
Is there a bug in your rug? these electronic spies are often 
It's not as fa rfetched as you as sophisticated as the latest in 
think. Hidden microphones and aerospace and military equip­
tapped telephones are becom- ment. For a probing report on 
ing almost commonplace. And these devices turn to page 34. 



AUDIO TRANSFORMERS 
DO-T Prl. D.C. Ma,t Sec. Pri. Res. Pr i. R". Mw Dl-T 

No. No. Imp, in Pri. Imp. DO-T 01-T Level 
DO-T44 80 CT 12 32 split 9.8 11.5 500 Dl-T44• 

100 CT 10 40 split 
DO-T29 

DO-T12 

DO-T13 

DO-T19 
DO-T30 

DO-T43 

DO-T42 

DO-T41 

DO-T2 

DO-T20 
DO-T4 
DO-T14 

DO-T31 

DO-T32 

DO-TlS 

DO-T21 
DO-T3 

DO-T4S 

DO-T16 

DO-T33 

DO-TS 
DO-T17 

DO-T22 
DO-T34 

*DO-TSl 

DO-T37 

*DO-TS2 

DO-TlB 

DO-T3S 

*DO-T48 

*DO-T47 

DO-T6 
DO-T9 

DO-TlO 

DO-T2S 

DO-T3B 

DO-TU 

DO-T36 

DO-Tl 

DO-T23 

DO-T39 

DO-T40 

DO-T46 
DO-T7 
DO-T24 

120 CT 10 3.2 10 
150 CT 10 4 
150 CT 10 12 11 
200 CT .10 16 
300 CT 7 12 20 
400 CT 7 16 
300 CT 7 600 19 
320 CT 7 3.2 20 
400 CT 7 4 
400 CT 8 40 split 
500 CT 6 50 split 

46 

400 CT 8 120 split 
500 CT 6 150 split 

46 

400 CT 8 400 split 46 
500 CT 6 500 split 
500 3 50 60 
600 3 60 
500 CT 5.5 600 31 
600 3 3.2 60 
600 CT 5 12 43 
800 CT 5 16 
640 CT 5 3.2 43 
800 CT 5 4 
800 CT 4 3.2 51 

1000 CT 4 4 
800 CT 4 12 

1070 CT 4 16 
51 

900 CT 4 600 53 
1000 3 50 
1200 3 60 

ll5 

1000 CT 3.5 16,000 split 120 
1250 CT 3.5 20,000 split 
1000 CT 3.5 12 71 
1330 CT 3.5 16 
1060 CT 3.5 3.2 71 
1330 CT 3.5 4 
1200 2 3.2 105 
1500 CT 3 12 108 
2000 CT 3 16 
1500 CT 3 600 86 
1600 CT 3 3.2 109 
2000 CT 3 4 
2000 CT 
2500 CT 
2000 CT 
2500 CT 
4000 CT 
5000 CT 
7500 CT 

10,000 CT 
8000 CT 

10,000 CT 
8.000 CT 

10.000 CT 
9.000 CT 

10.000 CT 
10.000 
10.000 
J2.000 
10.000 
J2.500 
10.000 CT 
12.000 CT 
10.000 CT 
12.000 CT 
10.000 
12.500 
10.000 CT 
12.000 CT 
20.000 
30.000 
20.000 CT 
30.000 CT 
20.000 CT 
30.000 CT 
40,000 CT 
50.000 CT 

100.000 CT 
200.000 
200.000 CT 

3 2000 split 195 
3 2500 split 
3 8000 split 195 
3 10.000 split 
2 8000 CT 320 
2 10,000 CT 
1 12 505 
I 16 
I 3.2 505 
I 4 
I 1200 CT 640 
I 1500 CT 
J 9000 CT 850 
I 10,000 CT 
1 3.2 790 
I 500 CT 780 
I 600 CT 
I 1200 CT 780 
J J500 CT 
1 J500 CT 780 
J 1800 CT 
J 2000 split 560 
1 2400 split 
1 2000 CT 780 
I 2500 CT 
1 10,000 CT 975 
1 12,000 CT 

.5 800 830 
.5 1200 
.5 800 CT 830 
.5 1200 CT 
.5 1000 split 800 
.5 1500 split 
.25 400 split 1700 
.25 500 split 

0 500 CT 7900 
0 1000 8500 
0 1000 CT 8500 

20 

50 

50 

65 

32 

53 
110 

llO 

87 

180 

180 

300 

870 

870 

870 

620 

870 

970 

8J5 

8J5 

DO-TSH Drawn Hipermalloy shield and cover 20 /30 db 

500 

500 

500 

500 Dl-Tr9 
500 

500 Dl-T43• 

500 

500 Dl-T41" 

100 Dl-T2 

500 DT-T20 
100 
500 

500 

500 

500 

500 Dl-T21 
100 Dl-T3 

100 

500 

500 

100 DI-TS 
500 

500 Dl-T22 
500 

100 Dl-TSl* 

100 Dl-T37• 

100 Dl-TS2* 

100 

100 

JOO 

100 

JOO 
100 Dl-T9 

100 Dl-TlO 

JOO Dl-T2S 

100 Dl-T3B• 

JOO Dl-Tll 

100 Dl-T36 

50 DI-Tl 

50 Dl-T23 

50 

50 

25 
25 
25 

Dl-TSH 
ioCMA shown is for single ended useage (under 5 3 distortion- IOOMW- 1 KC) .. fo r 

push pull, OCMA can be any_ balanced value taken by .SW transistors (under 53 distor­
tion-SOOMW- IKC) 00-T & 01-T units designed for transistor use only. U.S. Pat. No . 
2,949,591 ; others pending. - *Units newly added to series 

§Series connected ; §§Parallel connected 

DO·TBDl·T 
DO-T Dl-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 ff8t',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 
DO-T Inductance OO ·T 01 -T Dl-T 

NO, HJS rill ma OCR{} OCR{} No. 
•DO-TSO to75 Hy /10 ma , .06 Hy /30 ma 10.5 
(2 wdgs.) u.OJ8 HY /20 ma, .OJ5 Hy /60 ma 2.6 

DO-T2B .3 Hy /4 ma, .15 Hy /20 ma 25 
.I Hy /4 ma , .08 Hy /10 ma 25 Dl-T2B 

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

DO-TB 3.5 Hys /2 ma, 1 Hy /5 ma 560 
2.5 Hys /2 ma, .9 Hy /4 ma 630 DI-TB 

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 5JOO 
(2 wdgs.) H5 Hys /2 ma , 2 Hys /6 ma 1275 

POWER TRANSFORMERS 
•DO-T400 Pri 28V 380-1000 cycles, Sec 6.3V liil 60 ma 
*DO-T410 Pri 28V 380-1000 cycles, 2-Sec 6.3 ® 30 ma each 
•DO-T420 Pri 28V 380-1000 cycles, Sec 28V rw. 20 ma (lsol. Electrostatic Shld.) 

Write for catalog of over 
1,300 UTC TOP QUALITY 

STOCK ITEMS 
IMMEDIATELY AVAILABLE 

from your local distributor. 

UNITED TRANSFORMER CORP. 
150 VARICK STREET, NEW YORK 13, N. Y. 

PACIFIC MFG. DIVISION: 3630 EASTHAM DRIVE, CULVER CITY, CALIF. 
EXPORT DIVISION : 13 EAST 40th STREET, NEW YORK 16, N. Y. CABLE : "ARLAB" 
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100 pV full-scale sensitivity 
from this new 20Hz-4MHz 
solid-state ac voltmeter 

1.1.s. mu 
.wL ' .6 

~-::~ ~'\ -~ ~~ .... ~,~ ~ 
... ,~ DECllHS g , " »)/ 

IHIHO .... 
K!Wl!Tl~PACUll * HlWLETT · 'AOICARD e 400F AC VOt..'nmu 

IN'"\ 100 KHZ L. '· f'ILTl:R rotrr 
DI lilV ' RANGE VOi.Ti DI UNI 

INPUT - ao aoo .a -io 

-- ao 0 

-40 IO a +tO 
ON 

-eo • IO 

-eo ao 

-70 •• IOO +40 

-eo .I aoo +&O 

The highest level of performance available today is yours with 
the new hp 400F I FL General-Purpose AC Voltmeters. Meas­
ure 100 µV to 300 v full scale on an individually calibrated 
linear meter that lets you measure as low as 10 µV with 1 µV 
resolution'. The 400FL, $285, offers a linear 12 db log scale 
with accuracy of 1 % of reading. Specified accuracy of the 
400F is W'lo of reading plus 112% of full scale. The 400F, 
Option 01., puts the db scale uppermost for greater db reso­
lution ($30 extra). 

As a low-distortion amplifier, the 400F I FL has a noise spec 
<5 µV referred to input, typically 3.5 µv. The instrument can 
be battery operated through rear-panel terminals. The 1 v ac 
output is available on all ranges. 

HEWLETT ' 

100µv sensitivity-for unprecedented low-level ac 
measurements 

Fast response-a reading in less than 2 seconds 
after turn-on: fast ovarload recovery, too 

80 db low-noise amplifier, 1 v f. s. output all ranges 

Accuracy %% of reading + %% of full scale 

Low-pass filter for controlling bandwidth of noise 

10 Meg input impedance for minimum circuit load­
ing (10-25 pf capacity) 

Uses all Hewlett-Packard accessories. such as cur­
rent shunts, voltage dividers 

Special meter scales available for db measurements 

The low-pass 100 kHz filter, activated by a front-panel 
switch, reduces the effect of unwanted high frequencies for 
low-level audio measurements. The 11074A Voltage Divider 
Probe (10:1) is available. 

The front panel shows the ease of use that's yours with this 
truly state-of-the-art ac voltmeter. Ideal for low-level audio, 
servo, communications measurements ... one instrument for 
the widest variety of applications. For complete specifications 
. .. or for a demonstration ... call your Hewlett-Packard field 
engineer. Or write Hewlett-Packard, Palo Alto, Calif. 94304, 
Tel. (415) 326-7000; Europe: 54 Route des Acacias, Geneva. 

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

PACKARD 
An extra m easure of quality 

16 4 6 
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Just like a piggybank, our Digi -Twin 800-Series solid state counter really is a great place to 
save money. The reason is that big space where the plug-ins go. The two other big names in 
counters (Hewlett-Packard and Beckman) offer function plug-ins only. So you're stuck. That 
didn't seem fair to us, so our Digi -Twin is the only counter offering three frequency range 
plug-ins: 25 Mc, 50 Mc, and 110 Mc. So if you now need only 25 Mc, why pay for 50 Mc? 
Then if your next project requires a different frequency range you can buy a whole new 
counter from them ... or just an inexpensive 50 Mc or 110 Mc plug-in for ours.• Maybe it's 
our attitude in giving you the best instrument, without charging you all the traffic will bear, 
that has earned us our solid third place in counter sales. If so, maybe you'll be interested in 
our ripening plans to offer you more and better instruments. And not just counters, either! 
•Say, have you earned your Crusading Engineers medal yet? It's the newest status symbol 
given to honor engineers like you who have the guts to compare the performance specs of 
all three major brands of counters. After that it's 
up to you to decide which counter actually fits 
your needs best. Earn your medal by writing now 
for our technical catalog. It's free. Incidentally, this 
counter is delivered without the cash inside. 

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

FUNCTION MODULES: Counter·Timer Function Module· Frequency.Period (2 modules available)· 600 Mc Heterodyne 
Converter· Integrating Digital Voltmeter · 100 Mc Direct Counting Adapter· Digital Phase Meter· More Functions Due Soon 

COMPUTER MEASUREMENTS COMPANY IS A LEADING DESIGNER AND MANUFACTURER OF ELECTRONIC INSTRUMENTATION TO COUNT. MEASURE, AND CONTROL. 

2 

Speed Inquiry to Advertiser via Collect Night Letter 
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NEWS 
13 News Scope 
17 Major advance in wafer-making forecast 

Researcher foresees the use of laser holograms to print semiconductor etching patterns 
at lower cost. 

21 Lack of inductors blocks microwave ICs 
Performance, not size reduction, will determine the fate of microwave ICs once the in­
ductance problem has been solved. 

23 Plastic fiber optics developed. 
26 Spacecraft designers look ahead to Mars. 
29 Washington Report 
34 Special Feature: Electronic Eavesdropping Devices 

A report on the techniques and equipment that are being "borrowed" from the electron­
ic and aerospace industries for private spying. 

50 Letters 
67 Editorial: Training for tomorrow's job must begin today. 

TECHNOLOGY 
70 Neurons generate parity in simple and inexpensive systems. The circuits are designed 

with threshold logic and use tunnel diodes. 
76 Nonlinear design yields linearity-a Zener-switching, nonlinear feedback amplifier gives 

a linear relationship between output power and input voltage. 
82 Replace expensive coils with pulse transformers in phase-lock detectors that operate up 

to 20 MHz. The change will also simplify circuitry. 
86 Simplify low-frequency FET designs. Use this application-oriented parameter guide to 

meet your differential and single-ended circuit needs. 
92 Differentiator noise is no problem, if your application is low-frequency. In fact, the sim­

pler the circuit, the better. 
98 Cure force-transducer inaccuracies in error-signal detection by using a pulse-width mul­

tiplier to broaden the response time. It's a simple, inexpensive remedy. 
102 Ideas for Design 
116 NASA Tech Briefs 

PRODUCTS 
120 Semiconductors: Germanium FET goes plastic, bears $1 price tag. 
140 Components. Varactor bridge op-amp provides pico-level performance. 
129 Test Equipment 198 Production Equipment 
180 Systems 204 Power Equipment 
188 Microwaves 210 Microelectronics 
194 Materials 

Departments 
214 Design Aids 220 Reprints 
215 Application Notes 222 Advertisers' Index 
216 New Literature 224 Designer's Datebook 

ELECTRONIC DESIGN is published biweekly by Hayden Publishing Company, Inc., 850 Third Avenue, New York, N. Y., 
10022. James S. Mulholland, Jr., President. Printed at Poole Bros., Inc., Chicago, Ill. Controlled -circulation postage 
paid at Chicago, Ill., and New York, N. Y. Copyright © 1966, Hayden Publishing Company, Inc., 61,114 copies this issue. 
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Economical "briefcase-size'' re­
corders. MODEL 7701A - 100 
mm chart. Frequency Range DC 
to 30 cps. Linearity 0.5% . Sen­
sitivity (depending on "8800" Pre­
amp used) 1 uv/div to 5 v/div. 
Four chart speeds, 4 more op­
tional. With case: $ll50 plus pre­
amp. MODELS 299, 301 - 32 mm 
chart. Frequency Range DC to 
100 cps. Linearity 0.625%. Sensi­
tivity 10 mv/div (Model 299) , 10 
uv rms/div (Model 301). 2 chart 
speeds. Model 299: $800, Model 
301: $850. 

In portable, rack-mount, or mobile cart 
units. MODEL 7702A - Two 50 mm 
channels. Frequency Range DC to 125 
cps. Linearity 0.5% Sensitivity (depend­
ing on "8800" Preamp used) I uv to 
S v/div. Four chart speeds, more on 
special order. Prices on request. MODEL 
7712 - Uses "350" Preamps. Sensitivity 
2 uv to S v/div. With mobile cart: $1,7151 
plus preamps. 320 SERIES - Two Su 
mm channels. Frequency Range DC to 
125 cps. Linearity 0.5% . Sensitivity : 0.5 
to 20 mv/div and v/cm (Model 320) , lo 
uv rms/div to 2 mv/div (Model 321 ) , IO 
mv to 10 v/div (Model 322). Four chart 
speeds, more on special order. Model 322 
has ~ro suppression. Prices with cases: 
Model 320: $1,650, Model 321: $1,650, 
Model 322: $1,395. 

Sanborn MODEL 7714A record­
ing system combines the conven­
ience of horizontal table-top chart 
marking with the flexibility and 
high performance of interchanee­
able individual-channel 350 Series 
Rreamps. Four 50 mm channels. 
Frequency Range DC to 125 cps.­
Linearity 0.5% . Sensitivity (de­
pending on "350" preamp used) 
2 uv/div to S v/div. Nine chart 
speeds. With 4-channel cabinet, 
$3,970 plus preamps. 



See all measurements -
down to the last microvolt 
with high resolution Sanborn thermal writing oscillography 

Resolve and read the smallest variations in your test parameters 
- even at higher frequencies, small amplitudes, and at slow 
chart speeds. Sanborn heated stylus oscillographic recording on 
matching Permapaper® charts gives you an immediate, permanent 
and clear record of test variables . . . lets you make "straight 
across" comparisons and correlations of multiple channels quickly 
and accurately because of rectangular coordinate traces ... lets 
you clearly see what happened - as it is happening, and at any 
future time for more study or proof of performance. 
The advantages of Sanborn thermal writing are available in many 
combinations of standard catalog system choices. The extensive 
Sanborn line allows you to select the number of channels, chart 
speeds, and the type of signal conditioning circuits you need, and 
to choose the packaging method that best suits your facilities. 
The wide range of signal conditioners includes low-cost built-in 
units, all-channels-alike amplifiers in six or eight-channel modules, 
and two series of individual channel plug-in units - miniaturized 
solid-state signal conditioners and highly sophisticated, maximum 
performance units. 

SIX AND EIGHT -CHANNEL 
These versatile recorders have a wide range o~input capaci­
ties, are completely integrated from signal in ut to galvan-
ometer, and field-proven electronics. Six ch. nnel systems 
have 50 mm charts, and eight channel system: have 40 mm 
charts. All have DC to 150 cps frequency ra ge, Linearity 
0.5%. Nine chart speeds, nine more option 1. MODELS 
7706A, 7708A- (depending on "8800" prean v used) Sen­
sitivity 1 uv/div to 5 v/div. With 6-channel cat \net (7706A) 
$4,750 plus. preamps, with 8-channel cabinet (T 08A) $5,425 
plus preamps. MODELS 7716A, 7718A- Se:lsitivity (de­
pending on "350" preamp used) 2 uv/div to 5 ~v/div . With 
6-channel cabinet (7716A) $5,225 plus prearr,ps, with 8-
channel cabinet (7718A) $6,250 plus preamp . MODEL 
7728A- Sensitivity (depending on " 950" am1 lifier used) 
10 uv/div to 5 v/div. With 8-channel cabinet $3,300 plus 
amplifiers. 
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Check the brief specifications of the systems shown 
below or call the H-P field engineering office in 
your locality for complete technical data and appli­
cation engineering assistance. Offices in 47 U.S. 
and Canadian cities, and major areas overseas. 
Sanborn Division, Hewlett-Packard Company, 
Waltham, Massach1:1setts 02154. Europe: Hewlett­
Packard S.A., 54 Route des Acacias, Geneva, 
Switzerland. 

HEWLETT 
PACKARD SANBORN 

DIVISION 



NAND logic is old hat. 
We've invented SDS Natural Logic for our T Series 
integrated-circuit modules. It's a comprehensive 
set of gating structures that permit the terms of any 
Boolean logic equation to be converted directly 
into hardware. 

Now you won't have to manipulate equations to 
make them fit the restrictions of NAND or NOR 
gates. With Natural Logic the hardware fits the 
equations without unnecessary inversions. 

So you won't need nearly as many circuits to 
build your logic system. Your system will cost you 
a lot less. It will be faster and more reliable. It will 
be easier to mechanize. And it will take up less 
room. 

Naturally. 

Scientific Data Systems 
1649 Seventeenth Street, Santa Monica, California 
Offices in principal cities throughout the world 



New, low-cost 
Philbrick 
Operational 
Amplifiers 

'"""Ll!IRllCK 
lll&HAJtCHU 

P75AU 
=:Afr~T~ 

A"""'"""t•R 

Philbrick has always produced a wide variety of cool, reliable, solid 
state operational amplifiers for measurement, computing, control, 
data processing and testing. They provide premium performance 
and are priced accordingly. Their specified operating temperature 
exceeds -25° to +85°C. Now Philbrick also offers economical equiv­
alents of many of the most popular types in a utility grade, at sub­
stantially reduced prices. Savings generally exceed 50 3 . Yet, these 
utility grade amplifiers have identical performance with their prem­
ium grade equivalents within a limited temperature range, usually 
0° to 60°C, but operate over the full range. And they too carry a two­
year warranty. For a chart giving detailed comparative specifica­
tions of more than 60 Philbrick Operational Amplifier types write, 
wire or phone: Philbrick Researches, 46-H Allied Drive at Route 
128, Dedham, Massachusetts. Telephone (617) 329-1600. 

• . -

Engineering Representatives 
Ala.: Huntsville (205) 536-8393, Mobile (205) 954-9298; Ariz.: 
Phoenix (602) 265-3629; Cal.: Los Angeles (213) 937-0780, 
Palo Alto (415) 326-9800, San Diego (714) 222-1121 ; Colo .: 
Denver (303) 733-3701; Conn.: West Hartford (203) 233-5503, 
Greenwich (203) 661-5140; Fla.: Ft. Lauderdale (305) 564-
8000, Orlando (305) 425-5505; Ill .: Chicago (312) 676-1100, 
(312) 676-1101; Ind.: Indianapolis (317) 356-4249; La.: New 
Orleans (504) 242-5575; Md.: Baltimore (301) 727-1999 ; 
Mass.: Wakefield (617) 245-5100; Mich.: Detroit (313) 838-
7324; Minn.: Minneapolis (612) 545-4481 ; Mo.: St. Louis (314) 
741 -3779; N. M.: Albuquerque (505) 268-3941; N. Y.: Buffalo 
(716) 835-6186, DeWitt (315) 446-0220, Valley Stream (516) 
561 -7791; N. C.: Winston -Salem (919) 725-5384, (919) 725-
5385 ; Ohio : Dayton (513) 298-9964, Westlake (216) 871-8000; 
Okla.: Tulsa (918) 627-6199; Pa .: Philadelphia (215) 277-0559, 
Pittsburgh (412) 371-1231; Tex.: Dallas (214) 526-8316, 
Houston (713) 781-1441; Utah: Salt Lake City (801) 466-4924; 
Va.: Alexandria (703) 836-1800; Wash.: Seattle (206) 723-3320. 
EXPORT: N.Y.: New York (212) 246-2133. 

CANADA: Quebec: Montreal (514) 482-9750, Ontario: Toronto 
(416) 789-4325. 

ELECTRONIC ANALOG COMPUTING EQUIPMENT for MODELLING. MEASURING. MANIPULATING and MUCH ELSE 

PHILBRICK 
ON READER-SERVICE CARD CIRCLE 4 
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Would You Believe .. ~3950 ? 
It may be hard to believe that a microelectronic 

operational a'mplifier - which can outperform 

monolithic amplifiers in such critical parameters 

as noise figure, offset voltage drift, output vplt­

age swing and slew rate - can still sell for as 

little as $39.50 in quantities of 100 and up. 

Nevertheless, General Instrument's new PC-210 

and PC-212 can and do. 

A new method of employing thick-film/cermet resistors 

in these low noise, wide band multichip hybrid units 

provides an open loop voltage gain stability of -+- 1.5 dB 

over the entire military temperature range of -55°C. to 

+ 125°C., and a linear output voltage swing of -+-15 

volts (This appreciably exceeds swings available in 

monolithic amplifiers). Low noise, low offset voltages 

and input currents are obtained by extremely close 

matching of two high quality 2N930 transistors. For 

these reasons and others, Gl's PC-210/212 operational 

amplifiers are particularly suitable for low level pulse 

and high frequency signal amplification, and high 

speed voltage comparisons. 

The table below shows how the PC-210 and PC-212 out-

perform the most popular operational amplifiers now 

in use. And you can believe the price. It's only $39.50. 

8 

Typical Characteristics 
G.I. Hybrid 

Operational Am_jlUfiers 
PC-210 PC-212 

Bandwidth (kHz) 
1500 1200 3dB Open Loop 

Noise Figure dB 
Rs = 10 KQ to = 10 kHz 1 1 
/::,. f = 10 kHz 
RMS Input Noise 4 µV 4 µV Broadband (11 mHz) 
Slew Rate (Volts/ µsec) ± 100 ± 100 

Output Voltage Swing (Volts) ± 15 ± 10 

Differential Input Current (nA) 40 30 
Input Bias Current (nA) 600 500 
Offset Voltage Drift 
- 55°C to + 25°C ~ 
+ 25°C to + 125°C µV /°C 
-55°C to + 125°C 4 4 
Voltage Gain V / V 3200 1600 

Commonly Used Monolithic 
Operational Amplifiers 

Type 2 Type 9 Type 10 

800 20 3000 

Not Specified 

Not Specified 

Not Specified + 100 
± 5 (with 

+ 2.05 100 k ± 10 
load) - 1 

700 50 1000 
4000 200 25000 

10 6 
5 3 
- - 5 

2600 45000 1200 

Available now in hermetically 

sealed flat packs from your 

authorized GI Distributor. 

For full information 

call or write 

GENERAL INSTRUMENT CDRPDRATIDN · 
SEMICONDUCTOR PRODUCTS GROUP 

600 West .John Street, Hicksville, L. I., N . Y . 
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... NOW IN A NEW MINIATURIZED SIZE 

ERIE 
designed for 

2000 Mc. 

Actual 
Size 

New Miniaturized 
Size .410 dia. 

.505 dia. 

dealutin'J 508 MECHANICAL VARIATIONS TO SUIT 

ANY HIGH TEMPERATURE-HIGH FREQUENCY CAPACITOR APPLICATION 

With the addition of these new miniatures, Erie further broadens 
the most complete selection of Button Mica Capacitors in the industry. These new 
miniaturized micas provide 33% reduction · in mounting area. 

Erie Button Mica Capacitors are designed for use in radio frequency circuits 
for tuning, bypassing and coupling. The outstanding properties of 
metallized mica dielectric combined with the radial current pattern, make 
Erie Button Capacitors ideal for low inductance, high frequency applications. 

These high quality capacitors are designed for microwave and filter applications, 
for use in carrier equipment, parametric and RF amplifiers, oscilloscopes ••• 
any application where high temperature and high frequency are factors. 

The welded hermetic seal of these excellent broad frequency Gold Seal® 
capacitors for.military and commercial use is 100% tested under pressure steam/salt 
water during production to guarantee a positive moisture seal. 

Consider the advantages of Erie Button Mica Capacitors in the equipment 
you are designing. Write for Gold Seal Bulletin 500-2 or Resin Seal Bulletin 318-3. 

Capacitance: 
Tolerance: 
Working Voltage: 

GENERAL SPECIFICATIONS 
5 pf. thru 2500 pf. 
1% or .25 pf thru ±20% 
500 WVDC for 1/2" dia. units 
250 WVDC for ~" dia. units 

Frequency Range: to 2Gc and beyond 
Operating Temp.: _55oc to + 200°(; 

- 55°c to + 15ooc 
- 55°C to + 85°C 

Q: per MIL- C - 10950 

MINIATURE BYPASS CAPACITOR SYSTEMS FOR TRANSMITTING TUBES ... 

Designed for the 10 to 3,000 
megacycles range-and beyond 

Erie now provides effective 
capac itive bypassing and 
coupl ing or filtering of all RFI 
signals in the range of 10 
to 3,000 megacycles. Variety of 
systems to meet your 
requ irements. 

Write for 
Bulletin 525-R 

Formerly 
Erie Res istor 
Corporation 

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

ON READER-SERVICE CARD CIRCLE 6 
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TYPES AVAILABLE 

HElllETICALLY 
SEALElJ 

(GOLD SEAL®) 
. 410" 0. 0. II 
.505" 0. 0. 

FEED THRU 

IESIN 
SULElJ 

.JJ5".-.44T II 
.65T 0.0 . 

FEED THRU FEED THRU 
(BUSHING MOUNn (BUSHING MDUNn 

STAND OFF STAND OFF 

EYELET 
FEED THRU 

ERIE 

TECHNOLOGICAL 

PRODUCTS, INC. 

644 West 12th Street 

Erie, Pennsylvania 
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New from Sprague I 

1966 
SPRAGUE 
METFILM 'A' 
CAPACITORS 

1944 
OIL· IMPREGNATED 

PAPER 
CAPACITORS 

METFILM* 'A' CAPACITORS ••• 
dramatically smaller in size, yet more reliable 
than military-grade capacitors of the past! 
Just a few years ago, the only 10 µF capacitor considered 
dependable enough for military applications was Type 
CP70 (to JAN-C-25), and was a block-busting 3¥.1 11 wide 
x 1 ¥.!" thick x 4" high. Today, you can get a military­
quality 10 µF tubular capacitor measuring only 1h" in 
diameter x 2ll.I" long. And it's more reliable than any 
capaci~or of the past! 

Sprague Type 680P Metfilm 'A' Metallized Capacitors 
meet all environmental requirements of MIL-C-18312, yet 
they occupy only one-third the volume of conventional 
metallized film capacitors of equivalent capacitance and 
voltage rating. Employing a new thin organic film dielec­
tric system, Type 680P capacitors use a dual film totalling 
only 0.00008" thick, as compared to conventional poly­
ester-film capacitors with a single film measuring 0.00015". 
*Trademark 

Another distinct advantage of the Metfilm 'A' dielectric 
system is minimum degradation of electrical properties 
during life. 

Hermetically sealed in corrosion-resistant metal cases, 
capacitor sections are effectively of non-inductive con­
struction, resulting in capacitors with performance charac­
teristics superior to those of comparably-sized capacitors. 

Type 680P Metfilm 'A' Capacitors are available with 
capacitance values to 10 µF in both 50 and 100 volt ratings. 

• • • 
For complete technical data, write for Engineering Bulletin 
2650 to Technical Literature Service, Sprague Electric 
Company, 347 Marshall St., North Adams, Mass. 01247. 

SPRAGUE COMPONENTS 

SPRAGUE® CAPACITORS 

TRANSISTORS 

RESISTORS 

INTEGRATED CIRCUITS 

THIN-FILM MICROCIRCUITS 

10 

PULSE TRANSFORMERS 

iNTERFERENCE Fl LTERS 

PULSE-FORM ING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

ON READER-SERVICE CARD CIRCLE 7 

THE MARK OF RELIABILITY 

'Sprague' and'@' are registered trademarks of the Sprague Electric Co. 
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News 

Electronic snooping takes many forms. Even 
picture frames can be bugged. Page 34 

••• l ·I I 

Electronic typesetting combines computer 
and television techniques. Page 24 

Laser holograms to print semiconductor etch­
ing patterns at reduced cost. Page 17 

Also in this section: 

Microwave inteegrated circuits are here to stay .... page 21 

Scientists look ahead to unmanned exploration of Mars .... page 26 

Transistor failure predicted by heat aging .... page 20 

Fiber-optic bundles use plastic instead of glass .... page 23 
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New from Sprague I 

Dependable enough for industrial equipment, yet 
priced for high-volume commercial applications 
Here's good news for designers of appliances; lighting 
controls; air-conditioning and heating controls; indus­
trial controls. You can actually cut costs while up­
grading your present method of SCR triggering! 

This brHkdown ·diode/ transformer triaerin1 circuit is a 
typical application for Type 11Zl2 Tri1att Pulse Transformers. 

Type l IZ Trigate* Pulse Transformers offer these 
unique features: 

1. Balanced pulse characteristics and energy transfer 
from primary to secondary and tertiary windings. 

2. Minimum saturation effect to allow operation 
where increased pulse widths are required. 

3. Fast pulse rise time and increased current capa­
bility to prevent SCR di/ dt failure. 

4. Increased energy transfer efficiency. 

Designed for operation over the temperature range of 
-IO C to + 70 C, Trigate Pulse Transformers are 
available in 2-winding and 3-winding configurations 
for half-wave and full-wave applications. Both designs 
are rated for use with line voltages up to 240 V AC. 

This unijunction·transistor/transformer tri11erin1 circuit is a 
typical application for Type 11Zl3 Tri1ate Pulse Transformers. 

For complete information, write for Engineering Bulletin 
40,003 to the Technical Literature Service, Sprague 
Electric Co ., 347Marshall St., North Adams, Mass. 01247. 

*trademark 

SPRAGUE COMPONENTS 

PULSE TRANSFORMERS 

CAPACITORS 
TRANSISTORS 

THIN-FILM MICROCIRCUITS 

INTEGRATED CIRCUITS 
4 SSC•'5176 

12 

RESISTORS 

INTERFERENCE FILTERS 

PULSE-FORMING NETWORKS 

TOROIDAL INDUCTORS 

ELECTRIC WAVE FILTERS 

CERAMIC-BASE PRINTED NETWORKS 

PACKAGED COMPONENT ASSEMBLIES 

BOBBIN and TAPE WOUND MAGNETIC CORES 

SILICON RECTIFIER GATE CONTROLS 

FUNCTIONAL DIGITAL CIRCUITS 

ON READER-SERVICE CARD CIRCLE 8 

SPRAGUE® 
THE MARK OF RELIABILITY 

'Spraaue' and'@' are reaistered trademarks of the Spraaue Electric Co. 
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News scope 

OG0-3 upstaged by 
Surveyor l; Gemini 9 

Project officials for the Orbiting 
Geophysical Observatory (OG0-3), 
launched shortly after the flights 
of !Surveyor 1 and Gemini 9, feel 
like the vaudeville performer 
who goes on after the animal act. 
Even a 100-per-cent performance 
will pale in comparison with the 
publicized success of Surveyor and 
Gemini. 

Despite this lack of public ac­
claim, OGO is an integral part of 
NASA's Project Apollo plans, mea­
suring as it wiil high-energy pro­
ton storms from the sun that could 
jeopardize astronauts bound for 
the moon. But it is the Surveyor 
and Gemini flights that have cap­
tured the public imagination and 
given tangible evidence of NASA's 
progress toward landing a man on 
the moon. 

The Surveyor project was three 
years over schedule, almost ten 
times over budget and buffeted by 
mounting Congressional criticism. 
So unsure of initial success had 
project officials become that they 
labeled the first three Surveyor 
vehicles "engineering test vehi­
cles." But almost overnight Sur­
veyor l's successful flight dispelled 
most of the criticism and all of the 

apprehension. In its first six days 
on the moon Surveyor 1 sent back 
almost 3000 pictures and respond­
ed to thousands of radio commands 
from Earth. 

According to a spokesman at the 
Jet Propulsion Laboratory control 
center, Surveyor 1 is so successful 
that it is posing a problem. The 
center can either work it to death 
or give it an easy schedule to see 
how long it can last. After just 
one week the spacecraft and all 
its systems had exceeded all expec­
tations and researchers were run­
ning out of new things to do with 
it. 

If officials decide to prove the 
endurance of Surveyor 1, the most 
crucial test will be whether it can 
withstand the lunar night, when 
temperatures hit minus 300 ° F for 
as long as 14 days. There is fear 
that its batteries may freeze and 
crack under such conditions. The 
spacecraft is equipped with heat­
ers, but prolonged use of them 
would be a large drain on the bat­
teries. 

The flight of Gemini 9, in spite 
of its vicissitudes, contributed 
many firsts to the manned space 
program. Even though final hook-

Surveyor 1 transmits both 200-line pictures (left) and 600-line pictures (right). 
The increased resolution of the 600-line pictures is apparent from these photo· 
graphs that Surveyor took of its own landing foot resting on the lunar surface. 
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up with the Augmented Target 
Docking Adapter (ATDA) vehicle 
was not made, three new rendez­
vous procedures were demonstrat­
ed. These were catching a target 
in only three orbits, finding the 
target without radar, and approach­
ing the target from above rather 
than below. 

In addition, astronaut Cernan 
set a record with his spacewalk, 
even though the walk was curtailed 
because of fogging of his suit visor. 
And lastly, Gemini 9 returned to 
Earth a mere three miles from the 
recovery ship and in full view of 
tv sets throughout the world. 

The next Gemini flight, that of 
Gemini 10, is set to begin July 18. 
It will be a three-day mission. 

Army goes Ivy League 
to study avionics 

The Army's Electronics Com­
mand is establishing a research 
program in aviation electronics at 
Princeton University and the Uni­
versity of Pennsylvania. The gov­
ernme~nt and the two participating 
universities will collaborate in 
joint research into aircraft com­
munications, controls, navigation 
and instrumentation. 

During the next three years, the 
government will provide nearly $3 
million for the investigations, 
which will also include environ­
mental sensing, man-machine inte­
gration and ground support sys­
tems, as well as intrumentation 
and controls for future vertical 
take-off and landing aircraft and 
helicopters. 

The Electronics Command aims 
to use the talent of high-caliber 
civilian scientists and engineers 
who might not normallY.: enter gov­
ernment service. 

A new design 

News Scope is a redesign of 
our former News Report column. 
Its purpose is to keep you up-to­
date on the latest happenings in 
the electronics industry, with 
emphasis on their underlying 
causes and significance to the 
design engineer. We would ap­
preeiate receiving your com­
ments on News Scope. Use the 
Editorgram at the rear of the 
issue. 
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News 
scope CONTINUED 

NASA seeking jumbo 
solar cell arrays 

The National Aeronautics and 
Space Administration is making 
final negotiations with the Boeing 
Co., Seattle, Wash. on a contract 
for a high-power array of solar 
cells. 

The three-year contract allocates 
about $5 million for the design and 
fabrication of an experimental 
1250-ft2 panel. Covered with solar 
cells, the panel would have an out­
put of 12.5 kW. 

Four such panels, weighing less 
than 2500 lbs, would develop 50 
kW, or 50 lbs/ kW. The solar cells 
abroad Mariner IV weighed 100 
lbs/ kW. 

NASA is trying to develop the 
technology needed for the power 
requirements of future space mis­
sions. This might include power 
for an electric propulsion system, 
NASA says. 

Gol.d flow from NASA's 
coffers slackens slightly 

The National Aeronautics and 
Space Agency dealt out contracts 
totaling $2.779 billion during the 
first half of 1966. This is 5% less 
than the same period last year, 
when the agency contracted for 
$2.927 billion of goods and services. 

North American Aviation re­
ceived the largest amount of con­
tract money ($731 million) and 
maintained its lead over Boeing 
($208 million). North American's 
contracts account for nearly 32% 
of a ll NASA expenditures. 

The top four companies-all air­
craft firms-were in the same 
order as last year (third and 
fourth are Grumman Aircraft 
Corp. and Douglas Aircraft Co.). 
Three firms leapfrogged up the 
list; General Motors moved from 
eighteenth last year to seventh this 
yeaT ; Vitro Corp. of America went 
from 72 to 33; and Telecomputing 
Services Inc., charged up the list 
from 100 to 48. 

California again received more 
NASA dollars than any other 
state-a total of $1.1 billion. 
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Floating showroom ... 

By sea and air-electronic 
marketing is on the move 

New innovations are made in the 
design and production of electron­
ic products every day. Not to be 
outdone, the marketing arm of the 
electronic industry· is likewise con­
stantly developing and applying 
new tools and techniques. Travel­
ing showrooms, in which a manu- · 
facturer stocks a truck or bus with 
his products and travels to the cus­
tomer, have been around for some 
time. Now new dimensions are 
being added to the traveling show­
room. 

A floating showroom is being 
used by Hewlett-Packard to bring 
their equipment to Latin American 
customers. Several staterooms on the 
Moore-McCormack Lines freighter 
Mormacwave have been remodeled 
to display a line of Hewlett-Pack­
ard scientific instruments at each 
port of call. Engineers, scientists, 
doctors and other professional peo­
ple will be invited aboard to view 
the equipment. 

Hamilton Standard will use a 
flying showroom to bring custom­
ers up to date on the latest advan­
ces in the company's aerospace 
products. The showroom will be a 
converted Douglas DC7 airliner 
specially fitted with displays. Fif­
teen cities in the United States 
and Canada will be visited by the 
flying showroom over a five-week 
period. 

For computers to come 
bank signatures must go 

Computer are invading the local 
bank, but attempts to automate 
banking and financial institutions 

·completely are stymied by one 
deep-rooted fixture: the customer's 
signature. 

Computers cannot, and will not 
for the foreseeable future be able 
positively to identify the scrawl of 
a human hand. And this "almost 
Biblical reverence for visual recog­
nition" could inhibit the effects of 
the electronic age on banking, ac­
cording to Raymond Hinton, direc­
tor of Analysis and Network Engi­
neering, Communication Systems, 
Inc., Paramus, N. J. 

During a conference held by the 
American Bankers' Association, 
Hinton proposed that banking must 
adopt and legalize one of the myr­
iad ways that an individual can 
be identified electronically in or­
der to speed financial transactions. 

Electrical signals could be used 
for the deposit, withdrawal and 
transfer of funds, he suggested. 
The new touch-tone telephones 
might make the perfect terminal 
device for the banking system of 
the future. 

He noted several factors conduc­
tive to a fully automated banking 
system: the world-wide use of 
Arabic numerals, the growing 
availability of international com­
munication links, and the compat­
ibility of most data-handling sys­
tems in use throughout the world. 
"American banks must take the 
lead in upgrading banking methods 
in the electronic age," he said. 

An agreement to collaborate in the 
development, production and mar­
keting of new and advanced med­
ical devices has been announced by 
RCA and Hoffmann-La Roche, Inc., 
of Nutley, N. J. According to the 
two companies, "the agreement will 
bring together the scientific, tech­
nical, productive and marketing 
skills of a major electronics enter­
prise and a leading pharmaceutical 
company." Hoffmann-La Roche is 
the world's largest producer of vit­
amins. 

Initial production of the Army's 
Chaparral air defense missile sys­
tem will be carried out by Philco 
Corps' Aeronutronic Div. Chapar­
ral is one of two systems recently 
selected by the Army for low-alti­
tude air defense in forward battle 
areas. It uses the Navy sidewinder 
lC. 
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It isn't that Stan takes nuclear radiation lightly. 
But his 5-amp silicon transistors do. 

With power transistors like these, an applications engi­
neer like Stan can afford to be nonchalant. 

Take the new BRlOOA-F and BR101A-F series. (R 
stands for Radiation-Resistant.) With base transit times 
reduced to a maximum of less than 0.5 nanoseconds at 
one ampere collector current, they're perfect for use in 
advanced circuits hardened for application in nuclear 
radiation environments. 

Case types? Six of them. All pictured below. 
Stan's regular 3-, 5-, and 10-amp units are easy to 

take, too. B-3460 and B-3461 5-watt switches and B-

VCE0=40 V to 60 V 

VCB0=80 V to 100 V 

Pc=5 W to 7.5 W 

3 AMP TYPES 

VCE(s)=0.32 V Typ at IC=I A, IB=IOO mA 

Switching Types: ton S 35 ns at IC= I 5 A IB= 150 mA 
ton s 75 ns · ' 

3465 and B-3466 RF power amplifiers. (Plus 75 other type 
numbers specified for your application.) These low-cost 
epitaxial NPN transistors are already at work in such 
diversified applications as high-speed, high current core 
drivers, high-frequency pulse generators, high voltage 
nonsaturated switching applications, power supplies, relay 
and solenoid drivers, and power amplifiers and oscillators 
for HF /VHF communications transceivers. 

Write or call our nearest sales office soon, won't you? 
See if Stan can't put his small wonders to work for you. 

VCE0=40 V to 80 V 

VCB0=50 V to 90 V 

Pc=25 W 

10 AMP TYPES 

VCE(s)=0.7 V Typ at IC=5 A, IB=0.5 A 

Switching Types : ton S 40 ns at IC= 3 A, IB=0.3 A 
ton S 300 ns 

IJi 
;i· ~. , .... 

Amplifier Types : P0 ~ 4.5Wat1=50 MHz, VCC=28 V, Pin=0.5 W 

5 AMP TYPES 

Amplifier Types: P0 ~ 25Wat1=50 MHz, VCC=30 V Pin=5 W 

VCE0=40 V to 80 V 

VCB0=50 V to 90 V 

Pc=5 W 

VCE(s)=0.4 V Typ at IC=3 A, IB=0.3 A 

Switching Types: ton S 40 ns at IC= 3 A, IB=0.3 A 
tott S 300 ns 

Amplifier Types: P0 ~ 8 Wat I= 50 MHz, VCC = 30 V, Pin = I W 

Ii ,; TO-Gll MT-27 
tt j 

T0-5 

T0-60 T0-59 

RADIATION TYPES 

Max Radiation level Exposure=5 x 10" NVT . 

PRE RAD LIMIT POST RAD LIMIT 
Symbol Type l x 10" n/cm' 

MIN TYP MAX MIN TYP MAX 

VCEO BRIOO 40 50 - 40 - -
BRIO! 75 - - 75 -. -

hFE BRIOO 40 100 200 15 25 -
BRIO! 30 - 150 7 10 -
BRIOO - 0.5 1.0 - 1.5 2.0 

VCE (s) BRIO! - 0.5 1.0 - 2.0 3.0 

UNIT CONDITIONS 

v ICE0=50 mA v 
- IC=3 A, 
- VCE=5 V 

v IC=3 A, 
v IB=0.3 A 

Bendix Semiconductor Division ·~nc(~ 
HOLMDEL, NEW JERSEY 

CORPORATION 

Baltimore (Towson), Md.-(301) 828-6877 ; Chicago-(312) 637-6929 ; Dallas-(214) 357-1972; Detroit-(313) JOrdan 6-1420; Holmdel, N. J. 
-(201) 946-9400; Los Angeles-(213) 776-4100; Miami Springs, Fla.-(305) 887-5521; Minneapolis-(612) 926-4633; Seattle-Ray Johnston 
Co., Inc., (206) LA 4-5170; Syracuse, N. Y.-(315) 474-7531; Waltham, Mass.-(617) 899-0770; Export-(212) 973 -2121, Cable: "Bendixint," 
605 Third Avenue, New York; Ottawa, Ont.-Computing Devices of Canada, P.O. Box 508-(613) TAibot 8 -2711. 

ON READER-SERVICE CARD CIRCLE 9 
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The PAR Model HR-8 Lock-In 
Amplifier represents a significant ad­
vance in signal processing equipment 
for experimentalists who must meas­
ure low-level signal intensities in the 
presence of noise. It employs the the­
oretically optimum technique for sig­
nal recovery, and can be incorporated 
into a large class of experiments in 
which the signal of interest is, or can 
be made periodic, and in which a ref­
erence voltage related in frequency 
and phase to the signal can be ob­
tained. The Model HR-8 first ampli­
fies and bandlimits the input signal 
and then crosscorrelates it with the 
reference signal, suitably phase shifted 
and shaped. The crosscorrelation of 
input and reference signals yields a 
DC output voltage proportional to the 
signal of interest, while the cross­
correlation of the reference and noise 
results in no net DC voltage. The sys­
tem can also be described as a con­
tinuously integrating, highly sensitive, 
phase conscious voltmeter, the re­
sponse. of which is "locked" to that 
particular frequency and phase at 
which the signal information has been 
made to appear. 

JU "OVI 

Technical Features: 

~ 
. . 
. ' . 

Frequency Range: 1.5 cps to 150 KC 
continuously tunable in 5 ranges. 
Time Constants: 11 values in 1-3 se­
quence extending from 0.001 to 100 
seconds. Single or double section RC 
filtering. 
Pre-Amplifiers: Interchangeable low­
noise pre-amp I ifiers, operable either 
within the HR-8 or remotely, are used. 

Type A: Differential 10 megohm input. 
Type 8: Low impedance transformer 

input for low source impedances. 
Sensitivity: 21 calibrated full scale 
ranges in 1-2-5 sequence. 

With Type A Pre-Amplifier: 100 nano­
volts to 500 millivolts rms. 

With Type B Pre-Amplifier: 1 nanovolt 
to 5 millivolts rms. 

Output: ± 10 volts full scale, single­
ended with respect to ground. Will 
drive galvanometric and servo 
recorders. 
Frequency Selective Amplifiers: Notch 
network in negative feedback loop used 
in both signal and reference channel 
tuned amplifiers. Reference channel 
Q of 10. Signal channel Q adjustable 
from 5 to 25 with calibrated dial (no 
gain change with Q adjustment). 
Phase Adjustment: Calibrated 360° 
phase shifter, providing continuous ro­
tation as well as a four position quad­
rant switch which shifts phase in 90° 
increments. 
Price: $2,250 with either Type A or 
Type B Pre-Amp I ifier. 

ON READER-SERVICE CARD CIRCLE 10 
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Transistorized Lock-In Amplifier - Model HR-8 

~+---j- !Odb 

10 100 IK 

0.5db 

0.2db 0.5db 

!db 

ldb 

6db 

!Odb 

!OK !DOK 

Cohtours of constant noise figure for a 
typical PAR Type A preamplifier plotted 
to show dependence on frequency and 
source resistance at 300° K. Amplifier 
operated single-ended. 

Write for bulletin No. 120 on the 
H R-8 or ask for information on PAR' s 
complete line of Lock-Jn Amplifiers 
and accessories. 

PRINCETON 
PPLIED RESEARCH CORP. 

Dept. E 
8oK 565, Princelon, N. J., Tel. (6091 924-6835 
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NEWS 

Major advance in wafer-making forecast 
Researcher sees use of laser holograms to print semi­
conductor etching patterns at reduced cost. 

Roger Kenneth Field 
News Editor 

A breakthrough in semiconductor 
production-the use of laser holog­
raphy to print etching patterns on 
wafers-is believed near. 

The new method promises to re­
duce dust problems and eliminate 
expensive mask copies. Its ability to 
resolve one micron across a field of 
one centimeter may bring faster, 
smaller devices to the market. 

Until now holography- a lensless 
method of three-dimensional pho­
tography that uses coherent light 
from a laser- has been merely an 
optical curiosity. But by this time 
next year holograms will be used in 
the semiconductor industry to print 
the etching patterns on wafers, ac­
cording to Kenneth Poole, head of 
Bell Laboratories' optical device 
department. 

Bell has already turned over to 
Western Electric the results of bas-

ic research it has been conducting, 
and Western Electric is now striv­
ing to adapt the technique to the 
production line. 

One semiconductor speciali st, 
Dr. Leland Seely, General Instru­
ments' director of research, told 
ELECTRONIC DESIGN: '! If it works, 
it's fantastic!" 

Based on the research thus far, 
Poole is confident that it will work. 
He and his colleagues at Bell Labo­
ratories have demonstrated that 
holographic reconstruction of real 
images can resolve one micron over 
an area of one square centimeter 
(see photos ). Thus, for a reasonable 
cost, semiconductor manufacturers 
can now make a projection system 
that will offer resolution roughly 
equal to that of the photoresist on 
which the image is printed. 

A spokesman for Fairchild called 
the development, "Quite a break­
through." He added, "The masks 
would live forever and one of the 

biggest expenses for a semiconduc­
tor maker is replacing scratched 
masks. Also, any projection system 
makes ·automation a possibility 
whereas no one, to our knowledge, 
has truly automated the present 
contact printing method. By reduc­
ing foreign matter problems 
(hence increasing yield) and simul­
taneously reducing costs, the projec­
tion system may make possible an 
across-the-industry price reduction." 

At present glass lenses can re­
solve only about 3000 lines across 
their field (by comparison, the holo­
gram photos below resolve 10,000 
lines ) . Because of this, manufac­
turers must make master etching 
masks with a step-and-repeat 
process. 

In this process a microscope is set 
up in reverse of its normal opera­
tion: it reduces an image of the 
mask of a single device to the actual 
size of the device and projects it 
onto a photographic emulsion coat­
ed on an optically flat glass slide. 
Then an extremely fine lead screw 
moves the glass slide to a new posi-

-. --
1111111 ! ~I~ ·=--• • • • llt '" 111111 ---

Below, left: 441 test patterns were made by a hologram. A real image was printed on 
a high-resolution photographic emulsion of one square centimeter. Right: A photomicro· 
graph of just a single pattern on the original negative. The diameter of the tiny dot in 
the center of the pattern is 2.5 microns, indicating a resolution of roughly one micron. 
The holographs were taken by Dr. L. H. Lin of Bell Laboratories, Murray Hill , N. J. 
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NEWS 

(holograms continued) 

1. Holographs are exposed when an 
uninterrupted laser beam strikes the 
photosensitive surface at the same 
time as the laser light that diffuses 
from the surface of the object. Unlike 
photographs, which record amplitude 
patterns, holographs record both 
amplitude and phase in interference 
patterns. 

VIRTUAL 
IMAGE 

LASER LIGHT 

2. An observer sees a virtual image 
of the object when the holograph is 
illuminated with laser light that 
strikes it at the same angle as it did 
during exposure. 

"'::::.HOLOGRAPH REVERSED 

3. Holograph can reconstruct real im · 
age (just like that of a slide projector) 
if it is reversed in its holder after it is 
developed. Images always appear ori 
emulsion side of film . For the best 
resolution, holographs should be 
made on very slow spectroscopy 
plates with argon laser light. 

18 

tion for the next exposure. 
The process is continued, until 

anywhere from 100 to 1000 etching 
patterns are printed on the master 
mask. Copies of the master are used 
to make the wafers : Copies and 
wafers are placed in contact and il­
luminated . Herein lies the problem: 
contact printing is a method of re­
production that is not well su ited to 
ultra-high resolution of extremely 
small images. 

To get any decent resolution at 
all, the emulsion on the slide must 
be in intimate contact with the pho­
toresist. The master masks and the 
copies are made on optically flat 
glass slides. But after the first 
diffusion, the surface of the wafer 
is no longer flat. Resolution of im­
ages in the troughs falls off. And 
repeated handling of the glass copy 
on the production line limits its usa­
ble life to a few dozen printings ( it 
costs ~ $10.) 

The slide must be placed in con­
tact with the etched surface of the 
wafer. The slightest scratch-even 
dust that alights on its surface­
impairs its ability to produce a 
flawless image. Any projection sys­
tem would eliminate handling of 
the slide, but dust could still be a 
problem. In addition, if the system 
had a lens, then it, too, would have 
to be kept dust-free. 

The hologram image is produced 
without lenses. Like a lens, its 
theoretical abi li ty to resolve fine de­
tai ls is a direct function of the an­
gle of incidence of the light that ar­
rives at a point on t he image. But 
unlike a lens, this theoretical resolu­
tion is very nearly achievable in 
practice. 

Until now the hologram has been 
used mainly to recreate three-di­
mensional objects in three dimen­
sions. The recreation is a virtual 
image-it can be seen by the eye, 
but it can not be projected onto a 
screen. Holographers have devoted 
most of their efforts to perfecting 
and investigating these three-di­
mensional, virtual images. They 
have devised ways to store many 
images on one film. They can re­
create images with only slightly co­
herent light or even with completely 
incoherent white light. They are 
able to recreate the object in full 
color, and recently they demon­
strated a three-dimensional, color 
reconstruction with ordinary white 
light. 

ARGON LASER LIGHT 

4 . Holographs resolve best when the 
angle they subtend at the wafer, ct>. is 
large. But residual light from the laser 
beam (broken lines) must not fall on 
photoresist. 

But when a holograph is placed 
backwards in its holder and illumi­
nated with laser light, it can pro­
duce a real image-one t hat can be 
projected onto a screen (see di­
agrams 1, 2, & 3) . Also, ·since any 
small piece of the hologram can re­
create the entire image, the holo­
gram is practically immune to dust 
and scratches. This is because it 
stores each .point of the image even­
ly in an interference pattern across 
its face, unlike ordinary film, which 
must maintain an exact point-to­
point correspondence with its im­
age. 

The organic photoresist used in 
processing semiconductors is (like 
panchromatic photographic emul­
sions) most sensitive to the blue­
green and ultraviolet portion of the 
spectrum. But most lasers emit 
light in the red portion, and until 
very recently the argon laser (blue­
green) was very expensive and 
would only lase for a few hours. 
Now, however, at least one manu­
facture·r, Raytheon, will guarantee 
its 5 watt argon laser tube for at 
least 300 hours. The Bell Lab photos 
were made with a 5 milliwatt laser. 
Tubes with outputs from 5 to 500 
milliwatts last 1200 to 1500 hours, 
according to Raytheon. 

The scientists at Bell say that the 
best contrast and resolution are 
achieved when the hologranh's di­
mensions are approximately twice 
those of the wafer (see diagram 4 ) . 
This is because resolution is a di­
rect function of the angle, <f>, that 
the holo1Iraph subtends at the sur­
face of the wafer. But if the holo­
gram is too large or too close to the 
image, residual light that passes 
through it will spill onto the wafer 
and "fog" the photoresist. If the 
incident light is inclined too closely 
to the plane of the holograph, the 
contrast suffers. • • 
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Average human hair magnified 500 times. 0.000069" rolled metal magn if ied 500 times. 

0.00006911 
IS A "THINNESS11 , NOT A THICKNESS 

Sixty-nine millionths of an inch is the thinness to which The Arnold Engineering Company 
has precisely rolled metals and alloys as soft as copper. Alloys as hard as Type 302 stainless, 
Elgiloy, 5-816, Nichrome V and other hard materials have been rolled to 0.0002" and less. 

Orders to these specifications obviously aren't average. Then Arnold isn't average, either. The 
Arnold Engineering Company is fully equipped to roll ultra-thin gauges of ferrous and non­
ferrous metals to extremely close tolerances. With dual source, non-contacting beta-ray gauges 
Arnold has held tolerances totalling 0.000017" on a week's run of .0011 gauge. 

Clean room techniques are observed in order that ultra-thin gauge foils for photo etching, 
shims, strain gauges, honeycomb structures, capacitors, etc. can be rolled virtually free of pin 
holes. All facilities housed in pressurized, air conditioned and filtered clean rooms to mini­
mize foreign particles which could cause pin holes in finished work. Centerless grinding 
facilities to maintain complete control over roll grinding and lapping. 

The Arnold Engineering Company has the capability of precision rolling over SS different 
metals within tolerances of millionths of an inch. 

Now's the time to put Arnold engineering know-how to work for you. 
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THE AINOlD ENGINEHING COMPANY , Main O lfit:e , MAREN GO, Ill. 

llANCH OFFICES and REPRESENJATIYfS in PRINCIPAL CITIES 
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New from Sprague I 

ftfE 

ISOLAYER* 
DIFFERENTIAL 
AMPLIFIERS 

WITH 
DIELECTRIC 
ISOLATION 

~ 

Vu voltag• differential down to 3 mV 
Tight beta matching· Low capacitance 

Lt•· ..... 
UD-2118 UD-2119 UD-2120 UD-2121 ll).5(111 

BVceo sov 50V 30V 30V 

@lOiiA 80 80 40 40 

@1 mA 150 150 100 100 

jVae1-Vae2 j 3mV 5mV 3mV SmV 

~IVae,-Vae2 j 5 iiV/°C 10 iiV/°C 5 uV/°C 10 iiV/°C 

c.b 2pf 2pf 2pf 2pf 

Sprague Electric also makes a broad line of standard differential 
amplifiers, pairs, quads, and Darlington amplifiers 

*trademark For complete information, write to Technical Literature Service, 
Sprague Electric Co., 347 Marshall St., North Aclams, Mass. 01247 

SPRAOU• COMPONENTS 

TRANSISTORS 

CAPACITORS 

RESISTORS 

INTEGRATED CIRCUITS 

PACKAGED COMPONENT ASSEMBLIES 

TUNCTIONAL DIGITAL CIRCUITS 

MAGNETIC COMPONENTS 

PULSE TRANSFORMERS 

THIN-FILM MICROCIRCUITS CERAMIC-BASE PRINTED NETWORKS 

INTERFERENCE FILTERS PULSE-FORMING NETWORKS 

SPRAGUE® 
THE MARK OF RELIABILITY 

' Spr11ue' and ·@· are reaistered trademarks ol the Spr11u1 Electric Co. 

ON READER-SERVICE CARD CIRCLE 12 
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NEWS 

Heat-aging detects 
transistor failure 

Leakage-current measurements 
can forecast transistor failures 
well before they occur in germani­
um-alloy types, according to a recent 
study made at the National Bureau 
of Standards. 

After aging the transistors for 
1000 hours at 100° C their leakage 
currents were compared with com­
parable measurements made before 
the aging process. Transistors that 
show an increase in leakage current 
in excess of 1.6 times their earlier 
leakage current should be rejected. 

The Bureau test results conclude 
that early increases in leakage cur­
rent are consistently associated 
with the first of the transistors that 
fail. In one test batch of 160 tran­
sistors the first three failures would 
be expected within about four years 
of normal use. 

In the testing procedure, the 
junction temperature can be raised 
to 100° C in two ways. The device 
can be made to dissipate continu­
ously enough power to keep the 
junction at 100° C. The other way to 
bring the junction to this tempera­
ture is to raise the ambient temper­
ature of the air in the vicinity of 
the transistor. The latter method 
gives far more reliable results, ac­
cording to the study. 

Failures were due to avalanche 
conduction, excess leakage current, 
and, possibly, physical damage dur­
ing an aging period of 20,000 
hours. • • 

Ten transistors in a plug holder are 
placed in thermostat-controlled aging 
chamber. 
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NEWS 

Microwave parley sees room for IC growth 
Symposium hears of need for better inductances; 
Hybrid designs and switching advances described 

Maria Dekany 
Technical Editor 

"Microwave integrated circuits 
are here to stay. They are not going 
to follow the tunnel diode [into ob­
scurity]. But they will not replace 
TWTs either." 

In these words, Dr. Robert L. 
Pritchard, professor at Stanford 
University, summed up the optimis­
tic outlook for miniaturized ICs at 
the International Microwave Sym­
posium, held in Palo Alto, Calif. 

The pessimistic side was dis­
cussed, too. The major problem fac­
ing designers of integrated circuits 
is to increase the value of induc­
tances while decreasing the induc­
tor's size, Dr. Pritchard told the 
symposium. Present inductances 
are achieved at too great a cost in 
space, he said: Engineers are happy 
to get 1 nH per mm. They would, 
naturally, like to do better. 

The Q of the inductance is al­
ready a problem at uhf, the Stan­
ford professor reported. The 
deposited inductance over the glass 
substrate behaves like a distributed 
LC transmission line with a cutoff 
frequency of 100-200 MHz. 

At microwave frequencies, the 
design of integrated circuits re­
quires innovations instead of direct 
translation from discrete circuits, 
Pritchard went on. It is not the size 
reduction that is the main attrac­
tion of the IC, since most circuits 
must have a size of the order of 
A./ 4. Performance is the major ob­
jective, he concluded. 

The popular hybrid approach to 
microwave ICs was demonstrated 
by the spst switch-driver assembly, 
discussed by William J. Moronay, 
director, semiconductor develop­
ment, and Alex T. Botka, manager, 
integrated control devices, of Mi­
crowave Associates, Inc. Burling­
ton, Mass. (see Fig. 1). In hybrid 
design, the silicon chips, which con­
tain the active devices, are mounted 
on a stripline or in a cavity. For the 
switch, a stripline is used with alu­
mina as the dielectric . It has high 
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dielectric constant, low loss, is sta­
ble and withstands high processing 
temperatures, Moronay explained. 
The switch operates from 2 to 4 
GHz with a minimum of 50 dB iso­
lation and an insertion loss of 2 dB 
maximum. The switching speed is 
50 ns. 

Very fast switching with pin 
diodes in X-band was reported by 
Dr. Bernard C. DeLoach, head, mi­
crowave semiconductor device dept. , 
Bell Telephone Laboratories, Mur­
ray Hill, N. J. Reproducible opera­
tion, ranging from 0.4 ns at the 1-
mW level to 1 ns at the 1-watt level, 
has been observed, Dr. DeLoach re­
ported, with specially fabricated 
pin diodes having 3000-GHz cutoff 
frequencies. The switch is unique, 
he said, in that it has very low loss 
( 0.3 dB in the passband), is insensi­
tive to junction parameters and is 
faster by an order of magnitude 
than other pin-diode switches. 

Versatile GaAs 
A new aspect of gallium arse­

nide-well known for the so-called 
Gunn oscillation-was disclosed by 
Dr. Basil W. Hakki, member, micro­
wave · bulk-effect device group, Bell 
Telephone Laboratories, Murray 
Hill, N. J. 

A GaAs sample was operated si­
multaneously as a microwave am­
plifier, mixer and oscillator under 

1. Integrated microwave switch and 
driver assembly operates from 2 to 4 
GHz with a switching speed of 50 ns. 

cw conditions, he said. The implica­
tions of this performance are best 
illustrated by the heterodyne circuit 
based on the GaAs sample (see Fig. 
2). The bulk sample generates a sig­
nal at 3.622 GHz that serves as the 
local oscillator. An external signal 
at 6.114 GHz, injected into the cavi­
ty holding the GaAs, mixes with the 
3.622 GHz signal to produce the 
difference frequency at 2.492 GHz. 
This difference frequency is then 
amplified and detected. A maximum 
net conversion gain-from 6.114 
GHz to 2.492-of 10 dB was meas­
ured, Dr. Hakki said. He noted that 
the oscillating and amplifying fre­
quencies were not related harmon­
ically. The only problem was the 
noise figure-about 20 dB at present, 
too high for most practical systems. 
However, programs are under way 
to reduce the noise to a more accept­
able level, according to Dr. Hakki. 

Miniaturization, if not integra­
tion, was apparent in the discussion 
of ferrite devices. 

Ferrite phase shifter for L band 
A ph se shifter that combines the 

rapid switching speed for ferrite 
latching devices and the miniaturiz­
ing features of slow-wave strip 
transmission lines was described by 
the designer, Raymond R. Jones, an 
engineer with the Westinghouse 
Defense and Space Center, Balti­
more. The 2-by-1-by-0.25-inch device 
provides between 145° and 170° 
differential phase shifter per inch 
over a 5.0-to-5.4-Ghz range. 

2. Simple heterodyne amplifier uses 
bulk GaAs as oscillator and amplifier 
simultaneously. The GaAs generates 
the local oscillator signal at 3.6 GHz; 
this mixes with the incoming signal 
(6.1 GHz). The resultant difference 
signal (at 2.5 GHz) is amplified. A 
conversion gain of 10 dB was mea· 
sured at Bell Telephone Labs. 
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where 
Precise 

Control of 
Frequency 

begins 
If you are involved in applications requiring electronic frequency 

control, the new Damon VCXO Brochure can help you. This Brochure 

is packed with technical data on applying Damon VCXOs to many 

modern electron.ic systems such as AFC, Coherent Radar, Phase 

Locked Receivers and Transmitters, Doppler Trackers, FM Generators 

Exciters, Frequency Synthesis and STALO. ·Damon VCXOs are avail­

able with peak frequency deviations from 20 cps 

to 2 me and with center frequencies spanning 

100 cps to 300 me. 

Write for this New Damon VCXO Brochure 

DAMON ENGINEERING. INC. 
240 Highland Ave., Needham Heights, Mass. 02194 Tel.: (617) 449-0800 
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NEWS 

(Microwave parley, continued) 

The slow-wave or tape structure 
has a meandering form, similar to 
that found in TWTs and filters (see 
Fig. 3). The meander line is etched 
on both sides of an 0.018-inch cop­
per-clad teflon slab and inserted 
into the bo-re of a ferrimagnetic to­
roid. The toroid is then placed be­
tween two ground planes. The ex­
perimental model has exhibited loss­
es of the order of 2 dB. 

"This loss is not due to imped­
ance mismatch-the vswr is below 
1.5-but to radiation losses from 
the jagged edges of the etched line 
and to the fact that the connector 
does not fit flush against the fer­
rite," Jones told ELECTRONIC DE­
SIGN after presentation of his paper. 

"Next, we'll attempt to deposit 
the Jines directly on a ferrite slab," 
he continued. "The film will be 
evaporated in a 1-mil-deep trough 
in the slab for cleaner construction 
and better performance. The 
demagnetizing field of the thin-slab 
geometry can be utilized as the 
latching field." 

The four-day symposium, spon­
sored last month by the IEEE, drew 
500 engineers. Copies of the digest 
may be obtained from IEEE, Inc., 
345 East 47 Street, N. Y., N. Y. 
10017 .•• 

3. Slow-wave nonreciprocal phase 
shifter represents one approach to 
miniature ferrite devices. The mean· 
der line is the slow-wave structure. 
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Plastic used for 
fiber optics 

Croton light guides provide an ex­
tremely flexible form of fiber optics. 

Fiber optic bundles that use plas­
tic as the light-transmitting medi­
um have been successfully devel­
oped by the Du Pont Company and 
will soon be on the market. 

The new devices, called "Cro­
fon" light guides, are tougher and 
more flexible than glass, which to 
date has been the primary material 
used successfully for fiber optics. 
An individual 0.010-inch fiber of a 
Crofon light guide can reportedly 
be tied tightly in an overhand knot 
without breaking. This allows the 
light guides to be readily bent 
around a small radius. They may be 
subjected to repeated flexing and 
vibration safely. 

Each plastic fiber in a Crofon 
light guide has a · core of Lucite 
sheathed with a plastic of a lower 
refractive index. The fibers are 
made up in bundles and jacketed in 
Du Pont's Alathon polyethylene res­
in. The number of strands in each 
bundle determines the amount of 
light that will be transmitted. 

Unlike glass fiber optics, the 
plastic fibers can be manufactured 
in almost unlimited lengths. At 
present, limited quantities are 
available for development programs 
in lengths up to 5000 feet. 

Preliminary studies for the ap­
plications of the light guides has 
been undertaken by Du Pont in co­
operation with the Packard Electric 
Division of General Motors Corp. 
The first commercial application de­
veloped by Packard is the illumina­
tion of dashboard accessories on 
several leading 1967 model automo­
biles. • • 
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hp 14/A AC-DC 
Differential Voltmeter/ DC Standard 
Multi-purpose calibration tool-5 functions for only $1475 
Special probe for ac differential VM measurements with <5 pf 

capacity at point of measurement 
Input impedance > 10' on all ranges 
Five-digit resolution, all modes of measurement 

Use it as: 
A de standard, ±0.02% of setting ±10 µv, 0-1000 v-20 ma, 

floating output, 0.005% I month stability 
An ac differential voltmeter, 50 mv-1000 v, ±0.05% of reading 

±0.01 % end scale 
A de differential voltmeter, 0-1000 v, ±0.02% ±10 µv, > lO' ohms 

input impedance (independent of null), 0.005%/month stability 
A ±2% floating high-impedance voltmeter 
A voltage amplifier with 60 db gain, a ±0.02% unity-gain 

power amplifier 

Use in conjunct ion with new 463A 
Voltage/ Power Amplifier to make meas­
urements at: 100 mv at 0.07%, to 10 kHz ; 
10 mv at 0.16%, to 10 kHz; 1 mv at 
0.36%, to 10 kHz. (Reduced specs to 
100 kHz.) 

demonstration, call your Hewlett-Packard 
field engineer or write Hewlett-Packard , 
Palo Alto, California 94304, Tel. (415) 
326-7000; Europe: Route des Acacias, 
Geneva. 

Features include overload indicator, out- Data subject to change without notice. 
put sensing, low-capacity ac probe. For a Prices t.o.b. factory . 

1672 

":t.StJf 

i . • i 
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NEWS 

System conditions battery cells selectively 
The useful life of secondary bat­

teries used in aerospace vehicles can 
be extended by a new automatic 
charging system developed by Elec­
tro-Optical Systems, Inc. 

MULTIPLEXER 

DIGITAL 
VOLTMETER 

(BCD OUTPUT) 

BATTERIES 
BEING 

RECONDITIONED 

BATTERY 
CHARGE- DISCHARGE 

TERMINATION 
CIRCUIT 

BATTERY 
LEVEL 

SENSE- LOGIC 

MANUALLY PROGRAMED 
CHARGE - DISCHARGE 

VOLTAGE LIMITS 

TO 

CHARGE 
RATE 

CONTROL 

CHARGE AND 
DISCHARGE 
INDICATORS 

BATTERY 
CHARGE 

POWER-SUPPLY 

The system selectively conditions 
each individual cell in a battery 
automatically until the electrical 
characteristics of all cells achieve a 
high degree of balance. Previous 
charge equipment for aerospace ap­
plications monitors the output of 
ce lis in series at the battery ter­
minals only, without compensating 
for individual cell variations. Thi s 
lack of total conditioning can cause 
some cells to reach charged or dis­
charged voltage limits before oth­
ers, and can result in an over­
charged state, with subsequent bat­
tery failure through case expansion 
or loss of electrolyte. 

Automatic battery charging system compares individual cell voltages to preset 
limits. As each cell reaches the programed level, its charge or discharge cycle 
is terminated . 

The charging system operates es­
sentially as a digital comparator. 
Automatic charge and discharge cy­
cling of all cells is controlled by 
charge-discharge limits manually 
pmgramed in digital form into the 
battery level sense logic circuits. 

During cycling, cell potentials are 
scanned by the multiplexer and fed 
to the digital voltmeter, which de­
livers a binary-coded decimal out­
put. The voltage level of each cell is 
then compared to the preset limit in 

All-electronic typesetter put on the market 
A new system for setting print­

ers' type electronically has been in­
troduced by the Graphic Systems 
Div. of RCA. Called Videocomp, the 
system is the first commercially 
available typesetter to employ all­
electronic character generation. 

Characters corresponding to the 
letters of various type faces are 
stored in the unit's core storage 
unit. Approximately 3000 bits are 
used to store each character. When 
a character is taken from memory, 

CORE 

MEMORY 

TYPE FACES 
STORED IN 
MEMORY 

CATHODE RAY 

it is written by means of its bits in 
a predetermined sequence of de­
flection orders on a high-resolution 
cathode-ray tube. As the character 
is. written, it is projected through a 
precision lens and exposes sensi­
tized paper or film. 

Each character is written on the 
face of the tube and transferred to 
the film until a complete line is 
formed. Then the film is automati­
cally advanced a line space and the 
next line is composed. Up to 600 

• 

• 

SENSITIZED 

FILM 

When brought from memory, characters are written on the face of the CRT and 
then projected through a lens on to sensitized film. Each character is stored 
in the form of many bits. 
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the logic circuits. When coincidence 
is detected for a cell, the cycle for 
that cell is terminated. 

After all cycles are completed, 
the logic section initiates a com­
mand to reverse the cycle. • • 

characters a second, or 900 lines a 
minute, can be produced. 

Type of up to four fonts can be 
stored in the Videocomp memory at 
one time. With a change in the 
deflection of the cathode-ray tube, 
any of the type faces can be written 
as normal, enlarged, condensed, ex­
tended or italic type. • • 

Videocomp system produces electron­
ically generated characters such as 
these. 
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OFFSET CURRENT CHANGE 
of only 30 pa from -25° to +1s•c, with 
0.01 pa noise spec, enables current 
amp I ifier to resolve 10-13 amps, builds 
9-decade log amplifiers 

COMMON MODE IMPEDANCE 
of 1012 ohms, 1 µV p-p noise, 101 CMRR, 
and only 30 µV /°C max drift , provides basis 
for rugged electrometers with 
1012 ohms input impedance 

LOW OFFSET CURRENT 
of 1 pa, plus 1010 ohms differential 
input impedance, permits 1,000-second 
integrator time-constants , also builds 
versatile sample-hold circuits 

COMMON-MODE VOLTAGE 
of ± 300 V, combined with low offset 
current, allows difference amplifiers to 
use 10' ohm input resistors and resolve 
millivolt signals on 300 V inputs 

Op Amp Based on Varactor Bridge Resolves 
10·13 Amps, Accommodates 1010 Ohm Sources 

Parametric amplification principle, 
embodied in Model 301 's varactor 
bridge circuit, virtually eliminates 1 /f 
noise (0.01 pa & 1 µV p-p), provides 
"100-fold better offset and drift specs 
than FET amplifiers (1 pa & 0.06 
pa/°C at 25°C), and achieves com­
mon-mode performance of electro­
meter tubes(± 300 V .cM, 1012 ohms Z cM 
& 10' CMRR). Rugged, all-solid-state 
DC differential op amp is encapsu­
lated into a 3 cu-inch , microphonics­
free module that mounts directly onto 
P-C boards, operates from -25°C t6 
+as0 c. 
Current amplifiers, differential ampli­
fiers, logarithmic amplifiers, electro­
meter amplifiers, plus various cate­
gories of capacitor charging ampli­
fiers, can all be based on Model 301, 
with advantages in performance, size, 
ruggedness and cost. 
Offset variation of only 30 pa from 
-2s 0 c to +75°C enables input re­
sistors as high as 10' ohms to be used 
with integrators, differential ampli-

ANALOG 

tiers, and circuits required to operate 
with high impedance sources. Large­
value integrator input resistors allow 
time-constants to 1,000 seconds, per­
mit sample-and-hold amplifiers, dif­
ferentiators, and charge amplifiers to 
be designed with unusual flexibility. 
Current-amplifiers, used typically with 
photomultiplier tubes and other cur­
rent-source tranducers, depend upon 
Model 301 's 0.01 pa noise and 0.06 
pa/°C offset at 25°C for ultimate sen­
sitivity of 10· 13 amps. Used with loga­
rithmic feedback elements, the ampli­
fier also permits a 9-decade (180db) 
input signal swing. · 
Another remarkable feature of the 
Model 301 is the ± 300 volt common­
mode rating , which enables differ­
ence amplifiers to measure millivolt 
signals perched on 300-volt inputs. 
The 1012 ohm common-mode input 
impedance and 10' CMRR also en­
able Model 301 to be turned into a 
solid-state P-C mounting electrometer 
amplifier. 

IJ ANALOG DEVICES ,INC. 
221 FIFTH STREET 
CAMBRIDGE, MASS . 021 42 
PHONE: 617/491-1650 

ON READER-SERVICE CARD CIRCLE 1 S 

ELECTRONIC DESIGN, June · 21 , 1966 

HOW MODEL 301 WORKS 

Amp I ifier input, e in , varies varactor capa­
citance, unbalances bridge, and develops 
pump voltage output proportional to bridge 
unbalance. After low-noise AC amp I iii ca­
tion , pump volta.ge is phase-sensitively de­
modulated to restore correct polarity , then 
further boosted by DC amplifier. Final out­
put is a replica of 9riginal input, amplified 
one million times . 
Matched low-leakage varactors inherently 
eliminate 1/f or " flicker" noise, give excel ­
lent offset and drift specs, provide 1010 ohms 
differential input impedance. Transformer 
coupling contributes amplifier's advanced 
common-mode specs. 

MODEL 301 SPECIFICATIONS 

Max Offset 

Noise (DC - 1 Hz) 
Max Voltage Drift 

Input Impedance 

ou"tput 
Open Loop DC Ga in 
Gain Bandwidth 
PRICE (1 -9) 

1 pa at 2s• c , 30 pa 
at 1s•c 
1 pa, 1 µV, P-P 
30 µV/°C 
(- 2s· c - + es·q 
101• ohms (Dill). 
1012 ohms (C.M.) 
± 10 V, 20 ma · 
120 db (106) 

500 KHz 
$198.00 

•• .a 
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NEWS 

Scientists prepare to hunt for life on planets 
Astronautical society meeting focuses on new 
equipment for unmanned exploration of Mars 

Ralph Dobriner 
West Coast Editor 

As planning for Project Apollo 
rapidly nears a climax, many scien­
tists are concentrating on what 
they believe will be the next impor­
tant phase of space research: un­
manned exploration of the planets. 

This was indicated at the recent 
three-day American Astronautical 
Society meeting in Anaheim, Calif., 
which had as its theme "The Search 
for Extraterrestrial Life." 

