NO. 239 

Recording systems 
have extended view 
Rustrak Instrument Co., Inc., Mu­
nicipal Airport, Manchester, N. H. 
Phone: (603) 623-3596. 

An extended-view design of the 
manufacturer's recording systems 
allows up to 17-in. of recorded infor­
mation to be examined. The systems 
consist of a miniature strip-chart 
recorder plus an amplifier or other 
accessories. The recorder uses an 
inkless dry-writing process. Chart 
speeds vary from 1/16 in. to 1800 
feet per hour. At 1 in. per hour, 17 
hours of recording is visible at a 
glance. 

CIRCLE NO. 240 

Low-cost _oscillograph 
operates light-beam 
Consolidated Electrodynamics Corp., 
360 Sierra Madre Villa, Pasadena, 
Calif. Phone: (213) 796-9381. 

Light-beam oscillography is said 
to be put into more modest budget 
ranges by the type 5-126 recording 
oscillograph. This is a 35-lb porta­
ble instrument that uses a high-in­
tensity tungsten source, galvano­
meters and an optical system to 
produce up to 9 channels of data on 
7-in. printout paper. Recording 
speeds range from 0.25 to 64 ips 
and range is de to 1 KHz. 

CIRCLE NO. 241 

NEW 11/4" PM D.C. MOTOR 

148 

GIANT TOROUE 

ACTUAL SIZE 

Representing a new generation in d.c. motors, Globe's 
Type JM motor can bring your projects big benefits 
in a small package. This muscular little motor is only 
1~" dia.x2~2" long, weighs only 5 ounces, yet delivers 
1 /65 HP continuous, 6,000-12,000 rpm. Outstanding 
voltage/speed features make the Type JM excellent 
for servo systems and control applications. A 50:1 
voltage range is easily handled. Use as a low ripple, 
low friction generator, too. MIL spec quality through­
out. 4 to 115 v.d.c. Options include planetary gear­
train, governor, brake, etc. Request Bulletin JM. 

Globe Industries, Inc., 2275 Stanley Avenue. 
Dayton, Ohio 45404 Tel.: 513 222·3741 
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Readout Tube Drivers 
TTL Integrated Circuit Drivers 
designed for National Readout Tubes. 

Now available: Decoder/Driver 
and Decimal Counter/Driver. 
• 15 MHz Counting Rate 
• Compatible with all side view 

and end view readout tubes. 

NATIONAL 
ELECTRONICS, INC. 
a varian subsidiary 
PHONE 131 2) 232 -4300 • GENEVA llllNOIS U S A 
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Data system has 
core memory unit 
Information Control Corp., 138 Ne­
vada St., El Segundo, Calif. Phone: 
(213) 322-6930. 

A stored-program data acquisi­
tion system, the SPDAS, offers so­
phisticated capabilities over a wide 
range. The system samples as 
many as 100 channels, performs 
A/D conversions, formats data for 
computer compatibility and records 
data on magnetic tape. Key to the 
system is a core memory with a 4,-
000-word 8-bit unit capability. Con­
version rates run as high as 100,-
000/s. 

CIRCLE NO. 242 

Decade counter display 
modular, based on ICs 
Janus Control Corp., 296 Newton 
St., Waltham, Mass. Phone: (617) 
891-4700. P&A: $96.90; stock. 

The modular, 3-MHz display 
module Model IC-803 is based on 
integrated circuits. The forward­
backward counter display provides 
in-line numerical display, base pre­
set and 8-4-2-1 bipolar BCD out­
puts. It will accept forward, back­
ward and reversing signals, either 
periodic or aperiodic. Modular pack­
aging measures 3 x 1 x 6-3/ 4-in. 

CIRCLE NO. 243 

new light on control panel design 
Marco-Oak Presslite® switches give you instant light and 
color check of system status. They're the smallest illumi­
nated pushbuttons available with contact ratings of 5 or 
15 amps up to 120 vac ... maximum body width or 
diameter is less than :U." Independent and isolated 
lamp circuits to indicate switch mode or remote sys­
tem status mean less panel space, greater design 
latitude. Snap-action assures long contact life with a 
wide safety margin even beyond rated currents. 

Presslite switches are available with a variety of op­
tions: SPDT or DPDT, alternate or momentary action, 
midget flange base, incandescent or neon lamps (with 
ballast resistors built into switch base). Ten basic cap 
styles (including Press-in caps in six sizes and shapes) give 
you a full color range. Matching indicators and recess panel 
mounting adaptors also available. Write today for the new S-66 Presslite catalog. 

MARCO-OAK 

A division of OAK ELECTRO/ NETICS CORP 
207 S. Helena St .. Anaheim . Cal ifornia 92805 
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BURR-BROWN 
operational 
amplifiers 
• • • " . 
• • 

• BURR-BROWN 

• • 6> 
less than 
2110 cubic inch 
• • 
1n size 
This new family of Burr-Brown general 
purpose operational amplifiers is just 
the ticket for thousands of applications 
where space is at a premium . Each one 
is a complete solid-state amplifier, re­
quiring only external power to operate. 
Features include : bu i lt-in frequency 
compensation , input-output protection 
and output booster stage for ±10 V at 
10mA. 

Model 1701 - Integrated Circuit Op­
erational Amplifier, state-of- the-art per­
formance 

Model 1706 - Discrete Component Op­
erational Amplifier, low current offset 
and drift 
Model 1752 - FET Input Operational 
Amplifier, high input impedance 

Model 1719 - 50 mA Power Booster for 
use with above models 

These amplifiers may be used in any 
of the typical circuits shown in Burr­
Brown's Handbook o n Operational 
Amp I ifier Applications and the Hand­
book of Active RC Networks. 

FOR COMPLETE INFORMATION 
Wire, write or phone Burr-Brown 

BURR-BROWN 

RESEARCH CORPORATION 
INTERNATIONAL AIRPORT INDUSTRIAL PARK 

BOX 11400. TUCSON . ARIZONA 85706 
PHON[ 6022941431 • TWX 9109521111 
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Modular supplies 
transistor regulated 
Mid-Easte1·n Electronics, Inc., 15 
Brown Avenue, Springfield, N . J. 
Phone: (201) 376-7130 . P&A: 
$198; stock. 

With neither forced air nor heat 
sinking, HT series transistor regu­
lated supplies will function reliably 
at ambients up to 40 ° C. Units are 
availab le in ratings from 6 V at 4 A 
to 100 V at 0.75 A. Line regulation 
is 0.025 % for a ± 10-V change. 
Load regu lation is 0.02 % zero to 
full. Standard models have an 
MTBF of over 35,000 hours. MTBFs 
of 60,000 hours are available as a 
special option. 

CIRCLE NO. 244 

French power module 
designed for IC use 
Sodilec Co., 4, Rue Simone Bigot, 
N euilly-Plaisance (Seine-et-Oise) , 
France. 

The French-manufactured SDT 
144 power module is designed spe­
cifically for use with integrated cir­
cuits. Features include constant 
voltage/constant current operation 
with automatic crossover and regu­
lation in either mode to 0.01 % . 
Voltage is continuously adjustable 
from 0 to 4 A and remote program­
ing and regulation are also possible. 

CIRCLE NO. 245 

Automatic regulators 
stabilize to 100 mV 
Superior Electric Co., Bristol, 
Conn. Phone: (203 ) 582-9561. 
P&A: $370-$17 40; stock. 

Output voltage is held within a 
100-m V band regardless of line and 
load through the IES stabiline reg­
ulators. Time constant response for 
a 63% return is 30 ms. Frequency 
range is either 50 or 60 Hz ± 10%, 
and effici ency is rated up to 95% . 
Units are offered for 115- or 230-V 
service with rati11gs up to 15 kVA. 

CIRCLE NO. 246 

Master outlet box 
monitors power line 
Wab er Electronics Inc., 2000 N. 
S econd St., Philculelphia, Pa. 
Phone: (215) 634-3200. Price : 
$7.50-$9.50. 

A series of master power outlet 
boxes continuously monitors its ac 
line voltage. The units, called the 
230 M series, feature illuminated 
voltmeter readings from 0 to 150 V. 
Power ratings are 15 amp at 130 V 
continuous. Units are available 
with either fuse or circuit-breaker 
protection and with varying lengths 
of cord. 

CIRCLE NO. 247 

16 power modules 
regulated to -+-0.005% 
Raytheon Co., Norwalk, Conn. 
Phone: (203) 838-6571. 

Line and load combined regula­
tion as tight as ± 0.005 % is avai l­
able in the 16 models of t he QSB 
series power supplies. The de units 
have ripple held to 250 µ. V with J 
mV peak-to-peak and a transient re­
sponse of < 40 µ.s. Stability is 
0.025% for eight hours. Change in 
output voltage as a resu lt of am­
bient temperature change is less 
than 0.015%/° C. The 6-28 Vdc se­
ries includes 25-200-W units. 

CIRCLE NO. 248 
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Announcing the Brush Mark 250, 
first strip chart recorder 
for the perfectionists 
of the world. 

• 
• 
• 
• 
• 
• 

Meet the fastest, most accurate strip 
chart recorder on record: The new Brush 
Mark 250. When you read about all the 
features you'll know why we call it the 
first recorder for the perfectionists of 
the world! 

1 Unmatched frequency response. Flat to 
10 cycles on full 4•/2 " span! Useful re­

sponse to 100 cycles. Nobody has a strip 
chart recorder in the same league. 

2 Wide selection of signal conditioners. 
Choose from 21 Interchangeable preamps. 

Use one today; plug in a different one when 
your recording requirements change. 

Shown with 1 µv preamplifier RD 4215-70; event markers optional. 

eh•tt epee<1 
inc._/aec 

lnc:"'-fmln 

• 
• 
• 
• 
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3 Crisp, clean rectilinear writing. Patented, 
pressurized inking system puts smudge. 

proof trace into the paper not just on it. 

4 Contactless, non-wearing feedback sys-
tem. Same one used in our multi-channel 

Mark 200 recorders. (No slide wires!) Ac· 
curacy? Better than ¥.!% ! 

5 Multiple chart speeds. Pushbutton choice 
of twelve . . . from 5 inches/second to 

1/10 of an inch/minute (up to 8 days of 
continuous recording). 

••000 

lntertock 
warning 

6 Portable or Rack mounting. And either 
way you get the exclusive new dual posi­

tion writing table. 

7 Removable chart paper magazine. Great 
for desk top record reviews. Man-sized 

manual winding 
knobs let you roll 
chart forward and 
back. Chart re ­
loading is a cinch. 

See what we mean? The Mark 250 is for the 
perfectionists of the world. Ask your Brush 
Sales Engineer for a demonstration. Or, write 
for chart sample and specifications. Clevite 
Corporation, Brush Instruments Div ision , 
37th & Perkins, Cleveland, Ohio 44114. 

CLEVITE 
brush I N s TR u M ENT s 0 Iv Is I 0 N 

The Brush Mark 250 First rtcol'llor for perfocti11lsts 



SEMICONDUCTORS. 

Submin diode 
made 1'whiskerless" 
Hughes Aircraft Co., Centinela Ave. 
& Teale St., Culver City, Calif. 
Phone: (213) 391-0711. P&A: from 
$0.37; stock. 

Here's a silicon planar epitaxial 
diode that features whiskerless con­
struction. Called WOW diodes 
(WithOut Whiskers), t he subminia­
ture devices are said to provide 
high mechanical strength and sta­
bility for critical circuits. They are 
high-conductance types designed 
for high-speed switching and core 
driver applications. 

CIRCLE NO. 249 

Semiconductor selection 
contains 300 devices 
Motorola Semiconductor Products, 
Inc., P. 0. Box 955, Phoenix. Phone: 
(602) 273-6900. Price: $49.50. 

