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MODEL 

power supplies for op-amps ... $14 

These 2.3x 1.8x 1-inch modules have tracking 
outputs of ± 15V with regulation of ±0.1 % and ripple 

of 1 mv. The Model 015-03 (25 ma outputs) 
costs $14.00 in 1000 lots and only $24.00 for one. 

The Model 015-05 (50 ma outputs) is $39.00. 
For ± 12V, the model numbers are 012-03 and 012-05. 

Same prices. Three-day shipment guaranteed. 

Acopian Corp., Easton, Pa. 18042 
Telephone: , (215) 258-5441 
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What do you get when you cross 
a signal source with a calculator? 

Automatic testing with HP's new 3330B AUTO­
MATIC SYNTHESIZER. In this one outstanding instru­
ment, you gee a flexible synthesizer, a cop-performing 
sweep generator, and a precision level generator-all 
under digital control. Its built-in controller adds com­
puter flexibility-you can forget about tying up an 
external computer for your automatic testing on the 
production line, and for the first time make this level 
of testing economically feasible in your lab. 

For man-machine interfacing, 3330B's convenient 
swing-out keyboard, coupled with 9-digics of frequency 
and 4-digits of amplitude readout, gives you complete 
flexibility for setting up your test routines. 

As a frequency synthesizer spectral purity is excep­
tional. Spurious is down 70 dB, and harmonics at least 
40 dB below the carrier. Through its easy-to-use key­
board, you can, with 0.1 Hz resolution, set in any fre­
quency between 0.1 Hz and 13 MHz, then automatically 
or manually increment (tune) that frequency by any 
amount. Each point has the synthesizer stability of± 1 
part in 108 /day. 

You can repeat the same automatic or manual sweep­
ing operation with amplitude level. Its 100 dB range, 
0.01 dB resolution and flatness of ± 0.05 dB make the 
3330B a precision level generator. 

Call on Model 3330B for your sweep generator 
needs, and you'll get performance levels of accuracy, 
linearity, and resolution never before available. That's 
because the internal serial microprocessor controls 
digital sweeping of synthesized frequencies or precise 
amplitudes. Through its keyboard and front-panel con­
trols, you enter all sweep parameters - your 3 3 30B 
cakes it from there. 

Systems Designers will find the standard 3330B fully 
programmable -ready for low-cost interfacing to other 
ASCII instruments and controllers, like marked card 
programmers, calculators, and computers. 

Price? If you think about it, you would have bought 
a synthesizer, a sweeper, a marker generator, a counter, 
a programmable attenuator, and some computer rime to 
come anywhere close to solving the same problems now 
done by the 3 3 30B. At $6000 for a complete frequency 
lab, we think you'll agree that the price-performance 
ratio of the 3330B is great. (Model 3330A, priced at 
$5100, performs identically co the 3330B but has man­
ual amplitude control and 13 dB range.) 

For further information on the 3330A/B, contact 
your local HP field engineer. Or, write Hewlett-Packard, 
Palo Alto, California 94 304. In Europe: 1217 Meyrin­
Geneva, Switzerland. 
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Dipinto 
Cinch D.1.R socketr: 

I 

You 'll find the 14, 16 or 24 pin DIP socket you need 
in the Cinch line. Try it .. . you'll like it! 

Cinch sockets have a unique bowed pin contact 
that provides high contact forces but permits easy 
insertion and removal of the DIP. Broad contact 
surfaces give you maximum wiping action on two 
sides of the DIP terminal, be it flat, round or square. 

You can choose from high performance diallyl 
phthalate or economical GP black phenol ic mono­
block insulators. The contacts are of beryllium 
copper for the best temperature stability, either 
gold or electro-tin plated. 

Sockets with Wire Wrap* terminals and closed entry, 
one-piece insulators are also available in a variety 
of insulations and terminal materials . .. in addition 
to our DIP sockets with dip solder terminals. 

Many styles are available off-the-shelf from Cinch 
distributors nationwide. 

You can find out all about these sockets from 
your Cinch Distributor, Cinch Sales Office or by 
writing to Cinch Connectors, an Operation of TRW 
Electronic Components, 1501 Morse Avenue, Elk 
Grove Village, Illinois 60007, (312) 439-8800. 
•Trade name Gardner-Denver C-7202 

TR W 
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You can get 150-ns,1024-bit 
MOS/LSI RAMs in volume from TI. 
You can get fast delivery from TI in large quantities on one 
of the fastest 1024-bit MOS /LSI RAMs available today. 

Tl's new TMS4062JC has 150-ns access and 290-ns cycle 
times-and is a pin-for-pin equivalent to the AMS6002. 

At 180 mW operating and 2 mW 
standby, the TMS4062JC requires 
less power than most other MOS 
devices-and it is easier to use. Used 
with the SN75370 sense amp/digit 
driver, fewer peripheral components ctocK 

are required and there are no critical 
clock overlap requirements. Differential 
outputs reduce noise sensitivity while 
low capacitance inputs ease drive 
requirements. 

Field-proven reliability 
Produced by the standard (111) P­
channel process, this circuit has 

vsxO--­
vsso--­

VREFO--­
Voo o----

established more than 176 million device lwurs of field per­
formance in more than 90 installations. Typical users have 
experienced a mean-time-between-failure of 8.5 x 106 hours 
(at 95% confidence level). 

As A& A7 As Ag CHIP 
SELECT 

Delivery: One week, off-the-shelf. 
Up to 5000 units can be delivered one 
week after receipt of order. Larger 
quantity orders can be filled by TI three 
weeks ARO. Priced at $10.50 in 1000-
piece quantities, the TMS4062JC is 
available either from TI stock or from 
authorized TI distributors. 
For data sheets on Tl's new TMS-
4062.JC MOS/ LSI RAM, circle 92 on 
Service Card. Or write Texas 
Instruments Incorporated, ~

0 

P.O. Box 5012, MIS 308, 
Dallas, Texas 75222. 

TEXAS INSTRUMENTS 
IN CORPO RATED 
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Everybody wants your 
components business. 

Butwei-e doing 
6 things to ea1n it. 

1 
Extra reliability. We build 
extra reliability into our 
components to let you build 

extra reliabil ity into your systems. 
We offer documented reliabi lity 

from ER through industrial, from 
precision through general 
purpose. 

2 Pricing you'll like. For 
many product styles, our 
quantity resistor pricing 

is under M and often Jess than 3¢. 
And that's for CORNING® metal 
film resistors that significantly 
outperform other metal films 
(including glazed), wirewounds 
and carbon comps. 

3 Faster delivery. Our 
distributors can give you 
off-the-shelf delivery from 

an inventory of over 50,000,000 

components. And our"ball parks" 
are firm, real and reliable. This 
lets you keep expediting and in­
ventory levels to a minimum. 

4 Production savings. Our 
unique product configura­
tions greatly simplify both 

hand insertion and automatic in­
sertion operations. This saves you 
money. And our QC is so stringent, 
many of our customers have to­
tally eliminated their incoming 
QC testing of our parts. This 
saves them money. 

5 Product innovations. 
Like our new CORDIP™ 
Component Networks. 

With up to 23 discrete resistors/ 
capacitors/diodes in a miniature, 
pre-tested, plug-in package to 

lot of board space. 

6 
Sharper support. We've 
hand-picked the 30 most 
competent distributors in 

the country and built the indus­
try's largest technically trained 
field force-then backed every­
thing with a full team of specialists 
- to give you all the in-depth 
service you want and then some. 

We too want your busi­
ness. But we're doing 6 extra 
things to earn it. 

Give us a chance to prove 
it. Write: Corning Glass Works, 
Electronic Products Division, 
Corning, New York 14830. Or call: 
(607) 962-4444, Extension 8381. 

CORNING 
save you time, money, and a whole E L E c T R O N I c 5 

Resistors &Capacitors 
for guys who can\: stand failures 
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16HZ 

' 

Direct-Access 
Oscilloscope 

iJ 1 .. ~---~· .... _-... 1--~--iiiiiiiol' 

TEKTRONIX 7904 
featuring extended performance or general purpose use, from one 
mainframe and a fam ily of plug-ins. 