Of the 24 technical papers de­
livered on the philosophical aspects, 
scientific motivation and proposed 
hardware of extraterrestrial mis­
sions, more than half referred to the 
planet Mars. The apparent reason 
was NASA's proposed unmanned 
Voyager missions to the planet dur­
ing the 1970's and the belief that 
Mars is the most likely body within 
the solar system to harbor some 
lower form of life. 

A "progressive and economical" 
proposal to send unmanned vehicles 
toward a soft landing on the Mar­
tian surface was put forward by 
C. de Moraes of the Martin Co., 
Denver. 

The scientist wants to send a se­
ries of space "buses" to the planet 
during the 1970's. His program 
would culminate in 1979 with two 
3500-lb space buses flying by Mars, 
each launching a 650-lb capsule 
that would soft-land instruments on 
the planet. The vehicles would carry 
progressively more sophisticated 
instruments for life-detection and 
geological experiments and for 
high-resolution TV scanning of the 
immediate landing area, de Moraes 
said. The two final capsules would 
contain an automated biological lab­
oratory and roving vehicles that 
would explore and gather samples 
at a distance from the landing area. 

An automated biological labora-

Automated biological laboratory, (ABL), similar to this model, may some day 
conduct life-detection experiments on the Martian surface under the control 
of scientists on earth. The model, developed for NASA by Philco's Aeronutronic 
Div., shows the actual testing area of the ABL with chemical-storage area and 
mechanisms for moving samples, agents, chemicals and reagents from storage 
to test areas. 
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tory (ABL) concept, under study 
for NASA at Philco Corp.'s Aero­
nutronic Div., Newport Beach, 
Calif., was described by W. Hostet­
ler, space program manager. 

The capsule, a potential Voyager 
payload, is being designed to carry 
out complex life-detection experi­
ments on planetary surfaces. The 
experimental capacity of the ABL 
-an integrated system-is to be 
nearly double that of present cap­
sules that weigh the same but are 
made up of separate experiments. 
The ABL is to weigh 715 lbs com­
pared with the 1200 lbs of the aver­
age conventional payload, Hostetler 
said. 

The complete system is to include 
sample acquisition, chemical proc­
essing and sample anaylsis, as well 
as computer control, power supply, 
communications and other support­
ing subsystems. 

Thirty-five preprogramed experi­
ments would be done by the payload 
after it landed and was deployed on 
the Martian surface. Through radio 
links with the capsule, scientists on 
earth could command the ABL to 
perform additional tests as they in­
terpreted data sent back by the cap­
sule. 

Robot is ultimate goal 
Techniques being developed for 

the Voyager missions are part of a 
larger effort to develop a robot ca­
pable of carrying out preset pro­
grams and of self-programing with­
in certain bounds. 

Louis Sutro of MIT's Instrumen­
tation Lab., Cambridge, Mass., re­
ported on efforts to develop a true 
robot with a limited self-program­
ing capacity that could deal with a 
large sequence of choices and cor­
rect its own error of judgment. 

According to Sutro, each experi­
ment for Mars will require both a 
sensor system designed for the prob­
lem and a data-processing system to 
bridge the gap between the way the 
sensor system works and the way 
the human mind works. Data from 
the experiments would be put 
through a decision system similar 
to that of humans. • • 
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Westinghouse offers 
the two IC op amps for 
low impedance 
drive applications 

You can drive sizable inductive, capacitive, or resistive loads 
directly with either of these two IC op amps. They're un· 
matched for "muscle". Using them, you can omit an inter· 
mediate driver stage or power amplifier in many applications. 

The driving power of the WS 161 and WM 174 can make 
equipment smaller, simpler, and lower in cost. With this pair, 
you can fill virtually all integrated op amp requirements. 
They come in 14-lead, 1A" x W' Q-style packages. 

If you want maximum unity gain bandwidth, moderate open 
loop gain, and very high current output with low voltage 
drift, no other IC op amp comes near the WS 161. 

If you want maximum open loop gain, maximum output cur-

rent, and very high unity gain bandwidth, the WM 174 is far 
and away your first choice. 

Get the full data on these outstanding IC's now. They'll do 
difficult jobs for you. Call your Westinghouse distributor. Or 
write Westinghouse Molecular Electronics Division, Box 7377, 
Elkridge, Maryland 21227. J .09126 

Open Loop Gain . 
Unity Gain BW .... . 

Output Current 
Output Impedance . 

Input Current .... 

ws 161 
. ...... •.. ....... .. ... 2,000 
. ... ......... ...... ... 20 MHz 

...... ... .... .............. 10 mA 
....... ....................... 40 [J 

.. .... .. ...... .... .. ....... 120 nA 

WM 174 
50,000 

10 MHz 
20mA 
70 fl 
120 nA 

You can be sure if it's Westinghouse @ 
ON READER-SERVICE CARD CIRCLE 16 
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• COUNT 'EM! WHY 
SHOULD YOUR NUMERICAL 
READOUT CIRCUITS USE 
MORE COMPONENTS? 

IN SEMICONDUCTOR PRODUCTS 

reqmrmg only one active device per 
stage. Used to drive 250 milliampere 
lamps, this circuit delivers outstanding 

greater than 2 kilohertz and that it will 
operate even with the lamp burned out. 

0.47 

After all, why waste money? The more u11 -~:;---:-~;::::::=~::_ ......... L __ ~ 
components you use, the more your 
readout circuits cost. 

Both binary-to-decimal circuits 
shown in Figures 1 and 2 will not only 
reduce your component counts and 
circuit costs , but will also provide t he 
gain necessary to drive, directly, the 
lamps in the readout. 

Take the Figure 1 circuit- a stand­
ard decoder with transistor drivers on 
the output. This circuit not only drives 
the incandescent lamps, but is excel-

+ 6 M~ - - - + 28V 
U1 U1 U2 U2 U4 U4 Us Us 

40 DIODES G·E IN4148 
10 TRAN SISTORS (2N341 7) 
LAMPS NO. 1829 G·E 40 MA @ 28V 
Fig. 1. Binary-to-decimal converter with 

drivers 

lent wherever projection-type displays 
are needed. Use a 2N 3877 A transistor 
in it and you'll find you can also use 
such high voltage indicators as gas~ 
filled, cold cathode numerical types. 
The Figure 2 circuit, meanwhile, is 
designed for incandescent lamps spe­
cifically. You'll find it a bit different in 
that its transistor matrix permits the 
transistor to do both the amplifier and 
the logic job required. But you need 
far less input current with this circuit 
to drive the same size lamp shown in 
Figure 1. Each input turns on only 
one transistor. 

Studying applications where the 
readout device is driven from a 
counter? Try the circuit shown in Fig­
ure 3. The key to component reduction, 
here, lies in the economical ring counter 
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14 DIODES, G·E 1N4148 
12 TRANSISTORS, G·E 2N3415 
LAMPS. G·E 1815 200 MA@ 14V 

Fig . 2 . Binary-to-decimal decoder drivers 

savings through its use of both a G-E 
2N3403 economy transistor and G-E 
C106 low-cost SCR. Try it. You'll find 
its maximum repetition rate is even 

High current ring counter 

Circle Number 811 on the Reader's Service 

Card if you're interested in any of these, or 

any other, recent G-E readout circuit develop­

ments. They're just one more example of Gen­

eral Electric's total electronic capability. Or 

ask your G-E engineer/salesman or distributor 

for more information or write to General 

Electric Company, Schenectady, New York. In 

Canada : Canadian General Electric, 189 Duf­

ferin St., Toronto, Ontario. Export: Electronic 

Component Sales, IGE Export Division, 159 

Madison Ave ., New York, N. Y. 10016. 

~--~----~-----------~---, 

HOT OFF THE PRESSES timers and low-frequency oscilla­
tors. Circle Number 814. 

Are you taking advanta2e of all 
our latest free bulletinsf Specifi- DA Low-cost, Ultrasonic-fre-

t . h t 1· t' t quency Inverter Using a 
ca ion s ee s, app ica ion no es, Single SCH-Neville Mapham. A 
conference papers, brochures and 
other useful materials ... all are simplified, new high frequency 

· t f th k' T inverter circuit with good load 
yours JUS or e as mg. ry any regulation- even with reactive 
of these, for example: • 

D 
Using the Triac for Control of loads. Circle Number 815. 
AC Power-Jim Galloway. How D Using the Silicon Bilateral/· 

to simplify ·many of your newest Unilateral Switch-Bob Muth. 
circuits with General Electric Reprinted exactly as it originally 
TRIAC's. Circle Number 812. appeared in the March, 1966 issue 

D 
Progress Report on Solid of EEE. Circle Number 816. 
State Appliance Controls - D Full Line Bulletin on G.E.'s 

John Mungenast. Word-for-word Complete Line of Semlcon· 
reprint of John's well-received ductor Products. Circle Number 
paper presented at the 1965 IEEE 817. 
Los Angeles Conference. Circle Circle the Reader's Service Card 
Number 813. number indicated or check those 

D 
Seminar Notes 671.3- Rick you'd like on this coupon and 

I 

Spofford, Bob Muth, Dwight mail it, together- with your busi-

1 
Jones. Latest circuits and appli· ness card, to General Electric I 
cation information on the new Company, Section 220-31, Sche· I 

L~~~~~~U~~:~~:~_.:.tady,~ew~or~2~~~~---J 

GENERAL. ELECTRIC 
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Serve yoursel_f at new post offices 

Big jump likely in P.O. use of electronics 

The Post Office Department is expected to step 
up considerably its use of electronic hardware 
and R&D. P. 0. officials say that this will be 
the natural consequence of a thoroughgoing 
shake-up that has put two strongly 
electronics-oriented engineer-administrators at 
the top of the Office of Research and 
Engineering. 

The P.O. has been spending heavily on 
electronics for the last two years and has 
announced plans for even greater spending yet 
to come. The new Postmaster General, 
Lawrence F. O'Brien, has been receptive to 
Congressional pressure for increased spending 
on automation (ED 11, May 10, 1966, pp. 
31-32). He also conceded privately that "some 
old-fashioned skulls around this place" 
might be knocked together. 

Now he has begun knocking skulls-a few 
right out of the Department. The Office of 
Research and Engineering has a new director 
and deputy director and its functions 
have been split in two. 

Dr. Leo S. Packer, engineering manager of 
Xerox Corp. since 1962, is the new Office 
Director; Paul G. Hendrickson, former 
assistant vice-president of Defense Electronics, 
Inc., is his new deputy and chief administrative 
officer. In addition, O'Brien has ordered the 
Office divided into two operating branches, 
each headed by an associate director. The 
branches are the Directorate of Research and 
Development and the Directorate of 
Construction Engineering. The reason for the 
split was twofold: to give more emphasis to 
the engineering of the specialized new 
buildings required for new equipment, and to 
permit the mushrooming R&D program to 
grow unhampered by construction-engineering 
demands. 

The P.O. has been handing out new contracts 
liberally. The largest to date was $26 million 
in May to Honeywell and Control Data Corp. 
for equipment for the P.O.'s huge electronic 
source data complex. Recently, seven firms 
received $19 million for mechanization 
hardware ranging from letter sorters and 
sack-parcel sorters to stamp-sensing machines 
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washinuton 
Report ~A~~~~Gi~~s~~~6~ 
and ZIP-code readers. The firms included 
Aerojet General, Burroughs Corp., FMC 
and Philco. 

Self•service is coming 

The biggest electronic market for the P.O. 
is still in the shaping-up stage. This will 
be the do-it-yourself post office, the "self-service 
postal unit." Over the next nine months 
100 shopping centers throughout the nation 
will acquire these units complete with stamp-, 
postcard- and envelope-vending machines, 
weighing machines and mail drops. Sites for 
66 units in 58 cities have already been 
made public. They will afford 24-hour service 
seven days a week as nearly automatic as 
possible. There will moreover be a 
direct-telephone-line link between each unit and 
a continuously manned desk at the city's main 
post office. Eight firms have received 
contracts worth $800,000 to get the self-service 
unit concept under way. 

The most recent P.O. contract went to 
Pitney-Bowes: $1,420,400 for 95 electronic 
facer-cancelers. The machines are fed an 
unsorted jumble of letters which they face 
all in one direction. A photocell then seeks out 
the stamps and the machine cancels them 
at the rate of 30,000 pieces an hour. At present, 
there are 205 facer-cancelers in use in 72 
post offices. 

Crime control going automated 

The role of advanced technology-especially 
electronics- in crime control has lately been 
receiving more and more attention in 
Washington and in many state capitals and big 
cities. Probably the most widely publicized 
move to pit electronics against crime was 
California's experimental application of 
aerospace-industry skills to the solution of 
civilian problems. Space General Corp. set 
about tackling crime and delinquency as a result. 
Now the Justice Department and the White 
House Office of Science and Technology 
have jointly sponsored a symposium in the 
nation's capital on June 22 and 23. 

Of 10 areas pinpointed by the Department for 
possible development and research all but one 
were largely electronic in nature. Only a 
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washiDUIOD 
Report CONTINUED 

session to be devoted to seeking new, nonlethal 
weapons for police use against attackers and 
riots is not considered electronics-oriented. 

Some 500 representatives of industry, higher 
education and criminal justice will attend 
the symposium. Both Attorney General 
Nicholas Katzenbach and Special Presidential 
Assistant for Science and Technology Donald 
Hornig unabashedly admit that the symposium 
is a plea for help: industry and university 
researchers will get a rundown of just what 
new tools and techniques are needed in the hope 
that they may soon be forthcoming. 
One of the most intriguing areas for 
discussion is the identification of criminals 
by their voices, through recorded "voice 
prints." Some other, obvious electronics 
areas include expanded use of computers for 
record-keeping, analysis and decision-making 
by police, courts and prisons; more effective, 
and less expensive burglar alarms, especially of 
types that would trigger radio announcements; 
more efficient methods of retrieving court 
records; more efficient communications 
systems linking police headquarters and 
patrolmen; and communications systems to link 
the principals in court cases as their cases 
reach the trial stage. 

Like any organization today, law enforcement 
is beset by the sort of administrative 
problems that can be solved by electronics, 
particularly data-processing. Sessions devoted 
to application of modern business procedures 
to prison administration are anticipated 
as among the most important for both 
prison officials and the electronics industry. 
Another session that will draw on industrial 
experience will seek ways to use modern 
technological devices to improve prison security. 

Yet other sessions that both Katzenbach and 
Hornig hope will produce speedy results will 
explore means of developing new laboratory 
techniques--especially for linking a suspect 
with the scene of the crime. 

The Justice Department is backing up its wish 
for industry participation by awarding 
financial grants to cities and regions that have 
developed crime control models that still 
need trying out. Congress a year ;lgO authorized 
the Office of Law Enforcement Assistance 
to make the grants, but the office has 
been awarding them for only about six 
months. In that time, however, some $4 million 
have been distributed. A $257,456 grant went 
to the Metropolitan Washington, D.C., Council 
of Governinents and the Metropolitan Police 
Department to develop a computer-based 
high-speed information and communication 
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system. The random-access system would 
permit any policemen in the Washington 
area to question the memory core and receive 
an immediate answer on a suspicious person, 
stolen automobile or possibly rabid dog. Hope­
fully, the Washington model will point the way 
for a planned national system (ED 10, Apr. 26, 
1966, p. 31). 

Industry seeks role in urban programs 

Industry is sending droves of representatives to 
Washington to try to define its role in the 
Government's urban development programs. 
The hugeness of the programs has industry 
convinced that there must be lucrative markets 
for both hardware and R&D-if they can be 
spotted. One senior vice-president of a 
major electronics firm was sent here by 
his company just "to look around." He has 
been given all the time he needs and 
virtually a blank check to find a role for his 
company. 

Some harried officials immersed in the new 
programs welcome industry's interest. They own 
that an industry representative-admitted 
by both sides to be selling his company­
can often turn up a fast answer to a problem 
or suggest an improved way of doing 
something. But not all government officials 
are so happy. They feel that the big corporations 
are in a good position to find out how the new 
urban money is to be spent--better, indeed, 
than the cities that the money is supposed 
to help. These officials fear that the companies 
may thus gain the city administrators' 
ears early and tell them only what the companies 
want them to hear. 

Central computer urged for Congress 

Rep. William Morehead (D.-Pa.) has proposed 
that a Congressional read-out station be linked 
to a gigantic central government computer 
so that Congress may "tap the memory of 
all the other computers in the Federal 
Government, not to secure privileged data, 
but to secure facts such as economic 
statistics, demographic profiles and figures 
on such things of daily concern to a 
Congressman's office as funds allotted to his 
district, and project and contracts awards." 
Eventually, he said, there could be a station 
in each Congressman's office and in each 
committee office. 

Possibly with the Morehead proposal in mind, 
a House Post Office subcommittee listened 
attentively and apparently favorably as 
University of Pennsylvania Professor Adrian 
M. McDonough proposed a central Federal office 
to oversee research into the state of the 
information arts and sciences. He contended 
that such an office could identify critical 
problems and set priorities for R&D. 
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When you look at electronic components 
are you seeing only half the picture? 

We're the last people to argue with component purchasers who 
put performance, price and delivery first - meeting these three 
basic requirements is what keeps us in business. But most en­
gineers are also on the lookout for something more, and many 
of them find it at Mullard. 
Take research and development for instance. Out of Mullard 
R&D have come outstanding devices such as the travelling wave 
tubes for the New York-San Francisco and Montreal­
Vancouver microwave links. Production resources? Mullard 

DIODES · TRANSISTORS · PHOTO-DEVICES AND RADIATION DETECTORS 

RECTIFIER DIODES AND STACKS · THYRISTORS AND STACKS · INTEGRATED 

CIRCUITS · CAIHODE RAY TUBES · RECEIVING TUBES · ELECTRON OPTICAL 

DEVICES · PHOTOSENSITIVE DEVICES · COLD CATHODE DEVICES · POWER 

DEVICES · TRANSMITTING TUBES · MICROWAVE DEVICES · CAPACITORS· 

FERRITE MATERIALS AND ASSEMBLIES • COMPUTER COMPONENTS AND 

ASSEMBLIES· MAGNETIC MATERIALS · SPECIAL PURPOSE MAGNETS · VACUUM 

DEVICES· WOUND COMPONENTS. 

plants are among the most efficient anywhere, with a reputation 
for the production of tight-tolerance devices to proved standards 
of reliability. As for circuit know-how, Mullard has the best 
equipped applications laboratories in Britain. And when it comes 
to technical services, you will find that Mullard provides the 
kind of comprehensive performance specs, survey documents 
and application reports that are just that much more useful. 
If you want to get the whole picture, why not ask us to help you 
with some of your component probiems ? 

ON READER-SERVICE CARD CIRCLE 213 

Mullard 
where the product is only part of the deal 
MULLARD LIMITED · TORRINGTON PLACE · LONDON WCI · ENGLAND 



NEWS 

Bat-like detectors to direct N. Y. traffic 
Small, gray boxes that operate 

like captive bats will soon help New 
York City speed its heavy traffic 
flow. 

The boxes-each an ultrasonic 
antenna-will hang over busy in­
tersections. They will count passing 
vehicles to determine traffic pat­
terns and help regulate traffic 
lights. With the detectors in place, 
motorists will be able to whiz along 
with fewer stops and delays. 

, A continuous inaudible yodel is 
emitted from the antenna. Passing 
vehicles then return echoes to the 
antenna for use in counting and con­
trolling traffic. The frequency-mod­
ulated probe signals have a center 
frequency of 40 kHz. This high fre­
quency was selected to prevent false 
indications from such audio inter­
ference sources as motorcyles, si­
rens and whistles. Either the pres­
ence or motion of the vehicle is 
sensed in a manner similar to that 
used by bats. 

Antenna portion of ult rasonic detector is inspected by Sperry enginee r. 

The traffic detectors, developed 
by Sperry Gyroscope Company. are 
the first hardware to be delivered 
under a $5.4 million contract from 
New York City for an automated 
control center. The ultrasonic de­
tectors, in conjunction with other 
sen~ing devices, will provide input 
data to a central traffic-control com­
puter. 

A complete detector consists of 
an antenna and cabinet. The anten­
na contains two piezoelectric crys­
tals: one sends and the other re­
ceives. The cabinet, which may be 
placed up to 300 feet from the an­
tenna, contains a solid-state trans-

ceiver. Circuitry within the trans­
ceiver generates the transmission 
signal and converts the returned 
signals into useful pulses. A 12-volt 
power supply and an output relay 
are also housed in the same cabinet. 

No vehicle, not even a motor 
scooter, escapes detection. The pres­
ence or motion of a vehicle produces 
one relay closure. Even speeding 
cars cannot avoid the unseen moni­
toring beam- unless they are 
moving faster than 80 mph. 

When set to detect vehicles' pres­
ence, the system produces a relay 
closure that lasts as long as the ve­
hicle is in the detection zone. When 

Bedbugs may lead Vietnamese raids 
In the jungles of Vietnam, where 

radars, lasers and infrared devices 
sometimes fail to locate hiding 
guerilla fighters, the Army is hope­
ful that the hungry bedbug will suc­
ceed. 

Scientists are experimenting with 
the bedbug's ability to smell its hu­
man quarry at a distance. Hungry 
bedbugs move their legs excitedly 
when they sense flesh. With proper 
control of the air that the insect 
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smells, a scouting party could keep 
them in small capsules, carry them 
ahead of the troops and use them to 
detect the unseen enemy. 

The Army's Limited War Labora­
tory, Aberdeen, Md., has developed 
an amplification system that makes 
the insect's leg movements audible. 

The bedbug it> placed on a rigid 
screen mesh and sealed in a contain­
er. The mesh is attached to a piezo­
electric crystal. When the insect 

set for motion detection, it produces 
one 0.3-second pulse for each pass­
ing vehicle. 

The lightweight antenna may be 
mounted at the side of the street in 
a side-fire mount or over the street 
by means of span wires or a mast 
arm. Up to three lanes of traffic 
may be monitored, regardless of the 
direction of traffic flow. 

New York City, which has or­
dered 1100 detectors, expects to in­
stall them this fall. Pittsburgh, 
Houston, Atlanta, Fort Lauderdale 
(Fla.) and Baltimore will also em~ 
ploy the detectors in their traffic~ 

control systems • • 

moves its legs, the movement of the 
grid produces a voltage. This volt­
age, when amplified, alerts the 
Army scout through earphones. 

It was once thought that dog 
could be used to sniff out the enemy 
in Vietnam, but there is at least one 
major drawback to their use there: 
the Vietnamese consider dogs a del­
icacy, and the Army fears too many 
may end up on the dinner table in­
stead of in the K-9 kennel. • • 
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ALLEN - BRADLEY Type J 
Hot Molded Variable Resistor 
rated 2 .25 watts @ 1o·c 
shown 2 times 
actual size . 

uOnly Allen-Bradley Type J pots 

give us the smooth control 

• 

• Krohn-Hite engineers have fou nd tha t only Allen-Bradley 
T ype ] potentiometers provide the smooth control, low noise, long 
term stability, and low temperature coefficient they require fo r 
their precision instruments such as the variable electronic filter. 

The T ype J control has the resistor, terminals, facepla te 
mounting bushing, and insulating ma terial hot molded into a 
solid integral unit. The solid resistance track ass ures smooth, 
quiet control that is free fro m the undesira ble discrete steps of 
wire-wound units. On accelera ted tests, T ype J exceeds 100,000 
complete operations with less than 10% resistance cha nge. 

Insure the perfor ma nce of your equip ment by insisting on 
Allen-Bradley T ype J hot molded potentiome ters. Besides, when 
you use Allen-Bradley fixed and va riable hot molded composi­
tion resistors you provide your apparatus with the la bel of 
" quality." For more complete specifications, please write for 
Publica tion 6024 : Allen-Bradley Co., 222 West Greenfield Ave., 
Milwaukee, Wis. 53204. In Canada: Allen-Bradley Canada Ltd. 
Export Office: 630 Third Ave., New York, N .Y., U .S. A. 10017 . 

to maintain the high calibration 

accuracy of our instruments" 

Krohn-Hite Co rporation 

This quickly locates the positions of the Type J 
potentiometers in the illustration below. 

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·B 
Type J controls have been found to provide 
the smooth control and precise tracking 
without discontinuities to achieve the re­
quired calibration accuracy. 

ADD ITIONAL AL LE N- BRAD LEY HOT MOLDED 
VARIAB LE RES ISTORS 

TYPE G CONTROLS are only 112'' in 
diameter. Quiet, stepless opera· 
tion. Rated 112 watt at 70°C. Values 
to 5 megohms. Type L are simi lar 
in construction but rated 112 watt 
at 1oo·c. 
TYPE F CONTROLS are for mount-
ing directl y on p r inted wi r ing 
boa rd s by means of their termi· 
nals. Rated 1/.i 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 bui lt to withstand en­
vironmental extremes . Only 11/.i" 
in length. Have stepless adjust· 
ment. Watertight and can be en­
capsulated . Rated 'A watt at 70°C. 
Val ues to 2 .5 megohms. Type N 
for less severe envi ronments are 
ra ted VJ watt at 50°C. 

ALLEN - BRADLEY 
QUALITY ELECTRONIC COMPONENTS 
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• Allen-Bradley Type R adjustable fixed resistors are 
unexcelled for holding precise settings through extreme 
conditions of shock and vibration. This unusual rugged­
ness is the result of a manufacturing process-perfected 
and used only by Allen-Bradley-which hot molds the 
resistance and collector elements, terminals, and insulat­
ing material into an almost indestructible component. 
Thus, the controls can be mounted by their own rugged 
terminals without additional support. 

The solid resistance track assures such smooth control 
that it approaches infinite resolution. Its smoothness 
cannot be compared with the abrupt wire-wound turn­
to-turn resistance changes which may cause circuit 
transients. Since Type R controls are essentially non­
inductive and have low distributed capacity, they can 

Here's your answer 
to shock and 
vibration problems 

be applied in high frequency circuits where wire-wound 
controls are impractical. The Type R molded enclosures 
are both dustproof and watertight, permitting encapsu­
lation after adjustment. 

Allen-Bradley Type R controls are suitable for use 
from - 55°C to + l 25°C and are rated ~ watt at 70°C, 
300 volts max. RMS. Available as standard in total 
resistance values from 100 ohms to 2.5 megohms with 
tolerances of ±10% or ±20%. As special, can be 
furnished down to 50 ohms. Technical Bulletin B5205 
contains complete specifications. Please send for your 
copy today: Allen-Bradley Co., 222 W. Greenfield Ave., 
Milwaukee, Wisconsin 53204. In Canada: Allen-Bradley 
Canada Limited. Export Office: 630 Third Ave., New 
York, New York, U.S.A. 10017. 

A llen-Bradley T ype R Adjustable Fixed Resistors- Show n actual size 

ALLEN-BRADLEY 
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MHD is here­
the newest, small diode 

Here's your key 
to low-cost 

voltage stabilization 

Smaller size­
yet higher power capability 

with this new 
Grid Pulse Triode 

Try G-E high-voltage 
reed relays. 

They're small ... fast ... 
and reliable 

For those really tough 
applications­

specify G-E Metallized 
Polycarbonate Capacitors 

A TECHNICAL DIGEST FOR INNOVATORS OF ELECTRONIC EDUIPMENT 

COMPONENT 
CAPSULES 

They're here already- the next generation after the 
DHD's. Just as rugged and just as reliable, tiny G-E Milli 
Heatsink Diodes are perfect for high-density circuit 
card and memory applications, and for "cordwood" con­
struction. The new diodes are available in JEDEC types 
1N4S31-34 and 1N4S36. Each features high conductance, 
low capacitance and nanosecond recovery time. Circle 

.100" --+j J_ 

inquiry card Number 90 for more facts. Actual size 

.060" DIA. :::...J 
Nearly 40% smaller than Double 
Heatsink Diodes, new G-E Milli 
Heatsink Diodes offer the same 
inherent reliability. 

Every G-E voltage stabilizer supplies constant output 
voltage to within ± 1 %-even with fluctuations up to 1S%. 
For special economy, core-and-coil units provide the low­
est cost voltage regulation obtainable. They help meet 
tight space requirements, make wiring connections easier, 
and provide all the mounting flexibility you can ask for. 
At General Electric, voltage stabilizers are available in 
ratings from lS to lSOOO volt-amperes in both standard 
and custom designed models. Ask your G-E engineer/ sales­
man for publication GEA-7376 or circle magazine inquiry 
card Number 91 for all details. 

Typical General Electric a-c voltage stabilizer 

2.0 KW at 1090 MC or 2300 MC. Or a full 1.0 KW at 4300 MC. That's the 
capability of General Electric's new Y1S49 ceramic triode for grid-pulse 
applications. Each new triode is rated at 2000 volts, 2.S amps peak, 0.001 
duty, and 0.5 microsecond pulse width. Significant performance improve­
ments are a certainty with its new, specially tailored cathodes and high­
performance grid construction. What's more, the Y1S49 is extremely toler­
ant of adverse environments (as are all G-E planar ceramic triodes). 
Typical applicat ions include airborne navigational and communication 
equipment, and L-, S-, and C-band radar beacons. Circle Number 92. Actual size 

For military and special applications 

Rated up to SOOO volts or SO volt-amps, these G-E 
reed relays are ideal for applications requiring high 
reliability and long life. Dimensions, excluding leads: 
only 0.70 inch tall, 1.09 inches wide, and 2.80 inches 
long. G-E Type 3SAS reed relays operate in 3 milli ­
seconds maximum; release time: 100 micro-seconds 
maximum. Ask your G-E engineer/ salesman about these 
high-voltage reed relays, or circle magazine inquiry card 
Number 93. 

They're SO% smaller than comparably-rated foil 
electrode units. Stable, too. A G-E metalliz€d poly­
carbonate capacitor's maximum change (in per­
cent of 2SC capacitance) wi 11 not exceed - 2.S% 
+ 2.0% over its temperature range from -SSC to 
12SC. Ratings: 200, 300 and 400 VDC at 12SC; 0.1 to 
10.0 microfarads. And they're self-healing. Each 
features low dissipation factor, high insulation 
resistance and superior high-frequency character­
istics. Ideal for many a-c applications. Circle 
Number 94. 

Designed for your most demanding circuits 

MORE~ 



AcoMPONENT 
WCAPSULES 

New cooling fan 
assemblies for your 
equipment cabinets 

8 compactrons replaced 
15 tubes in this 
color TV circuit 

Many advantages 
offered by G-E 

fast-recovery rectifiers 

New magnetic material 
breakthrough­

improved Alnico 8 

No separate driver 
needed for this 

incandescent bulb circuit 

For computers and elec· 
tronic equipment 

Test them yourself. They're new. They're able to generate up to 
500 CMF air flow in either suction or blower applications. 
They're designed for all-angle mounting. Quiet, reliable G-E fan 
units come in either 115- or 230-volt ratings for 60-cycle opera­
tion. Each is equipped with a 10-inch diameter venturi for easy 
mounting. Its 5-blade fan is well-protected by a wire mesh front 
screen and heavy duty back grill. And the proven, unit-bearing 
motor insures many years of reliable operation. Optional designs 
are also available. Circle magazine inquiry card Number 95. 

Depend on General Elec­
tric compactrons for cir­
cuit savings ... for out­
standing performance ... 
for full-scale production 
availability. Nearly 60 dif· 
ferent available compac­
trons are particularly 
suited to color TV re­
ceivers. Ask your G-E en­
gineer I salesman about 
color-TV compactrons or 
circle Number 96 on the 
magazine inquiry card. IMUO 

15·inch transformerless compactron color TV 

Some applications are just too demanding for normal silicon rectifier diodes. Take ad· 
vantage of reduced recovery transients, increased circuit efficiency, and low RFI. Try 
G·E fast-recovery rectifiers. General Electric offers a complete line of these devices in 
6·, 12-, 20- and 30-amp ratings, and with maximum recovery time of either 100 or 200 nano· 
seconds. Applications where they're sure to be particularly useful include free-wheeling 
rectifiers, sonar and ultrasonic equipment, DC-to-AC inverters, and other systems requir· 
ing high-frequency switching. You'll like their prices, too. Circle Number 97. 

Given the right size, shape and directionalization, this 
new G-E magnetic material can produce a nominal co· 
ercive force of 1850 oersteds. This means that, in some 
applications, you can reduce the size of your mech· 
anism as much as 40% ... save dollars as well as 
space. Higher useful recoil energy is also a fact with 
improved Alnico 8. Ideally suited for motors, latching 
applications and torque drive devices. Ask one of our 
experts to help you design it into your newest applica­
tion. Circle Number 98. 

+12 

16 12 I 
D£MAGNETIZING FOACE--OERSUDS 

Demagnetization vs. energy output 

Combine the high gain of the 2N3415 econ· 
omy transistor with the low-current require· 
ments of the G·E #344 lamp in this circuit, 
and you've eliminated the n.eed for sepa­
rate driver stages to drive the incandescent 
bulbs. This circuit will continue to operate 
with either or both of its bulbs burned out. 
It can also drive other circuits just like it 
to form a binary counter chain. Circle in· 
quiry card Number 99 to learn more about it. 

Binary counter with incandescent readout 

WE MAY NOT OFFER EVERYTHING YOU WANT FROM ONE COMPONENTS 
SUPPLIER. BUT WE DO COME A LITTLE CLOSER THAN ANYONE ELSE. 

285-13 
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Flat metal strips 
curl into antennas 

Antennas for space vehicles can 
now be stored as compact rolls of 
flat metal strips which, as they 
are unrolled, curl into tubes. 

These deployable antennas are 
being built for NASA by the Aero­
space Division of the Westing­
house Defense and Space Center. 

In developing the deployable an­
tenna concept, Westinghouse de­
signers solved two of the basic 
problems that have limited the 
potential of this type of ex­
tendable antenna for space use. A 
high strength-to-weight ratio was 
achieved by using special heat­
treating processes and by putting 
a large number of holes in the 
strips. The holes also solved the 
distortion problem that occurs in 
space when the side of the antenna 
facing the sun is heated to a very 
high temperature, while the side 
away from the sun is cold. The 
holes are arranged in special pat­
terns that allow the sun's rays to 
pass through and heat the side of 
the antenna that is away from the 
sun. The entire antenna thus re­
mains at the same temperature, 
and distortion is avoided. 

Normally, about 15 per cent of 
the metal in the strips is removed 
to form the holes. However, more 
than 50 per cent can be removed 
when the application so requires. 
Each square inch of the strips us­
ually has about 100 holes. 

According to Westinghouse, the 
extendable tubing can also be 
used for the deployment of equip­
ment or instruments from space­
craft or underwater vehicles, as 
well as for structural ele­
ments. • • 

Tubular antennas, produced as flat 
metal strip, are unwound from drum. 

~ ON READER-SERVICE CARD CIRCLE 90 thru 98 

HUGHES 
QUARTZ 
CRYSTALS: 

RUGGED 
Our crystals are built to take a beating! No more mechanical 
failures. Hughes special mounting process eliminates them. 

But, though our crystals are ruggedly built for outstanding 
reliability, the delicate side of their nature has not been 
neglected. Cut and lapped to perfection, Hughes quartz crys­
tals will perform to your exact frequency specifications ... 
and keep on performing. 
So, whether your need is for high-frequency or low-frequency 
crystals, call on Hughes -we cover the frequency spectrum 
(from 1kc to 150mc). 
For assistance or information, please write: Hughes Electronic 
Devices, 500 Superior Avenue, Newport Beach, California. 

r-------------------i 
: HUGHES: 
I I L __________________ J 

H UGHES AIRCRAF T CO MPA NY 
ELECTRONIC PRODUCTS DIVISION 

NEWPORT 9IEACH, CALl,.OANIA 

Leader in Frequency Control Devices 

ON READER-SERVICE CARD CIRCLE l 7 
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An embarrassing revelation to the United Nations in 1960. U.S. Ambassador Henry 
Cabot Lodge tells how the Russians tuned in on our embassy conversations. 
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NEWS 

The eavesdroppers: 'Fallout' from R&D 

Aerospace and military electronics spur two-way 
market in clandestine listening devices 

S. David Pursglove 
Washington Editor 

Electronic eavesdropping has be­
come so widely publicized in recent 
years that it is losing its glamor. 
Television spy serials, popular na­
tional magazines and Congressional 
hearings have dispelled the aura of 
mystery that once enveloped the 
field. Today even a schoolboy knows 
that a martini olive, a sugar lump 
or a businessman's attache case can 
be turned into a mechanical spy­
old-fashioned spies, by today's 
standards. 

As the technology and market 
grow steadily, technical advances­
largely "fallout" from research in 
aerospace and military electronics 
-are producing equipment on two 
levels: 

1. Highly sophisticated, expen­
sive devices for use by professionals 
only. Such devices keep pace with 
the newest developments in mi­
crominiaturization, lasers and other 
techniques. 

·2. Relatively simple equipment 
for the general public. While not as 
expensive as that for professionals, 
it can still be high. In many cases 
the packaging is unique but the cir­
cuitry is fairly basic. 

An example of highly sophisticat­
ed equipment is a transducer micro­
phone built on the head of a pin for 
an intelligence agency. Some tele­
phone taps, on the other hand, rank 
with relatively crude equipment. 
They are so simple that practically 
anyone can install them. 

Great Seal sparked interest 

Although the practice of elec­
tronic eavesdropping has been 
around for a long time, it was limit­
ed for the most part to cloak-and­
dagger circles. 

the United Nations as an example 
of Soviet spying on this country. 
With this dramatic revelation, bug­
ging became almost a household 
word. Widespread public interest in 
the area has persisted since. 

The Great Seal bug was 
presented to the U.S. Embassy in 
Moscow by a Ukranian delegation. 
Its triumph was that it required no 
power source of its own. It had no 
wires that could be discovered, no 
batteries that could wear out. Its 
operation was controlled entirely 
from outside the embassy chancel­
lery. 

The device, which Soviet agents 
hung within the carved wooden seal 
over the desk of our Ambassador to 
Moscow, was extremely simple. It 
was only a small copper cylinder-a 
can-with a nine-inch copper rod at­
tached. The can, carefully turned to 
close tolerances and silver-plated 
for long life, was a sharply tuned 
(high-Q) cavity. The copper rod, 
also silver-plated, terminated inside 
the cavity, with its tip in the form 
of a plate. That plate was coupled 

capacitively with a "tuning post," 
also inside the can. The t uning post, 
in turri, was capacitively coupled 
with a delicate metal diaphragm, 
three mils thick, that covered the 
can opening. 

The can measured 11/ 16 inch 
long, · with an inside diameter of 
0.775 inch. The cavity inductance 
was 1/ 100 microhenry. The entire 
unit, including the nine-inch anten­
na, weighed 1.1 ounces. The opera­
tion of the bug was the essence of 
simplicity. An ultra-high-frequency 
signal from a van parked near the 
embassy building would reach the 
device. The bug would reflect the 
signal back to a receiver, after first 
modulating it with sound waves 
from conversations striking its di­
aphragm. The sound waves that 
struck the diaphragm caused it to 
move, and that movement changed 
the size of the tuned cavity slightly 
-just enough to modulate the sig­
nals effectively. 

Tests prove operation 

The bug was hidden behind a hol­
low in the beak of the eagle carved 
on the Seal. Tests at the State De­
partment showed that the device 
worked well in free space but that 

Then, in 1960, U.S. Ambassador 
Henry Cabot Lodge displayed the 
now well-known Great Seal bug to 1. The Great Seal bug eavesdropped successfully in our Moscow embassy. 
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(eavesdroppers, continued) 

it was very sensitive to its environ­
ment. Performance fell off when it 
was placed in plaster or implanted 
near metal or other attenuating ma­
terials. But it operated essentially 
in free space in the very small hol­
low in the Great Seal. 

The Great Seal bug is an example 
of how modern eavesdropping has 
progressed. A State Department of­
ficial told ELECTRONIC DESIGN re­
cently that the bug was originally 
developed by the Russians more 
than 20 years ago. 

Laser bugs are next 
Today eavesdroppers plan to use 

lasers to read window vibrations 
corresponding to conversations in a 
room. In theory, a laser beam orig­
inating hundreds of yards or even 
several miles away would strike a 
window, be modulated by voice vi­
brations also striking the window, 
and bounce back to the source 
where it would be "read." 

Laser eavesdropping is very real 
-right now. The problem is that it 
works only under ideal conditions. 
Auto and airplane traffic also vi­
brate the same window pane that is 
being "read" and interfere with the 
eavesdropping. But specialists are 
ironing out the trouble. They expect 
within five years to be able to filter 
out or discriminate against extra­
neous vibrations to the extent that 
windows near normal voice conver­
sations will be read well by lasers 
over 100 yards away in all but the 
noisy heart of a city. 

R&D devices often ideal 
Typical of routine operations to­

day is the experience of a three-man 
electronics shop in Maryland. The 
National Aeronautics and Space 
Administration had a problem: It 
had to measure the flow rate of 
gases through tubes of very small 
diameter, but any available trans­
ducer was so large that its insertion 
into the stream disturbed the flow 
and presented distorted data. The 
Maryland company accepted the de­
sign challenge and developed an ex­
tremely small transducer that pro­
duced minimum distortion when 
placed in the gas stream. It worked 
very well. 
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An intelligence agency heard 
about the pinhead-sized transducer 
and recognized it as a potential pin­
head-sized microphone. A trial in 
the company's office showed that 
the transducer, poked through the 
bottom of a conical paper drinking 
cup, easily picked up and clearly 
transmitted whispers 30 feet away. 

The microphone was a miniature 
glob of lead zirconate, molded and 
coated with aluminum for shield­
ing. It was mounted for free vibra­
tion. Wires so fine they could not be 
detected when running through the 
nap of a rug were soldered to the 
glob. Besides being buried in a rug, 
the pinhead mike could be embedded 
in a wood picture frame or a desk 
top and then polished over. 

One was given to a caller for pho­
tographing. When, several months 
later, he telephoned the company to 
arrange the mike's return, he was 
told: "Keep it. It's obsolete; we've 
got a much smaller one now." 

Market figures unreliable 
Estimates of the present annual 

dollar volume of the electronic eaves­
dropping business are unreliable, 
to a large extent because of the sur­
reptitious nature of much of the 
business. Specialists who presume 
to speak with authority put the de­
sign and production figure for the 
country at anywhere from $1.5 mil­
lion to $20 million-a pittance in 
comparison with the more than $17 
billion yearly output of the elec-

Executive attache case comes with 
microphone, amplifier and voice-ac-

tronic industry. 
But the market is expected to 

spurt when the long-range laser mi­
crophone is perfected and when 
many of the now sophisticated, ex­
pensive devices for federal agencies 
trickle down to local police depart­
ments, private investigators and in­
dustrial security officers. 

One factor may slow the antici­
pated rise in business, however: 
Congress and other responsible 
bodies are looking into the rights 
and wrongs of electronic snooping 
and the question of whether strict 
federal controls are needed. At 
present such eavesdropping is con­
ducted at the fringe of fuzzy state 
and local ordinances. The resulting 
infringement on private lives wor­
ries many legislatures and-at the 
other extreme-has given cartoon- · 
ists and others bountiful material 
for humor. 

Regardless of its current size, the 
bugging business is said to have 
rescued at least a few floundering 
small electronic R&D firms. It is a 
business in which there are still 
plenty of takers, and all the sales 
manager need do is to show up at 
the right conventions and drop the 
word that his firm is "open." 

Among his potential customers 
will be private operatives, corpora­
tion security representatives, feder­
al gumshoes (such as the Federal 
Bureau of Investigation, the N ar­
cotics Bureau, and, nowadays, the 
Internal Revenue Service), and the 

tuated tape recorder. The unit sells 
for $1400. 
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(eavesdroppers, continued) 

cloak-and-dagger community, peo­
pled largely by the Central Intel­
ligence Agency and the Defense In­
telligence Agency. 

Many of the firms that have de~ 
veloped electronic devices for a 
space or military project, only to 
find them in great demand by inves­
tigative agencies, occupy · spots 
along the Boston-Cambridge "Elec­
tronics Row, " the Los Angeles R&D 
community, and many small R&D 
outlets in the suburbs of Washing­
:ton, D. C. 

One manufacturer who holds 
open house with a traveling show of 
electronic eavesdropping equipment 
says that his most frequent visitors 
are from the Air Force Office of 
Special Investigations. Like cus­
tomers from other federal agencies, 
he says, the Air Force agents "are 
quite furtive in their visits but ob­
viously more concerned about being 
spotted by another agency than bj_; 
the Reds or the public." 

"They usually buy in quantity, 
and they pay well," the manufac­
turer reports. 

Big money in custom bugs 

But it is not the representative 
who visits the manufacturer's hotel 
display room and places an order 
for a half-dozen miniature tape re­
corders and a mobile trailing unit 
who keeps the small R&D shop in 
business. Rather it is the agent who 
shows up at the laboratory late one 
afternoon, displays his credentials, 
warns the proprietor-chief engineer 
that the "national interest" re­
quires the conversation to be held in 
the strictest of confidence and pro­
ceeds to outline a problem that can 
be solved only by custom design. 

"We'd like to know what's going 
on in a particular office," he might 
say. "Somebody we know repairs 
typewriters, and he has access to 
the office." 

The problem then is hide all the 
components of a bugging transmit­
ter in various typewriter parts, and 
to do it in such a way that when the 
parts are installed, they become a 
working transmitter, picking up 
and transmitting conversations in 
the room. The "incentive money,'' 
as one of the agencies calls the fee, 
might be $200,000. 
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Eavesdropping, like any other 
electronic development, is following 
a predictable business course. The 
newer devices may be steeply priced 
at the outset, but their costs are 
dropping with mass output. And 
with each step forward, the bugs 
are becoming harder and harder to 
detect. 

One Florida manufacturer who 
has been in the bugging business 
since 1938 attests to the remarkable 
progress in the "state of the art." 

"In those days," he says of his 
start in 1938, "a really small bug­
we didn't call them bugs then, be­
cause they were hardly small 
enough to justify that kind of a 
name-was about a foot and a half 

Electronic eavesdropping in hotel 
rooms is made convenient with pie-

long, a foot wide and about 10 inch­
es high. They would barely trans­
mit to the next room. And, boy, did 
they heat up! We couldn't hide 
them in a small space at all." 

As he recounted this recently, he 
fingered a cube-shaped transmitter 
about a half inch in each dimension. 
It had been developed for implant­
ing in a space-borne chimpanzee to 
transmit data on weightlessness. 

"We never would have developed 
this," the Florida man said. "There 
wouldn 't have been a large enough 
demand and not enough money for 
development. It's funny, though; 
now that the thing has been devel­
oped, there's an increasing demand 
for them." • • 

tures like this one. A microphone is 
concealed behind the small hole. 
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NEWSI EAVESDROPPERS 

Basic circuits turn into electronic spies 

Professional eavesdroppers are 
firm believers in the adage, "You 
don't use a cannon ball to kill a fly." 
If a simple device will do the job, 
they use it. If the bug is likely to be 
suspected or encounter anti-bug­
ging interference, more elaborate 
techniques are called for. Today's 
electronic eavesdropping equipment 
ranges from one-stage FM trans­
mitters to microcircuits powered by 
radio waves from commercial broad­
casting stations. 

The circuits on these pages are 
typica l of many basic types now in 
use. They can be built into extreme­
ly small packages. They may fall 
short of the requirements for inter­
national espionage, but businesses 

"SPIKE 
MIKE" 

IK 

and suspicious husbands are using 
them in increasing numbers. 

Devices like those shown here are 
subject to various laws and regula­
tions . Reputable manufacturers 
normally point thi s out to all pros­
pective buyers. For example, one 
manufacturer includes the follow­
ing paragraph on all order forms: 

" The use of unlicensed and/ or un­
certified low-power transmitters is 
specifically prohibited within the 
United States and its possessions 
except in the audio modulated 
broadcast range. (See Part 15, Vol­
ume II, of the Federal Communica­
tions Commission Rules and Regu­
lations covering incidental and re­
stricted radiation devices.)" • • 

IOJLF 
,-~~--..~~ ........ "'""i+ -

15 
JLF 

IK 470 

+ 

12 Vdc 

Spike mikes are used for listening to 
conversations in a room from an 
adjacent room . The spike is driven 
into the wall and picks up wall vibra ­
tions. 

Audio amplifier for a "spike mike" can be inserted in 
plaster walls or doors along with the microphone. The 

spike pickup makes the microphone highly sensitive and 
difficult to detect (see above photograph) . 

WCl83T AUDIO AMPLIFIER 
(MODULATOR) 

~-----------------------~ 

rc---------, 

._ ________ _, 
WC 1146T WIDEBAND AMPLIFIER 
(OSCILLATOR AND Rf OUTPUT) Vee 

PPP OUT • 50mW 

FREQUENCY • 27 MHz 

Vee • 6 TO 9 VOLTS 

CURRENT• BmA 

T,: rJ'~sfs~t_PRL, 
T : IOKn PRI., 

5Kn SEC. 

MIKE Z <' IOKn 

Integrated-circuit transmitters such as this can be made 
extremely small and cqnsume very little power. This one 

uses two Westinghouse ICs plus a few additional compo­
nents and can transmit up to several hundred feet. 
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+ + 
15Vdc 

26.97- 27.27 MC OUTPUT 

CB TRANSMIT XTAL 

Beeper transmitter feeds audio pulses into a 27-MHz 
Citizen's Band oscillator_ The device is often used for 
tracking a subject by placing it in his clothing. 

+ 

t t 
9Vdc 

I 
2pF 

0.01 
µF 

The "wireless mike," an FM eavesdropper, operates in 
the 88-108-MHz band. Range is approximately 50 feet 
with a three-inch whip antenna. 

CASE 
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IN34A 

5 TURNS 
.to22 WIRE 

Wireless telephone bug derives power and modulation 
from the telephone line. It is connected in series with 
either side of the telephone line. 

- TO WALL PLUG 

- - = =--=- AC TO RADIO OR TV 

+ 

+ + 
9 V de 

TO 
RADIO 

SPEAKER 
L---1--LEADS 

6µ.F 

AM room bug is usually concealed in a radio or TV. It 
can use the speaker as a microphone and the ac line cord 
as an antenna. Unit operates between 500 and 700 kHz. 
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FM bumper transmitter is used for surveillance of moving 
vehicles . The transmitter emits a shrill audio tone near 
the top of the 88-108-MHz band. Magnets on the case 

to 
- -- -- -- - -STRONG---;:Nl-;-MA-;;-;;ET~ 

are used to fasten the device on to the inside of the bump­
er or under the gasoline tank of the veh icle to be tailed. 
The antenna is usually a three-inch whip wire. 

Schematics {except IC transmitter) excerpted from an upcoming book " Bugging the Bedroom ," by Robe rt M . Brown . 
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NEWS I EAVESDROPPERS 

Why snoopers favor telephone tapping 

Frank Egan 
News Editor 

If there is any staple of profes­
sional eavesdropping, it is tele­
phone-tapping. The reason for this 
is both social and technical. Social, 
in that telephones have become al­
most an omnipresent part of mod­
ern living, and technical because 
tapping is so extraordinarily sim-

pie. In effect, the person under sur­
veillence talks directly into the tap­
per's microphone. The technique can 
be practiced by schoolboys as well 
as professionals. 

The basic method of tapping is 
illustrated by the simplified sche­
matic of a telephone circuit in Fig. 
2. For tapping, the arrangement 
can be considered as a series circuit 

FM two-wire tap fits conveniently into the base of a telephone. 

Tapping transmitter with pickup loop can be concealed anywhere along tele· 
phone line. 
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that is energized by a 48-volt bat­
tery at the central office when the 
telephone headset is removed from 
its cradle. Incoming and outgoing 
voice signals modulate the de circuit 
current to produce an ac component 
in the frequency range of about 300 
to 3500 Hz. 

Various techniques are used 
Any telephone tap involves three 

factors: (1) The method of cou­
pling the voice signal from the line, 
(2) The way in which the tapped 
signal is transmitted to the tapper, 
and ( 3) Powe~· for a radio trans­
mitter, if one is used-whether 
self-contained battery power or de 
power drawn from the telephone 
circuit. 

One way of tapping that uses 
a self-powered radio transmitter 
is shown in Method 1 of Fig. 2. 
The voice signal from the line is 
noninductively coupled to the input 
of the transmitter, where it modu­
lates the carrier generated by the 
transmitter. Since the transmitter 
contains its own battery, no de is 
drawn from the telephone line. To 
avoid upsetting the normal imped­
ance of the telephone line, which is 
about 900 ohms, the transmitter 
usually has a high input impedance. 
Although not easy to verify, this 
would indicate that FETs are 
looked upon with favor by the more 
sophisticated makers of tapping 
transmitters. 

When tapping transmitters are 
designed to draw their operating 
power directly from the telephone 
line, they extract both de power and 
voice modulation from the line. Be­
cause of this; they tend to upset the 
normal characteristics of the line 
more than transmitters that have 
their own batteries. As shown in 
Method 2 of Fig. 2, this type of 
transmitter can be connected direct­
ly across the line. Other units are 
designed to be connected in series 
with either side of the line. 

Power drain is a factor 
Low power drain is an important 

requirement of transmitters that 
operate directly from the telephone 
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line. This is particularly true of the 
parallel types that are connected 
across the line, since they close the 
circuit between the tapped tele­
phone and the central office, even 
when the phone is not in use (head­
set switch open). The line relay in 
the central office trips when line 
current exceeds about 40 mA. To 
prevent this telltale occurrence 
while the tapped phone is not in 
use, the transmitter must draw de 
current of less than 40 mA. Trans­
mitters have been designed to draw 
considerably less than this-some­
thing on the order of 1 mA. With 
this small current drain, the tap is 
difficult to detect by line checks 
made at the central office. 

The minimum detectable current 
depends on the age and condition 
(leakage, etc.) of the line, and this 
varies from central office to central 
office. Sophisticated tappers know 
this and select their equipment and 
techniques accordingly. 

One of the oldest methods for 
tapping a telephone line is the use 
of inductive pickup. In its crudest 
form this is merely a homemade coil 
wrapped around a nail, which is 
placed alongside the telephone line. 
But with the advent of advanced 
tapping techniques, homemade coils 
have given way to high ly efficient 
probe coils. 

A favorite tapping technique is 
to place a probe coil alongside the 
sidetone coil in the base of a tele­
phone. The sidetone coil, which is 
used to generate part of the voice 
signal back into the earpiece, pro­
vides an excellent means of coupling 
the voice signal out of the line. 

The probe-coil pickup may be 

LINE 
RELAY ® 

NON-INDUCTIVE PICKUP USING -<f" 6......- TELEPHONE BATTERY 

used to modulate the output of a 
transmitter, as in the noninductive 
pickup methods, or it may be con­
nected by concealed wires to a tape 
recorder or other listening device. 
The advantage of connecting it di­
rectly to a listening device, of 
course, is that there is no radiated 
signal to be picked up by anti-bug­
ging receivers. 

Both the inductive and noninduc­
tive tapping techniques can be ap­
plied not only at the tapped phone 
itself, but also anywhere along that 

·phone's line. This includes junction 
boxes and terminal boxes, or even 
at the tops of telephone poles. Often 
this remote tapping precludes the 
need for a radio transmitter; the 
tapper uses only a pickup probe, 
an amplifier and a listening or 
recording device. Such taps are vir­
tually impossible to detect other 
than visually. 

Three-wire taps also used 
All the taps described thus far 

are called "two-wire taps" by 
professionals. There are also 
"three-wire taps," which keep a 
phone energized and operating as a 
microphone even when the headset 
is in the cradle. They do this by ef­
fectively jumping the headset 
switch but at the same time keeping 
the circuit current below the value 
required to trip the line relay at the 
central office. 

To combat three-wire taps, white 
noise generators are used widely by 
security-conscious Federal agencies. 
When a phone is not being used, the 
generator applies a noise spectrum 
to the line that masks all room con­
versation. 

HEADSET DIAL 
SWITCH CONTACT 

Variations on the rudimentary 
tapping techniques abound. How 
sophisticated the variations are 
may depend on the value of the in­
formation to be obtained and also, 
to a great extent, on whether the 
tap is suspected. This is especially 
true when it comes to turning tap­
ping transmitters on and off re­
motely to avoid detection. 

In certain situations, such as in 
countries where the central tele­
phone office is controlled by the tap­
per, three-wire taps have been 
turned on and off by the application 
of appropriate high voltages to the 
line from the central office. Tapping 
setups are also now used that can be 
activated from a remote phone by 
dialing the tapped phone and using 
a musical note or similar source to 
transmit a tone to the tap. Tone­
sensitive switching elements then 
activate the tap. • • 

It looks like a pen, but don't expect 
it to write. This RF noise generator 
will effectively jam the output of any 
nearby bugging transmitter. 

@ 

~ 
PROBE-COIL PICKUP 

HEADSET 
RECEIVER 

( NO INTERNAL (WITH INTERNAL BELL 
SIDE TONE 

COIL 
TRANSMITTER I 
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2. Telephone tapping is widely used by eavesdroppers, mainly because it is convenient and simple. 
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The 7100 cures last 
digit jitters. 
It corrects itself to 
compensate for component 
drift and noise. 
It only measures the signal. 

· The secret is a 
measuring technique 
called Dual Slope 
integration. How it works 
is no secret. 
We'll give You all 
the details in 
our 7100 data sheet. 
Get it. 

FAIRCHIL.CJ 
INSTRUMENTATION 

FAIRCHILD INSTRUMENTATION I A Division of Fairchild Camera and Instrument Corporation • 475 Ellis Street, Mountain View, California , 14151962·201 l • TW X: 910·379 ·6944 

ON READER-SERVICE CARD CIRCLE 18 
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NEWSI EAVESDROPPERS 

The solitary bug maker: A profile 
Roger Kenneth Field 
News Editor 

In a room on the fifth floor of an 
old office building in lower Manhat­
tan, Manny Mittleman sits at a 
workbench and makes small elec·­
tronic transmitters. 

There's lots of space under and 
behind the dial of a telephone, and 
Mittleman hates to see it go to 
waste. Mittleman makes snooping 
devices. His customers are eaves­
droppers who will pay a stiff price 
to satisfy their curiosity about the 
utterances and whereabouts of the 
public. 

"I just make small electronic de­
vices," says Mittleman, "and to 
what use people put them is no con­
cern of mine." 

Anyone who knows a little about 
electronics might easily conclude 
that Mittleman is given to under­
statement, for he tailors the leads 
to just the right length and ends 
them with precisely the right con­
nector to facilitate installation in -a 
phone without making a Federal 
case of it. 

telephone connection. Thus, the 
tapped phone never rings, but the 
snooper can hear everything said in 
the room. 

Mittleman also makes transmit­
ters to fill spare space in cars and 
rooms. 

The car transmitter plugs into the 
antenna socket of the car's radio. 
The antenna, in tum, plugs into the 
transmitter, thereby restoring the 
radio's reception. One insulated 
wire taps the car's cigarette lighter 
for power. With a little practice, 
the eavesdropper can use the device 
to .locate the car as well as to over­
hear every word spoken by its pas­
sengers. 

The other transmitter contains 
its own batteries and can be placed 
anywhere in a room. Its tiny, mag­
netic hearing-aid microphone picks 
up the slightest noise in the room 
and triggers the device on ; it turns 
off as soon as the noise ceases. It 
consumes several milliamperes when 
operating, but during standby its 
current drain falls to just a few mi­
croamperes. 

Mittleman will sell these devices 
to anyone who can pay for them. He 

charges what he feels the traffic 
will bear: $250 for the phone bug, 
$300 for the room and car bugs, and 
$400 for the harmonica-triggered 
unit. All are made with standard 
parts and transistors. They are 
mounted in holes drilled in a thick 
lucite sheet and connected by hand­
soldered wires. 

Mittleman has taken his phone 
apart so many times to demonstrate 
his devices that the screws that fas­
ten its case are practically thread­
less. His clientele is widely varied, 
because, as Mittleman points out, he 
doesn't ask too many questions. Not 
too long ago, for example, while a 
visitor was chatting with Mittle­
man in his work room, a lawyer en­
tered and self-consciously asked to 
see some room-bugging equipment. 

"Clients of opposing lawyers tend 
to watch their tongues when they 
see a microphone," the prospective 
customer said. "I thought tl).at we 
might be able to record their con­
versation without causing them to 
become excessively defensive." 

Mittleman reached for his 
screwdriver and started to open the 
bottom of his phone again. • • 

Mittleman works alone. He doesn't 
advertise his wares; he offers no 
brochures or catalogs. He claims to 
have made $40,000 last year, work­
ing day and night. 

Anyone for bugging-or anti-bugging? 

He makes two different transmit­
ters to take up spare space in a tele­
phone. One taps the telephone's line 
cord for power and signal and uses 
it for an aerial. Connected in series 
with the phone, the transmitter will 
broadcast over a range of about 
one-fifth of a mile. A conventional 
FM radio, suitably adapted by Mit­
tleman, receives the tapped conver­
sation. 

Another device made by Mittle­
man permits a snooper to listen in, 
from anywhere in the country, to 
conversations in a room that has a 
telephone. To set this up, the eaves­
dropper must first secrete an elec­
tronic bug in the phone. He then 
simply dials that phone from any 
other and blows a predetermined 
note on a harmonica. The musical 
tone triggers the bug, which cuts 
out the phone bell but completes the 
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FM transmi tter for 
t elephone tappi ng ........ $250 

Bug elimi nator ( noise 
generator) ......... . ... . $250 

Pocket amplifier . ... .... .. $185 

Pocket FM t r ansmitter .... $295 

FM r eceiver (modified) .... $195 

These devices are examples of 
what might be called off-the­
shelf, consumer bugging equip­
ment. They can be bought by 
mail or cash-and-carry. 

The prices reflect two things 
about the business: one is the 
relative lack of competition, 
which allows the manufacturers 
to charge what the traffic will 
bear; the other is the narrow 
extent of the market. The cost of 
any development work that goes 
into a device must be recouped 
over a limited number of sales. 

Three of the companies that 
sell a wide range of bugging and 

anti-bugging devices are The 
Continental Telephone Supply 
Co. of New York City, Mosler 
Research Products, Inc., of Dan­
bury, Conn., and Electronic Sur­
veillance Equipment Co. of Mi­
ami, Fla. 

so vm IS Tit[ THIEAT Of 
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F.C.C. HAS RECENTLY PASSED MEW 

LEGISLATION HOPIM6 TO PROHIBIT THE 

USE OF RM>IO·CONTROUEO DEVICES. 
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ELIMINATOR 
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NEWS 

Computer speaks with film vocal cords 

Tireless 'optical voice' answers up to 
72,000 stockbrokers' queries an hour 

Even when trading on the Ameri­
can Stock Exchange reaches fever 
pitch and brokers flood it with re­
quests for stock quotations, a tire­
less "optical voice" gives quick, 
clear answers to every query. 

The voice, called the Speechmaker 
by its manufacturers, Cognitronics 
Corp. of Briarcliff Manor, N. Y., is 
63 audio signals recorded on as 
many tracks. These tracks are sim­
ply strips of photosensitive film. 

During recording, the original 
signals modulate the intensity of a 
light source, thus varying the expo­
sure of the emulsion on the moving 
fi lm track. 

The film is then developed, and 
playback is effected by shining a 
light through the track on to a pho­
tocell and amplifying the cell's out­
put. This same photographic or op-

tical recording method was used t o 
make early "talkies." 

The 63 tracks and one t iming 
track are mounted round the cylin­
drical surface of a rotating drum. 
Light from a long t ube shines 
through a slit on to this surface. In­
side the drum the light, passing 
through the film, fa lls on the sur­
face of a row of photocells- one cell 
for each track. The cells' amplified 
outputs compose the message heard 
by the inquirer. 

The tracks contain numerals, var­
ious common fractions and key 
words such as "high," " low," 
"closed" and "volume." When a 
broker dials a quotation request, a 
computer locates the latest price in 
its memory. It then directs a series 
of solid-state switches to tap the 
tracks of the Speechmaker in an or-

AIR CIRCULATING 
FAN ANO FILTER SILICON PHOTOCELL 

PRECI SION HYSTERESIS 
SYNCH RONOUS MOTOR PRECIS ION BALL 

BEARI NGS 

LIGHT DETECTORS 

The Speechmaker's narrow light bea m is modulated as it sh ines through the 
f i lm on the drum . Photocells inside the drum detect the light. 
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der that conveys the requested in­
formation. Up to 72,000 queries an 
hour can be handled. 

For example, the broker might 
dial the computer and then the code 
number of a certain stock, say, 
Unexcelled Chemical. The computer 
would locate the latest selling price 
of Unexcelled Chemical in its mem­
ory and operate the Speechmaker's 
switches to produce the following 
message: "U C TWO-TWO AND­
ONE-EIGHTH, UP ONE-EIGHTH, 
VOLUME FIVE" (500 shares) . 

There are other drum systems 
that act as vocal cords for comput­
ers. These systems are magnetic 
and have a number of moving parts. 

The new unit has no magnetic 
head to wear out, and the only mov­
ing part is the drum, which rotates 
at a uniform speed on a set of ball 
bearings. 

The entire system, called "Am­
Quote," was built and is operated 
by the Bunker-Ramo Corp. • • 

Two coffees to go? No--on the stock 
exchange floor informat ion is stil l 
passed by trad it ional hand signals. 
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Tenne~ couldn't 
let well enough 

alone. 
When the Junior environmental chambers were first intro­
duced, they were well in advance of the state-of-the-art. Yet 
our design engineers still wanted wider parameters, more 
precision, more economy of operation . The results of their 
labors are shown below: 

Tenney Jr. Bench Model 
High-Low Temperature Test Chamber 

New Temperature Range From -120° F to +350° F! 

New mechanically-refrigerated greater load dissipation. New 
Tenney Jr. features wider tern- fan guard. 2¢ per hour average 
perature range with ± 1/2° F operating cost! Hermetically 
control throughout with indi- sealed inside and out. Weighs 
cator. Full 1,400 cu . in. test only 200 lbs. Simple plug-in 
area. New, faster pull down, operation . 

Still only $990, complete and available for immediate delivery. 

Space Jr. 
Bench Model Thermal Vacuum Simulator 

Heat, Cold & Vacuum for the Price of Vacuum Alone! 
New improved mechanically- in . test area. High vacuum 
refrigerated Space Jr. for test- construction throughout. Self-
ing under deep space condi- contained , air cooled, plug-in 
tions. Temperature range from design. Temperature surfaces 
-100 ' F* to +350 ' F with are blackened for high emis-
±1 ' F control throughout . sivity. 
Standard altitude of 1,100,000 Available for immediate delivery. 

ft. with an LN2 cold trap (ap- "LN, shroud for lower temperature 
prox. 7.5x 10-• torr). 1,728 cu . and other optional accessories 

To order, or for more information, write to 

ml-<-. ~renne,1 ~ ENGINEERING, INC.7 
1090 Springfield Road • Union, New Jersey 

Western Division : 15700 S. Garfield Ave., Paramount, Calif. 90723 
Oldest and Largest Manufacturer of Aerospace and Environmental Equipment 
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NEWS 

Corn puter controls 
model railroad 

Computer-controlled railroads 
may be old hat but they're not too 
common a s ight inside a convention 
hall. Visitors to last month's Spring 
Joint Computer Conference had an 
opportunity to see just such an in­
door railroad. Computer Control 
Company, Framingham, Mass., ex­
hibited an HO-gauge (approximate­
ly 1/87 actual size) railroad operat­
ed under control of its DDP-116 
computer. 

A miniature diesel locomotive se­
lected box-cars from one or more of 
the railroads sidings until a train of 
desired length was made up. After 
pulling the train out of the sidings, 
the locomotive could then be direct­
ed to move the cars to an uncou­
pling ramp where the cars would be 
released . one at a time and allowed 
to roll back into their proper siding 
track. If desired the entire train 
could be directed to run continuous­
ly around a closed loop. 

All operations were under control 
of the DDP-116 computer. Changes 
in the railroads pattern of operation 
could be made by the operator using 
a teletypewriter connected to the 
computer's input. 

Basic difference between the op­
eration of the miniature set-up and 
its full-size counterpart is the meth­
od of sensing and identifying the 
cars. Where full-size automated 
railroads use photosensing to locate 
and uniquely identify a car, the 
miniature railroad used reed 
switches operated by magnets fas­
tened to the underbody of each car. 
Also, the computer keeps track of 
the location of each miniature car 
rather than uniquely identifying it 
by photosensing. • • 

DDP-116 computer was used to con · 
trol all operations of this model rail ­
road set-up. 
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Dummy talks/hears 
for NASA studies 

NASA can now talk and listen to 
a plastic-coated replica of an aver­
age astronaut. 

The dummy head and torso, com­
plete with speaker "mouth" and mi­
crophone "ears," was fashioned by 
a Brooklyn, N. Y., sculptor, Bruno 
Civitico, to within one-tenth inch of 
the dimensions of an average astro­
naut. To simulate the acoustical 
properties of human skin, the dum­
my ~as coated by its makers, CBS 
Labs., Stamford, Cortn., with a plas­
tic compound. 

The dummy will be used to test 
communications headgear such as 
space helmets, earphones and micro­
phones. The ears are the acoustic 
equivalent of human ears. The dum­
my can speak as loudly as any astro­
naut and hear even a whisper. • • 

Thermistor uses 
diamond element 

A diamond thermistor tempera­
ture sensing device that continuous­
ly senses temperatures from cryo­
genic to red heat has been developed 
by General Electric. The unit uti­
lizes a specially-processed diamond 
crystal as t he electrical resis.tance 
temperature sensing element, and is 
reportedly the only thermistor 
known today that can sense over 
such a wide temperature range 
without discontinuities. Engineer­
ing samples operating between 
- 200 ° C and + 650 ° C are scheduled 
for introduction in September. • • 
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FIBER 
OPTICS 

DIGITAL TAPE TRANSPORTS 
/nland's Standard DC Direct-drive Torque Motors Solve 

MOB/DIC Tape Transport Problems 
Faced with meeting the rugged re­
quirements of military operation, Syl­
vania's Electronic Systems Division of 
General Telephone & Electronics Corp. 

TORQUE 
MOTOR 

TACHOMETER 
GENERATOR 

WT. 12 LBS. 

turned from conventional tape trans­
port designs and developed a unique 
militarized system capable of opti­
mum tape handling without damage 
or distortion. This modern, miniatur­
ized design provides rapid reversal 
(less than 6 milliseconds) so program­
ming is not restricted, high controlled 
acceleration and deceleration, (empty 
reel : 570 rad/ sec', full reel: 270 rad/ 
sec'), wide dynamic speed ranges 
(1000/ 1). 

Sound impossible? Notto Inland Motor. 
lnland's standard Model TI-4005, 

INLAND 

tachometer generator-torque motor 
combination surpasses these perform­
ance requirements. Featurin, a oeak 
torque output of 3 .5 lb.-ft., th< DC 
direct-drive torque motor, with d.1mp­
ing enhanced by a DC directly-driven 
tachometer generator, furnished the 
linear speed/ torque characteristics 
required over these ranges. Easily 
controlled by current limiting, it also 
provided the desirecl :icceleration. Dy­
namic braking assi : (tid the quick re­
versal. Since it wa direct-drive, the 
operation was smouth and back-lash 
free. 
Whatever your servo application may 
be, you can rely on INLAND to meet 
your most demanding requirements. 

© 

-roR.QY SAYS: 

If you'd like complete 
details on this unu­
sual application and 
other interesting 
facts on Inland 
direct-drive servo 
components, write 
today. 

CORPORATION 
RADFORD, VIRGINIA 

703- 639-3973 

SUBSIDIARY OF KOL~OR.GEN' 
Speed Inquiry to Advertiser via Collect Night letter 

ON READER-SERVICE CARD CIRCLE 20 
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Leners 
U.S. railroads run 
faster trains 
Sir : 

Your article "Full Speed Ahead 
of High Speed Trains" (ED 6, 
3/ 15/ 66, p. 22) was extremely inter­
esting. However, knowing your de­
sire for accuracy in ELECTRONIC DE­
SIGN, I feel I must point out one er­
ror. 

The Canadian National Railway's 
"Rapido" by no stretch of the im­
agination is the fastest train in 
North America. Its top speed of 93 
mph (according to the January '66 
issue of Trains magazine, maximum 
allowable speed for this train is 90 
mph ) is below the regu larly sched­
uled 100 mph hit by the Illinois Cen­
tral R.R.'s Train No. 1, the "City 
of N ew Orleans", near Kinmundy, 
Ill. 

Even the 67-mph average_ of the 
"Rapido" is nothing unusual. In the 
United States and Canada there 
were more than 22,000 miles of pas­
senger runs made daily last year at 
average start-to-stop speeds in ex­
cess of 70 mph. To name but a few, 
the aforementioned I.C. Train No. 1 
averages 79.5 mph over the 124.6 
miles between Champaign and Cen­
tralia, Ill. ; the Atlantic Coast Line's 
"East Coast Champion" is sched­
uled for 76.0-mph average between 
Florence and Charleston, S.C., a dis­
tance of 95 miles; and one of the 
present long-distance speed cham­
pions, the Santa Fe's "Super Chief", 
covers the 100 miles between Gar­
den City and Lamar, Kan., at a 

-12 
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scorching 82.1-mph average. 
Of course, all these runs will 

seem turtle-like once 160-mph 
trains are operating in the North­
east corridor. 

W. E. Warden 
Senior Design Engineer 
Specialty Control Department 
General Electric Co. 
Waynesboro, Va. 

People who live in 
glass houses . . . 
Sir: 

In your editorial, "Engineers are 
too often silent on major social is­
sues," you criticized a recent anti­
Vietnam-war march down New 
York's Fifth Avenue and a countcr­
demonstration by a group of "neo­
N azi hecklers" on the sidewalk. 

Why is everyone who is against 
the "let's surrender" groups sooner 
or later branded a Nazi or fanatic? 
You preach against warped judg­
ment, but then you do the same 
thing. Were they a group of "neo­
Nazi hecklers" or were they just 
people tired of seeing traitors and 
cowards use our streets to damage 

Accuracy 
The author of "Build a tone-burst 

generator for $50" in ED 4, Feb. 
15, 1966, p. 105, points out that the 
five shaded connections shown below 
were omitted from the lower half of 
the original schematic. 

68K 

our reputation? If these people are 
afraid to join the service and fight 
for their country, why don't they 
just admit it? 

But to get back to you, the stable, 
considerate engineer with a cold, 
reasoned approach: Someone sick of 
demonstrators, in a momentary out­
burst, said, "Let's shoot 'em down," 
and do you coldly reason or do you 
jump up and down and shout, 
"Nazi"? Have you ever heard the 
old one, "Practice what you 
preach"? At least, don't print it if 
you must babble. 

Paul Doerr 
San Francisco Bay Naval Shipyard 
Vallejo, Calif. 

All for Siemens 
Sir: 

Thomas Parsons has asked who 
Siemens was [ED 10, Apr. 26, 1966, 
p. 35] and his question deserves an 
answer. Werner von Siemens lived 
from 1816 to 1892; he was one of 
Germany's great scientists, work­
ing in the field of high-current tech­
niques. In 1866 Siemens discovered 
the dynamoelectric principle which 
became the basis for the construc­
tion of high-frequency transmitters 
around the turn of the century. His 
scientific research and a number of 
other inventions made Siemens' 
name known round the world. 

Both Ohm and Siemens were 
great scientists and it seems to me 
it was a matter of questionable 
taste to turn Ohm's name upside 

(continued on p. 54) 
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3 times out of 4 
our distributor has your 
switch order in· the bag. 

The bag 
we call 
Uni-Pak. 

Your Cutler-Hammer Distributor sells 
more than 10,000 different commercial 
switches and military switches. One of 
these will do your job, or we're ready to 
design the special that will. 

More often than not, he can fill your 
switch order from right off his shelf. Be­
cause of Uni-Pak. 

What's Uni-Pak all about? 
First, Uni-Pak covers the 350 basic 

commercial and military switch models 
that account for 753 of our Distributors' 
orders. Next, Uni-Pak is convenient pack­
aging: one switch with mounting hardware 
per sealed plastic bag; 25 bags per carton. 

Most important, Uni-Pak provides im­
mediate local availabjlity of all these popu­
lar, conveniently packaged switches. Your 
Distributor's stocks are substantial. Our 
factory back-up stocks truly enormous. 

Now you have immediate switch selec­
tion without tying up dollars in inventory. 
For prototype production. To cover un­
expected rush orders. The switches you 
need today, you order today. Or yesterday 
at the earliest. 

Chances are excellent that our Uni-Pak 
switch program can pay-off in better serv­
ice for you. Plan to discuss it soon with 
your nearby Cutler-Hammer Distributor. 

CUTLER-HAMMER 
Milwaukee, Wisconsin 53201 



Alcoa Aluminum 
makes your choice 
easier when you 
must meet all 
5 product­
personality 
requirements. 

Environment 
Alcoa® Aluminum is 
durable. In the lab or in 
the field, lightweight, 
co r ro si o n-resis tan t 
Alcoa Aluminum will 
stand up against every­
day wear and tear . 
Pound for pound, it's 
stronger than steel. And 
Alcoa has the alloys that 
can meet your most ex­
acting requirements. 

Application 
Alcoa Aluminum is 
versatile. It's nonmag­
netic, nonsparking, 
dampens vibration and, 
since it is an excellent 
conductor of both heat 
and electricity, it's suit­
able for a wide variety 
of enclosed applications. 



<I> 
Aesthetics 
Alcoa Aluminum is easy 
to finish. Either alone or 
in combination with 
many other materials , 
natural aluminum has a 
pleasing appearance that 
can be enriched by em­
bossing the surface or 
by the addition of color 
-in a broad spectrum. 

0 
Production 
Alcoa Aluminum is easy 
to fabricate. It can be 
cast, forged , extruded, 
machined or drawn ... 
formed or fastened by 
practically any method, 
often at cost savings. 

$ 
Customer Satisfaction 
Alcoa Aluminum is 
oriented to yo ur cus­
tomer's needs. A wide va­
riety of shapes and sizes, 
al lo ys and finishes , 
properly applied, assure 
the best performance of 
yo ur product. 
For complete informa­
tion on how to put alu­
minum's five-point 

personality into your 
product, contact your 
nearest Alcoa sales 
office. Or write: 
Aluminum Company of 
America, 1780-F Alcoa 

Building, Pitts- [& ] 
burgh, Pa. 15219. ..,_ 

m 
Change for the better with Alcoa Aluminum ALCOA 
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(continued from p. 50) 
down. So I must ask: "Mho, why? 
Siemens, why not?" 

Dr. Karl G. Lickfeld 
Klinikum Essen 
West Germany 

Sir : 
It is heartening to read Thomas 

Parsons' protest against the substi­
tution of the siemens for the mho. 

Our peace of mind is likewise 
being endangered by a similar prob­
lem. We have been earnestly asking 
ourselves : "Who was Inch anyway? 
Who was Gallon or Ounce? What 
did they do?" We have not yet found 
anyone who knows, and this strong­
ly suggests that their exotic names 
do not belong in the company of Li­
ter, Meter and Pound. 

We shall take energetic and deci­
sive action to stamp out and eradi­
cate all units that are foreign to us 
and that our national pride cannot 
put up with. 

There must be many means avail­
able for lodging a formal protest 
and putting a stop to the infiltration 
into Europe of the inch, gallon and 
ounce. 