Circuit designers, prototypers 
and experimenters are offered a 
package containing 300 "Uniblock" 
semiconductors. Called HANDY­
Lab, the 6-drawer package contains 
11 different general-purpose npn 
and pnp plastic transistor types and 
25 plastic dual switching diodes. 
Types included, 25 each, are : 
2N3903, 2N3905, 2N4124, 2N4126, 
2N4264, 2N4400, 2N4402, MPS706, 
MPS918, MPS6520 and MSD6100. 

CIRCLE NO. 2 50 

Rectifier circuit 
housed in aluminum 
Semtech Corp., 652 Mitchell Rd., 
Newbury Park, Calif. Phone: (213) 
628-5392. 

The "Alpac" power bridge rec­
tifier circuit is housed in an alumi­
num case for rugged applications. 
The case measures 1.125 x 1.125 x 
0.406-in. and is designed for simple 
installation. Ratings range up to 25 
A average rectified current and 
PIV ratings range from 50 to 600 
V. The device is rated at a max 
thermal resistance of 1.5 ° C/watt. 

CIRCLE NO. 251. 

IDENTIFY WIRES AND CABLES 
WITH INDESTRUCTIBLE PVC 

'Z' and 'S' MARKERS 
Here are marking systems that will last the life 
of wire and cable under all conditions. Can't r ub­
off, peel-off or fall-off ... can't slip or slide, yet are 
easily removed when necessary ... are g uaranteed 
to resist abrasion, grease, oil and chemicals ! 
"Z" markers fo1· wires up to 1h" diameter and "S" 
marke1·s for bundles of wires or cable over 1h " 
diameter. Write for free samples today. 

OTHER ELECTROVERT PRODUCTS: wire and cable 
harnessing syste ms; grommet strip, wavesoldering systems. 

Sold Coast-lo-Coast through Author ized Distributors. 

CJ> ~~~:~!B~~~~~;:·t~~: 
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Unijunction line for 
long-period oscillators 
Motorola Semiconductor Products, 
Inc., Box 955, Phoenix, Ariz. 
Phone: (602) 273-4560. P&A: 
$0 .80-$1.50; stock. 

In the design of long time-delay 
circuits, use of the 2N4851-53 uni­
junction transistors is said to allow 
the use of comparatively small and 
inexpensive capacitors. Key sp.ecs 
on the new devices are emitter re­
verse and peak-point current. Both 
2N4851 and 52 have an emitter re­
verse current rating of 0.10 µamp 
and a peak-point of 2.0 µamp. In­
trinsic standoff ratio is 0.75 and 
0.85 respectively. 2N4853 has an 
emitter reverse of 0.05 µamp and a 
peak-point of 0.4 µamp with an in­
trinsic standoff ratio of 0.85. Emit­
ter saturation voltage for all three 
units is 2.5 V. 

CIRCLE NO. 252 

Current regulators 
act like zeners 
General Semiconductors, 230 W. 5 
St., Tempe, Arizona. Phone: (602) 
966-7263. 

A line of precision current regu­
lators act in-circuit much like zener 
diodes. The two-terminal devices 
are suggested in such applications 
as squaring, timing, sweep, pulse 
integrators, filters, TC reference 
diode sources, biasing and circuit 
protection. Package dimensions are 
0.375-in. diameter, 1-in. length with 
gold-plated leads. Ratings range 0.5 
to 10 mA. 

CIRCLS NO. 253 
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DO YOU MAKE THESE 
FIVE COMMON MISTAKES 
IN EVALUATING CAREER 

GROWTH OPPORTUNITIES? 
1. Do you consider only the largest companies in your particular field? Size of 
opportunity is not necessarily proportional to size of company. Many medium size 
companies, such as ECI, offer faster achievement of professional recognition and 
personal satisfaction than do the "industry giants." 

2. Do you fail to consider breadth of product/ customer base? It's difficult to 
achieve career stability in a company that is closely tied to a narrow range of 
products and technologies and which sells them to a limited number of customers. 
You'll do better at ECI, where major projects in VHF I UHF communications, multi· 
plex, space instrumentation, microelectronics, systems integration and advanced 
communications techniques are in progress simultaneously. ECl's broad customer 
base includes Army, Navy, Air Force, Marine Corps, NASA and foreign governments. 

3. Do you consider joining a company which has insufficient R&D programs? Lack 
of aggressive R&D could mean future trouble for the company ... and you. ECI 
has a wide range of Company and customer-funded development programs, partic­
ularly in the promising fields of microelectronics, telemetry, space instrumentation 
and digital switching systems. 

4. Are you overly impressed with "boom" growth conditions? Growth that's too 
fast can point to future instability. Look for a record like ECl's, where years of 
stable, predictable growth demonstrate management's ability for both sound 
planning and successful execution. 

5. Do you settle for less-than-optimum living conditions in the name of opportunity? 
You needn't! In addition to all the foregoing advantages, a career at ECI will 
let you and your family enjoy life to the fullest in St. Petersburg, Florida. This 
segment of Florida's Gulf Coast offers an unequalled combination of sunshine, 
beaches, golf, boating, and fishing plus cultural, educational and professional 
engineering opportunity. 

RF ENGINEERS 
SYSTEMS INTEGRATION ENGINEERS 

DIGITAL SWITCHING ENGINEERS 
Make a new career evaluation today! Investigate the immediate and attractive 
opportunities at ECI by sending your resume, in confidence, to K. S. Nipper, 
Director of Professional Placement, Electronic Communications, Inc., Box 122480, 
St. Petersburg, Florida 33733. (An equal opportunity employer.) 

St. Petersburg Division 
Electronic Communications, Inc. 
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/BRANSON/ 

DPDT 
1/6 SIZE 

NEW FROM BRANSON 
This small 1/ 6 crystal can size DPDT 
relay, Type JR, handles low level up to 
1 full ampere ... withstands high shock 
and vibration .. . meets MIL-R-5757/ 19. 
Coil and header styles available to meet 
all applications! 

OTHER BRANSON PRODUCTS 

• 
. 

' 

TIME DELAY 
RELAYS 

6 POLE CRYSTAL 
CAN RELAY 

SOLID STATE 
TIME DELAY RELAY 

4PDT HALF CRYSTAL 
CAN RELAYS 
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Wire lead line 
for semicon devices 
Wire Forms Division of Emporium 
Specialties Co., Austin, Pa. Phone: 
(814) 647-8691. 

A complete line of wire leads is 
now available, formed by cold-head­
ing the ends of wires ranging be­
tween 0.008-0.060-in. These leads 
are offered for use as leads and ter­
minals in resistors, transistors, 
diodes, etc. Wire material selection 
includes gold, silver, copper, tanta­
lum, nickel and various seal materi­
als. 

CIRCLE NO. 254 

Flat-cable units 
need no stripping 
ITT Cannon Electric, 3208 Hwn­
boldt St., Los Angeles, Calif. Phone: 
(213) 225-1251. 

Welding is performed through 
the insulation of the Flex-Weld fiat­
cable assemblies. These assemblies 
consist of multiple ribbons of fiat 
copper conductors uniformly spaced 
and laminated between Mylar or 
Teflon insulation, straight or corru-

gated. The design is said to provide 
up to 50 % combined weight and 
size reduction of comparable round­
wire systems and the fiat conduc­
tors dissipate more heat. 

CIRCLE NO. 255. 

Ag-plated wire 
Teflon insulated 
T ensolite Insulated. Wire Co., W. 
Main St., Tarrytown,, N. Y. Phone: 
(914) 631-2300. 

Ultra-fine sizes of both mono- and 
multifilament Teflon insulated cop­
per wire, silver plated, are offered 
for off-the-shelf delivery. The UT 
wires range in diameter from 0.23-
0.135-in. in standard 500- and 1,000-
ft spools. The Teflon insulation is 
chemically inert and will tolerate 
extremes from -90° to + 200 ° C. 
The insulation is rated for 300 V. 

CIRCLE NO. 256 

Epoxy tape bonds 
honeycomb or metals 
Adhesive Engineering, 1411 Indus­
trial Rd., San Carlos, Calif. Phone: 
( 415) 591-2686. 

In both metal-to-metal and hon­
eycomb bonding, Aerobond 3030 
meets MIL-A-132 types I (class 8) 
and II as well as MIL-A-25463, 
types II and III. Aerobond 3030 is 
multi-purpose and can be used for 
both large and small-area bonding . 
Useful temperature is up to 550° F. 
Lap sheer strength ranges from 
2700 psi at -67°F to 800 psi at 
500 ° F. 

CIRCLE NO. 257 

Chromium sources 
for sputtering 
Materials R esearch Corp., Orange­
burg, N. Y. Phone: ( 914 ) 359-4200. 

For more depositions before re­
placement, sizes up Lo 1/ 4 x 3-1 / 2 x 
3-1/ 2-in. are available in a line of 
high-purity chromium sputtering 
sources. These sources are prepared 
by arc casting to a purity of 
99.996 % nominal, including gas 
content. The higher purity is also 
said to increase production yield by 
eliminating impurities that affect 
device performance. 

CIRCLE NO. 258 
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Torque nioto1·s with a response of four hundred millionths 
of a second an now a reality. And this breakthrough is only 
one of several benefits offered you in a new line of torquers 
by Wright Division of Sperry Rand. 

Design 
Watts 2 Pole 180° 4 Pole 90° 6 Pole 60° 

SIZE 0.0 . at 
Electrical Electrical Electrical Peak Peak Peak Peak 

Torque Torque Time Torque Time Torque Time 
Constant Constant Constant OZ.· In. l / R (Secs.) Oz.·ln . L/ R (Secs.) Oz.-ln. l / R (Secs.) 

------j 

lOC .9650 9.5 6.5 .0004 - - - -
14C 1.3400 19 12 .0007 24 .0004 - -
18C 1.8000 35 23 .0013 46 .0007 - -
23C 2.3000 60 40 .0022 80 .0011 - -
27C 2.6093 71 47 .0026 94 .0013 140 .0007 
40C 4.000 180 100 .0055 200 .0028 300 .0019 
soc 5.000 183 120 .007 240 .004 360 .0025 
70C 7.000 377 250 .015 500 .0075 750 .005 
lOOC 10.000 545 360 .020 720 .010 - -

WRIGHT 
Division of Sperry Rand Corporation 

Reliability 
No contacts. No brushes. No commuta­
tion bars. Simplified winding. Permanent 
magnet. 

Better Performance 
Direct Drive. No friction. No ripple torque. 

What does a Wright torque motor do? 
It holds, clamps, stabilizes, drives, opens, 
closes, cracks, shuts, pushes, picks up, 
moves, rotates, nulls, controls, actuates. 

Design engineers are invited to write or 
telephone for details. Comparison will 
show you that on applications where in­
crementa I rotation is needed, th is new 
Wright concept in torquers offers substan­
tial advantages. 

Durham , North Carolina• Telephone 919·682·8161 •TWX 919-682-8931 
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Low-loss cable has 
foam dielectric 
Phelps Dodge Electronic Products 
Corp., 60 Dodge Ave., P.O. Box 187, 
North Haven, Conn. Phone: (203) 
239-3311. P&A: $0.64/ft; stock. 

Variable attenuator 
covers 4 to 5, 8to10 GHz 

E-plane circulators 
cover X, Ku bands 

Arra Inc., 27 Bond St., Westbury, 
N. Y. Phone: (516) 334-8710. P&A: 
$900; 8 wks. 

E&M Laboratories, 7419 Greenbush 
Ave., North Hollywood, Calif . 
Phone: (213) 983-0912. 

With foam polyethylene dielec­
tric and a tubular aluminum outer 
conductor, "Aircraft Foamftex" is 
rated for less than half the loss of 
conventional RG-213/ U and RG-
214/U coax. Designated RG-231/U 
by the Air Force, the coax has an 
impedance of 50 n, capacitance of 
27 µ.µ,F / ft, velocity of 81 % and a 
loss of 3.5 dB / GHz. A full line of 
adaptors is available. 