Extended Performance - 20 kHz to 1 GHz 
Plug in the 7A21N and install a simple vertical amplifier bypass to directly 
access the CRT. The bandwidth - 1 GHz, and riset ime - 350 ps. Less than 
4 V / cm driving signal required - single ended or differential. Sorry - no 
CRT READOUT - vertical amplifier bypassed. 

General Purpose - DC to 500 MHz 
Plug in the 7A19 - 500 MHz bandwidth at 10 mV/cm, 7B92 - delaying sweep 
rates to 500 ps/ cm, 7014 - direct counting to 525 MHz. As your applications 
and measurement requi rements change, choose from 21 other plug-ins for : 
• sampling • TOR • spectrum analysis • curve tracing • digital multi ­
meter • etc., etc. TEKTRONIX 7904 . .. A product of technical excellence. 

For further information or a demonstration call your nearby TEKTRONIX Field 
Engineer or write : Tektronix , Inc., P.O. Box 500, Beave rton , Oregon 97005. 
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OR ••• 

51MHZ real­
time 

Oscilloscope System 

8 x 1 O cm display 
CRT READOUT 
9 cm/ns writing speed 

7A19 Amplifier 
500 MHz @ 10 mV/cm 

7D14 Digital Counter 
525 MHz direct counting 

7892 Dual Time Base 
500 ps delayed sweep 

OR ••. 

choose from 21 other 
compatible 7000-Series 
plug-ins for virtually 
any measurement 

7904 Oscilloscope . . . . . . . . . . . . $2900 
7A19 Amplifier . . . . . . . . . . . . . . . $500 
7A19 Amplifier, with variable delay 

7D14 Digital Counter ........ . 
7892 Dual Time Base ....... . 
7A21N Direct Access ..... . .. . 

$700 
$1400 
$1400 

$350 

U.S. Sales Prices FOB Beave rton, Orego n 

E DN JU NEl , 1 972 



EDITORIAL 

Don't stop thinking on the job 
Which side of your face do you shave first every morning? And which 
leg goes into your pants first ... and which arm into your shirt or jack­
et? Odds are that you can't tell for sure without actually going through 
the operation. Whichever way you do it, though, it's the same every 
time. 

There's nothing unnatural about conditioned actions such as these, of 
course. We all started doing these things in a particu lar way long, long 
ago, and by now they're so deeply ingrained that our minds don't both­
er keeping conscious track of them. 

Situations like these are harmless when it comes to shaving or getting 
dressed. But the same type of thing can and does happen on the job. 
The result, all too often, is mediocre performance. 

We are not talking here about doing certain things the same way 
every time. This in itself is not inherently wrong. What is bad is to con­
tinually do things the same way and not be aware of it. Most engineers , 
we're sure, would deny being victims of this type of non-thinking per­
formance. Everybody knows that by education and training, engineers 
are taught to carefully and objectively evaluate all alternatives to a given 
course of action. But do they really? Are all alternatives always consi­
dered? Or are the possibilities frequently limited, unconsciously, to a 
narrow subset as a result of previous conditioning. 

For example, in modern instrument design, digital techniques are be­
ing used more and more to perform functions previously considered as 
totally in the analog realm. Until some designers started the ball rolling, 
many neglected such digital approaches by default - by not even think­
ing about them. 

To give specific numerous examples of this "non-think" syndrone 
would be a futile exercise, inasmuch as it is a totally subjective thing. It 
is as varied as it is insidious. Only the individual involved can really tell 
where it affects him, and then only by making a conscious appraisal of 
how he does his job, what he thinks about while he does it and, most 
importantly, what he doesn't think about. 

Going through such an exercise can prove invaluable, even if you are 
one of these very few people who have never fallen victim to the non­
think habit. To paraphrase that now famous television commercial, "Try 
it .. . you may like it." 



QUAD POWER DRIVllRS 
Quad power drivers from Sprague Electric, with more power 
dissipation than ever before; with breakdown voltages to 100 
volts; and new low prices. 

Unmatched reliability. Unique monolithic circuits incorporate 
both gates and high-current switching transistors. Available 
in plastic dual in-line packages as well as in hermetically­
sealed DIPs and flat-packs. Compatible with DTL/TTL circuits. 

VERSATILE BUILDING BLOCKS. For driving lamps, relays, 
solenoids, and other interfacing requirements, up to 1 Amp 
output current per package. 

These drivers are now in quantity production, and are priced 
accordingly. 

Series 
Minimum 

Breakdown Voltage 

500 100V 
400 40V 

For Engineering Bulletin 29300, 
write or call the Semiconductor 
Division, Sprague Electric Co. 
Wo rce ste r, Mass . 01606 . 
T el. 617 I 853-5000 . 

Max. Output 
Current Sink Capability 

500 mA/ output 
500 mA/ output 

"SP- 2109 

SPRAGUE ., 
THE MARK OF REUABIUTY 

DIGITAL INTERFACE PRODUCTS 
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Helipot's one-piece money saver 
saves time and space, too. 

To keep working with discrete standard resis­
tors just isn't logical. Not when there are 
ceramic DIPs available that do the same jobs 
in less space - quicker, easier and cheaper. 
Whether inserted automatically or by hand. 

(Check the specs.) No wasted time while 
they're " made to order," unless you want custom 
modifications, which we can do fast. 

And remember, ceramic. Ceramic reliability 
at plastic prices. 

Stocked locally for immediate deliv­
ery, too. At " on the board" cost-saving 
prices, in small or large quantities. 

Beckman® 
Why wait? Call your local Hel ipot 

Representative now for applications 
iNsTRuMENTs. iNc . assistance or more information. 
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MODEL SERIES 899-1 
Resistance Values (ohms): 100, 150, 
220, 330, 470, 680, 1K, 1.5K, 2K, 2.2K, 
3.3K, 4.7K, BK, 6.8K, 10K, 15K, 22K. 
Common Applicati ons: Digital pulse 
squaring ; MOS/ ROM pull-up/ pull ­
down ; " wi red OR " pu ll-up; power 
driver pull-up; open collector pull­
up ; TIL input pull-down ; TTL 
unused gate pull-up ; high-speed 
parallel pull-up. 
Standard Tolerance::!: 2.0% 
Pricing : 1-99 

100-499 
500-999 

$1.45 
1.12 
0.97 

14 

8R 

HELIPOT DIVISION 
Fulle rton, California 

MODEL SERIES 899-2 

SR 

Resistance Value (ohms): 10K 
Common Applications: Inverting 
operational gain ; potentiometric 
gain ; differential gain; noninverting 
gain ; gain adjustment. 
Standard Tolerance: :!: 2% 
Pricing : 1-99 

100-499 
500-999 

CIRCLE NO. 9 

$2.75 
2.15 
1.86 

U· !· f · !· f · f · I· I 
MODEL SERIES 899-3 
Resistance Values (ohms):·66 , 100, 
110, 150, 220, 330, 470, 680, 1K, 1.5K 
2.2K, 3.3K, 4.7K, 6.8K, 1 OK, 15K, 22K. 
Common Applications : Line termi­
nation ; long-line impedance balanc­
ing; power gate pull-up; EGL output 
pull-down resistors ; LED current 
limiting ; power driver pull-up ; 
" wired OR " pull-up; TTL input 
pull-down . 
Standard Tolerance : :!: 2% 
Pricing : 1-99 

100-499 
500-999 

$1 .25 
0.99 
0.86 



We regretfully announce that we were 
system into our old calculator box. 

All we could get in were 52 times as many memory registers plus 16 times 
as many programming steps, a lot more logic, and a magnetic card reader. 
The rest of the stuff we had to leave outside. 

Our box still weighs 
22Yi pounds, 

but it now holds 
Up to 522 memory registers, in increments of 64. There's 4-rule arithmetic 
and special key functions into and out of all registers, and you won't destroy 
the contents when you turn off the machine. 