P.S. If Mr. Parsons is interest­
ed in logical arguments in support 
of his cause, he should not omit to 
look up The American People's En­
cyclopedia, Vol. XVII, p. 19. 

Peter G. Olfs 
Peter Neumann 

Michael Niemeyer 
Consulting engineers 
Kemptenerstrasse 63 
8) Munich 49 
West Germany. 

Sir: 
For the information of Thomas 

Parsons and for your other readers' 
as well, a few words about who Sie­
mens was. The Encyclopaedia Bri­
tannica states that Ernst Werner 
von Siemens (1816-1892) gave the 
world many inventions and discov­
eries relating to telegraph appara­
tus; establi shed methods for testing 
underground and submarine cables; 
devised apparatus for duplex and 
diplex telegraphy; invented the 
modern dynamo which was the be-

ginning of the science of electro­
technics. 

He founded the firm of Siemens 
and Halske, which installed a com­
plete telegraph line running be­
tween Berlin and Frankfurt in 1848 
and demonstrated the first electric 
railway in 1866, among its other 
accomplishments . 

While we do not wish to impose 
on anyone the use of the term sie­
mens as a substitute for mho, we 
think it hardly fair to blame the 
suggestion on Siemens, who made 
no small contribution to science. All 
we can say is: "Have a hertz!" -
Hertz is the German word for 
heart. 

B. J. von dem Knesebeck 
President 
Siemens America, Inc. 
New York, N. Y. 

Degrees alone do not 
make an engineer 
Sir: 

I must commend your editorial, 
"Craftsmanship: the mark of the 
professional engineer" [ED 10, 
Apr. 26, 1966, p. 41]. 

From my personal experience 
over the years, I know that too few 
engineers .match up to the title of 
"professional," let alone, "crafts­
man." Of course, engineering needs 
its specialists just like any other 
professional field. But it is not the 
specialist who gets the final job 
done, nor is it he who can look at a 
problem in its entirety and consum­
mate a compatible, practical solu­
tion. It is the craftsman-profession­
al engineer. 

There is still available to our com­
plex industry a relatively untapped 
store of these craftsmen, who in ac· 
tuality can, and usually do, accom­
plish the real tasks unsung, while a 
specialist receives all the glory, aR it 
were, for getting the job done, 
whether it was one of minor detail 
or one of the most complex design 
structure. 

I am referring to the engineers 
without degrees, the men and wom­
en who have only a certain amount 
of higher education-not so much 
from the universities as in the 
school of hard knocks and experi-

( continued on p. 58) 
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Mollet AIJ.1·10 
Basic Sorter for 
Film Resistor Production 

Model AB-4-6 
final Tester for 
Resistor Manufacturers 

Close-up of mechanical drive 
and helixing portion of Helixing Lathe 

automatic component 
testing equipment 

Model ABl-DC-8-2 
Conveyor Fed Resistor 
Helixing Lathe 

for inspection and production 

COMPLETE ELECTRONIC/ MECHANICAL SYSTEMS 
For almost two decades we have been privileged to work with manufacturers and users of electronic 
components in the design and manufacture of equipment to meet a variety of testing and inspection 
requirements. Complete electronic/mechanical systems have evolved as a result of this experience, and 
are now offered as standard units. Designs are thoroughly proven by actual operation. 

Automatic testers generally consist of ( 1) the electrical and electronic circuitry required to perform the 
measurement involved, and ( 2) mechanical handling of the components to bring them to the test station, 
and to properly dispose of the tested components. We therefore can offer singular responsibility to cus­
tomers for proper performance and operation backed up by engineering talent and manufacturing facilities 
experienced in the design and building of complete electronic/mechanical systems. 

The units shown on this page are typical of those currently in use at some of the leading component manu­
facturing and user plants in the country. Our Engineering Department will be glad to study your specific 
requirements. Write today for a copy of our catalog describing our standard systems. 

Formerly lnduatrlel Instruments, Inc. 
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Beckman· INSTRUMENTS, INC. 

CEDAR GROVE OPERATIONS 
89 Commerce Road 
Cedar Grove, New Jersey 07009 
201 ·239-6200 • TWX: 201-239·4704 
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From the expanding line of Sigma relays ... 

New 2,4 and 6 pole relays*you 
Here's today's closest approach to a "universal " 
relay-the new Sigma Series 62. These versatile, 
miniature relays are being used in more than 
1,001 applications. Ranging from communications 
equipment, data processing equipment and meas­
uring instruments to process controls, recording 
devices, alarm systems and many more. 

*Order them off-the-shelf. 

You get both electrical and mechanical versa­
tility in the new Series 62 relays. They are avail­
able in 2, 4 and 6 pole versions for lower cost 
switching of multiple circuits. Installation is fast 
and simple with solder-terminal or printed-circuit­
terminal sockets designed to provide maximum 
space for, easy soldering; 
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can use in 1,001 applications. 
The new Series 62 exhibits excellent electrical 

and mechanical stability at low-level to 2 amp 
loads. It has an exceptionally long mechanical life 
of 100 million operations minimum. Each relay ·is 
available in all popular coil voltages. 

There are more features you'll want to check­
out in these new Series 62 "universal" relays. Your 

Sigma representative or distributor will be glad to 
help you. 

Free Catalog: Contact Sigma direct. We'll send 
you our new 16-page Sigma Preferred Standard 
and Stock Relay Catalog and an up-to-date stock 
listing to help you select the relays immediately 
available in quantity. 

SIGM6. DIVISION B 4 SIGM6. INSTRUMENTS INC 
~ Assured Reliabiliry Wirh Advanced Design/ Brain Cree, Mass. 02185 

Sigma"s line ol over 100.000 relays includes Sensitive. Ho~·· Performance, Pulse and Telegraph. General Purpose, Power, and Special Purpose types. 
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I-I-Is Bit 
J .. J .. Jitter 

' I 

~ j 

Your 
Problem? 

FORGET IT ... you haven't 
heard about Borg-Warner Con­
trols Model R-150 magnetic tape 
recorder with electronic bit de­
jittering. Bit jitter stability, caused 
by transport wow and flutter used 
to mean magnetic tape recorders 
were unsatisfactory for pulse­
code mod ula ti on data -storage 
telemetry. That was before Borg­
Warner Controls engineers com­
pensated for mechanical jitter and 
instability electronically. Ground 
station telemetry input pulses are 
alined to crystal clock accuracy. 

IRIG Telemetry Standard limits 
allowable bit jitter to ± 10 per 
cent over a period equal to 10 
times the word length. Tape 
transports cannot meet this re­
quirement for any reasonable bit 
rate or word length- especially 
under environment. The BWC de­
j ittering buffer compensates for 
transport deficiencies and pro­
vides jitter free output. Send for 
BWC technical report 55-9401. 

Solving instrumen ta ti on rec­
order problems through constant 
research is our vocation; building 
reliable magnetic tape recorders 
is our business. Tell us your rec­
order problems; we may have 
already solved them. 

BWC means Built With Care 

aerospace BORG 
equipment WARNER 
BORG-WARNER CONTROLS 
3300 South Halladay Street 
Santa Ana, California 92702 
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(continued from p. 54) 
ence, the people who are sometimes 
"allowed" the titles of senior tech­
nician or, all too infrequently, jun­
ior engineer. For it takes crafts­
manship, ability, ingenuity, inven­
tiveness, stubbornness and, last but 
not least, fantastic pride in the job 
they do for these people to progress 
to any worthwhile level of recogni­
tion in this industry. 

Let it be understood that I am by 
no stretch of the imagination at­
tempting to suggest that the nonde­
greed engineers should degrade the 
degreed engineers and scientists or 
usurp their positions. I ask merely 
that they be given their fair place 
in the sun. I am decrying the fact 
that too often are they stifled, that 
the inventiveness and craftsman­
ship that they may have had has 
been "schooled" out of them and re­
placed by a false notion that compe­
tence is "above them." Many times, 
too, the nondegreed person has his 
desire to produce stamped out by 
his being hampered, overlooked, 
passed over whenever he tries to 
pursue his talents. 

Thank goodness that there are 
those few left who, when told "no" 
or that they will never make it, set 
out to prove that they can and will, 
and do. These men have placed 
themselves among the leaders and 
giants of our industry and have 
earned their places. 

Chief Engineer 
Miniquip, Inc. 
Reno, Nev. 

W. B. Hollis 

Readers split on federal 
auto safety measures 
Sir: 

I read with interest in your April 
12 issue [ED 8, p. 36 ff.] the letters 
which criticized your stand on auto 
safety [ED 26, Dec. 20, 1965, p. 
23]. I am as opposed to government 
controls per se as anyone, but I can­
not in good conscience subscribe to 
a continuing policy of waiting for 
the auto industry to establish safe­
ty standards. It does not seem rea­
sonable that an industry, which has 
not provided significant safety im­
provements until forced by legal ac­
tion or the threat thereof for the 
past several years, should suddenly 

claim that government interest is 
unwarranted, that it will solve t he 
existing safety problems by itself. 

I was astonished to read t he very 
positive comments to the effect that 
at least 90 % of accidents are caused 
by human behavior. One gentleman 
even suggested that those who 
would support intervention haven't 
been reading the newspapers (he 
must be kidding) . It is a bit opti­
mistic to expect newspapers to blame 
accidents directly on cars. But how 
many reports of accidents have 
stated that "the car swerved sud­
den ly," "the driver lost control" or 
some similar phrase, when t here 
was no evidence of drunkenness, ex­
cess speed, etc? 

I would expect engineers to take 
a more open-minded view of such 
matters. Persons interested in a uto­
mobile safety should read Ralph 
Nader's much publicized book, Un­
saf e at Any Speed, and take notice 
of the accounts of manufacturers 
who call back cars for "minor ad­
justments," etc. 

I have to agree that periodic auto 
inspections and vigorous law en­
forcement will help reduce the 
deaths and injuries caused by acci­
dents, but before we rule out on 
principle the need for government 
intervention to guarantee safety 
standards, we had better make sure 
to know the facts-all t he facts. 

R.H. Zimmerman 
Senior Engineer 
Data Systems Div. 
Litton Systems, Inc. 
Van Nuys, Calif. 

Sir: 
With 35 years' experience in 

England, the European continent, 
South and North America, and as a 
manufacturers' representative driv­
ing between 25,000 and 30,000 
miles each year, I am truly flabber­
gasted over the sudden furore about 
a problem that is neither new nor 
original in its criminal-like conse­
quences. 

Just as radio and television have 
become an extension of Twentieth­
Century man's communicative 
senses, the automobi le (truck or 
motorcycle) has developed into an 
extension of man's physiological 

(continued on p. 62) 
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'100 db single-step 
attenuation measurements 
o to -+-0.5 db accuracy 

o down to -120 dbm 

o at lowest cost for comparable specs 

NOW ... make attenuation measurements the direct 
and easy way. Use the new extended-capability 
PRD 915-A Microwave Receiver, which incorporates 
all the accuracy and advantages of parallel i-f sub­
stitution. The 915-A is a radiometric device with a 
signal sensitivity that greatly surpasses the standard 
superheterodyne receiver. It's a high-precision test 
instrument the average microwave measurement 
laboratory can afford. 

• Measures attenuation from 10 Mc to above 40 Ge. Fre· 
quency range extended by new PRD Series 600 balanced 
mixers. • Direct-reading, easy to use. No need for calibra­
tion curves or correction charts. • Noise balance control 
for increased accuracy. • Automatic range-switching for 
ease of operation. • Adjustable reference oscillator allows 
faster measurements. • Reference attenuator easily re­
moved for calibration by NBS. • For ultra-precision, NBS· 
designed and certified PRD 1904 Cutoff Attenuator 
provides digital readout to 0.001 db (interpolation to 
0.0005 db). • .Price: PRD 915-A, $2,800. Immediate De· 
livery. • Send for data. 
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NEW G-E CR115 TYPE H LIMIT SWITCH 
OFFERED WITH SEVEN OPERATING HEADS 
FOR CRITICAL-SPACE, HIGH-SPEED JOBS 
Space is tight, yet you need a solid limit switch to take the 
mechanical punishment of a repetitive; high-speed applica­
tion. General Electric's new CR115 Type H limit switch is your 

answer. These solidly constructed switches (32 different en­

closed forms in all) adapt to any job. Seven basic switch op­
erators make it possible: (left to right above) roller plunger, 

roller lever, adjustable plunger, unidirectional roller lever, 
spring rod lever, plunger, and a palm operator for hand opera­

tion. • A typical roller lever switch measures only 3 l/16 by 
1 3/4 inches (a basic open switch form is ·even smaller). Side­

and bottom-mounting further increases CR115 Type H versa­
tility. • Switches are available in general-purpose and oiltight 

enclosures, have heavy-duty pilot ratings: 15 amps, 480 volts 

maximum a-c; 0.25 amps, 250 volts maximum d-c. • Your G-E 
Sales Engineer or Control Distributor can give you full details 
on these limit switches. Or write to General Electric Company, 

Section 811-66, Schenectady, N. Y. and ask for Pub. GEA-7312. OJVISION 



CONTROL INNOVATION 

Progress Is Ovr Most lmpor!-;inf Protlucf 
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~ ~~ 
MODEL lSl MODEL 176 

.37S .37S .37S .37S .2SO 

.37S .37S .40S .40S .2SO 

.18S .2SO .18S .18S .ISG 

10 to SOK 10 to SOK 10 to SOK 10 to SOK 100 to 2SK 
±S% ±Si ±S% ±S% ±S% 

1@ so 0 c 1@ so 0 c 1@ so 0 c 1 @So 0 c O.S@ 50°C 

-6S 0 to 175°C -6S 0 to 17S°C -6S 0 to 175°C -6S 0 to 175°C -6S 0 to 175°C 

~ 
MO DEL 14 MODEL 16 MODEL lOS 

.2SO .2SO .4S3 .4S3 

.2SO .2SO .437 .468 

.IS6 .18S .282 . 282 

100 to 2SK 100 to 2SK 10 to SOK 10 to SOK 
±5% ±5% ±5% ±5% 

o.s@ so 0 c 0.5@ 50% 1@ so 0 c 1@ so 0 c 

-6S 0 to 175°C -65° to 175°C -6S 0 to 175°C -6S 0 to 175°C 

.. I_ I 
!> 

MODEL 20 MODEL 25 MODEL 30 

.37S .37S .4S3 

.37S .37S .437 

.218 .264 .312 

10 to 20K 10 to 20K 10 to 20K 
±10% ±10% ±10% 

1@ so 0 c 1@ so 0 c 1@ so 0 c 

-ss 0 to lOS 0 c -55° to I05°C, S5° to ios·c 

*closer tolerances available 

I 

TECHNO-COMPONENTS CORP. TECHNO 
7803 LEMONA AVENUE • VAN NUYS, CALIFORNIA 91405 • (213) 781·1642 
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mobility. The former could be re­
garded as a passive element in a 
physical sense, the latter as an ac­
tive element in a lethal sense. 

There can be no doubt at all that 
the safety of any device depends 
solely on the capabilities of its user 
and on the inherently designed-in 
protection that the device offers 
against accidental misuse. 

What is so extraordinary and 
completely incomprehensible is the 
American public's obvious unwill­
ingness to demand statistical infor­
mation on road accidents, i.e.: 
a) Physical condition of drivers in­
volved (intoxicated, doped, sober, 
mentally or physically afflicted) ; 
b ) age, sex and occupation of driv­
ers involved; 
c) number of passengers in cars; 
d) make of vehicle, type, model, 
year and size (weight); 
e) condition of tires; 
f) type of road on which the acci­
dent occurred; 
g) condition of road, time of day; 
h ) cause of death ( injuries) ; 
i) state where accident occurred; 
j) nature of legal action; and 
k) nature of accident . 

The data exist in every state and 
in the offices of the automobile acci­
dent insurance companies through­
out the U.S. It is interesting to ob­
serve that, in spite of the recent 
hearings in Washington, D.C., and 

. the avalanche of newspaper, maga­
zine and TV editorials, such statis­
tics were not compiled and offered 
to the public in general. There must 
be a pattern in this rising curve of 
fatal road accidents, a pattern that 
will pinpoint specific human and 
mechanical causes. In the case of 
human pattern, stricter enforce­
ment of laws can and should be de­
manded. It is fantastic to contem­
plate that in certain states a driver 
"under the influence" cannot be 
compelled by law to submit to a 
blood test unless involved in a fatal 
accident. In the case of mechanical 
patterns of defects in the road sys­
tem itself or in the vehicle, Federal 
standards become inevitable. Here 
again, nobody ever bothered to as­
sociate low seating position with 
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with FlEIPlllT° Ciro1itry 

Hydro-Aire engineers turned to FLEXPRINT Circuitry instead of conventional wire for two 
reasons - reliability - economy. 

Normally it takes at least 80 separate wires to interconnect three MS connectors and 5 printed 
circuit card connectors that go into a Hytrol aircraft anti-skid brake system. Now Sanders 
FLEXPRINT Circuitry replaces all this bulky hook-up harness, saves space and lowers the 
installed wiring cost of every unit by 30%. 

Because FLEXPRINT Circuitry comes made to order, it assembles faster, eliminates rework 
time and increases reliability. There are no wires to cut, strip, tin, solder, color code or lace. 

Whether your needs demand a simple circuit or sophisticated system incorporating many dif­
ferent components, Sanders can produce a FLEXPRINT Circuit that will make the whole 
package more economical. We've got the experience . . . we've produced more flexible 
printed circuits than anyone else in the business. 

For detailed information on Sanders FLEXPRINT Circuitry, FLEXMAX flexible multilayer cir­
cuitry and INTRAMAX* multilayer hardboard, call your local Sanders representative or write 
Sanders Associates, Inc., FLEXPRINT Products Division, Nashua, New Hampshire 03060. 
Phone: 603-883-3321. 
•T. M., Sanders Associates, Inc. 

SANDERS ASSOCIATES, INC. a 
FLEXPRINT PRODUCTS DIVISION 

Creating New Directions in Electronics 



llimi 
nate 
your cable assembly 
problems. Let Times 
take over. 

Here's what happens when Times 
takes on the job of getting your cable 
assembly problems off the ground: 
1) Discussion of the problem. We' ll find 
out quickly what can and cannot be 
done. 2) Quick delivery of a prototype 
and eva luation. 3) Specs written and 
4) production started. 

We have the staff and facilities to 
solve your problems-from design 
through manufacture. And the 
know-how to answer questions like: 

How to achieve VSWR of 1.05 across 
C-Band. What is the phase temperature 
coefficient of RG-1428/ U and 
RG-214/ U. How to achieve 2% balance 
in a balanced transmission line. 
A computer cable with MTBF of 10• 
hours. A cable with a delay of 
80 nanoseconds per foot. An adjustable 
HF delay line. A flexible cable with 
30 db/ 100 ft. loss at 10 gigacycles. 

For immediate assistance you are 
invited to call and discuss your problems 
with our Product Engineers, and to 
send for our helpful Assembly Design 
Check List. 

Send for free catalog. ~ 
Write or call our Product 
Engineering Department 1 

x TIMES 
WIRE&CABLE 

Wallingford, Conn. 

A division of T~ International Silver Company 
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poor angle of sight, excessive glare 
and resultant fatigue symptoms. 

Let us, therefore, clamor for 
these facts, let us demand the re­
lease of these statistics and let us 
have them now! 

Fred R. Lesser 
Electronic and electro-mechanical 

engineering representative 
Bedford, Mass. 

Sir: 
I was reading your letters to the 

editor in the April 12, 1966, issue 
and came across Mr. Fleming's and 
Mr. Gitlin's efforts [ED 8, pp. 38 & 
39] concerning federal control of 
auto safety. 

I must say I cannot agree more 
with Mr. Fleming, who clearly stat­
ed the case against federal control 
of another industry. Mr. Gitlin, 
however, has my sympathy for hav­
ing reached physical maturity yet 
having retained the na'ivete of an 
adolescent. He says he thinks that it 
"is a possibility" that free enter­
priRe will disappear, but that 
"checks and balances" will guaran­
tee our systems. 

Mr. Gitlin has obviously never 
heard of the insanity that is taking 
place every day in our courts. For 
example, General Motors was re­
cently ordered not only to divest it­
se lf of a certain percentage of its 
bus business, but also to build a 
plant, sell it to a competitor and 
guarantee that the competitor 
would remain solvent 'Nuff said on 
that point. 

I have done considerable research 
into the relationship between faulty 
automobiles and accidents. It turns 
out that there is only a very slight 
correlation. As an example, Wash­
ington, D.C., has a strict, govern­
ment-administered auto inspection 
system. It has an accident rate of 
approximately 1.0% due to mechan­
ical failure. The state of Maryland 
up until recently had no inspection 
whatsoever, and the cries of its 
being "a dumping ground for D.C.'s 
derelicts" were insistently omnipres­
ent. Maryland's accident rate at­
tributable to mechanical failure iR 
approximately 1.13 % . This is a re­
ductio ad absurdum and strength­
ens Mr. Fleming's argument that 

accidents are caused almost entirely 
by bad driving, not "unsafe cars." 

Control is needed over automobile 
drivers, not automobile manufac­
turers. Perhaps some brilliant sci­
entist or engineer interested in re­
ducing the accident rate could de­
vise tests that would accurately 
measure a potential driver's Imma­
turity Index instead of harassing 
the Big Three for making what 
their customers want.· One simple 
way to keep any auto safe is to 
leave it in the garage. I have yet to 
hear of anyone killed by a speeding 
auto sitting at home. 

As for the loss of free enterprise, 
I suggest that everyone who be­
lieves as Mr. Gitlin does should read 
Atlas Shrugged by Ayn Rand. Al­
though I do not agree with every­
thing she says, I feel her novel 
pointedly depicts what has happened 
and is happening here and now. 

David Michael Myers 
Systems Engineer 
"Luftschloss" 
Pomfret, Md. 

Sir: 
I would like to add my comment 

to those already expressed on your 
auto safety editorial. I want to an­
swer the basic question raised by 
Mr. Donn [ED 5, Mar. 1, 1966, p. 
32] : "Should the government 'play 
a part' " in the economic affairs of 
our country? 

I agree with everything in Mr. 
Donn's letter, and I take exception to 
the fact that Mr. Gitlin would call 
me a "States' Rights man," if qy 
states' rights he means that the 
state government should have the 
power to control instead of the Fed­
eral Government. As Mr. Donn 
points out, the purpose of a govern­
ment in a free society is to "prevent 
the initiation of force." This ap­
plies to state as well as Federal 
government. 

Mr. Gitlin thinks that "federal 
intervention, control, regulation, 
etc." will "maintain prosperity, a 
high standard of living ... " and 
his other goals. Let us face reality, 
as he suggests. What is the source 
of prosperity and a high standard 
of living? Is it government regula-
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RG07 

I RC, developer of the Metal Glaze resistance 
element, now offers a new, low-cost molded 
Metal Glaze resistor that meets or exceeds all 
of the tough performance and environmental 
requirements of MIL-R-22684. Value-engineered 
for optimum precision and reliability, it is the 
most economical MIL-R-22684 resistor avail­
able on the market today. 

Load life stability is excellent. Resistance change 
is typically less than 0.53 after 1000 hours, 
IA-watt at 70°C. Four times better than MIL 
allowance. Even when subjected to high tem­
perature operation, stability is well within 
the MIL requirement. 

Its high performance is the direct result of 
I RC's new thick-film Metal Glaze resistance 
element. 100 times thicker than conventional 
films, Metal Glaze resists catastrophic failure, 
withstands high temperatures and high over­
loads, and is impervious to environmental 
extremes. 

A new, uniformly molded body makes auto­
matic insertion fast and easy. Extremely rugged, 
it resists solvents, corrosion and the mechan­
ical abuse of high-speed automatic machines. 

With unmatched economy, this new IRC Metal 
Glaze resistor can upgrade circuit performance 
and reliability for an exceptionally wide range 
of applications. 

SPECIFICATIONS 

MIL-R-226848 RL07 style 

RESISTANCE TOLERANCES ±23 and ±53 

RESISTANCE RANGE 51 o through 150K o 

POWER RATING ~-watt@ 70°C, derates to 
zero@ 150°C 

MAXIMUM CONTINUOUS 250V 
WORKING VOLTAGE 

DIELECTRIC WITHSTANDING SOOV RMS at atmospheric pressure 
VOLTAGE 325V RMS at 3.4 inches of Mercury 

INSULATION RESISTANCE 10,000 mego, dry 

HOT SPOT SURFACE 20°C 
TEMPERATURE RISE 
AT RATED POWER 

IRC TYPE RG07 

PERFORMANCE TO MIL TEST 

IRC 
METAL GLAZE 

TEST PERFORMANCE MIL-R-22684 
(.o.R typically (maximum 

less than) .o.R) 

TEMPERATURE COEFFICIENT, ppmf°C ±200 ±200 

LOAD LIFE ±0.53 ±2.03 

LOW TEMPERATURE OPERATION ±0.153 ±0.53 

TEMPERATURE CYCLING ±0.23 ±1.03 

MOISTURE RESISTANCE ±1.03 ±1.53 

SHORT TIME OVERLOAD ±0.13 ±0.53 

TERMINAL STRENGTH, 5 lb pull ±0.153 ±0.53 

EFFECTS OF SOLDERING ±0.153 ±0.53 

SHOCK ±0.053 ±0.53 

VIBRATION ±0.053 ±0.53 

m;;:-
RG07 Actual Size 

lST SIG. FIG. 
2ND SIG. FIG. 

r-- MULTIPLIER 
r-- TOLERANCE 

r-- SOLDERABLE 

i 
LEADS 

L LI LI 
~ 0 ..Jl Jl 

I· tc J .1 ·I· A ·I· D ra-J 
DIMENSIONS 

TYPE A B c D 

RG07 .250 ± .015 .090 ± .008 .025 ± .001 150 + .12S 
• - .100 

STANDARD RESISTANCE VALUES 
(For 10 to 100 decade) 

10 15 22 33 47 68 
11 16 24 36 51 75 
12 18 27 39 56 82 J 13 20 30 43 62 91 



ALASKA 
Anchorage 
Ron Merritt Co., P.O. Box 759 
(907) BR 2-6731 

ARIZONA 
Scottsdale 
Carl Hower, P.O. Box 1627 
(602) 947-4204 

CALIFORNIA 
Burlingame 
Jack Logan & Assoc., 801 Mahler Rd. 
(415) ox 7-6100 
Hollywood 
IRC, Inc., 1136 N. LaBrea Blvd. 
(213) HO 6-2191 
Los Altos 

tRecht Associates 
175 San Antonio Rd., (415) 941-0336 

COLORADO 
Denver 
ELCOM, 2340 W. Main St. 
(303) 798-8481 

CONNECTICUT 
Farmington 
Ray Perron & Co., 10 Briarwood Rd. 
(203) OR 7-9025 
Trumbull 
Ray Perron & Co., 36 Louis St. 
(203) AM 8-9631 

FLORIDA 
Orlando 
Hollingsworth & Still 
1010 Executive Center Dr. 
(305) 241-5401 

GEORGIA 
Atlanta 
Hollingsworth & Still 
3098 Piedmont Rd., (404) 261-5838 

ILLINOIS 
Chicago 
IRC, Inc., 6020 W. Diversey Ave. 
(312) 889-5800 

IN DIANA 
Indianapolis 
Macnabb, Schroeder & Loomis 
820 E. 64th St. , (317) CL 1-4571 
Fort Wayne 
Macnabb, Schroeder & Loomis 
P.O. Box 879, (219) 745-8609 

Sales Off ices 
KANSAS 

Mission 
Halgin Sales Co., P.O. Box 1245 
(913) RA 2-2441 

LOUISIANA 
Metairie 
Jack F. McKinney Sales Co. 
2012 Condon Ave., (504) 887-1723 

MASSACHUSETIS 
Boston 
Ray Perron & Co. 
1870 Centre St., (617) FA 3-1008 

MICHIGAN 
Southfield 
S. Sterling Co., 21250 lOlh Mile Rd. 
(313) 357-3700 

MINNESOTA 
St. Paul 
Northport Engineering, Inc. 
2027 Grand Ave., (612) 698-3841 

MISSOURI 
Clayton 
Halgin Sales Co. 
201 S. Central Ave. 
(314) 721-4415 

NEW HAMPSHIRE 
Manchester 
Ray Perron & Co. 
19 Caron Rd., RFD #2 
(603) 472-4091 

NEW MEXICO 
Albuquerque 
ELCOM, P.O. Box 3087 
Station D 
(505) 344-8130 

NEW YORK 
New York 
IRC, Inc., 1967 Turnbull Ave. 
(212) LY 7-5500 

NORTH CAROLINA 
Charlotte 
Hollingsworth & Still 
6717 Woodstock Dr. , (704) 523-3372 

OHIO 
Cincinnati 
Baehr-Greenleaf & Assoc. 
9505 Montgomery Rd. 
(513) TW 1-3827 

OHIO (continued) 
Cleveland 
Baehr-Greenleaf & Assoc. 
14700 Detroit Ave., (216) AC 1-9030 

Columbus 
Baehr-Greenleaf & Assoc. 
P.O. Box 5722, Upper Arlington 
(614) 486-4046 

Xenia 
Baehr-Greenleaf & Assoc. 
3550 Maplewood Dr., (513) 426-5485 

OKLAHOMA 
Tulsa 
Jack F. McKinney Sales Co. 
P.O. Box 3958, (918) RI 2-4595 

OREGON 
Portland 
Ron Merritt Co., 2035 S.W. 58th Ave. 
(503) CA 2-7337 

PENNSYLVANIA 
Philadelphia 
IRC, Inc., 401 N. Broad St. 
(21S) WA 2-8900 
Pittsburgh 
Covert and Newman Co. 
300 Mt. Lebanon Blvd. 
(412) 563-0303 

TEXAS 
Bellaire 
Jack F. McKinney Sales Co. 
P.O. Box 1026, (214) 665-3653 
Dallas 
Jack F. McKinney Sales Co. 
1303 Chemical St., (214) ME 1-9450 

•w. T. Blackburn Assoc. 
P.O. Box 20073, (214) 351-9991 

UTAH 
Salt Lake City 
ELCOM, P.O. Box 2066 
(801) 262-3700 

WASHINGTON 
Seattle 
Ron Merritt Co., 1320 Prospect St. 
(206) MU 2-7337 
Spokane 
Ron Merritt Co., E. 127 Augusta Ave. 
P.O. Box 1581 , (509) FA 5-2557 

•semiconductors only 
tSemiconductors & potentiometers only 



tion, or is it men who have the abil­
ity to think, to produce a product, 
and to bring this product to a mar­
ket where other men can buy it? 
Government regulation presupposes 
something to regulate. Can one im­
agine where the electronic industry 
would be if Edison hadn't invented 
the incandescent lamp, or if no one 
had then developed the diode and 
triode tubes? These inventions 
created an industry which has in­
creased our prosperity and standard 
of living immeasurably. No amount 
of government regulation and inter­
vention could possibly produce the 
wealth found in electronics today. 

Mr. Gitlin "feels" that our elect­
ed officials would not do anything 
that would take our free-enterprise 
system away from us. Has Mr. Git­
lin ever compared United States vs 
Aluminum Company of America, 
1945, with the General Electric suit 
of 1961? 

Alcoa held a monopoly in the field 
of primary aluminum by virtue of 
the fact that no one could compete 
with Alcoa's efficiency. What was 
Alcoa's reward for being the best in 
the industry? A lawsuit! Now look 
at the case of General Electric, 
Westinghouse, Allis-Chalmers, and 
the other smaller companies. They 
were charged with making secret 
agreements to fix prices and rig 
bids. If the large companies had not 
"conspired" with the smaller com­
panies to fix prices, those smaller 
companies would not have been able 
to compete and would have been 
forced out of business. If this had 
happened, under the same Antitrust 
Act the large companies would have 
been charged with "intent to mo­
nopolize." The result of this trial: 
Seven men wer~ sentenced to jail. 
Their crime: They produced Mr. 
Gitlin's toaster, refrigerator, eletric 
stove, and generators to run them. 

This is how our elected officials 
are protecting our free-enterprise 
system. What bureaucrat knows 
what is good for a business that he 
never created? By what right should 
he control a business whose success 
or failure would mean nothing to 
him? Should the government play a 
part? No! The government should 
control and prevent stealing, mur-
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der, graft and all other forms of 
coercive action by any individual or 
group against any other individual 
or group. I am not forced to buy any 
car, nor should I be forced to buy any 
particular accessories for that car. 
If I want to install any safety ac­
cessories I feel are necessary, that 
should be left to my own judgment, 
just as my choice of car is left to 
my own judgment. By wearing a 
seat belt, I will not save anyone's 
life but my own. 

Robert L. White 
Staff Assistant 
Sandia Corp. 
Albuquerque, N. M. 

Sir: 
As a general rule, I don't write 

letters either pro or con, but some­
thing in the April 12th issue must 
have struck a resonance. I like your 
editorials and I agree with them in 
general. In particular, I agree with 
the one on Auto Safety Legislation. 
It seems to me that there is really 
nothing that will induce the au­
to industry-a quasi-monopoly- to 
regulate itself. It hasn't happened 
yet and it is not likely to happen in 
the future without some sort of 
governmental regulation ; and, if 
this regulation saves just one life a 
year, it would be worth it, to my 
way of thinking. 

I would like, however, to disagree 
mildly with your editorial of April 
12th : "Engineers are too often si­
lent on major social issues" [ED 8, 
p. 43]. 

The letters to the editor in your 
publication only reinforce my opin­
ion that there are more engineers 
who are narrow and conservative 
than liberal (broad-minded ) and 
generous ones. I feel that if engi­
neers as a group became socially 
and politically active-which, thank 
goodness, they are not, being busy 
with mechanical things-we would 
make social and political "progress" 
in a negative direction. Solutions to 
social problems require open-mind­
edness and generosity whereas en­
gineers are trained to be conserva­
tive, economical and efficient. 

11 College Road 
Burlington, Mass. 

Vladimir Kenn 

~ 
Cramoed I or soace? 
Use Couch 1/7 -size Relays 
Space /weight problem? The new 
Couch 2X 1 /7-size crystal can relay 
gives you tremendous savings in 
space and weight. 0.1" 
grid - plus many out­
standing specs -all in mi­
crominiature. Thoroughly 
field-proven in electronics 
and space applications. 

2X (DPDT) 
Size 0.2" x 0.4" x 0.5" 
Con lac ls 0.5 amp @ 30 voe 
Coil Operalin& Power 100 mw 150 mw 

ACTUAlSlZf 

lX (SPOT) 
same 
same 

70 mw 100 mw 
Coil Resistance 60 to 4000 ohms 125 to 4000 ohms 
Temperature -65°C lo 125°C same 
Vibration 20 G same 
Shock 75 G same 

Broad choice of terminals, coil resistances, 
mounting styles. Write for detailed data sheets. 

COUCH ORDNANCE INC. 
3 Arlington SI. , North Quincy, Mass. 02171 , Area Code 617, 
CYpress 8-4147 • A subsidiary of S. H. COUCH COMPANY, INC. 
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. .. up to 20% greater ac! 
TRW Varicap voltage-variable capacitors provide a 

capacitance change ratio which is a reflection of the 

square law function. This greater 6.c when applied to 

a tuning circuit results in substantially increased 6.f 

(controlled tuning range). 

Characteristics inherent in the TRW abrupt }unction 

Varicap assure C vs. V tracking, un iformity, repeat­

ability and predictability unequaled in the industry. The 

unique 00-14 package makes certain these inherent 

characteristics will "stay put" as proved in nearly every 

major space and missile program. 

For complete details on the extensive line of TRW 

Varicap diodes contact TRW Semiconductors Inc., 

14520 Aviation Boulevard ., Lawndale, California. 

Phone: (213) 679-4561 . TWX: 910-325-6206. 

Varicap is the trademark of silicon voltage-variable capacitors manufactured by TRW Semiconductors Inc. 

TRW SEMICONDUCTORS 
ON READER-SERVICE CARD CIRCLE 32 
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EDITORIAL 

Training for tomorrow's jobs 
must begin today. 

The electronic industry depends on workers of a wide variety 
of skills; yet the training of workers is usually a hit-and-miss 
affair that is done on the job. In fact, many electronic firms 
simply do not hire workers who haven't been previously trained. 

How often one hears remarks like: "We just can't find any 
technicians or skilled machinists," at times like these when the 
industry is going full steam ahead. Investigation, however, gen­
erally reveals that despite this shortage problem the company 
is making no effort to break in any newcomer to the field. 

But things don't have to be this way. There are in our industry 
a few companies where a "let's do something about it" attitude 
is paying rich dividends.* 

Take Frank Burley, for example. Frank is the engineering 
superintendent of the Western Electric Co. plant in Indianapolis. 
To stem the tide of high-school drop-outs (Indianapolis had a 
rate of 35 % ) , a General Advisory Committee for Vocational 
and Practical Arts Education was formed with Frank as chair­
man for 1963-1965. 

Counselors were selected from various industries in the city; 
among them were several from Western Electric's engineering 
sections-designers, engineers, engineering associates, a depart­
ment chief and a section head. These volunteers held semimonthly 
sessions during school hours with groups of eight to 20 students 
selected by local high-school teachers. Instructors would give 
half-hour talks and then spend a further hour discussing types 
of jobs in industry, salary levels for graduates and nongraduates, 
and questions brought up by the youngsters. 

It's impossible to assess how many students were kept at 
school as a result of the program. But the fact that the program 
is being expanded testifies to its success. 

Sperry Gyroscope Co. of Great Neck, N. Y., in 1962 instituted 
a training program in co-operation with the local school system. 
Company employees and local residents can take 15-session 
courses, taught by Sperry personnel, in such subjects as basic 
electronics, transistor theory and applications, basic electro-optics 
and the use of digital computer equipment. Students who success­
fully complete a course have their tuition reimbursed by the 
company. 

These are isolated examples, but they illustrate what can be 
achieved. Our growing industry will need more and more well­
trained workers to meet its labor demands. It's up to every engi­
ner and every firm to do all they can to ensure that these de­
mands can be met. 

ROBERT HAA VIND 

*Details of the case histories cited here and others are available from 
STEP (Solutions to Employment Problems), National Association of 
Manufacturers, 277 Park Avenue, New York, N. Y. 10017. 
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Choose Price/ Performance 

Best Values in Operational Amplifiers 

Union Carbide, known leader in FET device technol-
OPEN MAX 

ogy, now offers the widest line of FET type opera- TEMP LOOP BAND VOLTAGE INPUT RATED 
TYPE RANGE GAIN WIDTH ZIN DRIFT CURRENT OUTPUT PRI CE 

tional amplifiers available. You get the best value # ·c db mHz M!l µ.V f° C pA V/ mA (1-4) 

with these units because they are designed for H7010A - 25 to 85 95 6.0 ID' ± 50 50 ± 10/± 2 $ 65. 
H70!0B 70. 

indu strial and military requirements , and utilize 

hermetically sealed UCE FET transistors and MIL-
H7020A - 40 to !DO 95 6.0 10• ± 25 50 ± 10/± 2 75. 
H7020B 80. 

grade passive components throughout. You can H7000 - 55 to 125 90 2.5 10• ± 25 50 ± 10/±2 110. 

choose price/ performance to suit your temperature H7000A 95 . 

range and package constraints, from the chart at right: " A" Pkg.-1 .5x1.5 x 0.4 inches, " B" Pkg.-1.8 x 1.2 x 0.6 inches, 

Order from your UNION CARBIDE ELECTRONICS No Letter-1-1 / 8x1-1 / 8 x 5/ 8 inches. For complete specifi cations 
write for catalog li sting the entire line of operational ampli fiers 

distributor today. available from UCE . 

• ELECTRONICS 

UNION CARBIDE CORPORATION 365 Middlefield Road, Mountain View. California 94041 TWX: 415-969-9166; Telephone : (415 l 961 -3300 
Speed Inquiry lo Advertiser via Collect Night Letter 
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Technology 

Threshold logic using tunnel diodes can serve 
to generate parity in a digital system. The cir-

Author shows how nonlinear techniques produce 
a linear relationship in a feedback amplifier. Page 
76 

Also in this section: 

cuitry is simple and straightforward and cuts 
hardware requirements. Page 70 

low-frequency amplifier circuits employ 
FETs like the one above. Page 86 

Replace expensive coils with pulse transformers in phase-lock detectors .. . page 82 

Differentiator noise is no problem at low frequency .. . page 92 

Cure force-transducer inaccuracy in error-signal detection ... page 98 

Ideas for design . . . pages 102 to 110 
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Neurons generate parity in simple 
and inexpensive systems. The circuits are designed with 
threshold logic and use tunnel diodes. 

By generating parity with threshold logic, the 
designer of a digital system can simplify his de­
sign and cut his hardware costs. The threshold 
logic is incorporated intO neuron circuits that are 
built with tunnel 'diodes. 

Parity is used as a machine self-check. A digital 
word is assigned a parity bit that is either zero 
or one, depending on whether the number of ones 
in the digital word is odd or even. 

To appreciate the simplicity of threshold logic, 
consider the circuitry required to generate parity 
for a six-bit word with conventional techniques. 
Conventional parity generation would require 
many AND gates and one OR gate. Or, by sepa­
rating the word into two groups of three bits each, 
six AND gates and a single half-adder could be 
used. In addition to these circuits, the complement 
of each bit is needed, calling for additional hard­
ware. 

By contrast, parity for a six-bit word can be 
generated with threshold logic in the relatively 
simple circuit shown in Fig. 1. 

The circuit effectively counts the number of ones 
in the input digital word. If it contains an even 
number · of on~s, the output of the divide-by-two 
circuit becomes a logical 1, and for an odd number 
of ones, the output becomes zero. This counting 
and indicating operation requires the transforma­
tion of the input digital word into a serial chain 
of ones. The circuits A through F, separated by 
delays of 50 to 300 ris, perform this function. The 
incremental increase in the delay times prevents 
the simultaneous appearance of data from two or 
more bit positions. The OR gates I, J and T feed 
the pulses to the divide-by-two circuit. The latter 
circuit is designed to have a one output for an odd 
number of one inputs and a zero output for an 
even number of input ones. 

The serial interpretation of the digital word is 
achieved with the aid of the neuristor concept.1

• ?. 

The neuristor is basically a threshold-sensitive 
monostable device that, after an external stimula­
tion of sufficient amplitude, propagates the pulse 
without attenuation. The device has a recovery 
time immediately after excitation, or refractory 
period, during which it will not propagate any 
signal, despite excitation. 

The neuristor concept is put into practice in 

Carl A. Budde, Member, Technical Staff, Electronic Spe­
cialty Co., Los Angeles. 
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circuits A through F, called neurons. A tunnel­
diode bistable version of such a circuit is shown 
in Fig. 3. The choice of tunnel diodes3 is purely 
discretionary. Backward diodes may do equally 
well. In general, the higher peak-current devices 
are recommended in a noisy environment, be­
cause of their stability. In Fig. 1 a 5-mA peak cur­
rent device is suitable. 

Let's see how the neurons generate the proper 
parity bit. Assume that there is an input at t =to, 
of the form 101101. This digital word sets neurons 
A, C, D and F to the high state and leaves B and 
E in the low state. 

All neurons in the high state will provide out­
puts for the OR gates at t = t 0 , resulting in a one 
output pulse from T. This sets the -;-2 into the 
high state, making S a logical 1. 

The next pulse will arrive at the input of T, at 
t=t50, from neuron B, since B is switched to the 
high state by A after 50 ns. The pulse from B, 
through T, sets the --;-- 2 into the low state, changing 
S to zero. The last pulse for the input digital word 
comes from E, at t =t200, since D propagates to 
E in 200 ns. This pulse resets the --;-- 2 into the 
high state, making S again a logical 1. Note that 
even though C propagates to D in 150 ns, D is 
in the refractory period at t,50 and not capable of 
switching and providing an output. Hence, T has 
three output pulses, at t 0 , tso and t"oo (Fig. 2). 

To sum up the operating sequence, we can con-

1(1) 2(0) 3(1) 4(1) 5(0) 6(1) 

RESET 

s 

1. Parity generator, based upon threshold logic, uses 
neurons to simplify circuitry and cut the cost of hardware. 
Circuits from A to Fare neurons, I, J and T are OR gates. 
The output at S is the parity indication. 
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elude that: The pulse generated at to sets the ...;- 2 
into the high state; the pulse at t so resets ...;- 2 to 
the 10w state, and the pulse generated at t 2oo .sets 
...;- 2 back to the high state. 

The final output of S is the parity bit. In this 
example we end with a logical one, representing an 
even number of ones in the digital input. 

Why use three OR gates? 

The gates l, J and T are monostable circuits,4 

triggered by the outputs of A through F. 
The OR gate T in Fig. 1 is sufficient to insure 

operation. However, because the peak current of 
the tunnel diodes in the circuits is a function of 
temperature, the tolerances on the input currents 
can become critical when too many inputs are 
converging into a single junction. To ease tol­
erance requirements, OR gates l and J should 
also be added. The result is reduced fan-in to OR 
gate T and increased reliability over the tempera­
ture range of -20 to + 75 °C. 

The design of the bistable neurons involves only 
straightforward circuit analysis. Fig. 3 illustrates 
a typical circuit. 

When the input current to TD1 plus the bias 
current (supplied by R 1 and Va) exceeds the peak 
current, TD1 switches to the high state (VF in 
Fig. 4) and generates an output. The de component 
is coupled out by TR,, L1 and R., while the ac com­
ponent to the OR gates is taken from the junction 
of C1 and R3 through TR2. 

V,,-V 1 
RI= l 

b 

where h=0.8 l v, and V1 is the voltage at lb (see 
Fig. 4). Let (Va- V.> / R1 + (Vn- V1 ) / R 2 exceed 
111 by lOo/o. Then: 

v"-vl (2) 

Assume that the tunnel diodes are matched to 
within +5 o/o of the peak current. The current 
changes about ± 5% over the temperature range, 

A I 

B 

c .. 
D 

._ 
E 

F I: 

I_ 

I_ 

T I_ 

s 

• 

._ 

I 

l 
50 100 

.-

I 

I 

150 200 
TIMES ( ns) 

250 300 RESET 

2 . Timing circuit assumes that A,C,D and F are in the 
high state at t=t0 • Within the total delay period of 300 
ns, B and E will be switched to the high state to yield 
outputs at t 50 and t 2oo-
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and so does the forward voltage. The total varia­
tion in the operating point is therefore about 15 o/o . 
The fact that lb is equal to 0.8 lv allows for a 5% 
safety margin. Having the input current exceed 
lv by 10 % is a good derating factor. 

The amount of current, transferred to the load, 
must exceed lp by 10 % , where the load, Ri,, is 
V1/ h and 11 is equal to (0.1 lp + lv) - lb: If the volt­
age drop (V1·R) is about 100 mV across the tunnel 
rectifier, TR1, at the current level l 11 then: 

V 2 - Vrn 
R4= l -Rl (3) 

I 

After R. has been calculated, and since R,, is 
given, the selection of L, is given by the approxi­
mation T (R 4 + Ri,) where T is the chosen inter­
neuron delay. 

The delay in the current rise through the in­
ductor, L1, in Fig. 3 is given by: 

-T 

T = ln [ 1 - l ,, - lb l 
(V2 -Vrn) 
R~ + Rl 

TD1 

IN3717 

R2 
5.1 K 

TR 1 

C1 
27pF 

L1 

220 

TO OR GATE 

(4) 

3 . Basic neuron circuit is used in propagating chain and 
in circuits that couple to OR gates . 

STATIC 

v 

4. Dynamic and static load lines, voltages and currents of 
neuron circuits are valid for tunnel-diode types. 
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+Va= 3V 

R1 
1.5K 

TR1 

vb 

x L1 
0.6BµH 

x 
1, Io 

x TOI 
IN3715 

5. Monopulsing OR gate uses tunnel diodes (a). The 
dynamic load line (b) results from the clamping action of 

51pF 

+Va = 3V 

Rz 
750 

TD1 

IN3717 

+Va = 3V 

-Vd=l.5V 

6. Divide-by-two circuit isolates the input and output. It 
operates at a rate that is the inverse of the minimum 
delay period. 

R1 
~I ~--i)i-----A~-w....~-Q-~~~~ 

,J' -r 

7. The equivalent circuit of the tunnel-diode and dif· 
ferentiating circu.it, C1 R,, in Fig. 5. It helps to find the 
charging time constant and parameter values. 

OR gates are triggered by neurons 

The monopulsing OR gates, J and I, are also 
built with tunnel diodes (Fig. 5). 

Here again h;,,0.8 l p and I1 = (0.1 lv + l v)-h, or 
0.3 IP. The voltage V3 is chosen to be 1/ 2 (V,,+ Vp). 
Vp=Va- Vr1i, where VrR is the voltage drop across 
the tunnel rectifier, TR,, at a current level of h - l v. 

When an input switches TD , of an OR gate to 
the high state (VF'), the current through the induc­
tor L, will start to decay, since vb + VrR<Vp. When 
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Ip 

lb 

+Va 

® 
rectifier TR 1 • The output pulse width depends on the in· 
ductance of L1 • 

it has decayed to a point below I ,, , the valley cur­
rent, TD1 will switch off (Fig. 5b). The induct­
ance L, determines pulse width at the output of the 
OR gate. 

The value of L, may be solved by the simple 
approximation: 

'Tw 

LI= VTRJ (lb - It.) ' 
(5) 

where rw is the pulse width at the output of the 
OR gate. The recovery time of the OR gate is: 

(6) 

where 

vi vrn 
R =-+---

r lb IJJ - Iv' 

The pulse width pl us the recovery -time ( Tw + t r ) 
must be less than the minimum delay period. A 
good rule of thumb is that the recovery period will 
be 3.5 times the pulse width. 

Divide-by-two circuit must be last 

The last circuit to consider is the divide-by-two. 
It must be capable of operating at an input rate 
equivalent to the inverse of the minimum delay 
period. For example, if A propagates to B when 
B is in a nonrefractory mode, the +2 will be 
triggered twice in 50 ns, or whatever the minimum 
delay happens to be. 

To isolate the input and output, and to avoid 
the introduction of tight design requirements or 
additional loading, the circuit in Fig. 6 is recom­
mended. The biasing for this circuit is the same 
as for the neuron. 

The transistor in the -:- 2 circuit must have a 
V ne of less than VF' of the tunnel diode, which is 
approximately 450 mV. Therefore a germanium 
transistor is chosen (Virn=350 mV). For satisfac­
tory operation, it should have an / 1 about 10 times 
the reciprocal of the minimum delay period. 

The output of OR gate T is differentiated by 

ELECTRONIC DESIGN, June 21, 1966 
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8. Combination of static characteristics of the tunnel 
diode and the transistor in Fig. 5 yields the operating 
curve. 

C1 R1 and coupled to TD1 in the + 2 circuit. The 
leading edge of the pulse supplies a current (0.1 
l p+ l ") - l b=l 1 to TD 1. The positive-going pulse 
differentiated by C1R 1 switches TD1 to the high 
state. Before a significant amount of bias current 
can be diverted to the transistor through L1 the 
trailing edge of the input pulse will have ter­
minated. Therefore TD 1 will remain in the high 
state. Since a large portion of bias current is being 
supplied to Qi through L1 (see Fig. 6), the trailing 
edge of the next differentiated positive-going input 
pulse will turn off TD 1 • The value of R2 is given by: 

Va-Vt 
R 2 = 0.8 IP (7) 

The equivalent model of the tunnel diode and 
the differentiating network in Fig. 7 is useful to 
determine the values of C1 and R1 that satisfy the 
input current requirement. 

Equivalent circuit helps find time constants 

For simplification, - r may be neglected, and 
Ru and R . can be assumed to be identical: 

VF 
R 11 = R.=y 

p 

The charging time constant for the tunnel diode 
and the differentiating circuit in the ...;- 2 stage 
becomes: 

where 

t = R u (R , + R.') . C1 C1 
c Ru + Ri + R s' C1 + C1 ' 

V1 
R s'= T' 

b 

(8) 

Assume that C;<<C1 and R s'<< R 1. Then the 
voltage developed at point A (Fig. 7) will be about 
V F/ 2, if the charging time constant is short com­
pared with the r ise time of the OR gate's output 
pulse. This voltage, V A, divided by Ri + Rs, should 
be about equal to l 1. 
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When TD 1 is in the high state, its equivalent 
impedance is equal to R . (or R u). The voltage de­
veloped at point A when the OR gate is turned off 
will be approximately 2/ 3 V v, provided R 1 = R .=R 0 • 

When TD1 is switched to the high state, current 
is diverted from TD 1 through L1 to Q1 • The output 
level goes from the peak voltage (Vv) to a point a 
in Fig. 8, then slides down the composite curve 
and comes to rest at point b. (The reason for the 
composite is that V BE of the transistor is less than 
VF of the tunnel diode.) 

The current decreases through TD1 at the fol­
lowing rate: 

(9) 

where 

(10) 

or, 

If the current's rate of change in L1 (or away 
from TD1) is greater than the pulse width from 
the OR gate T, the trailing edge of the pulse will 
turn TD 1 back off. Therefore let td=l / 3 t z(m inh 

where t zrmin J is the minimum delay period. 
The inductance in the ...;- 2 circuit is 

if I .=h-lv. 

L veb 
1 = tx(m!n)]' 

e 

The load resistor, Ra, of Qi, is 

-Va 
Ra= . 

al - a lc2 
e1 {3 + l 

The emitter resistor of Q2 is 

R =-Va+ Vbe 
5 2 Jc2 ' 

and the collector load is 

(12) 

(13) 

(14) 

The above equations completely determine the 
-:--2 circuit. • • 
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LOOK TO THE LEADER 
IN INTEGRATED CIRCUITS 

Rnducn systnm casts with Tl 

Vcc10------+----.---+--+----+------+---~ 

.----~---+---oQ 
t-t--t--o... ,,--+--~---OQ 

STROBE 

v~o------<L------l.-----=====::::::t-+--+--~-------'"---~ 

Figure 1. Circuit diagram of the SN7501 sense amplifier. 

TYPICAL CHARACTERISTICS 

Input threshold voltage level 
"Off" output level 
"On" output level 
Input threshold offset 
Input impedance 
Propagation delay 
Overload recovery 
Common·mode rejection 

SN7500 
SN7501 
SN7502 

Temperature range 

10·30 mV 
3.2 v 
0.3 v 
2 mV 

3000 ohms 
60 nsec 
100 nsec 

2 v 
1 v 

11;, v 
o· to + 1o·c 

Figure 2. Series 75 sense amplifiers. 

REF Yu, RESET 
10 9 8 7 6 

2 3 4 
V"' STROBE Gnd 

Figure 4. SN7501 incorporates flip-flop 

21934 
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Figure 3. Functional block diagram of SN7500 

,..-~-~ 

REF Vcc1 /'STROBE1 ', 

14 13 12 11' 10 9 '8,R'" 
I 
I 
I 
I 
I 

.---+-! .... : 
...._ ... 
I 

L__~ .... : 

I 
I 
I 
I 

4 5 (c .. 
Yw STROBE, GNO 

Figure 5. SN7502 includes one-shot. 

Tl linear integrated circuits mean 
fewer system components, less as­
sembly and test time, increased 
manufacturing efficiency. In short -
reduced system costs. Now you get 
improved performance and increased 
reliability, too, in such circuits as the 
Series 75 and Series 72 amplifiers 
described here. 

Series 75 magnetic-core 
sense amplifiers 

Each of these new amplifiers for magnetic 
core memories replaces a whole circuit 
board of transistors and passive compo­
nents. The SN7501 circuit shown in 
Figure 1, for example, contains 18 tran­
sistors, 25 resistors, four diodes and one 
capacitor in a single tiny chip of silicon. 
Cost is only about 80 percent of a com­
parable discrete-components circuit. 
Soldered connections are reduced by more 
than 90 percent - resulting in greatly im­
proved reliability. 

Performance is excellent, as shown in 
Figure 2. Series 75 sense amplifiers are 
recommended for core memory applica­
tions with cycle time as low as 0. 7 µ.sec. 

The SN7500 is a complete monolithic sense 
amplifier that includes both strobe gate 
and pulse-shaping output circuits as shown 
in Figure 3. It detects low-level bipolar 
differential input signals, discriminates 
between those representing logical "l" and 
logical "O", and converts them to logic 
levels compatible with standard integrated 
circuit logic, including Tl's Series 54 TTL. 

The amplitude-discriminating sense 
amplifier incorporates a threshold circuit 
with a narrow region of uncertainty. A 
strobe input is provided so the threshold 
detector can be activated when the signal­
to-noise ratio is at maximum during the 
system read cycle, and is inhibited during 
the write cycle . 

The SN7501 performs a similar sense 
amplifier function, but also includes an 
externally adjustable threshold voltage and 
a flip-flop output Since the flip-flop is 
externally set at zero, the output pulse 
width can be accurately controlled. The 
flip-flop can be used for temporary data 
storage. 

The SN7502 sense amplifier includes an 
internal one-shot multivibrator, providing 
a negative-going output pulse when trig­
gered by the threshold detector. The 
single-ended output lends itself readily to 
performing DOT-OR logic. 
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lin11ar int11grat11d circuits 
Series 75 circuits are available in the 

standard T0-84 flat pack, or the transistor­
type T0-100 package shown in Figure 6. 
The SN7500 is also available in a military 
version (SN5500) for operation in envi­
ronments of -55 ° to + 125C 0

• Severe tem­
perature versions of the SN7501 and 
SN7502 are also available. 

Circle 25 on Reader Service card for 
product bulletins. 

Series 72 high-performance 
differential/operational 

amplifiers 
Now you can get both discrete-component 
performance and integrated circuit reli­
ability in differential/operational ampli­
fiers from Texas Instruments. Figure 7 
shows that performance of SN725 and 
SN726 integrated circuits are comparable 
to discrete-component amplifiers. 
The SN725 differential amplifier features 
an open-loop gain of 88 dB, yet it is un­
conditionally stable when used with two 
external capacitors in the frequency-re­
sponse-shaping network. 
The SN726 high-performance operational 
amplifier .features a class-B output stage 
to give a 10 V swing with a . 600-ohm load. 
A Darlington-connected transistor pair 
gives a:n extremely high input impedance. 

In both circuits, transistor pairs are 
close together for improved differential­
input voltage offsets and temperature-drift 
characteristics. Improved collector sati.ua­
tion resistance provides high output cur­
rent and voltage capability. Both ampli­
fiers allow ± 5 V common-mode input 
signals before overloading, and there is no 
danger of latch-up from noise or output 
feedback. 

For less demanding applications, the 
SN723 differential amplifier or SN724 op­
erational amplifier may be used at a con­
siderable saving in cost. 

TI differential and operational ampli­
fiers are available for two temperature 
ranges. Series 72 is recommended for 0° 
to + 70 °C, while Series 52 covers the full 
military range of -55° to + 125 °C. 

Circle 26 on Reader Service card for 
more information on Series 72 and 52 
integrated circuits. 

Choice of Packages 
TI linear integrated circuits are available 
in either of the package types shown in 
Figure 6 - The time-proven T0-89 flat 
pack or the transistor-type T0-100 pack­
age. Both packages feature hermetic seals 
for high reliability in severe environments. 
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Figure 6. Package types for Tl 
linear integrated circuits. 

•external capacitance 

Characteristic SN725 SN726 

Gain, Open-loop, dB 88 60 
Input-voltage Offset, mV 1 3 
Tern p. Coefficient . 

Input-voltage Offset, µ.V /°C 5 10 
Input-current Offset, µ.A 0.3 0.03 
Common-mode Rejection, dB 100 80 
Output-voltage Swing, V ±8 ±5 
Output-current Peak, mA 1 10 
Input Impedance, megohm 0.1 2 

Figure 7. Typical Performance of integrated differential/oper. 
ational amplifiers. 

+12V 

-12 v 

Figure 8. Circuit diagram of SN725 differential 
amplifier. 

Figure 9. Circuit diagram of SN726 operational 
amplifier. 

TEXAS INSTRUMENTS 
INCORPORATED 
1 3500 N . C ENTRAL E X PRE S SWA Y 
P. 0 . B OX 50 1 2 •D A L LAS 22. TEXAS 

SEMICONDUCTOR PLANTS IN BEDFORD, ENGLAND •NICE, FRANCE• FREISING, GERMANY • DALLAS, TEXAS 
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DESIGN DECISION 

Nonlinear design yields linearity-
a Zener-switching, nonlinear feedback amplifier gives a 
linear relationship between output power and input voltage. 

Try using nonlinear techniques to obtain a 
linear relationship between load power and de 
voltage input signal. When Zener diodes are used 
as switches in the nonlinear feedback loop, this 
method becomes especially attractive because of 
its simplicity and low cost. 

Linearity can be achieved with nonlinear am­
plifiers in both ac and de systems. The method 
consists of employing a number of linear load-line 
elements to fit a specified nonlinear curve or 
transfer characteristic. 

Lining up the linear requirements 

To test the practicality of this approach, a 
nonlinear feedback amplifier was designed to 
provide a linear relationship between the power 
delivered to a resistive load and the de voltage 
input to the amplifier. 

Figure 1 shows the desired relationship between 
the output power and input voltage. Since the 
amplifier had to deliver power to a resistive load, 
the output voltage for a given input voltage was 
calculated as follows: 

(1) 

(2 ) 

vout = V kRVin' (3) 

where k in watts per volt is the slope of the power­
voltage characteristic. 

Equation 3 completely specifies the relationship 
between all values of input and output voltage for 
the range in question. The technique of linear 
approximation was applied to the input-output 
voltage characteristics (Fig. 2) of the amplifier 
function specified by Eq. 3. Four approximations 
were found to be more than adequate to meet the 
design specifications. The values of the closed loop 
amplifier gain were: 

A - Vo2 - Vo1 
i- v -v ' 

i11 2 inl 
(4a) 

M. Litwak, senior associate engineer, Systems Develop­
ment Div., IBM, Poughkeepsie, N. Y. (A portion of the 
work described in this article was conducted while Mr. 
Litwak was with General Precision Co., Inc., of Little Falls, 
N. J.) 
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(4b ) 

(4c) 

(4d) 

The change in closed-loop amplifier ga in wa:; 
accomplished by using Zener diodes in the feed­
back loop to step up the amount of feedback as 
output voltage increased. The simplified amplifier 
configuration is shown in Fig. 3a. The complete 
nonlinear amplifier appears in Fig. 3b. Note that 
the forward loop of the amplifier is de-stabilized. 

Outlining role of Zener elements 

The Zener diode used in the feedback loop had 
to have a sharp knee to eliminate the effects of a 
varying Zener resistance as the diode was brought 
into conduction. This variation of Zener resistance 
would lead to distortion in the closed-loop charac­
teristic of the amplifier and, in fact, is an indeter ­
minate quantity that varies not only from unit to 

Achieve linearity via nonlinear amplification. Author Litwak 
shows how to go about it. 
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unit but also with temperature. By using a "passi­
vated" Zener diode with the characteristic that a 
maximum of 50 nA would flow through the diode 
at 80 percent of its Zener voltage-the diode can 
be considered to have only two states: conduction 
and non-conduction. 

Since the Zener resistance in the conducting 
state is negligible in comparison with its asso­
ciated series resistance, and since the Zener can be 
considered an open circuit in the non-conducting 
state, the diode can be regarded as an ideal switch. 

The Zener voltage is calculated to be the 
difference between the breakpoint voltage (Vo., 
Vo:. , Vo" ) and the voltage at the emitter, Ve. The 
feedback resistors can now be calculated by ap­
plication of standard feedback techniques and use 
of the following formulae: 

Ao 
Ai = 1 - A B ' (5a ) 

0 1 

Ai = 
Ao 

(5b) 
' 1 - AOB2 

Ao 
Aa = 1 

- AoBa ' 
(5c) 

Ao 
(5d) A 4 = 1 - AB . 

0 4 

In Eqs. 5a-5d, B is a voltage-divider term given 
by: 

(6a) 

(6b) 

•Vee 

POWER .--------------------.... 
OUTPUT 

VIN 

1. Voltage-power characteristics, although linear, are met 
by a nonlinear feedback amplifier that uses Zener diodes 
in the feedback loop. 

w 
<!> 
~ _, 
~ 

~ a 

VIN3 

INPUT VOLTAGE 

IN4 

2 . Output voltage vs input voltage relationship is actually 
a sum of linear approximations. 

+40Vde 

OUTPUT 
LOAD l ...... 4.~~f: ...... ~ 

RL:::: c--------
1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I L------

de AMPLIFER 
-1 Vo 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

---------------------~ 
~l--!"!~t'!!!!!!!!!!!!!!!!!!'!!---~ 

:. "'"Jll 
R, ~I 

z, 

200K-600K 
SELECTED RESISTOR 

FOR QUIESCENT de 

r•~.-.. 1 ........ 75 

3.3K 

OPERATING VOLTAGE'----------------------+---....... ---~ 

3. Nonlinear feedback amplifier uses Zener diode switches 
in the feedback path (a). Complete amplifier (b) has 2% 
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© 
linearity over the range -55 ° C to +125 ° C and delivers 
up to 20 W to a resistive load. 
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Try These . .. high megohm resistors 

Or These . . . resistor networks 

.~ 

PVROFILM RESISTOR COMPANY, INC. 

Or These ... high reliability 
carbon film resistors 

Pyrofilm's resistors are changing a lot of design 
ideas. Perhaps your design needs the small size 
and high performance (1/a watt rating) of the PME 
50 Pyromet metal film resistor ... or the extremely 
high resistance (25 megohms) of the Pyromet PME 
75 high meg metal film resistor ... or the com­
pact-size resistor networks matched within .01 % 
. . . or the stability and reliability of the long ac­
cepted PyroSeal carbon film resistors. 
There's a Pyrofilm resistor for your most precise circuit designs. 
Send for free data file which provides complete specifications on 
the entire Pyrofilm line. 
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PVROFILM RESISTOR 
COMPANY, INC. 

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

ON READER-SERVICE CARD CIRCLE 34 

MODULATOR 

SIGNAL 
DETECTOR 

DEMODULATOR 

DC 
AMPLIFIER 
NONLINEAR 

CHARACTERISTIC 

4 . Nonlinear gain characteristics in an ac system can be 
achieved with the nonlinear de amplifier. The de type is 
employed as a stage between the demodulator and mod· 
ulator circuits in this ac cascade. 

RE B - (&) 
3

- Rr:+R1 //R 2 //R 3 ' 

RH 
B = (6d) 4 RE+ R 1 //R2 //R3 //R 4 ' 

and Ao is the open-loop gain. Use of standard 
linear amplifier techniques will guarantee ac 
stability for all values of feedback. 

The nonlinear amplifier, as described, operated 
within an accuracy and linearity of 2% over the 
temperature range - 55 °C to + 125°C. The am­
plifier is capable of delivering from 1 to 20 watts 
linearly to the resistive load. 

Design technique offers flexibility 

The advantage of this design technique is that it 
can be used whenever a monotonically decreasing 
gain function is desired. The over-all characteris­
tics of the amplifier must be de for the Zener 
diodes to switch at the appropriate levels. The 
internal section of the de amplifier, however, can 
be a compensated de amplifier, a differential ampli­
fier, a chopper-stabilized amplifier, a modulator­
demodulator amplifier, or any other configuration 
that is innately de-stable. 

A nonlinear ac gain can be achieved if the over­
all ac gain characteristics are considered to be the 
product of individual gains, with one of these 
gains resulting from the nonlinear de amplifier 
already described. The over-all amplifier, there­
fore, would consist of a cascade of stages that 
would include an ac amplifier, the nonlinear am­
plifier and a combination demodulator (signal­
detector) and modulator for ac-dc compatibility 
(Fig. 4). It may prove unnecessary in some cases 
to include two ac amplifiers, since the over-all ac 
gain may be produced in the de amplifier alone . 

The precise duplication of the desired nonlinear 
characteristic is a direct function of the number 
of linear approximation segments used, with each 
new breakpoint requiring a resistor and a Zener. 

Although the amplifier in Fig. 3a is a series 
voltage-feedback type, the desired nonlinear 
characteristics can also be achieved by any other 
feedback amplifier technique in which the feed­
back element is made a function of the output 
voltage. • • 

ON READER-SERVICE CARD CIRCLE 218 ~ 
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SNAP-STRATES permit multiple 
pattern generation, speed ini­

tial processing, eliminate many handling 
problems and often do away with ex­
pensive diamond sowing. Designs may 
include notches to identify the working 
surface of the Snap-Strate and assist 
in mechanized handling . The processor 
snaps the parent port into individual 
substrates ofter the film and circuit work 
ore completed. Accurately located sepa­
ration lines enable the Snap-Strate to be 
easily and dependably separated along 
straight lines into desired unit sizes. 

Tolerances ore usually ± %°lo NLT 
± .003" accumulative. On the monolith, 
comber is standard AISiBose comber of 
. 004" per inch. 

Snop-Strates con be supplied with accu­
rate hole patterns in the individual sub­
strate. Separation lines con be close to 
or con intersect holes. Snop-Strotes ore 
available in various thicknesses, normally 
in the .01 O" to .030" range. The overall 
length and width of the monolith and 
the size of the individual unit partially 
determine the optimum thickness. 

The Snap-Strate feature con be supplied 
in materials which include but ore not 
limited to : 

AISiMog 614 (96°/o Al203) with a work-

PHOH &JI 265-MU, CHAnAllOOM<; itNW 37405 

ing surface of 25 microinches (CLA) or 
better; suitable for thick film processing 

on many applications . 

AISiMog 772 (99.5°/o Al203) with a 
working surface of 8 microinches (CLA) or 

better; successfully used in thin film work. 

GLAZED SNAP-STRATES may be prac­

tical over a range of sizes and designs. 

Prototypes ore especially recommended 
on glazed Snop-Strotes. 

PROTOTYPES con be supplied at reason­
able cost in small quantities from eco­

nomical temporary tooling to prove their 

practicality for your use. 

BULLETIN NO. 661 sent on request. 

65th ... 

,_ .... .....,.~....,. .. Oll..s of MlilH .......... wl ......,..,... C-pMJ I• llitie cities 
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TYPE 16 SUBMINIATURE 
Most dependable subminia­
ture in production-A Licon 
exclusive ! Minimum 100,000 
cyc les at 10 Amps. 

TYPE 26 4-CIRCUIT 
SUBMINIATURE 

A submin iature double-pole, 
double-break switch with two 
"Butterfly" mechanisms. Over 
20 million life cycles. 

TYPE 36 
6-CIRCUIT MINIATURE 

Subminiature, triple-pole, 
double-throw, double-break 
circuit contro l. 6-c ircuits. 

=·· 

TYPE 14 HEAVY-DUTY 
Basic general purpose double­
break switch built for indus­
trial and machine applicat ions. 
Exceeds 20 million cycles. 

c._ ~ 

j 

)\l 
""'ll 1--

\,,. ..J...J 

Shorter rebound, less 
bounce than single-breaks 

WRITE FOR LATEST 
LICON DOUBLE-BREAK 
SWITCH CATALOG 

TYPE 18 
SUB-SUBMINIATURE 

Smallest available single-pole, 
double-break, snap-act ion 
switch. On ly .200" x .500" x 
350". Over 15 million life cycles. 

TYPE 28 4-CIRCUIT 
SUB-SUBMINIATURE 

Double-pole sub-subminiature 
double-break switching. Con­
trols four circuits in one snap. 

TYPE 11 
GENERAL PURPOSE 

Wide ly used basic miniature 
double-break switch. Long 
life, high rating-20 million 
cycles-in a compact package. 

TYPE 22 
4-CIRCUIT MINIATURE 

Miniature double-pole, double­
break. Four circuit double­
break control in one snap. 

Two independent blades 
insure longer life 

Maintains higher 
contact pressure longer 

~ ~ 

!"" 

ml ·~ ~ 
1n 

·-1--
\,,,., ~ 

Greater resistance 
to vibration and shock 
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HERE ARE THE REASONS WHY 

BUTTERFLY® SWITCHES GIVE YOU THE KIND 
OF DOUBLE-BREAK VALUE, RELIABILITY AND 
BREADTH OF LINE YOU REALLY NEED! 

ARC DURATION VS. CURRENT 

._ 
I .. • I I 

LEGEND 
- DOUBLE BREAK 
=SINGLE BREAK 

Butterfly® design has best 
dissipation of arc heat 

10 .----r-~.-------,-~.----~ 

8 

6 

4 

2 

0 
amps. DB SB 

Higher electrical ratings 
than single-breaks 

Built-in wiping action 
prevents contact welding 

DD LICON 
DIVISION ILLINOIS TOOL WORKS INC. m 6615 W. IRVING PARK ROAO • CHICAGO, ILLINOIS 60634 

Control of two isolated 
circuits with one switch 

·Remembet, qou'l'e MVet M.Ol'e lb fJJ rw (w, OW<JfJ ftom (), prod.i.tcl or ITW' ® 

ON READER-SERVICE CARD CIRCLE 35 
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Replace expensive coils with pulse 
transformers in phase-lock detectors that operate 
to 20 MHz. The change will also simplify circuitry. 

A pulse transformer, instead of a specially 
wound high-frequency coil, is the key feature of a 
design for a phase-lock detector operating up to 
20 MHz. This design is simple and inexpensive but 
still maintains required sensitivity. The detector 
(Fig. 1) can work with 40-nV signals at a signal­
to-noise ratio of 6 dB. 

The problem of precise detection of a null 
condition is fairly common. The accuracy of data 
obtained from experiments involving balanced 
resistance or inductance bridges, for instance, is 
directly dependent on the sensitivity of the null 
detector. Large line-frequency and/ or quadrature 
signals will often interfere with determination of 
the null point. The designer has to provide a 
device which possesses a low noise figure, good 
line-frequency rejection, and the ability to reject a 
signal in quadrature with the desired signal. Such 
a device, known variously as a phase-lock detector, 
lock-in detector, or phase-sensitive amplifier, 
consists of a low-noise amplifier and a phase­
discriminator circuit. 

The design concept is applicable for operation 
at frequencies in the range from a few cycles to 
about 20 MHz. 

For phase detection, low capacitive coupling 

A phase discriminator locks onto a signal hav­
ing a particular phase and produces a stable de 
output proportional to the desired input signal. 
Signals whose phase differs from that of the 
phase-locked signal are attenuated according to the 
amount of phase difference. An external reference 
voltage determines the phase to be passed. 

Design of such a circuit for operation at low 
frequencies involves no special considerations, but 
operation in the megahertz range requires careful 
evaluation of the transformers. 

The two major points are: 
• The self-resonant frequency of the secondary 

windings must be well above the operating fre­
quency to prevent instability of the de output. 

• Low capacitive coupling from primary to 
secondary is essential to prevent unbalanced 
voltages at the secondary. 

Wayne A. Rhinehart and Louis Mourlam, Jr., Associate 
Engineers, Institute of Atomic Research, Iowa State Uni­
versity, Ames. 
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These requirements are usually fulfilled with 
specially wound coils, but commercially available 
pulse transformers are quite capable of handling 
them at high frequencies (Fig. 2). Ferrite-core 
pulse transformers have low capacitive coupling, 
but there is no well-defined way to find the best 
transformer-only experiments can help the de­
signer here. 

lnpu~ noise limits amplifier 

The low-frequency narrow-band amplifier (Fig. 
3) has a circuit Q of 400 with simple RC frequen­
cy-selective circuits. Its center frequency is at 400 
Hz. The operating principle is useful for low­
frequency detectors. 

The ultimate sensitivity of a low-noise amplifier 
depends upon the noise generated at the input 
terminals. The smallest conceivable value of input 
noise is that attributable to the thermal noise of 
the source resistance. The input noise can be mini­
mized by judicious choice of the input tube and 
the operating point. 

The equivalent noise resistance of a vacuum 
tube is directly proportional to the plate voltage 
and inversely proportional to the plate current, 
owing to the dependence of noise on Um· The input 

1. Internal view of a 2-MHz phase-lock detector, designed 
with a commercially available pulse transformer. The null­
detector picks · up signals as low as 40 nV, with a signal· 
to-noise ratio of 6 dB. 
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2. Pulse transformers replace special high-frequency coils 
in phase-lock detectors operating at 2 MHz. Their low 
capacitive coupling from the primary to the secondary 
side makes the change possible. 

tube should have high transconductance and low 
microphonics. 

The operating point must be t::arefully selected. 
It isn't always practical to operate at zero bias for 
high plate current, nor in general at low plate 
voltage. Though operation at zero bias yields least 
noise, it also results in the lowest input imped­
ance. Low plate voltage results in undesirable low 
gain in the input stage which may render the 
noise of succeeding stages significant. 

Since narrow bandwidth is a primary design 
requirement, any practical circuit should include 
high-Q, frequency-selective filters. In the frequen­
cy range of a few Hz to 20 kHz, parallel-T filters, 
arranged in a negative feedback configuration, 
have proved satisfactory. The value of RIN can be 
chosen to fit the input impedance requirements of 
the particular application. It is extremely impor­
tant that the parallel-T filter be loaded as little as 
possible. To get maximum circuit Q, the grid 
resistor should be larger than 1 Mn, since the 
loading of the parallel-T filter broadens its band-

60S4 6054 

t 
10 10 

NOTE : AU. CAPACITANCES ARE IN µ. F 

3. Low-noise, narrow-band amplifiers in detector use nu­
vistors in the input stages. The circuit may be used at 
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width. Two of these loops cascaded provide a gain 
of approximately one million. 

The nuvistor was chosen for the input stage 
because of its low noise and low microphonics. The 
parallel arrangement of the nuvistors yields 
better rejection of 60-Hz signals and narrower 
bandwidth than the often-used cascode configura­
tion. 

The circuit in Fig. 3 can be used for frequencies 
above 20 kHz, if a tuned circuit more suitable to 
those frequencies-such as a bridged-T LC cir­
cuit-is substituted. A simpler configuration for 
higher frequencies is the standard plate-tuned 
amplifier. 

Output does not depend on reference 

The general expression for the de output volt­
age of the phase-discriminator circuit is: 

where 

V
0 

= k[ER sin{ tan·1 -E,~Es+cos<P} 
Slilcf> 

E . { t 1 - E ,./ E S+ <'O"</J + } - s sm an- . cf> 
Slilcf> 

E . {t 1 E ,/E s+oos¢} E . 
- R sin an- . - • sin 

Slilcf> 

{
tan., E,./~s+co•</J + } ] 

Slilcf> cf> 

K = detection coefficient, to account for losses 
in the detector 

F:. = peak signal voltage 
E , = peak reference voltage 

cf> = phase difference between signal and refer­
ence. 

The expression shows that the de output voltage 
is a function of the reference voltage as well as the 
signal voltage. This is undesirable since the output 
should be related only to the signal input. To solve 

6201 

+300V 

+ 

0.005 

4 BOK 

200K 0.002 

0.001 0.001 

400K 400K 

2 MHz if proper tuning circuits are used, for example, a 
bridged-T LC circuit. 
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4 . The output voltage is a function of the phase difference 
between the incoming and the reference signals (colo r) . 
It al so depends on the ratio of the two signals' frequenc ies. 