Called "Space-Track" type at­
tenuators, the model 5-6684-lOOC 
delivers 0- to 100-dB attenuation at 
both 4 to 5 and 8 to 10 GHz. The 
hand-sized unit has a power capaci­
ty of 10 W average and 5 kW peak. 
Other specs include a max input 
vswr of 1.50 and on insertion loss 
rating of 1.5 dB. A variety of con­
nector-styles are offered at the cus­
tomer's request. 

Particularly suited for duplexer 
applications, the E-plane "T" circu­
lators cover the X and Ku bands. 
Typical of the type, the X128TE op­
erates from 8.8 to 9.2 GHz with 20-
dB min isolation, 0.4-dB max inser­
tion loss and a vswr of 1.2 max at 
100-kW peak and 100-W average 
power. Body size is 2 x 1-3/ 4 x 1-
3/4-in. Units are also available in 4-
port configuration in all bands. 

CIRCLE NO. 259 

PLASTIC SEALLESS PUMP 
... for etching acids with no leakage 
Standard capacities are from :Y3 to 40 gpm 

ROTOR ON 
ECCENTRIC SHAFT. 

A rotor, mounted on an eccentric shaft in this plastic 
pump, rotates within a liner to create a progressive squeez­
ing action on fluid trapped between the liner and the body 
block. All metal parts and mechanical action takes place 
inside the liner where fluid never reaches. This completely 
eliminates the need for stuffing boxes or shaft seals, guar­
anteeing no leakage. 

The pump is self-pr~ming, operates wet or dry and is 
suitable for extremely corrosive fluids, abrasive slurries or 
viscous materials. Applications include pumping of acids, 
alkalies, distilled water, diatomaceous earth slurries, elec­
troplating solutions, ceramic tile glaze as well as shear sen­
sitive emulsions. 

Standard capacities are from 1h to 40 gpm with discharge 
pressure up to 50 psi. Materials of construction include 
Teflon, polypropylene, linear polyethylene, Bakelite or stain­
less steel for body blocks and Viton-A, Kel-F elastomer, 
Hypalon, Neoprene and Buna-N for the liner. These are the 
only parts in contact with the fluid. 

For additional information, write Vanton Pump & Equip­
ment Corporation, Hillside, New Jersey or telephone Area 
Code 201 926-2435. 
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ARNOLD /TOROIDAL COIL WINDER 
sets up quickly ... easy to operate ... 

takes wide range of wire sizes 

SPECIFICATIONS: 

• Min. finished hole size: .18 in. 
• Max. finished toroid O.D.: 4 .0 in. 
• Winding speed: 1500 turns/min. 
• Wire range: AWG 44 to AWG 26 
• Dual, self-checking turns 

counting system 
• loading (wire length) counter 
• Core range: 9/32 " " l.D. to 4" O.D. 

to l '/2 " high 

LABORATORY USE 

• Change wire and core size 
in 45 sec. 

PRODUCTION USE 
• 1500 turns per minute 
• Insert core and load 

in 20 sec. 

$890.00 includes all rings, counters and accessories 

immediate delivery. literature on request 

ARNOLD MAGNETICS CORP. 
6050 W. Jefferson Blvd., Los Angeles, Calif . 90016 

(2 13) 870-6284 
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Solid-state/ gas tube 
hybrid for radar use 
Varian Bomac Division, Salem Rd., 
Beverly, Mass. Phone: ( 617) 922-
6000. 

Primary applications for the TR­
Limiter BTL-001 are seen in radar­
receiver spike elimination. The unit 
is a combination of a gas-switching 
TR with shutter and a solid-state 
limiter. It is designed to operate 
over the 9.0- to 9.4-GHz range. In 
addition, the BTL-001 can be used 
for protection of tunnel-diode am­
plifiers and simila r units can be 
supplied for any 500-MHz range 
from 8.5 to 10.0 GHz. 

CIRCLE NO. 262 

805 MHz shifter is 
varactor controlled 
Microwave A ssociates Inc., Bur­
lington, Mass. Phone .: ( 61'lJ, 272-
3000. 

Designed as an error correction 
element in a linear accelerator, the 
MA-8352-2LIT phase shifter is var­
actor controlled. Among the compo­
nent's features is a drive power re­
quirement of 0-120 V at less t han 
100 µ,A. Phase shift is continuously 
variable from 0 to 180 degrees. 
Maximum insertion loss is 1.5 dB, 
vswr is 1.5 and power level is rated 
at 100 mW. 

CIRCLE NO. 263 

AMERICAN MACHINE & FOUNDRY CO. • AVCO • 

BEECH AIRCRAFT • BELL & HOWELL • BOEING • 

BURROUGHS• CHRYSLER CORPORATION• 

CONTROL DATA CORPORATION• CORNING 

ELECTRONICS• DOUGLAS AIRCRAFT COMPANY• 

DOW CHEMICAL • FMC • GENERAL ELECTRIC CO. • 

THE GOODYEAR TIRE & RUBBER COMPANY• 

ITT FEDERAL LABORATORIES • LITTON INDUSTRIES • 

LOCKHEED AIRCRAFT • MCDONNELL • 

MARTIN COMPANY• NORTH AMERICAN AVIATION, 

INC.• NORTHROP• RADIO CORPORATION OF 

AMERICA •RAYTHEON • SIKORSKY AIRCRAFT • 

SOLAR DIVISION OF INTERNATIONAL HARVESTER 

CO. • TEXAS INSTRUMENTS • T R W • 

UNION CARBIDE • WESTINGHOUSE 

ELECTRIC CORPORATION. 

-··· 
• • 
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why is the miniature 

AGASTAT® 
time I delay I relay 

the only MIL-SPEC pneumatic? 
Some of our best customers know it's the 
only one that offers ... 
•RUGGEDNESS . .. exceeds MIL E-5272 

specs for vibration, shock, acceleration. 
•HERMETIC SEALING . .. recirculates 

Its own inert gas supply-free of dust 
and moisture. 

• COMPACTNESS . . . no other pneumatic 
t/ d/ r packs so much into a 1.52" x 
1.52" x 4.4" can. 

•WIDE TIMING RANGES ... nine mod­
els, from .03 seconds to 3 minutes. 

• EASY ADJUSTMENT ... exclusive dial 
head for true linear adjustment-no 
needle-valve "cut and try." 
PLUS ... freedom from transient ef-

fects . .. voltage-and-temperature resist-
ance ... maximum weight 16 oz . .. . 
instant recycling ... high repeat accu­
racy ... broad terminal selection; solder 
lug, octal plug, "AN" connector or to your 
order ... wide range of AC or DC operat­
ing voltages ... unsealed models for in­
dustrial applications, too. Write today for 
complete specifications. M9 

AGAst"J TIMING INSTRUMENTS 
~ ELASTIC STOP NUT CORPORATION OF AMERICA 

ti>~ AGASTAT DIVISION • ELIZABETH, NEW JERSEY 
IN CANADA : ESNA LIMITED . 271 PROGRESS AVENUE, SCARBOROUGH, ONTARIO 

ON READER-SERVICE CARD CIRCLE l 09 

ELECTRONIC DESIGN 28 , December 6, 1966 157 



Model T-60 60 KHZ Time Code Receiver 

Round The Clock WWVB 60 KHZ Binary Time 
Code Broadcasts • Most Accurate Time Signal 
Available • Can Be Recorded Continuously 
Radio Station WWVB is broadcasting complete 
time information using a level shift carrier 
time code (10 db level changes). This code, 
which is binary coded decimal (BCD) is 
broadcast continuously and is synchronized 
with the 60 khz carrier signal. $480.00 

Model T-60A Rick Model (3 1/z" H 119"W1 5" D) 

Model SR-60 Price: $850.00 
Model SR-60. WWVB-60 khz. Will calibrate 
any local standard up to 5-1010 within a 
short period. Can be easily operated by any 
technician and performs in any part of the 
Continental United States. 

Model SFD-6R Modulu Construction: 
A complete system for distribution of stand­
ard frequency throughout a plant. All solid 
State- fail safe- reasonably priced . Price 
depends upon Modules selected ($90.00 
each). Several Modules available. 

Model WVTR Mork 11 All Silicon Tronslstor 
Five different models of Receivers for WWV 
and WWVH are available. They receive all 
frequencies transmitted by WWV and are 
all crystal controlled double conversion 
superheterodynes. $590.00 

Special Antenna Assemblies for 
both VLF and HF are in stock. 

Model WWVT $590.00 
Mork II 

All Silicon Tronslslor 

Over All Size 
71,4"x91/2"x5" 
Approx. Weight 

7 lbs. • 
Model 45 $98. 50 
A pocket size bat­
tery powered Time 

·' Base Calibrator, 
complete with in­
ternal battery. 

Send for complete specifications. Prices and sptci· 
fications subject to change without notice. F.O.B. 
Woodland Hills, Calif. 

SPECIFIC PRODUCTS 
P.O. Box 425 I 21051 Costanso Street.$ 
Woodland Hills . California 
Area Code: 213 340-3131 
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MICROWAVES 

·-BUTTON CONTACT 

MICf«OWAVE TH(RMAL CONVERTER (MTC.) 

1N21 / IN23 CARTRIDGE 

Microwave converter 
goes to 12.4 GHz 
MS! Electronics Inc., 34-32 57 
Street, Woodside, N. Y. Phone: 
(212) 672-6500. P&A: $22.50 to 
$45; stock. 

RF energy is measured by con­
version to heat by the MSI series of 
microwave thermal converters. In 
absorbing RF power in the 10-kHz 
to 12.4-GHz range, the converter's 
load resistor rises in temperature, 
producing a de potential through a 
thermocouple. This output voltage 
is proportional to the RF power ab­
sorbed regardless of waveform or 
duty cycle. 
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3-dB coax hybrids 
operate as 90 ° shifters 
Kevlin Mfg. Co., Inc., 24 Conn St., 
Woburn, Mass. Phone : ( 617) 935-
0100 . 

Two miniature 3-dB coaxial hy­
brids cover octave bandwidths as 
classical 90 ° hybrids. They can be 
used simply to obtain a relative 90 ° 
shift or as a part of a comparator 
or shifter network. Model 0-106 
covers 2-4 GHz with 18 dB isola­
tion, a vswr of 1.35 and an inser­
tion loss of 0.1. Model 0-107 covers 
4-8 GHz. Its specs are identical ex­
cept it has an 0.25 insertion loss. 
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Pulsed X-band TWT 
suitable for radar 
The M-0 Valve Co . Ltd., Brook 
Green Works, London W.6, Eng­
land. Phone : 01-603-3431. 

The pulsed traveling-wave tube, 
type TWX16 for radar applications 
gives over 40 dB gain at 5 kW peak 
output power. Mean power is 30 W 
and saturated peak rating is 20 kW. 
Unit band-width is 500 MHz in the 
8-9.3 GHz region. The tube is of 
metal-ceramic construction and it 
uses a ring and bar slow-wave 
structure that is said to limit un­
wanted oscillations. Helix is at de 
potential. 
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Dispersive delays 
simplify PC radar 
Control Electronics Co. Inc., 153 
Florida St., Farmingdale, N. Y. 
Phone: (516) 694-0125. 

A prime application area for a 
new line of dispersive strip lines is 
pulse-compression radar. In this ap­
plication, the delays are said to 
eliminate expensive and bulky filter 
components, and increase both 
range and resolution. At compres­
sion ratios of 21, 100 and 160, band­
widths run 2.1, 1.67 and 4 MHz re­
spectively. Delay changes here are 
10, 60 and 40 µ.s. 