Up to 4,096 steps of programming, in increments of 512. You can do an 
entire program from the keyboard and see all your steps printed out for 
debugging. Symbolic addressing makes branching and jumping very simple. 
You can backspace, correct errors, and insert steps without having to re-enter 
the program. You can program the decimal-point printing format, do 16-level 
nesting. 

A magnetic card reader / writer that lets you input programs, write 
programs, put data into memory, save programs and memory contents. 

Fully algebraic keyboard arithmetic, with nesting of parentheses. You enter 
equations the way you write them, not the way the machine wants them. 

Multiple key interlock and rollover, with buffering so you can enter data 
while the machine is calculating. 

Labeled keys for logs, antilogs, aX, and all common mathematical 
and trigonometric functions including hyperbolics, and also 
input/output in degrees-minutes-seconds, full 4-quadrant 
coordinate conversion, statistical summation (n, x, x2

) , 

standard deviation and mean, factorial, sum-
square backout (correction of summations), 
plus optional user-definable function keys. 

compucorp ~ 



1nable to cram all of our new computer 

It doesn't hold 

An input/output typewriter 
(your choice of brands.) 

An XY plotter. 

A cassette tape recorder. 

A punched-card reader. 

A mark-sense card reader. 

You have to 
plug those in. 

We're talking about the new 400 Series of desktop computers that 
complements and extends our Compucorp calculator line. The Model 425 is 
for engineers, scientists and surveyors, the 445 is for statistical folks. 

We've made more than 30,000 of our other models in the last couple of 
years. They come in little boxes that sit on a corner of your desk. Each one 
has an array of powerful one-punch keys that solve the problems of a 
particular kind of user. They have up to 20 storage registers and 256 steps of 
programming. 

There's a wide range of prices so you can buy enough power to do your job 
without having to pay for more than you need. 

But many customers have said, "That's not enough machine for me'.' Hence 
the 400's. 

The 400's are as easy to operate as our other models (easier, in fact.) They're 
enormously powerful and versatile, they interface with an array of peripherals, 
and they come in the same little box. 

The 400's start at $3,750, our other models a lot lower. 

Write down what you need on your letterhead. We'll show you a calculator 
or a desktop computer that fits your problems and your pocketbook. 

Computer Design Corporation 12401 West Olympic Boulevard, Los Angeles, California 90064 Telephone (213) 47l>-9761 
CIRCLE NO. 10 



DESIGN NEWS 

New techniques for millimeter microstrip 
unveiled at International Microwave Symposium 

Two new integrated-ci rcuit techniques 
that may prove superi or to conven­
tiona l microstrip at millimeter wave­
lengths were described at the recent 
Internati onal Microwave Sympos ium. 

The techniques are being deve loped 
to overcome the problems, inherent in 
mi ll imeter microstrip, of criti ca l toler­
ances , fragile substrates, thin conduc­
tor strips which are not completely 
compati b le with hybrid dev ices and 
difficulty in obtaining a simple transi­
tion to conventional waveguide. Sta­
tus of the techniques was descri bed by 
Paul J. M eier of AIL, Deer Park, N . Y., 
where the work is bei ng conducted. 

The two new techniques, or con­
structi on media, are ca lled integrated 
fin- line and oversize microstrip. Fig. 1 
shows the essenti al features of the first 
of these. Here, meta l fins are printed 
on a dielectri c substrate, which 
bridges the broad wall s of a rectangu­
lar waveguide. Thi s adaptati on of 
ridge- loaded waveguide permits ci r­
cuit elements to be fabri cated by low­
cost prin ti ng, and is compatible w ith 
thin-fi lm hybrid techn iques. The de­
gree of miniatur ization can be limited, 
whi ch is an advantage at mill imeter 
wave length s. 

The fins increase the separation 
between the first two modes of propa­
gation, thereby providing a wider use-

DIELECTR IC 
SUBSTRATE 

EXTRA FINS 
ON OPPOSITE 
SURFACE OF 
SUBSTRATE 
(OPTIONAL) 

SERIES - MOUNTED 
HYBRID ELEMENT 

WAVEGUIDE WALL 
STEP IN FI N HE IGHT 

(PRINTED - CIRCUIT ELEMENT) 

Fig. 1- Integrated fin-line uses meta l fins 
printed on a dielectri c substrate, which 
bridges the walls of a rectangular wave­
guide. 
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DIELECTRIC 
SUBSTRATE 

Fig. 2 - A mixer constructed in oversized microstrip illustrates the general construction 
details of the technique. 

fu l bandwidth than conventional w ave­
guide. 

In pass ive circuits, such as filters, 
the fins may be directl y grounded to 
the waveguide, and lumped elements, 
such as beam-lead capacitors, may be 
added. Fig. 1 also suggests how the 
gap between the fins can be vari ed 
along the longitudinal ax is, to provide 
low-cost ci rcui t elements. When semi­
conductor dev ices are to be added, at 
least one of the fins must be insul ated 
from ground at de, to permit the appli­
cation of bi as. 

For thin , moderate-«:: s ubstrat~s , the 
dielectri c will have a minor effect and 
the single-mode bandwidth and atten­
uation of integrated fi n- line may be 
estimated from exist ing data. Such es­
timates lead to the conclusion that 
integrated fin- line can provide band­
widt~ s in excess of an octave, wi th 
less attenuati on than microstrip. In 
addition to eliminating spurious 
modes and radiation, thi s medi a is 
compatible with hybrid IC devices 
and amenable to low-cost printed-ci r­
cuit techniques. The performance 
advantages wi ll be experimentall y 
investi gated w ith a cavity test-fix ture, 
which is under constructi on at AIL. 

The second new IC medium is over­
sized mi crostrip. Normally, the thi ck­
ness of a mi crostrip substrate (H) is 
held to a smal I fracti on of a guided 
quarter-wave length to restri ct the ra-

di ati on loss. If, however, the substrate 
thi ckness is intentionall y set at a 
quarter-wave length , an eff ic ient radia­
tor may be printed on the ungrounded 
surface of the substrate. When mount­
ed in a waveguide, as shown in Fig. 2 , 
thi s radiator w ill couple to the TE-10 
waveguide mode and all the power 
may be delivered to an impedance­
matched load (such as a mixed diode) , 
provided that no energy is reradiated 
in some other mode such as the 
crossed TE-01 mode. 

For thi s reason, the air-filled portion 
of the waveguide should not support 
the TE-01 mode, which is automati ­
ca ll y accomplished when a standard 
waveguide is operated within its nor­
ma l frequency range. Moreover, the 
dielectri c- filled portion of the wave­
guide should not support the TE-01 
mode, in order to prevent resonances 
within the substrate. Thi s may be ac­
complished by reducing the wave­
gui de size within the dielectri c region , 
or by printing the radi ator on a thin 
substrate whi ch is suspended above 
the ground plane. 

Fig. 2 i llustrates the essential fea­
tures of a mi xer constructed in over­
sized microstri p. Both the loca l osc i I­
la tor and the signal are coup led from 
the waveguide by a monopo le, whose 
length and shape are se lected to pro­
vide a wideband impedance match to 
thediode. o 
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Tiniest gas laser yet developed is 
a waveguide type only 2 in. long and 0.02 in. in diameter 
Gas lasers may prove to be great tool s 
for communications purposes. They 
provide very high gains and can carry 
large amounts of data. Large physica l 
size, however, has been their main 
drawback. The average gas laser has a 
diameter roughly equivalent to that of 
a neon bulb. As sc ientists have tried to 
make gas lasers smaller in diameter, 
problems have arisen in the form of 
greater li ght loss due to blockage. 

Bel l Telephone Laboratories has 
now succeeded in making a wave­
guide He-Ne laser about 2 in. long 
and only 0.02 in. in di ameter -ap­
proximately one-half the thickness of 
the lead in a mechani ca l pencil. The 
5-cm-long laser tube uses a cold cath­
ode, has no ground return path and 
requires only de excitation. The tube 
has a ga in in excess of 2.5% at 6328A 
and 10 dB at a wavelength of 3.39 
µ m. Such a waveguide configuration 
for gas lasers should allow miniatur­
ization to the point where these 
sources will be convenient for use 
with integrated optics elements. 