5. A 400-Hz detector, designed with conventional com­
ponents, has a 1-Hz bandwidth and a 60-Hz rejection of 
100 dB. The least detectable signal is 60 nV with a signal 
to noise ratio of 6 dB. 

this, make the reference voltage amplitude large 
with respect to the signal voltage amplitude. The 
expression for V 0 then becomes : 

Vo~K [2Es sin{tan· 1 
( - E ,/E s + cos<f> / sincp ) + ¢} J 

A voltage ratio of ten or greater is normally 
sufficient. The output voltage (Vo) vs the phase 
difference and the signal-reference frequency 
ratio is shown in Fig. 4. 

The low-pass fi lter across the detector output 
allows a compromise between response t ime and 
bandwidth, depending on the application. 

A practical circuit, using a plate-tuned am­
plifier and the high-frequency discriminator, 
provides a complete phase-lock detector for opera­
tion at 2 MHz. The unit has been used to record 
weak signals from a pick-up coil in experiments 
for determining the magnetic susceptibility of 
metals. The circuit has a maxim um center fre­
quency gain of 1 million and a 60-Hz rejection of 
120 dB. The smallest detectable signal is 40 n V 
with a signal to noise ratio of 6 dB . 

The design principle of the low-frequency phase 
detector (Fig. 5) is similar to t hat of the high­
frequency type. It has been used as a 5 % ac micro­
voltmeter in low-temperature specific heat tests. 

In the construction of low-level circuits such as 
these, proper shielding and grounding practices 
must be followed. • • 
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hp 3420A/ B 

for today's most accurate 
de differential volt/ratio 
meter measurements! 

accuracy Here's the most accurate de voltmeter avail­
able today, backed by a minimum 30-day calibration cycle 
and temperature coefficient of 4 ppm/ •c. With a sensitivity 
of ± 10 µv full scale, six-digit resolution is meaningful for 
measurements in standards and calibration labs, design labs 
... and all areas (physics, biomedical, electro-chemical, uni­
versity, processes, control) where high precision and stability 
are essential. 

ratio Then add four ranges of ratio capability with 0.002% 
accuracy and make both resistance and voltage ratio meas­
urements. The customary precision voltage source required 
for resistance ratio is no longer necessary. 

isolation A line/ battery operated model permits true 
"floating" measurements and provides portability not available 
at this accuracy level before. 

There is 10% overranging on all voltmeter functions, with 
overload recovery of less than three seconds, and immunity 

HEWLETT , 

to damage by overload. The recorder output at ± 1 volt and 
1 milliamp will drive any recorder. 

ease Of operation Pushbutton function and range 
selection, plus a full in-line six-digit readout, permits convenient 
and time-saving measurements. Six discrete decade dividers 
with concentric null sensitivity pushbuttons now make nulling 
very simple. The zero pushbutton disconnects the input source 
and decades, and internally shorts input terminals ... no need 
to return decades to zero. 

All silicon solid-state, with plug-in circuit board design for 
easier maintenance in both the 3420A (line operated) at $1175, 
and the 34208 (line/ battery operated) at $1300. 

Ask for a demonstration by calling your Hewlett-Packard 
field engineer. Or get complete specifications with the same 
call or by writing Hewlett-Packard, Palo Alto, Calif. 94304, 
Tel. (415) 326-7000; Europe: 54 Route des Acacias, Geneva. 

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

An extra m easure of quality 
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Simplify low frequency FET designs. use 
this application-oriented parameter guide to meet your 
differential and single-ended amplifier circuit needs. 

Par t 3 of a three-part arti cle 
Low-frequency FET amplifier circuits-as op­

posed to general-purpose and higher-frequency 
types-have a design procedure all their own. To 
establish the circuit requirements quickly and eas­
ily, design prescriptions have been developed on 
the basis of the governing parameters for these 
applications. 

This parameter analysis will bring out the suit­
ability of FET devices for these amplifiers. It will 
also distinguish those characteristics of major im­
portance from those which apply to the devices in 
general and/ or io other applications. 

The study of FET amplifiers concludes* with the 
differential and single-ended (both conventional 
and low-drift) types. These applications are char­
acterized · by operation at lower frequencies (in­
cluding dc)-usually 1 kHz or below. 

Refer to the appendix at the end of this article 
for definitions of the FET terms used and how they 
are measured. 

Pairing FETs for differential amplifiers 

Two differential amplifiers using FETs appear 
in Fig. 1. Circuit (a) is a pair of matched source­
followers used for impedance match purposes 
only. The circuit in (b) is a true source-coupled 
differential amplifier which provides voltage gain. 
In either circuit, one gate (for example, that of 
Q2) may be grounded for a single-ended input. In 
(a), the FET with grounded input is then re­
quired merely to compensate for temperature 
drift of the other. 

In (b), the FET with the grounded input con­
tinues t o act as an amplifier, but it must also 
exhibit equal drift with temperature. For good 
linearity, the transconductance of the two FETs 
should be nearly equal at the operating point. If 
the gate-to-source voltages of the two FETs 
(offset voltage) were identical at equal drain 
currents, R 0 would not be needed in either case. 
Since this condition is rarely met, Ro is often 

*See Parts 1 and 2 ED 13, May 24, p. 38 ff., and ED 14, 
June 7, p. 40 ff.) for details of the other FET amplifier 
categories-general-purpose, low-noise and high-frequency. 
Also, see ED 12, May 17 Semiconductor reference issue, pp. 
94-102, for additional design information, parameter evalu­
ation and circuit contrasts involving field-effect devices 
(FETs and MOSs) . 

James S. Sherwin, Senior Applications Engineer, Siliconix, 
Inc., Sunnyvale, Calif. 
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included in the circuit to equalize the Vas of the 
FETs when a zero offset is required. 

Important circuit parameters in the selection of 
differential FET pairs (operation at de or low 
frequency is assumed) are: 
• IV as1 - V as2I - Offset. 
• 6.IVas1- Vas2l/6.T-Drift. 
• II a1 - I az l - Differential gate current. 
• g, ,,, -Transconductance at operating point. 
• Yfsz1/ Yrsz2 -Transconductance match. 

It is to the user's advantage if all matching 
characteristics are specified under recommended 
operating conditions. The subscript notation " x" 
in g1,,, may be used to denote biasing conditions 
other than at V as = 0. Specifications for dif­
ferential amplifiers are generally given for a 
particular V oa and Io recommended for general 
use. Often, the g I • match is specified only at V as 
= 0. This does not necessarily ensure a match 
under operating conditions. 

However, if g1, at V as = 0 and I o = l oss are 
both well matched, the chances for a g1,,. match at 
Io < I oss are very good. In fact, the match under 
operating conditions may be substantially better 
than at V as = 0. It is reasonable to operate at 
other voltages and at lower I o than those spec­
ified. However, operation at higher In may cause 
forward biasing of the gate-source junction in 
order to maintain a set Io at the highest operat­
ing temperatures. That is, V as may approach 
zero and invert. This possibility is most likely in 

Author Sherwin ponders a FET circuit problem. In this 
article he tells how he tackles the tough ones at low 
frequencies. 
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DIFF. 
INPUT 

OUTPUT 

r - -, 
I Ro I 

L _, 

-Vss 

© 
1. Matching minimizes the ·differences of FET pairs in 
differential amplifiers. Shown are a source-follower pair 
for impedance-matching (a), a source-coupled circuit for 

units having loss values just greater than the 
operating Io, and is due to a decrease in I oss as 
temperature is increased. The match in gate 
currents, Il a, - Ia2[, is normally specified at an 
elevated temperature near 100°C. The I a match is 
important to ensure equal voltage rise due to Ia in 
the gate resistors as temperature increases. 

The differential FET pair chosen for any par­
ticular application will, of course, be specified 
only" for that degree of match which is consistent 
with the application requirements. It is very 
important not to over-specify either the Vas 
match or the differential Vas drift for a given 
application. This affects cost and can delay deliv­
ery, even on relatively small quantities. 

Designing bench-type FET voltmeters 

To demonstrate the simplicity of FET 
differential amplifier design, we will use a bench­
type voltmeter application (Fig. le). The design 
of differential amplifiers may be executed quite 
quickly by direct use of the information on the 
manufacturers' specification sheets. Gain for each 
half of the differential source-follower and de 
operating point are determined in a manner 
similar to that used in general purpose ampli­
fiers.* For FET voltmeter circuit, the design ap­
proach would be as follows: 
1. Select a supply voltage. Let us use 9 volts. 
2. Select a FET with VasroPFJmaz less than about 
half the supply voltage. If the FET has a maxi­
mum Va;roPFJ of 3 volts, a positive supply voltage 
V oo of 4 volts is satisfactory. Then the negative sup­
ply, V ss, will be 5 volts. The requirement is that 
V oa > V asroPP J for operation in the saturated 
region. 
3. Choose R s so that Io on the minimum I oss de­
vice is sufficiently below its zero V GR drain current 
(I oss ) to apow for an· I oss decreasing with temper­
ature (Fig. 2). Use the relationship 

v ss 
Rs< I (1) 

/JSS(MIS ) 

4. Choose R0 such that a reasonable match in Vas 
is required. Using the vafoes shown in Fig. 2, a 
V Gs match of approximately 0.3 volf is all that 

*See part 1 of this article. 
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+Voo 

®-Vss 

Voo 
+4V 

voltage gain (b) and a simple voltmeter circuit (c). In 
each design, R0 is used to equalize the Vos values of the 
FETs when a zero offset is desired. 

would be necessary. 
5. Determine allowable differential V Gs drift 
according to the application. For a bench instru­
ment, the operating temperature range is small, so 
that the t.1Vas1 - Vaszl/~T requirements would be 
moderate in this application. 
6. Determine allowable Io for the value of Ra to 
be used and the acceptable zero shift. Use 

< vzero shift 
[(;(MAX) R 

(; 

(2) 

This would account for a zero shift when Rs is 
shunted across R a. Note that the I arMAxJ value 
must be determined at the highest operating tem­
perature. 

Higher complexity in low-drift type 

The design of a low-drift differential amplifier 
(Fig. lB) is complex in comparison to the conven­
tional type. The approximate gain function is 
given by 

(3) 

if Ro=O and Urn = urs2· 
The step-by-step design procedure resembles 

that used in the FET voltmeter: 

+5 +4 

Vss 
+3 +2 +I 0 -I 

VGS (VOLTS) 

2. FET transfer characteristic curves are used to find the 
value of source resistance (Rs) for a simple voltmeter ap­
plication (see · Fig. 3a). Intersections of the proposed re­
sistive load lines with the l0 - V0 s curve of both min and 
max units are necessary. The load lines must pass be­
neath l oss(MINJ point to allow for temperature changes in 
that parameter. 
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1. Choose the operating point at or below the 
I 0 value recommended in the device specifications 
(at least 25 percent below loss in any case). 
2. Determine R s= V s) 2l 0 , or use a constant-cur­
rent supply to increase the common-mode rejec­
tion. 
3. Determine R 0 using 

( V oo - V SS - V DS + ) 
RD+ Rs= 1 -::· . (4a) 

/) 

An approximate value may be determined in 
most cases by using 

R 
V DD - VGS(OFF)max 

D< I 
D + gfs Vin 

(4b) 

4. Choose a device to meet the stipulated offset IV as1-
voo 

3. In low-drift, single-ended FET amplifiers, either a con­
stant-current source (a) or a large R,, returned to a high­
valued Vss supply (b) may be used for the current bias. 
Low-drift operation is obtained by biasing at or near the 
zero temperature coefficient point. 

v05 = -5V 

;t 
5 
_o 

VGS (V) 

0 
4. The zero temperature coefficient current bias (I 02) may 
be found in the transfer characteristic (a). Plots of In vs 
Vas at different temperatures are made; their common 
intercept is the zero tc point. Drift as a function of tern-
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Vas2I and drift 6.IVos1 - Vad/t..T performance re­
quirements. 
5. If exactly zero offset is required Ra is deter­
mined by using: 

I Vc;si - Vc;s2 I (specified) 
Ro= I (5) 

D 

Note that the addition of the component, R 0 , will 
decrease the common-mode rejection. 
6. Resistor R 0 is calculated from the allowable 
drift with temperature limits (due to the 
differential I a). Or, conversely, II 0 1 - Id is estab­
lished by allowable temperature drift with a 
given R 0 • In evaluating device specifications for 
Item 4, allowance must be made for the sum of 
t.. IV as 1 - Va.d i 6. T and Ro II 0 1 - Id at the highest 
operating temperature. 

Bias critical in single-ended amplifier 

Nearly any FET may be operated as a single­
ended, low-drift amplifier when it is biased to a 
zero temperature-coefficient point. The conditions 
which set the zero temperature-coefficient opera­
tion were outlined in Part 1 of this article. This 
point is usually found at a V as bias of from 0.6 to 
0.8 volt less than th~ V1, value. That is, a device 
with VP of 3 volts would be likely to have a zero 
temperature coefficient operation is given by: 

It is often more convenient to bias at a specific 
value of ID at which the zero temperature 
coefficient occurs. The approximate Io for zero 
temperature coefficient operation is given by: 

3 
2 

> 
5 

l7 z 
I- 0 
"-
ii: -I 
0 

-2 

-3 
-75 -50 

VIN 

0.4 IDS S 
[Dz= - --

V/ 

./ r-.... I- - - - - - - - - - -
I- I-

-25 0 25 50 75 
AMBIENT TEMPERATURE, TA (°C) 

@ 

+Voo 

o, 

© 

(6) 

- -
- ......... 

100 125 150 

Vo 

Oz 

perature is plotted (b) for a low-drift single-ended FET 
amplifier (see Fig. 5b) . Note the very small drift from 
0 ° to 125° C. A second FET, operating at its zero tc, as 
a current source (c) provides even more stable operation. 
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Observe that I DZ decreases with increasing I u.~~ 
because the VP - I oss relationship is such that V/ 
increases at a greater rate than does I oss for a 
given FET geometry or device type. 

In the low-drift circuits (Fig. 3), either a con­
stant-current supply (a) or a large R s returned to 
a large V ss (b) may be used to current-bias at the 
zero temperature coefficient point. In theory it is 
practical to operate a FET having a V P::::::0 .6 volt 
at zero bias to realize a source-follower matching 
circuit with a zero temperature coefficient and 
zero off set. 

In fact, however, the gate-source voltage for a 
zero temperature coefficient value of V asz exhib­
its a spread, so that V asz is not always equal to 
VP - 0.6 volts. Thus, it is not practical to select 
accurately for zero temperature coefficient ex­
clusively on the basis of VP· The range of I oz may 
be specified by the manufacturer, or it may be 
approximated from Eq. 6 after measuring lnss 
and V p. Alternatively, it may be measured direct­
ly. In actual designs, empirical methods must be 
used to establish the exact zero temperature­
coefficient point. 

The simplest method of measuring I oz is to plot 
the Io - Vos transfer curve of the FET on an X­
y plotter (Fig. 4a). Then, carefully heat the FET 
with a soldering iron or any other convenient 
means and replot the transfer curve. The l oz and 
V osz may then be read directly from the In and 
Va.~ scales at the intercept of the two curves. The 
temperature to which the device is heated is not 
important, only the change in the curve due to the 
heat applied counts. This is easily understood if a 
third curve is plotted at another temperature. If 
that is done, the third curve will pass through the 
same zero temperature coefficient point. 

Zeroing in on key parameters 

After the zero temperature-coefficient point is 
found, it is wise to measure the temperature 
coefficient of V cs prior to final selection of the 
individual FET. This is necessary to ensure that 
Vas behaves well at the zero temperature-coeffi­
cient point. Occasionally, a particular FET may 
drift several millivolts over a 50°C range. How­
ever, when accurately biased, performance as in­
dicated in Fig. 4b may be expected. 

For any given low-drift, single-ended amplify­
ing application, the design characteristics of im­
portance are: 
• l nz = I o for zero temperature-coefficient opera-

tion. 
• V asz = Va.~ at zero temperature-coefficient bias. 
• gfsz = g, . at zero temperature-coefficient bias. 
• I oz = I a at zero temperature coefficient bias. 
The design procedure is as follows: 
1. Select a FET with a g1,,z high enough to suit 
the application. 
2. Select for V asz low enough to suit the input­
output offset requirements. 
3. Determine I nz· 
4. Select R.~ and V ss, or a current source, to 
provide the proper bias. Use 
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MAC Panel's 
series 140 are! 

MAC Panel's new Series 140 Plugwires are inter­
changeable with most ex isting systems. Another 
important engineering feature is the Ball-D-Tent 
design. It prevents accidental dislodging of the 
plugwires, and yet provides closely controlled ex­
traction forces.Won't mar insert surface, either. 

The complete line of Series 140 Plugwires is avail­
able in color-coded lengths ranging from 5 to 35 
inches, and is available with Gold or Nickel plating 
in the following types: 

GOLD PLATED 140WIRES 

Manual Single Conductor Manual Dual Conductor 
Stack Plugs Manual Single Conductor Shielded 
Manual 3 Pin Common Two Conductor Shielded 
Manual 4 Pin Common Three Conductor Shielded 
Manual 6 Pin Common Four Conductor Shielded 

NICKEL PLATED 140 WIRES 

Manual Single Conductor 
Stack Plugs 
Manual 3 Pin Common 

Manual 4 Pin Common 
Manual 6 Pin Common 

Manual Dual Conductor 

ORDER NOW ... AVAILABLE FOR 
IMMEDIATE DELIVERY 

NII 1.• .... 
O.E.M. DIVISION 

MAC PANEL co. High Point, N.c. 
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Rs= (Vs~+ V asz ) / l vz. (7) 
If very accurate zero temperature coefficient 
operation is desired, R s, V ss and/ or the current 
source must be temperature compensated. One 
method of providing a zero temperature coefficient 

APPENDIX-HOW FET PARAMETERS ARE SPECIFIED 

Test Condi· 
tions (must 

Parameter be specified) Meaning of specification 

loss 

looo 

lo 

lnss 

In 

lnx 

lnz 

Vos corn 
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Vos 
Vns= O 

Voo 
Is = 0 

Vns or Voo 
Vos 

Vns 
Vos= 0 

Vns or Voo 
Vos 

Vos or Voo 
Vos 

Vos or Vno 
Vos 

Vns 
In 

Gate-channel leakage with 
Vns = 0 . This represents 
total gate leakage current at 
a point below breakdown 
voltage. Specified at 1f2 to 1 
times the minimum specified 
BVoss. When specified at min 
BVoss, luss may replace the 
BVoss specification in that 
less is < lo in the BVoss speci­
fication. 

Drain-to-gate leakage current 
with source open. As V~s = 
VoscowF> for reasons indicated 
under BVoori, los ::/=- 0. Then 
- lnoo = Inn [at specified 
Voo] + los [at Vos = Voscon>]. 
looo is representative of lo un­
der worst probable operating 
conditions when Vos = 
VdscoFF> and Vno= maximum 
allowable. 

Gate leakage current under 
certain operating conditions. 
lo is usually somewhat lower 
than looo since looo is the 
limiting case of lo. 

Drain saturation current, the 
value of lo measured above 
the knee of the Vns- ln charac­
teristic curve, where Vns > 
Vr. loss is actually defined as 
lo at the Vos required for 
channel pinch-off when the 
two gate-channel-junction de­
pletion regions meet near the 
drain. Vos must be zero. At 
this point lo is self-limiting, 
and any increase in Vus 
causes only slight increase in 
lo. In Type-C MOS devices, 
lnss is essentially the drain­
substrate leakage plus any 
residual drain-source chan­
nel current. 

Drain-source current under 
certain specified operating 
conditions. 
Same as In but a particular 
set of operating conditions is 
implied. 

Same as lnx but often used 
to denote drain current for 
zero temperature-coefficient 
operation. 

Gate cut-off voltage. Gate­
source voltage required to 
cut-off channel current. 

source is to use a second FET connected as a 
current generator (Fig. 4c). Then FET units Q1 

and Q2 are selected for a matched I oz, and Q2 is 
voltage-biased at V asz by means of the voltage 
drop across R. The R s value is given by V aszl 
V vz. • • 

Test Condi ­
tions (must 

Parameter be specified) 

Vos Vos 
In 

Vosx Vos or Voo 
In 

Vosz Vns or Voo 
In 

IVcs1-Vos2 I Voo 
Is or In 

6 IVso1-Vos2I Voo 
Is or In 

6 IVos1-Vos2 I TA1 & T.u 
6 T . 

loss1 Vos 
loss2 Vos = 0 

l lo1-lo2 I Vns & Vos 
Voo or & lo 
TA 

rns<ON) In 
Vns &/or 
Vos 

gr.. Vns & Vos or 
Voo & In 

frequency_ 

Meaning of specification 

Pinch-off voltage, inter­
changeable with VoscoFF>. 
Gate-source voltage at any 
given operating point. 

Same as Vos but a particular 
set of operating conditions is 
implied. 

Same as Vosx but often used 
to denote Vos for zero tem­
perature coefficient opera­
tion . 

Magnitude of gate-to-gate dif­
ferential offset voltage in dif­
ferential (matched) pairs. 

Change in IVos1-Vos2 I over 
given temperature range. 

Incremental change in IVcs1· 
Vcs2 I expressed in µ,V / ° C. 

Match in lnss of differential 
pairs, expressed as a frac­
tion. 

Magnitude of match in la for 
differential pairs. Usually 
specified at an elevated tem­
perature near 100° C. 

Static drain-source resist­
ance when biased to full ON 
condition (maximum oper­
ating lo1 
Magnitude of common-source 
forward transfer conduc­
tance. Sometimes the magni­
tude signs are omitted . This 
is perhaps a more informa­
tive term than yrs . At 1 kHz, 
yr. = gr. . However, at high 
frequencies yr. includes the 
effect of gate-drain capacity, 
hence may be misleadingly 
high. The term gr. should 
be used for all high-frequen­
cy measurements. 

Same as g .. but a particular 
set of operating conditions 
is implied. 
Match in gr. for differentia1 
pairs. Expressed as a frac­
tion. 
Match in gr .. for differential 
pairs. 
Same as gr .. but often used 
to denote gr. when biased 
for zero temperature coef­
ficient operation. 

Mutual conductance. Some­
times used in lieu of gr •. 

Common -source output con­
ductance with input shorted. 
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Now 10 solid state differential voltmeter models for 
immediate off-the-shelf delivery! 

(± .05% to ± .005%) 

Immediate delivery is now offered metric input impedance to I 0 volts • 
on these I 0 precision AC-DC differen- CHECK •oc 'IC DECADES 4 Y2" taut band meter for maximum 
tial voltmeter models. YOUR ICQJRICY ACCURACY OF visual resolution • Lightweight porta-

CHOICE MODEL r+s µv) r+2s µv) PRICE RESOLUTION 
Why the choice of models? To fit ble, compact size. 

your measurement accuracy require- 0 DC·l008 ± .05% - . $455.00 Check off the model which best fits 
ments and budget limitations! Accu- 0 AC· l008·1 ± .05% ± .20% 855.00 your needs, then for immediate deliv-
racy from ± .05 % to ± .005 %, priced 

0 DC·ll08 ± .02% 575.00 ery, contact your nearest Honeywell 
from $455 to $1925. sales office or write to: Honeywell, 

0 AC·llOB·l ± .02% ±.10% 995.00 Test Instruments Division, San Diego 
Key Voltmeter Features-Selected and 0 DC-1508 ± .01% 775.00 Operation, 8611 Balboa Ave., San 
aged precision wire wound resistors • 0 AC·l508·1 ±.01 % ±.10% 1190.00 Diego, California 92112. 
Ultra stable Zener reference operates 
in a proportional control oven • KVD 0 DC-2008 ±.0075% 965.00 

output accessible from rear panel • 0 AC-2008·1 ±.0075% ±.10% 1390.00 

Specified accuracies are of reading, not 0 DC-2108 ± .005% 1480.00 DATA HANDLING SYSTEMS 
full scale • All silicon, transistorized 0 AC·2108·1 ± .005% ±.10% 1925.00 

Honeywell circuitry • Voltage range 0-1,000 volts 
AC and DC in 5 ranges • Potentio- •Accuracy specified over temperature r1n19of15'C ·35 'C 

HONEYWELL IS WORLDWIDE • Siles and service offices In all prlnclpal cities of the world . Manufacturinc In Brazil , Canada, France, Germany, Japan, Mexico, Netherlands, United Klnadom, United States. 

ON READER-SERVICE CARD CIRCLE 39 
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Differentiator noise is no problem, 
if your application is low-frequency. In fact, 
the simpler the circuit, the better. 

Analog differentiators, which many engineers 
avoid using because of inherent noise problems, 
can be simply modified to reduce noise to as low as 
15 mV. Application is limited to low-frequency 
operation, but circuit economies make the pure 
differentiator worth considering. Only one opera­
tional amplifier need be used to achieve the cited 
noise level, instead of complex "quasi-differenti­
ation" circuits. 

Usually a rearrangement of the design can 
eliminate the need for differentiators. Less noisy 
integrators can be used instead. But in at least one 
case the designer must ordinarily cope with them, 
like it or not: when it is necessary to develop the 
first derivative of a given analog signal, such as a 
process variable. 

Three circuits are basic 

An analysis of the noise characteristics and 
transfer functions in three basic differentiator 
circuits will prove that the simplest circuit may be 
the best for your application. Many other 
differentiator circuits have been discussed in the 
literature,1

•
2

•
3

•4 but they are, in general, modifica­
tions of the fundamental circuits shown in Table 1. 

Circuit I is the simplest, most straightforward 
method, with only one operational amplifier. 
Circut II uses another network to generate the 
transfer function ( 1 + sT) .1 The required func­
tion sT is obtained by adding the input voltage E s 
to the output of the first operational amplifier. 
Finally, in Circuit III, differentiation is gained by 
putting an integrator into the feedback path of a 
closed loop. 4 The output of this integrator is 
forced, by feedback action, to be identical with the 
input signal E s; thus the integrator input is ob­
viously the derivative of the input signal. 

To test their relative noise sensitivity, the 
performance of the three basic circuits was ana­
lyzed by introducing additional noise sources to 
simulate worst-case conditions at the inputs of the 
operational amplifiers. Amplifier noise and noise 
picked up by the circuit (mainly hum) were taken 
into account. The test proved noise to be handled 
in almost the same way by all three circuits. 

Instability then is the real villain. An inspec-

Roland E. Best, Electron ics Laboratory, Sandoz, Ltd., 
Basel, Swi tzerla nd 
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tion of the transfer functions of the basic 
configurations reveals that all are either unstable 
or operate near the limit of stability. Most inher­
ent noise in differentiators is amplified by this 
tendency to instability, since damped oscillations 
are likely to be triggered by even the smallest 
noise peaks. To ensure stable operation, the true 
differentiation is normally dropped and the ideal 
transfer function, sT, replaced by sT / ( 1 + ksT) . . 

This had the same effect for all three circuits, 
and no reason could be found for abandoning the 
simple one-amplifier circuit in favor of other 
circuits requiring two or more operational am­
plifiers. 

General transfer function for noise 

A generalized equivalent circuit of an opera­
tional amplifier allowing for both signal and noise 
is shown in Fig. 1. For a complete analysis, two 
noise generators are introduced: both voltage and 
current. 5 The noise voltage generator, Es, 
represents induced noise of low internal imped­
ance, e.g., as produced by inductive pickup. The 
noise current generator, IN• accounts for disturb­
a.nces of high internal impedance such as capaci­
tive coupling. The output voltage of the circuit is: 

1 
Eo(s) = - 1 z 

1 + - ( 1 + ___£) 
A Z; 

(~Es+ [ 1 +~~]EN+ zf1N). (1) 

Within the useful frequency range of the am­
plifier. A-'> ao, and the above expression may be 
simplified to: 

E 0 ( s) = - (Es ~~ + EN [ 1 + ~~] + l N Z 1 ) · ( 2) 

The three basic differentiator circuits shown in 
Table 1 also include noise sources. The noise circuit 
generator at the operational amplifier in circuit 
III, however, is omitted, since amplifier 1 is driven 
from low-impedance sources. The output voltage 
of each circuit, as derived by Eq. 2, is also noted in 
Table 1. The output noise level is most favorable 
for circuit I, and worst for circuit II, since both 
the noise voltage E Ni and the noise current I N i are 
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Table 1. Noise transfer functions 

BASIC CIRCUIT + NOISE SOURCES 

:r 

Es 4R 2R 2R R R Eo 

IN1 

Jc 

II 

R 

IN2 l 

c 
R 

llI 

different iated. 

Phase shift causes instability 

Applying the servo philosophy to circuit I, the 
differentiator r epresents a closed loop consisting 
of an RC-lag network connected in cascade with 
the operational amplifier.5 Generally, the voltage 
transfer function of an operational amplifier is 
given as : 

A o 
A =--- -

1 + s T 0 

(3) 

The frequency response is shaped by passive 
networks to have a constant-gain rolloff of 20 dB 
per decade of frequency above the corner frequen­
cy, w 0 = 1/ T0 • Consequently, the phase shift will 
approach asymptotically - 90 ° at frequencies 
higher than w 0 • The RC-lag network also contrib­
utes a - 90 ° phase shift at higher frequencies. 
Theoretically the total phase shift cannot exceed 

ELECTRON.IC DESIGN, June 21, 1966 

BASIC TRANSFER 
FUNCTION 

E0 •- sTE 1 

E0 • - sTE 5 

Z ; 

+ 

NOISE TRANSFER FUNCTION (T • RC) 

E0 (S) • + sTE5 +(2+ sT) ENI +4R( I+ sT) !NI 

-3EN2-RIN2 

l 
Eo 

1 
Zf Z f 

Eo = - - E - (I + - ) EN - z 1 IN , (A;. a>) 
Z j S Z I 

1. Generalized equivalent circuit of noise in . an opera­
t ional amplifier, and the transfer equation , including noise 
voltage generator, EN, and noise current generator, IN. 
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Table 2. Basic circuits modified for low noise 

Io 

Ib 

I c 

Es 

Ila 

ma 

94 

MODIFIED CIRCUIT 

c 
kR I p.F 

E~ 

INi 

c 
lp.F 

Eso--1 

IN l 

4R (I-kl 

IM 

4R~ 
k 

68M 

kC 
1.5p.F 

4R 

0 .5M 0.5M IM 

kR 
l.5K 

0 .5M 0.5M 

6~~1' 't 
IN21 

c 
Ip. F 

Eo 

T •RC k (I 

Eo 

T • RC k ( I 

Eo 

4R 
IM 

T •RC k < I 

R 
IM 

T •RC k« I 

Eo 

MODIFIED TRANSFER FUNCTION 

-sT l+sT(l+k) 
EN-R~ Eo·~Es - l+skT 

1T 1+1T(l+k) 
Eo• - lhk"T Es -

EN __ R_!N 
1+1kT l+skT 

sT 2+ 1T (l+k) 
Eo • + l+skT ES+ l+skT ENI 

l+sT 3+2skT 
+4R(l-k) l+skTIN1- l+skT EN2-4R!N2 

E • - .....!.!_ E + ....!...!.._ E - l+sT(l+k) E -RI 
0 I +skT s l+skT NI l+skT N2 N2 

*MEASURED WITH INPUT GROUNDED 
.T • lsec, k•0.0015, Es•O 

MEASURED• 
NOISE 

30 mVp-p 

20mVp-p 

15mVp-p 

50mVp-p 

50mVp-p 
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180° , below which point the circuit would be 
stable. In practice, however, the phase shift of op­
erational amplifiers can slightly exceed the theo­
retical limit of - 90 ° due to component variations. 

1 If this occurs at a frequency where the total gain 
is larger than 0 dB, the system becomes unstable. 
But even when the phase shift of the amplifier is 
less than 90 ° , the stability of the differentiator is 
borderline. 

The damping factor, '' is often used as a 
quantitative measure of system stability. The 
damping factor can be obtained6 from a Bode plot 
of the closed-loop transfer function by means of 
the formula,' = a / 3n, where a is the phase cross­
over in degrees and n is the slope of the gain curve 
with the unit dB/ decade. Since a is near 0° , the 
damping factor also approaches 0. 

The same considerations apply to the other cir­
cuis of Table 1. . In order to achieve satisfactory 
operation, the basic differentiator circuits have to 
be modified by the addition of compensating 
elements. These will provide additional phase-lead 
at higher frequencies, thus increasing the phase 
crossover a and the damping factor '' and thereby 
improving stability. 

Simple modification achieves 15-mV noise 

Five modified versions of the three basic 
differentiator circuits are shown in Table 2, along 
with the transfer functions for signal and noise. 
The transfer functions for the signal E s are the 
same for all circuits with the exception of circuit 
le which exhibits one additional phase lag. The 
transfer functions for the noise terms are some­
what different. The signs of the noise terms can be 
ignored, since in order to calculate the total output 
noise voltage, it is necessary to sum up the rms 
values of the terms. 

In order to verify the noise performance pre­
dicted by the formulas in Table 2, the differentia­
tor circuits were built experimentally. For all five 
circuits the noise voltages at the output were 
measured peak-to-peak with the input shorted and 
under the same conditions of hum pickup for air 
circuits. The measured values are listed in Table 2. 
The magnitudes of the noise voltages correspond 
well with the theoretical results. For comparison, 
noise figures measured in the unmodified circuits 
were typically 0.3 V p-p for circuit I, 10 V for cir­
cuit II and 0.35 V for circuit III. • • 
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~ ONE FRAME QO LINES··320 BITS J 

PHOTOELECTRIC 

BLOCK REIDER 

40 LINE MODEL 

Use the EECO 5000 Readers for 
• Programmed testing • Micro position­
ing • Automatic component selection . .. 
or wherever from 40 to 320 bits of in­
formation on punched tape is needed. 

Electronic Engineering Company 
of Calif ornia 

1601 East Chestnut Avenue (Box 58) 
Santa Ana , California 92702 

Phone: (714) 547-5501 • TWX: 714-531-5711 

ON READER-SERVICE CARD CJRCLE 40 

95 



ON READER-SERVICE CARD CIRCLE 243 :lo-

Use f u I new data on 

for printed circuits 
Our new 8-page brochure gives com­
plete application and specification data 
on PC (Printed-Circuit) Correeds by 
Automatic Electric, one of the nation's 
leading suppliers of dry reed switches. 

PC Correeds are specifically designed 
for direct insertion into printed circuit 
boards. They're high-speed, r 

structurally strong, com-; 1!fiiii· 
pact. They feature un- ,.._ 
stressed contact leads and 
firm, positive connections./ 

Glass - filled plastic 
bobbins prevent mois- / 
ture absorption. Low / 
profiles, magnetic 
shielding and standard · 

PC terminal spacing (multiples of 
0.200")permithigh-densitypackaging. 

PC Correeds are available with 1, 2, 
3 and 5 reedcapsules, in contact Forms 
A, B, C and magnetic latching. You 
can get many of these modules directly 
from stock. 

There's a lot of helpful, detailed de­
sign information in AE's new 

/ PC Correed brochure. Just 

I 
1 

-. , ask your nearest AE 
representative for Circu­

lar 1070-B, or write to the 
Director, Electronic Con-

/ 

trol Equipment Sales, Auto­
matic Electric Company, 

Northlake, Illinois 60164. 

AUTOMATIC ELECTRIC 
GEN1

ERRAL TELEPHONE & ELECTRONICS GT&E 
ON READER-SERVICE CARD CIRCLE 41 

96 ELECTRONIC DESIGN , June 21, 1966 



~ ON READER-SERVICE CARD CIRCLE 243 

Check out P&B 
as a big new source for 
precision snap-action switches 

with this 28-page catalog 

This catalog shows a wide variety of precision snap­
action switches including general purpose, miniature, 
subminiature and appliance. Most are directly inter­
changeable with many competitive types. All meet 
U /L and CSA requirements and are available with 

PRECISION 
GENERAL PURPOSE 
SWITCHES 

Accurate performance and high 
repeatability far heavy load ap­
plication. Available with 15 and 
20 ampere ratings with a broad 
variety of actuators. 

PRECISION 
MINIATURE 
SWITCHES 

These high speed snap-action 
switches are highly sensitive ond 
feature small size long operating 
life and high electrical capacity. 
Available with various contact and 
terminal arrangements. 

a wide choice of actuators, contact arrangements 
and terminals. Mounting dimensions and materials 
meet military specifications. The designs lend them­
selves to almost limitless modification for adapta­
tion t~ individual requirements. Send for your copy. 

PRECISION 
SUBMINIATURE 
SWITCHES 

Designed far applications requir­
ing small size and low operating 
farce. Suitable for electronic 
equipment, business machines and 
other precision equipment. 

LOW COST 
NYLON-ENCASED 
APPLIANCE SWITCHES 

Sturdy mechanical construction 
capable of withstanding consider­
able impact at full overtravel thus 
reducing positioning adjustment. 

POTTER & BRUMFIELD ...,,,. 
~ Division of American Machine & Foundry Company, Princeton, Indiana 

P&B Precision Switches ore available at Authorized Distributors Export: AMF International, 261 Madison Avenue, New York, N. Y. 
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DESIGN DECISION 

Cure force-transducer inaccuracy in error­
signal detection by using a pulse-width multiplier to broaden 
the response time. It's a simple, inexpensive remedy. 

Many control systems often use force trans­
ducers to handle error-signal information in pulse 
form. The weak spot in this data-processing link 
is usually the transducer's response time: It may 
be the cause of inaccurate outputs or a total lack 
of response dead-band at low-level pulse inputs. 
The use of a pulse-width-multiplier (PWM) stage 
overcomes this liability. 

The PWM multiplies the widths of error pulses 
by a constant, which can be changed to meet the 
demands of a particular force transducer's re­
sponse time. In comparison with other means for 
achieving this pulse conversion (such as a pulse­
train-to-dc converter), the PWM approach is sim­
ple and inexpensive. The PWM, which contains 
three basic switching units and one energy-storing 
element, can also be employed in digital computer 
systems. It can convert digital outputs directly 
into analog pulses, which in turn are used in con-
ventional control systems. · 

Sensing out the transducer problem 

The need for a PWM system became apparent 

Nelson J. Groom, Research Engineer, NASA Langley Re­
search Center, Hampton, Va. 

in a project involving a horizon scanner and its 
associated attitude sensors. The form of the basic 
output from most spacecraft attitude sensors is 
such that it must be modified to activate the vehi­
cle's force transducers. The resulting signal must 
be accurately used in the vehicle's control system. 

In an infrared horizon scanner developed at the 
Langley Research Center, the basic output was in 
the form of pulses whose width was proportional 
to the pointing error. The problem here was that 
with very small attitude errors, the pulse width 
output might go as low as 0.5 ms. This was, of 
course, below the response time of conventional 
force transducers. 

A simple PWM was developed to solve the prob­
lem. It overcame the need for a more complicated 
pulse-width-to-de conversion at the low-frequency 
(2 Hz) region of the scanner output. 

The PWM (Fig. la) consists of a capacitor, a 
charge source, a discharge source and a level 
detector. The detailed circuit diagram is shown in 
Fig. lb. 

Here C1 is the capacitor and R2 the charge 
source. Transistor Q,, zener . diode Z 1 and resistor 
R3 form the discharge source, and the Schmitt 
trigger formed by Q, and Q3 is the level detector. 
Transistor Q. merely serves as a switch to refer-

B+ 

CHARGE 
SOURCE 

r---- -----------.., 
: Rz i 

0.0011-'F 
Cz 

DISCHARGE LEVEL 

INPUT 
SOURCE DETECTOR 

OUTPUT 

I CAPACITOR 

i 0/25K i ! (SET AT 23 K) i 
L--- ----------.J 

r-------- -----, 
I 

R I 
I 

IOK 

,..- ------, 
R3 : C1 ! 
110 : 101-LFI 

IL- -----J 
I 
' I 

_____________ .J 

Ra 
5.GK 

----., 
I 

03 ! 
2N697 : 

I 
I 

' ' ____________ J 
OUTPUT 

R10 
IOK 

1. Pulse-width-multiplier system broadens the operating 
range and improves the low-level accuracy of force trans­
ducers. In the block diagram (a), input pulses are 
stretched so that output signals are within the response-

time limits of the transducer. Complete circuit diagram 
(b) uses O" Z1 and R3 as the discharge source, R2 as the 
charging source, C1 as the capacitor and the 0 2·03 

Schmitt trigger for the level-detection function. 
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(Al) 

(A2) 

(A3) 

(A4) 

ence the output to ground. 
Under quiescent conditions Q, is off, and C, is 

charged through R 2 to the zener voltage of Z 2. 
This causes the Schmitt trigger to be in the ON 
state and, consequently, Q. is cut off. When a 
square wave pulse is applied to the input terminal, 
the leading edge turns on Q1, which in turn dis­
charges C, through Ra. Note that the voltage 
across Ra is clamped to a level determined by Z,, 
thus producing a fairly linear discharge of C,. 

Since the Schmitt trigger has practically zero 
hysteresis (because of Z 2), it changes state al­
most immediately after C1 begins discharging. 
This turns Q. on and produces the leading edge of 
the output pulse. At the termination of the input 
pulse, Q, is returned to a cut-off state, and C, 
begins to recharge through R 2. When the voltage 
on C, reaches the zener voltage of .Z2, the Schmitt 
again changes state and cuts Q,, off. This action 
produces the trailing edge of the output pulse. 

PWM stretches pulse duration 

Figure 2a shows the relationship between input 
and output for two different input pulse widths. 
Figure 2b shows the relationship between input 
pulse width, capacitor voltage and output pulse. 

Rise and fall time for the output pulse was 
found to be 0.2 µ.sand 1.0 µ.s, respectively. A graph 
showing the measured relationship of input pulse 
width to output pulse width over a range of 5.0 µ.s 
to 0.6 ms, with a pulse-repetition rate of 30 pps 
and pulse height of 20 volts, appears in Fig. 3. The 
multiplication factor was set at 50 with a 0.1-ms 
input pulse width. As can be seen, the curve is 
essentially linear, except for small pulse-width 
inputs. The over-all linearity results from use of 
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2. Pulse-stretching ability of the PWM system is dem· 
onstrated in the waveform (a). The upper trace in each 
photograph is the input pulse, and the lower trace dis· 
plays the resulting output pulse for various multiplication 
factors. Shown are a 2 ,us/cm-scaled input and th~ result ­
ing output on a 0.1 ms/cm scale (Al and A2, respective· 
ly); also, a 20 ,us/cm-scaled input and its 1.0 ms/cm­
scaled output (A3 and A4). The switching relationships 
are demonstrated in (b), where the input (top), capacitor 
voltage (middle) and output (bottom) are synchronized 
to a 2.0 ms/cm scale. 

.. 
E 

0.1 
a01----<---+---+-+------<1----+--+-+--1----+--< 

o.51----+---+--+-+--+--+--+-+---t--.l"L'---t--i 

L( 
0.2 l----+---+---+--1----+---+--+-~--+--+--l 

~ 0.1 l----+---+---+--1----+---V---+-+----+--+--l 

:·: :=======:=:::===v==/=::==::=======:: 
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0 .005 ,~' 
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0.001 .____. __ _,___._._____.,___ _ _,___._.._____.,____ .............. 
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PULSE WIDTH OUTPUT (ms) 

3. Linearity over a major portion of the input range is 
another feature of the PWM system. A different multi · 
plying factor can be used in the non-linear portion to 
provide over-all accuracy. 

only a small portion of the almost linear part of 
the charge curve of C1. 

The pulse-stretching ability and broad range of 
the PWM system can be seen in the performance 
data. The multiplication factor itself can be varied 
(via R 2) from unity to a maximum determined by 
the input pulse width and the pulse-repetition 
rate. The pulse range over which the PWM will 
operate on an essentially linear curve is estab­
lished by potentiometer Ra. • • 
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New solid-state audible 
signal has low current 
drain, high reliability 

The Sonalert® signal is a up.ique 
solid-state device which produces 
a compelling tone on as little as 3 
milliamps. It consists of a piezo­
electric transducer driven by a 
transistorized oscillator. It has no 
arcing contacts which cause explo­
sion hazard and RF interference. 

Sound intensity varies with applied 
voltage, and ranges from 68 to 
80 db. Frequency is fixed by trans­
ducer characteristics, cannot be 
altered by external means, and is 
not affected by voltage. The device 
operates over a wide range of ap­
plied voltage. 

Starting current is the same as oper­
ating current, and is exceptionally 
low. The 6 to 28 volt model draws 
only 3 milliamperes at 6 volts. The 
110-volt AC model draws only 14 
milliamperes (about the same as a 
neon pilot lamp). 

Standard frequency is 2800 ±300 
cycles; a 4500 ±500 cycle model is 
also available. AC and DC models 
are available, operating over the 
range from 6 to 28 volts; also a 
110-volt AC model. A pulsed model 
produces "beeps" at a rate of 3 to 
5 pulses per second. The high and 
low frequency units can be used in 
combination to indicate high or low 
limit alarms, or they can be used 
simultaneously to deliver a beat 
frequency signal. 

Because of its solid-state design, 
the Sonalert has maximum relia­
bility. It is being used as an over­
voltage or undervoltage failure 
alarm on computers, as a "wheels 

New polystyrene film capacitors 
have superior stability, low cost 
Now available from Mallory is a 
line of polystyrene capacitors which 
have temperature and life stability 
exceeding that of polyester film 
types. They are made of a unique 
form of stretched polystyrene film 
and high purity aluminum foil. The 
manufacturing process fuses the 
polystyrene to form a self-sealed 
case with excellent humidity pro­
tection. 

Insulation resistance of these capac­
itors is exceptionally high-in the 
order of 100,000 megohms-and 
stays high throughout life. Tem­
perature stability is excellent: from 
-10°C to +70°C, total capacitance 
change is less than -1.3 3 . Tem­
perature coefficientis-150 ppm/ °C, 
±60 ppm/ °C. Dissipation factor is 
less than 0.05 3 , and is constant 
over this temperature range. 
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Temperature stability of Mallory Polysty­
rene Capacitors compared with polyester 
film capacitors . 

73 standard ratings from 5 pf to 
.01 mfd, all at 600 volts DC, are 
available. Standard tolerance is 
±53 . Maximum operating tem­
peratures are -40°C to +85°C. 
Production quantities can be ob­
tained immediately from Fran­
chised Mallory Distributors, at 
prices below polyester film capac­
itors. 
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UL-recognized switch and control for light dimmers 

down" signal on aircraft, as a se­
curity or overheat alarm. Because 
of its low power requirements, it 
can be actuated by batteries, di­
rectly by photo-sensitive devices; 
and it can be connected in fail-safe 
circuits where breaking a safety 
switch will apply full voltage across 
the Sonalert. Operating tempera­
tures from -60 to +120°F are 
permissible. The complete unit is 
compact and is mounted on a single 
1%4" panel hole. 

A combined push-push three-way 
switch and intensity control, espe­
cially designed for use in light 
dimmers, is now available from 
Mallory Controls Company. The 
front section carbon control and 
the integral switch are both de­
signed to meet Underwriters' Lab­
oratories requirements for voltage 
breakdown test and for dimen­
sional spacing for use in electronic 
light dimmer controls. 

The intensity control is rated 1 
watt nominal, and is supplied in 
values from 100 to 10,000K ohms, 
in standard linear taper ... also 
with other tapers and with fixed 
end resistances. The switch is sin­
gle pole double throw, permanently 
attached to the same shaft with 
the control. It has been designed to 
handle dimmer loads up to 5 am­
peres at 117 volts, 60 cycles. 
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Wet slug tantalum 
capacitors are best 
choice for timing circuits 

Compare charging current-time traces, re­
produced from oscilloscope photographs. 
Sweep speed : 20 millisec/div. Vertical sen­
sitivity: 3 \la µa/div. 

In an RC timing circuit, the value 
of time constant is usually calcu­
lated from the nominal value of 
capacitance and the value of the 
timing resistor. When tantalum 

MALLORY 

capacitors are used in timing cir­
cuits, the effects of error introduced 
by DC leakage should be consid­
ered. Wet slug tantalum capacitors, 
because they have DC leakage in 
the order of 103 that of solid elec­
trolyte types, have inherently far 
lower time error. 

The effect of the leakage resistance 
path, in ·parallel with capacitor 
terminals, is to cause an apparent 
increase in time constant. The time 
error is, of course, zero in a perfect 
capacitor where the leakage path 
has infinite resistance ... and in­
creases as leakage resistance ap­
proaches the value of the timing or 
series resistance of the circuit. 

For this reason, Mallory engineers 
often recommend wet slug tantalum 
capacitors for use in timing circuits 
where maximum precision is re­
quired. We have an engineering re­
port on this subject, and will be 
glad to send copies on request. 
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World's Smallest Primary Battery 
Mallory can now offer electronic 
designers the world's smallest pri­
mary cell actually in production. 
Only 0.130 11 high by 0.225 11 diam­
eter, this 1.35 volt miniature power 
source is rated to produce 16 milli­
ampere hours. 

Because the battery energy is cre­
ated through Mallory's mercuric 
oxide-potassium hydroxide-zinc 
system, voltage is extremely ac­
curate and stable, and shelf life 
extraordinarily long. 

Among the possible applications for 
the battery (designated as Mallory 
RM-212) are hearing aids small 
enough to hide inside the ear canal, 
"radio" capsules to transmit infor­
mation from inside the body, and 
extremely small proximity fuses 
and telemetry devices. 

If you're looking for extremely 
small power sources, this may be 
it. Or perhaps this breakthrough 
in battery size suggests designs not 
possible until now. 
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New small-size, 
low-price silicon 
rectifier line 

The Mallory Type B rectifier is 
:;ipecifically designed for applica­
tions which require current capa­
bility up to 1 ampere in minimum 
size. It uses a passivated silicon junc­
tion for high temperature stability. 

It's a new shape in rectifiers: the 
epoxy package is only .275 11 long 
and .135 11 maximum diameter, self­
supported on .032 11 diameter axial 
leads. It needs no heat sink other 
than its own leads. Yet in this tiny 
size, it affords ratings of %'. ampere 
and 1 ampere, at 50°C ambient. 
Peak inverse voltage ratings from 
50 to 1000 volts are available. 

Forward drop is only .9 volts for 
the 1-ampere units, and 1.0 volts 
for the %-ampere type, at full 
rated current. Maximum surge cur­
rent · ( 4 millisec) is 35 amperes. Ac­
celerated environmental tests have 
demonstrated the Type B's ability 
to withstand severe humidity ex­
posure . 

Prices are as low as 10 cents in 
quantities of 100,000. 

ON READER-SERVICE CARD CIRCLE 196 

101 



IDEAS FOR DESIGN 

Avalanche circuit produces 
ultrafast light pulses 

A light-emitting diode (LED) driven by an 
avalanche transistor can be used for avalanche 
relaxation oscillators with very fast rise times. 
Such a circuit is simple to construct and features 
rise times in the sub-nanosecond region for pulse 
durations of a few nanoseconds. 

Fast-rise-time, nanosecond-duration light sourc-
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1. Avalanche relaxation oscillator is formed by this light· 
emitting diode-avalanche transistor circuit. A main fea · 
ture is its sub-nanosecond rise time. 
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2. The basic light-pulse generator may be converted into a 
voltage generator. Here . an avalanche blocking oscillator 
is driving the LED relaxation•circuit. 

IDEAS FOR DESIGN : Submit your idea for Design 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 (awared for the Best of Issue Idea) 
and the grand prize of $1000 for the Idea of the Year. 
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es are extensively used for testing laser range­
finder receivers and other electro-optical applica­
tions. Such light pulses usually are obtained with 
bulky apparatus, such as triggered spark gaps, 
flash tubes, Kerr cell modulators. Consequently, 
it may take a lot of time, space and equipment to 
produce a good light pulse. A more straightfor­
ward approach where infrared light pulses can 
be used is to drive an inexpensive, non-coherent 
LED with an avalanche transistor. 

Figure 1 shows such an avalanche relaxation 
oscillator. Light power output is on the order of a 
few milliwatts with a pulse repetition frequency 
of a few kilohertz. Pulse rise time is typically less 
than one nanosecond. 

Figure 2 shows an avalanche blocking oscillator 
driving an avalanche transistor. The circuit pqlses 
only when driven by a relatively slow-rise-time 
positive input signal ( +2.0 volts), such as de­
rived from the square-wave calibration signal 
obtained from an oscilloscope. Pulse rise times 
here may be several nanoseconds. Parameters for 
the constant voltage regul·ators for Q, and Q2 

should be chosen such that the regulator voltage is 
approximately BVces for each transistor. 

Substitution of a small-value resistance, such as 
10 ohms, for the LED converts the light pulse into 
a handy voltage generator. Pulse amplitudes are 
10 to 20 volts with sub-nanosecond to nanosecond 
rise times, depending on circuit layout and the 
components used. Both circuits are small, inexpen­
sive, and easy to construct as long as good vhf 
construction techniques are followed. 

Burton E. Dobratz, A erospace Gr.oup, flughes 
Aircraft Co., Culver City, Calif. 

FET -bipolar oscillator 
features notch network 

VOTE FOR 110 

An n-channel FET, driving a bipolar emitter­
follower, forms an oscillator. The high Z in of the 
FET enables a "notch" network to be used in the 
degenerative loop. 

Regenerative feedback from the emitter of Qz 
(see schematic) through a tungsten filament lamp 
gives the amplitude-limiting necessary for output 
stability. Qz is a high-input-impedance, boot­
strapped emitter-follower that properly loads Q,. 
It provides the low output impedance necessary 
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Try a new source 
for planar 2N2222 & 2N2369 families 

If you've been wishing for a new source of 
silicon planar general purpose amplifiers or 
high speed switches, ITT has now provided 
the answer. 

ITT is in full production on the popular 
2N2222 amplifier family and the 2N2369 high­
speed switching family. You can have the 
same transistor performance you've been 
getting from other suppliers, plus the supplier 

perfo ance you can only get from ITT. 
If u're buying silicon planars from either 

of the families, evaluate the new source. 
Order em today . . . get them today . . . 
from a distributor of ITT Semiconductors. 
ITT Se conductors, 3301 Electronics Way, 
West P B~ach, Florida, is a division of 
the lnte ational Telephone and Telegraph 

/ITT 
SEMICONDUCTORS 

FACTOAtES IN PALO ALTO. CALIFORNIA: LAWRENCE, MASSACHUSETIS, WEST PALM BEACH. FlOAIOA: HARLOW AN 
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ADJUST FOR 
APPROX 2.5V 

OUTPUT 

R R 

c, 
L-------------------------

N-channel FET and emitter-follower are employed in this 
oscillator circuit. Notch network and lamp form degenera­
tive and regenerative feedback loops, respectively. The 
latter feedback is used for output stability. 

for driving the parallel combination of the notch 
network and the low resistance of the lamp. 

Resistor R1 should be adjusted for approxi­
mately 2.5 volts at the oscillator output. The 
distortion at higher frequencies will be very low; 
bui at lower frequencies (below 25 Hz), the lamp 
will cause some distortion. However, the distor­
tion at 12.5 Hz measured less than 0.5 per cent. 

Source resistor Ri must be adjusted for maxi­
mum output. This in turn will be the optimum bias 
for Q,. This can be done simply by disconnecting 
C3 from the emitter of Q2, exciting the FET gate 
with an oscillator, and then adjusting R . for 
maximum signal out. Part of R1 contributes to 
this bias operation point and the adjustment of R , 
will be affected if R 1 (output level adjustment of 
oscillator) has to be changed. All resistors are 
rated at 0.5 W. 

The frequency of oscillation is given by: 

f = 1/2 7T RC, 

where C = v'C1 C2. 

Jack A. Bryant, Engineer, National Tape Serv­
ice, Inc. , Parsippany, N. J. 

VOTE FOR 111 

Crystal and recovery diode 
used in RF calibrator 

The combination of a simple crystal oscillator 
and a step-recoyery diode produces a straightfor­
ward calibrator for use with communication 
receivers and RF signal sources. As an external 
accessory or internal calibrator, the circuit pro­
vides crystal harmonics for receiver dial calibra­
tion from 500 kHz to above 50 MHz. 
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Crystal oscillator and step-recovery diode combine to form 
an RF calibrator. Battery operated , the harmonic-rich cir­
cuit draws only 2 mA. 

Its output, rich in harmonics (the circuit em­
ploys a fundamental oscillator at 500 kHz), can 
either be directly connected to the receiver's 
antenna input or coupled internally at the RF 
section (see schematic). The circuit draws 2 mA 
from a 1.5-Vdc "C" or "D" size battery, will 
operate continually for a 1-2-week period. 

The crystal oscillator is in a grounded base 
Colpitts configuration and employs a silicon 
2N3564 transistor and a 500-kHz series resonance 
quartz crystal (0.01 % for -40 to + 65°C). Feed­
back is achieved through the crystal CY1 by way 
of the capacitive voltage divider Ca - c .. Inductor 
L, and capacitors Ca and c. make up the oscilla­
tor resonant circuit which acts as a low-impedance 
drive for the harmonic generator D1. 

The step-recovery diode (D1) stores charges 
while conducting in the forward direction. When 
the oscillator changes polarity, the diode will 
conduct for a brief period until the stored charge 
is removed-then conduction ceases abruptly. The 
resultant waveform is full of 500-kHz harmonics 
that can be selected or filtered out by the receiv­
er's tuned circuits. The harmonic energy is cou­
pled to the receiver by way of variable attenuator 
R. and isolation capacitor C0 • 

C. Douglas Rasmussen, Electronic Technician, 
Syracuse University Research Corp., Syracuse, 
N. Y. 

VOTE FOR 112 

Current transformer protects 
regulator against overloads 

A current transformer can be used in high­
voltage transistorized power supplies as a more 
effective short-circuit protection than convention­
al means. The latter often are inadequate because 
large values of current in conjunction with high 
voltage quickly exceed the control transistor's 
power capability. But if a current transformer is 
used to sample overloads, the power expended in 
the control transistor during overloads is small. 
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How to spot the highest-power 
400 MHz transistor available 

Look for the one with the strip line leads - ITI's 3TE440. The 

3TE440 delivers 15 watts minimum at 400 MHz with 8.6 db gain. 

The low-inductance strip line package provides greatly-improved 

stability and circuit bandwidth. Typical efficiency is 60% when 

Poe = 10 watts at 400 MHz. 

The planar passivated, interdigitated 3TE440 has a BV CEO 

rating of 80 V, allowing better up-modulation and reducing danger 

of damage from transients. Resistor stabilization provides high 

second breakdown characteristics and built-in bias stability for 

Class A and AB amplifiers. In many applications, the 3TE440's 

higher performance can reduce the number of transistors required. 

It is now available off the shelf. Contact any ITI distributor or 

your ITI factory representative. ITI Semiconductors, a division of 

International Telephone and Telegraph Corporation, 3301 Elec­

tronics Way, West Palm Beach, Florida. 
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Current transformer and SCR circuit protect voltage regulator from overload damage. 

The current transformer, CT 1 (see schematic), 
is used to sample the current supplied to the 
voltage regulator. Diode D, rectifies the sampled 
current which in turn produces a voltage drop 
across R1. Resistor Ri is adjusted to trigger SCR1 
when a predetermined value of overload current is 
reached. Capacitor C1 serves as a filter for the 
rectified signal. · 

When a current overload occurs, the additional 
voltage generated acr:oss R, triggers SCR1 ON. 
When SCR, is conducting, no base current is 
made available to control transistors Qi and Q2, 
and they are thus turned OFF. With Q, OFF, the 
transistor is required to sustain only the unregu-

Phase-shift oscillator 
measures inductance precisely 

A decade oscilloscope preamplifier, counter, 
potentiometer, two diodes and a precision capaci­
tor comprise a high-accuracy inductance-measur­
ing system. A measurement accuracy of -+-0.1 per 
cent accrues with this phase-shift system. 

A reliable system was needed to inspect preci­
sion iron-core inductors for the correct value of 
inductance. Because large quantities of parts were 
involved, the system had to be fast, accurate, and 
usable by unskilled personnel. 

A system that fulfills these requirements is 
shown in the accompanying diagram. When the 
test inductor is connected into the circuit, the 
audio amplifier oscillates at a frequency f 0 • This 
oscillation occurs only when the phase shift 
through the series RLC feedback loop is zero 
degrees. This occurs when f 0 = 1/ 2 rr VLG. 
Therefore, limits for f o may be calculated for any 
tolerance limits of inductance when C is known. 
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lated voltage, Ein, and its expended power is thus 
reduced to a negligible amount. 

The circuit can be reset by removing the input 
voltage; this will eliminate the holding current of 
the SCR. If a manual reset switch, SW1, is pro­
vided to shunt the SCR, the holding current will 
also be dropped below the SCR's sustaining needs. 

Typical component values with 0.5 A as the 
maximum overload current conditions are: SCR1 
-MCR 2304-4; D,-IN457A; C1-l.O µ.F/50V; 
Ri-20 n; and CT1 (turns ratio)-1:10. 

S. J. Arnold, Senior Engineer, Welex, Houston, 
Tex. 

VOTE FOR 113 

Frequency lo is then read out by a precision 
digital frequency counter or frequency meter. The 
accuracy of results depend above all on the accu­
racy of frequency measurement and the precision 
to which C is known. 

To function properly, the audio amplifier must 
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Phase-shift oscillator arrangement provides very accurate 
measurements of inductance. Feedback loop is formed by 
RLC phase network. 
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have negligible phase shift at f 0 and be a nonin­
verting type. The output impedance should be low 
enough to drive P1 as a load. Di and D2 are back­
to-back germanium signal diodes which prevent 
saturation of the amplifier. · 

Thff value of P 1 is not critical, but should not 
exceed y L/ C. Once the wiper of P1 has been set 
to provide the proper loop gain, it need not be 
readjusted, unless the inductor type being tested 
is changed. In practice, measurement of L to a + 
0.1 per cent tolerance has been achieved. 

Kenneth G. Holmes, Chief Engineer, Magnetic 
Circuit Elements Inc., Montrose, Calif. 

VOTE FOR 114 

Remote-control time delay 
needs no turn-off signal 

An SCR and unijunction transistor (UJT) can 
be combined in a remote-control time-delay circuit 
that requires no turn-off signal. The circuit c:an 
handle inductive as well as resistive loads. 

The time-delay circuit (see schematic "a") is 
turned on by a pulse, remains on for a predeter­
mined period, then shuts itself off. Operation is as 
follows: The positive input pulse is applied to the 
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1. Remote·control time delay is formed by SCR·UJT com­
bination (a). For higher load currents, a 4-layer diode 
is substituted for the UJT (b). No shut-off signal is re­
quired in either case. Delay duration is set by R1C1 in 
both circuits. 
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gate of the SCR, causing conduction of current 
through the load to the ground return. Simultane­
ously capacitors C1 and C2 begin to charge. 

When capacitor C1 reaches the emitter peak­
point voltage of the UJT, the UJ! conducts _and 
discharges capacitor C1 into resistor R 2. Smee 
capacitor C2 cannot charge instantaneously, the 
voltage appearing between ground and the cath­
ode of the SCR is momentarily increased above 
the supply voltage by an amount almost equal to 
the peak-point voltage. The SCR becomes reverse­
biased long enough to reduce the forward current 
to less than the holding current and ceases to 
conduct. Voltage is thus removed from the load. 

The circuit was originally developed to light a 
lamp in an airborne towed target, and so indicate 
the presence of an interfering signal in a control 
receiver. Since the interfering signal was present 
only intermittently, the lamp had to be turned off 
automatically after a 15-second interval-just 
long enough to permit observation. This was 
achieved with an R 1 of 680 kn and a C, of 22 ,u.F. 

The circuit has been used to initiate and main­
tain a tone signal for a prescribed time period, 
and to control a hydraulic valve delivering anti­
icing fluid to aircraft windshields. The latter appli­
cation is the only one in which a primarily induc­
tive load was controlled. The valve solenoid cur­
rent of 1.0 A at 28 Vdc represented a 28-watt load. 

Although the components shown are capable of 
controlling only an 80-watt load (1.6 A at 50 
volts), the circuit is suitable with appropriate 
changes for regulating more than a kilowatt. 

Note that the R 1 C1 time constant must be long 
enough to permit C2 to charge to the SCR cathode 
potential, thus setting a minimum time ~elay. 
Maximum time delay is limited only by available 
resistance and capacitance and could conceivably 
be hours or longer. 

In another version, the UJT is replaced by a 4-
layer avalanche diode (see schematic "b"). Opera­
tion here is virtually the same as in schematic "a", 
except that the load capabilities are slightly high­
er. Current capability is determined by the SCR. 
The 4-layer diode circuit has been operated with a 
7-A load. Increasing the size of capacitor C2 
improves the operation of both circuits. The time 
delay is essentially equal to the product of R,C, . 

Edward G. Olson, Design Engineer, Naval Air 
Development Center, Johnsville-Warminster, Pa. 

VOTE FOR 115 

Nuvistor and bipolars form 
low-noise preamplifier 

A nuvistor may be combined with a number of 
transistor stages to form a low-noise, hybrid 
preamplifier. This design is especially attractive 
for very-low-frequency, narrow-band, signal-proc­
essing applications. 

The use of a nuvistor front end for pream­
plifiers to be operated at sub-audio frequencies has 
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RCA 2N4068 
(actual size) 

CEO 

For delivery informa­
tion, and for your copy 
of RCA Technical Bulle­
tin 2N4068 - 2N4069 
(which has all pertinent 
performance curves, 
applications data and 
electrical and mechan­
ical spec ifications) , call 
your local RCA Field 
Office; or write: RCA 
Commercial Engineer­
ing, Section EC6-3, 
Harrison, N . J . 

NEW RCA NPN SILICON TRANSISTOR FOR CRITICAL INDUSTRIAL APPLICA­
TIONS: Wide-band amplifiers-Distributed amplifiers-Video amplifiers in TV 
cameras, camera chains, monitors, oscilloscopes-Video marker generators­
Relay drivers-NIXIE" , neon-i ndicator and electro-luminescent-indicator driver 
circuits-Direct on-off control circuits ... much more 

# Registered Trade Mark: Burroughs Corporation 

• min. 
• max . 

• 
cs min • 

•Low Leakage Current-leao = 50 nA max at Vea= 120 V •High Gain-hFE 
= 30 min at le= 30 ma, Vee= 10 V • Low Saturation Voltages-VeE (sat)= 
1 V typ, V,e (sat) = 0.68 V typ, at le = 30 mA, 11 = 1 mA • High Current 
Capability-200 mA max. • High Power Dissipation-0.5 watts free air at 
25° CnA • Wide Temperature Range-operates from -65° C to +175° C 
• Hermetically Sealed Metal Case 

¢* 
RCA 2N4069 is the same as 
RCA 2N4068, except for an 
integral heat sink to pro­
vide twice the dissipation 
capability(lW). 99¢• 

•in quantities of 1,000 and up 

As Wide-band amplifiers the 2N4068 and 2N4069 easily cover bandwidths 
to 4.5 Mc/sand higher; as general purpose amplifiers, they operate up to 
100 Mc/s. The very high BVeEo• the low collector-to-base feedback capaci­
tance, the low leakage and saturation voltages give assurance of top per­
formance in critical applications. The RCA 2N4068 and 2N4069 also feature 
exceptionally linear transfer characteristic and high-temperature capability 
compared with germanium and plastic-encapsulated silicon devices. 

Available through your RCA distributor 

.. RCA Electrnnlc Components .nd Devices 

1 
• ®The Most Trusted Name in Electronics 
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Nuvistor and bipolars form low-noise, hybrid preamplifier. 
The emitter-coupled feedback loop is used for providing 

become popular in power-limited, low-noise, 
preamplifier applications. Here (see schematic) a 
hybrid preamplifier was designed to operate at 15 
Hz with a source impedance of approximately 
300 kn. 

Because the nuvistor's equivalent noise resist­
ance is significantly below that of a bipolar tran­
sistor at these frequencies, it is important for 
good hybrid operation that-even while the nu­
vistor is operating in the starved condition-suf­
ficient amplification be provided in the nuvistor 
stage. This ensures that the noise contribution of 
the succeeding transistor stage is negligible. From 
noise considerations, the value of quiescent plate 
current for T was chosen to be 400 µ,A. At this 
value, the amplification factor of the nuvistor is 
reduced below 35 (its rated value) to 10; the 
dynamic plate resistance is increased to approxi­
mately 10 kn-the output impedance of the first 
stage. 

The 2N2484 low-noise, high-beta transistor 
exhibits minimum noise figure in the range of 5-15 
kn source resistance and was used to follow the 
nuvistor stage. To achieve an input impedance 
that does not load the nuvistor output, and at the 
same time to retain a good temperature stability 
factor, bootstrapping or direct coupling may be 
used. In this direct-coupled configuration, the 
nuvistor furnishes a stable de bias voltage to 
the base of Q,, thereby realizing an excellent de 
temperature stability for Q,. The collector cur­
rent of Qi was set at 150 µ,A for optimum noise 
performance. 
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closed-loop gain stability, and higher input impedance 
and lower output impedance to the open loop. 

The simple, emitter-coupled feedback loop 
increases the open-loop input impedance and 
decreases the open-loop output impedance while 
stabilizing the ac closed-loop gain. Open-loop gain 
at 15 Hz is 90 dB and closed-loop gain is 40 dB. 
This yields an excess gain for the loop of 50 dB. 

The preamp output circuit consists of a unity­
gain, low-output-impedance buffer amplifier 
.which ensures that the feedback network does not 
load the amplifier. Also, it provides a low imped­
ance source for further processing circuitry. 

Gain of the preamp is 40 dB with an equivalent 
noise resistance of 50 kn measured in a 6-Hz 
bandwidth centered at 15 Hz. Noise bandwidth 
limiting in the preamp itself is approximately 1.5 
kHz. The input impedance is 4 Mn, and the output 
impedance, 10 n. The gain variation over an oper­
ating range of -40 to 60 °C is less than 0.1 dB. 

George C. Kuipers, Associate Sr. Research 
Engineer, General Motors Defense Research 
Laboratories, Santa Barbara, Calif. 

VOTE FOR 116 

IFD Winner for March 15, 1966 
Robert B. Jones, Project Engineer, Continental De­
vice Corp., Hawthorne, Calif. 

His idea, "Analog-to-frequency converter has 
improved linearity, range," has been voted the $50 
Most Valuable of Issue Award. 
Cast Your Vote for the Best Idea in this Issue. 
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HIGH GAIN 
FLAT BETA 
PNP AMPLIFIER 

Unique features allow great applications versatility: No other group of low 
level, low noise amplifiers can approach the beta linearity of our 2N3965 
and 2N4250 families. To this, add our high gain of 250 at 100µ.A, state-of­
the-art noise f igure of 2 db at lkHz, and high breakdown voltage ratings. 
Then consider the added versati l ity of availability in both metal can 
(2N3962-5) and epoxy packages (2N4248-50), 
Planar II epitaxial construction , and off-the-shelf FAIRC::HILCJ 
distributor delivery. No wonder th is new group 
of amplifiers aiready looks like a record-setter. SEMICONDUCTOR 

Write for complete specificat ions. 

Metal Package Epoxy Package 

SAMPLE SPECIFICATIONS: 2N4250 / 2N3965 

NF (f = lkHz) .. .. 0.5db (typ.), 2.0 db (max.) @ le = 20µA; Rs= 10k!1 
NF (wide band) .. . 0.7db (typ.), 2.0 db (max.)@ le= 20µA; Rs= 10k!1 
h,. ............. . .. 350 (typ.), 250 (min.) @ le = lOOµA; Vee = - 5V 
LVeeo (2N4250) .... . ....... . .. .. . . 40V (min.)@ le= 5mA; la= 0 
LVeeo (2N3965) . .. . . . . .... . .. . .... 60V (min.) @ le = 5mA; la = 0 

Planar is a patented Fairchild process . 
FAIRCHILD SEMICONDUCTOR / A Division of Fairch ild Cam era and Instru ment Corporation • 3 13 Fairchild Drive, Mountain View, California (4 15) 962·5011 • TWX : 910-3 79-6435 

ON READER-SERVICE CA.RD CIRCLE 46 
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What do they mean by "an engineer's company"? 
Some very successful companies are "sales oriented" -others, equally 
successful, receive their primary impetus from accounting, legal or 
business-management directions. Probably because of the highly tech­
nical nature of its product, Motorola has always been a company wherein 
engineering has been the moving force. At any management conference 
at Motorola, you'll find men think like engineers, and talk like engineers, 
because so many in the management echelon are engineers. 

At Motorola the engineer achieves full professional status-because he 
is working in an environment where the state of the art has progressed 
to the point where only an "engineering oriented" management can 
direct the flow of achievement. 

In this dynamic atmosphere, of course, the challenges are great-but 
equally rewarding for truly qualified engineers. Would you like to 
talk to us? 
SYSTEMS ENGi NEERS advanced R & D in radio 
communications systems related to Two-way, port­
able, mobile and radio-telephone equipment. 
EQUIPMENT DESIGN high performance solid state 
receivers, transmitters, and data processing equip· 
men! for radar, communications, command and con· 
trol , tracking and telemetry. 
FAMILIARITY WITH STATE-OF-THE-ART statistical 
communications theory, advanced signal processing 
technique s, solid stater. f. techniques, ultra-reliability, 
antenna systems, advanced structural and thermal 
designs. 

SECTION MANAGER direct engineers and support 
personnel in state-of-the-art communications, includ· 
ing r.f. systems and input-output devices. 
CHIEF ENGINEER technical management of R & D 
group in advanced technology related to solid state 
r.f. communications. 
CIRCUIT DESIGN ENGINEERS advanced R & D in 
receivers, transmitters, RF, digital, Color TV and 
automotive electronics. 
DEVELOPMENT ENGINEERS advanced communica· 
!ions products in consumer, industrial · a~d military 
electronics. 

Excellent opportunities also available in Phoenix, Ariz. 

Mr. W. H. HAUSMANN, Engineering Personnel Mgr., Dept. B, 4545 Augusta Blvd., Chicago 51, Illinois 

An equal opportunity employer. 

,.,., MOTOROLA Inc. 

ON CAREER-INQUIRY FORM CIRCLE 901 
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Looking 
for a 

New Job? 
• Fill out 

tion . 
one applica-

• Check off the 
that 

com­
interest panies 

you ... 
• We do the rest 

Contacting the job market takes 
only ten minutes with ELECTRON­
IC? DESIGN's Career Inquiry Ser­
vice. To put Career Inquiry Service 
to work for you, fill in the attached 
resume. Study the employment op­
portunity ads in this section. Then 
circle the numbers at the bottom 
of the form that correspond to the 
numbers of the ads that interest 
you. 
ELECTRONIC DESIGN will be your 
secretary, type neat duplicates of 
your application and send them to 
any number of companies you se­
lect-the same day the resume is 
received. 
Career Inquiry Service is a fast, 
efficient way to present your job 
qualifications to companies re­
cruiting engineering personnel­
as confidentially and discreetly as 
you would in person. This service 
is the first of its kind in the elec­
tronic field, and one that engi­
neers have used effectively since 
its inception in 19!:?9. 
We take the following precautions 
to ensure that your application re­
ceives complete, confidential pro­
tection 

• All forms are delivered un­
opened to one reliable spe­
cialist at ELECTRONIC DE­
SIGN. 

• Your form is kept confiden­
tial and is processed only by 
this specialist. 

• The "circle number" portion 
of the form is detached be­
fore the application is sent 
to an employer, so that no 
company will know how many 
numbers you circled. 

• All original applications are 
placed in confidential files at 
ELECTRONIC DESIGN and 
after a reasonable lapse of 
time they are destroyed . 

ELECTRONIC D ESIGN , June 21, 1966 



USE BEFORE AUGUST 2 , 1966 

After completing, staple, fold and mail career form to ELECTRONIC DESIGN, 850 Third Avenue, New 
York, N. Y. Our Reader Service Department will forward copie& to the companies you select below. 

(Please print with a soft pencil or type.) 

Telephone----------

Home Address------------- City -------- Zone __ _ State -------

Date of Birth ---------- Place of Birth----------- Citizenship --------

Position Desired __________________________________________ _ 

College Dates 

Educational History 
Degree Major Honors 

Recent Special Training -------------------------------------

Company City and State 

Employment History 
Dates Title Engineering Specialty 

Outstanding Engineering and Administrative Experience -----------------------

Professional Societies 

Published Articles ----------------------------- --------

Minimum Salary Requirements (Optional)-------- ----- ---------------­
Use section below instead of R eader S ervice Card. Do not write personal 
data below this line. This section will be detached before processing. 

Circle Career Inquiry numbers of companies that interest you 

900 901 902 903 904 905 906 907 908 909 910 911 912 913 914 915 916 917 918 919 920 921 922 923 924 



Systems Engineers 
Monsanto Company needs system en­

gineers with 3-8 years experience. 

Background should include circuit and 

logic design. Knowledge of the appli­

catiort of integrated circuit elements is 

desirable. The positions are in the area 

of data acquisition units in computer 

controlled systems. 

Send resume in confidence to: 

Manager, Profess ional Recruiting 
Department CL-412 
Monsanto 
800 North Lindbergh Boulevard 
St. Louis, Missouri 63166 • I e 

An Equal Opportunity Employer 

ON CAREER-INQUIRY FORM CIRCLE 902 

To 
ELECTRONIC 
ENGINEERS 
with a sense 
of timing . .. 

BENDIX {KANSAS CITY DIV.) •111111~ I 
IS ON THE 1r1ur c. 

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 corporation 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. E. C. McGurren, Tech. Personnel Repr. 
THE BENDIX CORPORATION. Box 303-H E 
Kansas City. Missouri 64141 

AN EOUAL OPPORTUNITY EMPLOYER 

;~m(y 
CORPORATION 

ON CAREER-INQUIRY FORM CIRCLE 907 

Fold here, staple and Mail. 

BUSINESS REPLY MAIL 
No Postage Stamp Necessary if Mailed in the United States 

POSTAGE WILL BE PAID BY 

ELECTRONIC DESIGN 
READER SERVICE 
850 THIRD AVENUE 
NEW YORK, NEW YORK 10022 

FIRST CLASS 
Permit No. 725 
New York, N. Y. 



Engineers 

Physicists 

Can you 
make major 
contributions 
in advancing the 
Microelectronic 
Materials 
Technology? 
If your answer is "yes" then you 
may be interested in current open­
ings at IBM's Thomas J. Watson 
Research Center. At the present 
time several select positions are 
available for Research Engineers 
and Physicists who can make major 
contributions in vacuum deposition 
of insulators and metals and the 
use of glass and ceramic substrates 
and techniques for the etching of 
micro-strip transmission lines. 

Qualified applicants should pos­
sess a BS, MS or PhD in Electri ­
cal Engineering or Physics and a 
minimum of two years' laboratory 
experience in materic;ils research, 
materials engineering and micro­
miniature fabrication techniques. 

The Thomas J. Watson Research 
Center at Yorktown Heights, New 
York, is located in suburban West­
chester County, 40 miles north of 
New York City. Liberal company­
paid benefits include relocation 
expenses. 

Please write, outlinin·g your experi­
ence and education, to R. L. Mey­
ers, Dept. 555-T3, Thomas J. 
Watson Research Center, P. 0 . 
Box 218, Yorktown Heights, New 
York 10598. IBM is an equal op­
portunity employer (M/ Fl. 