CIRCLE NO. 267 

Isolation switch 
uses electro-optics 
Philco Microelectronics Div., Phil­
co-Ford Corp., 2920 San Ysidro 
Way, Santa Clara, Calif. Phone: 
(408) 245-2966. Price: from $200 
(switch), $50 (isolator). 

For applications requiring ex­
tremely high levels of isolation to 
extraneous signals, the P651A pro­
vides simplex low-level or timing­
signal switching. Output-input iso­
lation is over 100 dB from de to 1 
GHz. Similar isolation is realized in 
the passband with a signal-to-noise 
margin of 20 dB. The switch is de­
signed for use with the manufac­
turer's photon-coupled isolator. 

CIRCLE NO. 268 
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Still the best YIG Filters available 
PEL is continuing to make YIG filters built 

to the tightest specs in the industry. 
Compare specs of PEL's YIG filters and 

you'll find PEL's clearly superior. 
In L through Ku band, our dual channel 

units track within .1 % of the tuning range. 
Individual channel bandwidths are 

maintained within 1 or 2 MHz. Linearity 
of better than -+- 0.1 % is standard. 

High tracking accuracy makes PEL filters 
ideal for pre or postselection filters. 

Because individual frequencies can be offset, 
PEL YIG filters can be used as tunable 

discriminators. Either way, PEL YIG filters 
take MIL-Spec environments. 

PEL has the capability to produce YIG band­
pass or band-reject filters, discriminators, 

or limiters in small quantities or in 
volume runs. We welcome the opportunity 

to quote on non-standard models too. 
See for yourself. Our new catalog has the full 

story. For your free copy, please write. 

Physical. El.ectronics Laboratories 
ll.85 O'Erien Drive• Menl.o Park, Cal.i:fornia 
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With EASTMAN 910® Adhesive ... 

Rubber-to-glass bonds-
in seconds. 
To protect the television receiver's delicate 
cathode ray tube during shipping and 
through years of normal use, EASTMAN 
910 Adhesive is used to bond a protective 
rubber strip around the implosion shield. 

/l 

The rapid set of EASTMA 910 Ad­
hesive is ideally sui ted for this produc­
tion line operation. Just a few drops of 
EASTMA 910 Adhesive for pennies a 
drop and only hand pressure gives a 
strong. long lasting bond. 

EASTMAN 910 Adhesive will form 
bonds with almost any kind of material 
without heat, solvent evaporation, cata­
lysts, or more than contact pressure. Try 
it on your toughest bonding job. 

For technical data and additional infor­
mation, write Chemicals Division, EASTMA 
CHEMICAL Pnooucrs, INC., sub idiary 0£ 
Eastman Kodak Company, King port, 
Tenn e see. EASTMA 910 Adhesive is 
distributed by Armstrong Cork Company, 
Industry Products Division. Lancaster, Pa. 

Here are some of the bonds that can be made with EASTMAN 910 Adhesive 
Among the stronger: steel, aluminum, brass, copper; vinyls, phenolics, cellulosics, polyesters, 
polyurethanes, nylon; butyl, nitrite, SBR, natural rubber, most types of neoprene; most woods. 
Among the weaker: polystyrene, polyethylene (shear strengths up to 150 lb./ sq. in.). 
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There is no 
adhesive 
like 
EASTMAN 
910® 
Adhesive 

SETS FAST- Makes firm bonds in seconds to minutes. 
VERSATILE -Joins virtually any combination of 
materials. 
HIGH STRENGTH -Up to 5,000 lb. / in.' depending 
on the materials being bonded. 
READY TD USE-No catalyst or mixing necessary. 
CURES AT ROOM TEMPERATURE-No heat required 
to initiate or accelerate setting. 
CONTACT PRESSURE SUFFICIENT. 
LOW SHRINKAGE-Virtually no shrinkage on set­
ting as neither solvent nor heat is used. 
GOES FAR -One-pound package contains about 
30,000 one-drop applications. (Or in more specific 
terms, approximately 20 fast setting one-drop ap­
plications for a nickel.) 
The use of EASTMAN 910 Adhesive is not suggested 
at temperatures continuously above 1750F., or in 
the presence of extreme moisture for prolonged 
periods. 

See Sweets' 1967 ProductDesignFile6a/Ea. 

Now available! EASTMAN 910 Surface Activator 
When certain surface conditions inhibit rapid 
bond formation, use of EASTMAN 910 Surface 
Activator is suggested to restore the rapid 
polymerization of EASTMAN 910 Adhesive. 
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MICROELECTRONICS 

IC op-amps . 
offset only 3 mV 

Mounting pads 
expand IC circles 

Hybrids, IC modules 
aid system design 
Information Control Corp., 138 Ne­
vada St., El Segundo, Calif. Phone: 
(213) 322-6930. 

Amelco Semiconductor Div., Tele­
dyne, Inc. , 1300 Terra Bella Ave., 
Mountain View, Calif. Phone: 
(415) 968-9241. 

Milton Ross Co., 511 Second St. 
Pike, Southampton, Pa. Phone: 
(215) 355-0200. 

A family of 5-MHz logic modules 
are offered to systems designers as 
a means of avoiding circuit-design 
problems. Called "Interlogic," the 
line features operation to 5 MHz 
on 5-V supplies at 2 to 25 A. All 
modules are mounted on PC boards 
measuring 3.5 x 5.75 x 0.062-in 
with 72-pin connectors. Components 
are silicon ICs or ICs and discrete 
components where required. 

. Of silicon planar epitaxial con­
struction, the 805B and 806B opera­
tional amplifiers feature typical in­
put offset voltage of 3 mV, with 7.5 
tnV as maximum. The similar 805C 
and 806C also have 3-mV input 
offset ratings but their max is 10 
mV. All four types specify max sup­
ply ratings of ± 18 V. 

For both ease in wiring and reli­
ability, the Transpad # 10277 ex­
pands the lead-circle of T0-5 ICs 
and lifts th11 package. The pad con­
verts the lead diameter to 0.350-in. 
Elevated feet permit air ventilation 
and allow space for ft.ushing away 
excess solder flux. The pads are 
molded of black diallyl phthalate 
;md meet applicable MIL specs. 

CIRCLE NO. 269 

FREE! Now BETTER 
THAN EVER 

LAFAYETTE 
1967 CATALOG 

670 
512 Pages 

Featuring Ererything in Electronics for 

• HOME • INDUSTRY 
•LABORATORY 

from the "World's Hi·Fi 
& Electronics Center" 

Stereo Hi-Fi • Citizens Band • Ham Gear • 
Tape Recorders • Test Equipment. TV and Radio 
Tubes and Parts • Cameras • Auto Accessories 

• Musical Instruments • Tools • Books 
·---~FAvrrrrR~~~~~~~~~--------------------, 

Dept. 29·7 P.O. Box 10 29·7 
Syosset, L. I. , N. Y. 11791 
Send me the Free 1967 Lafayette Catalog 670 

Name ........... . 

Address ..... . 

.. __ C_!.t_!.:;;;.;;;;::,.· ;;; :,;;;;;;;;;;;;;;;;;;;;;;;;;;;;;;·;;.;~t!~:;.;;;;; ·;;.;;;;;;.;;;; ·!~;;;·;;;;;; ·;;;:.;. __ _. 
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CIRCLE NO. 270 

Described in 
Catalog 267 

Available thru Authorized 
Distributors at Factory Prices 

CIRCLE NO. 271 

The greatest selection of The most complete Reed 
Mercury-Wetted and Dry Relay information avail-
Reed Relays stocked by any able anywhere is provided 
manufacturerand248other in the new 80-page DE-
stock Relays are described SIGNERS' Handbook & Cata-
and priced in Stock Relay log of Reed and Mercury. 
Catalog 267. Wetted Contact Relays 

Contact the MAGNECRAFT REPRESENTATIVE in 
your area or send for your free copies of Catalog 267 
and ihe DESIGNERS' Handbook & Catalog NOW. 

-t®Gteltl8JiJ4111 Electric Co. 
5575 N. Lynch, Chicago, Ill. 60630 Ph 312-282-5500 
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Differential amplifier 
in " IC cube" form 
Zeltex, Inc., 1000 Chalomar Rd., 
Concord, Calif. Phone: ( 415) 686-
6660. P&A: below $50; stock. 

Analog scaling and buffering ap­
plications are seen for the Model 
161 differential amplifier. The hy­
brid IC design, a llowing dimensions 
to be reduced to 0.5 x 0.5 x 0.4-in., 
makes it particularly attractive 
where space is a major considera­
tion. Output range is ±10 Vat 4 ma 
and de open-loop gain is rated at 80,-
000. Gain bandwidth product is 2 
MHz and frequency for fu ll output 
is 150 kHz. At a band-width of 20 
kHz, noise rating is 30 µ. V peak-to­
peak. Narrow-band, 2-50 Hz, noise 
is 5 µ.V. 

CIRCLE NO. 272 

Micrologic cards 
function dc-20 MHz 
Control Logic, Inc., 3 Strathmore 
Rd., Natick, Mass. Phone : (617) 
655-1170. 

A complete family of Micro Logic 
cards are represented in the C-120 
line. Capabilities include counting, 
shifting and control functions at 
input or clock rates from de to 20 
MHz. Eight different card types are 
immediately available, they include 
multiple flip-flops and gates, an 8-
stage shift register, a line driver 
and a crystal controlled clock unit. 
The C-120 line is compatible with 
the manufacturer's 5-MHz line, ex­
tending its capabilities. 

CIRCLE NO. 273 

Miniature inductors 
for integrated circuits 
Delevan Electronics Corp., 270 
Quaker Rd., East Aurora, N. Y. 
Phone: ( 716) 652-3600. 

Inductors small enough to be 
placed inside a miniaturized package 
are available in the "Micro i" line. 
Units of the "Micro i" line range 
in size from 0.1 to 0.25-in. square 
and provide inductance ratings 
from 0.1 to 1000 µ.H. Each inductor 
is magnetically shielded to prevent 
interaction within the module and 
current capabilities are compatible 
with levels in most transistorized 
circuitry. 

CIRCLE NO. 274 
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• HIGH REJECTION 

• LOW INSERTION 
LOSS 

• TUNABLE NOTCHES 

•MULTIPLE 
NOTCHES 

A series of Micro-Notch Bandreject FILTERS 
have been developed by APPLIED RESEARCH 
Inc. to provide high rejection for specific fre­
quencies over the frequency range of 30 to 
12,000 Mc. Undesired signals within one 
percent or less of the operating frequency 
are eliminated. Various models are available 
including octave bandwidth units with tun­
able reject notches and low VSWR through­
out the operating range. 

GENERAL CHARACTERISTICS 

Frequency Range: 30 to 12,000 Mc 

Bandwidths: As narrow as one·quarter percent de· 
pending upon frequency 

Insertion Loss: As low as 0.5 db depending upon 
frequency and bandwidth 

ln·Band Rejection: As great as 75 db or more 

Power Rating: Up to 1.0 KW (cw) 
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jj\'L is fast 

jj\'L is reliable 

jj\'L is MicroVersaLOGIC 

jj\'L has plenty of output power 

comes only 
from Decision Control 

rejects noise like crazy 

is friendly. 
It talks with discrete logic 

jj\'L works first time, every time 

So, if you want your next digital system to 
work well , build it with uVL. We'll show you how­
in our MicroVersaLOGIC applications brochure. 
Send for it today. 

(dci) DECISION CONTROL, INC. 