The new waveguide gas laser tube 

is fabricated with inner walls that are 
very straight and hi ghly polished. By 
focusing li ght into thi s specia l tube in 
such a way that the light experiences 
multiple refl ections at the wall s when 
passing down the tube, a beam can be 
efficiently transmitted with low losses. 

Light is actuall y "guided" down the 

DC 
VOLTAGE 

CAPILLARY 
WAVEGUIDE 

axis of the tube where it can be ampli ­
f ied by a gas di scharge. Jn this way, 
much higher amplification can be 
obtained for a given length of tube 
than in conventional lasers. D 

R = 30 CM 

... ---------~ ---------L..J 

RF 
EXCITER 

Fi rst successful waveguide gas laser used a 20-cm length of glass capi llary tubing having a 
bore of 430µ.. With a He-Ne discharge at 6328A in the visible spectrum, the laser produced 
gains of 2.7 dB/m. As can be seen, rf excitation was needed. Subsequently, a gas laser only 
5-cm long (2 in .) and only 0.051 cm in diameter (0.02 in. ) was developed. This cold­
cathode laser tube has a gain of 2.5 % at 6328A. 

Minicomputers shoulder the data communications 
burden for large computer systems 
With the announcement of a family of 
eight functional minicomputer sys­
tems, Honeywell , Inc. has furthered 
the trend toward having minicomputer 
systems relieve large computers of 
their data communications chore. Sys­
tem 700 is meant to so lve communi­
cations and control problems in data 
processing, especially in computer-to­
computer communications. Honey­
well 's response to thi s trend is due, 
in part, to the results of a user survey it 
conducted. This su rvey sa id that, more 
than anything else, user's data com­
municat ions requirements have be­
come a prime concern . The survey 
results were reinforced by the fact that 
more than half of the minicomputers 
shipped in 1971 were bound for 
communications app li cation s. 

Honeywell 's integrati on of mini ~ 

computer products into large comput­
er product lines is aimed at so lving 
these needs. "As part of this integra-

tion, the minicomputer central proces­
sor becomes a part of System 700, and 
System 700 becomes a very important 
element in the hierarchy of an infor­
mation processing network that in­
cludes a large host computer, a com­
munications processor and severa l 
mini computer systems that perform 
spec ific functions" according to Ed­
ward C. Lund, vice president and gen­
eral manager of Honeywell 's North 
American computer operations. 

The System 700 fami ly is designed 
to reduce the workload of the host 
computer by performing tasks such as 
data collecting and processing, remote 
message concentrating, sensor-based 
data monitoring and controlling, or 
stand-a lone processing with commu­
ni cations. Host computers can include 
other System 700 systems, Honeywell 
Seri es 200, 2000, 600, or 6000 me­
dium and large computers, or any 
computer that uses a binary synch ro-

nous mode for data transmission , such 
as IBM 360 and 370 systems. D 

A System 700 minicomputer is checked 
out prior to sh ipment. 
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Think Twice: 
Extra contribution is one way 
to the top. Specifying HP scopes 
will help you, too. 
Here's why. 
You're an engineer on the way up. 
Your ideas, your designs, your work 
all reflect the extra contribution 
you're making. (You might even slip 
back to "the shop" after dinner and 
on weekends.) Rewards won't be 
long in coming. 

There's one more thing you can 
do for yourself and your manage­
ment. Show them a way to cut 
operating expenses and boost prof­
its . How? By being critical and 
downright hardnosed in making 
your cost/performance comparisons 
on instrument purchases. 

Scopes Have Changed. 
Take laboratory oscilloscopes for 

instance. In the past several years, 
scope design and performance have 
changed-for the better. Many 
companies, maybe yours, are in the 
process of replacing older scopes, 
to take advantage of the extra capa­
bility these new models offer. To 
get the best buy now, you're going 
to have to do more than look at the 
name tag and spec sheet. Plug-ins 
are not compatible. Calibration is 
completely different. Controls and 
operations have changed radically. 
It's a whole new ball game. Little that 
you learned or used on older scopes 
-whether theirs or ours - can be 
transferred to the new models . You 
need new techniques, new training 
materials, new parts. Here are three 
specific reasons why you should 
investigate the HP 180 Series ... why 
you should think twice. 

HP Scopes Cost Less To Buy 
Analyze your total measurement 

needs, then ask both manufacturers 
to submit prices. On latest model 
plug-in lab scopes, you'll find that 
HP can consistently save you money 
- lots of it. For example on a 75 
MHz non-delayed sweep, plug-in 
system, ours is 24% less (with de­
layed sweep, 18% less); at lOOMHz, 
ours is 16% less; for 1 GHz sam­
pling, you'll pay 54% less if you 
buy ours. 

HP Scopes Cost Significantly 
Less To Operate 

Because scopes have changed, 
training, operation, calibration, and 
repair are expenses that you'll have 
to contend with-no matter which 
make you buy. HP's new scopes are 
supported by simplified operation 
and live or videotaped training and 
repair sessions that can substantially 
cut your start-up and overall operat­
ing costs. 

Calibration? We've cut the num­
ber of adjustments by 50% -and 
eliminated interactive adjustments. 
Therefore, when you're comparing 
oscilloscopes be sure to include in 
that comparison the cost of cali ­
brating each manufacturer's unit. 

Our users are reporting shorter 
training periods, faster, surer mea­
surements, and savings up to 50% 
on calibration time and coses. Some 
companies buying Hewlett-Packard, 
cite chis as the main reason. 

Cl RCLE NO. 11 

HP Technological Leadership. 
More Performance. 
Fewer Problems. 

HP innovations in general pur­
pose lab scopes include: the first 
scope with a real time bandwidth of 
> 250 MHz; the first 18 GHz sam­
pling scope; the first 100 MHz vari­
able persistence and storage scope; 
and the first and only 100 MHz 
scope with a "big-picture" CRT 
(8x10 div, 1.3 cm/div). These are 
meaningful, functional innovations 
that boost your performance, not 
your coses. 

Think twice! Once you make the 
comparison, we 're certain you'll 
choose HP. Many engineers like 
yourself - engineers on the way up 
-have already made the switch. For 
more information on how you can 
help your company boost profits and 
how you can help yourself make 
faster, more positive measurements, 
write for our free "N o Nonsense 
Guide To Oscilloscope Selection." 

Hewlett-Packard, Palo Alto, Cali­
fornia 94 304. In Europe : 1217 
Meyrin-Geneva, Switzerland. 

Scopes Are Changing; 
Think Twice! 

HEWLETT II PACKARD 

OSCILLOSCOPES 
082/6 
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Bourns LOW-COST FAMILY was designed specifically 

to fill the requirements of cost-conscious ·industrial 
users - so were the prices! Imagine how they reduce 

on large production-run quantities. As a bonus, you 

get Bourns TRIMPOT potentiometer quality, reliability 

and performance. 

AVAILABILITY 

All models shown are stocked in depth RIGHT NOW, 

so delivery is off-the-shelf from the factory or your 

local Bourns distributor. 

Complete data on all models of the LOW-COST FAMILY 

is available upon request. Just write, or call, your local 

Bourns Sales office, representative, or distributor. 

*1000-piece price Model 3389, U.S. dollars , F.O.B ., U.S.A. 

J30URNS 

BOURNS, INC., TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507 
Cl RCLE NO. 12 

18 EDN JUNE 1, 1972 



HERE THEY ARE ... 
THE WINNERS OF THE EON 
CREATIVE DESIGN CONTEST 

In the January 1 issue, EDN ki cked off 
the new year with its first Creative De­
sign Contes t. The rul es, you ' ll remem­
ber, were simple. Des ign something 
creative using the products adverti sed 
in that issue. 

W ell , if the rules were simple, the 
judging most certa inly w as not. The 
earli est entry arrived on January 4, 
which says something positi ve about 
rapid engineerin g turn-around time. 
They then kept coming and coming, 
even, unfortunately, after the cutoff 
date. 