IBM 
ON CAREER-INQUIRY FORM CIRCLE 903 
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Opportunities for 
Professional Growth 

in the famed 
San Francisco Bay Area 

Widen your technical horizons! Here advanced techniques, 
stimulating projects, and creative activity offer unusual 

opportunities in equipment, systems, test, design 
and fabrication of surface and underwater vessels, 

both conventional and nuclear powered. 

ENGINEERING POSITIONS AVAILABLE: 
Naval Architects • Marine • Mechanical 
Nuclear Power • Structural • Electrical 

Electronics • Chemical • Welding • Civil 

New materials require the development 
of new processes. H igh-strength , light­
we ight material is required for the N'lvy's 
needs. Super-strength steel fabrication 
requi res exotic welding methods and 
unique testing techn iques to atta in zero 
defect quality cont ro l. Ships des ign in­
cludes equipment and systems fo r the 
Navy's modern fleet, both surface and 
submersible. Engineers check out, test and 
evaluate the installation of nuclear and 
convent ional marine propulsion systems; 
perform field engineering on ·elect rical 

and miniaturized sohisticated elect ronic 
systems including sonar, communica tion 
and radar equipment ; lea rn new con­
cepts in hull design and fabrica tion 
techniques such as explosive forming fo r 
deep submergence; and apply computer 
application to missi le and Naval Tactica l 
Data Systems. 
These, and many other fasc inating phases 
of the Navy's fleet requirements, will 
offer you a challenge in any engineering 
discip line at the San F rancisco Bay Naval 
Shipyard. 

OPENlttGS EXIST AT ALL LEVELS IN THESE PROGRAM AREAS: 

Ship Structure Development 

Ship Weight Control 

Structural Mechanics 

clea r and Conventional Pro pul si on Systems 

Navigation and Communi cati on Systems 

Sound and Vibration Control 

Cargo Replenishment-at-sea Development 

Shipboard Mechanizati on 

Present construction, repa ir, alteration 
and conversion workload alone assures 
stability of employment for at least five 
years . Opportun ities are available for 
promotion in all fields. 
In professional and personal growth 
potential, financial and career benefits, 
today's San Francisco Bay Naval Ship­
ya rd openings offer unmatched opportu­
nities. Requirements include a B.S. degree 
in engineering or naval archi tecture from 
an accredited university. Opportunities 
are avai lable fo r experienced engineers 
and those newly graduated. Starting sal­
aries up to $10,619 depending upon ex­
perience. 

JOB LOCATIONS: San Francisco Bay 
Naval Shipyard has two work sites lo­
cated 40 miles apart: H unters Point in 

Ordnance, Guided Missile, Fl eet Ballisti c 

Missi le and Electronic Systems 

Value Engineering 

Shipboard Aeronauti cal Material and Equipment 

Shipboard El ectri cal and Power Systems 

Naval Tacti cal Data Systems 

Qua lily Assurance 

San Francisco and Mare Island in Val­
lejo, Califo rnia. Each location has ready 
access to the full cultu ral advantages of 
San Francisco and the mild yea r-round 
climate of the " Bay Area." All types of 
recreation from ocean surfi ng to skiing 
on the slopes of the Sierras are within 
easy driving distance. 

HOW TO APPLY : You may invest igate 
these openings by sending your resume 
or Standard Form 57 (Application for 
Federal Employment) to : 
Coord inator, P rofess ional and Technical 
Recruitment (Code I 74P) 
Employment D ivision 
San Francisco Bay Naval Shipyard 
Vallejo, California 94592 

A n Equal Opportunity Employer 

ON CAREER-INQUIRY FORM CIRCLE 904 
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NASA 
Tech Briels 

FET to replace 
bulky transformer 

Problem: Design an analog-gate circuit using 
microelectronic integrated-circuit techniques to 
reduce size and weight. Conventional gate circuits 
use a heavy, bulky transformer in the drive circuit 
to isolate the gate from the fixed voltages. 

Solution: A metal-oxide semiconductor field­
effect transistor (MOS FET) analog-gate circuit, 
that adapts well to integrated circuits and pro­
vides better system isolation than a transformer. 

This analog-gate circuit consists essentially of 
the MOS FET Q1 , and a npn control transistor, 
Q2 • With Q2 in saturation, a conducting channel is 
formed from the source of Q1 to its drain and the 
analog gate conducts. With Q2 off, the potential on 
the gate of Q1 becomes greater than its source or 
drain potential and the gate is open-circuited. 

The FET provides complete isolation of the 
gate elements, resulting in zero offset voltages. 

INPUT'O-~~~~...:;V--f"" ..... ~-f~~~~~....;0£ 

l~O) 

-v 

Because the input and output signals are less than 
or equal to zero, the body of Q1 is grounded and 
the source and drain junction leakage is kept in 
the nanoampere range. Body junctions can with­
stand voltages up to 25 volts without excessive 
leakage or breakdown, thus permitting a wide 
range of input voltages. Crosstalk is minimized by 
a source-to-drain capacitance of less than 1 pF. 

This circuit should be of particular interest in 
the area of telemetry. 

For further information, contact: Technology 
Utilization Officer, Goddard Space Flight Center, 
Greenbelt, Maryland, 20771. (B65-10284). 
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COMMUNICATIONS D&D ENGINEERS 
BSEE or Physics. Several positions, from begin­
ning to senior levels, call for one to ten years' 
experience in any or a ll of the following areas: 
design of varactor multipliers up to 15Gc; 
param etric and/or tunnel diode amplifiers for 
receiver front ends; microelectronics, strip­
line t ec hniques, solid state. Your responsibili ­
ties will encompass design and development 
of communications systems involving receiv­
ers and/or transmitters at 2, 4, 8 gigacycles, 
varactor multipliers, microminiaturization of 
microcircuitry, parametric amplifiers. 

SECTION HEAD-ENGINEERING 
BS degree. Project Manager for Underwater 
Instrumentation type of program. Knowledge­
able in underwater acoustics, transducer sys­
tems. underwater arrays, underwater instru­
mentation systems (including beacon trans­
ponders , acoustic decoys), and marine hard­
ware. Projected use on complex underwater 
arrays systems for test and calibration, im­
pact location systems and underwater naviga­
tion systems. 

DIGITAL COMPUTER SPECIALIST 
BSEE-5 years ' hardware experience preferred. 
An excellent opportunity for an engineer ready 
to assume technical responsibilities in the de­
sign of a Special Purpose Airborne Computer, 
to solve navigational and coordinate transla­
tion problems. Background in design of logic 
and memory systems as well as experience in 
programming and organization essential. 

SPACE COMMUNICATIONS ENGINEERS 
BSEE or Physics, MSEE for senior posts. De­
pending upon positions sought, one to several 
years' experience in communications theory 
(solid knowledge of fundamentals), knowledge 
of communications receivers and modulation 
equipment, digital hardware, high -power trans­
mitters, antenna components . Ability to d e­
sign and build to prove your ideas very help­
ful. Responsibilities will include system ana­
lysis, design and development of communica­
tion transmitters and receivers, and system 
studies for space communication equipment 
and systems. Frequency ranges are from UHF 
through EHF. 

ELECTRONIC SWITCHING ENGINEER 
BSEE plus 5-10 years' experience in telephone 
switching systems, message switching sys­
tems, and secure communications for both 
military and commercial applications plus 
special design and development of electronic 
solid state switching equipment. Knowledge of 
and background in at least 3 of the following: 
electronic switching, logic synthesis, micro­
miniaturization, computer orientation and 
mathematics. 

TECHNICAL SPECIALIST-ACOUSTICIAN 
Familiar with problems of underwater acous­
tics, effects of environment on acoustic signal 
transmissions, knowledge of acoustic trans­
mission systems. Minimum of 3 years' experi­
ence including underwater acoustics, signal 
transmission analysis, and acoustic signal 
processing. 

SPECIALIST OR SR. PROGRAMMER 
(Bachelor's or a Master's degree in Mathemat­
ics preferred.) 

Develop programs required for computer solu­
tion and processing, prepare detailed flow 
charts. Write required and associated docu­
mentation and write appropriate machine lan­
guage or symbolic language instructions, re­
ceives instructions and explanations of the 
over-a ll programming objectives of the project 
and his assignment from his supervisor and is 
responsible for implementing programs, mak­
ing octal and symbolic corrections to the 
operational and/or applicable programs, ana­
lyzes and describes problems so that other 
personnel may locate and correct faults. He 
will work with well defined problems and con­
cepts under the guidance of Program Analyst 
and/or as directed by section supervisor. 

PROGRAMMER 
(Bachelor's degree from accredited college or 
university is preferred; however, two years of 
college and/or one year of direct applicable 
experience in programming or computer opera­
tion is acceptable.) 

Writes and/or participates in the preparation 
and debugging of machine language or sym­
bolic language instructions and works from de­
tailed flow charts and / or detailed mathemati­
cal equations under the 

guidance of Sr. Program- ITT 
mers and Program An a lysts. 
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ENGINEERS• PROGRAMMERS 

If your ideas on 
communications 
keep expanding 
beyond the boundaries 
of your present job, 

we've got space for you at the labs 

Space to develop in - as broadly as you like, and as fast 
(possibly faster). Because creating progressively more 
advanced communications systems that incorporate both 
spacecraft and ground stations is one among many 
avenues we're pursuing here in Nutley with something 
approaching proprietary success. 

Take these examples. 

We're developing all the ground-based electronics for 
COMSA T's global system's two 85' antenna stations in 
Washington and Hawaii ... also another in Spain ... plus 
two terminals for Apollo support in the Canary Islands. 
Beyond this we've completed a study program covering 
all the spacecraft communication telemetry & command 
electronics for a project of exciting magnitude - the first 
fully global and fully operational communications satel­
lite system. 

In addition, under a NASA contract, we are building a 
complete experimental prototype for a time division 
multiple access system, to optimize the traffic-handling 

For more information, forward your resume in strictest 
confidence to Mr. W. F. Bieszard , Room 368, ITT Fed· 
era I Laboratories, 500 Washington Avenue, Nutley, N. J. 

capabilities of space repeaters. No cinch technically, be­
cause absolutely precise synchronization in time is man­
datory - despite the fact that each transmission originates 
from a different point on earth and therefore has a differ­
ent and varying path length and time constant. 

If, with all this vast range of activity you were to suppose 
that you might get lost, or pigeon-holed, you'd be wrong. 
For although we have an awesomely big corporation be­
hind us, ours is a closely knit and highly individualized 
organization. The freedom you'll have to advance and be 
recognized professionally is matched only by the spaci­
ousness of the challenges you'll confront. 

So if space is what you're looking for, and if you have 
the imagination and flexibility to cope with the explosive 
demands of high level aerospace technologies, we'd like 
to know more about you. And we'd like you to know 
more about us. 

Our specific opportunities are listed to the right. Let's 
talk about one of them. 

ITT FEDERAL LABORATORIES 
An Equal Opportunity Employer 

ON CAREER-INQUIRY FORM CIRCLE 906 

ELECTRONIC DESIGN, June 21, 1966 117 



Top-For quick react ion in airborne and 
ground based electronic systems, LlV 
Electrosystems' Greenville Division is the 
experienced leader . Range instrumentation 
and tracking, ground-based satellite track· 
ing stations, command and control systems 
- all are in production or in use. 

Right-Designer and builder of the world's 
most powerful transmitting equipment , Con ­
tinental Electronics, an LlV Electrosystems 
subsidiary, was the prime contractor for the 
NATO VLF installation at Anthorn , England . 
Continental is the Free World 's most experi · 
enced organization specializing in super-power 
electronics . 

Left - Powerful, compact units such as the 
ESC-1000 Long Range Ground/Air/Ground Se­
cure Digi tal Communications System demon· 
strate only one phase of LlV Electrosystems ' 
Garland Division 's experience and capability 
in systems design . The ESC-1000 system will 
communicate up to 6000 miles in conventional 
applications and up to 12,000 miles in conjunc­
tion with a satellite. 

complete spectrum of opportunity for creative challenge 
At LTV Electrosystems, Inc., talented electronic systems 
oriented engineers know the excitement of creativity, the 
satisfaction of personal and professional advancement and 
contribution in an expanding organization, the flexibility and 
creative freedom of small product groups. Still they enjoy 
big company growth and opportunity. 

demands of today and the future. Major fields of capability 
include: space/air /ground electromagnetic reconnaissance 
and surveillance systems; command and control systems; 
high-power radar and radio; nuclear detection and surveil­
lance equipment; information processing and display sys­
tems; super power equipment; VLF transmitters; commercial 
radio transmitters; guidance systems; antennas; electronic 
warfare systems; satellite tracking systems ... and more. 

LTV Electrosystems is an organization delivering highly com­
plex new electronic systems to meet defense and space 

These vital programs offer exceptional career positions to engineers in the following disciplines: RF SYSTEMS AN·ALYSIS 
I RF CIRCUIT DESIGN / DIGITAL CIRCUITS DESIGN I DIGITAL SYSTEMS ANALYSIS / WEAPONS SYSTEMS ANALYSIS I 
GUIDANCE SYSTEMS / RADAR SYSTEMS / ANTENNA SYSTEMS DESIGN / ELECTRO-MECHANICAL PACKAGING / AIR· 
CRAFT ELECTRICAL INSTALLATION DESIGN / AIRCRAFT STRUCTURES DESIGN / MECHANICAL SYSTEMS / ELECTRO· 
OPTICS I STRESS ANALYSIS I SCIENTIFIC PROGRAMMING .. . plus others. 

For complete information about a career with LTV Electrosystems, Inc. , write: Professional Placement, Dept. 166A, P. 0 . 
Box 6118, Dallas, Texas 75222. LTV is an equal opportunity employer. 
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Products 

Epoxy encapsulation of germanium FET cuts 
cost, still ensures hermeticity. Page 120 

Display system compares 128 continuously 
changing channels simultaneously. Page 180 

Also in this section: 

Multielectrode quartz wafers provide preci­
sion filtering in micromin package. Page 174 

Varactor bridge op-amp goes to de with big Zin and low noise .... page 140 

Ambilogical multiplying element for hybrid systems .... page 178 

Photoelectric relay system detects correct frequencies .... page 183 
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SEMICONDUCTORS 

Price of germaf1ium FET falls 
below $1 with use of plastic 

Plastic encapsulation of a germa­
nium FET has slashed the volume 
price to below $1. This planar epit­
axial p-channel junction FET is de­
signed for economy applications in 
the consumer market, particularly 
in RF mixers and amplifiers. Com­
mon source maximum available gain 
(MAG) ranges from 8 dB at 500 

Transistor geometry fea t ures inter· 
digitated construction. 

120 

i\1Hz to 26 dB at 100 MHz. 
The package measures 1/ 4-in. in 

diameter in a standard T0-18 10-
pin circle configuration. The opaque 
package insures light insensitivity. 
The header is a ceramic-glass sand­
wich with a hermetic seal between 
it and the leads. The transistor is 
capable of meeting hermeticity 
standards of MIL-202C, method 
103b. Wrap-around construction 
prevents separation of the plastic 
from the header under temperature 
stress. Operating range extends to 
100° c. 

Germanium devices have higher 
room-temperature leakage current 
than silicon units. But, the high ma­
jority-carrier mobility of germani­
um improves high-frequency FET 
performance. Transconductance-to­
feedback capacitance ratio (y18 / ­

Cn.~g) is increased. Smaller parasit­
ic resistances result in higher input 
resistance at frequencies above 50 
MHz. Common-source forward 
tran sfer admittance [Re (y18)] of 

the TIXM12 is 6.5 mmho at 100 
MHz and feedback capacitance is 3 
pF. Common-source forward trans­
fer admittance varies from 1.3 to 8 
mmho as the drain current in­
creases from 0.2 to 10 mA. At an 
ambient temperature of 25 ° C, a 
drain current of - 5 mA, a drain­
to-source voltage of - 8 V and a 
frequency of 100 MHz, common­
source input admittance is 0.3 
mmho. 

Being a FET, the device features 
low cross-modulation distortion and 
low noise. Typical noise figure of 
the TIXM12 at 100 MHz is 2 dB. 

De characteristics include BV ass 
of 20 V min and loss ranging from 
5 to 25 mA. 

P&A: under $1 (over 1000) ; 
July. Texas Instruments Inc., 13500 
N. Central Expwy., Dallas. Phone: 
(214 ) 235-3111. 

Circle No. · 700 

25-W npn transistor 
priced under 40 cents 

An encapsulated plastic, npn, sili­
con mesa power transistor, the B-
5000, is priced under $0.40 in high 
volume. This low-cost transistor is 
rated at 25 W at V ce of 10 V, col­
lector current of 2.5 A and case 
temperature of 100° C. 

Collector-to-emitter voltage is 35 
V min, collector current is 3 A max 
and base current is 1 A max. 
(J ranges from 30 to 250 at 14 V and 
0.5 A. 

Leads and collector strip are 
highly conductive silver for sol­
dering ease in mounting. The unit 
is operable over a - 65 to 150° C 
range. 

P&A: $0.99 (1to99) , $0.75 (100-
999), under $0.40 (high volume ) ; 
stock. Bendix Semiconductor Div., 
South St., Holmdel, N. J. Phone: 
(201) 747-5400. 

Circle No . 701 



HIGH Q 
encapsulated 

D 

HIGH Q 
wafer 

HIGH K 
encapsulated 

Now, JFD Uniceram®Fixed Capacitors ~ome ... 
THREE ways 

High Q Uniceram High Q ceramic fixed capacitors offer 
a unique combination of small size, exceptional stability 
and a guaranteed minimum Q of 5000 ..• with up to ten 
times more capacitance per unit volume than competitive 
units ... up to .206 mfd/in3. 

offer the same outstanding electrical properties. These 
wafers are ideally suited for hybrid lntegrateq circuits , can 
be soldered directly to printed circuit boards or used as 
discrete components. 
High K. ENCAPSULATED-A High K series of Uniceram 
ceramic fixed capacitors with up to 1 mfd capacitance is 
also available. These glass encapsulated units meet appli· 
cable requirements of MIL-C-11 015C. Volumetric effi· 
ciency ... up to 48 mfd/in3. 

GLASS ENCAPSULATED-105 models, with capacitance 
values from 0.5 to 3000 pf, provide the ultimate in High 
Q, reliability and stability. All models meet applicable 
requirements of MIL·C-112728. 

WAFERS-Uniceram High Q capacitors are also available 
as unencapsulated wafers with metalized edges. 88 low· 
cost units, with capacitance values from 0.5-to 3QQ_Q_oJ, 

WAFERS-Uniceram High K capacitors will soon be avail · 
able as unencapsulated wafers, also. 
WRJT£ FO_R CATALOG UNM 65-2 

J FD ELECTRONICS 
CORPORATION 

THE;¥' AMERICA KNOWS BEST! 
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Components Division 
JFD ELECTRONICS CORPORATION, 15th Ave. at 62nd St., Brooklyn, N. Y. 11219 

Tel: 212 DE 1-1000 
JFO NORTHEASTERN, Ruth Drive, P. 0 . Box 228, Marlboro, Mass. 07152 
JFD NEW YORK-NORTHERN, Damiano Pl., P. 0 . Box 96, New Hartford, N. Y. 13503 
JFD MID-ATLANTIC, P. 0 . Box 5055, Philadelphia, Pa. 19111 · 
JFD MID-ATLANTIC-MARYLAND·, P. 0 . Box 7676, Baltimore, Md. 21207 
JFD MIDWESTERN, 6330 W. Hermione St., Chicago, Ill. 60646 . 
JFD MIDWESTERN-OHIO, P. o. Box .8086, Cincinnati, Ohio 45208 
JFD WESTERN, 9 Morlan Place. Arcadia , California 91006 
JFD ISRAEL LTD., Industrial Area B. Bldg. 23, Azor. Israel 
JFD ELECTRONICS, EUROPE SA, 7 Rue de Rocroy, Paris, 10, France 

Precision·Piston Trimmer Capacitors • Metalized Inductors • LC Tuners •Ceramic Fixed and Variable Capacitors• Fixed and Variable Distributed and Lumped Constant Delay Lines 



Click, 
whirrr 

All that moves in the world's fastest printer is a motor and a fan. 

122 

Monroe Data log'~MC 4000 ultra high 
speed optical printer offers the unique 
reliability of only two moving parts. 
But reliability is only one feature. The 

4 or 6 line code with any logic level. 
All sol id state. Cathode ray tube with 
fiber optics. Permanent copy option 
available. 

MC 4000 records 6000 lines per min- And a full year's warranty. Price: 
ute, or any speed less that your appli- $5650 for numeric model ; $5850 for 
cation requires. Truly synchronous or 
asynchronous. Available in numeric or 
alphanumeric mod e l s - bo th 32 
columns wide. 

Features: character serial input, bit 
parallel. 6 microseconds per character 
data transfer time. Exceptional com­
pac tness-10 Yi" x 10.¥4'" x 21 Yi". Any 

ON READER-SERVICE CARD CIRCLE 47 

alphanumeric model. 
For information, contact Monroe 

Datalog Division of Litton Industries, 
343 Sansome St., San Francisco 94104. 
(415) 397-2813. 

ELECTRONIC DESIGN, June 21, 1966 



Militarized 
• 

versions 
of 

MC4000 
also 

available. 

.The Monroe DATALOG MC 4000 
is available in any configuration or 
to any military specifications that 
your application requires. 