1590 Monrovia Avenue, Ne"·port Beach, Calif. 

Tel. (714) 646-9371 TWX (714) 642-1364 
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Design Aids 
HUDSON ~IRE CO~PA~ I 1¥1 I 

OSSINING NEW YO RK • (914) 941 8 500 

Single & Stranded. Bare & Plated Copper & Copper Al loy 

STRANDED COPPER CONDUCTOR 

Con- l•y I lCMu . DCRuist. 
AWC slruct. Type ~·:. 1 N:n~;. L~~ Mlt . ~.:i ' w:~~ 
: :::~~~~ 5::;~·,. ~ g'J ~ ~~~ 1 jM ·m n: g; 
6 1917/27 cone. 2 so .2066 2128 411 .us 160 87.7 

: ~:;~~ ~:~.' !.:- ~=: ~J~ ::: : .: ~:; 
11 191 7/29 Unilay 200 .1610 1659 661 689 5-16 557 

10 3726 Cont lSO 1102 1124 1.19 124 297 JOJ 
10 3726 Un1t11 ISO IOIO 1101 119 1.24 297 lOJ 

12 1925 Conr 1 00-----oi1& 090!. - 176 ~92-~ 
12 19. 25 Unil1y 1.00 0841 0167 111 189 11.7 19 1 
14 19127 Cone. H .0703 0715 210 292 121 12J 
14 1927 Unll11 11 ___:_0667 J._ 0611 . 217 299 Ill 120 
16 1929 Cone. 75 0559 0570 44]- -:;-6 1 76-1 - 710 

~: 1~/~= Unol •Y - ~: ~~~ I gr,~ : ~ : ~~ i ~~ i ~~ 
11 19/ JO Cone. 62 0.:95 O!t05 565 519 599 611 
11 19.· 30 Unol11 62 0470 0-.179 5 79 603 514 596 
10 1121 50- 0311 0319 9~ - 996 Jn · - l!>: 

~ :;~n t~~l~y 1 -~ .g!s r~ ii I~ Ji: H! Hi 
22 19 34 Cone 1 .33 0312 0320 144 153 237 245 
22 ll/l4 Un ot11 33 0296 .0302 1411 157 231 239 

\-2'°•-+;7"'/3"'2--!-='-t--CJ~J-0240 - 0247 23 9 25 4 - \ 40r . \ 4]. 
24 19/ 36 Cone. l3 0241 0255 130 245 150 156 
24 19/36 Un11•1 33 0235 0240 236 251 146 152 
26 7/]4 25 0119 0195 311 .;12 0165 0193 
26 19/31 Cone. 25 0191 0205 364 400 0952 100 
26 19131 Un1l1y .25 01111 . 0192 373 41 0 0921 0975 

1-,=,+,,,.,,=--,r--~t-i,c:,·---ic . .,",.~ 0154 - li20 ·~liliO OS41i - o~ 
21 19/ 40 Cone 25 0153 OiliO 615 676 0517 0613 
21 19140 Unit•r 25 0146 0149 u 1 69 3 0563 osu 
~ I~~:~ Cone. -~~~1 ·gm ·ggi u·~ l~ g ~~~ I g !~ 
32 7140 1 20 0093 --- 0096°166 "112-t 0211 j 0224 
32 J!l/ 44 Cone 117 .0099 0105 !SJ 174 0 240 0 264 

~ ~~:~ .m _gu&j_ m~ n; _i_!~ g ~~5 _gJ;~2. 
SltHllell 

CondlKIDf 
Con1truct1t11 

01tln1U1ns 

M111iun 
Wirt 

'•111e 
Sfl1rtcuu 

Acenl11I COlfMIH04'ndedbp011eo1 more l1nrsolhehu111111d 
5t11ndt autmbled 1n a 1eomet11c 1111n1ement of concentuc 
••rer1 
Unllay Huon1thenmed,,tc11an1ndltn&lh ol1ay 
C011ctnt11c H1v1n1 d1!1eron1 ltn&IM •nd or d11tclool'I ol lay 

Ch1111e of J AWC n11mber1 do11blH Of h11vn 1u11!1nce or -..11 

Ch1n1eol6AWCnumbersQ111dr11plesorQ111rte11 rH1tl•nceor 
""' 'lhl and hahu or doublH doamtltt 

rroplrtJH Soll. hntole 34.000 PSl - RHlttivoly , 10 371 !! CM/ rt . 
1IC1pper Hard, Jen51te61.000PSl - Rn lt11w1 ty, I0.6l0!1CM/ fl 

8ru~ St11n1tll. lllS • Alu, SQ 111. J Ho. Shll'ldl. Ttn11lt , PSI 

Pocket size wire guide 
A pocket size reference contains 

data on single-end annealed copper 
wire (8 to 56 AWG) and stranded 
si lver- or nickel-plated copper con­
ductors ( 4 to 36 A WG ) . Tables in­
clude diameter, cross-section and 
resistance as well as construction 
and lay of concentric and unilay 
stranded conductors. The guide 
a lso contains a summary of wire 
formu las. Hudson Wire Co. 

CIRCLE NO. 275 

IC logic template 
This logic template is designed 

with reproductions of recommended 
MIL-806 symbolR for use in elec­
tronic systems. The versatile tem­
plate has all of the usual logic sym­
bols AND, NAND, OR, NOR­
and many other useful geometric 
shapes. Top and bottom edges are 
scaled in inches and centimeters for 
convenience. 

Available on company letterhead 
from Sprague Electric Co., North 
Adams, Mass. 
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RELAY l2AP. 
. TYPI 

2iAP2C05A 115 
CQIL 

COIL 
CQHTAeTS 

~ 
RELAY 

INSTANT EAGLE RELAYS 
Test Them Immediately •.• 

Get Production Quantities in Two Weeks I 
That's right . . . Eagle challenges you to compare them with any 
relay on the market. NOW you can get immediate delivery on these 
general-purpose or medium-power relays. Test results prove they're 
the finest of their kind in the world. Eliminate your relay delivery 
problems. Call your "Man from E.A.G.L.E." ... listed at the right. 
You'll find he has full details and specifications on Eagle relays. 

BLISS l•I El&LE Sl&lllL I 
A DIVISION OF THE E.W. BLISS COMPANY 

736 Federal Street, Davenport, Iowa 
ON READER-SERVICE CARD CIRCLE 1 88 
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YOUR "MAN FROM E.A.G.L.E." 
Distributors 
Burlingame, California 

415-697-6244 
Glendale, California 

213-245-1172 
Englewood, Colorado 

303·781·0912 
Hamden, Connecticut 

203-288-9276 
Orlando, Florida 

3.05-855-3964 
Baltimore, Maryland 

301-484-5400 
Newton Highlands, Massachusetts 

617-969-7140 
Minneapolis, Minnesota 

612-922-7011 
Clifton, New Jersey 

201-471-6090 
Haddonfield, New Jersey 

609-429-1526 
Albuquerque, New Mexico 

505-265-1020 
Albany, New York 

518-436-8536 
Depew, New York 

716-684-5731 
Endwell, New York 

607-723-8743 
Fairborn, Ohio 

513-878-2631 
Fairview Park, Ohio 

216-333-4120 
Dallas, Texas 

214-363-1526 
Houston, Texas 

713-649-5756 
Seattle, Washington 

206-725-7800 

Representatives 
Scottsdale, Arizona 

602-947-4336 
Pasadena, California 

213-681 -4421 
Jacksonville, Florida 

305-388-7656 
Orlando, Florida 

305-422-4295 
Roswell, Georgia 

404-993-6498 
Chicago, Illinois 

312-775-5300 
Chicago Illinois 

312-784-7314 
Baltimore, Maryland 

301-276-1505 
Norwood, Massachusetts 

617-769-3600 
Minneapolis, Minnesota 

612-922-0243 
St. Louis, Missouri 

314-428-5313 
Hackensack, New Jersey 

201-342-2602 
Latham, New York 

518-785-5032 
Rochester, New York 

716-436-4410 
Skaneateles, New York 

315-685-6172 
Fairfield, Ohio 

216-333-4120 
Havertown, Pennsylvania 

215-528-6640 
Dallas, Texas 

214-748-7788 
Houston, Texas 

713-224-9715 
Bellevue, Washington 

206-454-5200 
Charleston, West Virginia 

304-342-2211 
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4·6 WEEKS 
DELIVERY 
in Production Quantities or Prototypes 

Netic & Co-Netic 
Magnetic Shields 
Fabricated to your exact specifica­
tions in any size or configuration. 
Two typical applications shown . 2-3 
weeks delivery on special order. 

Permanently effective Netic and 
Co-Netic are the recognized world 
standard for dependable shielding. 
About 80% of all magnetic shield 
designs in use originated here. 
Netic and Co-Netic are insensitive 
to ordinary shock, have minimal 
retentivity, never require periodic 
annealing. Total quality is controlled 
during manufacture. Design assist­
ance gladly given. Photomultlpller & CRT Shields 

MA6NETIC SHIELD DIVISION 
Perfection Mica Company 

1322 N. ELSTON AVENUE, CHICAGO, ILLINOIS 60622 
ORIGINATORS OF PERMANENTLY EFFECTIVE NETIC CO-NETIC MAGNETIC SHIELDING 

ON READER-SERVICE CARD CIRCLE 1 89 

Requirement: 
Maximize radiation coverage 
and at the same time minimize 
aerodynamic problems in missile 
telemetry and command oper­
ational tests. Solution: Amecom"s Blade Antennas 

that provide horizontal and vertical polar­
ization; 2% bandwidths tunable over a 
15% band, with less than 2.0:1 VSWR. 

Units are currently available for 250, 
400 and 1000 megacycle operation. 

The simple construction of these an­
tennas gives them excellent reliability in 
missile environments with no change in 
VSWR or bandwidth. 

Their low silhouette configuration mini­
mizes drag and instability effects on a 
missile. 

Present units have operated during mis­
sile reentry conditions, and designs that 
use Amecom's spacecraft reentry antenna 
construction techniques are available for 
even higher temperatures. 

The Problem Solvers of Amecom's An­
tenna Systems Department will be pleased 
lo review the hard-to-meet antenna re­
quirements in your missile, rocket or space 
program. 

Call or write: Amecom Division, 1140 
East-West Highway, Silver Spring, Md. 
20910, Tel: (30ll 588-7273. 

ON READER-SERVICE CARD CIRCLE 190 
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APPiication 
Notes 
Sweep oscillator applications 

Twelve distinct applications for 
using a linear/logarithmic sweep 
oscillator in research and product 
development work, quality-control 
testing and production-line check­
out are contained in an 8-page ap­
plications manual. Each application 
is presented in problem/solution 
form, with a simplified block di­
agram of the main a nd support in­
struments to be used. Typical of the 
simpler applications is the deter­
mination of the hysteresis or varia­
tion in output of a relay, switching 
circuit or de amplifier due to a vary­
ing de applied in a bidirectional 
sweep fashion. More complex ap­
plications include automatic plot­
ting of the Fourier components of a 
periodic signal and the automatic 
display of the power spectral densi­
ty associated with an arbitrary ran­
dom waveform. Spectral Dynamics 
Corp. 

CIRCLE NO. 276 

Amplifier stabilization 
"Practical Closed-Loop Stabiliza­

tion of Solid-State Amplifiers" dis­
cusses such aspects as input capaci­
tance compensation, driving capaci­
tative loads and operation with 
boosters. Examples, illustrations 
and charts are included. Other top­
ics include inside-outside followers, 
adder-subtracter work, full-swing 
capabilities, nonlinearities, noise 
and dynamics. A self-conducted 
exam completes the 30-page note. 
Philbrick Researches, Inc. 

CIRCLE NO. 277 

Photoconductive cells 
"Selecting Photoconductive Cells" 

is a 24-page designer's guide which 
discusses considerations in the ap­
plication of photo-conductive cells. 
The illustrated publication contains 
seven basic design considerations in 
selecting, principles and advantages 
over photovoltaic cells, characteris­
tics of photoconductive materials, 
sample schematics using photocell s 
and a list of typical applications. 
General Electric Co. 

CIRCLE NO. 278 
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Simplify your source selection 
for 930 DTL 

Specify 

You eliminate series 930 DTL evaluation, delivery, 
packaging and single source troubles. Here's why: 
Evaluation - Our 930 DTL circuits and test lim its 

are identical to those of the other leading 
manufacturer. 