Vo lume w asn't the onl y problem. 
The vast majority of entries were A- 1 
des ign efforts, whi ch put us somewhat 
in the position of judging a beauty con­
test where all the girls were gorgeous. 
But judge them we did. And on the 
bas is of (1) technica l competence and 
utility, (2) creativity and (3) number of 
di fferent products used, the grand pri ze 
winner is Wall er M . Scott, a project en­
gineer for Nutone Company, Cincin­
nati, O hio. Mr. Scott's winning entry, 
" An Electroni c Cas ino," is described 
on the fo llowing pages. 

The 10 runners-up in the contest, 
each the winner of a hand-held elec­
troni c ca lculator, are li sted in the box 
at the top of the followin g page. These 
runner-up entries ran th e gamut from 
a bidirectional amplifier, capable of 
simultaneous power ga in of complex 

signals in both direction s, to a dev ice 
ca lled a " touch talker." Thi s is a key­
board-actuated voice- response unit 
hav ing a vocabul ary of 1000 words. 

There w as even a remote-reading 
weather station that measures and 
transmits data on temperature, wind 
direction and veloc ity, and rainfall. 

One thing th at struck us about the 
entries, and thi s appli es to all of them, 
not j ust the winners, was that they 
came in bunches as far as categori es 
were concerned. For example, there 
w as a raft of des igns related to music 
and musica l instruments. These in ­
cluded a mini-amplifier for a string 
bass, an electroni c guitar tuner and a 
harmoni c tone synthes izer for organ s. 

Probably the most unusual w as a 
dev ice ca lled a " loony music box." 
When turned on, the box pl ays musi­
ca l melodies consistin g of a random 
sequence of rates and rhythms. As 
stated by its des igner, " thi s continues 
unti I the I istener goes loony." 

Another category into whi ch many 
entri es fel I w as that of electroni c games 
or pastimes. These inc luded not only 
the grand-pri ze-winning electroni c ca­
sino, but an electroni c ti c-tac-toe game 
and a game ca l led race-to-space, just 
to name a few . 

Still another category, and a rather 
narrow one at that, into whi ch numer­
ous entri es fe ll w as electroni c locks. 

Some were actuated by press ing the 
correct combination and sequence of 
pushbuttons, some by rotary switches 
and one w as even li ght actuated. They 
ranged in poss ible input combinations 
from a low of 1000 to a high of 99,999. 

O ne we espec iall y li ked uses ten 
input switches, fou r of wh ich must be 
actuated in the ri ght sequence to open 
the lock. Should anyone depress any 
combinati on of the keys more th an 16 
times, a loud, audible alarm is acti­
vated. As the des igner of the dev ice 
says, " thi s not onl y prevents tamper­
ing, but gives my wi fe four tri es before 
she has to ca ll the Fire Department to 
open the door for her." 

One unusual variation on the lock 
theme w as an electroni c interlock fo r 
electroni c garage door openers. Thi s 
dev ice prevents stray rf fields from 
activating the door opener. Essentiall y, 
it keeps the door's rece iver deenger­
gized unti I it itse lf is acti vated, fo r ex­
ample, by the car's headl ights. 

W e wi sh we could descri be all of 
the entries received in the contest, 
but, unfortunately, space does not per­
mit. W e take thi s opportunity, tho ugh, 
to congratul ate the w inners and to 
sincerely thank all those w ho entered 
the contest. D 

PARTS FROM JANUARY 1 ISSUE USED IN WINNING DESIGN 
Corning, res istors 
Erie Technological , capacitors 
Electrotube, capacitors 
Al Ian-Bradley, potentiometers 
Spectral, trimming potentiometers 
Centralab, line filter 
Dynami c Instrument, transformer 
Ledex, solenoid 
Amp, plug and jack 
Reed Devices, terminal strip 
Heinemann Electric, circuit breaker 
North Electric, modular power supply 
M IL Electronics, de-to-de converter 
Chi cago Dynamic Industries, 

thumbwheel switch 

Alco Electronic Products, lighted 
pushbutton switch 

C & K Components, toggle switches 
Lamps, Inc. , lamp 
Kurz-Kasch , knob 
Electronic Instrument & Specialty 

Corp., reed relay 
IMC Magnetics, blower motor 
Rectifi er Components, bridge rectifi er 
American Power Devices, signa l diode 
Schauer, zener diode 
Opcoa, LEDs and 7-segment display 
Tl , IR emitter and quad transi stor 
Monsanto, LEDs 
Sperry, 3-di git displ ay 

European Electroni c Products, 
IC audio amplifier 

Fairchild Semiconductor, shift 
register and op amps 

RCA, decade counter and quad 
counter 

Motorola, transistors 
Unitrode, Darlington pairs 
Templock, shrinkable tubing 
Zierck , ground lug 
Keystone Electroni cs, hinged standoff, 
Vector Electroni c Co., CKT. bd . 

HP/multimeter and frequency counter 
Tektroni x, oscilloscope 
Heath , fun ct ion generator 
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GRANO PRIZE W INNER 
Waller M. Scott 
Project Engineer 
Nutone Company 
Cincinnati , O hio 

RUNNERS- UP 

David Cousi ns 
Sr. Techni cian 
Simpson Electric 
Chi cago, Il l. 

Fred G. Gei l 
Senior Engineer 
Westi nghouse Electric Corp. 
Pittsburgh, Pa. 

CONTEST WINNERS 
Lawrence Grover 
Chief Engineer, General Engineering 

Dept. 
Heath Co. 
Benton Harbor, Mich. 

Marshal l K. Kessie 
Senior Control Systems Engineer 
Bechtel Corp. 
Los Angeles, Calif. 

A. H. Marsh 
Senior Engineer 
Raytheon 
Sudbury, Mass. 

Bob Ravenstein 
Design Engineer 
Computer Systems Engineering 
N. Bi llerica, Mass. 

John R. Rawley 
Electronic Engi neer 
Nava l Air Development Center 
Warminster, Pa. 

Richard Reardon 
Senior Design Engineer 
Burroughs Corp. 
Goleta, Calif. 

G. K. Shubert 
Design Engi neer 
Hisoni c, Inc. 
Olathe, Kansas 

M . C. Waltz 
President 
Waltz Enterprises 
Baski ng Ridge, N. J. 

CREATIVE DESIGN CONTEST GRAND PRIZE WINNER 
AN ELECTRONIC CASINO 
The $100 grand prize is awarded to 
W. M . Scott for his Electroni c Casino. 

As described by Mr. Scott , " the cir­
cuit contains five games of chance im­
plemented in an electronic manner. 
These are: dice ro l l, roul ette, coin fli p, 
high card, and a one-armed bandit. 
While intended as an adul t party game, 
undoubtedly some people might put it 
to use on a more regular basi s. Use of 
LEDs and lamps is combined with 
sounds to make a more interesting 
game." 

The complete schemati c di agram o f 
the electronic casino is shown on the 
op.posite page. Unfortunately, due to 

space considerations it has had to be 
reduced in size considerabl y. The five 
major secti ons, though, are easil y dis­
tinguished. As an example of how the 
casino works, the followin g is a de­
scription of the operation of the one­
armed bandit section . 

The bandit is awakened by game 
code 55555. By pulling the lever down, 
three COS/MOS oscil lators are started, 
which clock three separate decade 
counters. The three osc il lators run at 
three different unrelated frequencies. 
Each CD4026A contains its own 7-seg­
ment decoder, which dri ves a Sperry 

BIOGRAPHY OF A WINNER 
Waller M . Scott is a project engineer 
for the Nutone Company, a Divi sion of 
Scovil l Industri es . He is involved in the 
rf, audio and digita l des ign of built-in 
electronic equipment for res idential 
use, such as AM/ FM rad io-intercons 
and security systems. Prior to moving 
into the consumer electronics field in 
1970, he was in the aerospace busi­
ness working on the rf and digital de­
sign or aircraft radio transceivers. 