For further information, call the 
Monroe DATALOG Division of 
Litton Industries, 343 Sansome St., 
San Francisco 94104. (415) 397-2813. 

~~~~~~T~fi!o~~<?i2 rn 
ON READER-SERVICE CARD CIRCLE 48 

E:LECTRONIC DESIGN, June 21, 196ti 

SEMICONDUCTORS 

Contact protector 

Tuning varactors 

T0-18 silicon photodiode 

Sil icon rectifiers 

I' 
~·~ 

Connected across an inductive 
circuit element, series R selenium 
contact protectors suppress voltage 
surges from switching and offer 
protection against arcing. The de­
vices can handle coil voltages from 
26 to 250 V and currents from 150 
mA to 1.2 A. The protectors are 
suitable for ac and de applications 
and custom epoxy packages and 
spring clips are available. 

Eda! Industries Inc., 4 Short 
Beach Rd., East Haven, Conn. 
Phone: (203) 467-2591. 

Circle No. 702 

Two si licon planar epitaxial tun­
ing varactors for vhf and uhf use are 
encased in a coaxial or T0-7 pack­
age. Any capacitance value from 
6 to 25 pF for type MC301 and 26 to 
47 pF for MC302 may be specified. 
Both have a PIV of 40 V and an op­
erating range of -65 to + 175 ° C. 
They dissipate 500 mW derating at 
1.67 mW/°C from 25 ° C. 

P &A : $5 ea. ( 1000 lots) ; stock to 
30 days. Fairchild Semiconductor, 
313 Fairchild Dr., Mountain View, 
Calif. Phone: ( 415) 962-2530. 

Circle No. 703 

A silicon photodiode in a T0-18 
package is designed to operate with 
bias conditions required by low cost 
silicon transistors. Typical reverse 
dark current at 55 ° C with - 1.0 Vis 
0.4 µ.A. Typical short circuit current 
output at 500 foot candles is 180 µ.A. 
Spectral response peak is at 0.85 
microns and speed of response is 1 
µ.s. 

Price: $2.25 ( 100 lots ) . National 
Semiconductors Ltd., 2150 Ward 
St., Montreal, Canada. Phone: 
(514) 744-5507. 

Circle No. 704 

Types 1N645 through 1N649 
miniature glass rectifiers are pack­
aged in a T0-7 case. At 25 ° C, peak 
reverse voltage ranges from - 225 
V for 1N645 to -600 V for 1N649. 
Minimum reverse breakdown volt­
age at - 100 µ.A is available from 
275 V to 720 V. Average rectified 
current at 150° C is 150 mA and 
max reverse current is available 
from -15 µ.A to -25 µ.A at 150° C. 

Nucleonic Products Co. Inc., 
3133 E. 12th St., Los Angeles. 
Phone: (213) 268-3464. 

Circle No. 705 
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DOW CORNING 

Before you freeze 
that new design ... 

check with us 
If today's electronic know-how had been available to 
designers fifty years ago, would the phonograph 
have looked like this? 

No! 

If tomorrow's know-how were available to you 
right now, would it affect your next product design? 

At Dow Corning it is ... and it can! 

Dow Corning, the acknowledged leader in silicone 
research and development for over twenty years, has a 
history of produdng materials to meet unheard of 
performance requirements ... and materials is our 
only business. 

More often than not, the suggestions of our Electronic 
Products Development Laboratory will spark 
new concepts, new versatility and capabilities for your 
product ... if you include us in the early stages of your 
design thinking. 

We manufacture high-performance, premium-quality 
encapsulating rubbers, rigid molding compounds, 
flexible casting resins and grease-like compounds which 
meet the most stringent requirements of the 
electronic industry. 

Our Electronic Products Laboratory offers prompt 
technical assistance in solving your specific .problem. 
Write Dept. 3506, Electronic Materials Department, 
Dow Corning Corporation, Midland, Michigan 48640. 
Or phone (517) 636-8940 for more information and the 
name of the Dow Corning representative in your area. 

Dow Corning® 3110 RTV encapsulant 
can be readily color coded by mixing in 
master batch pigments. It is a low viscos­
ity, deep section curing compound that 
cures at room temperature and is designed 
for potting, encapsulating and embedding 
of electronic circuit and components. It 
flows readily into place and cures to form 
a tough, resilient solid. (Circle No. 851) 

Ready-to-use silicone adhesive 
encapsulates, seals, bonds. Silastic® 732 
RTV rubber is a tough, squeeze-on ad­
hesive/sealant that bonds metal , glass, 
plastics, rubber and most other materials. 
It cures at room temperature in 24 hours 
to a solid rubber ... stays flexible from 
-85 to 500 F. Also recommended as 
adhesive for Silastic® brand heat shrink­
able tubing. (Circle No. 852) 

Shrinkable silicone rubber tubing 
can be the answer where wiring harness 
and electronic devices or components must 
be protected. Silastic® brand heat shrink­
able tubing simplifies processing-reduces 
cost-where quick, easy fabrication of a 
close-fitting insulating covering for splices, 
leads, or components is required. Shrinks 
to 'h dia. when heated to 300 F or higher 
. . . in length less than 5%. (Circle No. 853) 

We're a materials producer exclusively. Let us tailor a material to your need. 

ELECTRONIC DESIGN, June 21, 1966 

Speed Inquiry to Advertiser via Collect Night Letter 
ON READER-SERVICE CARD CIRCLE 851, 852 , 853 
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There's a new Amperex cathode in a ne~ 
Amperex tube, which was specifically de-, 
signed to handle variations in power supply 
voltage. 

At its high end, this revolutionary, wide­
range cathode is immune to high tempera­
tures, and hence, to sublimation; at its low 
end, it insures adequate talk-power for any 
emergency! 

Now, whether the battery delivers as little 
as ten volts or as much as sixteen-(all other 
parameters constant) the end result is the 
same-never less than 90% of full talk­
power and no danger of damage to the tube! 

The new cathode is being made available 
for the first time with the introduction of a 
new Amperex twin tetrode, the 8643, fore­
runner of a family of wide-range cathode 
tubes for mobile equipment. 

The 8643 was designed for use as an RF 

SEMICONDUCTORS 

Glass diode pellets 

power amplifier, oscillator and frequency Power transistors 
multiplier up to l 75Mc. It is rated for Push­
To-Talk Service, capable of producing 135 
watts from less than 4 watts drive as a 
l 75Mc amplifier under PTTS conditions. 

POWER PERFORMANCE vs. CATHODE VOLTAGE 
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FILAMENT VOLTAGE - VOLTS 

PUSH-PULL FM AMPLIFIER 
(HEAT SINK OPERATION) 

ICAS (175Mc) PTTS*(175Mc) 

Plate Voltage (Volts) . . . . • . . 750 . . . . • . • • 750 
DC Plate Current (ma) . . . . . . 240. . • . . • • • 264 
Drive Power (Watts). . . . . . . . 3.5. . . • . • . • 4.0 
Useful Power Output (Watts) .123.0 . . . •. .. • 135.0 

*PUSH·TO·TALK SERVICE, MAX. DUTY CYCLE 1 M IN , ON, 4 MINS . OFF'. 

For data on the 8643 and other Amperex 
twin tetrodes for mobile communications, 
write: Amperex Electronic Corporation, Tube 
Division, Hicksville, L. I., New York 11802. 

A1T1pere:. 
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MIL-S-19500 passivated o:xide 
glass sealed silicon diode pellets are 
typically 0.05-in. diameter by 0.02-
in . thick. Terminations 3:re high­
temperature solder tabs. With pow, 
er heat sinking, the units dissipate 
1 W min. 

The whiskerless diodes are avail­
able as general purpose diodes, logi'c 
switches, core drivers, core dr"iver 
matrix assemblies and zeners. 

MicroSemiconductor Corp., 11~50 
Playa Ct., Culver City, Calif. 
Phone: (213 ) 391-827l. 

Circle No. 706 

Types 1N5139 to 48 and 1N5139-
A to 48A voltage-variable capaci­
tance diodes are designed fpr RF 
tuning in the vhf band and above. 
Reverse leakage current is 20 nA 
max. Minimum Q is 200 to 350 at 50 
MHz and 4 V de bias. Tuning ratio 
is typically 2.9 to 3.4. The "Epi­
caps" are available in ten types 
with capacitances of 6.8 to 47 pF at 
4 V. Tolerances are 5 and 10% . 

Price: $3.90 to $4.30 (over 100) . 
Motorola, P. 0 . Box 955, Phoenix. 
Phone: ( 602) 273-6900. 

Circle No. 707 

Series MHT 7901 through 7904 
transistors are 10-A planar npn de­
vices featuring sustaining voltages 
from 200 to 300 V. The tninsistors 
are offered in a T0-66 package with 
a power rating of 25 W at l00°C 
case temperature. I080 is 1 µ.A max, 
V CE / SA T is 0.5 V max at 5 A and 
h FE is 50 MHz. 

Solitron Devices Inc., 1177 Blue 
Heron Blvd., Riviera Beach, Fla. 
Phone : ( 305) 848-4311. 

Circle No. 708 

Fast switching microwave silicon 
diodes are designed for low loss . 
switch applications at frequencies 
up to and including Ku banq. Model 
MO 2800A of the 2800 series fea­
tures a fprward switching time of 
1.0 ns max, total capacitance of 0.1 
pF max, voltage breakdown of 80 V 
min and dynamic forward imped­
ance of 3 n max. 

Alpha Industries Inc., 381 Elliott 
St., Newton Upper Falls, Mass. 
Phone: ( 617 ) 969-6480. 

Circle No . 709 
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SEMICONDUCTORS 

GaAs light transmitter 
A vhf visible-light transmitter 

can be driven up to 165 MHz and 
pulsed with turn-on and turn-off 
times of 10 ns. Minimum brightness 
is 50 foot-lamberts and spectral line 
width is 400 A between 6000 and 
7000 A. Power requirement of mod­
el A950 is 150 mA at 1.65 V . . Ap­
plications include optical transmis­
sion of vhf sinusoidal and pulsed 
signals, circuit isolation and light 
strobe. Both male and female ENC 
connectors are supplied. 

P&A: $55; stock to 10 days. Som­
erset Radiation Lab. foe., P. 0. Box 
201, Edison, Pa. Phone: (215 ) 348-
88 3. 

Circle No. 710 

Thyristor SCR 
Type 254 thyristor si li con-con­

trolled rectifier is rated at 70 A 
half-wave average (110 A rms) at 
50 to 1300 V. This JEDEC-regis­
tered device is designed for cycling 
loads such as inverters, motor con­
trols and primary-controlled power 
systems. The SCR has a 1600-A 
surge rating. 

P&A: $15.10 to $248 (1 to 100) ; 
stock. Westinghouse, Youngwood, 
Pa. Phone : ( 412 ) 925-7272. 

Circle No. 7V 
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Diodes 
Glass-passivated si licon mesa de­

vices are packaged in double-plug 
cases, 0.22-in. long, 0.085-in. in 
diameter with 0.02-in. lead diamet­
ers. Power dissipation up to 200 mW 
at 25 ° C can be tolerated. These 
whiskerless diodes have been desig­
nated IN456-IN459, IN461-IN464, 
and IN482-IN-485. 

Price: $0.35 to 0.85, ( 1 to 99), 
$0.28 to $0.60 (100 to 999) Texas 
Instruments, 13500 N. Central 
Expwy., Dallas. Phone: (214) 235-
3111. 

Circle No. 712 

FET op-~mp 
Series KM40 FET operational 

amplifiers feature input impedances 
up to lOH n. Current offset is less 
than 10 pA and voltage offset drift 
is 3 µ. V ;oc. All units are avai lable 
with integral power supply. 

P&A: from $50, stock to 2 wks. 
K&M Electronics Corp., 102 Hobart 
St., Hackensack, N. J. Phone: (201) 
343-4518. 

Circle No. 713 

High-gain transistors 
Two new silicon planar epitaxial 

transistors, the A467 and A4 73, to­
gether make possible an unneutral­
ized, 3-stage TV IF amplifier with 
an over-all minimum gain of 90 dB . 
This circuit capability is due to the 
feedback capacitances of 150 mpF 
and 220 mpF respectively. Cut-off 
frequencies are 350 and 400 MHz 
and breakdown voltages are 30 and 
35 V. Both types are mounted in a 
standard T0-18 can. 

Amperex Electronics Corp., Sla­
tersville, R. I. Phone: (401) 762-
9000. 

CirclP No. 714 

• 
Bridge rectifier 

A miniature single-phase bridge 
si licon rectifier contains doub le­
diffused passivated controlled av­
alanche junctions in a cold case de­
sign . Silver leads are available 
straight for plug-in or bent for ter­
minal strip mounting. The rectifiers 
are available with a current of 2 A 
from 50 to 1200 V PIV. 

Eda! Industries Inc., 4 Short 
Beach Rd., East Haven, Conn. 
Phone: (203) 467-2591. 

Circle No . 715 

Uhf noise diode 
Constructed to match the imped­

ance of a 50-n coax line, the TT-1 
diode is for use as a hf and uhf 
noise source. Noise output is a di­
rect function of anode current. 
Coax construction permits use with 
tuned or untunerl circuits. Maxi­
mum anode voltage and current rat­
ings are 300 Vdc and 100 mA. Fila­
ment ratings are 3.2 Vac or de and 
2.5 mA. Anode dissipation is 30 W 
max. Frequency range extends to 3 
GHz max and dynamic impedance is 
16 kn min. 

Signalite Inc., 1933 Heck Ave., 
Neptune, N. J. Phone: (201) 775-
2490. 

Circle No. 716 
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(Dais is competitive ... and a bsttsr buy bssidss J 
Price should be the least of your worries. Right 
now, several metal film manufacturers (including 
Dale) are offering MIL-R-10509 RN parts in a price 
range which is more competitive than ever before. 

But price doesn't equalize quality. Neither does 
it assure you of the delivery you need. Or the part­
to-part homogeneity that can turn fl. good price into 
an outstanding one because of the overall savings 
it makes possible. 
You can get these quality, delivery and homo­
geneity assurances-at a competitive price-by 
dealing with Dale. Continued expansion utilizing 
the most advanced automated equipment plus long-

established systems of value analysis enable us to 
be fiercely competitive - without sacrificing quality 
standards. Standards which enable Dale MF, MFF 
and MFH resistors to go beyond the Mil. Spec. in 
meeting your needs. 
Don't be bashful about asking us to prove all this. 
We're continually developing good metal film cus­
tomers who, at first, were surprised to find we were 
in the business. As a matter of fact, we'll be pleased 
to show you that there's still a lot more to a metal 
film resistor than price. To see what we mean, just 
take a look on the back of this page. 

DALE ELECTRONICS, INC. 

For more information circle No. 150. 

1336 28th Avenue, Columbus, Nebraska 

Turn page for METAL FILM CHECK LIST~ 



NEW HOUSED D SERIES opens new design 

areas for use of precision power metal film resistors 

'/ 
. 

Dale's new D Series are the industry's first 
housed power film resistors. They combine 
a heat sink housing already proven by 
Dale Wirewounds, with a precision power 
metal film element. The result: 

FILM RESISTOR POWER/SIZE COMPARISON 

1. As FILM RESISTORS, Dale's D Series 
offer power/size ratio unmatched by con­
ventional parts (see chart). 
2. As HOUSED RESISTORS, Dale's D 
Series offer higher maximum resistance 
values and low reactance at high fre­
quencies. 

We'll send you complete details on this 
amazing design flexibility. 

D SERIES SPECIFICATIONS 

CHARACTERISTIC 

SIZE 

Power Rating 

Volume 

Power Density (25° Cl 

Power Density (125° CJ 

Life Stability {Typical) * 

Temp. Coefficient 

Max. Operating Temp. 

0 SERIES 

tw J L --j32 

J©L-=CJ; 
::i: 

05 010 015 
.334 w .420W .550 w 

X .600 L X .750 L X 1.062 L 

4 Watts 8 Watts 12 Watts 

0.064 in .3 0.123 in.3 0.320 in.3 

62.0 w/in.3 65.0 w/in.3 37.5 w/in.3 

20.4 w/in.3 21.4 w/in.3 12.4 w/in.3 

.1% .1% .1% 

25 or 50 ppm!° C 

175° c 175° c 175° c 

2-WATT 5-WATT 4-WATT 
METAL FILM CARBON FILM TIN OXIDE 

0 t7/16j 

0 tj 
2·1/16--J r-- 4 j-2·1/16-1 

DD DO DD 
2 Watts 5 Watts 4 Watts 

0.242 in.3 0.600 in.3 0.145 in.3 

8.3 w/in.3 8.3 w/in .3 27.6 w/in.3 

8.3 w/in.3 2.1 w/in.3 13.8 w/in.3 

0.5% 0.5% 3% 

50J>Pmi° C 500 ppm/0 c 300 ppm!° C 

175° c 1500 c 2000 c • Resistance Range: 50 n to 2 Megohms 
(05), 300 to 2 Megohms (010), 50n 
to 2.6 Megohms (015) *Maximum resistance shift in 1000 hours of operation at rated power. 

• Tolerance: ±0.l %, 0.25%, 0.5%, 1 % and 2% 
• Power Rating: 05 4 watts, 010 8 watts (mounted 

on 4 "x6"x.040" aluminum chassis) 015 12 watts 
(mounted on 5 "x7"x.040" aluminum chassis). 

• Maximum Working Voltage: 500 
(05), 600 (010), 700 (015) 

• Construction: Aluminum screw-mount 
radiator housing with resistance 
element molded inside for complete 
environmental protection. Meets all 
applicable requirements of MIL-R-
18546C and MIL-R-10509E. 

• Dielectric Strength: 1000 VAC on 

• Temperature Coefficient: ±25 and ±50 ppm/°C 
(- 55°C to + l 75°C). Higher T.C.'s on request. 

05, 1500 VAC on 010 
and 2000 VAC on 015 

When specifying metal film 
resistors look for these features 
at a competitive price--

DALE has them! 

LOW NOISE CONSTRUCTION Dale max­
imum for standard resistance range is 0.10 
micro-volt per volt over a decade of frequency, 
with low and intermediate values below 0.05 
micro-volt per volt. Dale uses a unique pro­
duction method in which a terminating band 
of low-resistance metal alloy is deposited in 
the same vacuum as the metal film element. This results in a uni­
form, OXIDE-FREE, low noise contact area between film, band and 
press-fit cap. 

CONTROLLED TEMPERATURE COEFFICIENT Available in 
11 standard T.C. Codes from 0±150 ppm!°C to 0±25 ppm!°C. Close 
T.C. matching between pairs or sets is also available. 

GOOD H.F. CHARACTERISTICS Low reactance is standard 
and results in excellent stability at high frequencies. For extremely 
critical applications above 100 megacycles, non-helixed or laterally­
adjusted units can be supplied. 

SPECIAL CAPABILITIES At your request, Dale can readily 
supply: • Special terminals in any commercial material. • Special 
pre-conditioning (power aging, temperature cycling, etc.). • Close 
tolerance matching in pairs or sets. • Resistor networks packaged 
in various configurations and encapsulants. 

MAXIMUM FLEXIBILITY IN ENVIRONMENTAL PROTEC­
TION Three types of specially-developed protective coatings are 
offered to give maximum flexibility of choice: MFF epoxy coated. 
Meets electrical and environmental requirements of Char. B, C, D, 
E; MIL-R-10509E, but is dimensionally smaller. MFH hermetically 
sealed in ceramic tube. Meets requirement G; MIL-R-10509E. MF 
transfer molded in epoxy. Meets all requirements of Char. B, C, D, 
E, F; MIL-R-10509E. 

MFF Epoxy coated. 

MFH Hermetically sealed in ceramic tube. 

MF Transfer molded in epoxy. 

GENERAL SPECIFICATIONS-TYPE MF MIL·R-10509E 

MIL 125° c RESISTANCE DIMENSIONS 
TYPE RATING RANGE {L.xO.) 

RN-50 1/20 watt 10 ohms .140x.065 
tolOOK ohms 

MF-1/10 RN-55 1/10 watt 10 ohms .250x.093 
to 200K ohms 

MF-1/8 RN-60 1/8 watt 10 ohms .406x.140 
to 1 Me ohm 

MF-1/4 RN-65 1/4 watt 10 ohms .593x.203 
to 2 Megohms 

MFS-1/2 RN-70 1/2 watt 10 ohms .750x.250 
to 2 Me ohms 

MF-1 RN-75 1 watt 10 ohms l.093x.375 
to 4 Me ohms 

MF-2 NA 2 watts 100 ohms 2.188x.375 
to 10 Megohms 

*Tolerance: ± 1 % standard; ± .5%, ±.25%, ±-1 % available. 

ENVIRONMENTAL SPECIFICATIONS 

APPLICABLE 
Dale MF resistors are manu- CHAR. OF 
factured to the environmen- l-----.!~~~--+-.Jn1.1.:n:..u1~il.IL..~ 
tal specifications of MIL-R- T-l 
10509E. Characteristics D, C 1--'--' ......... ~--'--"'-'-"''-'L-><L--f----"'-----1 

or E apply depending on T.C. 
Code specified at pure hase. T-9 (25 P.P.M ./°C) E 

*Specifications for MFF and MFH are similar, but vary dimensionally. 

WRITE FOR CATALOG A-giving comprehensive information 
on Dale's complete Film and Wirewound Resistor line. 



TEST EQUIPMENT 

Field cable tester 

• •• 

Charge amplifier 

Dual waveform generator 

Deflection amplifier 

~ ON READER-SERVICE CARD CIRCLE 150 

Automatic field tests to NASA 
specs are made with QC 275 cable 
tester. Resistance testing is per­
formed with simulated load cur­
rents from 40 mA to 1 A. Leakage 
resistance is measurable to 5000 Mn 
with go no-go settings at 50, 100, 
150 and 200 Mn. Total capacity is 
75 circuits with adjustable dwell 
time from 0.5 to 15 s. 

P&A: $12,040; 4 wks. Automa­
tion Dynamics Corp., Industrial 
Pkwy., Northvale, N. J. Phone: 
(201) 768-9200. 

Circle No. 319 

Model 624 A peak holding charge 
amplifier with 10-turn potentiomet­
er and 7-step range switch accepts 
inputs from 50 to 1000 pC. A con­
tinuously adjustable automatic re­
set has periods ranging from 10 to 
30 s. Input impedance is 1014 n for 
calibration and 1011 n in operation. 
Sensitivity can be adjusted from 0.1 
to 100 m V / psi, G or lb. 

P&A: $995; stock. Sensonics 
Inc., P. 0. Box 395, Falls Church, 
Va. Phone: ( 703) 534-7800. 

Circle No. 320 

Sine and square wave signals 
from 20 Hz to 200 kHz are generat­
ed by model 636. For the sine wave 
output, frequency response is flat 
within ± 1.5 dB with accuracy of 
± 5% and distortion of less than 
0.25 % . Output is 0 to 10 V rms 
across a 600 n load. For the square 
wave output, rise time is 0.15 µ.s. 
Output is 0 to 10 V p-p into 600 n 
load. 

Designatronics Inc., 76 E. Second 
St., Mineola, N. Y. Phone: ( 516) 
741-7070. 

Circle No. 321 

This deflection amplifier is a ±40 
V driver with regulated power sup­
plies and safety current limiting. 
The all-silicon unit provides a 12-A 
change in less than 9 µ.s with a lin­
earity of 0.02 % . Requiring 115 Vac, 
the amplifier handles from de to 
pulses. This unit is compatible with 
single-ended yokes and needs no 
synthesizing networks. 

Constantine Engineering Labs. 
Co., 70 Constantine Dr., Mahwah, 
N. J. Phone: (201) 327-1123. 

Circle No. 322 

Sweep/ offset plug-in 
Model 3304A sweep/ offset plug-in 

internally sweeps the manufac­
turer's 3300A function generator 
over any decade of its range at 
rates from 0.01 Hz to 100 kHz. The 
plug-in also produces outputs which 
are de-offset up to ±16 V. 

The sweep bandwidth can be ad­
justed at any value up to a decade. 
The sweeping voltage is available at 
an external output to drive an X-Y 
recorder or a scope. The 3304A also 
provides sawtooth waves with inde­
pendent frequency control. Two 
channels deliver a choice of sine, 
square, or triangular waves. 

P&A: $210; 6 to 8 wks. Hewlett 
Packard, 1501 Page Mill Rd., Palo 
Alto, Calif. Phone: ( 415) 326-7000. 

Circle No. 323 

Semiconductor analyzer 
A portable battery-powered semi­

conductor analyzer is designed for 
testing transistors, · diodes and low 
power SCRs. The unit tests semi­
conductor junctions for low or high 
impedance and leakage and deter­
mines the de current gain of tran­
sistors and the gating function of 
SCRs. In-circuit shorts and de cur­
rent gain may be measured without 
disconnecting circuit leads. 

Short or low impedance junctions 
and open or high impedance junc­
tions for diodes and transistors are 
tested on a go no-go basis. Reverse 
bias leakage is measurable for se­
lectable junction voltages to 30 
volts. Diode forward and reverse 
current characteristics for voltages 
to 30 volts may be analyzed. Shorts 
are located with in-circuit imped­
ances as low as 3 n. De current gain 
scale for npn or pnp transistors ex­
tends to 300. The 5-lb unit uses 1.5-
V "D" cells. 

Dahlberg Electronics Inc., Golden 
Valley, Minneapolis, Minn. Phone: 
( 612) 545-3722. 

Circle No. 324 
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TEST EQUIPMENT 

Resistance bridge 
Fixed film or hybrid microcircuit 

resistors may be continuously moni­
tored as they are adjusted to final 
value. This resistance trimming 
bridge automatically halts the trim­
ming process at the programed 
"stop" value and performs a high­
low-accept check. Typical trimming 
and testing speed is 1 resistor per 
second. Final values are selectable 
from 10 n to 10 Mn and tolerances 
may be programed individually 
from 0 to 11 % in 0.1 % increments. 
Over-all accuracy is 0.05 % . 

Boonton Electronics Corp., Rte. 
287 & Smith, Parsippany, N. J. 
Phone: (201 ) 887-5110. 

Circle No. 325 

Power pulse generator 
PM 1355-R power pulser, in con­

junction with an existing de supply, 
superimposes a pulse onto the lines. 
Load capability is 100 A max and 
amplitude is 44 ± 6 V. Frequency is 
1 to 10 Hz and pulse width is 7 .5 ± 
2.5 µ.s. Rise time is 1 µ.s max and fall 
time is 2 µ.s max. 

Pioneer Magnetics Inc., 1745 
Berkeley St., Santa Monica, Calif. 
Phone: (213 ) 393-0136. 

Circle No. 326 
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Gate generator 

De amplifier 

Capacitance bridge 

IC tester 

The GG200 gate generator has 6 
outputs including system logic and 
gate signals and their complements. 
Delayed positive and negative trig­
ger signals at the end of each cycle 
permit use as a delay generator. 
Gating time range is 100 ns to 11 s 
in 8 overlapping ranges. The cycle 
may be started and stopped by ± 5-
to ± 50-V pulses as well as logic 
signals. All outputs drive 50-n 
loads. 

EG&G, Inc., 35 Congress St. , Sa­
lem, Mass. Phone: ( 617 ) 7 45-3200. 

Circle No. 327 

An all-silicon solid state differen­
tial de amplifier features ± 300 V 
common-mode voltage capability 
and gains from 1 to 2500, with 100 
Mn input impedance. Output is 
± 10 V- at ± 100 mA. Common 
mode rejection is 160 dB at de. 
Switch-selected bandwidth filters 
have standard values of 10 kHz, 
1 kHz, 100 Hz and 10 Hz. Settling 
time is 100 ms max. 

P&A: $745; stock to 45 days. 
California Instruments Corp., 3511 
Midway Dr., San Diego, Calif. 
Phone: (741) 224-3241. 

Circle No. 328 

This capacitance bridge has a 
range of 1 pF to 1.1 farads and in­
corporates a 120-Hz generator, de­
tector and adjustable de polarizing 
supply. Three-, four- and five-termi­
nal measurements can be made with 
the type 1617-A bridge. The built-in 
bias supply has six ranges to 600 V. 
External bias up to 800 V can be 
applied. The bridge measures dissi­
pation factors up to 10. 

Price: $1195. General Radio Co., 
West Concord, Mass. Phone: (617 ) 
369-4400. 

Circle No. 329 

A portable test console measures 
electrical characteristics of all 1- to 
14-lead ICs. The unit contains 6 
power supplies, four of which are 
individually front-panel adjusted 
over 0 to ± 15 V. Readout is on the 
front panel meter or on an external 
DVM. Accuracy is 1 % full-scale 
with panel meter, and 0.1 % with a 
DVM. Voltages to 30 V and cur­
rents of 1 nA can . be measured. 

P&A: $995; stock to 3 wks. Con­
tinental Device Corp., Hawthorne, 
Calif. Phone: (213 ) 772-4551. 

Circle No. 330 
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Pulse generator 
Model lOlOB programed current 

pulse generator provides 1-A cur­
rent pulses with rise times to 10 ns. 
The unit delivers a serial/parallel 
train up to 16 steps with a clock 
rate to 5 MHz. It contains a pro­
gram generator, up to 6 current 
drivers, and a power supply. Either 
polarity with any sync pulse or step 
repeat function on any step may be 
programed. 

RFS Engineering Co., 2nd & 
Westmoreland Sts., Philadelphia. 
Phone: (215) 425-6909. 

Circle No . 331 

Pre-set digital clock 
Model PC-16 miniature digital 

clock system uses ICs and features 
dual pre-set knobs for variable time 
schedule adjustments. Six internal 
fixed time schedules are also avail­
able. Display configurations include 
seconds, minutes and 12 or 24 hours. 
BCD or 10-line decimal outputs are 
available. Bench-top or rack mount 
models are offered. 

P&A: $595; 4 wks. United Com­
puter Co., Palo Verde Industrial 
Pk., 930 W. 23rd St., Tempe, Ariz. 
Phone: (602) 967-3131. 

Circle No . 332 
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Ballantine High Voltage AC/DC Calibrator 
Model 421A 

Price: $650 

NEW! 
Accurately Calibrates to 0.15% 
Vm's, 'Scopes, Recorders ... 
Ballantine's new Model 421A is an accurate source of de or ac voltage that 
can be set precisely to any value desired up to 111 volts on de or up to 1110 
volts on ac. It's small, rugged, portable ... enabling ynu to check with ease 
a wide range of instruments without loss of down time. You'll find it useful, 
too, as an accurate, stable source for measurements of gain or loss, and as a 
stable source for bridges or strain gauges. 

The selected voltage is indicated digitally to four significant figures on each 
of six decade ranges. The voltage indicated may be de, or it may be ac at 
400 Hz or 1000 Hz, RMS or,Peak-to-Peak. 

Note, for example, the settings in the photo - 42.35 volts RMS at 1000 Hz 
output. And with an accuracy that you can be sure is better than 0.15 % . The 
receptacle on the lower right of the instrument is for high voltage outputs 
from 100 volts to 1110 volts at 400 Hz, RMS or Peak-to-Peak. 

The new instrument also features a connection for an optional Model 
2421 Error Computer that enables you to read calibration errors directly 
in percentages, speeding up your calibrations considerably. 

· In addition to its greater voltage range on ac, the Model 421A has a 
lower source impedance on ac than the Model 421 it replaces. Line 
voltage effects on the instrument are negligible. A ± Io%· line voltage 
change, for instance, causes less than a 0.05 % change in out­
put voltage. 

f ~ w=~~~:~;;,~;":~~-~:ATORIES INC. 
Boonton, New Jersey 

CHECK WITH BALLANTINE FIRST FOR DC ANO AC ELECTRONIC VOLTMETERS/AMMETERS /OHMMETERS, REGARDLESS OF YOUR RE· 
QUIREMENTS. WE HAVE A LARGE LINE, WITH ADDITIONS EACH YEAR . ALSO AC / DC LINEAR CONVERTERS, AC / DC CALIBRATORS, WIDE 
BAND AMPLIFIERS, OIRECT·REAOING CAPACITANCE METERS, AND A LINE OF LABORATORY VOLTAGE STANDARDS FOR O TO 1.000 MHz. 

Speed Inquiry to Advertiser vio Collect Night Letter 

ON READER-SERVICE CARD CIRCLE 55 
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ANOTHER FABRICATING SERVICE FROM 11 
PROTECT YOUR 

INSTRUMENTS WITH 
AMALCO ALUMINUM 

CARRYING CASES · 

Amalea aluminum carrying cases are perfect for carry­
ing instruments safely. Tightly sealed to prevent dust, 
sprays and dirt to enter, these cases are ruggedly con­
structed to sustain unusual abuse. The Amalea carrying 
cases come in eight economical sizes and can be mod­
ified to suit your specific needs. 
Write for descriptive literature and specifications on the 
Amalea Aluminum Carrying Cases. 

OTHER PRODUCTS & SERVICES OF AMERICAN ALUMINUM 

SPECIALISTS IN CONTRACT MANUFACTURING OF ALUMINUM 

COMPLETE FABRICATING FACILITIES FOR DEEP DRAWING, 
HEAT TREATING, SPINNINGS, ASSEMBLY , SHEET METAL, 

STAMPINGS, ANODIZING, WELDING, FINISHING. 

Sencl for brochure "Aluminum Fabricating For lnclustry" 

AMERICAN ALUMINUM COMPANY 
Manufacturers of Aluminum Products 

for Industry since 1910 

230 Sheffield St. • Mountainside, N. J. • 201-233·3500 

ON READER-SERVICE CARD CIRCLE 50 

TEST EQUIPMENT 

Differential amplifier 
The manufacturer's 530, 540, 550 

and 580 scopes will accept the 1A6 
plug-in differential amplifier. A con­
stant de to 2 MHz bandwidth and 
calibrated deflection factor from 1 
mV / cm to 50 V / cm are featured. 

Output is the instantaneous differ­
ence between signals applied to the 
+ and - inputs. Common-mode re­
jection ratios of 10,000 :1 from de to 
100 kHz (1 mV / cm to 50 mV / cm), 
and 1000:1 (0.1 V / cm to 50 V / cm) 
allow cancellation of unwanted sig­
nals. Dual inputs allow floating-in­
put measurements between above­
ground points. A single control se­
lects the deflection factor and indi­
cates the allowable common-mode 
signal range from ± 15 to ± 500 V 
(combined de and peak ac ) . 

P&A: $230 ; July. Tektronix Inc., 
P.O. Box 500, Beaverton, Oregon. 
Phone: (503) 644-0161. 

Circle No. 333 

High-range wattmeter 
Single- and poly-phase power lev­

els from 1.5 to 50 kW without ex­
ternal current transformers may be 
measured with this wattmeter. Cur­
rent ranges are 0 to 10/ 20/ 50/ 100 A 
rms. A 0- to 50-mVdc output sig­
nal, proportional to kilowatts, is 
available on each power range. Ac­
curacy of this analog signal is 
±0.5% full scale. Over-all meter ac­
curacy is ± 1 % of full scale. The 
portable wattmeter requires no ex­
ternal power source. 

P&A : $890; stock to 4 wks. Scien­
tific Columbus Inc., 1035 W. Third 
Ave., Columbus, Ohio. Phone: ( 614) 
291-4681. 

Circle No. 334 
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Five-way termination choice 
Choose our A-MP* Printed Circuit Connectors 
for their superior performance features. Then, 
use any one of five ways to terminate the circuit 
contacts. 
You can crimp and snap-in contact and conductor 
. .. loading only those positions you need. 

Solder them . 
Weld, if you like. 
Wrap, if that 's the way you've always done it. 
And finally, a new way-clip-on terminations! This 
is done with our TERMl -POINT* point-to-point 
wiring devices, which make a reliable , gas-tight 
connection by merely pushing a spring-clip and 
wire onto the contact post. You can use any one 
of a variety of wires-stranded , solid , tinsel, 
enamel and printed .. . TERMl-POINT devices 
accept all of them. 

No matter which method you choose, you get all 
these important advantages in our one-piece 
printed circuit connector: 

finest quality-controlled construction 

gold over nickel plated contacts to prevent 
oxide creep 
precisely controlled contact pressures for 
longer contact life and less wear on circuit 
paths 
alpha-numerical coded housings 
available in 8, 15, 22, 30 and 32 positions 

Write today for the full story on the big choice in 
printed circuit connectors. You ' ll get complete 
information on printed circuit connectors 
with crimp type contacts or with special post 
and tab adaptations-plus details on our new 
TERMl -POINT terminals and tools . 

• Trad omuk of AMP INCORPORATED 

ANI 
INCORPORATED 
Harrisburg, Pennsylvania 

A-MP• products and en1ineerina assista nce are ava ilabl e throuah subsidiary companies in: 
Australia · Canada · Enaland · France · Ho lland · llaly · Japan · Mexico · Spain • West Germany 

Speed Inquiry to Advertiser via Collect Night Letter 
ON READER-SERVICE CARD CIRCLE 51 
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Just 16 oz. 
and 

humidity proof 
shock proof 

acceleration proof 
temperature proof 

noise proof 
storage proof ... 

that's the miniature 
AGASTAT® 
time I delay I relay 

All these proofs (meeting Mil 
specs) mean miniature AGASTAT 
pneumatic time/ delay/ relays re­
main accurate under the most 
rugged operating conditions. 

Environmental hazards can't 
foul these AGASTAT timers, be­
cause they're hermetically sealed. 

Tight squeezes don't cramp 
AGASTAT timers-they measure 
only 1¥2'' square by about 5" long, 
weigh only 16 ozs. 

Voltage changes, temperature 
changes or transients can't fool 
them-their timing action is pneu­
matically controlled. (Pneumatic tim­
ing also means you get instant recycling, 
with full delay periods regardless of how 
often the cycle is interrupted before re-

lay "times out." And because tim­
ing is pneumatic, it can even time 
without electric power!) 

Another advantage is an exclu­
sive dial head that lets you make 
simple, but accurate, linear ad· 
justments over the full timing 
range of each unit with just a 
single revolution of the adjustment 
screw. (Nine timing ranges cover 
a total span from Q,03 second to 
3 minutes.) 

AGASTAT timers ar~ available 
with delay on pull-in or drop-0ut or 

both in one unit. You can also choose 
from a wide selection of mounting and 

terminal styles. They operate on all pop­
ular ac or de voltages. 

Send for our catalog. M6 

AGAstAJ TIMING INSTRUMENTS 
· ~ ELASTIC STOP NUT CORPORATION OF AMERICA 

® ~ AGASTAT DIVISION • ELIZABETH, NEW JERSEY 
IN CANADA : ESNA L.IMITEO, 271 PROGRESS AVENUE, SCARBOROUGH, ONTARIO 

ON READER-SERVICE CARD CIRCLE 52 
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TEST EQUIPMENT 

Frequency converters 
This frequency converter pro­

vides a 115-Vac output at 60 Hz 
± 1 % from an input of 105 to 125 
V, 380 to 420 Hz at 250 or 500 VA 
output power. Also standard is a 
115-Vac output at 400 Hz ± 1% 
with power levels of 250, 500 or 
1000 VA from an input of 105 to 
125 Vac 60 Hz ± 10%. Regulation 
is ± 2 % from no load to full load. 
The sinusoidal output has a distor­
tion of 3% total rms. 

Protran Co. Inc., 7 Commercial 
St., Hicksville, N. Y. Phone: (516) 
931-1880. 

Circle No . .'335 

Dual beam scope 
Model D53 dual beam 25 MHz 

scope has the signal and sweep de­
lays built-in to the main frame 
eliminating delay lines. Signal delay 
is 0.25 µ.s and sweep delay is con­
tinuously variable to 50 ms in 2 
ranges. The CRT is a split-beam 8.5 
kV tube. Plug-ins provide time base 
and horizontal and vertical am­
plification. Horizontal deflection of 
both beams is up to 0.5 µ.s/cm in 22 
calibrated ranges. The unit will 
trigger on 2 mm of internal display 
or 0.2 V p-p external. 

P&A: $915 (main frame); $80 to 
$160 (vertical amplifiers) ; stock to 
3 wks. Data Instruments, 7300 
Crescent Blvd., Pennsauken, N. J. 
Phone: ( 609 ) 662-3031. 

Circle No. 336 
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Panoramic* UNIVERSAL SPECTRUM ANALYZERS 20 cps to 27.5 Mc 

Modules For 
TA·2 & RTA·S 
Main Frames 

Frequency Ranae 

Sweep Widths 

Resolution 

Residual distortion 

Sensiti¥ity 

Marker 
spacinf 

OFF SHELF DELIVERY 

AR·1 Al·2 UR·3 
(Sonic) (101-scan sonic) (Ultrasonic) 

20·35,000 cps 20·35,000 cps 100 CPS·700 kc 

0.2, I, 5, 20 kc 0.2, I , 5, 20 kc; adjust. to 0·400 kc 25·25,000 cps log 

Automatic optimum to 25 cps adjust. to 100 cps 

All unwanted products at least 60 db down 

30 µv full scale deflection 

Portable TA-2 and Rack or Bench Mount RTA-5 
with 4 Solid State Interchangeable Modules 

NEW 

YR·4 
(Vidto) 

1 kc-27.5 me 

adjust. to 0·5 me 

adjust. to 200 cps 

-50 db 

Make precise, rapid swept band analyses anywhere! Check out 
and pinpoint troubles in communications signals, sound, vibra­
tion, noise and RFI. 

The standard-feature-by-feature D AC/DC or internal battery 
operation D Bright, easily read calibrated spectrum displays 
D Digital frequency readout of scanned band D Calibrated 
linear and 40 db log level scales D Built-in Xtal markers for 
self-checking D Simplified - few controls, many preset for op­
timum results. 

4 solid state plug-in modules feature digital center frequency 
and sweep width controls D "Quick-look" overall analysis and 
highly resolved narrow scans are quickly set up D Advanced 
design provides excellent dynamic range, sensitivity, resolution 
and sweep repeatability. 

0.02 % Accuracy-Fundamentals shown-Harmonics Usable 

Choice of analyzer main frames f01: all modules D Compact 
RTA-5 main frame is only 19" wide, 7" high, and 181/2" deep­
ideal for space saving, rack- or bench-mounting D Portable, 
solid-state TA-2 weighs only 40 pounds, complete with module 
and internal rechargeable battery pack - also operates from 
almost any AC or DC source. 

2.5 kc 2.5 kc 25 kc 25 kc, 500 kc, 
100 Mc 

Write for brochure, or contact your local Singer Instrumentation representative ·a-· "',.;;-.-... 
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NOW! a NEW Shielded 
High Q Variable lnduetor 
with exeeptional stability! 

The NEW 
Wee V-L 

ACTUAL SIZE 

Adjustable Inductance range 0. 15µ.h to l 00,000µ.h 
in 0.300" by 0.400'' molded case with 0.200" 
grid spacing. 

24 HOUR DELIVERY! 
The new Wee V-L now offers the design engineer 
these important advantages: Meets requirements of 
MIL-C-15305C; unitized epoxy molded construction; 
77 stock values; and shielded for minimum coupling. 

The Wee V-L is the newest product to join the 
Nytronics subminiature family of inductors, ceramic 
capacitors, precision wire wound resistors, thin film 
resistors and delay lines. Use coupon for engineer­
ing data! 

Design leaders 
STANDARD components to meet 

CUSTOM requirements 

550 Springfield Ave., Berkeley Heights, N. J . 

MAIL COUPON TODAY FOR COMPLETE 
ENGINEERING DATA ON THE NEW WEE V-L 

~-------------------------------------, TO: NYTRONICS, INC. Dept. ED 
550 Springfield Avenue, Berkeley Heights, N. J. 

Please send complete engineering data an the Wee V-L 

NAME 

TITLE 

FIRM 

ADDRESS 

CITY STATE ZIP 

L--------------------------------------
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TEST EQUIPMENT 

Time comparator 
Model 113 differential time com­

parator produces a linear full-scale 
output equivalent to ±5 ns. Fre­
quency differences of 1 part in 1013 

in approximately 15 minutes to 1 
part in 1010 in 1 s may be deter­
mined. Differential switches cali­
brfl.ted in ns, along with a zero set 
control, eliminate phase-adj us ting; 
either input at the start of a meas­
urement. The unit accepts 21 fre­
quencies from 100 kHz to 10 MHz 
in both inputs. It requires 115 Vac 
or 22 to 30 Vdc with 100 mA drain 
at 26 Vdc. 

P&A: $980 (single-channel) 
$1640 (dual channel); stock to 30 
days. Parzen Research Inc., 48 Ur­
ban Ave., Westbury, N. Y. Phone: 
(516) 334-4900. 

Circle No. 387 

Power oscillator 
The AC15 power oscillator deliv­

ers 15 VA from 0.1 Hz to 20 kHz 
with less than 0.05% distortion and 
amplitude stability within 10 ppm. 
Output voltage ranges from "O" to 
150 Vrms. Frequencies are set and 
read with 4-digit selector switches 
with moving decimal point plus ver­
nier. Frequency accuracy is 0.1 %. 
Line and load regulation are less 
than 0.01 % and internal resistance 
is adjustable through zero. 

P&A : $1090 to $1600; stock to 30 
days. Optimation Inc., 7243 Atoll 
Ave., North Hollywood, Calif. 
Phone: (213) 877-0221. 

Circle No. 338 
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small 
BIG: 
small: 

Big performance, big economy. 

%"diameter size. 

CTS Series 200 composition variable resistor for zoo: numerous limited space industrial and commercial applications. 

New straight and concentric tandems. 
New solder lug terminals. 

NEW: 

High Dependability CTS Composition Element: Proven over the years in all kinds 
of environments. Over 1 billion elements made; over 300,000,000 now in active service. 

Resistance Range: 200 ohms through 5 megohms. 

Availability: 3-6 weeks in quantity. CTS has the industry's largest output of controls. 

New Constructions 

Straight Tandem Concentric Tandem Straight Tandem Concentric Tandem 
Solder Lug Terminals Solder Lug Terminals P. C. Terminals P. C. Terminals 

Sample constructions showing Series 200 versatility 
(Many other combinations available.) 

Basic 200 Control 
Ear Mounted 

Rear Extended Shaft 
Bushing Mounted 

ND On-Off Switch 
Bushing Mounted 

Rear Extended Shaft 
Ear Mounted 

Founded 18H 

Mounted with Shaft 
Perpendicular to 

Panel 

CTS CORPORATION 
Elkhart, lndlana 

ON READER-SERVICE CARD CIRCLE 54 
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ND On-Off Switch 
Shaft Perpendicular 

to Panel 

Q On-Off Switch 
Ear Mounted 

Q On-Off Switch 
Bushing Mounted 
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TEST EQUIPMENT 
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Vlf receiver 
Type 354 receiver tunes 1 to 600 

kHz in a single band and receives 
AM, SSB, CW, MCW and FSK sig­
nals. A choice of four IF band­
widths ( 150 Hz, 1, 2 and 6 kHz), 
two audio bandwidths (100 Hz to 7 
kHz or 825 Hz to 1175 Hz) and 
four levels of input attenuation (0, 
-20, -40 and -60 dB) is offered. 
Image rejection is 70 dB, IF re­
je~tion is 60 dB and dynamic 
range (AGC or manual ) is 55 dB. 
BFO can be adjusted ± 7 kHz and 
incidental FM is less than 20 Hz 
peak deviation. 

Totally solid state, the 354 
weighs 20 lbs. and requires 3-1/2 
in. of rack space. It operates from 
115 Vac, 50 to 400 Hz, and con­
sumes approximately 4 W. A long 
steel tape dial is employed for tun­
ing. 

P&A: $2000; 60 days. Communi­
cation Electronics Inc., 6006 Execu­
tive Blvd., Rockville, Md. Phone: 
(301 ) 933-2800. 

Circle No. 339 

Null detector 
Model 96016-A tunable null detec­

tor has a sensitivity of 1 µ. V full 
scale and a range of 25 Hz to 100 
kHz. Either a linear or a logarith­
mic response can be switch-selected. 
The unit operates from two 6-V in­
ternal dry cells. Input impedance is 
25 kn to 1 Mn depending on gain 
control setting and output imped­
ance is 300 n in series with 5 pF. 
Maximum output is 1 Vrms. 

Standard Telephones & Cables 
Ltd., STC House, 190 Strand, Lon­
don. 

Circle No. 340 
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Isolation ampifier 
The triple-buffered model 5801 

has a self-contained power supply. 
This unit has 3 independent ± 1 dB 
amplifiers with a capacitor input of 
100 Hz to 5 MHz or transformer 
input of 100 kHz to 1 MHz. Out­
puts are at 1 V rms into 50 n with 
an isolation of 60 dB between them. 
Gain is adjustable over a 2: 1 range. 
The all-silicon circuitry employes 
tantalytic capacitors. 

P&A: $300; 6 wks. RMS Engi­
neering Inc., 486 14th St., N. W., 
Atlanta. Phone: ( 404) 873-5257. 

Circle No. 341 

Logarithmic ampifier 
Five decades ( 100 dB) of cur­

rent input are compressed into a 
logarithmic voltage output. Model 
157 chopper-stabilized Jog amplifier 
has a de to 250 kHz frequency 
range. Full scale output is 5 V at 
25 mA and accuracy is ± 2 dB/­
decade The amplifier consumes 3 W. 

Price: $795. Missouri Research 
Labs. Inc., 2109 Locust St., St. 
Louis. Phone: (314) 241-7875. 

Circle No. 342 

Sine wave analyzer 
Combining a sine-wave genera­

tor and analyzer, this transfer 
function analyzer operates from 24 
Hz down to 1 cycle/ minute. Either 
of the 2 output channels may be 
varied through 360 °, permitting 
frequency response to be read off 
in polar co-ordinates. Readout is in 
8 ranges, from 50 mV to 150 V. 
Generator outputs are 10 V max 
with output impedance of 10 n. 
Overall accuracy is ± 2% in ampli­
tude and ±1° in phase. Modulated 
signals having a 400-Hz carrier may 
also be generated and analyzed. 

S. Smith & Sons Canada Ltd., 
172/ 76 Baisley Blvd., Jamaica, N . Y. 
Phone: (212 ) 528-1900. 

Circle No. 343 

Volt-ohm-milliammeter 
A transistorized switching circuit 

protects this portable 500-kHz VOM 
against accidental burnouts and 
overloads and eliminates changes in 
accuracy due to overheating. Sensi­
tivity is 20 kn/ Vdc and 5 kn/Vac 
and accuracy is ±1-1 / 2 % de and 
±3% ac. The meter has a polarity 
reversing switch and diode network 
to protect against transients. 

P&A: $95; stock to 30 days. Trip­
lett Electrical Instrument Co., Bluff­
ton, Ohio. Phone: ( 419) 351-4912. 

Circle N,o. 344 
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and from your local 
Burroughs stocking dealer 
Industry's enthusiastic acceptance of the type BIP-8211P NIXIE® 
tube readout driver and the versatility of its basic design has led 
to the development of other circuit variations. These compact, 
attractive modules not only save you design, development, testing 
and production costs, but also give you the best device for trans­
lating low-level BCD inputs to decimal readout. Modules currently 
available from stock include: 
• BIP-8211P-accepts 8-line low-level (2V-35V separation) 8-4-2-1 
BCD and drives the standard-size rectangular NIXIE tube, type 

combinations (numerals 0-9, decimal point and blanking) and has 
the capability of being electronically dimmed via a separate low­
level control input. • BIP-8222P-drives the type B-59956 NIXIE 
tube with integral decimal point from low-level, 8-line, 8-4-2-1 BCD. 
Decimal point is independent of BCD input and can either be "on" 
or "off" when a numeral is "on". • BIP-8223P-identical to the 
Bl P-8211P except it operates over the wide temperature range of 
-55° C to +85° C. 

8422. • BIP-8224P-accepts low-level 4-line, 8-4-2-1 BCD and drives Other modules which accept other BCD codes as well as decimal 
the standard-size rectangular NIXIE tube, type 8422. • BIP-8227P- inputs are also available individually or in complete Bezel Assem-
identical to the BIP-8211P except it accepts logic-level separations blies. They are completely described in a new brochure, Bulletin 
as low as 0.7V (from 0° C to +85° C) making it compatible with low- 1108. For further information contact your Burroughs Stocking 
level, monolithic, integrated circuits. • BIP-8225P-used for com- Dealer in your area or Burroughs Corporation in Plainfield, New 
puter readout, it drives a NIXIE tube with an integrai decimal point Jersey. Dealers names, addresses and phone numbers are listed 
(type B-59956). Type BIP-8225P accepts twelve 4-bit, binary-input for your convenience. m Burroughs c~:;:;:;;::;sN/X::::b:sRONIC COMPONENTS DIVISION 

PLAINFIELD. NEW JERSEY 07061 
CALIFORNIA 
Los Angeles, 90036 
Tech·Stok, 
(213) 937·0780; TWX 213·937·2788. 
Palo Alto, 94303 
Tech ·Ser, Inc., 
(415) 326·9800 ; TWX 415·492·9482. 
San Diego, 92110 
Tech·Ser, Inc. 
(714) 222-1121. 
CONNECTICUT 
west Hartford, 06117 
Instrument Dynamics, Inc. of Connecticut 
(203) 233·5503. 
INOIANA 
Fort Wayne, 46802 
R.O. Whitesell & Assoc., Inc. 
(219) 743·4411; TWX 219·241·0894 
Indianapolis, 46219 
R.O. Whitesell & Assoc., Inc .. 
(317) 359·5374;TWX 317·635·9766. 

BURROUGHS STOCKING DEALERS 
KENTUCKY 
Louisville, 40207 
R. 0. Whitesel l & Assoc., Inc. 
(502) 893-7303. 

MARYLAND 
Silver Spring, 20910 
Technical Distributors, Inc .. 
(301) 585·7512; TWX 301 439·2200 

MASSACHUSETTS 
Wakefield. D1880 
TRICO Electronics Sales Corp . 
(617) 245·5100; TWX 617·245-7479 

NEW JERSEY 
Plainfield, 07061 
Burroughs Corp., ECO, P.O. B~x i 226 
(201) 757·5000; TWX 710·981·7907 

NORTH CAROLINA 
Winston-Salem, 27102 
L. G. White & Co., Inc. 
(919) 725-3612; TWX 919·725-6262. 

OHIO 
Cincinnati , 45231 
R.O. Whitesell & Assoc ., Inc. 
(513) 521-2290; TWX 513·577-1750. 
Cleveland, 44126 
R.O. Whitesell & Assoc ., Inc. 
(216) 333·2585; TWX 216·333·3250. 
Columbus, 43212 
Electron ic Marketing Corp. 
(61 4) 299·4161; TWX 614-759-0096 
Dayton, 45439 
R. O. Whitesell & Assoc., Inc. 
(513) 298·9546; TWX 513·944·0526. 
OKLAHOMA 
Midwest City, 73110 
Arnold Barnes Company 
(405) 737-4556. 
PENNSYLVANIA 
Philadelphia, 19107 
Herbach & Rademan, Inc. 
(215) 567·4309. 

Pittsburgh, 15235 
R.O. Whitesell & Assoc., Inc., 
(412) 242·0100. 
TEXAS 
Houston, 77027 
Arnold Barnes Company 
(713) 622-3620; TWX 713·571·2470. 
Richardson, 75081 
Arnold Barnes Associates, inc. 
(214) 235·4541; TWX 214·231-1405. 
San Antonio, 78216 
Arnold Barnes Company 
(512) 342·7311. 



COMPONENTS 

Parametric op-amp achieves 
pico-level offset, drift and noise 

Introduction of the parametric 
principle (in this case a balanced 
varactor bridge) to an operational 
amplifier allows order of magnitude 
improvements in offset and drift 
currents and in noise levels. This 
performance, along with high in­
put impedance and wide common­
mode voltage, could answer the needs 
of bio-medical ins trumen ta ti on, 
process controls, electrometry and 
oceanography. The model 301 para­
metric op-amp also finds many ap­
plications in measurement, control 
and signal-conditioning. 

Although individual improve­
ments in offset, drift or noise per­
formance have been achieved in 
other devices, the combined per­
formance has apparently never been 
found in one package thus far. The 
input impedance of 1012 n common­
mode and 1010 n differential is 
matched by FET types. However, 
the relative instability of FETs pre­
vents those op-amps from achieving 
the 0.06-pA/° C (at 25 ° C) drift 
current of the parametric ampliner. 
Input offset current (1 pA at 25 ° C) 
is also at least an order of magni­
tude lower than that of FET types. 
The low-level ( = 30 m V) pump 
signal of 10 MHz contributes to the 
input current capabilities. 

I 
I ___ _J 

The low noise figures of the 301 
-0.01 pA and 1 µ. V p-p at sub­
audio frequencies-derive from the 
balanced varactor bridge input. 
With no active devices or biasing, 
it is virtually noise-free. "Flicker" 
( l / f) noise, due to the bias in 
active-device amplifiers, is elim­
inated. Johnson noise (random 
electron motion in resistors) and 
Schottky noise (junction leakage 
current) are inherently low. The 
high power gain of the varactor 
stage also swamps much of the 
noise generated in succeeding stages. 

The transformer coupling allows 
a ± 300-V common-mode voltage 
swing. Common-mode rejection ra­
tio of 108 : 1 is equivalent to that 
of vacuum-tube electrometers. Sub­
millivolt inputs can be resolved 
even in the presence of a 300-V com­
mon-mode input. 

Voltage drift is 30 µ.V I ° C from 
- 25 to 85 ° C. Bandwidth is 500 
kHz and max frequency for the full 
± 10-V, ±20-mA output is 5 kHz. 
Open loop de voltage gain is 106 

and slewing rate is 0.3 VI µ.s. 
P&A: $198; stock to 3 wks. 

Analog Devices, 221 Fifth St., 
Cambridge, Mass. Phone: ( 617) 
491-1650. 

Circle No. 345 

Varactor bridge has stored charge modulated by input and pump signals and 
provides 43 dB power gain. Noise-free output of this stage is proportional to 
the bridge unbalance or input error signal. 

140 

Cermet trimming pot 
measures 3/8-in. 2 

The choice between large trim­
mers or smaller ones with spatial 
advantage but limited range is 
eliminated by this 3/ 8-in.2 cermet 
trimmer. Model 63P trimming pot 
has a range of 10 n to 2 Mn. Pre­
viously, square cermet trimmers 
ha ve not been available in sizes le::;s 
than 1/ 2-in. 2

• Model 63P requires 
55 % of the board space and 80 % 
of the height required by other 
trimmers. 

The use of cermet provides essen­
tially infinite resolution and reduces 
the possibility of burn-out due to 
power surges caused by circuit im­
balance. 

The unit has a 25-turn adjust­
ment screw with clutches at both 
ends to avoid damage during adjust­
ment. The diallyl phthalate housing 
meets the immersion test of MIL­
R-22097B. 

Power rating is 0.5 W at 85 ° C, 
derating to 0 at 150 ° C, and total 
operating temperature range is 
- 65 to 150 ° C. Standard resistance 
tolerance is + 20 % . 

P&A: $7; July, Beckman Instru­
ment Inc., Helipot Div., 2500 Har­
bor Blvd., Fullerton, Calif. Phone : 
(714) 871-4849. 

Circle No. 346 

Feedback wanted 
ELECTRONIC DESIGN would like 

to know how you rate our New 
Products section. Does it do the 
job for you? Does every issue 
contain at least a sampling of 
products you use? (We try to 
cover the field from amplifiers 
to zeners.) Any suggestions for 
improvements? Please send along 
your replies on the handy Editor­
gram card at the back of this 
issue. It's free. 

ELECTRONIC DESIGN, June 21, 1966 



Why specify 
Mallory wet slug 
tantalum capacitors? 
One reason: 
D proven freedom from catastrophic failure. 

Look at these quality control figures: 
MTPH tests at rated voltage, 85°C; XT tests at rated voltage, 125°C and 175°C. 

Unit test hours Catastrophic % failure* 
failures /1000 hours 

Type MTPH miniature wet slug 5,259,311 1 0.038% 

Type XT wet slug 8,291,100 6 0.09% 

*60% confidence level 

MTBF* 

2.7 x 106 

1.1 x 106 

-

Want more reasons? Mallory Wet Slug Tan­
talum capacitors have up to five times higher 
microfarad-volt rating per unit volume than 
solid electrolytic types ... far lower DC leak­
age ... and need no voltage derating. We can 
help by recommending without bias the best 

type for your application because we make 
all types-wet slug, solid and foil. Write or 
call Mallory Capacitor Company, a division 
of P. R. Mallory & Co. Inc., Indianapolis, 
Indiana 46206. 

... MALLORY 
ANNIVERSARY 

Speed Inquiry to Advertiser via Collect Night Letter 

ON READER-SERVICE CARD CIRCLE 57 
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PRECISION FILM RESISTORS 
SAVE WEIGHT AND SPACE 
AT NO SACRIFICE IN 
PERFORMANCE 

HIGH RELIABILITY 

LOW TC'S 

ALL STANDARD MIL 

SIZES INCLUDING THE 

NEW 
RNSO AND RNRSO 

CONFORMANCE TO MIL-R-10509 AND MIL-R-55182 
MICRO·MINIATURIZATION • PERFOR MANCE • VARIETY • ECONOMY 

ON READER-SERVICE CARD CIRCLE 58 

~Ll/2 "RUTAR 
SWITCHES 
ESTABLISHING A NEW SET 
OF PERFORMANCE STANDARDS! 
• Up to 12 positions per deck with stops. 
• As many as 6 poles per deck. 
• Shorting and non-shorting poles may be 

grouped on one deck in any combination. 
• All individual deck parts are self-contained, 

and are permanently molded into place. 
• Wiring to switches possible "in the flat". 
• Easily assembled and disassembled 

with UJu,llEa.61{ construction. 

"Off-The-Shelf" Delivery 

ON READER-SERVICE CARD CIRCLE 59 
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Hall multipliers 
The HM-3000 series of Hall mul­

tipliers consists of temperature­
compensated and un-i;ompensated, 
error voltage-compensated and com­
pletely compensated models. The 
multipliers consist of a Hall ele­
ment in the gap of a laminated sili­
con steel core with two identical 
field coils. An output voltage pro­
portional to the product of the field 
input current and the Hall input 
current is produced. The units are 
epoxy-potted in a hermetically 
sealed steel case with 9-pin header. 

P&A: $44 to $69.50; stock. F. W. 
Bell Inc., 1356 Norton Ave., Colum­
bus, Ohio. Phone : (614) 294-4906. 

Circle No. !347 

10 30 

' \II fQ 

D ( MICROAMPIRIS 

.l 

Panel meter 
The "Wide Vue" panel meter 

with 8-in. scale has ranges from 25 
µ.A to 50 A and 10 mV to 500 V. 
Standard ranges have taut-band 
construction while pivot-and-jewel 
construction is available. Low pow­
er consumption and hysteresis and 
± 2% full- scale accuracy are fea­
tured. 

Simpson Electric Co., 5200 W. 
Kinzie St., Chicago. Phone: (312) 
379-1121. 

Circle No. 348 
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FORWARD MARCH TO THE REAR!!!!!!!! -

WITH DEUTSCH REAR RELEASE HIGH PERFORMANCE CONNECTORS 

Break away from the rank and file! Head for the rear re­

lease connectors using uniform standards and tooling to 

meet the toughest service requirements. The leader in 

this battalion of total performers is the Deutsch rear re ­

lease contact system needing one standard crimp tool, one 

assembly procedure, and one fail-safe, expendable inser­

tion/removal tool. Use this system to march away from lo­

gistics problems and simplify field maintenance and repair. 

Be prepared! On land, sea, in the air or outer space, there 

is a squad of Deutsch rear release products to perform 

beyond the call of duty; environmental series for aerospace, 

and non-enviro'nmental versions for support equipment. 

You can bivouac from 3 to 199 conductors in: 
• Miniature cylindricals with bayonet, push-pull-quick-dis­

connect, or thread coupling. 
• Subminiature cylindricals with bayonet or push-pull­

quick-disconnect coupling. 
• Subminiature, high density rectangular types. 
• PLUS, solve your terminal, bus and feed-through prob­

lems with Terminal Junctions .. . the answer to high per­
formance replacement of terminal strips. 

Quick-step now, contact your Deutschman for full informa­
tion about how you can go forward with rear release. Ask 

for Data File R-1. 

JD)JELDfJr~CCJTIIT 
ELECTRONIC COMPONENTS DIVISION • Municipal Airport• Banning, California 

ADVANCED SPECIFICATION REAR RELEASE ELECTRICAL CONNECTORS 

ON READER-SERVICE CARD CIRCLE 60 
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Tilt! 

No stoop, stretch, or missed 
readings with Behlman· 
lnvar's exclusive l 

TILT 
METERS 

Mount th is DC power supp ly at f loor 
level or above your head - you ' ll be able 
to tilt the meters for easy viewi ng and 
accurate sett ings and readings fro m any 
operator posit ion! 
6 VOLTAGE RANGES: from 0-5 to 0-100 VDC 

6 CURRENT RANGES: from 0-6.5 to 0-0.60 AMP 

The most power per dollar with silicon 
reliability . .. in quarter-rack size. Liber­
ally derated circuit elements. Load reg· 
ulation : 0.01 % . Stability : lOmv/8 hrs. 
Remote voltage and current program­
m ing and sensing. Constant voltage, 
constant current, with automatic cross­
over. Provision for external modulat ion. 
Tilt Meter. LIFETIME WARRANTY. 

Norn. Current, Amps Ripple 
Model Volts 30"C 71"C P·P (rms) Price 
QS·5 0·5 0·6.5 0·4.7 l.Omv/150µV $214 
QS-10 0-10 0·4.2 0-3.0 l.Omv/170µV $200 
QS-20 0-20 0-2.5 0-1.8 l.O mv/200µv $184 
QS-40 0-40 0·1.4 0-1.0 l .Omv/250µV $179 
QS-60 0-60 0-0.96 0-0.69 l.Omv/300µv $209 
QS-100 0-100 0-0.60 0-0.43 l.Omv/400µV $229 

Send now for QS data sheet , 4 pages of 
comprehensive technical data. 

" POWER TO MATCH TH E ART" 

BEHLMAN-INVAR 
ELECTRONICS CORP. 
1723 Cloverfield Blvd., Sa nta Monica, Calif. 90404 
Representatives in principal U .S. Ci ties & Canada 
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Thermocouple reference 

Potentiometers 

Pressure transducer 

Capacitors 

Model LRJR49 thermocouple ref­
erence junction provides a precise 
150° F reference for up to 12 meas­
urement channels. Designed for 105 
to 125 Vac operation, the unit has 
stabi lity and uniformity of ± 0.1 ° F, 
channel-to-channel, over an ambient 
range of 20 to 120° F . Power con­
sumption is 30 W max and warmup 
time is 15 minutes. 

Pace Engineering Co., 13035 Sat­
icoy St., North Hollywood, Calif. 
Phone : (213) 877-0727. 

Circle No. 349 

Series 7 ac potentiometers are 
size 11 20-turn units. Typically, 
output impedance is 20 n and abso­
lute linearity is ± 0.01 % . Input im­
pedance is 100 kn and input voltage 
is 30 V max, 400 Hz. Output cur­
rent is 25 mA max. The pots are de­
signed for servo and control systems 
and meet MIL-specs. 

Perkin-Elmer Corp., Main Ave., 
Norwalk, Conn. P hone: (203) 847-
0411. 

Circle No . 350 

A potentiometer-type pressure 
transducer with a 0.655- in. diame­
ter has accuracy exceeding 1 % . 
Absolute or gage pressure ranges 
are 0 to 350 to 0 to 20,000 psi . Re­
sistances are 2, 5, 7.5 and 10 kn 
± 5 % . The ac or de output can be 
used for telemetry, control or ac­
tuating systems without am­
plification. 

Servonic Instruments Inc., 1644 
Whittier Ave., Costa Mesa, Calif. 
Phone: (714) 646-2400. 

Circle No. 351 

For an energy-storage capacity 
of 312 J at 25 kV, model ESC-259 
parallel-plate capacitors have 0.5 
nH self-inductance. Q in excess of 
250 at 5 MHz results from the use 
of impregnated mica-paper as di­
electric. Capacitors are availab le 
from 500 pF to 10 µ.F at voltage rat­
ings to 25 kV. 

Tobe Deutschmann Laboratories, 
550 Turnpike St., Canton, Mass. 
Phone : ( 617) 828-3366. 

Circle No . 352 
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• 

The 
stouch 

1na new 
solid tantalum 

• capacitor 
ACTUAL SIZE 

The KEM ET Golden Z-Series gives you up to three times the 
capacitance and voltage of standard solid tantalums ... cuts 
space requirements up to 67%. Has gold-flashed lead wires 
-at standard prices. Two subminiature case sizes, ideal for 
cordwood modules, printed circuits, and other high density 
packaging. 

Case lengths of 0.250" and 0.375" match standard re­
sistors and diodes ... diameters of 0.085" and 0.127" are 
as much as 67% smaller than other solid tantalums. Other 

features: excellent stability; very low leakage, dissipation 
factor, and impedance over a wide range of frequency and 
temperature. Meets electrical environmental characteris­
tics of MIL specs C-39003 and C-266558. Available from 
0.0047 to 22 microfarads; in 6 to 125 VDC; to operate from 
-80 to + 125° C. Want more details on the new Z-Series 
solid tantalum capacitors? Get the new KEMET Engineering 
Bulletin from our sales office or representative nearest you 
-or mail the coupon. 

'mTm. ~m., KEMET Golden Z-Series solid tan­
~ ~ !p!\ !alum capacitors-sized to match 

resistors and diodes in cordwood 
'=7lii modules, with maximum packing 
~Im~ density. Case A2 (left) is 0.127" 

dia. x 0.375" long. Case A3 (right) 

........................................... 
• 

is 0.085" dia. x 0.250" long. 

Regional Sales Offices 

. 
• 

East Coast : J. G. Egan, 1341 Hamburg Turnpike, Wayne, New Jersey o 
07472. Phone : 201-696-2710. 
Mid·Atlantic: R. H. Robecki, 1341 Hamburg Turnpike, Wayne, New Jersey : 
07472. Phone : 201-696-2710. 0 
Mid·West and South: K. S. Collar!, P. 0 . Box 6087, Cleveland, Ohio 44101. o 
Phone: 216-221-0600. • 
West Coast : B. G. Bryant, 701 East Whittier Blvd., Whittier, California • 
90605. Phone: 213-698-8077. . 

Clip, fill in name and title, attach to letterhead 

Union Carbide Corporation 
Linde Division, Dept . ED-63 
270 Park Avenue, New York 10017 

Please send Engineering Bulletin #6, on 
KEMET Golden Z-Series Polar Solid 
Tantalum Capacitors 

Title _ _________ _ 
ELECTRONICS 

KEM ET is a registered trade mark of Union Carbide Corporation. • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

Speed Inquiry to Advertiser via Collect Night Letter 
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Rotary reed switches 

Porcelain capacitors 

A line of magnetic reed rotary 
switches consists of eight models. 
They are available with form A or 
C contacts, or in combination. The 
rhodium contacts are isolated so 
that each stack handles up to 12 in­
dividual circuits. Models are avail­
able handling 1000 V max, 15 A in­
rush and 3 A steady. 

Hart Mfg. Co., 110 Bartholomew 
Ave., Hartford, Conn. Phone: (203) 
525-3491. 

Circle No. 357 

Radial porcelain capacitors with 
a :±:25 ppm/ °C temperature coef­
ficient, 0.2-in. lead spacing and 
ratings to 200 Vdc are offered. The 
VY03 line consists of 13 standard 
values· in a 5.1- to 1000-pF range. 
Dissipation factor is 0.001 at 25 ° C 
and 0.002 at 125° C. They operate 
from - 55 to + 125° C without volt­
age derating. 

Vitramon Inc., P. 0. Box 544, 
Bridgeport, Conn. Phone: (203) 
268-6261. 

Circle No. 358 

Power resistors 
Specifically designed for PC 

board mouriting, series TR radial 
lead power resistors have a high­
temperature silicone coating. Stand­
ard temperature coefficient is :±: 10 
ppm/ ° C. The resistors are avail­
able from 1/ 2 to 10 W in resist­
ance values from 0.5 n to 275 kn. 
Temperature range is - 65 to 
+275 ° C. Units with a rise time of 
20 ns are available. 

RCL Electronics Inc., One Hixon 
Pl., Maplewood, N. J. Phone: (201) 
763-2820. 

Circle No. 359 

INTEGRATED LOGIC MODULES 
Lowest Prices in the Industry* 

We have solved 
the Noise Problem 

\ 

Phone: 213 451-9754 2'c COMPUTER LOGIC CORP. 
'"$11.20 per JK Flip-Flop Unit Load Concept 1528 20th Street • Santa Monica, California 

A COMPLETE FAMILY OF COMPATIBLE TRUE BLUE LOGIC MODULES 

ON READER-SERVICE CARD CIRCLE 63 
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Epoxy bridge rectifier 
This epoxy bridge rectifier is a 

2-A, full-wave bridge designed for 
consumer rectifier applications. The 
devices are avai lable with 200, 400 
and 600 V PRV ratings and work­
ing voltages of 140, 280 and 420 V 
rms. Peak one-cycle surge current 
is 100 A max. All devices have 2000 
Vdc minimum circuit-to-case insula­
tion. Controlled and noncontrolled 
avalanche series are avai lable. 

Price: under $1. Varo Inc., 2201 
Walnut St., Garland, Tex. Phone: 
(214) 276-6141. 

Circle No. 360 

. 
Voltage programer 

A solid-state voltage programer 
for low-voltage power supplies gen­
erates a positive or negative going 
ramp function . Solid-state circuitry 
allows for variable ramp rates. The 
unit can be used with any de supply 
with a remote voltage program re­
sistance of 500 to 1000 n / V in the 
range of 0 to 40 V. Overshoot, un­
dershoot and noise problems are 
eliminated. 

Sparton Southwest Inc., P. 0. Box 
1784, Albuquerque, N. M. Phone: 
(505) 898-1150. 

Circle No. 361 
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W0.918 OSCJLLOSCOl'E 

SYNCAOJ 

SWEE.P 

H GAIN 

SYNC 1o1 SCl 
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UT PUT 

SYNC >(St~ 

THE 
'SCOPE 
WITH THE 

HIGH JO* 

RCA W0-918 ••• 

V INPUT GNO l AXIS PHA5£ SYNC H INPUT * INEXPENSIVE QUALITY 

Why pay for Oscilloscope capabilities 
you don't really need? 

There are many situations-production line work, product quality checks, basic lab­
oratory measurements-that require a large number of scopes or employ standard 
measurements ... and where simplicity of operation is essential. 
That's where you need the RCA W0-918! 
Of course the so-called "industrial/laboratory" type scopes will make certain meas· 
urements that ours won't. They may feature triggered sweep, horizontal deflection 
in microseconds, and other costly refinements. Whenever you need these extras ... 
capability for those extremely precise measurements ... spend the money and buy 
an expensive scope. 
Actually, for many very precise research, experimental and lab measurements, we 
don't even recommend ours (we use theirs). 
But if your requirements call for scopes with characteristics such as the 
following, the RCA W0-918 is probably your best buy: 
• Built·in voltage calibration-large 5-inch screen with VTVM-type voltage scales 
for fast, simultaneous peak-to-peak measurements and waveshape display • Flat 
response(± 1 dB) from 10 cps to 4.5 Mc • 0.018 rms volt per inch maximum sensi· 
tivity for use at low signal levels • Continuously adjustable (to 100 kc) sweep oscil· 
lator with excellent linearity • Z-axis input for direct modulation of CRT permitting 
use of timing and calibration markers on trace • Provision for connecting signals 
directly to the vertical deflection plates of the CRT. 
The Optional User Price of the RCA W0-91 B is $249.50. It is available locally from 
your Authorized RCA Test Equipment Distributor. Ask to see it or write for complete 
specifications to RCA Commercial Engineering, Section F18W-5, Harrison, N.J. 

RCA ELECTRONIC COMPONENTS AND DEVICES e® The Most T•usled Name ;n Elect•on;cs 
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ND BRUSH 

FAILURES 

IN THESE 

SYNCH RDS 

Rotary transformers couple 

COMPONENTS 

Transient protector 

power into rotors without con· 
tact, eliminating the number-
one cause of early synchro tail· Micromin resistor 
u re . Without brushes, synchro 
life depends on bearing life 
alone-normally at least 5 or 6 
times average brush life. 

Harowe brushless synchros 
are available for all functions: 
control and torque transmitters, 
control transformers, differen· 
tials, resolvers. Sizes 5, 8, 10, 
and 11 are standard; larger 
sizes available. Use them to 
boost life expectancy of new sys­
tems; upgrade existing systems. 
Write for complete specs-

HAROWE SERVO CONTROLS, INC. 
22 Westtown Road 

West Chester, Pa. 19380 
(215) 692-2700 

SERVO, SYNCHRONOUS ANO STEPPER MOTORS 
MOTOR GENERATORS• SYNCH ROS• RESOLVERS 

PANCAKE SYNCHROS • GEARHEAOS 
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High-altitude switch 

A miniature spark gap has a strik­
ing voltage of 90 Vdc. It is a radio­
active isotope prompted gas-filled 
surge voltage protector. Current 
carrying capacity is 5000A for a 10-
to 20-,us waveform. Capacitance is 
2 pF and insulation resistance un­
der unignited condition is 101 0 n. 
The protector measures 0.38-inch in 
diameter and 1/ 4-inch in length. 

Siemens America Inc., 350 Fifth 
Ave., New York. Phone: (212) 564-
7674. 

Circle No. 353 

This 80-circuit motor-driven se­
quence cam switch has a 106 cycle 
life. Up to 80 spdt contacts can be 
operated at speeds of 1 through 35 
cycles/ minute. A maximum of 20 
notches on each cam can be ob­
tained. Four notched or unnotched 
cams are maximum for standard 
unit. The switch is designed for re­
peat cycle control. 

P&A: $9 to $12; stock to 60 days. 
Chicago Dynamic Industries, Inc., 
1725 Diversey Blvd., Chicago. 
Phone: (312) 935-4600. 

Circle No. 354 

Standard resistance range of this 
0.0015-in. 3 resistor is 50 to 200 kn. 
Applications include amplifiers and 
preamps, wave shaping networks 
and logic modules. Model 4200 offers 
a cermet element, an alumina sub­
strate and weldable and solderable 
leads. Power rating is 70 mW at 
100 ° C, temperature range is - 65 
to + 150 ° C and resistance toler­
ances available are 1, 5 or 10 % . 

Bourns, Inc., 1200 Columbia, Riv­
erside, Calif. Phone: (714) 684-
1700. 

Circle No. 355 

Switching over a pressure range 
of 30 to 0.04 mmHg (70,000 to 230,-
000 feet) is accomplished by this 
high-altitude pressure switch. The 
switch withstands 20 G vibration, 
150 G linear acceleration and has 
an operating range of - 20 to 
+ 165 ° F. A temperature-controlled 
thermocouple pressure sensor a con­
stant-voltage source, a de amplifier 
and flip-flop switching are used. 

MetroPhysics Inc., 331 N. Milpas 
St., Santa Barbara, Calif. Phone: 
(805) 965-2526. 

Circle No. 356 
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our group. 

A family of three perforators is 
just right when it satisfies about 
99 percent of the applications. 
And these Tally perforators do. 

Easily the best known perfora­
tor on the market today is the 
wonderfully reliable Tally 420 
which operates at 60 characters 
per second. Some of our cus­
tomers have operated this per­
forator up to 500 million cycles 
without overhaul. 

Fastest perforator in the family 
is the Tally P-150, which, as you 
might guess, operates at 150 
characters per second. Round­
ing out the line is our popular 
120 character per second perfo­
rator, the P-120. 

The Tally P-120 and P-150 
offer a remarkable degree of 
sophistication. With the parity 
option they catch their own mis­
takes while working at maxi­
m um speed. Here's how it 
works. Parity contacts in the 
perforating mechanism allow 

"See us at DPMA" 

ELECTRONIC DESIGN, June 21, 1966 

interrogation during a punching 
cycle and before the tape is ad­
vanced to the next character. If 
an incorrect parity code is 
sensed, (1) tape advance is in­
hibited, ( 2) the code in error is 
overpunched with an all-hole 
delete code, ( 3) tape is ad­
vanced and the same character 
punched again. Clean accurate 
tapes are a virtual certainty. 

All Tally perforators accept pa­
per, plastic, or foil tapes. They 
feature asynchronous operation 
so that punch commands can be 
accepted at any time interval up 
to maximum speed. Tally per­
forators handle 5 through 8 
channels on any standard tape 
up to 1 inch without modifica­
tion. Tally perforators have 
high quality die blocks and pre­
cision honed punch pins indi­
vidually fitted for long life 
punching. All models offer in­
tegral reeling. All Tally perfo­
rators are available in 50/60 
Hz, 115/230 vac models. 

Options include bit echo verifi­
cation, remote backup, end of 

Speed Inquiry to Advertiser via Collect Night Letter 
ON READER-SERVICE CARD CIRCLE 66 

tape, low tape, tape motion sen­
sors, and teletypesetter configu­
ration. 

Write for more wisdom. Com­
plete data on each and every 
member of the Tally group of 
perforated tape equipment is 
yours for the asking. For your 
information please address K. 
Crawford, Tally Corporation, 
1310 Mercer Street, Seattle, 
Washington 98109. Phone: 
(206) MA 4-0760. TWX: 
(910) 444-2039. In the U. K. 
and Europe, address H. Uli­
john, Tally Europe, Ltd., Rad­
nor House, 1272 London Road, 
London, S. W. 16, England. 
Phone POLlards 9199. 

TALLY. 
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ANY ENCLOSURE 
.. . ANY VVEIGHT 

.. " 

VENT-RAK 1000 Serles Cabinet 

FROM 
CUSTOM 

OR 
STANDARD: 

From Chassis-Teak you get the 
broadest range of slide weight ca­
pacities and the ideal enclosure for 
your application. Flexibility ... plus 
uncompromising Chassis-Trak qual­
ity ... have made Chassis-Trak a 
part of the package on every major 
missile project. 

Just make sure the slides you or­
der have the Chassis-Trak of Indian­
apolis, Seal of Quality ... your pro­
tection against inferior imitations 
... ask about Vent-Rak cabinets. 

VENT-RAK Modular Chassis 

With Chassis-Teak, you get: 

• Ultra-thin slides for standard 
racks and cabinets 

• Choice of tilt, non-tilt, tilt-lock 
versions in most models 

• Poxylube 75 dry-film lubricant 

• Choice of solid or roller bearings 

• Delivery from stock in standard 
models 

A Package for Every Major Missile Project from 

525 South Webster Avenue, Indianapolis, Indiana 
ON READER-SERVICE CARD CIRCLE 67 
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COMPONENTS 

Distributed amplifiers 
High-output distributed amplifi­

ers deliver 30 V p-p into 75 n or 25 
V p-p into 50 n. Bandpass ranges 
are 1 to 30 MHz, 10 to 30 MHz, 50 
to 100 MHz or 75 to 125 MHz. Gain 
is 20 dB min. Other bandpass 
ranges, gains and characteristics 
are available. 

C-Cor Electronics, Inc., 60 Deci­
bel Rd., State College, Pa. Phone: 
( 814 ) 238-2461. 

Circle No. 362 

Adjustable time switch 
Timing periods from a few min­

utes to more than 13 months may be 
set on this adjustable switch. The 
unit switches at the end of the tim­
ing period with an aggregate error 
of 1 hour / year. Model 6410 contains 
a jeweled timepiece driven by a 
brushless de motor. The internal 
battery powers the unit for 10,000 
hours. Switch contacts are rated at 
1 A resistive and inductive at 28 V. 

General Oceanographic Co., P. 0 . 
Box 66006, Los Angeles. Phone: 
( 213 ) 398-8790. 

Circle No. 363 
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YES, THIS NEW MINIATURE SWITCH ACTUALLY 

BREAKS 7 AMPS AT 125 VAC 
Model 711 is a single-pole, nonshorting selector 
switch that reaches a new high in compactness. It's 
a load-break, power switch beyond any doubt, but with 
a l1/8" body diameter, it is smaller than many instru­
ment switches of much lower rating. 

How can Ohmite cram such a whopping rating into 
such a small "package?" Only because the Model 711 
reflects 25 years of experience in switches up to 100 
amps. It's your guarantee for reliability and long life. 

Small: Only 1 ~" in body diameter; extends 13,{6" behind 
panel. 
Breaks: 7 Amps, 125 VAC (75% power factor) load. 
Carries: 15 Amps, AC or DC, 125 volts. 

Contacts: Solid-silver-alloy to solid-silver-alloy; 2 to 11 
contacts. 

Dual-Purpose Terminals: Solder 'em, or push on a %" 
quick-connect terminal. 

Slow-Break, Quick-Make Action: Minimizes sparking 

CARRIES 15 AM PS AT 125 v 
and increases contact life with AC. Wiping-action contacts 
are self cleaning. 30° Indexing. 

Superb Construction: Melamine-phenolic body has high 
insulation rating and resists arc-tracking. Unlike most small 
switches, thick conductors, not 
thin springs, carry the current. 
Stainless steel shaft, Ys"-32 brass 
mounting bushing. 

Singles and Gangs: Single 
decks can be supplied enclosed ; 
gangs of two or more decks are 
enclosed. All mount on ~" thick 
maximum panels. 

2-Gang Model 

NEED SWITCHES UP TO 100 AMPS? Then write for 
Catalog 400. It covers nonshorting, power-type switches 
with load-break ratings from 15 to 100 amperes (2 to 12 
taps) and an extensive line of unenclosed types with 2 to 
77 taps. Many variations are described along with valuable 
information on switch selection. 

Write for Bulletin 403 

RHEOSTATS• POWER RESISTORS• PRECISION RESISTORS• VARIABLE TRANSFORMERS• RELAYS 

TAP SWITCHES • TANTALUM CAPACITORS • SEMICONDUCTOR DIODES • R.F. CHOKES 

OH MITE MANUFACTURING COMPANY 
3643 Howard Street • Skokie, Illinois 60076 

Phone: (312) ORchard 5-2600 

ON READER-SERVICE CARO CIRCLE 68 
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CUT BREADBOARDING 
TIME . . . . 4 WAYS 

New MICRO PLUGBORDS with subm iniature 
connectors. The .042" or .025" dia. holes on 
.1" or .05" centers allow greater packaging 
density than possible before with pre­
punched boards. Available also without con­
nectors and in copper clad epoxy glass. 

Pre-punched PLUGBORDS with Varicon * or 
Vector Edge-Pin contacts ready for your 
components. Insert Mini-Klip Push-In ter­
minals where needed. JEDEC hole spacing 
matches t ra nsistor leads. *Elco Trademark. 

ETCHED CIRCUIT KITS 27X and 27XA pro· 
vide all materials for making quick, inexpen­
sive etched circuits. New 27XA has t ime· 
saving Vectoresist, the "rub-on" transfer re­
sist sheet with lines, circles, ellipses, pads 
and standard .156" contacts, plus Vector­
bord and unpunched copper clad cards and 
ready-to-use etch bags. 

Large and small BREADBOARD KITS with 
complete hardware systems for faster bread­
boarding in Lab. or school experiments. 
Complete with solderless Springclip, solder­
able push -i n terminals, transistor and tube 
sockets. New Hi Frequency breadboard kit 
now available. 

M aJ1 we send you literature and prices? 

VECTOR ELECTRONIC CO. INC. 
1100 Flower St., Glendale, Calif. 91 201 
Phone (213) 245-8971 • TWX (213) 240-2162 
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COMPONENTS 

Ni/Cd batteries 

500-G accelerometer 

High-voltage capacitors 

Ratchet counter 

Rechargeable "power plant" 
nickel-cadmium batteries can be re­
peatedly discharged and recharged. 
Three basic cell types (button, 
cylindrical and rectangular) are 
available in twenty-three capacit ies 
from 20 mA-hours to 23 A-hours. 
Operating voltage is 1.2 V. The 
hermetically sealed cells a r e a lso 
available in cusfom configurations . 

Bright Star Industries. 600 Getty 
Ave., Cli fton, N. J. Phone: (201) 
772-3200. 

Circle No. 364 

This strain gage accelerometer 
has a bui lt-in amplifier capable of 
directly driving magnetic tape or 
oscillograph recorders. Output of 
the type 4-290 is amplified by an 
integral stable differential de ampli­
fier to ±5 Vdc. Acceleration range 
is ± 5 to ± 500 G. Operable temper­
ature range is - 65 to + 250°F, 
and weight is less than 7 oz. The 
unit measures acceleration perpen­
dicular to the mounting surface. 

P&A: $995; 45 days. CE C, Data 
Instruments Div., Monrovia, Cali f. 
Phone: (213 ) 796-9381. 

Circle No . 365 

Glass-cased capacitors are sui t ­
able in high-voltage applications 
from - 55 to + 125 ° C with no volt ­
age derating. The paper-plastic 
fi lm dielectric, the high dielectric 
strength of the impregnant, and the 
thermal glass t ubing provide size 
and weight reductions. 

The tubular capacitors provide 
high resistance to mechanica l 
stresses. 

Gudeman Co., 340 W. Huron St., 
Chicago. Phone: (312 ) 337-7400. 

Circle No . 366 

The wheels of this subtracting 
type predetermining ratchet count­
er may be preset to any figure up 
to 99,999. In operation, the counter 
subtracts from t he pre-set number 
to 00,000. At the passage of 00,000 
an spdt switch is actuated. Maxi­
mum counting speed is 500 strokes/ 
minute. Angle of throw is 36 to 
60 ° . The 5-digit uni t is rated at 
5 A, 220 Vac. 

Landis & Gyr Inc., 45 W. 45th 
St., New York. Phone: (212) 586-
4644. 

Circle No. 367 
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THESE CON AVIONICS 
POWER SUPPLIES 
COST s200 LESS 
THAN THE 
GOING RATE. 

WHAT DO YOU 
TRADE OFF WHEN 
YOU BUY THEM? 

NOTHING. 
You certainly don't trade off quality. Our power 
supplies are guaranteed unconditionally for 
five years. They have an M.T.B.F. of 35,000 
hours, calculated according to Mil Handbook 
217. Silicon transistors are used exclusively. 
The secret in manufacturing these units for 
$200 less than the going rate is designing 
systems power supplies right from the start. 
(Most other manufacturers just warm over 
their designs for lab supplies.) So our way, 
with a lot of value analysis and some new 
techniques, we're able to pack a lot of 
value into just 51,4 " of panel height. 
If you buy systems power supplies it could 
very well be worth $200 to you to have 
Con Avionics' data available. 

This rack holds two HS power supplies. Each 
power supply is rated at . 12 volts, 20.5 amps. 

INPUT: 105-125 VAC, 47-63 cps 
REGULATION: (Line and load combined) ± 0.05% 
RIPPLE: 1 mv RMS max 
RESPONSE TIME: 25 microseconds 
TEMPERATURE COEFFICIENT: 0.015%/ °C or 

18 mv / °C., whichever is higher 
TEMPERATURE: 75°C max. 
M.T.B.F.: 35,000 hours 
GUARANTEE: 5 years, unconditional 

The entire voltage range between 0 vdc and 
51.0 vdc is covered in 42 models. 
Currents range from 5.5 amps to 46.0 amps. 
Wattages from 55 to 816. 

CONSOLIDATED AVIONICS 

ELECTRONIC DESIGN, June 21, 1966 
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60-cycle source? 

Stability + 0.2% 
to a second 
per month 
(3 x 10-8 per 24 Hour) 

Price $60 up. 

TFA-866 

Think TRACOR 

For further information: 

TRACOR, Inc. 

General Sales Office 

6500 Tracor Lane 

Austin, Texas 78721 

Phone: 512-926-2800 

® 

COMPONENTS 

REPRESENTATIVES IN PRINCIPAL CITIES 

We are looking for EE's, ME's and 
Physicists for design consultation 
or systems development in ASW 
and undersea problems-experi­
ence in penetrations aids-design 
studies, tests, analysis and reports 
on electronic and mechanical sys­
tems. Your reply strictly confi­
dential. 

ON READER- SERVICE CARD CIRCLE 70 
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COMPONENTS 

Hybrid de amplifier 

2-pin quartz crystal 

1-in. vertical attenuator 

Sine wave inverter 

A hybrid microelectronic de am­
plifier, TMS 1301, occupies less 
than 0.1-in.3 • The amplifier operates 
from a power supply voltage of 
± 12 V and has a minimum dynamic 
range of ±8 V. Bandwidth is 1 
MHz, gain is nominally 1000 and 
offset at the input is 4 mV. Packag­
ing arrangements are available to 
special order. 

Price: $195. Solitron Devices 
Inc., 256 Oak Tree Rd., Tappan, 
N. Y. Phone: (914) 359-5050. 

Circle No . 368 

Two-pin quartz crystal units are 
offered encased in evacuated glass 
envelopes. The three styles meet 
Mil-C-3098. Evacuated glass con­
struction improves frequency toler­
ances, aging characteristics, long­
term reliability and enables opera­
tion at up to 150°C. Type 4444 is 
available in frequencies from 1.6 to 
100 MHz and types 4445 and 4446 
cover the 5 to 100 MHz band. 

Standard Telephone & Cables, 
Harlow, Essex, England. 

Circle No. 369 

A new 1-in.-wide vertical or slide 
attenuator has either 20 or 30 steps 
in a balanced or unbalanced ladder, 
T or potentiometer circuit. Imped­
ance ranges are 30 to 600 n on lad­
ders or T's and up to 1 Mn on po­
tentiometers. Standard dB per step 
is 1.5. All contacts and wipers are 
solid silver alloy and terminals are 
located at the upper back end. 

Tech Labs. Inc., 50 E. Edsall 
Blvd., Palisades Park, N. J. Phone: 
(201) 944-2221. 

Circle No. 370 

A 115-Vrms, 400-Hz sine wave 
inverter is rated at 100 W. The in­
verter operates from an input of 24 
to 30 Vdc. Output power is rated at 
100 VA at 50°C or 80 VA at 71°C. 
The wave shape is sinusoidal with 
4 % max harmonic distortion at full 
load. 

P&A: $500; stock to 8 wks. Ar­
nold Magnetics Corp., 6050 W. 
Jefferson Blvd., Los Angeles, Calif. 
Phone: (213) 870-7014. 

Circle No. 371 
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What is reall1 
important when 
evaluating 
crystal frequency 
standards? 

How much can 
you find out 
from aging-rate 
data? 

SELECTION 
OFA . 

FREQUENCY 
STANDARD 

TFA-1166 

Two reports will be of 
special help if you want 
to know the fine points in 
evaluating a crystal 
frequency standard. 

One is "Selection of a 
Frequency Standard", 
Application Report 1266. 

The other is a National 
Bureau of Standards report 
on a specific oscillator of 
this type. 

Both are yours via the 
reader-service card in this 
magazine - or for faster 
response write directly to : 

TRACOR, Inc. 
General Sales Offices 
6500 Tracor Lane 
Austin, Texas 78721 

Phone: 512-926-2800 

SULZER 
DIVISION 

REPRESENTATIVES IN PRINCIPAL CITIES 

ON READER-SERVICE CARD CIRCLE 71 
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COMPONENTS 

Multi-turn pot 

Toroidal inductors 

Single-turn pot 

Cermet trimming pot 

Models 875 and 876 7 / 8-in. poten­
tiometers are available in 3, 5 and 
10 turns, 1/8 or 14-in. shaft, with 
standard bushing or servo mount­
ing. Resistance range is 25 n to 250 
kn with a linearity tolerance of 
± 0.25 % . These 1-oz pots have a 3-
W power rating at 40°C ambient. 
Life expectancy is 2 X lOG shaft 
revolutions. 

Electro-Techniques, 11301 E. 
Ocean Ave., LaHabra, Calif. Phone 
(213 ) 691-0741. 

Circle No. 372 

Series L toroidal inductors pro­
vide 1 to 40,000 mH from 100 Hz 
to 100 kHz. Inductance is stable to 
within ± 2 % from - 55 to +85°C. 
Due to the closed field, magnetic 
shielding is not required. The units 
have 5-in. teflon leads. Adjacent 
stacking results in a minimum of 
mutual coupling. 

Price: $8.08 to $28.54 (1 to 9 ) . 
Solid State Electronics Corp., 15321 
Rayen St., Sepulveda, Calif. Phone: 
(213) 894-2271. 

Circle No. 373 

A 7 /8-in. bushing mount poten­
tiometer, model 1232, is available in 
single and multi-cup configurations. 
Resistance range is 100 n to 20 kn. 
Resistance tolerance is ± 5% and 
linearity tolerance is ±0.5%. Life 
expectancy is 2 X 106 revolutions 
and power rating is 1.25 W at 40°C. 
Up to 9 taps and 6 cups can be ac­
commodated. 

P&A: $6.75 (over 250); stock. 
Duncan Electronics Inc., 2865 Fair­
view Rd. , Costa Mesa, Calif. Phone: 
( 714) 545-8261. 

Circle No. 374 

This trimming potentiometer is a 
1/4-in. diameter, single-turn unit 
with pins spaced on a 0.1-in. grid. 
Pin length is 3/16-in. Standard re­
Ristances available are 10 n to 1 Mn. 
The cermet element offers a power 
rating of 0.5 Wat 85° C, derating to 
0 at 150° C. The 0.75-gram unit is 
available in continuous rotation or 
stop configurations. 

Beckman Intruments, 2500 Har­
bor Blvd., Fullerton, Calif. Phone: 
(714 ) 781-4848. 

Circle No. 375 

ON READER-SERVICE CARD CIRCLE 224 ,... 



Small ampl ifier . . 
Small price ($85.) 

Big 
input 

impedance 

TYPICAL LFT • 1 CHARACTERISTICS 
(at 25°C unless otherwise stated) 

Differential input Z @ d-c ...................... 10" ohms 
Open loop gain @ d-c 'RLL =!OK) .....•............. SOK 
Unity gain crossover frequency ...................... I me 
fp .. ..... .... .. ...... .. . .... . . . .... .. ............ !Okc 
Input leakage current @ 25°C . ... ..... ...... 50 picoamps 
Input leakage current @ 85°C ....................... I na 
Output ......•.... . ........ . .. . . . . "'IOv@ * 2ma 'min.) 
I nout common mode voltage range . .. . .. ... .. "'!Ov (max.) 
ti.Eos/ ti. T ( -25°C to +85°C) .................. "' 10 "v /°C 
Supply voltage ... . . ... ......... . ....•......... ... *ISv 
Operating temp. range ................•.• -25°C to +ss0 c 
Storage temp. range . ....... . ... ..... ... -55°C to+ I00°C 
Case size ......... . .... . .. 2.02" (I) x 1.14" (w) x 0.62" (h) 

• Here is a new operational amplifier from NEXUS that brings you a happy com­
bination of extremely high input impedance; low, low input leakage current; and 
a very favorable price. 

• Utilizing field effect transistors in its input, the LFT-1 presents an input im­
pedance of well over a thousand megohms. FET input leakage cu rrents are typically 
50 picoamps at 25°C and 1 nanoamp at 85 °C. 

• The LFT-1 costs only $85* in quantities of 1 to 9 ... substantially less in larger 
quantities. Delivery is generally within two weeks. 

• The new FET unit is ideally suited to applications requir ing extremely low 
error currents, such as integrators, sample and hold circuits, and electromete r 
circuits. The high input impedance and low error currents permit both inverting 
and non-inverting amplifier configura­
tions, using input and feedback re­
sistors with values of the order of 
hundreds of megohms. 

• Send for new data sheet. 

* 

II NEXUS 
RESEARCH LABO R ATO R Y, INC . 

480 NEPONSET STREET, CANTON, MASS. 02021 
TEL: 16171 828-9000 TWX !6171 828-1022 

Prices F.O.B. Canton , Massachusetts - Prices apply to North America only. 



Latronics 
CONTROLLED RECTIFIER HOUSINGS 

METAL TOP 

- . r ... - .. 
I· 

. 
rM ~~ 

f1 ~ 

'- • •n: I •1.•.u 

' 

This is a typical sheet from Latronics new catalog 
on Ceramic and Glass-to-Metal Seals. 

SEND for Latronics Catalog 100-266-1. 

9 ~!~~~e~!~~15~~~~~~~!~':!~7857 
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RELATIVE SPECTRAL EMISSION 

TYPE 482 GALLIUM PHOSPHIDE DIODE (Green Emission): 
• 5600 A peak wavelength emission • Ultra-pure epitaxially 

grown GaP, p-n junction • High conversion efficiency; emis­
sion > 10-s photons/electron 

GALLIUM ARSENIDE DIODES (IR Emission): 
• Wide choice of packaging: glass diode housing, T0-5 can with 

or without lens, T0-18 can, micro-miniature ceramic and metal 
package • Low capacitance and fast response • Long-term 
stability in output 