Delivery - Our on-time delivery helps you elimi­
nate manufacturi ng schedul ing headaches. 

Packaging - Your choice of dual in-line, flat pack, 
or T0-5 packages. 

Alternate Source - With ITI added to your print, 
you eliminate the potential headaches of sin­
gle source procurement. 

Let us prove it to you. A phone call will get you 
off-the-shelf 930 DTL delivery from your ITI dis­
tributor. For volume procurement, ask your ITI 
field salesman for a quotation. 

r l;SE:C~U;OR; ---, 
I 
I 
I 
I 
I 
I 

3301 Electron ics Way 
West Palm Beach, Florida 

Please send me a copy of " ITT's New Unabridged DTL 
Design Data Book" containing compl ete information and 
specifi cations on all ITT 930 DTL circuits. 

TITLE - ------- - --------

COMPANY---------------

ADDRESS-------------~ 

I 
I 
I 
I 
I 
I 
I I 

Le: _:A:_---:._ZI~---= _J 

ITT 
SEMICONDUCTORS 

ITT SEM ICONDUCTORS IS A DIVISION OF INTERNATIONAL TE LEPHONE AN D TELEGRAPH CORPORATION, 3301 ELECTRONICS W AY, WEST PALM BEACH, FLORI DA. 
FAC TORIES IN WEST PALM BEACH, FLORIDA; PALO ALTO. CALIFORNIA ~ LAWRENCE. MASS ACHU SETT S. HARLOW ANO FOOTSCRAY, ENGLAND. fREIBURG ANO NURENBERG, GERMANY 
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New 
Literature 

Microwave catalog 
This 57-page catalog includes 

four pages of useful microwave 
charts and graphs plus two infor­
mation forms for switches and an­
tennas. A plastic loose-leaf catalog 
contains complete specifications and 
dimensions on coaxial switches, 
waveguide switches, airborne an­
tennas, and microwave components. 
Transco Products Inc. 

CIRCLE NO. 279 

Report on hybrid op-amps 
"The New Breed Micro-Hybrid 

Operational Amplifiers-A Status 
Report" covers hybrid operational 
amplifier technology in some depth. 
This 12-page monograph explores 
Philbrick Researches' reasons for 
taking this approach and the advan­
tages accrued by it. Philbrick Re­
searches, Inc. 

CIRCLE NO. 280 

Coax catalog 
Described and shown in this 24-

page catalog is a complete line of 
coax cables, connectors, cable acces­
sories, rigid line, delay lines and 
coax cable assemblies. Also included 
are full listings of electrical charac­
teristics, performance and specs, 
and the computation methods 
applicable to selection of cable size 
and type. Phelps Dodge Electronic 
Products Corp. 

CIRCLE NO. 281 
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Servo hardware 
Described in this 28-page, 2-col­

or catalog are panel-mounted dial 
assemblies, phase-sensitive volt­
meters, phase shifters, servo 
clamps, and bellows couplings. Ap. 
plications, specifications, and de­
scriptive data are given. Theta In­
strument Corp. 

CIRCLE NO. 282 

Precious metal components 
Precious metal-clad precision 

components for the electrical, elec­
tronic and chemical industries are 
presented in an 8-page bulletin. In 
color, the brochure provides illus­
trations and information on strip, 
wire, contact tape and parts, welded 
assemblies, semiconductor materi­
als and waveguide and custom tub­
ing. Engelhard Industries, Inc. 

CIRCLE NO. 283 

Thermocouple alloys 
A four-page bulletin describes 

the physical and mechanical proper­
ties of Chromel/Constantan Type E 
thermocouple alloys. Included in the 
bulletin are application data and 
emf reference tables. Hoskins Mfg. 
Co. 

CIRCLE NO. 284 

The tip-off 
The Tip-Off is a fascinating, his­

torically oriented periodical that is 
published by Schweber Electronics. 

The last two issues trace the de­
velopment of semiconductors. Edit­
ed by Sam Kass, the pale-blue com­
ponents conjuring letter is enter­
taining, informative, clear and 
camp. Schweber Electronics, West­
bury, N. Y. 
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Potentiometer brochure 
A complete line of precision wire­

wound nonlinear potentiometers are 
described in a 4-page brochure. The 
brochure details functions, output 
equations and circuit diagrams for 
single and multiturn units. Duncan 
Electronics, Inc. 

CIRCLE NO. 286 

Components catalog 
The entire Johnson electronic 

components line is described in this 
26-page catalog. Prepared for de­
sign engineers, the catalog presents 
complete product descriptions, pic­
tures, dimension drawings, catalog 
numbers, prices and mechanical and 
electrical specs. Products listed are 
capacitors, tube sockets, connectors, 
terminals, insulators, pilot lights, 
inductors and miscellaneous hard­
ware. E. F. Johnson Co. 

CIRCLE NO. 287 

SCR temperature control 
Use of Powertemp SCR systems 

in industrial temperature control is 
the subject of a new 12-page bro­
chure. Information is provided on 
basic operating principles, selec­
tion, and operating features. Sys­
tems described control power from 
1 kVa through 4100 kVa. Robicon 
Corp. 

CIRCLE NO. 288 

Step switch applications 
This 10-page bulletin covers the 

use of step switches for pro­
gramed sequence control of indus­
trial processes. In addition to pro­
viding details on how the switches 
work, the bulletin includes numer­
ous diagrams of applications and 
ordering information. E. W. Bliss 
Co., Eagle Signal Div. 

CIRCLE NO. 289 
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Learn why 

every ITT 2N3375 gives you 663 
more FtE than EIA specs demand 

28V CLASS B POWER OUTPUT VS FREQUENCY 
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When you apply ITT 2N3375s, you get 5 watts minimum 
saturated power output at 400 MHz and Vee= 28 V, 
tested 100%. 

The secret lies in ITT's unusually close control of resis­
tivity, combined with interdigitated construction. 

To find out more about the superior performance of the 
ITT 2N3375, write today for your free copy of " VHF/ UHF 
Power Transistor Amplifier Design" and complete 2N3375 
specs. Or see for yourself - order sample quantities off­
the-shel f from your ITT distributor or factory representative. 
ITT Semiconductors is a division of International Telephone 
and Telegraph Corporation , 3301 Electronics Way, West 
Palm Beach , Florida. 

ITT 
SE.MICONDUCTORS 

FACTORIES IN WE ST PALM BEACH FLORIDA. PALO ALTO CALIFORNIA LAWRENCE MASSACHUSETTS HARLOW AN O FOOTSCAAY ENGLAND FREIBUAG AN D NUAENBEAG GERMANY 
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Why is this MKTR 
Miniature O.E.M. Relay 

so remarkable? 

ACTUAL SIZE 

Because it has thirty quality 
features for only $2.05* 

Size Low profile. 1-3/16 x 1-3/8 x 1-3/8 
A real space saver. 

Sensitivity Down to 60 milliwatts per pole D.C. 
Ideal for plate circuits. 

Contact Ratings 5 amperes and 10 amperes 
(AC & DC). 

Contact Selections Fine silver (gold flashed) Silver 
Cadmium Oxide (gold flashed) Gold 
diffused (for low level switching). 

PoleConfigurations Available in 1, 2 and 3 pole double 
throw combinations. 

Covers Plastic dust covers made of Styrene, 
Butyrate or Polycarbonate. Clear, 
Translucent and Opaque in a variety 
of colors (no extra charge). 
Hermetically sealed. 

Indicator Spotlights available to indicate coil 
normally open or normally closed. 

Terminals Solder lug, Plug-in, Printed Circuit 
and .110 Snap-on. 

Sockets True 10 amp construction socket. Can 
be used in printed circuit boards. 
Solder terminals which accept .110 
Snap-on terminals standard. 

Mountings Available with side or base studs for 
chassis mounting. 

Applications General purpose. Medium power. 

•• ~AMERCCN 'O" com pony 

Practically unlimited. 
U. L. File No. E36213 
For a prototype (specify coil and 
contact requirements) and for more 
information ask for our Bulletin No.16. 

LINE ELECTRIC COMPANY 
Division of Industrial Timer Corporation 
205 River Street, Orange, New Jersey 
In Canada: Sperry Gyroscope Ottawa Ltd. Ont. 
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NEW LITERATURE 

-··-~·· . - - Instrumentation • 
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Review of op-amp principles 

This 20-page booklet presents a 
simplified introduction to operation­
al amplifiers . Sections include the 
definition of terms used in manu­
facture:r:'s specs, analysis of feed­
back amplifiers, a discussion of 
closed-loop gain, gain . stability · and 
frequency response and a compari­
son of performance characteristics 
for amplifier types such as chopper­
stabilized, FET-input and linear IC. 
The report ends with a 5-page sum­
mary of common applications for 
operational amplifiers. Fairchild In­
strumentation. 

CIRCLE NO. 290 

Thin-film production 
A complete line of thin-film pro­

duction equipment is described 
in a 6-page brochure. Capabilities 
covered include: deposition thick­
ness control, deposition rate confrol, 
source power control, electron beam 
supplies, automated deposition, en­
vironment control and verification. 
Sloan Instruments Corp. 

CIRCLE NO. 291 

Core memory brochure 
Called the fastest rai;dom-access 

large-scale memory system avail­
able, the N anomemory 650 is de­
scribed in a 10-page illustrated bro­
chure. Among the items covered are 
the use of 2-l / 2D selection tech­
niques, input and output pulses and 
levels, electrical characteristics, 
timing requirements and charts and 
a functional diagram. Electronic 
Memories. 

CIRCLE NO. 292 
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Op-amp design data 
A series of design-data sheets 

provide information on the manu­
facturer's line of operational am­
plifiers, types 805, 806 and 807. Per­
formance features, applications, 
specifications and pricing informa­
tion are included. Amelco Semicon­
ductor. 

CIRCLE NO. 293 

PC packaging system 
A low-cost printed-circuit board 

system is described in an 8-page il­
lustrated catalog. The material con­
sists of exploded-view drawings of 
the system, performance charts, 
specifications and general descrip­
tive material. ITT Cannon Electric. 

CIRCLE NO. 294 

IC system catalog 
The "Chico pac" module is de­

scribed in a six-page catalog. This 
integrated circuit packaging system 
is shown in terms of its capabilities 
in aerospace applications. ITT Can­
non Electric. 

CIRCLE NO. 295 

NANO module system 
Based on N AND logic, the 13-Se­

ries microcircuits have a noise re­
jection greater than 1 volt. The 
complete line is described in an 8-
page short form catalog. A "Logic 
Primer" on the use of the system is 
also available. Canoga Electronics 
Corp. 

CIRCLE NO. 296 

Basic logic primer 
A handbook to help the logic de­

signer in logic implementation, the 
"13-Series Logic Implementation 
Primer" is intended to help both 
new and experienced engineers. 
Part one of the handbook, intended 
for the new engineer, describes 
symbology and covers basic logic 
rules including AND gates, in­
verters, N AND gates and N AND 
ganging. The rules of logic and logi­
cal notation, including elementary 
Boolean algebra are developed in 
this section. Part two covers the ap­
plication of logic to flip-flops, "O"­
level trigger control, N AND-gang­
ing, positive load gating and special 
applications. Canoga Electronics 
Corp. 

CIRCLE NO. 297 
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UP TO 
200 MILLION 
OPERATIONS! 

Reed Relays 

Logic Modules 

Mercury Wetted Contact Relays 

Economical Doranic products simplify your circuit 
design, production and assist you in obtaining system 
reliability. Life up to 200 million operations is achievable 
at nominal loads. 

Douglas Randall's design team is experienced in custom 
circuit packaging; and special relay design and produc­
tion. They will assist your design engineers in component 
selection and specifications. 