Mr. Scott received his BSEE from the 
Uni ve rsity of Kentucky in 1966, and 
now l ives with his wife, Dianne, in 
W est Chester, Ohio. 
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His main off-the-job pursuit for the 
last two )lears has been building, to­
gether with his w ife, their new home, 
which is now almost complete. In 
spite of th is, he still fi nds time fo r a 
wide vari ety of other interests. As he 
puts it, " When not runni,ng around 
with hammer, saw and paintbrush in 
hand, I am invo lved in one of several 
hobbies. These include HAM radio 
under the ca ll letters K8DIZ in Ohio 
and K4Q PJ in Kentucky, experimental 
electroni cs, woodworking, swimming, 
target shooting and photography." 

readout th rough high-vo ltage buffers. 
After the lever is released, each of 

the three oscill ators continues to run 
for some time, .as determined by C502, 
C505, and C508 and their associated 
1-megohm res istors. The " L" oscillator 
wi ll stop f irst fo llowed by the "C" and 
then the " R". The position of each 
counter at the time its respective oscil ­
lator stops determines the displayed 
number, 0 through 9. At the instant 
each osci llator stops, the op amp osc il­
lator will be momentari ly connected 
to the audio amplifier through re lay 
K,, giv ing a burst of 1 kHz tone. o 
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Settability of + .03% and 
environmental performance 
requirements of characteristic 
C of Mil-R-22097 
• 1.5% average ENR noise 

resistance 
• 0.5% average CRV 
• 1/2 watt @ 70°C 

You can choose from an 
expanded line of compact 
trimmers .. 150" - .125" - .100" 
in-line terminal spacing and T0-5 
pin spacing all available in top 
and side adjust. Plus .200" delta 
(.100 grid) in top adjust. All 
available from your CTS 
Distributor. Still the best value in 
the Industry. CTS of Berne, Inc., 
Berne, Indiana 46711 . Phone: 
(219) 589-3111 . 

CIRCLE NO. 13 

~. ' .• . 
c TS CORPORATION 

Elkhart, Indiana 

A world /eadt;r in cermet and variable resistor technology 



Sangamo Capacitors deliver exactly what you want, 
whether you want a million ... 

There's one thing you can't afford and we can't 
afford: Below-standard capacitors . Not even one. 

That 's why at Sangamo our production and 
inspection systems are designed to deliver alu­
minum electrolytic and mica capacitors as close 
to zero defects as modern technology can take 
them. Order a million or order one. The Sangamo 
systems hold the standards we expect you to 
demand from us. 

We're also ready to give you engineering , 
design and production assistance. 

Fast. Right from our factory . 
That's our program on all standard capacitors. 

If you need extra current carrying capabilities in 
a smaller package, you'll want to hear about our 
new Type 100 Power Pack computer-grade 
capacitors . Whatever your needs are, we'll deliver 
exactly what CAPACITOR DIVIS ION 

you want . 
Whether you 
want a million . . . 
(or one) . 

SANGAMO 
ELECTRIC C OMPANY 
Box 128 / Pickens. South Carolina 29671 
(803) 878 -6311 

or one. 

EC721 

CIRCLE NO. 14 
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Our 35341024x1 Dynamic Silicon Gate MOS 
RAM: Plug-in replacement for the 1103. 
But without its timing margin problems and 
with 97% lower stand-by power dissipation. 

Our new 3534 1024-bit RAM is a vastly simplified 
pin-for-pin replacement for the 1103. We've 
optimized the design in five important areas. 
Important to those who would use our 3534 as a 
plug-in replacement for the 1103 in an existing 
system. Equally important to those who would 
design our device into new systems. Important to 
both because these innovations solve the major 
problems of the existing 1103. 

No Precharge and Chip Enable overlap requirement. 
Result: Better and less critical timing margin on 
control of Chip Enable-Precharge overlap. Less 
drift problem. Less adjusting. Less maintenance. 
No critical window to stew about. Greater design 
margins (other 1103's have no margin, worst case). 

Data Out referenced to the leading edge of the Chip 
Enable. Unlike other 1103's, which have as many as 
5 critical times affecting access time, ours has only 
2; the 3534 array access time is dependent on the 
timing of only one critical edge relative to Precharge 
and only one delay relative to Chip Enable.No timing 
margin problems to create system malfunctions, 

Fairchild 3534/1103 

No Precharge and Chip Enable overlap requirements. The 3534 
requires only that the Precharge pulse stays low for a minimum of 
150ns and that at least 125ns delay occur from the.start of Precharge 
to the start of Chip Enable. The Data Out is valid 165ns after the Chip 
Enable goes low but is independent of Precharge. 

There are no other restrictions on the Precharge pulse. It can go 
high immediately or it can stay low throughout the entire cycle. Or it 
can remain low for successive cycles. 

board rework, acceptance tests, downtime, and other 
virulent forms of field aggravation. 

Maximum standby power dissipation reduced 97%. 
From 70m W for the other 1103's to 2m W for our 
3534. Result: significantly lower power supply costs. 

Equal Read and Write cycle time (480ns). 
The system can now operate at a higher data rate. 
You don't need to Read before Writing. By a simple 
pre-selection the 3534 can go either way. 
The system can operate at a higher data rate 
without additional timing and control circuitry. 

Read/Write specified as a voltage level rather than 
apulse. Since the Read/ Write input may remain low 
indefinitely (assuming continuous Write cycles), 
Read/ Write timing is no longer critical.And system 
Read and Write cycle times are sharply reduced. 

The 3534 is another example of Fairchild OPTI-MOS: 
practical MOS devices that optimize your system. 
Easy to use. Simple to produce. At less cost I function. 

The 3534/ 1103 is available now-in ceramic DIP­
from your friendly Fairchild distributor. 

1-24 25-99 100-999 
$21.70 $18.40 $14.00 

A data sheet and detailed application note are 
available on demand. Demand. 

Other Standard 1103'~ 

With other 1103's, the Precharge pulse not only must stay low for 
a precise Precharge interval but its transition from low to high 
must occur within a time interval which has a minimum as well as a 
maximum limit. As a result, the designer must stay within very tight 
boundaries of these maximum and minimum values. All control cir­
cuitry must be extraordinarily precise, and system costs rise sharply. 

FAIRCHILD SEMICONDUCTOR, A Division of Fairchiid Camera & Instrument Corp., 464 Ellis St., Mountain View, Ca. 94040. ( 415) 962-5011. TWX: 910-379-6435 

CIRCLE NO. 15 
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Keyboards-The indispensible link 
between man and machine 
This link can be frustrating and troub lesome if the wrong one is chosen. 
Here are some of the factors to consider when selecting a keyboard for your sys tem . 

Richard Brisk, Arthur D. Little, Inc. 

Many forecasts predict that the market for keyboards wi 11 
almost double by 1975, reaching a vo lume of approx i­
mately 1.2 million per year. Such observations make it 
apparent that increasing numbers of electroni c engi neers 
are becoming involved in the se lection of keyboards and 
keyswitches. Se lect ion of the best component or subsys­
tem for a product is never easy to make and many ques­
tions must be answered before a final decision is made. 

Considerat ions, difficult to eva luate in their own right, 
are made more difficult in this case by the fact that some of 
the thinking is different from that in which an electronic 
engineer normally gets invo lved. The decision usually 
requires a mixture of concerns for such things as : human 
factors, cosmeti cs, size, mechanical failure and lifet ime, as 
well as the more familiar considerations of cost and elec­
trical spec ifi cat ions. This articl e discusses the variety of 
choices offered by keyboard manufacturers with the intent 
of deve lopi ng sufficient background to enable the reader 
to ask the right questions. The article does not, however, 
attempt to give any cookbook recipe for se lecting the ri ght 
keyboard , because there is no such recipe. The best guide 
is a good understanding of the fie ld. 