Typical Applications: 
• Calibrating Si photodiodes and PM tubes • Sources for tape 

and card readers, encoders, level indicators • Optical radar 
transmitter, range finder, and tracking applications 

For further information, write or call: 

ELECTRO-NUCLEAR LABORATORIES, INC. 
ll5 Independence Drive, Menlo Park , Calif. 94025; (415) 322-8451 
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COMPONENTS 

" 
Ceramic vacuum relay 

Model HC-1 ceramic vacuum re­
lay is capable of switching up to 2.5 
kVdc and carrying up to 18 A rms. 
The spdt unit has a max operating 
time of 6 ms, a coil resistance of 
335 n and a coil voltage of 26.5 V de. 
It is evacuated to 10-s mm of Hg. 

P&A: $59 (1 to 9); stock to 30 
days. High Vacuum Electronics 
Inc., 538 Mission St., South Pasa­
dena, Calif. Phone: (213 ) 682-3661. 

Circle No. 378 

IF phase shifters 
Variable phase shifters from 1 to 

200 MHz incorporate a reac tive cir­
cuit of lumped parameter devices. 
Voltage variable capacitors control 
desired phase shift. Center frequen­
cies of 30, 60 and 70 MHz are 
offered. All have typical bandwidths 
of 10 % and can be biased to shift 0 
to 180° over insertion phase shift. 
To sweep the full 180° phase varia­
tion, 50 V are required. Impedance 
is 50 n at each port, vswr is L5 and 
insertion loss is 1 dB max. 

Merrimac Research and Develop­
ment Inc., 517 Lyons Ave., Irving­
ton, N . J. Phone: (201 ) 371-1616. 

Circle No. 379 
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The Hoffman HCD-4 microminiature planar epitaxial passivated 
diode is designed for computer memory core driver and similar 
switching applications under 6 nanoseconds. 

It features controlled forward conductance, with specified maxi­
mum limits on junction capacity and stored charge, to provide 
devices of uniform reproducible performance. 

The conventional method of characterizing the switching speed of 
a diode by the measurement of the reverse recovery time is not 
used for fast switching diodes. 
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Hoffman uses a direct measurement of stored charge of the diode 
by integrating the reverse current of the diode. The stored charge 
represents an inherent characteristic of the diode and provides a 
single, unambiguous figure of merit which has minimal depend­
ence on test conditions or jigs. 

Repeatability of storage value measurement to within 5% can be 
made on direct reading low cost equipment. 

For additional information regarding this product write Hoffman 
Electronics, Dept. A, El Monte, California . . 
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Power Dissipation : 500 Milliwatts (Cerate 3.3mW!°C above 25°Cl 
Operating Temperature Range : -65°C to + 175°C 
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FORWARD CURRENT - 1, - MllllAMP£RES 

fllUH 1 TYPICAL VARIATION Of STORED CHARGE WITH FORWARD CURRENT 

Approx . 4X Actua l S ize 

Storage Temperature Range: -65°C to + 200°C 

Electricitl Specifications : 25°C unless otherwise specified 

Parameter Symbol Min. Max. Un its 

Forward Current (Note 1) 
/, = lOOuA v .. 430 550 mV 
I, = 1 mA v .. 540 660 mV 
I,= lOmA v .. 650 800 mV 
l,=lOOmA v .. 790 990 mV 
I,= 500 mA v .. 960 1350 mV 

Breakdown Voltage 
I. = IOOuA a .. 75 Volts 

Reverse Current 
V • = 50 Volts, '· 100 nA 
V, = 50 Volts T. = lOO'C '· 20 uA 

Stored Charge (Note 21 
I, :::: IOmA Q, 60 PCou/ 

Capacitance 
v. = 1 Volt, f = I me c. 2.0 pf 

Note 1 - Test time at each forward test current 30-40 milliseconds. 
Note 2- Measured on 8-Une Electronics Model QS-3 Stored Charge Meter. 
Conditions: Pulse Amplitude = 5 Volts 

Pulse Width = 50 nSec. 
Rise Time = .4 nSec. 
Source Impedance= 10 Ohms 
Stored charge measurement accuracy ± 4% of full scale. 
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TYPICAL CORRELATION BETWEEN STOR£0 CHARGE ANO REVERSE 
RECOV£11Y TIME 

flCUltE 2 (llJ MEASUREO IN B·LINE ELECTIWNICS 
QS-3 STORED CHAflGE METER AT I, = 10 MA, t,. MEASURED IN 
TEXTRONIX 291 DIODE TEST FIXTURE AT CONDITIONS INDICATED) 

SEMICONDUCTORS 
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COMPONENTS 

Propeller fan performs 
like blower 

The 7-in. 2 "Tarzan" fan delivers 
the peiformance of squirrel-cage 
blowers. The compact unit is de­
signed for cooling microelectronic 
modules, PC card chassis for dis­
crete components, computers and 
communications tr an s m i t t e r s. 
Range of application is 150 to 300 
cfm. Axial depth is 4-11 / 32-in. 

Price: $23.50 (1,000 lots). Ro­
tron Mfg. Co., Inc., Hasbrouck 
Lane, Woodstock, N. Y. Phone: 
(914 ) 679-2401. Circle No. 380 

PC reed relays 
fercury-wetted contact and dry 

reed relays for PC applications 
measure 3/8-in. high. The units are 
available in dry reed contact con­
figurations up to 3pst-NO or dpdt 
and in mercury-wetted contact con­
figurations of spst-NO or dpst-NO. 
Dry contacts are rated for 10 VA 
non-inductive loads at up to 250 mA 
or 100 V max. Mercury-wetted con­
tacts are rated for 28 VA non-in­
ductive loads up to 1 A or 100 V 
max. Operate time is 1 ms. 

Magnecraft Electric Co., 5575 N. 
Lynch Ave., Chicago. Phone: (312 ) 
282-5500. Circle No. 381 
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X-Y sawtooth generator 

Multi-tap delay line 

Notch filter 

A/D converter card 

Two highly stable and linear gat­
ed sawtooth generators are com­
bined to form the SG415. Each is de 
coupled, and screwdriver adjustable 
pots provide a ± 50 % width adjust­
ment. Nominal sawtooth widths can 
be specified from 6 ns to 500 ms. 
Provisions are made for the connec­
tion of external timing capacitors. 

Availability: 3 wks. Beta Instru­
ment Corp., 377 Elliot St., Newton 
Upper Falls, Mass. Phone: ( 617 ) 
969-6510. 

Circle No . 382 

Featuring a built-in pulse equali­
zation network, a multiple tap delay 
line is designed for pulse encoders 
and decoders. The pulse network 
provides an output amplitude at 
each tap within ±1 dB on the nom­
inal pulse amplitude at the end of 
the line. The hermetically sealed 
units measure 3-1/8- x 4-1 / 2- x 1-
1/ 4-in. 

P&A: $100; stock to 8 wks. PCA 
Electronics Inc., 16799 Schoenborn 
St., Sepulveda! Calif. Phone: (213) 
892-0671. 

Circle No. 383 

Model APN-60 is an active notch­
filter which eliminates the 60-Hz 
frequency without signal distor­
tion. Rejection bandwidth of this 
filter can be narrowed to 2 Hz with­
out a phase shift in the pass band. 
Pass band is de to '25 kHz with a 
max insertion loss of 0.5 dB. Power 
required is a regulated ±12 V at 
2.5 mA. Input impedance is 1 Mn. 

P&A: $155; stock. A. P. Circuit 
Corp., 865 West End Ave., New 
York. Phone: (212) 222-0876. 

Circle No. 384 

This analog-to-digital converter 
card uses integrated circuits. Input 
range is ± 5 V and conversion time 
is 1 µ,s / bit max. Output format is 10 
parallel binary bit data. Conversion 
frequencies exceed 100 kHz with in­
ternal or remote clock command . 
Resolution is 10 bits and linearity is 
0.05 % or 1/ 2 bit. 

P&A: $1200; stock to 60 days. 
Pastoriza Electronics Inc., 385 El­
liot St., Newton Upper Falls, Mass. 
Phone: ( 617) 332-2131. 

Circle No. 385 
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MORE THAN 11 BASIC SERIES AVAILABLE IN A WIDE SELECTION OF SINGLE SECTION, DUAL 
SECTION, BUTTERFLY AND DIFFERENTIAL TYPES. FOR MORE DETAILS, TURN THE PAGE. 

~1 

Now from a new, expanded air variable capacitor 
line, you can satisfy your capacitor needs in 
more ways at low cost. From the Johnson line, 
offering capacitance values up to 1700 pf. 
and peak voltage ratings from 650 to 13,000 
volts, you can specify air variables and 
be assured your design will yield a product 
that ' s competitively priced. Johnson air 
variable capacitors range from sub-miniature 
types to large units suitable for heavy duty 
applications. Whatever the use, they provide 
excellent stability, high Q, uniform capacitance, 
and exhibit low •'hook'' in applications 
involving a square wave form. 

For complete capacitor Information write on 
company letterhead for free, detailed Johnson 
components catalog No. 700. 

E. F. JOHNSON [OMPANY 
W A S E C A, M I N N E S 0 T A 5 6 0 9 3 



MACHINED PLATE TRIMMER AND TUNER TYPES - U, UA, UB, 
U·LC, V, AND W - Available in both printed circuit and chassis 
mounting types. U types available in differential and butterfly 
printed circuit mounting types in addition to single section types. 
V and W capacitors available in single section type only. Maximum 
capacities of up to 54 pf. Tuners consist of a machined plate trim­
mer and high Q air wound silver plated inductor, in resonant fre­
quencies of 100 to 750 Mc. 

SOLDER PLATE TYPES - Type M: Capacity values to 30 pf. Voltage 
ratings to 1250 volts peak. Available in single section, differential 
and butterfly types. 
Type S: Capacity values to 100 pf. Voltage ratings to 3000 volts 
peak. Available in single section, differential and butterfly types. 
Type K: Capacity values to 150 pf. Voltage ratings to 3800 volts 
peak. Available only in single section types. May be furnished in 
production quantities in full compliance to MIL-C-92A. 

SUB-MINIATURE INSULATED TYPES - Designed tor printed cir­
cuit applications. Operating voltages to 1500 volts RMS ... 5 
amperes current carrying capacity ... contact resistance less than 
2 milliohms. Capacitance between two adjacent jacks less than one 
pf at 1 Mc. 10 colors available. Test-Point Strip/ Handle - rapid· 
mounting polyamide body contains 12 test points each rated at 
5 amps., maximum current capacity. Operating voltage 1500 volts 
RMS at sea level, 350 volts RMS at 50,000 feet. Contact resistance 
less than 2 milliohms. 
STANDARD INSULATED CONNECTORS - A complete line of con­
nectors molded of tough, low-loss, shock-proof polyamide in 10 

Type R: Capacity values to 340 pf. Voltage ratings to 4400 volts 
peak. Available only in single section type. 
Type L: Capacity values to 200 pf. Voltage ratings to 3500 volts 
peak. Available in single section differential, butterfly and dual 
section types. 

SPACER TYPES - Type C: Capacity values to 1500 pf. Voltage 
ratings to 13,000 volts peak. Available in single section and dual 
section types. 
Type D: Capacity values to 1700 pf. Voltage ratings to 9000 volts 
peak. Available in single section and dual section types. 

STAKED PLATE TYPES - Type E: Capacity values to 1000 pf. Volt· 
age ratings to 4500 volts peak. Available in single section and dual 
section types. 
Type F: Capacity values to 400 pf. Voltage ratings to 3000 volts 
peak. Available in single section and dual section types. 

colors meeting Fed. Std. 595. Tip, Banana and Dual Banana Plugs; 
Tip and Banana Jacks; Metal-Clad Tip Jack, Military; Jack and 
Sleeve; Binding Posts. 
RIB·LOC TERMINALS - A new line of miniature, one-piece, in· 
sulated terminals with a unique serrated conical design, which 
resists loosening and turning. Provides an inexpensive approach 
to convenient press-in type terminals. Six colors conforming to 
Federal Color Standard No. 595. Terminal styles include single 
and double turret feed-thrus and stand-offs, .040" dia. tip plug 
and mating jack tor .040 plug. 

Tube Sockets, Insulators, Pilot Lights, and Hardware 
ULTRA HIGH FREQUENCY SOCKETS - Continuous heat resistance 
to 500°F. with low loss, glass filled silicone base and heat treated 
beryllium copper contacts. Low inductance screen bypass capacitor 
available for VHF and UHF operation. 

KEL·F SERIES - Molded of low dielectric loss-factor Kel-F plastic 
- designed tor use with a wide selection of high power transmitting 
tubes. 

STEATITE WAFER TYPES - Available in 4, 5, 6, 7, and 8-pin 
standard socket types, as well as Super Jumbo 4-pin types. Also 
giant 5 pin, and 7 pin Septar and VHF Septar Sockets. 

SPECIAL PURPOSE TYPES - Includes sockets for special purpose 
tubes. 
Note: For detailed specifications, request Socket Standardization 
Booklet 536 on your company letterhead. 

INSULATORS - Low loss, high-voltage breakdown in either steatite 
or porcelain. Complete line includes Thru-panel Bushings and In­
sulators, Antenna Strain and Feeder Types, Cone and Stand-off 
Insulators, Lead-in Bushings and Feed·Thru Bowl Assemblies. 

PILOT LIGHTS - Over 47 separate assemblies. Continuous indi­
cation neon types, models tor high and low voltage incandescent 
bulbs, standard or wide angle glass, and lucite jewels. Specials, 
including types meeting military specifications, also available in 
production quantities. 

PANEL BEARINGS - For use on 1/4'' shafts and panels up to %" 
thick. CRYSTAL SOCKETS - For low capacity, high voltage and 
high temperature operation. Glazed steatite, Grade L-423 or better. 
DC-200 impregnated. RF CHOKES - High quality construction. 
For 1. 7 to 30 Mc range. 

CHECK Johnson for all your component requirements 
Johnson also offers a complete line of heavy-duty RF components for broadcast transmitting, 
RF heating, antenna phasing and other commercial applications. 

Equipment in this line includes fixed and variable inductors, antenna phase sampling loops, 
isolation filter inductors, feed-thru bowl insulators, static drain chokes, RF contactors and 
heavy-duty make-before-break switches. 

E. F. JOHNSON l:OMPANY 
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COMPONENTS 

Active filter 

Band pass filter 

' 
Junction compensator 

11-crystal oven 

~ ON READER-SERVICE CARO CIRCLE 246 

This low-pass active filter offers 
60-dB min attenuation from 3 Hz to 
100 kHz and handles 5 A de. It is 
designed to prevent noise generated 
by a randomly fluctuating load 
from being reflected through the 
power supply and into the distribu­
tion system. Typically, a 30-A spike 
drawn by the load will be attemiat­
ed to 3 mA at the power supply. 
Custom units are available. 

Allen-Bradley Co., 1201 S. Second 
St., Milwaukee, Wis. Phone: ( 414) 
671-2000. 

Circle No. 386 

A new passive band pass filter is 
designed to eliminate saturation and 
third harmonic distortion problems. 
The output signal is typically phase­
adjustable to ±10 ° ( ±5° min ) . In­
sertion loss is 3 dB. -

Model BP41 has center frequen­
cies from 400 to 10,000 Hz with a Q 
of 4. It provides 58 dB min attenua­
tion for all frequencies greater than 
three times center frequency. 

Guillemin Networks Inc., 170 
Brookline Ave., Boston. Phone: 
( 617) 536-5810. 

Circle No. 387 

A miniature cold junction com­
pensator for Chromel-Alumel ther­
mocouples eliminates the need for 
ice baths, boiling water or transi­
tional salts to achieve a constant 
temperature reference in which to 
embed the cold junction. With an 
input of 400 mV into 3.7 kn ± 1% , 
the output of the compensator is 11 
mV ± 3% at 25 ° C. Tracking ability 
is within 80 µ.V from - 65 to 
+ 125° C. 

Nytronics Inc., Kutztown, Pa. 
Phone: (215) 683-7307. 

Circle No. 388 

Up to 11 plug-in crystals may be 
installed in the low-power model 
900-0153 oven. Power consumption 
is 6.6 W at turn-on and 1.5 W aver­
age at 25 ° C. Standard operating 
temperatures are 65, 75 and 85° C. 
Standard operating voltages are 12 
Vdc, 24 Vac or 115 Vac. The ovens 
are suited for battery-powered mo­
bile communications. 

P&A: $22 to $29 (without crys­
tals ) ; stock to 6 wks. CTS Knights 
Inc., Sandwich, Ill. Phone: (8°15) 
786-2141. 

Circle No. 389 

Bulova can 
supply 
the 
crystal 
you need 
to match your specs! 
Many years of supplying crystal control 
units for the most advanced military and 
space programs enable Bulova to offer 
a full line encompassing virtually the 
entire frequency spectrum-2 kc to 125 
Mc for oscillator and filter applications. 
We can supply every type of packaging 
-including koldweld and glass sealed. 
Our military crystals meet latest 
MI L-C-30980 specifications. All 
reasons why you should make Bulova 
your single source of supply. 

HIGH PRECISION GLASS SEALED 
CRYSTALS 1 Mc to 125Mc. Available in 
va cuum sealed, glass enclosures of the 
HC-26/ U and HC-27 / U type . 
Example: Precision SSB Crystals 

Frequency: 1 Mc to 5 Mc 
Holder: HC-27/ U 
Tolerance: ±.0025"/. 
from -55°C to +90°C, or 
to specification 
Aging: 3 x 10-• per week 
after one week stabilization 
at 75°C 

KOLDWELD SEALED CRYSTALS-low 
aging, high reliability, 1 Mc to 125 Mc. 
Now available in T0-5, HC-6/ U 
and HC-18/ U type cans sealed by the 
koldweld process to eliminate effects of 
heat and to reduce contamination. 
Example: T0-5 
Frequency: 15 Mc to 125 Mc 
Tolerance: ±.0025% from 
-55°C to + 105°C, or to 
specification 
Aging: 1 x 10·1 per week / · 
after one week stabilization I · 
at 75°C 

Write or call for specifications on 
Bulova's complete line of crystals. 
Address: Dept. ED-17 

Bu LOYA 
FREQUENCY 
CONTROL PRODUCTS 

ELECTRONICS OMSTON 
OF BULOV-A WATCH COMPANY, INC. 

61-20 WOODSIDE AVENUE 
WOODSIDE, N.Y. 11377, C212) OE 5-6000 

ON READER-SERVICE CARD CIRCLE 75 

161 



162 

NEW! RED SHIELD LINE 
of Subminiature Shielded Inductors 

O Unsurpassed "Q" to "L" ratio 
O Exceptional "L" to size ratio 
O High Self-Resonance 
0 Designed to M IL-C-15305C 
O Maximum Coupling-3%-units side by side 
O Stock-73 predesigned values 
0 Non-Flammable Envelope 
0 Operating Temperature -55° to 125° C. 

MICRO-RED 
-24 j_ 

T 
O 125::!:: 007 ~~ I 3 TYP mm ~1 

0335 

The "Micro-Red" is a shielded inductor that offers the largest induct­
ance range 0.10 to I O,OOOµh in its size. "Q" to "L" ratio unsurpassed 
with excellent distributed capacity. Inductance tolerance ± 10% 
measured per MIL-C-15305C. Stocked in 61 predesigned values. 

MINI-RED ~ 0157-007 0450 ~ 
max • 

• BELL TO BELL DIMENSIONS 

The "Mini-Red" offers the highest "Q" to " L" ratio available over 
inductance range 0.10 to 100,000µh in a shielded inductor this size. 
Inductance tolerance ± 10% measured per MIL-C-15305C. Stocked 
in 73 predesigned values. 
~ [S Data Sheets: Write or Phone 

L F LENOX-FUGLE ELECTRONICS, INC. 
475 Watchung Ave., Watchung, New Jersey 07060 

Telephone code 201-756-1164-1165 
ON READER-SERVICE CARD CIRCLE 76 

MIT SUMI 
COMPONENTS 

NEW MICRO-MOTOR 
The most exce llent characteristics of Mitsumi micro-motor 

is in its extremely high efficiency. Formerly it has IJeen con­
sidered impossible to attain a n effi ciency of more than 50% 
for micro-motors with a diameter of 20mm or less. We have, 
however. succeeded in breaking through this common concept 
through the adoption of a new system in the magnetic circuit. 
W c serves many types of micro.motors to our customers with 
automated and quality-controlled mass production. 

Main Products 
Polyvaricon ·I FT· Oscillator coil· Antenna 
coil· Composite coil · S pecial coi l· Micro 
motor· Sy nchronou s motor· Variable re­
sisto r·Trimming potentiomete r · FM tuner 
TV tuner· Various sockets · Cd S photo­
co ndu ctive ce ll . 

II MITSUMI ELECTRIC CO.,l TD. 
New York office: 11 Broadway. New York. N. Y. 10004, 

U.S.A . Phon°' HA-5-3085.3086 
Main office: 1056. Koadachi, Komae-mac hi , Kitatama-gun , 

Tokyo. Japan. Phon°' Tokyo 415-621 1/23 

ON READER-SERVICE CARD CIRCLE 77 

COMPONENTS· 

Metal-film trimmers 
Low-n metal-film trimmers main­

tain essentially infinite resolution 
across the entire resistance range. 
These 1/ 2-in. 2 trimmers have a tem­
perature coefficient of 50 ppm/° C 
and a zero noise level at the trimmed 
position. A precious metal contact 
assures low contact resistance. Re­
sistances available are from 50 to 
10,000 n. 

P&A: $5.50; stock to 6 wks. Am­
phenol, 120 S. Main St., Janesville, 
Wis. Phone: (608) 754-2211. 

Circle No. 390 

Time delay relay 
Series 84 single-circuit reset tim­

ers are accurate to within 1-1/ 2 % 
of their total time cycle. They are 
available with ranges of 4, 15 and 
60 s, and 3 and 5 minutes with reset 
times from 1/3 to 10 s. The timers 
are fully adjustable over their en­
tire range and are avai lable with or 
without calibrated dials or a cycle 
progress indicator. Contact ratings 
range from 5 to 25 A, 125/ 250 Vac. 

E. W. Bliss Co., 736 Federal St., 
Davenport, Iowa. Phone: (319 ) 324-
1361. 

Circle No. 391 

ELECTRONIC DESIGN, June 21, 1966 



LOW COST 600-volt 
SCR'swith 
peak surge currents 
12X lrms 30X lrms 16X lrms 

2N4101 $1.85* 2N4102 $1.85 * 2N4103 $6.00* 

for high-voltage supplies • instrumentation • commercial 
space heaters •ignition systems (auto and boat) 
• DC power supplies • motor controls 

Now available in production quantities ... these new 
all-diffused SCR's are the latest additions to RCA's 
family of economy devices specifically designed for 
low cost power-control and power-switching appli­
cations. Built-in overload protection further de­
creases your circuit costs, and standard, easy-to­
mount packages are readily adaptable for printed­
circuit boards and metal heat sinks . For more infor­
mation on RCA 2N4101 , 2, and 3 and their com­
panion types, as well as copies of Application 
Notes SMA-38 and SMA-39, write RCA Electronic 
Components and Devices, Commercial Engineer­
ing, Section RG6-3, Harrison, New Jersey. 
Also Available Through Your RCA Distributor. 

Standard 
AC Supply 

VRM (rep) 

VFBOM (rep) 

1RMS 

2N3528 

120V 

200V 

600V 

2.0A 

2N3529 2N4102 

240V High-
Voltage 
Supply 

400V 600V 

600V 700V 

2.0A 2.0A 

2N3228 2N3525 2N4101 2N3668 

120V 240V High· LOW· 

Voltage Voltage 
Supply Supply 

200V 400V 600V lOOV 

600V 600V 700V 600V 

5.0A 5.0A 5.0A 12.5A 

2N3669 2N3670 

120V 240V 

200V 400V 

600V 600V 

12.5A 12.5A 

2N4103 

High-
Voltage 
Supply 

600V 

700V 

12.5A 

*(Prices in quantities of 1000 and up.) 

6 The Most Trusted Name in Electronics 
~ ON READER-SERVICE CARD CIRCLE 226 
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HEART of missile and radar modulators ... 

2620 N. Clyborn • Chicago, Ill. 60614 
DI 8-3735 

PULSE FORMING 
NETWORKS 

Always look to P.C. when there is 
no margin for anything but per· 
feet performance. For minimum 
size plus maximum performance 
you can rely on P.C. As special· 
ists, we have the training, the 
skills, and the facilities to pro­
duce outstanding examples of 
pulse forming networks for both 
standard and "specials" to meet 
your every requirement. What· 
ever your need or application, 
write today for our special bul­
letin on pulse forming networks; 
or, send your specifications in­
cluding: Peak charging voltage, 
pulse duration, pulse rise time, 
characteristic impedance, rep. 
rate, max. ripple, temperature 
range, I ife, decay or fa II time. 

" Custom ~ Engineered at 

Production Prices!" 

ON READER-SERVICE CARD CIRCLE 78 

CLAIREX 
" The LIGHT Touch in Automation and Control" 

1239 Broadway, New York, N .Y. 10001, 212 MU 4-0940 

ON READER-SERVICE CARD CIRCLE 79 

COMPONENTS· 

MIL-C-39012 connector 
A type N coaxial connector in 

field-serviceable and crimp versions 
meets the new MIL-C-39012. Im­
pedance of the connectors is 40 n, 
voltage rating is 1000 V rms and 
specified frequency range extends to 
10 GHz. The crimp version has max 
vswr of 1.12 when soldered, 1.26 
with 4-indent crimp and 1.35 with 
hex crimp. The center contact is 
gold plated, dielectric is Teflon and 
all other metal parts are si lver plat­
ed. Operating temperature is 200° C 
max. 

Amphenol, 33 E. Franklin St., 
Danbury, Conn. Phone: (203 ) 743-
9272. 

Circle No. 892 

Resonant reed filter 
The RF20 contact less resonant 

reed filter is an audio tone filter 
(decoder) or a frequency source 
(encoder) for audio tone genera­
tors. With a specified frequency in­
put, the reed generates a predeter­
mined sine wave signal for switch­
ing or oscillator frequency control. 
Frequency range is 80 to 3000 Hz 
and impedance is 1000 n at reso­
nance. The unit requires 0.1 mW. 

P&A: $20 (1 to 9); stock to 8 
wks. Ledex Inc., College & South 
Sts., Piqua, Ohio. Phone: (513 ) 
773-8271. 

Circle No. 393 
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Gyroscope 
The FG23 de free gyroscope with 

bearing suspension system and de 
motor uses less than 8 W. It is elec­
trically caged and uncaged with an 
indicator circuit. Both gimbals 
have 360° freedom. Potentiometer 
pickoffs, voltage regulator and noise 
filter for 24 to 30-V de operation are 
standard. 

Humphrey Inc., 2805 Canon St., 
San Diego, Calif. Phone: (714) 223-
1654. 

Circle No. f/94 

Vhf tee hybrids 
The Rf250 series of vhf tee hy­

brids divides or combines RF pow­
er. The hybrids match a 50-n source 
to two 50-n loads and may be 
used to distribute local-oscilla­
tor voltage to two mixers, with­
out cross-talk. Tee hybrids may 
be cascaded to divide power equally 
to 2 11 loads. Fifteen models cover 
from 27 to 968 MHz. Isolation is 
20 dB min and insertion loss is 
0.25 dB max over a 20 % bandwidth. 

P&A: $45; 10 days. Rf Dynamics 
Inc., 51 Harbor Ave. , Nashua, N. H. 
Phone: ( 603 ) 822-5854. 

Circle No. 395 

ELECTRONIC DESIGN, June 21, 1966 

WE'RE PROLIFERATING!! 

We've developed an entirely new line of Press-Lite 
switches and press-to-test indicator lights-including 
a high quality series of lights and switches that meet 
industry standards for appearance and performance. 

We're proliferating in the catalog department, too. 
Write for complete details of the industry's finest line 
of neon lamps, indicator lights, illuminated push­
button switches and their transistorized or EMI 
shielded versions. Many options available. 

• MARCO-OAK INDUSTRIES 

A DIVISION OF OAK ELECTRO/NETICS CORP. 

207 SOUTH HELENA STREET, ANAHEIM, CALIFORNIA 92803 
PHONE: 714-535-6037 • TWX: 714-776-6111 

ON READER-SERVICE CARD CIRCLE 80 
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Self-coiling NEG'ATOR® metal readout 
scales simplify instrument design 

The NEG ' ATOR, a flat strip 
of prestressed spring steel, 
tends to coil at each end 
and resists uncoiling uni­
formly over the en tire length 
of the strip. 

When used as a printed metal 
readout scale, both ends are 
curled on bushings of equal size. 
Since the opposing forces (coils) 
are always in balance, the span 
between is held taut. 

With its own built-in 
recoiling energy, the 
NEG'ATOR replaces large 
dial scales, long strips or 
drum scales, expanding 
readability while saving 
space! 

Ask for Bulletin 310T containing full details. 

HUNTER SPRING 
AMETEK ® A DIVISION OF AMETEK, INC. 

27 SPRING AVENUE, HATFIELD. PENNSYLVANIA 19440 
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·---------------· Department ED-01 

HAYDEN BOOK COMPANY, INC. 
116 W. 14 St., New York, N. Y. 10011 

Gentlemen: 

I don't need a lengthy sales talk to realize the idea-
provoking reference values of almost 90 articles on 
microelectronics, compiled 
from Electronic Design. All 
I need is this coupon to 
order a 30-day approval 
copy. After 30 days, I'll 
either pay $11.50 plus a 

i few cents postage, or re­
l turn the book. Send my 
I copyofMICROELEC­
I TRONIC DESIGN, Edited 

by Howard Bierman, to: 
I 
I 
I 
I 
I 
I 
I 

Address. ________________ _ 

City _________ State ____ Zip __ 

O Enclosed is a check for $11.50. You pay the post­
age. I'll retain the same return guarantee. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

·---------------· 

COMPONENTS· 

Accelerometer 
The LA45 potentiometer-type ac­

celerometer occupies 3/ 4-in. 3 and 
weighs 1.5 oz. The steel case is her­
metically sealed with self-compen­
sating dry-gas damping. A 5000-n 
potentiometer output is provided. 
The unit is available in full scale 
ranges from ±2 to ±300 G with 
accuracies of 1 to 1-1/ 2 % . 

Humphrey Inc., 2805 Canon St., 
San Diego, Calif. Phone: (714 ) 223-
1654. 

Circle No. 396 

Signal conditioner 
Series 10400 signal conditioners 

meet MIL and NASA specs. They 
can be used with any standard plat­
inum resistance transducer. With a 
24- to 32-V input, they provide an 
isolated 0 to 5 Vdc over -300 to 
2000 ° F. The 1.5-oz devices are avail­
able as NASA or commercially so l­
dered, or NASA welded and are 
potted and hermetically sealed. 
Units are availllble with power con­
sumption of 6-mA and 115-Vac in­
puts. 

P&A: $100 to $1000; stock to 4 
wks. Temtech, 2202 S. Wright St., 
Santa Ana, Calif. Phone: (714 ) 
549-2283. 

Circle No. 397 
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FIELD-EFFECT TRANSISTOR OFFER 
The true semiconductor equivalent of a pent ode tube . 
. . . voltage controlled, high input Z, now available at experimenter prices I 

How the FET works: 
The field-efject transistor may be de­
scribed as a semiconductor resistor 
whose channel conductance is con­
trolled by one or more applied volt­
ages. That's how the tube behaves­
plate current changing with applied 
grid voltage. Consequently, there is 
a close resemblance between the out­
put plate characteristic of a pentode 
tube and the FET's drain voltage/ 
drain current characteristic. The 
FET's terminals, labeled gate, drain, 
and source, are analagous to the 
tube's grid, plate, and cathode. N­
channel FETs require the same volt­
age polarities as the tube, i.e., positive 
drain voltage and negative bias on 
the gate. P-channel FETs, on the 
other hand, use the opposite voltage 
polarities. For amplifier design, note 
the transconductance, gfs, since it 
controls the gain. Impedance match­
ing can be accomplished with a 
source follower circuit. Voltage gain 
is almost unity and Z ouc ;::::: 1/ gfs. 
The real advantage of the FET is its 
high input impedance; cascading 
stages presents no measurable load­
ing on previous stages. Where the 
bipolar transistor's input emitter­
base circuit is a low impedance, for­
ward-biased diode, the FET offers 
the same design thinking as the tube. 
Other advantages: No power wasted 
on heaters, low power consumption, 
and solid state reliability. The $1 and 
$3 packages described below con­
tain a full discussion of FET opera­
tion, how they compare with tubes, 
and complete data on the devices 
you order. 

6 practical circuits 
you can build: 

This basic circuit can be used for an en­
larger timer, metronome, or other timing 
device. 

Here is a DC voltmeter with an input im­
pedance that competes with any good 
VTVM , full scale sensitivity of 0.5 volts 
max. Add a diode and recalibrate for AC. 

The high impedance of a crystal works 
hand-in-hand with the high-Z FET. 

GET TO WORK WITH FETs FOR AS LITTLE AS $1.00! 
Here are the principal parameters (and their tube equivalents ) of the 

two low-priced FETs available from Siliconix. 

FET Parameter loss v, BY Gos g,. (Min.) 
Tube Equivalent Zero Bias Grid Cutoff Max. Plate Minimum 

Parameter Plate Current Voltage Voltage Transconductance 
U110 
U112 

0.1-1.0 ma 1- 6 v 
0.9- 9.0 ma 1- 6 v 

Offer # 2-$2.00. The U-11 2 
F ET , plus all of the circuit 
a nd dev ice inform at ion 
noted above. $2. 

20V 110 µmho 
20 v 1000 µmho 

Offer #3-Both FETs, plus 
all data above at a special 
combination price of just 
$2 .75. 

Off er # 1-$ 1.00 A Silicon ix 
U-110 field-effect transistor, 
data sheet with complete 
specifi cati on, a.pplications 
notes, and a detai led discus­
sion of F ET operations. $ 1. Clip the coupon and mail today, please send check or money order; 

no purchase orders, please! 

This mike preamp could be built into the 
mike's case, complete with battery oper­
ated by the PTT switch. A FET source­
follower stage would provide a low-Z 
output to long mike lines. 

Siliconix assumes no responsibility for circuits 
shown, nor does it represent or warrant that they 
do not infringe any patents. 

H: Siliconix incorporated 
140 W. Evelyn Avenue • Sunnyvale. California 94086 

Phone 2'5-1000 • Area Code 408 • TWX 408-737-9948 

r;:-;L;;;;;ORPO~; Dept~---, 
I 1140 W. Evelyn Ave. , Sunnyvale, Calif. 94086 I 
I Enclosed is: $1 for U·llO FET and data I 

[ l Check or $2 for U·112 FET and data I [ l Money Order $2. 75 for both FETs and data I 
I Name I 
I Address I 
I City State Zip I 
I Please check one : [ l Engineer [ l Ham I 
L ____ [~obby~~i~::::i_J 

This is a limited offer, for experimenters only, one order to a customer. Offer closes Sept. 30, 1966. NOTE: California residents add 4c, Be, or llc sales tax. 
ON READER-SERVICE CARD CIRCLE 82 
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Versatility and simp_licity in variable, regulated power supplies 

POTENTIOMETERS 
TO 10 KV 

New Victoreen RX -17 series ceramic potentiometers, 
when used across a well-regulated high-voltage source, 
provide reference adjustment with a degree of 
simplicity never before available to circuit designers. 

Long life, resistance stability and panel insulation 
capability to 20 kv make Victoreen RX-17 series 
potentiometers ideal for reference adjustment for 
variable, regulated HV supplies in CRT's, TWT's, 
Klystrons, GM tubes, proportional counters, etc. 

Two RX -17 series are available : One for operation 
to 5 kv rated at 3 w, the other for 10 kv rated at 5 w. 
RX -17 series ceramic potentiometers are normally 
supplied with nominal resistance range of 1 Meg to 
5000 Meg, with a linearity of ± 2%. Full technical details 
on request to Applications Engineering Department. 

Components Division 
THE VICTOREEN INSTRUMENT COMPANY 
10101 WOODLAND AVENUE • CLEVELAND, OHIO 44104 
EUROPEAN SALES OFFICE GROVE HOU SE. LONDON RD. ISLEWORTH. MIDDLESEX , ENGLAND 

Speed Inquiry to Advertiser via Collect Night letter 
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COMPONENTS· 

Low pass filter 
The FLH-600 flat-construction 

low pass fil ter is des igned fo r 400-
Hz applications. The fil ter has a 
source and load of 10 kn . Response 
is within 1 dB from de to 450 Hz, 3 
dB ± 1 dB a t 600 Hz and at least 
40 dB above 800 Hz. Case size is 
2-in. square by 1/ 2-in. high and 
weight is 2.5 ounces. The hermeti­
cally sealed case is shielded to re­
duce hum. 

Uni ted Transformer Corp., 150 
Varick St., New York. Phone : 
( 212 ) 255-3500. 

Circle No. 398 

Voltage regulator 
Model BR-801 is a 0.04-in .", 2-

gram regulator with an output of 
10 to 25 Vdc. The output varies 15 
mV with a 10-V input variation. 
The regulator compares the output 
voltage to a temperature-compen­
sated zener reference voltage and 
provides regulating current to a se­
ries-regulated transistor at a rate 
greater than 10 µ.A/ mV of error. It 
can provide up to 75 mA of load 
current with a single power t ran­
sistor and over 1.5 A with a Dar­
lington pa ir. Operating tempera­
ture r ange is - 55 to + 85 ° C. Input 
is 40 Vdc. 

P&A : $35.10 ( 100 to 499 ). Bunk­
er-Ramo Corp., 8433 Fallbrook 
Ave., Canoga Park, Calif. Phone : 
(213 ) 346-6000. 

Circle No. 399 
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COMPONENTS 

Transformers 
Housed in a sealed metal contain­

er, type J A transformer provides a 
50- to 75-n unbalanced impedance 
match from 0.1 to 250 MHz for the 
3-dB down points. It is rated at 5 W, 
from 1 to 250 MHz. 

P &A: $39 .50; stock to 10 days . 
North Hi lls E lectronics Inc., Alex­
ander PI. , Glen Cove, N. Y. Phone: 
( 516) 671-5700. 

Circle No. 501 

Miniature Hioh O Air caoacilors 

170 

Small Size • High Q • Rugged 
High Selectivity • High Sensitivity 

• Size: .220" dia. 15/ 32" 
length 

• Q @ 100 me: > 5000 

• Capacitance Range: 
0.4 - 6 pf 

• Non-Magnetic 

New miniature series features 
high qua l ity mater ials and 
workmanship typ ical of all 
Johanson Variable Air 
Capacitors. 

JMC 4642 
~ , .. 

JMC 4640 
r-}~ 13 •• 

~~r-..~...--i...r-iu-i 
2 - 1"9 

~ .__...~...._,"71....J,._. 

10-C:.4 TM'D 

DJ1
1 

MANUFACTURING CORPORATION 
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Timers 
Models 51, 52 and 53 timers have 

ranges from 100 ns to 300 s. Reset 
time is less than 25 ms and repeat­
ability is ± 2% from - 40 to 85 ° C. 
The units are mounted on standard 
8- and 11-pin octal plugs, and are 
available as knob-adjustable, screw­
driver-adjustable and fixed-time or 
remote resistor-adjustable models. 

Cornell-Dubilier Electronics, 50 
Paris St., Newark, N. J. Phone: 
(201 ) 624-7500. 

Circle No. 502 

Relay 
The 432 series relay is an spdt 

relay with a contact rating of 106 

operations at 0.5 A. The unit re­
quires 60 mW of operate power and 
is available in standard coil resist­
ances to 11 kn. The 432 is hermeti­
cally sealed and welded in a T0-5 
type case and meets MIL-R-5757D. 
T he unit is designed for dry circuit 
applications. 

Teledyne Precision Inc., 3155 W. 
El Segundo Blvd., Hawthorne, 
Calif. Phone: (203) 679-2206. 

Circle No. 503 

Feedback wanted 
ELECTRONIC DESIGN would like 

to know how you rate our New 
Products section. Does it do the 
job for you? Does every issue 
contain at least a sampling of 
products you use? (We try to 
cover the field from amplifiers 
to zeners.) Any suggestions for 
improvements? Please send along 
your replies on the handy Editor­
gram card at the back of this 
issue. It's free. 

ELECTRONIC DESIGN, June 21, 1966 



TRAFFIC JAMS MICROFOSSILS 

TWX MACHINES ELECTIONS 

HOSPITAL PATIENTS UNDERWATER 

COHU TV 
sees everything ! 

may we look 
for you? 

See us at W ESCON , Hollywood Park, Booth 111 

Engineering Representatives in every major city 
ON READER-SERVIC E CARD CIRCLE 85 
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BOILER FLAMES 

COPPER ORE 

GOLF MATCHES 

SPACE VEHICLES 

Box 623 
San Diego, California 92112 
Phone 714-277-6700 
TWX 910-335-1244 

ELEC:TRC>NIC:S~ INC: 

KIN TEL DIVISIC>N 
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PUT THE 
SWITCH 
WHERE THE 

WITH SWITCHES 

FOR REMOTE CONTROL VERSATILITY 

Now, an all-new, u ltra-versat il e line of Pen­
dant (Cord) Switches for contro l, indicat­
ing, counter and data entry applications 
without costly relays or custom engineering. 
A host of never-before-available features 
give remote switching the kind of reliable 
action, long life and broad range of functions 
you 'd expect only from console-mounted 

CORDMASTER SERIES 

Most versatile line ever created. Top or edge 
button operation; exclusive remote lighting, 
standard illuminated, or non-illuminated 
models. Four different functions (including 
remote release). with choice of 5 different 
circuits. Lightweight , styled to fit the hand. 
Accepts cables up to .270 diameter. 

leaf-spring switches. By all odds, the best 
looking switches of their type-in a broad 
range of consumer- or industrial-oriented 
colors. Choose from momentary non-locking 
action, locking, push-to-lock / push-!o­
release, or locking with remote electrical 
release . .. with standard circuitry arrange­
ments from 1-A to 2-C plus 2-A. 

CORDETTE SERIES 

Standout styling in a momentary-action re­
mote switch with choice of A, B or C contact 
arrangements. Any length standard 2- to 
4-conductor cable can be permanently molded 
on; or switch supplied with standard phone 
jack termination for use with any phone-plug 
equipped cable. 

WRITE FOR BULLETINS E-534, E-537 and 165 

•~® 
/946-1966 5529 Elston Ave., Chicago, Illinois 60630 
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COMPONENTS· 

Twin T filter 
The 1-in.3 model NWl 778 twin T 

filter network provides a 60-dB at­
tenuation at 1 kHz or at a custom­
er-specified af. Units operate over a 
temperature range of - 55 to 
+ 85 ° C and maintain a freq uency 
stability of better than ± 0.1 % . At 
room temperature, attenuation 
comes to within ± 0.05 % of the 
nominal freq uency. The epoxy-en­
capsulated unit meets MIL-E-5272. 

P&A: $60 to $90; stock to 4 wks. 
General Resistance Inc., 430 South­
ern Blvd., Bronx, N. Y. Phone: 
(212 ) 292-1500. 

Ci?"cle No. 504 

Operational amplifier 
Model lOMl is a de differential 

op-amp in a shielded metal case 
with pins for PC boards. Output 
current is ± 30 mA and output volt­
age swing is ± 10 V. Minimum de 
gain is 100,000 into a 330-n load. 
Gain-bandwidth product is 1.5 
MHz and full output frequency is 
15 kHz. Differential offset drift is 
less than 25 µ,V/ ° C and 0.5 nA/°C. 

P&A: $90 ( 1 to 9); stock. Com­
puter Dynamics Inc., 179 Water St., 
Torrington, Conn. Phone: (203) 
482-7621. 

Circle No. 505 
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NeW' Chairman of the Board 
cuts costs, creates openings 
Look at the specs and you'll see why so many large users already have turned to the new 

Weston-Daystrom 501 & 502 5/ 16" commercial Squaretrim® pots. They save up to 80 per cent 

of the PC board space formerly required-and no extra cost. Notice the extra dividends: 

• 

• 

Convenience 3 different configurations with adjusting screw on top, side or end• Tolerance ±5% 

• AdJustabl/lty 15 mechanical turns• Slip Clutch eliminates wiper damage, cuts production delays 

•Soldered Terminations for better protection against vibration, shock and humidity-

no pressure taps• Superior Resolution 0.125% or less• Wide Range 10.o. to 20K •High Power 

0.6 watt in still air at 70C •Wide Temperature Range -55C to 150C •Low Temperature 

Coefficient 70 ppm max.• Low Noise 100 ohms max. ENR •Small Size o/i 6" x o/i 6" x ¥1 6" 

Weston Instruments, Inc.• Archbald Division• Archbald, Pa. 18403 

WESTON® prime source for precision ... since 1888 
ON READER-SERVICE CARD CIRCLE 231 
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COMPONENTS 

Polycarbonate capacitors 
Thin film metallized polycarbo­

nate capacitors are offered in a 100-
V series in wrap and fill, epoxy­
cased, radial lead and epoxy cased, 
axial lead configurations. Dissipa­
tion factor does not exceed 0.5 % . 
With capacitances ranging from 
0.027 to 8 mF, units rated at 1 mF 
max are referenced to 1 kHz at 
25 ° C. Capacitors rated at more than 

"' 0 3 
z 

z 

A 

TYPICAL PASS BAND 
INSERTION LOSS 

MEASURED IN 600 OHM SYSTEM 

g 2 l-------+-----r---11 
< 
::> 
z 
~ 1 

< .51-------+--"""' ...... ~ 

lOOCPS 1000 CPS 

FREQUENCY IN CPS 

5 !KC lOKC 

1 mF are referenced to 60 Hz. Di­
electric strength terminal-to-termi­
nal is 200 % of rated de voltage 
maintained for one minute. The 
units are applicable wherever long­
term temperature and capacitance 
stability are required. 

Marshall Industries, 1960 Walker 
Ave., Monrovia, Calif. Phone: 
(213 ) 681-3292. 

100 

ID 90 
0 80 
~ 70 
z 60 
0 
;: 50 
< 40 ::> 
z 30 w .... 20 .... 
< 10 

0 

Circle No. 506 

B 
JL_ ,, 

-f 
INSERTION LOSS -I/ PER MIL STD 220 

-, 
--7/-

lOKC 50KC 100 KC 

FREQUENCY 

1000 MC 

Graphs A and B show typical characteristics of Potter signal line filters. These filters are 
used on systems which must meet Defense Communications Agency criteria and pro­
vide maximum attenuation above the pass band with less than Yi db attenuation in the 
pass band. •Write for further information on these and other Potter filters. 

THE POTTER COMPANY 
Pioneering in Imagination Since 1925 

174 

7351 North Lawndale Avenue• Skokie. Illinois 

ON READER-SERVICE CARD CIRCLE 88 

II 

Quartz wafer filters 
The "Uni-Wafer" thin film 

quartz filter is 60% smaller than 
standard filters. A 4-resonator, 2-
section, cascade lattice filter is con­
tained within a wafer 0.55-in. in 
diameter and 7 mils thick. Present 
designs range from filters with 2 
resonators per lattice section to 
complex lattice filters with as many 
as 6 per section. Tuning from 8 to 
100 MHz is accomplished by vary­
ing electrode thickness. 

Clevite Corp., 232 Forbes Rd., 
Bedford, Ohio. Phone: (216) 232-
8600. 

Circle No. 507 

... ____ 
........___ 

Operational amplifier 
The D-9 operational amplifier has 

a 50 kHz typical frequency for full 
output (35 kHz min), and a unity 
gain bandwidth of 10 MHz min. 
The device has an output of ± 10 V 
at 5 mA. Gain is 86 dB, offset cur­
rent is 20 nA, voltage drift is 20 
µ. V / ° C and noise is 5 µ. V rms. The 
op-amp is packaged in a molded 
epoxy case and operates from ± 15 
V supplies. 

P&A: $29 (10 to 24) ; stock. Data 
Device Corp., 240 Old Country Rd., 
Hicksville, N. Y. Phone: (516) 433-
5330. 

Circle No . 508 
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Versatile, 
Value-priced 
x-y recorder 
.. . just $895! 

THE MOSELEY 7035A 
This is a high-performance, low-cost solid­

state recorder for everyday applications 

not requiring high dynamic performance. 

Five fixed calibrated ranges 1 mv/inch to 

10 v I inch. High input impedance, floating 

guarded input, 0.2% accuracy at full scale. 

Adjustable zero set. 

Each axis of the 7035A has an indepen­

dent servo system with no interaction 

between channels. Mai ntena nee-free 

AUTOGRIP * electric paper holddown and 

electric pen lift are standard. Options avail­

able include locks for zero and variable 

range controls, rear input, and retransmit­

ting potentiometer for X axis. 

For general-purpose applications, you 

can't beat the Moseley Division 7035A. Ask 

your Hewlett-Packard field engineer for a 

demonstration . Or write for complete sped­

fications to Hewlett-Packard, Palo Alto, 

California 94304, Tel. (415) 326-7000; 

Europe: 54 Route des Acacias, Genev~ 

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

HEWLETT 
PACKARD MOSELEY 

DIVISION 
An extra ?neasure of quality 

• Trade Mark Pat. pend. 

ON READER-SERV!CE CARD CIRCLE 89 
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A vacuum 
relay: C"rle' Mgh rtcunent' 

due to large surface area of contacts. 
Smallest size for its power rating. 

Operates faster than other high 
voltage relays due to small 

contact separation. 
Will interrupt high de power. 

Has highest voltage ratings due 
to vacuum dielectric. 
Has long contact life. 

Low and stable contact resistance 
from de through 30 me. 

Requires no contact maintenance. ---· 

Jennings vacuum 
re I ays • l-lave the additional benefit of 18 years of 

constant development effort and manufactur-
• ing experience. All Jennings vacuum relays 

have been field tested and proven successful 
in countless applications. 

consequently: 
Jennings vacuum relays are unexcelled for use in high voltage 
communication systems particularly in aerospace, land, or marine 
vehicles that cannot tolerate heavy weight and have limited space. 
Within their size and voltage range they also have no equal for 
switching de or pulse forming networks. 
Thorough knowledge of the characteristics of vacuum relays is a 
most useful tool in any electronic engineer's hands. It can easily be 
obtained by requesting Jennings new vacuum relay catalog No. 103. 
Jennings Radio Manufacturing Corporation, a subsidiary of Inter­
national Telephone and Telegraph Corporation, 970 Mclaughlin 
Avenue, San Jose, California 95108. 

·" ' 
'I 

,!.. - . -,,,- ~ · 

RJ1A RJ2A RF10 RB7A RB1E RB4 

Contact Arrangement SPOT SPOT SPOT OPOT SPOT 4POT 

Test Voltage 5 18 20 9 18 17 (Peak KV) 

Operate Voltage 
2 8 10 3 8 10 (Peak KV) (16 me) 

Continuous Current 7 15 30 4 6 6 Amps RMS (16 me) 

Interrupt DC Power N/A 1 50 1 1 (KW) 

Contact Resistance 
.010 .012 .012 .020 .012 .010 (Max. ohms) 

ON READER-SERVICE CARD CIRCLE 121 
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COMPONENTS· 

Voltage reference source 
replaces mV pots 

A guaranteed accuracy of ±0.5 % 
of indicated value is featured 
in this de reference source. The 
units cover 10 µ. V to 0.1 V and have 
an internal power source. A preci­
sion mercury cell and 0.25 % resis­
tors yield the high accuracy. Tem­
perature range is 0 to 40 ° C and out­
put resistance ranges from 0.1 to 
100 n. The units are short-protect­
ed and thermal emf's are mini­
mized. Measurements may be made 
by substitution or null-balance tech­
niques. 

P&A: $39.50; stock. Emcee Elec­
tronics Inc., P.O. Box 32, New Cas­
tle, Del. Phone: (302) 328-1354. 

Circle No. 509 

Hard glass headers 
Tubulated hard glass headers are 

fabricated with glasses such as 
Uranium or Nonex. Pre-beadecl ver­
sions eliminate glass-to-metal seal 
problems. All are fully annealed and 
fire-polished. A variety of sizes and 
pin configurations are available. 

Huggins Laboratories, 999 E. 
Arques Ave., Sunnyvale, Calif. 
Phone: (408) 739-9330. 

Circle No. 510 
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For 
the 
big 

programs 
... only Norden 

can supply 

advanced 

special-purpose 
microcircuitry 

routinely. 

Norden 
NORWALK. CONNECTI CU T 

ELECTRONI C D ESIG N, J une 21, 1966 

Norden, a qualified supplier to the 
Minuteman program, is the first manu­
facturer of integrated circuits to supply 
dielectrically-isolated units on a routine 
production basis. 

These units are general purpose am­
plifiers used in the electronic systems 
of Minuteman missiles by Autonetics 

Division, North American Aviation. 
Designed to increase performance 
and reliability, these unique ampli­
fiers resulted from new manufactur­
ing techniques which isolate active 
elements on the integrated circuits. 

Our leadership in manufacturing 
is matched by our ability to produce 
totally new circuitry in a matter of 
hours- by converting design require­
ments into hardware with master · 
dice breadboards. Computer-aided 
design techniques developed by 
Norden are another guarantee that 
new circuitry will match your exact 
needs for advanced equipment. 

For details, write Dept. E, Norden 
Division, United Aircraft Corp., 
Norwalk, Conn. 06856, or call (203) 
838-4471. 

Because of its growing role in the 
microcircuitry field , Norden has 
many openings for qualified solid 
state engineers. Send your resume 
to Personnel Department, Norden, 
an equal opportunity employer, 
M&F. 

u 
DIV ISION OF UNITED AIRCRAFT CORPORATION 

Norden - suppl ier to the M inuteman 
• Polaris · Apollo • Sa turn • LEM • F-111 
• C-5A • I HAS • B-58 

ON READER-SERVICE CARD CIRCLE 122 
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examples of 
MTE IF developments 

;--- I 

from thick film 

to hybrid 

l 

to IF strip 
MTE Linear Transponder IF Strip 

fo=35 MHz BW = 2.5 MHz 
3.8 dB system noise figure 

88 dB dynamic range 
65 ns delay stability 

fast charge, slow discharge AGC 
-20oCto+70°C operating temperature 

MTE IF-2 Universal 
IF Amplifier Microcircuit 

A linear IF amplifier stage featuring: 
Wide frequency range and outstand­
ing high-frequency stability due to: 
• Highly effective integral decoupl­
ing and package shielding. 
·Cascade configuration for extremely 
low internal feedback. 
Provision for AGC from full gain to 
insertion loss. 
Temperature stability from - 55°C 
to + 85°C. 

MTE also supplies IF preamplifiers • 
wide band RF ampilfiers • AGC and 
video amplifiers for all your IF system 
needs. For further information on 
these and other products in the lead­
ing line of linear high frequency mi­
crocircuits, contact MTE Marketing. 

M:TE 
MICROTEK ELECTRONICS INC. 

138 Alewife Brook Parkway 
Cambridge, Mass. Phone (617)491-4330 
ON READER-SERVICE CARD CIRCLE 123 
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! . 
Hybrid multiplier 
for DI A systems 

In systems using digital and ana­
log signals, these multiplying digit­
a l-to-analog converters (DAC) ac­
cept both inputs, multiply the ana­
log value by the digital, and output 
t he product in analog form. The hy­
brid mu ltiplying elements eliminate 
much conversion and reconversion 
by multiplying ambilogically. Multi­
plying DAC's at the front end of a 
data acquisition system allows scal­
ing and "quick-look" before A/ D 
data conversion. The elements in 
t he "Y" series are available with 
12- or 15-bit resolution, buffered or 
double-buffered and with outputs 
to + 100 V. 

Price: from $930. Adage Inc., 
1079 Commonwealth Ave., Boston. 
Phone: (617) 783-1100. 

Circle No. 511 

RFI connectors 
Stainless steel miniature connec­

tors utilize an RFI shielding compo­
nent. Within the basic hardware is 
a stain less steel cone which grounds 
t he braided wire strands to the ca­
ble housing to provide conductivity. 
360° ground continuity provides 
minimum leakage and maximum 
noise suppression in the If and RF 
ranges . 

Pyle-National Co., 1334 N. Kost­
ner Ave., Chicago. Phone: (312) 
342-6300. 

Circle No. 512 

Accelerometer 
Series 500 accelerometers employ 

a piezoelectric ceramic bimorph 
bender as the sensing element. De­
signed for medium frequency ap­
plications to 3000 Hz, the disk-like 
units can be connected directly to a 
scope or VTVM. A 6-ft cable, 10-ft 
roll of adhesive transfer tape for 
mounting, calibration chart and 
case are included. 

P&A: $75; stock to 2 wks. Met­
rix Instrument Co., 8200 Westglen, 
Houston. Phone: (713) 782-3144. 

Circle No. 513 

Operational amplifier 
With a 20-,u. V /°C voltage drift 

and a 1.5-nA/°C current drift at 
each input, this low-cost de differ­
ential op amp operates over -25 to 
85° C. Offset current is 150 nA and 
coupling is 20 µ. V and 2 nA max for 
each percent change in supply volt­
age. Model 105 has an open loop 
gain of 30,000, input impedance of 
50 Mn common-mode and 150 kn 
differential. Input noise is 4 µ. V rms 
from de to 10 kHz. Output is ± 10 
V at ± 22 mA. 

Price: $14 (over 1000) . Analog 
Devices Inc., 221 Fifth St., Cam­
bridge, Mass. Phone: (617) 491-
1650. 

Circle No. 514 
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Relay shipments rescheduled again? 
Next time call Leach! 

One week delivery. That's a promise. At least on standard range of - 70° to +125 °c. Operate and release time is less 
units. Even our new SERIES K for example. Here's a 10 amp than 15 milliseconds including bounce. Yet it measures only 
4PDT polarized relay offering maximum capabilities for the 1.000" x 1.015" x i.015" and weighs less than 2.5 ounces. 
most severe aircraft, missile and aerospace applications. And Need one? A dozen, a hundred? Even a thousand? Then call 
we have built up an inventory to cover your requirements. us today. You'll have them. Right on time. 

The SERIES K holds size and weight to an absolute ~-- Leach Corporation, Relay Division, 5915 Avalon Boule-
minimum without sacrificing operating characteristics. vard, Los Angeles, California 90003 LEACH 
It will withstand 1oog shock, 3og, 70 to 3000 cps Phone (Area code 213) 232-8221 
vibration, meets Mil-R-6106E and has a temperature Export: LEACH INTERNATIONAL s.A. 



Choice of three - Portable 444, 
Ruggedized 414 or 1000-speed 447 
The Model 444 precision, 6 channel, wide-band 
recording oscillograph features big performance 
in a small package. Superior optics and a low­
heat tungsten light source means less DC power, 
less cost, less weight. • The Model 414 is designed 
to perform under adverse conditions of humidity, 
shock, vibration and acceleration; provides 14 
channels of data in a small, light-weight package. 
•The Model 447's highly precise electronic drive 
permits selection of any 12 of a possible 1000 
speeds [.1"/sec to 100"/sec). The 447 also fea­
tures Automatic Record Length based on time 
and Continuously Variable Remote Speed Con­
trol. [These three are just part of the line - our 
Model 409 is a standard in the industry for air­
borne recording, for example.) • Write to us in­
dicating your areas of interest. We will send you 
complete specifications. 

CENTURY 
ELECTRONICS & INSTRUMENTS 
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Photoelectric relay 
senses frequencies 

A modulated-light photoelectric 
relay unit is unaffected by all forms 
of ambient or artificial light other 
than that emanating from the cor­
rect source. The system has a tran­
sistorized oscillator which controls 
a projector lamp so that its output 
oscillates at a set frequency. The 
receiver, which has a 1-MHz re­
sponse time, detects the oscillation 
and the amplifier's tuned circuit 
operates the relay. If the beam is 
interrupted or if the frequency is 
changed, the relay provides a warn­
ing or performs a control function. 
The equipment operates at up to 
100 ft using a light beam or up to 
1000 ft with an IR beam. The plug­
in covered relay has 2 sets of change­
over contacts rated at 5 A, 25 Vac 
resistive. 

Price: $112 (100-ft light )', $140 
(100-ft IR ), $168 (500-ft IR), $196 
( 1000-ft IR) . Photain Controls 
Ltd., Randalls Rd., Leatherhead, 
Surrey, England. 

Circle No. 515 

Transient recorder 
Single transient events or inter­

vals of continuous analog data are 
accepted by this recorder/ reproduc­
er. Input signals of sub-milli seconds 
to minutes are sampled and stored. 
Model 848 reproduces 256 sequen­
tial data points in time. 1024 or 40-
96 additional points may be added. 
Reproduce mode is non-destructive, 
so that the stored signal may be 
regenerated continuously as a re­
petitive waveform. 

P&A: $2880; 30 days. Evans As­
sociates, P.O. Box 5055, Berkeley, 
Calif. Phone: ( 415) 653-2616. 

Circle No. 516 

Current driver:s 
An improvement in overload pro­

tection is offered by these positive 
(type 2603) or negative (2503) cur­
rent drivers. Outputs are 0.1 to 1.6 
A and can be equalized with front­
panel trimmers. They remain equal 
despite variations up to 15% in 
main amplitude control. 

Overload protection uses a cur­
rent limiting source to drive the 
output transistors. Limits selected 
prevent the transistors from over­
dissipating. 

Digital Equipment Corp., 146 
Main St., Maynard, Mass. Phone: 
( 617) 897 -8821. 

Circle No . 517 

Recorders 
A family of console graphic re­

corders with 4 to 10 crossover chan­
nels has a 10-in. span on all chan­
nels. Each channel may be operated 
fully floating or with grounded in­
put. The potentiometric servo bal­
ance system is all silicon solid-state. 
The units have 6-speed pushbutton 
chart drive and are zero settable 
anywhere on full scale. 

P&A : $2750 to $7150; stock to 60 
days. Argonaut Associates, P.O. 
Box 273, ~eaverton, Ore. Phone: 
(503) 292-3149. 

Circle No. 518 
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Let SOLA custom-build 
your "tough spec" power supplies ... 

• HI-VOLTAGE 
TRANSISTORIZED 
POWER SUPPLIES 

• LOW-VOLTAGE 
TRANSISTORIZED 
POWER SUPPLIES 

• HI-VOLTAGE 
FERRORESONANT 
POWER SUPPLIES 

• CVDC POWER SUPPLIES 

•INVERTERS-CONVERTERS 

' 

No specs are too tough for SOLA 
design engineers. Proof? SOLA has 
custom-designed power supplies for 
the most sophisticated applications. 
Electron probe microanalysis equip­
ment, nucleonic liquid gages for 
supersonic aircraft, preci pitators, 
CRT devices, for instance. 

The SOLA power supply used in 
liquid gages, for example, contains 
120 parts, four etched circuit boards, 
yet measures only 1.86" in diameter, 
and .9" high. What's more, it pro­
vides regulation of ±0.25% for all 
conditions of line, load, and tem­
perature. It operates in a tempera­
ture range of - 55°C ta 72°C, at 
thirty times the pull of gravity. 

• • • .I 

.~. '~.:~. -t> ~

.~:~.-. 

.... 

This is one of the many "tough 
spec" custom power supplies SOLA 
has engineered over the years. What­
ever your requirements might be 
. . . extreme temperatures, tight 
regulation, low ripple, compactness, 
stability . . . remember, SOLA can 
custom-build your power supplies in 
OEM quantities. And at a price that's 
real istic. 

Try us. We haven't been stumped 
yet. Send us your specifications, 
or a description of the end result 
required. 

Write Sola Electric, Division of 
Sola Basic Industries, 1717 Busse 
Road, Elk Grove Village, Illinois 
60007. Or call (312) 439-2800. 

SOLA ELECTRIC 

DIVIS IDN QP SOLA 8ABIC INDUSTRIES 

Speed Inquiry lo Advertiser via Collect Night Letter 
ON READER-SERVICE CARD CIRCLE 126 
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at 
NEPCON 
BOOTH 
214-216 

1 8 ~ 

The increased acceptance and use of aci 

Signaflo Systems is partially a result of this 

unique aci advancement, "Spread-Pitch", for 

interconnection adaptability and versatility. 

It is another reason for aci's leadership 

and ability to solve interconnection problems. 

... new~• 
connective a C I 

dimensions • 

DIVISION OF KENT CORPORATION 

206 Industrial Center, Princeton, N. J . 08540 
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Core memories 
Models RF-1 , -2 and -3 expanda­

ble core memories offer a word ac­
cess time of 600 ns. The family has 
512 to 16,384 words in 4- to 36-bit 
lengths for a 2048 to 588,824-bit to­
tal capacity. PC board assemblies, 
ICs and silicon semiconductors are 
used. Full-cycle timing is 1.8 µ,s and 
half cycle is 1 µ,s. Input power re­
quired is 300 W + 10 W / bit. 

Price: $2600 to $42,000. Ampex 
Corp., 401 Broadway, Redwood 
City, Calif. Phone: (415) 367-2011. 

Circle No. 519 

Sampling recorder 
A 2-channel sampling recorder has 

a sampling rate of 3 kHz/channel. 
Type 1520-A recorder has a bank of 
101 fixed styli which produce plots 
on electrosensitive paper. Paper 
speed can be set up to 10 ips. Verti­
cal rise times as short as 300 µ,s can 
be determined from the chart. Cali­
brated voltage ranges are 1 to 500 
V (linear) and 20 and 50 dB (log) 
full-scale. The recorder prints its 
own coordinates as well as voltage 
and time scales. Over-all accuracy is 
± 1% . 

Price: $2950. General Radio Co., 
West Concord, Mass. Phone: (617 ) 
369-4400. Circle No. 520 
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FM discriminator 
A tunable FM discriminator pro­

vides ± 1 % center frequency accu­
racy and 0.1 % linearity. Model 
4140 accommodates all telemetry 
subcarriers from 100 Hz to 1.5 
MHz. A rotary switch selects the 
deviation ratio: ±7.5, 15, 30 or 
40 % . Output filter cut-off frequency 
is switch-selectable, the 3-dB point 
being adjustable from 1 Hz to 300 
KHz. Roll-off characteristics avail­
able are 42, 36 or 18 dB/octave. 

Electro-Mechanical Research Inc., 
P. 0. Box 3041, Sarasota, Fla. 
Phone: (813) 955-8153. 

Circle No. 521 

~ 

Display system 
Model 650 display system simul­

taneously displays changing infor­
mation from up to 128 data chan­
nels in bar-graph form on a 17-in. 
CRT. The system can hold data on 
as many as 256 channels in an inter­
n al core memory. Data channels 
which would normally require 128 
separate meters are displayed on a 
single scope with the relative mag­
nitude of each channel instantly vi­
sible. Calibration circuits automati­
cally generate calibration markers 
at intervals of 25 % full-scale. A 
front panel switch permits checking 
the calibration values stored in 
memory against an internal stand­
ard. 

Telemetries, 2830 S. Fairview 
St., Santa Ana, Cali f. Phone: (714) 
546-4500. 

Circle No .. 522 

ELECTRONIC DESIGN, June 21, 1966 

• Simunaneous Mass Allacnmenl or comoonenrs 
means HIGH DENSITY Hybrid Film Microcircuils 

Mepco's advanced production concepts include the 
application of unique add-on components to 

high density circuit substrates, thus permitting 
maximum utilization of all available space 

in the production of film type microcircuits. 

MEPCO 

MANUFACTURERS OF PRECISION 
ELECTRONIC DEVICES 

This HIGH DENSITY is saving space for you. 

If your programs call for custom-designed 
film hybrid microcircuits, in high volume, 

at lower costs, and with faster delivery dates 
than you thought possible, then be sure to 

call Mepco ... Ask about S.M.A.C. Find 
out how this new breakthrough in 

mass-producing film hybrid microcircuits 
can benefit your production plans. 

MEPCO, INC. 
COLUMBIA ROAD, MORRISTOWN, NEW JERSEY 
07960 (201) 539·2000 

ON READER-SERVICE CARD CIRCLE 128 
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Whatever your temperature control 
requirements ... AC or DC, aerospace 
or industry ... some combination of 
our family of compoqents will solve it. 
UCC systems proviff ~ a~y of the fol­
lowing features to Milkh your needs: 

• On/off Control 
• Proportional Control 
• Adjustable Differential 
• Power Ramp Warmup 
• Exact Set-point Control 
• Set-point Stability 
• Fail/safe Performance 
• Solid State Control 

"Control" is our middle name. Call 
or write for details on UCC capability. 

UNITED CONTROL CORP./ REDMOND, WN . 98052 
PHONE: 12061 885-3711 TWX: 1206 1 999-1874 

ON READER-SERVICE CARD CIRCLE 129 
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Drum synchronization 

2-channel recorder 

Tracking receivers 

Surveillance system 
,. -

Model DS12 synchronization sys­
tem provides speed/phase and in­
dexing control of a magnetic stor­
age drum. An unlimited number of 
drums may be synchronized with a 
time displacement error between 
drums of less than 200 ns. The sys· 
tern couples drums using an exter­
nal reference frequency which be­
comes the clock frequency for the 
computer or display system. 

Sequential Electronic Systems 
Inc., 66 Saw Mill River Rd., Elms­
ford, N. Y. Phone: (914) 592-8810. 

Circle No. 523 

A two-channel wide chart servo 
recorder has 1/8-s full scale re­
sponse in each of the side-by-side 4-
1/ 2-in. channels. Source impedance 
is 100 kn and off-balance input im­
pedance is 50 kn. Any calibrated 
span from 1 to 100 m V full scale can 
be measured without changing 
range cards or internal connections. 
Zero is continuously adjustable 
from 0 to ±100 mV. 

Esterline Angus Instrument Co. 
Inc., P .0. Box 24000, Indianapolis. 
Phone: (317) 244-7611. 

Circle No. 524 

Telemetry and tracking receivers 
(AM, FM or PM) cover all stand­
ard IRIG and NASA frequencies 
from 105 to 2300 MHz. There are 4 
phase-lock modes of operation. 
Plug-in IF filter units from 2 kHz 
through 3.3 MHz are available. 
Phase-lock loop bandwidths down 
to 10 Hz are standard. The receiv­
ers have been used at signal levels 
below - 140 dBm. 

Resdel Engineering Corp., 990 S. 
Fair Oaks, Pasadena, Calif. Phone: 
(213) 682-3751. 

Circle No. 525 

An automated spectrum surveil­
lance system covers 20 Hz to 1 GHz. 
The system consists of the manu­
facturer's interference analyzers, 
programmer, X-Y plotter and rack­
mount scope. Model FSS-250 ena­
bles programming of any portion of 
the range and plotting of the spec­
trum profile. Each of the 16 bands 
of the system may be analyzed. 

Price: about $25.000. Fairchild 
Camera and Instrument Corp. , 88 
Church St., Amsterdam, N. Y. 
Phone: (518) 843-2600. 

Circle No. 526 
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An Eight-Second 
Review. 

8 COE makes timers and time delay relay:;. 

7 With rugged solid state circuitry. 

6 repeatability of :!:2%. 

5 25 millisecond reset time, maximum. 

4 200 millisecond to 300 second range. 

3 high volumetric efficiency. 

2 design flexibility and 

I long, dependable life built right in. 

0 standard stock ratings available. 

If you like the subject, do some research with the COE field mcoRNELL-
engineer or authorized distributor in your area. He will • 
gladly discuss your application requirements at no obligation. DUBI LI ER 
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On-line storage system 

A buffer tape/ read search system 
in conjunction with the manufac­
turer's 4096-channel multiparame­
ter analyzer combines the data ac­
quisition rate of a magnetic core 
memory with the storage capacity 
of magnetic tape. In addition to pro­
viding memory-buffered on-line 
storage of related-address data, the 
ND-160BT / RS system enables rapid 
tape readout of arithmetic data in 
the memory. 

Nuclear Data Inc., P.O. Box 451, 
Palatine, Ill. Phone: (312) 529-4600. 

Circle No. 527 

Digital recorder 
Model R34 digital magnetic tape 

recorder records up to 250,000 char­
acters at 130/ s on a 1/ 2-in., 7-track 
cartridge. It uses 6 bits for data 
and 1 for parity or synchronism. 
The recorder requires ±6 V at 200 
mA. Input logic levels are 0 to 0.5 V 
for "O" and 4 to 6 V for "l." MTBF 
is 2000 hours with 1-ppm max bit 
loss through the write/ read se­
quence. 

Price : $1850. Hersey-Sparling 
Meter Co., 210 W. 131 St., Los 
Angeles. Phone: (213) 321-6283. 

Circle No. 528 
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HE LI POT 
CUTS THE SIZE 

OF ITS 10-TURN POT 

IN HALF 

ELECTRONIC DESIGN , June 21, 1966 

but there's not 
a soac 01 dinaranca 
It's true ... Helipot actually cut the length of 
its %" diameter 10-turn in half. No hocus pocus. 
The new Model 7266 is 3.4" long ... the shortest 
10-turn %" diameter precision potentiometer 
you can buy. Yet its precision performance 
is unscathed, and the wirewound resistance 
element is actually longer than that of its 
predecessor. It is a precision pot in every 
respect. Resolution is better, the total resistance 
range is still 10 ohms to 125K, with ±0.2% 
linearity as good as ever. 
How much was the price raised? Not a penny 
- it's priced at $10 for 1-9 pieces and well 
below $8 in quantity. (And you get two for the 
size of one.) Complete product information is 
available now from your local Helipot sales office. 

Beckman" INSTRUMENTS, INC. 

HELIPOT DIVISION 

FULL ERTON, CALIFORNIA• 92634 

INTERNATIONAL SUBS I DIARIES: GENEVA; MUNICH; 
GLENROTHES, SCOTLAND; TOKYO; PARIS; CAPETOWN ; LONDON 

Speed Inquiry to Advertiser via Collect Night letter 
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MICROWAVES 

Waveguide isolators 
Low bilateral vswr and length 

reductions up to 25 % are featured 
in a series of full bandwidth wave­
guide isolators. Typical is the model 
covering 5.85 to 8.2 GHz. Isolation 
is 30 dB min, insertion loss is 1.0 
dB max, bilateral vswr is 1.1 max 
and length is 5 in. Minimum front­
to-back ratios of 30 are maintained 
over each band. Twelve models cov­
er 3.95 to 18 GHz. 

E&M Laboratories, 7419 Green­
bush A venue, North Hollywood, 
Calif. Phone: (213) 875-1484. 

Circle No. 529 

Cutoff attenuator 
A variable cutoff attenuator, type 

198-Sl9, has 150 dB of variable en­
ergy decay in the 2 to 4 GHz band. 
Variation in dB is essentially a lin­
ear function of shaft angle except at 
low attenuation. The unit has an 
insertion loss of 17 dB, a cutoff 
frequency of 13.83 GHz, type N 
connectors, a rack and pinion drive 
and an attenuation resetability ex­
ceeding 1 dB. 

PRD Electronics Inc., 1200 Pros­
pect Ave., Westbury, N. Y. Phone: 
(516) 334-7810. 

Circle No. 530 

188 

L-band oscillator 
A new stable local oscillator is 

designed for use in L-band radar 
equipment. Model LC1501 has a re­
sidual FM of less than 10 Hz peak. 
It has non-contacting tuning plung­
ers on ball bearings, 2 TNC output 
connectors and a single tuning 
shaft. Tuning range is from 0.97 to 
1.7 GHz. 

RFD Inc., 1501 W. Cass St., Tam­
pa, Fla. Phone: (813 ) 253-0637. 

Circle No. 531 

Coax switch 
A dpdt RF coaxial switch, model 

SW-20, covers de to 2 GHz. Charac­
teristic impedance is 50 n, and in­
sertion loss is 0.05 dB at 1 GHz 
and 0.1 dB at 2 GHz. Vswr is less 
than 1.1 and isolation exceeds 80 dB 
at 1 GHz. 

P&A : $55; stock. Texscan Corp., 
51 S. Koweba Lane, Indianapolis, 
Ind. Phone : (317) 632-7352. 

Circle No. 532 

Feedback wanted 
ELECTRONIC DESIGN would like 

to know how you rate our New 
Products section. Does it do the 
job for you? Does every issue 
contain at least a sampling of 
products you use? (We try to 
cover the field from amplifiers 
to zeners.) Any suggestions for 
improvements? Please send along 
your replies on the handy Editor­
gram card at the back of this 
issue. It's free . 

Mixer /preamp 
A line of miniature mix­

er/preamplifiers is designed for ra­
dar, communications and ECM use. 
The mixers incorporate replaceable 
diodes and are mounted to the cast 
aluminum housing of the preamp. 
Standard models are available in 
frequencies from 0.25 to 12 GHz. 
Gain is 20 to 25 dB and typical 
noise figure is 10 dB. Dimensions 
are 2.55 x 1.95 x 0.88-in. Post am­
plifiers are available on special or­
der. 

RS Electronics Corp., 795 Kifer 
Rd., Sunnyvale, Calif. Phone: ( 408) 
739-3230. 

Circle No. 533 

Oscillators 
A series of high-power oscillators 

are electronically or manually tuna­
ble over any 200 MHz range be­
tween 2.8 and 4.2 GHz. Nominal in­
put power required is - 28 Vdc at 
150 mA. Power output is 50 mW 
min. 

Three ranges are available: 3.0 
to 3.2 GHz, 3.5 to 3.7 GHz and 4.0 to 
4.2 GHz. 

Trak Microwave 
Kennedy, Tampa, 
(813) 877-8341. 

Corp., 4726 
Fla. Phone: 

Circle No. 534 
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Semiconductor Report 11 
NEW PRODUCTS, DESIGNS AND APPLICATIONS FROM MOTOROLA 

REMEMBER 
FOUR NEW LOW-COST 
PNP/NPN TRANSISTORS 
... AND YOU CAN FORGET 
35 OTHER TYPES! 

Here are four, new low-cost 
UNIBLOC * plastic transistors that 
offer such broad performance ver­
satility and complete specifications 
that you can use them to replace 
some 35 other current types. 

For general purpose switching and 
amplifier service covering all com­
mercial/ industrial applications in 
the 10 to 100 mA range and from 
audio to 100 MHz frequency range, 
these four Motorola types, the NPN 
2N4123 and 2N4124 and the 
PNP 2N4125 and 2N4126, cover 
practically all your application 
requirements! 

THESE - 2N4123, 2N4124, 2N4125 and 
2N4126 replace all these -

2N2711 
2N2712 
2N2713 
2N2714 
2N2715 
2N2716 
2N2921 
2N2923 
2N2924 
2N2926 
2N3390 
2N3392 

2N3393 
2N3394 
2N3395 
2N3396 
2N3397 
2N3398 
2N3721 
2N3843 
2N3843A 
2N3844 
2N3844A 
2N3845 

2N3845A 
2N3854 
2N3854A 
2N3855 
2N3855A 
2N3856 
2N3856A 
2N3858 
2N3859 
2N3860 
2N3900 
2N3901 

And, think how this simplifies your 
transistor selection and inventory 
control problems, too! 

Here are the kind of specs you 
get with these new performers: 

2N4123/5 2N4124/6 

High BVcEO 30 v 25 v 
hFE selected to 

2 ranges 50·150 120·360 
Low saturation 

voltages - Vce1 .. 11 < 0.3 v < 0.4 v 
Low Cob 4 pf max 4 pf max 

In any quantity, the prices are right for 
economy: 

1·99 100-999 

2N4123 & 5 $ .52 $ .35 
2N4124 & 6 .60 .40 

As with all Motorola plastic tran­
sistors, you get the added assurance 
of rugged Unibloc transistor con­
struction - the solid, single-piece, 
pressure-molded package that offers 
unusual physical strength for inter­
nal leads and connections, plus 
improved heat transfer characteris­
tics. 

One other point, they have 
Motorola's patented "annular" 
device structure which assures you 
maximum reliability and stability. 

Your local Motorola district office 
or franchised distributor have units 
available for immediate evaluation. 
For complete technical details, write: 
Technical Information Center, 
Motorola Semiconductor Products 
Inc., Box 955, Phoenix, Arizona 
85001. 
ON READER-SERVICE CARD CIRCLE 108 

HIGH SPEED LOW-COST 
NPN LOGIC SWITCHES 
CHARACTERIZED ON 
"DESIGNERS" DATA SHEET 

A pair of new low-cost NPN 
plastic Unibloc transistors have been 
characterized with limit curves which 
are directly applicable to "worst 
case" saturated switching circuit 
designs - giving sufficient informa­
tion to permit the design engineer, 
in most cases, to design entirely 
from the data sheet alune! 

The devices (types 2N4264 & 65) 
are specified in a Motorola Designers 
Data Sheet* at both 10 mA and 100 
mA levels and feature a very low 
storage time of 20 nsec. Although 
they offer the economy of plastic 
devices (prices range from $.40 to 
$.45 in 100 quantities), the units 

The Rugged "UN IBLOC" Package 

CD " Unibloc" package 
eliminates use of separate 
preformed header and 
poured cap 

® "D" shape lays flat for 
easy PC board mounting 

® In-li ne leads easily 
adaptable to T0-18 or T0-5 
lead pin circle 

© '12-inch, gold-plating nickel 
leads permit reliable 
solder connections 

offer performance matching that 
of other higher-priced units. For 
example: 

2N4264 2N4265 

BVcEO (@ 1 mA) 15 v 12 v 
hFE min(@ 10 mA) 40 100 
•T min (@ 10 mA) 300 MHz 300 MHz 
Output Capacitance 4 pf 4 pf 
Input Capacitance 8 pf 8 pf 
Turn-On (@ 10 mA) 25 nsec 25 nsec 
Turn-Off(@ 10 mA) 35 nsec 35 nsec 

DESIGNERS DATA SHEET SHOWS "WORST-CASE" 
LIMIT CURVES 

In addition, the rugged, high­
pressure, single-piece molded-plastic 
encapsulation of Unibloc devices 
provides a uniform, dense and solid 
package, free of voids (and leaks) . 
Also, they feature Motorola's exclu­
sive "annular" device structure for 
optimum reliability. 

For more information on these 
high-performance, fully-specified, 
low-cost devices, circle the reader 
service number below. 

*Trademark of Motorola Inc. 

ON READER-SERVICE CARD CIRCLE 109 

"' MOTOROLA Sen1iconductors Im -w/ieu, tk p~ iluJ~ ~ ea;ze/ 
Speed Inquiry to Advertiser vio Collect Night Letter 

ELECTRONIC DESIGN, June 21, 1966 189 



190 

Solid Status Report 6/66 

Can you get high-speed 
complementary transistor 

design in IC's 
-without compromise? 

Look at Philco'~ hybrids. 
Suppose you want your circuit design to take full 
advantage of complementary transistor tech­
niques - with low standby power requirements, 
high speed, the ability to drive high currents and 
high capacitive reactance loads. Yet you'd like 
the advantages of integrated circuitry, too­
miniaturization, reliability and cost reduction. 

This is where our hybrid microcircuits can 
help. The CTL flip-flop microcircuit shown 
above, for example, has a stage propagation de­
lay of less than 5 nsec at 100 ma. It is easily fab­
ricated at minimum cost by hybrid techniques 
- requiring no compromises in achieving simul­
taneous NPN and PNP action. 

In addition, our hybrid techniques permit the 
simple construction of complementary linear 
I C's, RF / IF amplifiers with center frequencies 
in excess of 100 MHz, and FET input operational 
amplifiers. Of course, the same advantages of 
high power capability and moderate cost still 
apply. 

The examples above indicate only one or two 
problem areas that yield to the hybrid approach. 
High power and voltage requirements can also 
be easily met in hybrid IC's. A call to your local 
representative or to Philco's Marketing Depart­
ment, Spring City, Pa. (215-948-8400), will bring 
you further information-and an invitation to 
submit discrete circuit plans for a quick quote on 
hybridization costs! 
SOLID-STATE PRODUCTS OPERATION 

PHILCO 
A SUBSIDIARY Of~~~ 
LANSDALE DIVISION · SPRING CITY, PA. 
In Canada,Oon Mills Road, Don Mills.Ontario, Canada 

Speed Inquiry to Advertiser via Collect Night Letter 
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Variable attenuator 
Model 3704-lOB is a continuously 

variable coax attenuator which will 
withstand up to 100 W average and 
10,000 W peak. Frequency range if 
1350 to 1450 MHz and attenuation 
range is 0 to 10 dB min. Insertion 
loss is 0.6 dB max and vswr is 1.5 
max. Attenuation vs frequency is 
flat to within ± 0.25 dB. The 5-in. 
diameter unit uses t ype N female 
connectors. 

P&A: about $500; stock to 8 
wks. Arra Inc., 27 Bond St., West­
bury, N. Y. Phone: (516 ) 334-8770. 

Circle No. 535 

Flat coax coupler 
Highly directional and physically 

compact coaxial couplers are de­
signed to provide maximally flat 
coupling over full octave frequency 
ranges. Frequency variation is 0.2 
dB / octave and directivity is 25 dB 
min. 

The completely potted unit mea­
sures 4 x 5.6 in. The 3-terminal de­
vices are available with 10-, 20- and 
30-dB coupling values. All are cal­
ibrated at five frequencies. 

P&A: $180 and $190 ; stock to 6 
wks. Microlab/ FXR, Livingston, 
N. J . Phone: (201 ) 992-7700. 

Circle No. 536 
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Our gyros are tops 

This one can be revvound and rearmed 
vvithout removing its cover 

We build all our gyroscopes to be tops in quality and relia­
bility. Important developments in vertical, free and direc­
tional gyros for drone, missile and aircraft applications are 
continually being developed by Electronic Specialty Co. in 
Portland, Oregon. 

One of our newest gyros is the stored energy ty.pe NF 
6010B, designed and produced by ES for a classified torpedo 
program. Used to provide a course reference, it was designed 
with emphasis on reliability and minimum size. 

This state-of-the-art gyro has a unique rewinding feature: 
the gyro can be rewound and rearmed without removing the 
cover. This is accomplished by rotating the cover a quarter 
turn to expose the winding mechanism, then winding about 
twelve turns with a standard Allen wrench. The cover is then 
returned to its original position. When the process is com­
pleted a switch closes; this can be used in system readout to 
provide a "wound and caged" indication. This "permanent" 
cover further insures reliability because the mechanism 

remains cleaner and is not subject to inadvertent change in 
adjustment. 

Energy is supplied from a spring motor to bring the gyro 
up to running speed in less than 60 milliseconds. The gyro 
rotor is maintained at running speed by an A. C. induction 
type sustaining motor. 

The unit has free gyro drift of 1 degree per minute maxi­
mum. It operates with 360° of freedom on both inner and 
oute1· gimbals, and provides potentiometer pick-off from the 
outer gimbal. Pick-off on both gimbals can also be provided. 
The gyro weighs 1.5 pounds and is approximately 2.5 inches 
in diameter and 3.5 inches Jong. 

If you visit the Northwest, you are invited to inspect our 
new, ultra-clean modern facility in Portland, Oregon. It has 
the finest equipment available for the design and production 
of gyros and relays. For a complete description of our 
Portland capabilities and detailed information and specifica­
tions of the NF 6010B write for a data sheet. 

ES 
ELECTRONIC SPECIALTY CO./ELECTRONICS DIVISION-Portland/18900 N.E. Sandy Blvd .. Portland. Ore. (Formerly Iron Fireman Mfg. Co.) 

Los Angeles, Calif. I Anniston , Ala.I Ft. Madison, la .I Harrisonburg, Va .I Hurst, Tex . / Pomona, Calif .I Portland, Ore.I Thomaston . Conn .I Toronto , Ont . 
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MICROWAVES 

•• 
7 mm termination 

Type RMA terminations are used 
from de to 18 GHz as coax stand­
ards and terminations for 4-termi­
nal measurements in 7 mm systems. 
Vswr is 1.0 to 1.01 up to 12 GHz 
and 1.05 at 18 GHz. The inner con­
ductor is partly a deposited-carbon 
resistor and is spring-loaded at the 
end in the outer conductor. The unit 
does not use a coaxial support or a 
spring cap. 

P&A: $115; stock to 30 days. 
Rohde & Schwarz, 111 Lexington 
Ave., Passaic, N. J. Phone: (201) 
773-8010. 

Circle No. 537 

-
TR-switch 

The MA-3801 TR-switch covers 
32.9 to 36.0 GHz and operates at 
peak power of 10 kW max. It com­
bines a gas TR tube and a solid­
state switch. Maximum insertion 
loss is 1.5 dB, spike leakage is 0.02 
ergs/ pulse and flat leakage is 40 
mW. Recovery time is 2 µ.s. It is de­
signed for use in the receive chan­
nel of ferrite duplexer circuits. 

Microwave Associates Inc., Bur­
lington, Mass. Phone: ( 617) 272-
3000. 

Circle No. 538 

192 

Transistor amplifier 
Up to ±12 V at 20 mA can be 

handled by this lightweight transis­
tor amplifier. Center frequency is 
1.3 GHz, bandwidth is 300 MHz and 
noise figure is 4.0 dB max. Input 
signal 1-dB compression level equals 
- 25 dBm. Gain is 15 dB and input­
output impedance is 50n. Connec­
tors are standard coaxial. 

International Microwave Corp., 
River Rd., Cos Cob, Conn . Phone: 
( 203) 661-6277. 

Circle No. 539 

Sweep oscillator 
A compact sweeper, model 5000, 

has self-contained power supplies 
for operating any of 4 plug-in oscil­
lators covering a range of 0.25 to 
2.4 GHz. A calibrated frequency 
vernier, direct phase lock connec­
tion and a narrow spectrum free of 
spurious responses are featured. In­
ternal PIN leveling is provided us­
ing an external RF detector. The 
instrument employes semiconductor 
oscillator circuits. 

P&A: $1490, $1250 to 1590 
(plug-ins) ; stock to 60 days. Kruse­
Storke Electronics, 790 Hemmeter 
Lane, Mountain View, Calif. 
Phone: (415) 967-2299. 

Circle No. -540 

Coax terminations 
Series LP-1 coaxial termina­

tions operate from de to 1.3 GHz 
with vswr less than 1.05 and to 4 
GHz with vswr less than 1.15. 
Power dissipation is 1 W. Series 
MP-1 operates from de to 1.3 GHz 
with vswr less than 1.1 and to 2 
GHz with vswr less than 1.2. Pow­
er dissipation is 25 W. Both have 
50 n impedance and male or female 
type N connectors. 

P&A: $12 (LP-1), $25 (MP-1); 
stock. Radiation Devices Co., P.O. 
Box 8450, Baltimore, Md. 

Circle No. 541 

Klystrons 
Seven communications klyl'trons 

covering 3.7 to 8.4 GHz comprise se­
ries A. The klystrons deliver 1.5 W 
min and 2.0 W typically at 750 V 
beam. Repeller modulation sensitiv­
ity is 0.3 MHz/ V min and typically 
0.4 MHz/ V. Tuning is 40 MHz at 3 
dB. 

Raytheon Co., Wil!ow St., Wal­
tham, Mass. Phone: (617) 899-
~400. 

Circle No. 542 

RF coaxial connectors 
Radio frequency coaxial connec­

tors for edge feed from strip cir­
cuitry operate from de to 18 GHz. 
In 50-n circuits, typical vswr is 
J .25. Model MOE-1 mates with male 
OSM connectors. It is intended for 
use with lines of 1/ 8-in. dielectric 
with 1/ 16-in. metal backing top and 
bottom. 

P&A: $5 (1 to 4); stock. Varian 
Associates, Akron St., Copiague, 

. Y. Phone: (516 ) 264-2200. 
Circle No. 543 
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WHAT1 S NEW IN 

Constant Voltage Power Supplies? 
... NEW LOW PRICES 

• CONSTANT VOLTAGE 

• AUTOMATIC E/ I CROSSOVER 

• SOLID-STATE, SCR INPUT 

• REMOTE SENSING 

MODEL PV-36 VOL TS - 15 AMPS 

• PROGRAMMABLE 

• MHOGRAMMABLE® 

-~C-l••IWll..;.~ ... -· 
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THE I .. ow Rn I CONTROLLER COMPANY• ELECTRONIC MEASUREMENTS I •l I 01v. 
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WHAT1 S NEW IN 

Half -Rack Power Supplies? 
... NEW LOW PRICES 

• CONSTANT VOLTAGE 

• AUTOMATIC E/ I CROSSOVER 

HOG•AMMAtll llOAJIAN MODIL fl011·1 

• ALL SOLID STATE 

• • PROGRAMMABLE 

• COMPACT HALF-RACK DESIGN 

MODEL TR018-1M 

• PORTABLE MODEL AVAILABLE 

THE I .. cw Rn I CONTROLLER COMPANY• ELECTRONIC MEASUREMENTS I • I 01v. 

OCEANPORT, N. J. 07757 
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OUTPUT VOLTAGE- VOLTS 

All-silicon QSA Series: 12 models; regulation -+- .005%; response time 20 p.s. 

New Sorensen Modular 
Power Supplies 

The new Sorensen QSA Series offers the only modular 
power supply line in the 0 to 35 volt range that combines 
+ .005% regulation line and load, 20 µ.s. response time, 
71 °C operating temperatures, 300 µ.V ripple- all at prices 
below other lines having lesser performance specifications. 
Sorensen's QSA Series modules are ideal for OEM, lab or 
system applications. They can be used as bench models 
(mounted in any position) or mounted in combinations of 
3 or 4 in an optional 19" (3%'' high) rack adapter. Other 
design features include: Load current vs. temperature, 
110% @ 40°C-l00% @ 50°C- 85% @ 60°C-66% 
@ 7 1°C • Temperature coefficient 0.01 % /°C • Stability 

0.025% / 8 hrs. • Mode ls QSA l 0-1 .4, QSA l 0-2.2 a nd 
QSA 10-3.7 permit operation of up to 20 units in series; 
other units permit operation of 2 units in series; All models 
permit operation of 4 units in parallel • No turn-on/ turn-off 
overshoots • Remote sensing • Remote programming • 
Ripple vo ltage peak to peak 3mV. All Sorensen power 
sources conform to proposed NEMA standards. For add i­
tional QSA Series details or for data on other standard/ 
custom DC power supplies, AC line regulators or freque ncy 
changers, call your local Sorensen representative, or write: 
Raytheon Company, Sorensen Operation, Richards Avenue, 
Norwalk, Conn. Tel : 203-838-6571, TWX: 710-468-2940 . 

..----------------------SPECIFICATIONS-----------------------. 

MODELS (RANGES) QSAl0-1.4 (0-lOV, 1.4A) 

QSA 12-1.4 (8-14V, 1.4A) 
QSA 18-1.1 (14-22V, 1.1 A) 
QSA28- .7 (22-35V, .7A) 

QSAl0-2.2 (0-lOV, 2.2A) 
QSA 12-2.2 (8-14V, 2.2A) 
QSA18-2.0 (14-22V, 2.0A) 
QSA28-1.3 (22-35V, 1.3A) 

QSAl0-3.7 (0-lOV, 3.7A) 
QSA 12-3.7 (8-14V, 3.7 A) 
QSA18-3.0 (14-22V, 3.0A) 
QSA28-2.0 (22-35V, 2.0A) 

SIZES (IN.) 7 x 3-5/ 16 x 3-7/ 8 7 x 3-5/ 16 x 5-1/ 8 10 x 3-5/1 6 x 5-1/8 

PRICES (U.S. List) $89 $109 $129 

1----------~~-------~·~ .. R·~ ... Y·T--H,..E•{) ... t-.l·~ ... ------~-,~-stn_n_p_rH-en-te-d-in_C_a_lif-or-ni_a _b_y_W_a-rd--D-a_.vis 
- Assoc., no S. Arrayo Parkway, Pasadena, Phone 

213-684-2'140: 3921 E. Bavshore, Palo Alto, 
Phom 415-968·~.t 3492 Pickett Strut, San 
Oieqo, Phone 714·29/·461!1. 



Mix these signal, 
power and coax leads in 
any combination. 

BurndyTrim Trio Connectors-available 
in many shapes-accept three contact 
styles, all crimp-removable, for signal and 
power leads # 16 thru # 24, twisted pair 
#24 and #26, and subminiature coaxial 
cables. 

Changing conductors is fast and simple, 
whether for lower voltage drop or better 
shielding or mechanical reasons. This 
makes Trim Trio Connectors ideal for 
breadboard and prototype work as well as 

production . For large production runs you 
can take advantage of the economies of­
fered by the automatic Burndy Hyfematic'H 
with a crimp rate of up to 3000 contacts· 
per hour. 

Get more details on how you can take 
advantage of the Burndy Trim Trio 
System-THE ACCEPTED METHOD OF INTER­
MIXING CONTACTS. 

.O BURNDV V Norwalk, Connecticut 
I NTERN ATIONAL SALES HEADQUARTERS AND MANUFACTURING FACILITIES: • 

CANADA: Scarboro, Ontario/ ENGLAND: St . He lens, Lanes. / BELGIUM: Mechelen /MEXICO: Na ucalpan de Juarez / BRAZIL: Sao Paulo/ JAPAN i Tokyo / Sales Offices in Other Maior Ci t1e~ 



One simple, rugged design adds reliability 
to all three rectilinear Mil wirewound styles 
RT-10, RT-11, RT-12 -Dale meets all three with a 
single design. You benefit from this simplifica­
tion through increased reliability, faster delivery, 
better price. Call us today! 

11"\ ALL-MOLDED HOUSING design eliminates seal problems. 
\!.I Meets MIL-STD-202 and MIL-R-27208A. 

f;;\ RUGGED COLLECTOR SYSTEM assures you of noise levels 
\f:.J well below mil requirements. 

(':)\ FULL LENGTH WINDING allows increased power hand­
\::!.) ling capability. Permits use of large diameter ther-

moconductive mandrel which eliminates "hot spots" 
by acting as high mass heat sink. 

© 1-PIECE WIPER ASSEMBLY of precious metal insures 
setting stability under all environmental conditions. 

fC\ STAINLESS STEEL ADJUSTMENT SCREW has metal-to­
\.::!,.) metal clutching - prevents over-travel damage. 

® CONSTANT LEAD SCREW SEAL is assured by shaft­
retaining spring which maintains unvarying pressure 
against high temperature silicone rubber "O" ring. 

RT-12 

RT-22 

DALE MIL-R-27208A MODELS 

Model 691 P.C. Pin 
Model 697 Flex. Leads 

Model 1287 P.C. Pin 
Model 1288 Flex. Leads 

Model 1680 P.C. Pin 
Model 1697 Flex. Leads 

5000 Series- W ' square­
trim models meet RT-22, 
made with same basic design 
considerations shown here. 

WRITE FOR CATALOG B-containing specifications on 
57 Dale T-Pots including many special models. 

~ DALE ELECTRONICS, INC. 
~ 1328 .28th Avenue, Columbus, Nebraska 
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ROUGH \NITH A REASON 

Unique GVB finish cuts core winding costs 
GVB encased cores mean fewer production delays 
because GVB does much more than seal the core box 
against potting material. Its matte finish provides a 
resilient, non-slip base for winding, and the tough epoxy 
skin prevents the wire from cutting through to the core 
box. Guaranteed not to fail, even when wound with 
heavy #6 wire, GVB surface also eliminates abraded 
wire problems. No prior taping of the core is required, 
so another winding operation is wiped out. 

Magnetics doubles the normal guarantee on core box 
finishes by expressing it in this unique way: The guar­
anteed voltage breakdown (GVB) finish seals the box 

and is capable of withstanding at least 1,000 volts at 60 