For a comprehensive catalog of our complete line of 
standard relay products, write: 

< douu1as randall, inc. Kidde 
A SUBSIDIARY OF WALTER KIDDE & COMPANY, INC. 

6 Pawcatuck Avenue, Westerly, Rhode Island 02891 
Tel.: Area Code 203 599-1750 (Pawcatuck, Conn.) 
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NOW ••• 
Color-code and Teflon-wrap 
in one operation with 
Dilectrix "Fluorofilm"t 

COLORED 
TEFLON* 
I.pis FULLY SINTERED 

FUSES TO ITSELF. UNFUSED TFE 
OR TO FEP 

• Minimal oigmented layer protectively encapsulated within 
normal PTFE laminations 

• Lowest pigment content for highest electrical and physical 
properties 

• Will not peel, crack, wear or fade 
• Void and pinhole-free multilaminar construction 
• Low shrinkage after fusion-greater surface coverage 

POUND FOR POUND 
• Choice of TEN permanent, vibrant mil-spec colors 
• AVAILABLE FROM STOCK in various thicknesses and widths, 

and in SPLICE-FREE lengths to 500 ft. 

Dilectrix "Fluorofilm" color interlaminated tapes and 
films are ideal for color coding and wrap-insulation 
applications, or as a low-friction surfacing material. 
Several types are supplied in plain PTFE, pressure­
sensitive, and one side weldable for wrapping circular 
or rectangular conductors using standard fusion heat­
seal equipment. WRITE FOR BULLETIN 1066. 

COLORS: White, Black, Grey, Yellow, Green, 
Blue, Purple, Red, Orange and Brown. 

•ouPont trademark t Dilectrix lrademarll; 

(:1>i1ec-t;:ri:lK:) 
CORPORATION 

FARMINGDALE, NEW YORK 11735 •TEL: (516) 249-7800 •TWX: 694-1884 
Advanced fabr icators of Teflon-producers of multi1aminar autodepos1ted Teflon tapes, films and sheets 

ON READER-SERVICE CARD CIRCLE 195 

-
Q, INT EGRATED LOGIC CARDS 

FF 
-
Q, 

.____ 

Why pay for 
'---- FREE WIRE - AND 

Q, t--'~ 

FF 

Q, 
[p~~~ 

~ .... X1=HIGH=Q1 • Q, 

The rejection of noise on the outputs of JK's, shiftbits, binary 
and deqide counters is larger than the logic swing. So, you 
can wire the Flip-Flop outputs together, and you have 
FREE GATES - we also supply application data sheets! 

Other FREE LOGIC is available by wiring gates 
directly together. 

Why not use our FREE LOGIC and EXCELLENT NOISE 
REJECTION. 

COMPUTER LOGIC COR~ 
1528 20th Street• Santa Monica, Calif• Phone: 213 . 451 -9754 

A COMPLETE FAMILY OF COMPATIBLE TRUE-BLUE LOGIC CARDS 
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NEW LITERATURE 

Silicon transistor catal~g 
The complete STC silicon transis­

tor line is covered in the 16-page 
condensed catalog '66. Included are 
specs and outlines on all STC de­
;vices which include military types, 
pnp's, triple diffused npn power de­
vices. The material is organized ac­
cording to power ratings. Silicon 
Transistor Corp. 

CIRCLE NO. 298 

Servo components 
Shaft position encoders, servo 

systems and components, electro­
mechanical commutators and slip 
ring assemblies are all included in 
this 40-page illustrated catalog. De­
tails as design features, specs, ap­
plication, readout characteristics, 
electrical and mechanical perform­
ance and environmental specs are 
included for each piece of equip­
ment listed, in addition to detailed 
specification charts. Northern Pre­
cision Laboratories. 

CIRCLE NO. 299 

Microwave oscillator catalog 
A short form catalog is available 

describing microwave oscillators. 
Primary products are triode and 
solid state strip transmission line 
oscillators in L- and S-bands. Alsc 
described is a C-band coax triodE 
oscillator. In addition the catalog 
includes a chart describing powe1 
capabi lities. Terra Corp . 

CIRCLE NO. 300 

DANDER 
laser light 

Laser warning signs 
"Danger-laser light!" The mes­

sage on this 6 x 8 in. warning sign 
gets across clearly. The handy post­
er is a safety must for all facilities 
using lasers. Hayde1. MicroWaves 
Corp. 

CIRCLE NO. 301 
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Digital and linear ICs 
A 16-page condensed catalog is a 

source for key features of Signetics' 
digital and linear IC line. Listings 
for each element include typical 
performance characteristics, sche­
matics, power supply requirements, 
packaging, operating temperature 
range and primary area of applica­
tion. The catalog is divided by cir­
cuit type and broken down within 
the types by operating temperature 
range and applications. Signetics 
Corp. 

CIRCLE NO. 302 

Miniature component catalog 
A 52-page engineering catalog 

presents a wide selection of min­
iature pushbutton and rotary 
switches, binding posts, test jacks, 
sockets and module cases. Also in­
cluded is such data as useful life 
and failure criteria, contact and in­
sulation resistance, rotational 
torque or actuating force, effect of 
ambient temperature and effects of 
altitude. Grayhill, Inc. 

CIRCLE NO. 303 

Pot catalog 
This 72-page catalog describes 

precision potentiometers, trimmers, 
dials and servo system components. 
The 1966-67 catalog contains photo­
graphs, drawings and detailed spe­
cifications on Beckman's complete 
pot line. Beckman Instruments, Inc. 

CIRCLE NO. 304 

DUAL ·IN-LINE SOCKETS 
for testing and packaging plug-in IC's 

-.ow COST • HIGH PERFORMANCE • WIDE APPLICATION 

• Sockets for 14 and 16 lead packages having 
flat or round leads 

• Large contoured entry holes for 
easy IC insertion 

• Gentle wiping leaf contacts 
provide high reliability 

• Available with or without 
. mounting saddle for 
panel mount or printed 
circuit applications 

• Molded diallyl phthalate 
body; beryllium copper, 
gold·plated contacts 

Request Catalog 364 describing our complete line of integrated circuit 
products for Testing, Breadboarding, and Packaging. 

AU6AT.NC. 31 PERRY AVE., ATTLEBORO, MASS. 027031. 
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. ..8 miniature solenoids ... 

do big jobs 
in small space 

• Completely tested 
• Proven reliable 
• Mounting furnished to 

meet your requirements. · 
• Hundreds of other designs 

for both AC and DC appli· 
cation. 

• Push or pull units to 200 
lbs. force. 

• Send your specifications 
today. 

The trademark on m illions of solenoids sincr. 1927 

WEST COAST ELECTRICAL MFG. CORP. 
233 W. 116TH PLACE • DIVISION 110 • LOS ANGELES 61, CALIFORNIA • Plymouth 5-1138 
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Design Data from Manufacturers 
Advertisements of booldets, brochures, catalogs and data sheets. To order use Reader-Service Card . 

(Advertisement) 

Schweber Guide To Mylqr® Capacitors 

Schweb~r guide 
to the $election 

of General Electric 
mylar cnpacilors 

The G.E. mylar capacitors listed in the Schweber 
guide meet the requirements of MIL-C-27287 
(USAF). As with all Schweber capacitor guides, 
the listing is in numerical sequence by micro­
farads (MFD). Voltage rated at 12SC, the failure 
rate at 90% confidence level is less than 0.1 % 
per 1000 hours. No impregnants to leak out, no 
glass bushings to crack, no solder seals to fail­
investigate this modern capacitor for the utmost 
in modern requirements. 

Schweber Electronics 
Westbury, New York 11591 

516--334-7474 171 
Engineers' Relay Handbook 

A definitive work that is fast becoming a standard 
reference text for the relay user. Prepared and 
edited by the National Association of Relay Man­
ufacturers, this book is a complete guide to the 
principles, properties, performance characteris­
tics, application requirements, specifications, and 
testing of relays. Systems and product engineers 
will find the Handbook an indispensable help in 
determining the correct types of relays for their 
applications. For further information about this 
unique sourcebook, write Dept. ED 

Hayden Book Co., Inc. 
116 W. 14th Street 172 New York. N. Y. 10011 

How To Write Technical Articles 
A guide for the engineer-author, "How to Write 
Articles for Electronic Design" shows how easy'it 
is to write for publication-once the engineer 
knows what to write and how to write it. The 
Author's Guide includes a complete run-down of 
the types of articles published by Electronic Design 
-plus detailed instructions on how to prepare 
technical articles and short special features. A 
MUST for every "would-be-writer" in the electron­
ics industry. Send for your complimentary copy by 
circling the number to the right. 

Electronic Design 
850 Third A venue 

New York, N.Y. 10022 173 
172 

NEW LITERATURE 

Magnetic skew effects 
"Skew and its effect upon Mag­

netic Recording" covers the defini­
tion of skew, its effect on magnetic 
recording, the causes of skew and 
measurement techniques. Dartex, 
Inc. 

CIRCLE NO. 305 

R~prints Available 
The following reprints are avail­

able free and in limited quantities. 
To 0btain single copies, circle the 
number of the article you want on 
the Reader-Service Card. 

A FET operatinq at uhf? (No. 
306) 

Rid mixers of spurious signals 
(No. 307) 

Designers Challenge-High Vol­
um e, Low Cost (No. 308) 

Accuracy Policy 
It is the policy of ELECTRONIC 
DESIGN: 

To make reasonable efforts to in­
sure accuracy of editorial matter. 
To publish promptly corrections 
brought to our attention. 

To reserve the right to refuse 
any advertisement deemed mis­
leading or fraudulent. 

All editor ial correspondence should 
be sent to: 

Howard Bierman, Editor 
ELECTRONIC DESIGN 
850 Third A venue 

Subscription Policy 
ELECTRONIC DESIGN is circulated 

free of charge to qualified design 
engineers in the U.S., Western 
European Continent and Britain. 
To establish your qualifications, 
send ELECTRONIC DESIGN the fol­
lowing information on your com­
pany's letterhead: Your name, en­
gineering title, description of your 
design duties and a list of your 
company's major products. The let­
ter must be signed by you per­
sonally. 

Subscription rates for nonquali­
fied subscribers-$25 a year in the 
U.S., $95 in all other countries. 
Single copy, $1.50. 

Change of Address 
A subscriber's change of address 

requires a restatement of his quali­
fications. To expedite the change, 
and to avoid missing any issues, 
send along a label from a back copy. 

Microfilm Copies 
Microfilm copies of all 1961, 1962, 

1963, 1964 and 1965 issues of 
ELECTRONIC DESIGN are available 
through University Microfilms, Inc., 
313 N. First Street, Ann Arbor, 
Mich. 
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Lundey Clinch-Loe® Terminals ••• 
use a million (or more)? 

Some of our customers do! 

This automatic machine was de­
veloped to assemble Clincl1-Loc 
T erm inals witli speed and flexi­
bility for volum e users. With an 
alternate track any Clincli-Loc 
T erminal can be used in tliis 
machine. 

A u ni taT)' assembly (no loose parts) 
assem bly cos t 1·eduction . 

Lu mley Clinch -Loe T erminals gua rantee sub­
st antial savings because of low initial cost , signif· 
icant assembly cost reduction and elimin ation of 
loose pa rt s. 

Our engineeri ng fac ilities fo r standard , special 
and production applica tions are at your disposa l. 
W rite for detai led information or send special re· 
quirements fo r quotes. 

U. S. Patents 
3,047;653 
3,126,445 
3,166,634 

Canadian Patents 
6:::;,i20 
727,204 

Patents applied for 
in France, Italy, 
Germany and Japan 

High Quality Products of The Lundey Line 

Lundey Associates, Inc. 
694 Main Street Waltham, Mass. 02154 

Phone 893-6064 
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507-3906-1471-600 

257- 7558-1631-504 

Now - the most adaptable, reliable 

(a) 

DATALITE ® 
SYSTEM OF INDICATION 

For computers, data processing, 
and other readout applications 

,!118. 