The keyboard and interface electroni cs are the middle 
links in a four-link chain that is analogous to many sys­
tems in which keyboards are used: 

keyswitch 
operator( or I interface/ equipment 

keyboard 

As the middle link, the keyboard and interface electroni cs 
do not define the other parts of the system, but should 
themselves be defined both by the type of operator, and 
the type of operat ion that the keyboard wi 11 see. Choosi ng 
the ri ght keyboard is clearly a case of the means just ify ing 
the ex tremes. Hence, when maki ng thi s choice, the de­
signer needs to innumerate all constraints that will be 
imposed on the keyboard. 

What equipment is being controlled? 

The equ ipment that the keyboard controls will impose 
limits or constraints on many of the va ri ab les of the key­
board design. An understanding of these constraints will 
enab le you to eliminate all but a few keyboards from 
among the many hundreds that are available. This interface 
is a good place to start defining the keyboard. The spec ifi ­
cations of this interface involves definitions such as: 
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• the type of signals req uired 
• the power and load ing 
• the number of keys required and their arrangement 
• the mechanica l size and construct ion 
Resolution of the third issue is basic to defining the key-

board. Knowing the general type of system will, by defini­
tion , identify the bas ic keys required, while the system 
particulars will often add another 10-20% to that num­
ber. For instance, if the design is for a telephone-ori­
ented product, the keyboard will almost certainly con­
sic;t of 12 keys physically arranged in a 3 by 4 matrix. 
In addition to those 12 keys, the system may require a few 
others for control funct ions. The same sort of me-too ism 
will govern the se lection of the number and arrangement 
of keys for a ca lculator, a typewriter or a computer 1/0 
product. 

This look-alike process for determining the number of 
keys on the keyboard is usefu l as a first approximation, but 
in actuality, the problem is much more su btl e. There is 
always a trade-off between the elimination of or doubling 
up on some of the keys, and making the keyboard appear 
to be more or less intelligible to the user. Furthermore, 
while the former takes some costs out of the keyboard, it 
can add cost to the interface electroni cs. There- are no 
spec ific techniques deve loped for minimizing the number 
of keys or the cost. You must ponder this problem your­
se lf, li sting the trade-offs involved with each key. 

If mechanica l restri ct ions on the size of the keyboard 
are severe, then the choice is narrowed to a few keyboard 
types. Some are not much thicker than the outside sk in of 
the product itse lf without the keyboard. In general, the 
trend is toward keyswi tches whi ch take up minimum verti­
ca l height. The hori zonta l area is defined by the center-to­
center spaci ng requ ired for easy operator use and by the 
total number of keys. 

Next, the format of information generated by the key­
board must be defined. In add ition, the question of wheth­
er you have the interface at the keyswitch or after some 
logic must be answered. M any keyboard users consider it 

Standard ASC II Tri-Mode mechanical keyboard. (Cherry) 
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KEYBOARD B+ 

LOGIC 
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INTERFACE 

Fig. 1- Direct-wired keyswitches are commonly used in sma ll 
keyboards. 

cost effective to use the raw contact c losures from the key­
switches, and do the decoding in the system logic. How­
ever, the smaller your system's production quantity is, rela­
tive to the keyboard manufacturer's total production 
quantity of that type of keyboard, and also, the larger the 
size of the keyboard, the cheaper it will be to consider the 
keyswitches and decoding logic as a whole subsystem. 

Certain rul es of thumb about the format of information 
coming from the keyboard are evo lving as keyboard s are 
being used in more systems. For keyboards of onl y a few 
switches, most systems wire the output of each switch 
directly into the logic, as shown in Fig. 1. At six contacts 
per keyboard , you begin to save connections between the 
keyboard and the logic at the expense of intra-key wiring 
by using a crossbar or matri x arrangement as shown in 
Fig. 2. 

A method for ca lculating connections between key­
board and logic is as follows : If N is the number of key 
switches, the scheme in Fig. 1 requires N interconnections 
between the keyboard and the logic. However, in Fig. 2, if 
N is factored into two almost equal parts such that 
X x Y = N, where X = Y, then X + Y equals the number 
of connections between the logi c and the switches. For 
example, if N = 6, then X + Y = 2 + 3 = 5. Thus, it 
requires five contacts for the crossbar arrangement, but six 
otherwise. A more dramatic example is seen where 
N = 12. Then, X + Y = 4 + 3 = 7, a sav ings of 5 

INTERFACE 

Fig. 2- Crossbar or matrix keyswitch arrangement is most eco­
nomical in large keyboards. It minimizes the number of key­
switch- logic connections. 

connections, which can be usefu l if you are going into an 
MOS ch ip and are.concerned about the limitation of pins 
into the logic. 

In the crossbar arrangement, you would probably 
choose to sequentially strobe the column lines and look 
for the presence of any logic level on a row output line. 
Notice the sav ings in pull -up resistors resulting from the 
logic strob ing of the column lines. The crossbar arrange­
ment has the added advantage of being bounce insensi­
tive, provided that the strobe circuitry is well designed. 

Typewriter size keyboards don ' t get involved in the 
crossbar wiring configuration because roll -over protection 
(when more than one key is actuated at the same time) 
becomes a dominant concern in the logic design . The eas­
iest way to get thi s protection is to look at the output of 
each swit ch directly in order to judge which key was act i­
va ted fir>t. 

A few keyboard manufacturers have developed key­
switches that give a pulse output (1 msec or less) for each 
depression of a key. This type of keyswitch is useful in 
achieving N-key roll-over. It is not needed to achieve two­
key roll-over. (N-key roll-over al lows the sys tem to accept 
multiple key closures and identify their sequence of clo­
sure, while two-key roll -over only identifies the f irst two 
keys of an almost simultaneous actuation. ) 

Photo electric keyboard used with Model 30 printer. (Litton ABS) 

M ost people agree that two-key roll-over is required in 
typewriter keyboard decoding logic, but not everyone 
agrees about N-key ro ll-over. The issue is most often re­
so lved by considerin g the cost. N-key ro ll -over costs 10-
12% more than two-key roll-over. Most designers would 
like to have it, but cannot afford it at today's price. The 
decis ion for two-key rather than N-key ro llover has been 
made enough times so th at equipment manufacturers have 
estab li shed a trend of using two-key, but not N-key rol l­
over. This trend will continue for awhile since the end user 
is often not technica lly sophisticated enough to know 
whethe" "e needs the N-ke/ -c''-over fea ture, and h ~ fe~ i:; 
he can't fford to find out. 

In largr- keyboard systems, ~ f- e equipment designe- -:"Jst 
face th question of where he w ill draw the line def -•ng 
the ke·.· ':Joard interface. Shou ld the system logic i r c '•;c'e 

the debou ncing, roll -over, and decoding logic? Or sl-iou ld 
this be purchased on an OEM basis as part of the keyboard 
subsystem? It is purely a cost trade-off. If you feel you can 
design and build thi s logic cheaper than you can pu rchase 
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Elastomeric-pc contact system in Model EB keyswitch. (Cho­
merics) 

it, then you should do so. To date, about 75% of typewrit­
er-type keyboards are purchased with the keyboard manu­
facturer's logic. 

Who will use the keyboard? 

Who is the operator of the machine? Is it any John or Jane 
Doe, or is it a trained operator trying to achieve high-speed 
keyboard operation? Is the operator typically male, female 
or both? These questions are easy enough to answer, but 
how to use this information is less straightforward. The type 
of operator will affect things such as key spacing, arrange­
ment of the keys, pitch and size of the key tops and dynam­
ic fee l of the keys. Christopher Clare in his article in Com­
puter Hardware Magazine (Dec 15, 1970) synthesized the 
keyboard /human interface design into four considerations, 
choosi ng the keyboard to : 

• enable the finger to locate the key easily without hitting 
other keys or obstructions, 

• allow the resisting force to give feedback information 
about the key trav~I , 

• give the best visual perception of the key label or func­
tion , 

•allow the distribution of pressure on the finger to give 
feedback about it's position on the key, and to place 
the force on the desired portion of the finger. 