cycles between a bare winding and the aluminum case. 
Quality control monitors the application and curing 
of GVB to assure dimensional and voltage breakdown 
fidelity. Performance characteristics are maintained 
between -65 and 200 degrees C. 

To reduce production costs on your winding opera­
tions, try Magnetics' tape wound cores with GVB. 
Eight material types, in a wide range of sizes from 
0.375" to 4.0" inside diameter, are stocked for immedi­
ate delivery. More information? Write Magnetics Inc., 
Dept. ED-27. Butler, Pa. 

Speed Inquiry to Advertiser via Collect Night Letter 
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MICROWAVES 

Coaxial switch 
Life of the "Type-E" coax switch 

is claimed to be 105 operations with 
60 dB isolation across 0 to 11 GHz. 
Vswr is less than 1.4 at 11 GHz and 
less than 1.2 at 5 GHz. Insertion 
loss is less than 0.3 dB from 0 to 11 
GHz. The MIL-spec switch is mo­
tor-actuated and available in spdt to 
sp6t, dpdt and transfer models. 

Transco Products Inc. , 4241 Glen­
coe Ave., Venice, Calif. Phone: 
(213) 391-7291. 

Circle No. 251 

l 

Waveguide termination 
The MSP-11 is a 9-in. termina­

tion designed for the 3 to 4 GHz 
band. Vswr is less than 1.08 from 3 
to 4 GHz. The load is supplied with 
round or rectangular flanges and in 
bronze or alumin um waveguide. 
The unit may be used at peak pow­
ers to 1 mW and average powers up 
to 500 W. Fin temperature without 
fan coolin g with 500-W dissipation 
is approximately 400° F. 

P&A: $350; stock to 60 days. 
Metcom Inc., 76 Lafayette St., Sa­
lem, Mass. Phone: ( 617) 744-5958. 

Circle No. 252 

ELECTRONIC DESIGN, June 21, 1966 

Turret attenuator 
Model RA-54 turrent attenuator 

covers 0 to 50 dB in 1-dB steps and 
digitally displays. Dual independ­
ently adjustable rotors provide 0 to 
40-dB attenuation in 10-dB steps 
and 0 to 10 dB in 1-dB steps. 
Accuracy exceeds ±0.5 dB at 500 
MHz, ± 1 dB at 1000 MHz and ± 
1.5 dB at 1500 MHz. Vswr is 1.25 
max and insertion loss is 0.3 dB 
max at 1000 MHz. Connectors are 
BNC, TN C or type N. 

P&A: $165; stock to 3 wks. Tex­
scan Corp., 51 S. Koweba Lane, In­
dianapolis, Ind. Phone: (317 ) 632-
7352. 

Circle No. 25.'I 

Waveguide circulator 
Waveguide circulator model HC-

8169 has 3 ports and covers 8.2 to 
12.4 GHz. Isolation over the full 
bandwidth is 20 dB min, insertion 
loss is 0.3 dB max, and vswr is 1.20 
max. Power ratings are 10 kw peak 
and 20 W average. Custom models 
with insertion loss of 0.1 dB and 
vswr of 1.05 are available. 

P&A: $245; 30 days. Huggins 
Labs., Inc., 999 E. Arques Ave., 
Sunnyvale, Calif. Phone: ( 408) 736-
9992. 

Circle No. 254 

FOR TELEMETRY 
FROM 

ACL 

S-BAND FM 
SIGNAL 

GENERATOR 
D ACL TYPE SG -307 
D FM, CW, PCM/FM 

D 2200 -2300 MHz 
Q SOLID STATE 

Q MODULAR 

Q TABLE OR RACK 
MOUNTED 

Q EXTREMELY LOW 
RESIDUAL FM 

0 OUTSTANDING 
PERFORMANCE 

SEND FDR DETAILED SPECIFICATIONS 

ASTRO AGL COMMUNICATION 
LABORATORY INC., 

801 Gaither Road 
Gaithersburg, Maryland 

Phone• (301) 948-5210 TWX 710-828-9706 

"RF Equipment for The Systems Engineer" 
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Model 610A 

SOLID STATE NOISE GENERATORS 
Model 602A 5 cps to 5 me, 3 Ranges $ 290 
Model 603A 5cps to 5 me, 3 Ranges $ 495 
Model 610A 5 cps to 5 me, 8 Ranges $1,175 
Series 624 (Fixed frequency) 5 cps to 500 kc 
$245 to $490. Write for details on frequency 
ranges and spectral flatness. 

VACUUM TUBE NOISE GENERATORS 
Model 301A DC to 40 cps . 
Model 311A Two outputs DC to 

. .$1,995 

40 cps and 10 ~ps to 20 kc .. ... $2,395 
Model 312A Two outputs DC to 

120 cps and 10 cps to 20 kc .... $2,495 
Model 321A DC to 120 cps . . $2,095 
Model 331A 10 cps to 20 kc ...... $1,275 

Model 3602A 

NOISE GENERATOR CARDS 
Series 3602, 3603, and 3606 $144 to $389 
Various frequency ranges and output flat­
ness available. Size: 4V2"x6 1/2"x l''. Write 
for details. 

ENCAPSULATED NOISE SOURCE MODULES 
Series 1602, 1603, and 1606 .. $95 to $340 
Various frequency ranges and output flat­
ness available. Size: 1%"xl 112"x%". Write 
for details. 

For a more complete listing, write for 
our short form catalog. 
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MATERIALS 

Resistive paste 
A line of ceramic resistive pastes 

for silk screen applications has typ­
ical temperature coefficients of less 
than ± 150 ppm/°C on high alumina 
substrates. The glaze coatings are 
designed for fixed and variable re­
sistor fabrication, either as discrete 
components or in thick film net­
works or microelectronic circuits. 
They are available in standard 
s·heet resistivities in the decade 
ranges from 10 to 20,000 n /square. 
The pastes are fired at a peak tem­
perature of 750° C for 10 minutes. 
Screens of 200 to 325 mesh are suit­
able for depositing films 0.5 to 1.0 
mils thick. 

Electro-Science Labs., Inc., 1133-
35 Arch St., Philadelphia. Phone: 
(215) 563-1360. 

Circle No. 255 

Epoxy molding powder 
"Eccomold HT-50" is an epoxy 

compression molding powder that 
can be molded at pressures below 
100 psi. The powder produces mold­
ed items with densities as low as 40 
lb/ ft8 • Heat distortion temperature 
is above 500° F. Two components are 
supplied and the blended material 
has a shelf life of a month at room 
temperature. Cure time in the mold 
is typically 3 minutes at 320° F. 
Physical properties can be improved 
by an "out of mold" post-cure for 
20 minutes at 320° F. 

Price: $5 / lb. Emerson & Cuming 
Inc., Canton, Mass. Phone: (617) 
828-3300. 

Circle No. 256 

Gold plating solution 
"Pure gold SG-10" is processed 

from hyper-pure gold compounds 
and is well buffered. This solution 
deposits 99.99 % pure gold. The 
plate has a center cubic structure 
and Rockwell hardness of 24. Con­
tact resistance is in the mn range. 
Optical properties afford reflectiv­
ity greater than 90 % in the IR 
region. Uses are in contacts and 
terminals, tube base pins, switches, 
printed circuits and waveguides. 

P&A: $20 (pint), $30 (quart), 
$80 (gallon); stock. Transene Co. 
Inc., 121 Conant St., Danvers, 
Mass. Phone: (617) 774-4272. 

Circle No. 2.57 

Polyurethane coating 
"Conathane 1158" is supplied as 

two low viscosity components that 
develop thixotropism about 8 min­
utes after mixing. The coating is 
then suitable for application to PC 
assemblies by conventional screen 
processing techniques. The cured 
coating has a dielectric constant of 
4.28 and a dissipation factor of 
0.028 at 1 MHz. Dielectric strength 
is 7.0 kV / mil. It resists short time 
exposure to a solder bath at 550° F 
and continuous exposure to 180° F . 

Price: $8 (evaluation kit). Conap 
Inc., 184 E. Union St., Allegany, 
N. Y. Phone: (716) 372-9650. 

Circle No. 258 

Resistor paste 
Designed for use in thick film or 

hybrid microelectronic circuitry, 
four "Firon" resistor materials 
have sheet resistances of approxi­
mately 300 n, 1 kn, 3 kn and 10 n/ 
square mil. The pastes are silk­
screen applied, and, when fired, fuse 
to the substrate, providing an inte­
grated resistor substrate. Resistors 
made from these pastes have a tem­
perature coefficient of less than 
± 150 ppm/ ° C when measured from 
+ 55 ° C to -150 ° C. "Firon" resis­
tors show excellent moisture stabil­
ity and no significant resistance 
change during dip soldering or 
high-temperature exposure. 

Electro Materials Corp. of Amer­
ica, 605 Center Ave., Mamaroneck, 
N. Y. Phone: (914) 698-8434. 

Circle No. 259 

Diallyl phthalate resin 
Diallyl phthalate molding pow­

ders are available as an insulating 
resin. Type 1F19 is a one-can sys­
tem for coating, sealing, dip-encap­
sulating and laminating of wire 
wound resistors, coils, transistor 
chips, capacitors, diodes, trans­
formers and motor windings. The 
resin is stable over a wide temper­
ature range and will withstand dip 
or wave soldering. It can be dipped, 
brushed or sprayed and is tack­
free for handling in 30 minutes. 

Columbia Technical Corp., 24-
30 Brooklyn-Queens Expwy. West, 
Woodside, N . Y. Phone: (212) 932-
0800. 

Circle No. 260 
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1HM SERIES 6HM SERIES 2HM SERIES 

NOW, TAKE ADVANTAGE 
of this Hermetically-sealed Subminiature Switch more often 

"HM" Subminiature switches are available in many 
variations-can be used in a greater variety of applica­
tions requiring electrical or mechanical stab ility under 
abrupt changes in severe environmental conditi ons. 

A few of the many assemblies and actuators available 
for a wide variety of operating requirements are shown 
above. 

This is a true hermetically-sealed switch-sealed 
metal -to-metal, metal -to-glass. It assures reliable, con­
sistent operation over long periods of time at tempera-

tures of -300°F to +250°F and -300°F to +500°F, even 
with sudden changes in atmospheric pressure. Meets 
corrosion-res istant requ irements of MIL-S-6743. Elec­
trical rating : 3 amps. ind., 5 amps. res., 28 vdc. 

Qualified switch engineers located in Branch Offices. 
Call (see Yellow Pages) or write for Data Sheet 192. 

H 
HONEYWELL 

MICRO SWITCH 
FREEPORT, ILLINOIS 61033 

A DIVISION OF HONEYWELL 
IN CANADA: HONEYWELL CONTROLS LIMITED, TORONTO 17, ONTARIO 

HONEYWELL INTERNATIONAL--SALES AND SERVICE OFFICES IN ALL PRINCIPAL CITIES OF THE WORW. MANUFACTURING IN UNITED STATES, UNITED KINGDOM, CANADA, NETHERLANDS, GERM ANY, FRANCE, JAPAN. 
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Duality and economy 
in servo motors 
and motor-tachs 
depend on the 
manufacturer's 

expeflence 

... and CEDAR has it/ 
When it comes to sizes 8, 10 and 11 servo motors and 
motor-tachometers both with and without gear heads, 
Cedar is the leader, currently building at a higher 
rate than any other manufacturer in the country. 

Because Cedar's volume is big and production tech­
niques have been perfected and standardized, you are 
assured of the most economical price a vaila hie. At the 
same time, the reliability testing and quality assur­
ance programs built up on these units through years 
of experience guarantee you the finest quality and 
dependability. 

When you need a servo motor or motor-tach, re­
member that the most advanced designs built with 
t he most modern production techniques come from 
Cedar. Write or call us for complete information. 
You'll be glad you did. 

CEDAR CONTROL DATA 
ENGINEERING DIVISION 

C 0 R P 0 F< A T I 0 N 

5806 W. 36t h St .• Minneapol is, Minn. 55416 Phone (612) 929·1681 
ON READER- SERVICE CARD CIRCLE 1 37 

g\ossar'I of 

thP terms 
motor 

Know the difference between a splash-proof motor and a 
waterproof motor? Between pull-in torque and pull-out 
torque? This glossary has clear, concise definitions for these 
and nearly 100 more terms applying to fractional horsepower 
motors; helps you and fellow staff members ta lk the same 
language. Covers motor classes, enclosure types and general 
engineering terms. It's free ... just ask for the Motor Dictionary. 

BODINE 
fractronal/horsepower ~ 

MOTORS 

Bodine Electric Co., 2528 W. Brad ley Pl., Chicago, Ill inois G0618 
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MATERIALS 

Superconductive tape 
A strong and highly flexible su­

perconducting tape is fabricated of 
a 0.5-in. wide ribbon of niobium/ tin 
(Nb,. Sn ) foil laminated between 2 
layers of 1 mil thick tinned copper. 
Niobium/ tin permits operation at 
18° K and 200 kgauss. The material 
suffers no reduction in its current­
carrying ability at a bending diam­
eter as small as 0.2-in. and a tensile 
load up to 20,000 psi. 

General E lectric Co., One River 
Rd., Schenectady, N. Y. Phone: 
( 518 ) 37 4-221. 

Circle No. 261 

RF gaskets 
A new RF gasket, "Porcupine 

Metalastic," consists of a critically 
expanded sheet of monel metal im­
pregnated with a silicone elastomer. 
A large number of contact points 
per square inch results in high at­
tenuation at low pressure. The ma­
terial is avai lable in bulk and as 
finished gaskets 0.03-in. thick, 8-in. 
wide and 0.02-in. thick, 10-in. wide. 
Other sizes and elastomers are 
available. 

Metex Corp., Walnut Ave., Clark, 
N. J. Phone: (201 ) 381-7272. 

Circle No . 262 
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Dielectric 
"Z-tron G" dielectric is a thermo­

plastic of electrical grade polyphen­
ylene oxide for use in strip-line 
circuitry and microwave PC design. 
The material combines the high 
strength, rigidity, and thermal and 
dimensional stability of thermosets 
with the low electrical loss charac­
teristics of thermoplastic olefins. 

A low linear coefficient of ther­
mal expansion prevents thermally 
induced stresses, rupture of copper 
circuitry or loss of bond from - 270 
to 375° F. Volume resistivity is 
1011 n-cm, dielectric constant at 60 
Hz to 3 GHz is 2.55 and dissipation 
factor at 3 GHz is 0.0011. Copper 
cladding is bonded to the substrate 
without the use of an adhesive. The 
material is available copper-clad or 
un-clad, in sheets up to 16- x 24-in. 
and in thicknesses of 0.0625 to 0.25-
in. at a tolerance of ±0.001-in. 

Polymer Corp., 2140 Fairmont 
Ave., Reading, Pa. Phone: (215) 
376-5791. 

Circle No. 263 

Silicon tetrachloride 
Ultra high-purity silicon tetra­

chloride is now available for high 
specification epitaxial deposition of 
s ilicon films on wafer substrates. 
The chemical is used in IC and 
semiconductor manufacture. De­
mands for tight control and high 
layer resistivity are met with a 100 
n/cm minimum resistivity. The ma­
terial is available in pyrex, teflon 
and stainless steel containers. 

Apogee Chemical, Inc., DeCarlo 
Ave., Richmond, Calif. Phone: 
( 415) 233-4684. 

Circle No. 264 

Epoxy compounds 
These new epoxy molding com­

pounds have been developed to meet 
forthcoming MIL-specs. Epoxy X-
7074 will withstand 500 ° F for 100 
hours with a 4% weight loss. The 
glass-fiber reinforced, resin com­
pound is available in black. 

U.S. Polymeric Inc., P. 0. Box 
2187, Santa Ana, Calif. Phone: 
(714) 549-1101. 

Circle No. 265 
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This new, general purpose Burr-Brown operational amplifier features an FET 
chopper for maximum stability in addition to excellent noise and bandwidth 
specifications. The small 0.6" x 1.8" x 2.4" epoxy module makes it especially 
suited for high density, high performance applications. It is immediately available 
from your local Burr-Brown representative's JET-STOCK for same day shipment. 
Single unit price is $175, only $157.50 in quantities of 10-24. 

TYPICAL APPLICATIONS 
The model 1538A Operational Amplifier Is Ideal 
for use In: 

• analog computers • A to D converters 
• navigation systems • preampliflers 

and any system where stability Is a prerequl· 
site. 

It provides low Integrator errors over a long 
integration time and a wide temperature range. 

Eo error= ±E offset ±l/R1Co f E offset dt 
±1/Co f I offset dt 

NEW 
HANDBOOK OF 
OPERATIONAL 
AMPLIFIER 
ACTIVE 
RC NETWORKS 

This 104 page handbook presents the practical 
side of Active RC Networks. You may obtain 
your copy simply by requesting It on your 
company letterhead. 

EN;!NEUINC mmmATIVES, AlAIAMA. HUNTSYILU 1205) 534-)648 
AlASllA. ANCHORAGE l90n 272·5231 I AR~ONA. PHOENIX 1602) 254-6085 
CALIF., LOS ANGELES 1213) 245-9501, SAN FRANCISCO 1415) 968-1608 
COLO., DENVER 1303) 388~391 / CONN. MILFORD 1203) 874·9222 I FLORIDA. 
ORLANDO 130514252764 / ILLINOIS, CHICAGO 13121286·6824 I MO .• SILVER 
SPRING 13101 JU 8-8134 I MASS., BOSTON 16ln 245-4870 I MICH •• DETROIT 
131~ 3533822 / MINN. MINNEAPOLIS 161 ~ 781·1611 1 llO. ST. LOUIS 1314) 
JA 4-4800 I N.C., GREENSBORO (9191273-1918 1 NJ., CAMDEN 16091365-2450 
N.M. Al.BUQUERQUE 1505) 255-1638 I N.Y. MT. VERNON 1914) YO S.2200, 
ALBANY 1518) 4369649. BINGHAMTON 16071 723·9661 , NEW HARTFORD 1315) 
732~775 I OHIO, CINCINNATI 1513) 761·5432. CLEVELAND 12161 8842001, 
DAYTON 1513) 277-B'lll I OKLA.. TULSA 1918) TE S.2481 I OREGON, PORT· 
lAND 1503) 292-8762 I T!XAS, DAI.LAS 1214) EM 3-1671, HOUSTON (713) WA 
8·5251 I UTAH. SAi.i LAKE CITY lllOl) 466-8709 I WASH., SEAffiE 1206) MA 
2-0177 I CANADA. VANCOUVER 1604) RE &6377, AGINCOURT 14161 29~7011 , 

WINNIPEG 1204) 943·3832 

HIGHLIGHT SPECIFICATIONS 
from -25'C to +s5°C 

I offset= ±30 pA (at 25'C) 
I drift = ±1 pA/'C (typical) 

E offset= ±15 µ.V (at 25'C) 
E drift = ±0.5 µ.V/'C (typical) 
Input Noise= 6 µ.V, rms (de -10 kHz) 

= 10 µ.V, peak (de -10 kHz) 

Rated Output - ±10 Vat 20 mA 
Also available with 20 V output 

Slewing rate -30 V/µ.s 
Bandwidth -15 MHz 

FOR COMPLETE TECHNICAL 
INFORMATION including detailed 
Specification Sheet, Short-Form Cat­
alog covering all products and prices, 
use this publication's reader service 
card, call your nearest Burr-Brown 
Representative, or contact Burr­
Brown direct. 

RESEARCH CORPORATION 
INTERNATIONAL AIRPORT INDUSTRIAL PARK 

BOX 11400, TUCSON, ARIZONA 85706 
PHONE: 602·294·1431 • lWX: 910·952·1111 

Speed Inquiry to Advertiser via Collect Night Letter 
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Why the most 
readable readouts 
have a new 
lens system. 

We've just designed a totally new Jens system 
for our miniature rear-projection readouts, 
the Series 120 and the Series 220 (front 
plug-in model). Since we already had the 
most readable readouts made-even with the 
old Jens system -why all the effort? 

Frankly, the most important thing we (or 
any other readout manufacturer) have to sell 
is readability. That's why we keep on work­
ing to make the best just a little bit better. 
This time it really paid off. Our new lens sys­
tem delivers a significant increase in charac­
ter sharpness and a 50% increase in bright­
ness ! Here's what we d id: 

OLO NEW 

First we squared our circular lenses. That 
gives us greater usable Jens area for a two­
fold effect: the new larger lenses collect more 
light; magnification required is reduced. Both 
factors increase brightness and sharpness. 

O LO N EW 

Second, we split the old single condenser Jens 
and made a Jens-film-lens sandwich. The o ld 
lens refracted light rays toward the projection 
lens before the rays passed through the film. 
Of necessity, the Jens had steep curvature 
which limited the usable size of fi lm. The new 
split-Jens condenser refracts light in two 
stages: before it passes through film and after. 
By comparison, the new lenses are practically 
flat, permitting use of larger film and reducing 
aberration associated with thick lenses. The 
effect builds up : larger film means Jess magni­
fication which in turn means greater brightness 
and sharpness. 

So that's why the most readable readouts 
have the ir new lens system. Frankly, this new 
lens system may not seem earthshaking to 
you, unless you happen to be using readouts. 
In any case, send us your inquiry. We'll give 
you the reading on readability! 

!iii'l INDUSTRIAL ELECTRONIC 
~ ENGINEERS, INC. 

7720 LEMONA AVENUE, VAN NUYS, CALIFORN IA . 
PHONE : (213) 787 -0311 • T WX: (910) 495·1707 
CO 1966 IEE Reoresentatives in Principal Cities 
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PRODUCTION EQUIPMENT 

Soldering machine 
A machine for continuous coating 

of copper PC boards with a protec­
tive solder alloy is available. The 
coating is claimed to give a far 
longer storage life and better as­
sembly characteristics than var­
nish. A lower roller running in a 
bath of molten solder coats only the 
copper. Continuous production can 
be carried out at a speed of 6 
ft/min. 

Solder is heated by a 1.5 kW ther­
mostatically controlled heater nor­
mally preset at 250° C. A safety de­
vice prevents the rollers from turn­
ing before the solder is at a safe 
working temperature. 

Fry's Metal Foundries Ltd., Tan­
dem Works, Merton Abbey, London 
S. W. 19, England. Phone: Mit­
cham 4023. 

Circle No. 266 

Dispenser 
The "Vari-meter" dispenses . 

predetermined amounts of epoxies, 
silicones, and other materials in 
dots, lines or volumes. Most com­
pounds can be fed with repeatabil­
ity of ±0.1% from 0.1 gram to 1 oz 
per cycle. The meter is set with a 
single control and repeat dispensa­
tion requires depression of a foot 
switch. The di spensing cycle auto­
matically regulates itself. 

Techcon Systems Inc., 13206 S. 
Wes tern Ave., Gardena, Calif. 
Phone: (213) 321-6054. 

Circle No. 267 

Film thickness monitor 
Model C-210 temperature-com­

pensated film thickness monitor has 
a sensitivity better than 10-9 

gm/cm. The instrument measures 
vacuum film deposition by means of 
a change in the mass on the surface 
of a quartz crystal during the evap­
oration process. Rate measurement 
as well as cut-off at a given thick­
ness is possible. 

Range is ±200 kHz and crystal 
frequency is 2 to 15 MHz in pairs. 
Typical loading for 10 MHz crystals 
is 1 % accuracy to ± 100 kHz 
(equivalent to 0.37 to 18,500 A of 
aluminum) and 2 % accuracy to 
±200 kHz (0.37 to 37,000 A of 
aluminum) . 

Heraeus-Engelhard Vacuum Inc., 
Seco Rd., Monroeville, Pa. Phone: 
( 412) 372-8800. Circle No. 268 

Flux dryer /pre-heater 
This combination unit has sepa­

rate and distinct flux-drying and 
pre-heating functions to prepare 
PC boards for soldering. The flux­
dryer forces hot, dry air through a 
slotted stainless steel surface plate 
to gradually evaporate flux solvents. 
The pre-heater is a radiating heat­
er-plate designed to overcome heat 
sink on the board prior to contact 
with the molten solder wave. The 
temperature of each unit is inde­
pendently controlled in three stages 
(low-med-high) by a selector switch. 
Both units operate on 208/ 220 Vac, 
3-wire, single-phase 60-Hz power. 

Electrovert Inc., 86 Hartford 
Ave., Mt. Vernon, N. Y. Phone: 
(914) 664-6090. Circle No. 269 

ELECTRONIC DESIGN, June 21, 1966 



Now you can quick-connect two wires to each 
socket terminal of the Class E relay 

Here's new design flexibility-more 
than you've ever seen in plug-in Class 
E relays. The bottom view of our new 
ETP terminal* shows why. 

For each terminal, the mating 
socket provides two taper pin recep­
tacles. This is an AE exclusive, and it 
can double circuit capability: two 
wires on each contact terminal! 

Connecting these wires is quick and easy. Just insert a 
taper pin-and get a connection that's even more secure 
than with conventional terminals. 

And every time you make a circuit change, the connec­
tion is as good as the first one. 

You can prewire the mating socket and later insert a 
standard Class E taper-tab relay. Add a plastic snap-on dust 
cover, and you 've got a complete Ser ies ETP assembly. 

Sound interesting? Get some helpful details. Write for 
AE's Product News on the ETP socket. 

Widest Mounting Choice 
Besides this new ETP (taper pin) and the EIN (integral 
socket) versions, Class E relays are available with conven­
tional solder, taper tabs, or wrapped-wire terminals, or pins 
for plug mounting. This is the widest selection of Class E 
relay connections in the industry- another good reason 
to check Automatic Electric for all your relay needs. Write 
the Director, Relay Control Equipment Sales, Automatic 
Electric, Northlake, Illinois 60164. *Pa tent applied tor 

AUTOMATIC ELECTRIC 
GEN

1

ERAL TELEPHONE & ELECTRONICS GT&E 
ON READER-SERVICE CARD CIRCLE 141 
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enter now! 
new 

260® VQM applications 
contest 

Send in your ORIGINAL test application (for Simpson's famous 
260 VOM) NOT ALREADY described in our new book, "1001 

Uses For The 260® ••• " You can get a copy from your Elec­
tronic Distributor; list price, $1.00. He also has entry rules. 

Contest ends Dec. 31, 1966. 

Grand Prize: One week at the famous Tropicana in Las Vegas. 
Other Prizes: Goof-proof VOMs and Diode M eter Protectors. 

SIMPSON ELECTRIC COMPANY, 5202 W. Kinzie, Chicago, Ill. 60644 

rotary & linear 

ACTUATORS 
custom tailored 

Because Globe is the largest manufacturer of precision minia­
ture a.c. and d.c. motors and compatible stock gear trains, we 
can design and deliver an actuator to meet your requirement 
in a short time. Gain the lead time advantages of Globe's 
thoroughly proven modular design and large inventory. A re­
fined design can be adapted to your needs for rotary torque to 
1000 in. lbs., including all necessary take-off and control ele­
ments such as limit switches, potentiometers, etc. No matter 
what your special requirements may be, a Globe linear actuator 
will combine maximum thrust in the smallest possible package. 
Our application specialists will recommend the optimum unit. 
We routinely handle actuators that must meet MIL specs, speci­
fied reliability, high shock and vibration. Request Bulletin A-1 
from Globe Industries, Inc., 2275 Stanley Ave., Dayton 4, Ohio. 
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Ultrasonic bonder 
Model WU-600 wire bonder ultra­

sonically bonds aluminum, gold and 
other soft metals from 0.0005- to 
0.005-in. The bonding cycle and the 
wire are completely controlled. The 
bond at the die leaves no pigtail. 
The ultrasonic generator has two 
power and time settings allowing 
an alternate bond schedule at die 
and terminal. A selector switch per­
mits automatic indexing at the end 
of each cycle for 12, 10, 8 and 6-pin 
headers and most transistors. 

Axion Corp., 6 Commerce Park, 
Danbury, Conn. Phone: (203) 743-
9281. 

Circle No. 270 

Soldering pencil 
Model R soldering pencil with 

temperature-sensor grounded tip 
and temperature control and indi­
cation unit maintains a pre-set 
temperature at the soldering point. 
Temperature control is infinitely 
variable from 350 to 1000 ° F with 
calibration accuracy of ± 2% . Pow­
er capacity is 50 W for a rapid re­
sponse to loss of tip temperature. 

P&A: $235; stock. General 
Transducer Co., 3551 Thomas Rd., 
Santa Clara, Calif. Phone: (408) 
248-2075. Circle No. 271 
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sampling 
made 

simple 
--r-----i 

' oNIXwith your existing 
ff "TR I 

.____~__. ype 530, 540, 550, 
* 

or 580 Series Oscilloscopes 
Here's a new dc-1 GHz sampling unit with oper­
ation practically as simple as conventional plug­
ins-as you can see by the front panel of the 
sampling plug-in. You need no pretriggers or 
external delay lines-the 1 S1 unit has internal 
triggering with a built-in delay line. 

Many other features add to the capabilities and 
operating ease of the Type 1S1, such as: 
A tunnel-diode trigger circuit that insures stable 
triggering through 1 GHz • A single control to 
select the sweep rate and magnify the display 
up to X100 when desired • Direct readout of 
the sweep rate even when magnified • A dc­
offset control that permits observation of milli­
volt signals in the presence of up to ± 1 volt 
input levels • Less than 1 mV noise in the 
display, with a smoothing control for further 
reduction • Output signals available at the 
front panel for driving chart recorders-and for 
powering an auxiliary time domain reflectometer 
pulser unit. 

BASIC CHARACTER/ST/CS 
RISETIME ~0.35 ns. SENSITIVITY from 2 mV/cm 
through 200 mV/cm, in 7 steps. DYNAMIC RANGE 
± 2 V . Safe overload is ± 5 V. DC OFFSET range is 
greater than ± 1 V. SWEEP RATES from 100 ps/cm 
to 50 µs/cm, with ± 3% accuracy normal or magnified. 
SAMPLES/CM continuously variable. TRIGGER­
ING ac-coupled, ± internal, ± external , and free 
run. DISPLAY MODES are repetitive, single dis­
play , manual scan, or external scan. VERTICAL 
OUTPUT is 200 mV per displayed cm through 10 k . 
HO RIZO NT AL OUTPUT is 1 V per displayed cm 
through 10 k. 

Type 1 S1 Sampli ng Plug-In Un it 
Type 281 TOR Pulser Unit . 

U.S . Sales Prices, f.o.b . Beave rton , Oregon 

* used with Type 81 Plug-In Adapter. 

For a demonstration, 
call your Tektronix field engineer. 

. $1100 
$95 

Tektronix, Inc. 

Tangential Noise 
Display of a 1 mV, 2 ns 
wid e pu lse, externally 

tr iggered. Upper 
waveform is unsmoothed, 
the lower is smoothed . 

2 mV/cm - 1 ns/cm 

ON READER-SERVICE CARD CIRCLE 144 

ELECTRONI C DESIG N, June 21 , 1966 

Time Domain 
Refleetometry (TOR) 

Display (with 281 Pulser) of 50 
Q system, with transition to a 
25 Q system. Any portion of 
the display can be expanded 
vertically and horizontally for 

more detailed analysis. 
100 mV/cm- 5 ns/cm 
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INSULTITE 
heat-shrinkable tubing 

first of the iNSULRAD 
family of irradiated 

polyolefins from E.C.C. 
Now there's an important new source of 
heat-shrinkable tubing- I NSU LTITE from 
Electronized Chem icals Corporation. 
INSULTITE meets compet it ive heat­
shrinkable tubing requirements spec for 
spec- outperforms other shrinkables in 
volume res istivity, longitud inal change, 
water absorption, and resistance to 
solvents. 
INSULTITE. is the answer wherever skin­
tight packaging or encapsulating covers 
are needed. Apply heat: INSULTITE 
molds itself around smooth or irregular 
shapes to form a tight protective jacket. 
INSULTITE is available in standard 
colors and sizes and is supplied in four­
foot or spec ified lengths .. . all competi­
tively priced and avai lable now. For more 
information on· this new product, write, 
wire .or call Electronized Chemicals 
Corporation, Burlington, Mass. Tel. 617-
272-2850. Dealer inquiries are invited. 

II ELECTRON/ZED 
CHEMICALS 
CORPORA T/ON 
a subsidiary of 

HIGH VOLTAGE ENGINEERING 

See us at NEP /CON '66, Booth 702, 
New York Coliseum, June 21-23. 
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PRODUCTION EQUIPMENT 

Epitaxial reactor 
An epitaxial reactor, model 

HIER, for the growth of silicon or 
germanium layers, has a capacity 
for 25 1-in. wafers, with a growth 
factor of 1.2 micron/ minute. Fea­
tures include solenoid valves for ex­
act duplication of optimum settings, 
timing control, and lines, valves and 
fittings of te tlon, glass, stainless 
steel and monel. 

Hugle Industries, 587 N. Mathil­
da Ave., Sunnyvale, Calif. Phone : 
( 408) 738-1700. 

Circle No. 272 

Soldering system 
This 3-probe soldering system, 

model 3080, allows single-schedule 
soldering of multi-layer and other 
PC boards with variable heat sink 
masses. Soldering heat is created by 
passing ac current between two 
tungsten electrodes on t he fi rst pack 
lead. The th ird probe, a small ther­
mocouple, senses interface tempera­
t ure. 

Development Associates Controls, 
123 W. P adre, Santa Barbara, Cal­
if. P hone: (805) 963-3708. 

Circle No. 273 

Die tester 
A tester for "flip-chip" semi-con­

ductors offers positive contact dur­
ing testing through the "pad con­
tact" method. The chip is lifted 
with a vacuum pickup and placed 
face down onto flexible pads. After 
testing, the instrument selects the 
proper sorting bin and counts the 
tested devices automatically. 

P&A : $2500; stock to 4 wks. 
Hughes Aircraft Co., Centinela 
Ave., & Teale St., Culver City, Cal­
if. Phone: (213) 391-0711. 

Circle No. 271; 

Relay tester 
Model RT-6000 relay tester is de­

signed to facilitate inspection and 
adjustment of electromagnetic re­
lays. The unit uses a crystal-con­
trolled pulse generator as a timing 
reference and a high-speed count­
er, gated by the test relay, as the 
time interval indicator. Power to 
the relay coil is controlled by a 
momentary or latching contact on 
the panel. Time interval of the de­
sired relay action is read directly on 
a 3-digit Nixie display covering 0.1 
ms to 999 s. 

Front-panel adjustments allow 
the measurement of the time from 
application of coi l power to the clos­
ing of a normally-open contact, time 
between two successive contacts or 
between opening of _a normally 
closed to closing of a normally open. 
The instrument accommodates any 
voltage rating with coi l currents to 
2 A. Paper tape printout faci lities 
are optional. 

Price: about $1000. Astrosonics 
Inc., 190 Michael Dr., Syosset, N. Y. 

. Phone: (516) 921-2037. 
Circle No . 275 
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A GIRl llKE 
THIS WOUlD 

COME IN HANDY 
We need skilled production workers 
with at least six hands. 

How come? Because the increasing 
demand for our series 900 relays 
keeps our hands full to meet the pro­
duction load . 

Our real problem (if you can call 
it that) is that engineers know value 
when they see it. They've found that 
this 98c relay gives them longer 
trouble-free performance and greater 
reliability than they can find in relays 
costing much more. The reason is 
in the exclusive design with molded 
switches, keyed and locked lifters, 
encapsulated coil and greatly reduced 
number of parts. 

Maybe we could step up produc­
tivity by relaxing quality control and 
inspection just a little. But you know 
Guardian better than that. 

So if you know any girls with six 
hands, send them around. In the 
meantime , if you need 900's in 
quantities to 199, see your franchised 
Guardian distributor. If you need 
them in larger quantities direct from 
factory production, order now. We'll 
just ask our two-handed girls to work 
a little harder. 

S eries 900 re lay. 
JO amp. res is ti ve 
load DPDT. 
S ize 2-11 / 16 x 
1-11 / 16 x 1-25/32. 
UL listed. 

GUARDIAN @ ELECTRIC 
Guardian Electric Manufacturing Co., 1550 W. Carroll Ave., Chicago, Ill. 60607. 
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POWER EQUIPMENT 

Constant voltage supply 

High voltage supply 

Model 100-2 constant voltage sup­
plies replace dry cell batteries, 
standard cells and standardizing 
mechanisms in self-balancing po­
tentiometric type chart recorders. 
Ratings are 10, 6, 5, 3 and 1 mA 
with a 1.03-Vdc output. Voltage line 
regulation is ± 0.0016 % over 94 to 
140 Vac. Isolat ion is 6 mVac rms 
across a 1 Mn resistor from output 
to ground. 

P&A: $54.50 ( 1 to 9) ; stock to 2 
wks. Dynage Inc., Hartford, Conn. 
Phone: (203) 249-5654. 

Circle No . 276 

Model 240A has an output voltage 
from 0 to ± 1200 Vdc, front-panel 
selectable in calibrated 1-V steps. A 
pot permits interpolation with bet­
ter t han 5-mV resolution. Output 
current is 10 mA ma:x. Line and 
load regulation are both ±0.005 % 
::!:: 2 mV. Accuracy is ± 1% of t he 
dial setting for all outputs. Ripple 
and noise are 1 m V rms max. 

P&A : $345; stock to 30 days. 
Keithley Instruments, 12415 Euclid 
Ave., Cleveland. Phone : (216 ) 795-
2666. 

Circle No . 277 

NO TOOLS ... EASY HAND INSTALLATION 
SELF-LOCKING, PERMANENT 

CABLE TIE 
Just one component - molded of tough, flexible 
nylon - forms a secure, permanent harness. Easy 
to use without tools: just place around wires •.• 
slip end through buckle . . . pull taut ... trim. It's 
virtually indestructible! Three sizes for bundle 
diameters up to 2~". 

., 

Klystron supply 
Model CP-2055V klystron power 

supply has a continuously variable 
beam voltage of -250 to - 800 Vdc 
at 0 to 100 mA. Ambient range is 0 
to 50 ° C with stability of 0.02 % /° C. 
Reflector output is 0 to - 800 V de 
with respect to negative beam out­
put at 0 to 0.5 mA. Filament output 
is 5.7 to 7 Vdc at 0 to 2 A. The mod­
ulator produces a -5 to - 150 V 
square wave at 250 to 2500 Hz or a 
sawtooth at 50 to 500 Hz. Ripple is 
1 m V beam, 0.5 m V reflector and 2 
m V filament. 

Vector Engineering Inc., 58 
Brown Ave, Springfield, N. J . 
Phone: (201 ) 379-7800. 

Circle No. 278 

Write for a free sample today. 

OTHER ELECTROVERT PRODUCTS: Cradlecllp, Strapping, 
Splroband, Markers, Grommet Strip, Wavesolderlng Systems. 

give ... so more will live 
Sold Caast-to·Coast through Authorized Distributors. 

"' ~~:;r.~:~~~~:..:.'~i; HEART FUND 
ON READER-SERVICE CARD CIRCLE 146 
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Modulated source 
Model CH-50 is a modulated 5-A 

de power source with an adjustable 
18 to 37-V output. The source offers 
five modulation modes: random 
noise, square wave, transient, volt­
age spikes and external input. Ran­
dom noise modulation from 10 Hz 
to 100 kHz is provided by an inter­
nal white noise generator. Square 
wave modulation from de to 10 kHz 
is internal squaring of an external 
sine wave input. Modulation ampli­
tude for the two modes is adjusta­
ble from 0 to 10 V p-p. 

Transient modulation mode offers 
20-ms pulses of + 15 or -30 V. 
Spikes of 80 V and 10 ms duration 
may be superimposed on the de out­
put. Extern~! modulation source 
may be sine, square, or any wave­
form whose harmonic content does 
not require frequency response in 
excess of 150 kHz. Output imped­
ance is adjustable from 0.1 to 16 n 
and regulation is 0.5 % . Power re­
quired is 600 W max at 117 Vac. 

Chrysler Corp., Space Div., 1312 
N. Meridian St., Huntsville, Ala. 
Phone: (205) 837-6100. 

Circle No. 376 

Ac-de modules 
The PC-80 series of silicon-regu­

lated ac-dc power modules requires 
little or no heat-si,pking. The series 
offers regulation accuracy of 
± 0.05 % against line and load at 
base temperature ratings to 80° C. 
Outputs ranging from 4.1 to 152 
V de at up to 60 W are offered as 
standard. The modules meet MIL 
environmental specifications. 

Technipower Inc., 18 Marshall 
St., Norwalk, Conn. Phone: (203 ) 
866-9244. 

Circle No. 377 
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BAUSCH & LOMB V.O.M. RECORDERS 

ASSURE YOU OUTSTANDING PERFORMANCE 
1. Directly measure and record d-c 

voltage, current and resistance 

2. Five built-in variable chart speeds 

3. Built-in event marker 

4. 17 different input ranges 

5. Zener diode reference supply 

6. High off-balance input impedance 

7. Can be used in three positions­
flat on bench, at a 30° tilt or wall 
mounted 

8. Photoelectric modulator 

9. Full scale zero set-anywhere on 
chart span 

10. Floating input with separate 
chassis ground 

11. Built-in 100' take-up reel 

12. Modular assembly and plug-in 

connections for rapid access ser­
vice and maintenance 

13. Serve as accurate vacuum tube 
voltmeters in measure position 

14. Lightweight and portable 

15. All calibration adjustments made 
without disassembling units 

16. Zener diode d-c supply for ohms 
scale 

17. Adjustable damping 

18. Efficient pen design 

19. Low cost, high quality chart paper 

20. Backed by years of experience in 
engineering sophisticated electron­
ic circuitry 

21. An entire division is devoted ex­
clusively to the development and 
production of electronic products 

Bausch & Lomb V.O.M. Recorders are available in a variety of models with 
different full scale sensitivity. We have a wide range of accessories that make 
our recorders equal to just about any task required. For your special needs, 
we have the capability of designing customized recorders ... modified to handle 
whatever applications you have in mind. Let us hear about your recorder re­
quirements. Write for Catalog 37-2068. Better yet, ask for a personal demon­
stration. Bausch & Lomb, 91530 Bausch Street, Rochester, New York 14602. 

BAUSCH & LOMB~ 
ELECTRONICS DIVISION 
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Use 

TUNING FORK 
OSCILLATORS 
For Low Cost Frequency Control 

New Inexpensive Model G 
Frequency-from below 1 CPS to 
30 KC with choice of accuracy for 
each of five temperature ranges. 
Standardized construction allows 
excellent delivery of prototypes or 
production runs . Many special 
features are available. 

Long-term stability-2-year guar­
antee. 

Prices start at $35.00. Send for 
complete information. 

Other style cases avail­
able, including models 
for printed circuit use. 

Catalogued in eem ~ 

~ORK 
~~STANDARDS, INC. 

217 Main Street • West Chicago, 111.60185 
Telephone: Area Code 312 • 231-3511 
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POWER EQUIPMENT 

Dual supply 

Photomultiplier power 

Power inverter 

Model 506 power supply has a 
dual ouput of ± 12 to ± 24 Vdc at 
150 mA for each channel. The unit 
features current limiting, short cir­
cuit protection and convection cool­
ing over an operating range of - 20 
to 70°C. Line regulation is 0.03% 
and load regulation is 0.15 % . The 
sµpply requires 105 to 130 Vac at 45 
to 440 Hz. 

P&A: $95 ; stock to 2 wks. RO 
Associates Inc., 917 Terminal Way, 
San Carlos, Calif. Phone : ( 415) 
591-9443. 

Circle No. 279 

The SMC-1 stepper motor control 
functions as a push-button pulse 
generator, a translator and a power 
supply to control one or more step­
per motors over a speed range of 
144,000 to 1. Output rates are 10, 
20, 40, 100, 200 and 400 steps per 
second, minute or hour. The unit is 
programable and delivers 2 A to 
drive 12 to 14-V center-tapped or 
bifilar motors. 

P&A: $750 ; 45 days. Houston In­
strument Corp., 4950 Terminal 
Ave., Bellaire, Tex. Phone: (713) 
667-9307. 

Circle No. 280 

A continuously variable output of 
200 to 1800 V de in two ranges at 0 
to 10 mA is designed to power pho­
tomultiplier tubes. Line regulation 
of model PM-lK-OlA is ±0.001 % 
for a 10% change and load regula­
tion is 0.001 % from no-load to full 
load. Ripple is 2 mV p-p and stabil­
ity is 0.01 %/hour. Output voltage 
and current are monitored by a pair 
of 2% -accuracy front panel meters. 

Vector Engineering Inc., 58 
Brown Ave., Springfield, N . J. 
Phone: (201 ) 379-7800. 

Circle No. 281 

A solid-state transistor power in­
verter is designated Gemini 50-128. 
The device converts conventional 12 
V storage battery current to a 
filtered 117 Vac.· Rated capacity of 
this power inverter is 450 to 500 W. 

The unit is housed in a heavy­
gage copper clad case with carrying 
handle. 

Price: $88. Terado Corp., Ray-
mond Ave., St. Paul, Minn. Phone : 
(612) 464-2868. 

Circle No. 282 
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Perhaps you are regularly using Gudebrod Gudelace 
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known round-the-world for its non-slip knotting 
(meets MIL-T-713A specs, too). You are doing well 
then-with the finest tape and saving money on 
harnesses, too I 

But when )'OU are making gear for tropic or 
arctic use, if you are involved with outer space or 

special industrial applications-come to Gudebrod. 
Here is your one best source for lacing tape informa­
tion. Ask for a copy of our Product Data Book 
describing the more than 200 different tapes in our 
regular stock. In it you'll probably find the tape 
that fits your requirements-but if you don't, 
inquire about having one made to your particular 
specifications. 

Area Code 215, WA 2-1122 

-liUDEBRD~J~ CD., INC. 

12 SOUTH 12th STREET , PHILADELPHIA , PENNSYLVANIA 19107 
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POWER EQUIPMENT 

Line conditioner Series 3000 ac line conditioner 
offers c;omplete isolation from pow­
er lines. With response time of 50 µ.s 
max, input/output isolation of 10 
dB, output distortion of 0.25 % max 
and regulation of ±0.05%, the 
units provide 2-1 / 2 kV A transient­
free ac power. Models are available 
to operate at 47 to 53, 57 to 63 and 
380 to 420 Hz. 

P&A: $3425 to $3650. Elgar 
Corp., 5267 Linda Vista Rd., San 
Diego, Calif. Phone: _(714) 297-
3892. 

Circle No. 283 
Adapter 

Programable supply A fully programable, amplifier­
type power supply has an output 
voltage of 0 to 3000 V. Programing 
voltage is + 85 V. Line regulation is 
0.001 %, load regulation is 0.0007 % 
and ripple is 5 mV rms. Model V-
302 is available as a rack-mount or 
in a remote version. Input is 105 to 
125 Vac. 

This off-the-shelf adapter/con­
trol unit converts solid-state power 
supplies to laboratory de sources. A 
front-panel control adjusts output 
voltage over its full range. Plug-in 
power supplies are available with 
voltage outputs from 0 to 400 Vdc 
and current outputs from 0 to 25 A. 
All have automatic short and over­
load protection. Price: $700 (rack), $800 (re­

mote). Gyra Electronics Corp., P .O. 
Box 184, La Grange, Ill. Phone: 
(312) 354-4644. 

Circle No. 284 

Price: $14.95. Power/Mate Corp., 
163 Clay St., Hackensack, N. J. 
Phone: · (201 ) 343-6294. 

Circle No. 285 

The widest line of 

magnetic 
reed 
switches 

R. F. INTERFERENCE PLAGUING 

208 

YOU? 
HOW ABOUT 

LITTELFUSE R.F. 
INTERFERENCE SHIELDED 

FUSE POSTS. MILITARY AND 
COMMERCIAL APPLICATIONS 
Write or phone for information 

LITTELFUSE 
DES PLA.INES , ILLINOIS 

ON READER-SERVICE CARD CIRCLE 153 

CORPORATION 
250 GLENWOOD AVE., BLOOMFIELD, N.J. 07003 (201) 743-6800 
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What marking job can we help you do better? 

ELECTRONIC DESIGN , June 21 , 1966 

These are only a few of hundreds of marking jobs you can do more 
efficiently and more economically with Markem machines. So why waste 
time improvising and experimenting? 
Call in a Markem man and get acquainted with today's broadest line of 
marking equipment. New high-speed color banding machines - some 
capable of putting three tiny bands on a miniature diode. Machines that 
combine sequential numbering with identification. Type so small you can 
print 14 characters plus trademark in an 0.125" diameter area. Quick­
change type for short or pilot runs. New techniques combining special 
ink with flash-curing to help you meet severe durability specs. A produc­
tion-speed imprinter so gentle you can safely mark fiat pack ceramic com­
ponents. And many other machines, specialty inks and printing elements. 
Right now our research engineers and chemists are working on even 
better ways to mark components. We'd like to be working with you. 
Markem Machine Company, 319 Congress St., Keene, N.H. 

IWARl<EJW® 
HELPING YOUR PRODUCT SPEAK FOR ITSELF 

ON READER-SERVICE CARD CIRCLE 155 
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MINIATURE 
TEST 
ACCESSORIES 
1/3 smaller ... 

ACTUAL SIZE 

1/2" SPACING 
for the new generation 
of miniaturized test 
equipment 
Pomona created a complete line of V2-inch 
spaced Banana plugs, jacks, cable assem­
blies, patch cords, adapters, and binding 
posts to meet the industry's continuing de­
mand for miniaturization. 

Banana plug springs formed of one piece 
Beryllium copper (per QQ-C-533), heat treated 
for long service life and low contact · resist­
ance. Tough, molded thermoplastic bodies 
provide maximum strength and insulation. 
Available in a wide selection of colors. 

WRITE FOR FREE CATALOG 11-66 
Lists over 230 molded test accessories, all de­
signed to meet rigid industrial and military spec­
ifications - and built by the quality leader ... 

"

TYPICAL 
MODELS 

. 

MODEL 2440 
MINIATURE INSULATED 
OOUBLE BINDING POST 

MODEL 2142 
MINIATURE 
INSULATED 

BANANA JACK 

MODEL 2244 
MINIATURE DOUBLE 
BANANA PLUG WITH 

SET SCREWS 

MODEL 2247 
MINIATURE PATCH CORD 
DOUBLE BANANA PLUG 

BOTH ENDS 

MODEL 1081 
MINIATURE PATCH CORD 
BANANA PLUG, STACK UP 

POMONA 
ELECTRONICS CO., INC. 
1500 East Ninth Street, Pomona, California 91769 

Telephone (714) 623-3463 
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MICROELECTRONICS 

Semiconductor package 
The "LID" (leadless inverted de­

vice) is a microminiature semicon­
ductor package that can be mounted 
on substrates by mass production 
jigging techniques. Initially, a fam­
ily of high-speed switches and a 
family of high-gain amplifiers are 
offered. The all-ceramic "LID" 
measures 0.075 x 0.045 x 0.032 
in. It has four contact legs and is 
coated with metallized solderable 
gold. Any number can be mounted 
simultaneously and bonded to the 
substrate by low-temperature sol­
dering. 

Amperex Electronic Corp., Sla­
tersville, R. I. Phone: ( 401) 762-
9000. 

Circle No. 286 

Programable logic 
Programable digital logic cards 

can be converted to meet different 
circuit requirements. Breadboard 
designs may be altered by changing 
"program cap strip" connection 
points. The strip allows rapid ad­
dition or contraction of logic func­
tions. A single card can provide two 
5-input N AND gates, one 10-input 
NAND gate or one 8- and one 2-in­
put NAND gates. Programing a.lso 
permits optional collector loads and 
different switching speeds. 

P&A: $17.25 to $31.50: stock to 
:30 days. IBM Corp., 1000 Westches­
ter Ave., White Plains, N. Y. Phone: 
(914 ) 696-1900. 

Circle No. 287 

Breadboards 
Series 030-TO assemblies are de­

signed for multi-lead TO-size pack­
ages. They have 10, 20 and 30 sock­
ets, for devices with 6, 8, 10, 12 or 
14 leads. Boards are 0.062-in. thick 
epoxy glass for operation from -65 
to 125 ° C. For input/output and pow­
er purposes, there are 16 flat copper 
busses. Boards to be permanently 
wired have turret-style solder lugs, 
and boards for evaluation have 
spring-loaded pin jacks. Contact re­
sistance is less than 0.01 n. 

P&A: $75 to $175; stock to 3 
wks. Barnes Development Co., 
Lansdowne, Pa. Phone: (215) 622-
1525. 

Cfrcle No. 288 

Ferrite memories 
A monolithic ferrite memory stack 

with diode selection matrix has a 
full-cycle time of 500 to 600 ns. 
The 2-in." stacks contain 512 or 1,-
024 words with 32 bits/word for a 
max storage capacity of 32,768 bits. 
The devices are also available in 
plane form. The MF-2100 is a 64-
word by 64-bit memory while the 
-2101 is a 64-word by 32-bit mem­
ory. 

Wafers contained in these units 
are a "batch-processed" ferrite de­
vice eliminating core-stringing and 
hand-wiring. The ferrite material 
is fired into a solid monolithic waf­
er 1-in. 2 by 5xl0-3-in. thick. Each 
wafer contains 4096 theoretical 
cores with 5-mil effective diameters. 
They are interconnected through 16 
selection matrices of 128 diodes each. 

Price: $420 (MF-2100), $305 
( - 2101 ) (1 to 24). RCA, Compo­
nents and Devices, Harrison, N. J. 
Phone: ( 201 ) 485-3900. 

Circle No. 289 
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Call your local Weston Distributor 
for additional information. He 

stocks the complete Weston line, 
has what you need, and Is 

primed for fast delivery I 

/ 

Ne\N VOM sits up 
so you can sit do\Nn 
Put an end to the stoop and squint routine-use the VOM 
that gives you real legibility with 5;!i" scale and refractive plastic 
scale overlay for parallax-free readings. New Weston Model 80 
VOM permits you to reverse polarity even under load, provides 
a single switch for controlling functions and range, and gives 
you both fuses and diode overload protection. Matching family 
of multi-function test instruments also available. 

ACCURACY: 1% de, 1.5% ac. DC Volts: 0.25v to 5Kv in ten steps 
@20K ohms/volt. AC Volts: 2.5v to 5Kv in seven steps @5K 
ohms/volt. DC Current: 50µa to 10 amps in six steps. Five 
Ohmmeter Ranges: 2K to 20 meg full scale; 20 to 200K center 
scale. DB Scale: -10 to +10 db. 

Ask for the portable Model 80, or the convenient rack-mounted 
version, MODEL BOR, for 19" relay rack panel installation. 

Contact your Weston Distributor, or Weston Instruments, 
Inc., Newark Division, Newark, N.J. 07114 

WESTQ N®prime source for precision ... since 1888 
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MICROELECTRONICS 

DI A microci rcuits 
DI A microcircuits in hermetical­

ly sealed T0-90 and T0-91 fiat 
packs allow up to 12-bit operation 
with less than 1/ 2-bit error. The se­
ries consists of ladder switch, lad­
der network and buffer. The family 
utilizes the combination of thin-film 
tantalum nitride resistors, nickel­
chromium resistors and active pla­
nar devices. 

Sprague Electric Co., 34 7 Mar­
shall St., North Adams, Mass. 

Circle No. 290 

Feedback wanted 
ELECTRONIC DESIGN would like 

to know how you rate our New 
Products section. Does it do the 
job for you? Does every issue 
contain at least a sampling of 
products you use? (We try to 
cover the field from amplifiers 
to zeners.) Any suggestions for 
improvements? Please send along 
your replies on the handy Editor­
gram card at the back of this 
issue. It's free. 

E-T 'Vs" 10-turn precision pots: 

Transistor chips 
A line of 15 pnp and npn silicon 

transistor chips is offered for hy­
brid circuit applications. The chips 
are gold-plated on the collector sur­
face for mounting. They are also 
available pre-mounted on gold-plat­
ed Kovar tabs 0.05 in. square and 
0.006-in. thick. 

Price: $.65 to $1.65 ( 100 to 999). 
Raytheon Co., 141 Spring, Lexing­
ton, Mass. Phone: (617) 862-6600. 

Circle No. 292 

Multivibrator 
A direct-coupled, high-drive, one­

shot DTL monostable multivibra­
tor provides complementary output 
pulses adjustable by the addition of 
external discrete passive compo­
nents. The SW728 multivibrator is 
a monolithic epitaxial silicon IC 
with a de noise margin exceeding 
700 m V and a power drain of 50 
mW. Pulse input is 20 ns min and 
fan-out is typically 20. Supply volt­
age is 8 V (continuous) and 12 V 
(pulsed). 

Microcircuits Inc., 730 E. Evelyn 
Ave., Sunnyvale, Calif. Phone: 
(408) 245-9200. Circle No. 293 

Breadboard sockets 
Series 030 breadboards are avail­

able with 10, 20 or 30 sockets to ac­
cept dual in-line ICs for aging, test­
ing or circuit development. Busses 
may be connected to individual sock­
ets with turret Jugs or spring-loaded 
pin jacks. The sockets accept 14 or 
16 round, octagonal or fiat leads. 
Body dielectric is Teflon for opera­
tion from - 65 to 200 ° C. Inter lead 
capacitance is 0.1 pF for opposite 
terminals and 0.26 pF for adjacent 
terminals. The boards may be inter­
connected for more complex config­
urations. 

Barnes Development Co., 213 W. 
Baltimore, Lansdowne, Pa. Phone: 
(215) 622-1525. Circle No. 294 

2.0-200¥ 
i'iP£ M2W 

ANY SIZE, VALUE, 
VOLTAGE AND 

• cost $4.50 or less, in production quantities 

METALIZED MYLA R CAPACITORS 
Unique, self-healing units that remain in circuit 
during voltage surges with little or no loss of elec­
trical properties. Use the M2W's where size and 
weight are limiting factors and long life and de­
pendability are required. The units utilize metalized 
Mylar* Dielectric with film wrap and custom formu­
lated epoxy resin end fill. Available in round and 
flat styles. 

• meet or exceed existing, accepted specifications 
• resistance range from 25 to 250,000 ohms 

• linearity tolerance ± 0.25% (special to ± 0.05%) 
• life expectancy (shaft revolutions) 2,000,000 

• operating temperature range -55°C to +125°C 
\Vant more details? Write or phone the company 

~ 
that gives you more for your money in 

lB: L lB: c:: T JR. <> quality, price and world­
T :e: c H: N I Q u :e: s wide delivery ... 

11301 E. Ocean Ave., La Habra, Calif. 90631/(213) 691-0741 
MFRS. OF LINEAR AND NON·LINEAR PRECISION POTENTIOMETERS SINCE 1959 
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•ou Pont Trademark for Polyester Film 

DEPT ED-6, 3749 N. CLARK STREET, CHICAGO, ILLINOIS 60613 
Speed Inquiry to Advertiser via Collect Night Letter 
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Information and the 
design engineer: 

This definitive work 

fully examines this major system 

of information storage and retrieval 

DIGITAL MAGNETIC 
TAPE RECORDING: 

PRINCIPLES AND COMPUTER APPLICATIONS 
Bernard B. Bycer 

Design engineers have a dual interest in the storage and retrieval of infor­
mation: they must be able to rapidly obtain and interpret large amounts of 
information for use in their own design work, and they are involved in the 
design of the systems which perform this function. Both of these interests 
are served in this comprehensive book by an eminent authority. The extent 
of the possibilities of the system is fully developed, so that the engineer may 
make fuller and more specific use of it; every operational aspect is covered 
in detail, providing a design guidebook for creation of the systems them­
selves, or for their inclusion in larger systems. 

318 PAGES 

230 ILLUSTRATIONS 

FULLY INDEXED 

EXTENSIVE BIBLIOGRAPHIES 

CLOTHBOUND, # 5031, $11.00 

CONTENTS 

1 Offers complete and concise under­
standing of the entire field 

Magnetic Tape Recording • The Digital Magnetic Tape Transport • Digital Magnetic 
Heads • Principles of Digital Magnetic Recording • Coding Digital Magnetic Tape 
• Digital Magnetic Tape • The Organization of Data on Magnetic Tape • The Digital 
Tape Station • Computer Applications • Recent Developments and Applications 
• Append ices: Tape Reservoir Length, Demagnetization, Tape Access Time 

2 Gives useful and practical informa­
tion on all design aspects 

OTHER BOOKS OF INTEREST FROM HAYDEN 

DESIGN OF TRANSISTORIZED CIRCUITS FOR DIGITAL COMPUTERS 
Abraham I. Pressman. Complete design principles and practices. 
Primarily concerned with design of computer building blocks using 
transistors. 328 pages; illustrated, clothbound, # 0215, $9.95 

BASICS OF DIGITAL COMPUTERS 
John S. Murphy. An easy-to-follow, rapid means of mastering the 
fundamentals of digital computers. Fully illustrated for reinforcement. 
416 pages, clothbound, #0073, $9.50 

BASICS OF DIGITAL COMPUTER PROGRAMMING 
John S. Murphy. Thoroughly explains and illustrates the fundamental 
techniques of business-data computer programming. Provides the 
foundation for study of procedure languages. 118 pages, illustrated, 
Clothbound, # 0406, $4.95 

COMPREHENSIVE FORTRAN PROGRAMMING 
Teaches the widely-employed FORTRAN languages specifically as used 
by the IMB 1620 computer with an attached 1311 Disk Drive; the 
material applies to other prominent systems. 246 pages, illustrated, 
clothbound, # 5647, $6.95 

------------------------------------------------
HAYDEN BOOK COMPANY, INC. 

DEPARTMENT ED-62 • 116 WEST 14th ST., NEW YORK, N.Y. 10011 

10 Day Free Examination Offer! 
Gentlemen: 
Please send me the book(s) checked below for a 10-day free examination. At the end of ten days I will remit payment 
plus a few cents postage, or return the book(s) with no further obligation. 

D DIGITAL MAGNETIC TAPE RECORDING, # 5031 , $11.00 Name Ti t le ____ _ 

D Design of Transistorized Circuits for Digital Computers, 
# 0215, $9.95 

D Basics of Digital Computers, # 0073, $9.50 

D Basics of Digital Computer Programming, # 0406, $4.95 

D Comprehensive FORTRAN Programming, # 5647, $6.95 
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Company _________________ _ 

Address _ ____________ _____ _ 

City State Zip __ _ 
D Check for$ is enclosed. Publisher pays postage 

with same return guarantee. 
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''milletuplets'' 

That's our way of telling you about LaminacT.M., our new pro­
cess for manufacturing identical, high-precision, laminated tape 
heads by the thousands. Our high-volume production lowers 
unit cost. You save money. Send us your specifications and see 
for yourself. 

Send for new 
full-line catalog 

- MICHIGAN MAGNETICS, INC. - VERMONTVILLE, MICHIGAN 
A Subsidiary of VSI Corporation 

ON READER-SERVICE CARD CIRCLE 161 

covers ELF-MF (1·600 KHZ) Frequencies 
CEl's new Type 354 receiver tunes from 1 to 600 KHz in a single band, receiving 
AM, SSB, CW, MCW and FSK signals with low noise and exceptional sensitivity. 
A steel tape dial is employed for tuning ease and accuracy. 

All solid state, the Type 354 offers four IF bandwidths (150 Hz, 1, 3 and 6 KHz) 
and a choice of input attenuation (0, -20, -40 and -60 db), all selectable from the 
front panel. BFO can be adjusted ± 3 KHz, while incidental FM is less than 10 Hz 
peak deviation. 

The same receiver is also available with a digital frequency 
display for extra convenience and precision. This is designated 
Type 351. For further information about these compact and 
ultra-reliable new receivers, please write: 

CE/ 
COMMUNICATION ELECTRONICS INCORPORATED 

6006 Executive Blvd., Rockville, Md. 20852 • Phone : (301) 933-2800 • TWX : 710-824-9603 

ON READER-SERVICE CARD CIRCLE 1 62 

Design Aids 

Selector slide rule 
A product selector for filters, in­

ductors and delay lines is offered in 
the form of a circular slide rule. 
With the dial turned to the product 
desired, complete specifications are 
read through the cut-out window. 
The rear of the rule details parts 
numbers and case styles, and pre­
sents various filter and inductor 
graphs. Stanford Applied Engineer­
ing. 

Circle No. 29!i 

Film and tape chart 
A cross reference chart of rele­

vant parameters for all currently 
available high-temperature and 
pressure-sensitive tapes and films 
is offered. The chart covers Teflon 
and related products and lists 73 
types of tapes and films complete 
with specifications and sources. On 
the reverse side is an engineering 
and application guide. Technical 
Fluorocarbons Engineering Inc. 

Circle No. 296 

Delay line memories 
A file folder doubles as a design 

guide to specifying magnetostric­
tive delay line memories. With the 
aid of schematics, operating prin­
ciples and associated circuitry are 
detailed. Fourteen practical notes 
considering parameters of interest 
for delay lines and associated cir­
cuitry complete the two-color fold­
er. Deltime. 

Circle No. 297 
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APPiication 
Notes 

' · -- 1r 

I 
" 

Test applications 
A 90-page, paper-backed book de­

tai ls "1001 Uses" for the manufac­
turer's volt-ohm-milliammeter. Each 
test application is explained in 
text as well as by schematic or cir­
cuit diagrams. Tables, charts and 
formulas are included. 

A section, "Other Measure­
ments," covers tests of frequency, 
transistors and diodes, capacity, µ, V 
attenutation, batteries and field 
strength . 

Available for $1.00 from Simpson 
Electric Co ., 5200 W. Kinzie St., 
Chicago . 

Veto efficiency 
Successful anti-coincidence or 

veto operation of a coincidence or 
AND circuit requires nearly 100% 
efficiency in the veto channel. 
Available discriminator/trigger 
circuits are unsatisfactory as none 
provide better than 50 % efficiency. 

This 4-page application note 
shows how a dual limiter module 
may be used to assure that the effi­
ciency of the veto channel is limited 
only by the detector and the band­
width of the limiting and veto cir­
cuits. Schematics, oscillograms and 
equations a\d in t he discussion. 
EG & G, Inc. 

Circle No. 298 
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SEARCHIN6 FOR LOW·COST, 
MILITARY QUALITY, I INCH, 
lO·TURN POTS? 

COMPARE THESE SPECS AGAINST COMPHITIVE EQUIVALENTS (IF YOU CAN FIND ANYQ 
Resistance Range: 100 ohms to IOOK ohms t I 
Resolution: 0.101 to 0.0153 •Linearity : 0.303 spec rio 
Power Rating : 2 watts @ 40°C. 
Operating Temperature: -55°C. to +125°C. 

Prices start at less than $9.00 in 100 quantities, and yet these quality pots meet or exceed 
many military environmental specifications. For full information, send for a data sheet. 

Spectrol Electronics Corporation, 17070 E. Gale Ave., City of Industry, Calif. 91745 

... YOU'VE 
JU ST F I UN I 

A standard ~2-lnch shaft X-32 thread bushing mount, 

a popular X-lnch shaft Yo-32 thread bushing mount, 

and a unique low-cost se"o mount-all with 

rear terminals I 

THEMI 

Speed Inquiry to Advertiser via Collect Night letter 

ON READER-SERVICE CARD CIRCLE 163 
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New 
Literature 

Motor tach generators 
Motor Lach generators from size 

5 to size 23 are fully described in a 
28-page booklet. Data on such relat­
ed devices as integrating ac/ac me­
chanical filters, de tachometers, ac 
motor/de tach combinations, inte­
grating tach generators and special­
ized motor generators are given. A 
"Definitions and Applications" sec­
tion contains functional schematic 
and block diagrams, together with 
equations relating to major per­
formance characteristics. General 
Precision Inc., Kearfott Products 
Div. 

Circle No. 299 

De power modules 
Technical bulletin 56-366-5 covers 

a line of low-cost, wide-range de 
power modules. The 6-page bro­
chure provides descriptive and cir­
cuit information, data on model 
types, physical and electrical spe­
cifications, applications and opera­
tional data. Electronic Research As­
sociates Inc. 

Circle No. 300 

Graphic displays 
A new design portfolio details a 

line of automatic drafting tables, 
digital electronic controls and ac­
cessory systems for converting 
graphics to digital data. The pack­
age is complete with illustrations 
and specifications. Gerber Scientific 
Instrument Co. 

Circle No. 301 
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Silicon rectifier guide 
Complete electrical replacements 

for a broad range of silicon rectifiers 
are outlined in a new replacement 
guide. The guide facilitates replace­
ment of more than 1200 competitive 
rectifier types, both JEDEC and 
house numbers. A selection guide, 
cross-reference charts, current/tem­
perature derating curves and dimen­
sional drawings are provided. Mo­
torola Semiconductor Products, Inc. 

Circle No. 302 

Contacts 
Innovations in contact materials 

and value analysis in contact ap­
plications are detailed in bulletin 
PEP-2. Analyzed are considerations 
such as combining properties of 
springiness, strength and conduc­
tivity into one system, heat sinks 
and scrap and space control. Charts 
and drawings illustrate techniques 
such as overlay, top-lay, stripe, tem­
per top-lay and edgelay. Texas In­
struments, Metals & Controls Div. 

Circle No. 303 

Wavesoldering 
An 8-page brochure describes and 

illustrates automated soldering sys­
tems available to meet PC require­
ments. Details as wave characteris­
tics, operating temperatures, appli­
cations and physical specifications 
are included for each wavesoldering 
machine and various fluxing, pre­
heating, cleaning and drying units. 
The brochure also explains the prin­
ciple of wavesoldering and hot-dip 
tinning. Electrovert, Inc. 

Circle No. 304 

Transistor guide 
The "Pocket Guide to Silicon 

Small Signal Transistors" is a 
pocket-sized reference for transis­
tor selection. The 36-page handbook 
covers low- and high-frequency am­
plifier transistors, general-purpose 
transistors and grown-junction 
transistors. Unijunctions, mmia­
ture transistors, switching transis­
tors, consumer and industrial tran­
sistors and packages are also in­
cluded. Milgray Electronics Inc. 

Circle No. 305 

Digital transduction 
Current techniques and concepts 

for digital transduction are re­
viewed in a 100-page report. Fre­
quency and pulse generating, photo­
optical, nuclear and digital-encoder 
approaches are covered. Techniques 
for adapting digitizing principles 
to measurement of pressure, tem­
perature, displacement, accelera­
tion and position are discussed. Dig­
ital encoding methods such as the 
pure binary, the BCD and the "Ex­
cess-Three" codes are reviewed. The 
use of magnetic reluctance tech­
niqus, optical rulings, Hall genera­
tors, and ring laser approaches are 
discussed. 

A va.ilable for $3 from Clearing­
house, U. S. Dept. of Commerce, 
Springfield, Va. 

Rectifier handbook 
A 216-page silicon rectifier hand­

book provides information needed 
for effective selection and applica­
tion of silicon rectifiers. For the ex­
perienced and the newcomer to the 
power control field all phases of the 
rectifier art are covered. Circuits 
for single and multi-phase systems 
as well as rectifier voltage multi­
pliers and circuits for regulation, 
arc suppression and other special­
ized applications are described and 
analyzed. Areas of overvoltage and 
overcurrent protection and thermal 
design are discussed. 

Available for $1.50 from Motoro­
la Semiconductor Products, P.O. 
Box 955, Phoenix, Ariz. 
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No one has a larger line 
of disc memories. 

See the largest line of disc memories 
available at the Spring Joint Computer 
Conference, Booth 913-916 
Whether your informat ion storage 
requirements are small or require data 
stored in millions of bits , Librascope 
Group of General Precision, Inc. , has a 
disc memory system for every applica­
tion. These systems have a proven 
history of reliable performance in com­
puting systems designed for military , 
business, engineering, and educational 
applications. 
LIBRAFILE mass memories: Large ­
capacity, high -speed , random-access 
information storage systems. Two disc 
sizes available. 48" discs capable of 
storing up to 400 million bits. 38" discs 
with a capacity of 200 million bits. 
LI BRAFI LE mass memory information 
retrieval is either fixed -address sea rch 
or search -by -record content. Acce ss 
ti me less than 20 ms. Data transfer 
rates in the megacycles. 

ELECTRONIC D ESIGN, J une 21 , 1966 

Militarized disc-memory systems: High­
speed , random -access, information ­
storage systems. Consists of disc 
memory for data storage and an elec­
tronic subsystem that provides com­
plete interface, control , and read /write 
electronics. These systems can be used 
as a data base for shelter, van , or ship­
board applications. Storage capacity of 
25 million bits on 24" discs. Custom ized 
capacity up to 80 million bits. 
L-400 magnetic-disc memory systems: 
Provide data storage and transfer in 
computer systems , peripheral equip­
ment, and other systems where rapid ­
access memory is a requirement. 24" 
disc storage capacity up to 36 million 
bits. 
Airborne disc file: Small , compact file 
designed for airborne (MI L-E-5400 class 
2) appl icat ions, as well as for shipboard 
and mobile field operations. 61/4 " disc 
with capacity of 1 million bits. Custom­
ized airborne memories available with 

ON READER-SERVICE CARD CIRCLE 164 

capacity up to 50 million bits. 
L-300 disc memory: For use in computer 
systems and peripheral equipment as 
main storage, buffer storage, or as a 
supplemental memory. 10" disc with a 
capacity of 275,000 bits. 
For complete deta ils, write for our tech­
nical bulletins. 
Engineers: For career openings, call or 
send resume in confidence to B. Larson , 
General Prec ision, Inc., Librascope 
Group, 808 Western Avenue, Glendale, 
California 91201. An equal opportun ity 
employer. 
A Plans-for-Progress Company. 

LIBRASCOPE GROUP 
D DD 808 Western Avenue O O o 
DD D Glendale, Cal if. 91201 o 0 o 
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Guaranteed 
3-DAY 

Shipment! 

Dual output power supplies are housed 
in one case 3-5/16" x 4-5/32" x 4-11/16" 
high. Identical or different output volt­
ages from 1.5 to 75 are available in 1 
volt increments for each of the DC out­
puts. The graph below furnishes maxi­
mum current corresponding to output 
voltage. Select the two outputs needed 
and telephone Acopian for all the de­
tails - plus guaranteed 3-day shipment 
after receipt of your order. 

75 

60 

~ r--
50 

" ~ 40 
& ,___ 
" 30 
~ r--
I 20 

10 

1--
1.5 

100 200 300 400 

OUTPUT CURRENT (MA.) 

TYPICAL SPECIFICATIONS 
Input Voltage: 105 to 125 VAC 
Line Regulation: ± 0.5 to ± 0.05% 

(depending on model) 
Load Regulation: ± 1.0 to ± 0.05% 

(depending on model) 

500 

Ripple: 5 to 1 mv (depending on modell 
No additional external 
!heat sinking required. 
Write for Acopian's 16-page catalog and 
]price list to: Acopian Corp., Easton, 
Penna., or call collect (215) 258-5441. 
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NEW LITERATURE 

Frequency control 
A comprehensive review of fre­

quency control and timing instru­
mentation, components and systems 
is offered. Frequency standards, 
phase comparators, distribution am­
plifiers, digital clocks, crystal os­
cillators, proportionally controlled 
ovens and crystal controlled linear 
discriminators are described. The 
4-page brochure includes photo­
graphs, specifications and descrip­
tions. Frequency Electronics Inc. 

Circle No. 306 

Amplifier selection 
"Selecting a Differential Am­

plifier" discusses the wide range of 
differential amplifiers and the 
difference existent between com­
mon-mode rejection methods and 
rejection level capabilities. Parame­
ters discussed include constancy of 
common-mode rejection with gain, 
common-mode slewing and overload 
characteristics, floating versus 
grounded-source conditions and in­
put attenuation design. Dynamics 
Instrumentation Co. 

Circle No. 307 

Drum programer 
The 12-page technical bulletin 

200 provides detailed information 
on the concept, application, con­
struction, and specifications of a 
stepping drum programmer. End­
point program control is explained 
and typical applications are graphi­
cally described. The solutions of 
program-control problems are com­
pared using this programmer and 
other types of systems. Options; 
special circuits, and programming 
accessories are included. Tenor Co. 

Circle No·. W8 

Resistance tests 
A 12-page, pocket-size guide ex­

plains the fundamentals of insula­
tion resistance testing. Manual 
P-16424 shows test hook-ups for in­
sulation resistance evaluations on 
wiring, distribution panels, de mo­
tors and generators and ac motors. 
Associated Research Inc. 

Circle No. 309 

Timing controls 
A 4-page illustrated product file 

on automatic timing controls is 
offered. The folder includes com­
plete specifications and dimensions 
on time delay relays, interval tim­
ers, cycle timers, running time me­
ters, percentage ·timers, reset tim­
ers, time switches and program 
clocks. Zenith Controls Inc. 

Circle No. 310 

Terminal blocks 
Engineering data and specifi­

cation charts on a 300-V, mmia­
ture sectional terminal block line, 
are featured in the 30-page catalog 
G-104. A fold-out page containing 
tables 310-12 and -13 of the NEC 
for terminal block current ratings 
is included. Buchanan Electrical 
Products Corp. 

Circle No. 311 

Components catalog 
A 120-page components catalog 

covers a line of precision and trim­
ming potentiometers and counting 
dials. Electrical, mechanical and en­
vironmental characteristics are 
completely specified. Each pot is 
shown in a cut-away form to depict 
important product features. Am­
phenol. 

Circle No. 312 

Relays 
The Proceedings of the 14th Na­

tional Relay Conference, April 27, 
1966, are offered. The volume con­
tains 25 technical papers, covering 
areas ranging from contact geome­
tries, materials and reliability to 
packaging. 

Available for $5 from Mr. James 
V. Roughan, National Association 
of Relay Manufacturers, P.O. Box 
7765, Phoenix, Ariz. 
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Magnetrons 
This bulletin outlines break­

throughs in protecting voltage-tun­
able magnetrons against RF inter­
ference. The 4-page brochure dis­
cusses how the shielding reduces 
susceptibility to degaussing. Also 
described are advantages including 
modulation rates as high as 20,000 
MHz/ µ.s, electronic linear tuning, 
and a relatively flat power variation 
across wide bands. General Electric, 
Electronic Components Div. 

Circle No. 31 .'3 

Stepping motors 
A new 12-page design booklet 

aids in the use of stepping motors 
in precision positioning systems. 
Criteria for open- versus closed-loop 
systems for direct digital position­
ing are examined. Theory, cost and 
reliability are discussed and llus­
trated with sample applications. A 
table lists the specifications of most 
motors available today. Icon Corp. 

Circle No. 314 

Bellows couplings 
A 2-page engineering bulletin de­

scribes a complete line of bellows 
couplings. Couplings for synchros, 
pots, shaft encoders and other ro­
tary devices are covered. Theta In­
strument Corp. 

Circle No. 315 

Digital printer 
Bulletin 2045 describes a 63- . 

character alphanumeric strip print­
er used for computer interrogation 
and monitoring. Specifications cov­
er all pertinent electrical and me­
chanical parameters. Franklin Elec­
tronics, Inc. 

Circle No. 316 
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OPEN 
ANEW 
WORLD IN 
PROGRAMMING 

offering unlimited versatility in programming, switching, and 
circuit control without patchcords or jumpers. Sealectoboard 
has a unit that .can perform virtually any programming function 
with one to four contact decks, bussed contacts, shorting, skip, 
and component holding pins, and countless hole, contact and 
mounting configurations. 

If your application calls for a fast, highly reliable, program-at­
a-glance programming system, contact Sealectro. Our Applica­
tions Engineers are experts at solving programming problems. 

P.S. The price is right, too! 

PROGRAMMING DEVICES DIVISION 

SEALECTRO 
CORPORATION 

MAMARONECK, NEW YORK 
SUlECTIO Phone: 914 698-5600 TWX: 710-566-1110 

Sealectro Ltd .. Portsmouth, Hants, England 
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Design Data from Manufacturers 
Advertisements of booklets, brochures, catalogs and data sheets. To order use Reader-Service Card. 

(Advertisement) 

New Particle And Photon Detectors 
--m 

Bendix 
Magnetic Electron 

Multipliers 
~ --;·-

·- ---~ · ~ 

New Bendix Catalog describing three magnetic 
electron multipliers and accompanying power 
supply is now available. Bendix electron multi­
pliers are rugged, miniature detectors with many 
applications in photon, ion, and neutral-particles 
radiation measurement. Three models . . . each 
with a different configuration to meet specific size 
and space requirements. Also featured is the com­
pact, convenient Power Supply that is designed 
specifically for the electron multipliers. 

The Bendix Corporation 
Cincinnati Division 171 3625 Hauck Rd., Cincinnati, O. 45241 

M-F Nylon Insert Lock Nuts 
This book can be a valuable guide to the engi­
neer who must specify dependable locking fasten­
ers. It contains sixteen pages and describes all 
aspects of MacLean-Fogg's complete line of Ny­
lon Insert Lock Nuts. There are tables which 
outline principal features and applications of the 
nuts. Other tables list physical properties, chem­
ical properties, and data on tensile strength re­
quirements. Charts on each of the company's 
eight styles of Nylon Insert Lock Nuts include 
dimensional data, weights, and part numbers. 
Circle number on reply card. 

Maclean-Fogg Lock Nut Company 
1060 Allanson Road 172 Mundelein, Illinois 60060 

Books For The Electronics Engineer 
HAYDEN BOOKS 

-
--

The 1966 Hayden Book Company, Inc., catalog 
contains such new titles ·as "Microelectronic De­
sign," "100 Ideas for Design '66," "The Electron 
in Electronics," "Synthesis of RC Networks with 
Arbitrary Zeros," "Transistor and Diode Network 
Calculations," and "Matrix Algebra for Electronic 
Engineers." As well as the expanded list for de­
sign engineers, the catalog includes Hayden and 
John F. Rider Publisher training texts at all levels. 
Send for your free catalog today. 

Hayden Book Company. Inc. 
116 West 14th Street 173 New York, N. Y. 10011 
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NEW LITERATURE 

Core memories 
Core memories for industrial and 

computer applications are described 
in this 4-page brochure. Complete 
specifications are included. Rese 
Engineering Inc. 

Circle No. 317 

RF power measurement 
Catalog SF-66 covers coaxial load 

resistors, absorption wattmeters, 
directional wattmeters and coaxial 
switches. In addition to speci­
fications and prices, related cus­
tom-built accessories such as coaxi­
al filters and power monitors are 
described. Bird Electronic Corp. 

Circle No. 318 

Reprints Available 
The following reprints are avail­

able free and in limited quantities. 
To obtain single copies, circle the 
number of the article you want on 
the Reader-Service Card. 

High Volume-Low Cost: De­
signers' Challenge ( No. 740) 

Which Device for High Power 
Switching? Part I (No. 7 41) 

Which Device for High Power 
Switching? Part II (No. 742) 

Harmonic Generators: Is the 
Step Recovery Diode B est? ( No. 
743) 

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 letternead: 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 
An address change for a subscriber 
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 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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An important component 
in Bell & Howell's 
New Autoload® 431 
Super 8 Movie Camera 
The Optronic Eye in Bell & Howell's 
Model 431 Super 8 Movie Camera 
is described as the most precise 
automatic exposure system ever 
developed. And Vactec was selected 
to supply the photocells which must 
automatically sense, adjust, and check 
exposure accuracy. One more example of 
how manufacturers who want the finest, 
specify Vactec light sensitive devices. 

If your product requires dependable photocells, contact Vactec. A complete line of standard 
types is available, or Vactec will custom design units to meet special requirements. 

Write for Bulletin PCD-3 for Cadmium Sulfide and Selenide types ; Bulletin SPV-4 for 
Selenium photovoltaic types. 

VACTEC ~ 2423 Northline Industrial Blvd. • Maryland Hts .• Mo. 63045 

~~ Phone Area Code 314, HE. 2-4200 
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for use in 
laboratory accuracy 
secondary frequency 
standards 
Model GI IAW is stable to 5 x Io-10 per day. Q is in excess of 4 million. 

Each unit is supplied with a data sheet demonstrating performance to 
all mechanical and electrical specs including initial aging. 

Write for Bulletin Gl lAW. 

CTS Knights, Inc. 
of Sandwich, Illinois 

(formerly The James .Knights Co.) . . 
a subsidiary of CTS Corporation, Elkhart, Indiana 
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The Standard Reference Far 
Electronic Test Instruments 
Dll':IECTORV OF TECHNICAL SPECIFICATIONS 

5 FRl:QUl:NCY Ml:Tl:RS 

upl)9r frequ•ftcy HMit 1.15Mc 

Pharo IWIUFACIUl!I MOD!l 
s.. Min M" Poto M< M< 

FREQUEHCY IENllTIVITY OUTPUT 
Number Meas Stability Min MDX Inter· Coli-

•• '" long Short • I polo lion Main '" Bonds • Term Term Fr1q Freq 

MILLEN 90619 350kc 1. 5 "' SI A SI A NI A NIA NIA 
(A) 

SELL-TRON IC 401A l Ocps '"' '"' '"' 100...v , ... , '"' l ~s:~ above 
700kc 

29 GENERAL RADIO 1142- A Jcps 1.5 
(A) 

• i:0 .2 ~a~ f u ll 
scale " GENERAL RADIO 1106-A lOOkc 1:0 . l '"' <" 

HILLEN 90611 1.5 3.5 
(A) 

MEASUREMENTS 59LF lOOkc 
(A) 

AIRCRAFT RADIO H-37A 

MILLEN 90625 
(A) 

HILLEN 90612 
(A) 

TECHNICAL MATERIEL PH0-5 
(A) PH0-6 

Miu.EN 90682 
(A) 

qo,;Q!; 

CONVENIENT TABULAR FORMAT 
PROVIDES QUICK AND EASY 

MODEL-TO-MODEL COMPARISONS 

One look at the specimen pages wi II show you-better than 
words-the extent of the informat ion furnished by the DIREC­
TORY OF TECHNICAL SPECIFICATIONS and the comparative 
arrangement of the data. These convenient tables are designed 
for rapid and accurate point-by-point comparison of instru· 
ments having similar functional capabilities. By providing a 
thorough across-the-market analysis, all alternatives can be 
considered in selecting the right instrument for any application. 

SAVE HOURS OF ENGINEERING TIME 

The Directory eliminates once and for all the necessity of 
searching catalogs, sales literature and periodicals to find 
suppliers, specifications, performance characteristics and 
prices. It provides in one comprehensive source, arranged and 
indexed for convenient use, all the information you need to 
keep completely up-to-date on available instruments, to evalu­
ate competitive products and to select the best instrument at 
the best price. 

NO NEED FOR CATALOG FILES 

Keeping and maintaining your own files of manufacturer~ 
catalogues, brochures and loose data sheets is completely 
unnecessary. The DIRECTORY OF TECHNICAL SPECIFICA-

TIONS gives you all the required data to select and specify 
electronic test instruments-all in one compact and easy to 
use reference. No other reference source is as complete or 
efficiently organized. The six-volume Directory I ists approxi­
mately 14,000 instruments of more than 500 manufacturers 
and comprises 46 sections, each covering a different type of 
instrument. 

ALWAYS COMPLETE AND UP·TO-DATE 

The constant changes in specifications and performance of 
electronic test instruments is making it increasingly difficult 
to keep abreast of the latest developments. The Directory is 
kept continuously up-to-date by the mailing of section revisions 
to subscribers at the rate of approximately one each week. The 
information in the entire Directory is completely revised in less 
than a year. 

AVAILABLE ON FREE 30·DAY TRIAL 

The DIRECTORY OF TECHNICAL SPECIFICATIONS may be 
obtained on a FREE 30-DAY TRIAL BASIS for your examination 
and use. A one-year subscription includes the six-volume set of 
46 sections plus the up-dating service to keep all information 
complete and current. 

PRICE ... $300. per year 
For further information write or telephone • .. 

TECHNICAL INFORMATION CORP. 
P. 0. Box 514, Smithtown , N. Y. (516 234-0100 
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how to 
cool 

hot black 
boxes 

in .the 
Vigilante 

• 

Five liquid cooling systems 

for avionics in every bomber! 

Packed into the A-5C Mach 2 two­
seater are miniaturized avionic systems 
that replace the 10-man teams neces­
sary in ·planes of World War II vin­
tage. Crammed-in black boxes are a 
design problem in themselves, but cool­
ing these miniaturized electronic sys­
tems is another. 
Conventional approaches such as con­
vection cooling, fan cooling, or heat 
sinks simply won't cool these advanced 
black boxes effectively, so North Amer­
ican designers turned to Eastern - an 
acknowledged leader in the design and 
production of liquid cooling systems 
for avionics. 
Result: Even at heat levels generated 
in supersonic flight at deck level -
even at peak altitudes where conven-

tional fan cooling effectiveness would 
fade - Eastern liquid cooling systems 
keep the Vigilante on the job. 
If your problem is avionic hotspots for 
aircraft, missiles or Ground Support 
Equipment-turn now to Eastern cool­
ing packs. You'll be among the league 
of designers that sought Eastern as 
their answer in avionic cooling of the 
Vigilante, Nike-Ajax and Hercules, 
Zeus, Hawk, and Minuteman. 

Send for 
Series C Bulletin. 

EASTERN INDUSTRIES 
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JUNE 
SMTWTFS 

I 2 3 4 
5 6 7 8 9 10 11 

12 13 14 15 16 17 18 
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26 27 28 29 30 

June 21-23 

JULY 
SMTWTFI 

I 2 
3 4 5 6 7 8 9 

10 11 12 13 14 15 16 
17 18 19 20 21 22 23 ill 25 26 27 28 29 30 

Conference on Precision Electro­
magnetic Me.asuremerits (Boulder, 
Colo.) Sponsor: Institute for Basic 
Standards; John Cronland, Uni­
versity of Colorado, 328 University 
Memorial Center, Boulder, Colo. 

June 27-29 

2nd Annual Conference & Exhibit 
on "Exploiting the Ocean" (Wash., 
D. C.) Sponsor: Dr. James H. 
Wakelin Jr., Scientific Engineering 
Institute, Waltham, Mass. 

July 6-9 

Annual Meeting of the National 
Society of Professional Engineers 
(Minneapolis, Minnesota) Spon­
sor: National Society of Profes­
sional -Engineers; Kenneth E. 
Trombley, 2029 K St., N.W., Wash­
ington, D. C. 

July 11-13 

Electromagnetic Com pat i bil i ty 
Symposium (San Francisco, Calif .) 
Sponsor: IEEE, G-EMC; A. Fo11g, 
Hewlett-Packard, 1501 Page Mill 
Rd., Palo Alto, Calif. 

July 11-14 

Conference on Aerospace Systems 
(Seattle, Wash.) Sponsor: IEEE; 
Thomas J. Martin, 3811 E. Howell 
St., Seattle, Wash. 

July 18-20 

Fifth Annual Reliability and Main­
tainability Conference (New York) 
Sponsor: AIAA, SAE, ASME, EIA, 
ASTM, AICHE & ASTME; Stanley 
A. Rosenthal, Kollsman Instru­
ments Corp., Syosset, N. Y. 

July 18-20 

Microelectronics Symposium (St. 
Louis, Mo.) Sponsor: IEEE; Dr. 
John W. Buttrey, McDonnell Air­
craft Corp., P. 0. Box 516, St. 
Louis, Mo. 
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IOI RCA ASSURES 
AEROSPACE/ MILITARY RELIABILITY 
IN AN"Of F·THE·SHELF"UHF TRANSISTOR 
RCA 40294 low-noise UHF AMPLIFIER-only 4 dB typical noise figure at 450 Mc/ s-tested to meet 
your most exacting high reliability requirements for critical aerospace and military applications. 

100% inspection of all components, 
and assemblies before sealing 

100% testing for 450 Mcls gain 
and noise figure 

100~ 11ow•r burn·•n +or 
reliability assurance 

MAXIMUM RATINGS, Absolute-Maximum Values: 
COLLECTOR-TO-BASE VOLTAGE, V cso ... . ..... 30 max. volts 

COLLECTOR-TO-EMITTER VOLTAGE, V cEo .... .. 15 max. volts 

EMITTER-TO-BASE VOLTAGE, V EBO ..... .. .... 2.5 max. volts 

COLLECTOR CURRENT, lc .................. . 40 max. mA 

TRANSISTOR DISSIPATION, P, ............ . 200 max. mW 
c25• cT > 

TEMPERATURE RANGE: •• 
Storage and Operating (Junction) ..•..... -65 to +200° C 

Gone is that long costly wait for delivery on transistors to meet aero­
space/ military reliability standards. 

At least on the RCA 40294. It's available right now-as a stock item 
-either directly from RCA or from your RCA Distributor. It's elec­
trically equivalent to our familiar and popular 2N2857 low-noise 
silicon UHF amplifier. But the RCA 40294 is specially controlled, 
processed, and tested to assure ultra-high reliability. RCA 40294's 
get all these extra tests ... . 

EXTRA! RIGOROUS CONTROLS AND INSPECTIONS 
of all components and assemblies before sealing. 

EXTRA! 100% PRECONDITIONING AFTER SEALING 
AND BEFORE TESTS. Includes stabilization bake (50 hours 
min. at 200° C), temperature cycling from -65 ° C to + 200° C, 
helium leak and bubble tests ... plus sample constant-acceleration 
(centrifuge). 

EXTRA! 100% RELIABILITY ASSURANCE TEST. 
Each 40294 transistor undergoes "power burn-in" - running at full 
power rating for 340 hours-then is retested to assure that Iceo and 
hp11 have not deviated beyond prescribed limits. 

EXTRA! 100% PERFORMANCE REQUIREMENTS 
TESTS. All electrical characteristics including 450 Mc/s gain and 
noise are then RE-TESTED as per MIL-STD 750 requirements . 

• • . PLUS-A 100% MICROSCOPIC EXAMINATION 
FOR THE FINAL MECHANICAL INSPECTION. 
For the performance assurances you need for critical aerospace/ 
mllltary applications, specify the RCA 40294 (or a special version 
to meet your particular requirements). 

For complete electrical characteristics of the 40294, information on 
custom versions, or any other technical information, call your RCA 
Field Representative, or write: RCA Commercial Engineering, Sec­
tion C-G-6-3 , Harrison, N . J . 

AVAILABLE THROUGH YOUR RCA DISTRIBUTOR 

RCA ELECTRONIC COMPONENTS AND DEVICES 

• • The Most Trusted Name In Electronics 
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Another Brush Innovation in Recording: 

The Brush Mark 280. 
Once you've seen 

it work, 
the chain makes 

a lot of sense. 

People who use the Brush Mark 280 
can get pretty possessive. 

No wonder. 
True recti Ii near traces so crisp and 

clear you ' II never miss the message. 
Dual recording channels a full 80 
millimeters wide. Resolution the 
likes of which you 've never seen. 
A pressurized inking system. Metri ­
site pen positioning. Low cost chart 

paper. Pushbutton choice of12 chart 
speeds. Solid state electronics. Re­
sponse as high as 200 cps at usea ­
ble amplitude and better than 30 cps 
full scale . System accuracy of 1/23! 

And now get set for the big sur­
prise : the performance - packed 
Brush Mark 280 measures just 101/2 " 

x 18%" x ll1/2" ! 
Search no more for a full perform-

ance portable. No one but no one has 
anything to compare with the amaz­
ing Mark 280. Ask your 
Brush representative 
for a demonstration. 
Or write today for our 
free booklet. Brush 
Instruments Division, 
Clevite Corporation, 37th and 
Perkins , Cleveland, Ohio 44114. 

CLEVITE 
--~~rush INSTRUMENTS DIVISION 

Speed Inquiry to Advertiser via Collect Night Letter 
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