Build your light indicators with a system­
the DATALITE system. Here's how: Choose a 
"Datalamp" Cartridge (a) and combine it with 
a "Datalamp Holder" (b); or use a screw-on 
"Data Cap" with a rotatable readout lens 
(c, d) .•. For multi-indications, "Data lamp" 
Cartridges may be mounted on a "Data Strip" 
or"Data Matrix" in any required configuration. 

"Datalamp" Holders accommodate DIALCO's own plug-in 
ultra-miniature Neon or Incandescent "Datalamp" Cart· 
ridges. Complete assembly mounts in %" clearance hole. 
Also available with permanent (not replaceable) Neon 
lamps (e). Legends may be hot-stamped on cylindrical 
lenses. Styles shown here are only typical components 
in the extensive DATALITE system of light indication. 

SAMPLES ON REQUEST-AT ONCE-NO CHARGE. 
For complete data, request current Catalog. 
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why 
trade 

reliability 
for small size 

in ceramic 
capacit~rs? 

Capaci tance ra nge ... lpP to 10 Mfd 
Working voltage ..... 100 al 125"C 

USCC introduces the Cl2 Series 
of radial lead ceramic capacitors. 
No sacl'ifices here. The most 
reliabl e miniature cera mic capac­
ilors available with performance 
Lhal meets MI L-C- 110 L5 ... and 
is competitively p l"iced. Check 
Lhe advanlages you get with the 
Cl2 Series. 

U. S. CAPAC ITOR CORPO RATION 
2151 LI NCOLN ST RF:F.:T • !Jl'RBANK, CALIFORNIA 91504 

(213) 843-4222 • TWX : 213-846-0904 
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SIEMENS AMERICA INCORPORATED 
ASKED 596 OF THEIR CUSTOMERS 

"WHICH MAGAZINE DO YOU READ REGULARL V?" 

Read 
PUBLICATION Rank Regularly 

No. % 

ELECTRONIC 135 69.6 
DESIGN 

ELECTRONIC 2 105 54.1 
INDUSTRIES 

ELECTRONICS 3 100 51.5 

ELECTRICAL 4 98 50.5 
DESIGN NEWS 

IEEE 7 66 34.0 
SPECTRUM 

ELECTRONIC 
8 63 32.5 EQUIPMENT 

ENGINEERING 

ELECTRO-
TECHNOLOGY 

Not included. 

ELECTRO- Not included. 
MECHANICAL DESIGN 

ELECTRONIC 
PRODUCTS 

5 75 38.7 

ELECTRONIC 6 
NEWS 

69 35.6 

READERSHIP STUDY BOX SCORE 

STUDY NUMBER OF STUOI ES NUMBER WON 
NUMBER TO DATE 

47 

Again and again and again, when electronics manu­
facturers ask their OEM customers and prospects 
which publications they read·-the overwhelming 
response is "Electronic Design"! 

Siemens America made such a study in the Fall 
of 1965. Electronic Design received top score, 
almost 70% "read regularly" .. . over 15 percentage 

47 

BY ELECTRONIC DESIGN 

43 

points higher than the second ranking publication. 

Siemens has considered these results carefully in 
their media programs. Studies, like Siemens', point 
the way to most efficient ad expenditures, confirm 
the value of Electronic Design's audience. When 
Siemens buys Electronic Design, they know that 
they are buying readership! 

ElectronicDesign RANKS 1st 
READERSHIP 

• 
In 

a HAYDEN publication 850 Third Avenue, New York, N.Y. 10022 (212) PL 1-5530 
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Latest 
techniques 
in real-time 

signature 
analysis for 

ASW and other 
applications ... 

"Recognition and analysis of 
transient, noisy waveforms re­
quires a system that both stores 
and filters information. A simple, 
reliable method of accomplishing 
both is to excite a bank of filters, 
contiguously tuned to cover the 
frequency range of interest. This 
filter bank will perform a Fourier 
analysis of any signal, regardless of 
duration. The signal-to-noise ratio 
is improved due to the inherent 
bandwidth reduction, and storage is 
inherent in the filters. The output 
of the filter bank is sampled rapidly 
by means of an electronic commu­
tator. A frequency-amplitude dis­
play is obtained which represents 
all input signals, including brief 
transients ... the essence of real­
time analysis." 

Thomas Heling 
Vice President of Engineering 
Acton Laboratories, Inc. 

Latest 
Acton Labs 

instrumentation 
for real-time 

high-resolution 
spectrum analysis 

Acton Laboratories' latest Ray­
span™ spectrum analyzer designs 
combine sharp, stable, magnetostric­
tive filters with solid state switch­
ing to make real-time analysis 
practical in rugged environments. 
A frequency-amplitude display al­
lows for operator analysis or digit­
ization of the output for computer 
analysis. Great flexibility is possible 
in filter bandwith and analysis band. 
Current Rayspan designs cover 1 
Hz to 100 Hz in filter bandwidth, 
and 30 Hz to 50 KHz in analysis 
band. 

Acton Labs' magnetostrictive 
filters can be supplied separately as 
single units, dual units, or arrays, 
with center frequencies from 15 
KHz to 450 KHz and Q's from 2000 
to 22,000. 

TECHNIQUES & INSTRUMENTATION 
FOR MEASURING & PROCESSING OF SIGNALS 

.TIH~f LABORATORIES· INC. 
Sub•idi"Y of Bowma• l••INment Coq>o•atloo 

531 Main Street• Acton, Massachusetts 01720 (617) 263-7756 (Boston) 542-0284 
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Designer's 
Datebook 

DECEMBER 
SMTWTFS 

I 2 3 
4 5 6 7 8 9 10 

11 12 13 14 15 16 17 
18 19 20 21 22 23 24 
25 26 27 28 29 30 31 

Dec. 7-9 

JANUARY 
SMTWTFS 
1234567 
8 9 10 11 12 13 14 

15 16 17 18 19 20 21 
22 23 24 25 26 27 28 
29 30 31 

15th Annual Wire and Cable Sym­
posium (Atlantic City, N. J.) Spon­
sor: Army Electronics Command; 
J. Spergel, Wire and Cable Sym­
posium, U.S. Army Electronics 
Command, Fort Monmouth, N. J. 
07703 

Dec. 7-9 
International Scientific Radio Un­
ion (URSI) (Palo Alto, Calif.) 
Sponsor: U.S. National Committee 
of the International Scientific Ra­
dio Union; Prof. R. A. Helliwell, 
Radioscience Lab., Stanford Uni­
versity, Stanford, Calif. 94305 

Dec. 26-31 
l 33rd Meeting of the American 
Association for the Advancement 
of Sciences (Washington, D. C.) 
Sponsor: AAAS; Mrs. Thelma C. 
Heatwole, 5110 W. Franklin St., 
Richmond, Va. 23226 

Jan. 4-7, 1967 
Winter Meeting of the National 
Society of Professional Engineers 
(San Juan, P. R.) Sponsor: NSPE; 
Kenneth E. Trombley, National 
Society of Professional Engineers, 
2029 K. St., N.W., Washington, 
D. C. 20006 

Jan. 10-12 
1967 Annual Symposium on Relia­
bility (Washington, D. C.) Spon­
sor: NASA; John E. Condon, Reli­
ability and Quality Assurance 
(KR), NASA Headquarters, Wash­
ington, D. C. 20546 

Jan. 19-20 
Institute-Computer Aid for Reli­
ability Analysis of Electronics 
(Milwaukee) Sponsor: University of 
Wisconsin; C. L. Brisley, Director, 
Engineering C e n t e r for Post­
graduate and Professional Devel­
opment, The University of Wiscon­
sin, 600 W. Kilbourn Ave., Milwau­
kee, Wis. 53203 
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DMS-3200 Digital Measuring System 

DMS-3200 Main Frame $320 
(shown with DP-100) 

DP-100 
DC Voltmeter 

$175 

DP-150 
,. .. ii~!!~~~~~~ 1 MC Counter ~ Plug-in 

$195 

DP-170 
Ohmmeter 
Plug-in 

$240 

DP-200 
Capacity 
Meter 
Plug-in 

$240 

DP-140 
Event Counter 
and 
Slave Plug-in 

$75 

HIGHLIGHT FEATURES 
• 3-digit Biquinary Tube Read-out• Plug-in 
Flexibility• All-electronic• Fully-transistorized 
• Modular Design• Fully Field-tested 
•Automatic Polarity Indication •Automatic 
Decimal Point Indication 

AS A DIGITAL DC VOLTMETER (DPlOO Plug-in) 

Range 0.1 millivolts to 1000 volts 
Accuracy ±0.13 FS, ±0.13 of reading 
True integrating voltmeter design 
10 megohms input impedance at all times 

AS A DIGITAL 1 MC COUNTER (DP150 Plug-in) 

±0.0053 accuracy: Resolution 1 part in 107 

(Overrange capability with sector read-out 
permits 3-digit display to be equivalent of a 
7-digit instrument) 

Frequency measurement range 0.1 cps to 1 me. 
Period measurement range 0.1 ms to 999 sec­
onds 

AS A DIGITAL OHMMETER (DP170 Plug-in) 

Range 0.01 ohm to 1,000 megohms 
Accuracy ±0.13 FS, ±0.23 of reading 

AS A DIGITAL CAPACITY METER (DP200 Plug-in) 

Range 1.0 picofarad to 10,000 microfarads 
Accuracy ±0.13 FS, ±0.23 of reading 

AS AN EVENT COUNTER AND SLAVE (DP140 Plug-in) 

Event counting speed: 1,000,000 pps 
Alternate use as slave to DP-150 to provide 
6-digit display 

The DMS-3200 is designed for rugged industrial 
and laboratory applications. By utilizing a de­
sign which has the optimum combination of 
accuracy capability and number of digit display, 
the DMS-3200 meets the general purpose mea­
surement needs of industry for reliable , pre­
cision digital measurement equipment in the 
$400-$500 price range. 

THE HICKOK ELECTRICAL INSTRUMENT CO. • 10514 Dupont Avenue • Cleveland, Ohio 44108 
ON READER-SERVICE CARD CIRCLE 203 



For critical 
chopper applications ... 
RCA's new MOS transistor 
will even work 

RCA's new 40460 is an N-channel, depletion 
type, insulated-full-gate MOS which, because 
of its symmetry, can be operated "upside 
down" ... works equally well with either positive 
or negative incoming signals . . . does the work 
of two bipolar transistors. 

RCA's full-ga te MO S is especially useful fo1 
chopper applications at extremely low voltage 
levels ... handles input signals from microvolts to 
volts. It has an inherent offset voltage of zero. This 
means that the RCA 40460 has none of the track­
ing problems of matched bipolar devices, caused 
by temperature changes and extended operation. 

A high "off" resistance of 1000 megohms and a 
low "on" drain-to-source resistance of only 250 
ohms make the RCA 40460 perform like a me­
chanical chopper, without its drawbacks. And you 
get all the advantages of solid-state reliability. In 
addition, long-term stability is assured by a fully 
metallized gate and a hermetically sealed JED EC 
T0 -72 4-lead metal case. 

TO GET THE MOS T FROM YOUR RCA 40460 
CHOPPER, use the new RCA 40461 MOS tran­
sistor in your chopper amplifier stage, as well as 
for other critical audio and wideband applications. 

Try these devices and see how they improve your 
chopper design. Check your RCA Field Repre­
sentative for complete information. For technical 
bulletins, write RCA Commercial Engineering, 
Section CG12-l , Harrison, N. J. 07029. 

ALSO AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 

RCA's New 40460 MOS Transistor Features ZERO OFFSET VOLTAGE-
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•Thermocouple effects and con tact potentials may cause erroneous readings 
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