The first conside;ation has different answers for different 
products. For instance, if the keyboard is for a telephone 
product which will be used by both men and women, you 
should pay attention to a Bell Lab study which concludes 
that the best key feel results from 1 /2 inch key tops spaced 
on 3/4 inch centers. In addition, the key numbering will 
sta rt with 1 in the upper left corner of the 3 x 4 matrix 
of keys. An entirely different set of dimensions would be 
optimum for a typewriter keyboard, where high perfor­
mance for hours at a time is the prime consideration. 

The last three considerations cover a subjective area 
high debated by keyboard manufacturers. 

One such highly debated issue is that of tactile feedback. 
A lot of research has been expended trying to prove that it 
is not needed for high-speed keyboard operation by exper­
ienced operators. Honeywell . w ho does not offer tactile 
feedback with their typewriter keyboards, conducted a 
study a few years ago which concludes th at it is not neces­
sary. Honeywel I, not withstanding, I believe that most users 
would like to have it, and that it is purely a cost trade-off. 
Some types of keyswitch mechanisms inherently give tac­
tile feedback of one sort or another, while others require 
ex tra components and therefore, extra cost. As a general 
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rule, tactile feedback costs money, and product engineers 
have tended to go for the lowest-cost keyboards regardless 
of the exact feel of the switch. 

However, if the decision is left to a user-oriented de­
signer, he would choose some measure of tactile feedback, 
and in fact, he would probably go on to say that it would 
be good, but not mandatory to accompany it with audio 
feedback. The most widely accepted solution to the tactile 
feedback question (IBM se lectric) is a sudden well-defined 
change in pressure accompanied by an audible signal that 
is related to the pressure change. This can be described 
graphically in Fig. 3. 

t 
w 
u 
er 
0 
u. 

- ACTUATION 
Followed quickly by an 
audio signal 

DISPLACEMENT -

~ig. J - Optimum tactile feedbalk ,hu"'" rdprd drop in pressure 
at the moment of switch closure. 

In general , there are three solutions to the problem of 
tactile feedback among keyswitch manufacturers. Some try 
very hard to emulate the feel of an electric typewriter. 
Others ignore this approach altogether claiming that it is 
really unimportant as long as the key pressure is light. 
While sti ll others tread the middle ground by requiring 
increasing force vs. distance travelled , but with no abrupt 
change of pressure at the point of actuation. 

Tactile feedback is one of the many subjective features 
of keyboards about which there is little agreement. If your 
product is to be used in highspeed keyboard operations, 
you shou ld definitely consider the user and run some 
meaningful tests involving people who would actually use 
the product. If the keyboard is not to be used by a special 
class of people, then it is probably valid to use your own 
subjective evaluation as the touchstone. 

The last consideration involves the shape of the top of 
the keys and their arrangement. If you are not the first one 
in a product area, then look long and hard at what the 
others have done, and how the market has accepted their 
choice of keyboard. If you are the first, then a fair amount 
of attention should be devoted to investigating the good 
and bad features of various keyboards. Unfortunately, little 
quantitative information is available to help in these deci ­
sions. 

Which type of key construction do you need? 
Keyswitches can be divided into two types ; contacting 

and non-contacting. Contacting keyswitches have at least 
one set of physical contacts that make or break when the 
key is actuated. Contact keyswitches include reed, me­
chanical, mercury tube and elastrometric, to name a few. 
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Fig. 4- Mechanical switches remain the lowest-cost keyswitches 
available. (Oak Mfg. Co) 

Non-contacting switches give an electronic output without 
making use of contacts. These include photoe lectric, Hal l 
effect, saturating magnetic core, and capacitive. The advan­
tage claimed for the non-contacting switches are: no 
bounce, no variation in contact resistance, no degradation 
with time, easy interfacing with standard logic, long life, 
high reliability, and low RFI. The two major disadvantages 
are: high standby current, and the need for associated elec­
tronics which adds complexity and cost. These disadvan­
tages can be substantial; for instance, the Micro Switch Hall 
effect keyboard requires about 5 watts of operating power. 

Most companies that make keyboards use.only one type 
of keyswitch throughout their entire product line. In most 
cases, only those manufacturers making reed or mechani­
ca l type keyswitches are willing to sell individual switches, 
and not even 100% of them will do it. The reason for this, I 
feel, is the relatively small size of many companies in the 
business (Micro Switch aside), and where those manufac­
turers perceive their largest market to be. For instance, 
many of the companies making non-contacti ng switches 
are less than five years old. Their product is somewhat pro­
prietary and sensitive to the customer interfacing. They are 
also intent on push ing the " we'll do the who le thing" con­
cept for OEM sales purposes. 

The mechanical switch is one of the o ldest and most 
popular switches on the market today. The mechanical 
motion of the key is used to put one springy metal piece 
into contact with another stationary piece of the same me­
tal. Fig. 4 shows Oak's mechanica l switch. This type of 
switch is most often seen as a Form A contact but can be 
made as a Form B or C. It can also be made to give a mo­
mentary contact output. The contacts, springs, supports, 
etc. , are often enclosed, and the enc losure is usually a dust 
cover, rather than a hermetically sealed housing. 

Magsat Corporation has a unique version of the mechani­
ca l switch which makes use of repelling magnets to close 
and strobe the several contacts (Fig. 5) . The princip le gives 
both tactile feedback and an audible click at the trip point. 

For many years the mechanical switch was the most 

popular one among keyboard manufacturers, then reed 
switches took over. About five years ago, mechanical 
switches were in danger of becoming extinct. Today how­
ever, there is a definite resurgence of interest in mechanical 
switches. Many manufacturers are even expanding or 
thinking of expanding their line to include mechanical key­
switches. The motivation here is cost. The mechanical 
switch is the cheapest switch manufacturable and has suffi­
cient reliability for many applications. The difference be­
tween five years ago and today is several-fold : (1) improved 
manufacturing techniques have led to improved mechani­
cal switches; (2) today's logic circuits are more soph isticat­
ed and can tolerate high-impedance closures; (3) the price 
competition of keyboard products using a small number of 
keys (i.e., 20 and under) tends to be very fierce, requ iring 
the lowest cost keyswitch available. 

PUSH 
SLI DE 
MAGNET LJ.).°Jt""~~ 

MAGNETIC 
SATELLITE 

COMMON 
CONTACT 

Fig. 5 - A "flying magnet" in the keyswitch provides both tactile 
feedback and an audible click when contact is made. (Magsat 
Corp) 

Contactless capacitive keyboard has illuminated keycaps (Ray­
theon) 
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Keyboards come in all shapes, sizes and colors. (Licon) 

A large number of manufacturers of keyswitches and 
keyboards use reed switches (either dry or mercury wet­
ted) as the contact element. This is because they have 
been around for a long time, are inherently reliable, and 
have excellent switching specs. Reed switch keyboards 
offer many useful features such as: sealed contacts, long 
life. long history of use, high stability, no standby power, 
and easy readily available replacement. Their disadvan­
tage is contact bounce. 

Not all reed keyswitches are the same. The mechanics 
of magnet placement, and how it moves relative to the 
reed switch varies considerably. Furthermore, not all 
reed switches have the same reliability since some are 
limited by their mechanical arrangement. Fig. 6 shows 
one possible implementation of a reed keyswitch. This 
particular implementation is interesting because it can be 
designed to provide either a Form A, B or a momentary 
contact, depending on the quiescent position of the magnet 
and its controlled length of travel.. 

Mechanical Enterprises has designed a bounceless key­
switch using a mercury-filled tube (Fig. 7 ). Switching is 
accomplished by the movement of mercury in the sealed, 
flexible tube. When the key is depressed, the mercury in 

BUTTON AT 
REST POSITION BUTTON DEPRESSED 

TO OPERATING POSITION 

KEEPER 
PLATE 

REED SWITCH 
OPEN 

MAGNET 

KEEPER 
PLATE 

REED 
SWITCH 
CLOSED 

Fig. 6- Dry reed-type keyswitches are reliable and versatile be­
cause of hermetically sealed contacts. 
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FILLED TUBE) 

TERMINAL 

Fig. 7 - Mercury filled tube is pinched off breaking continuity 
between terminals when switch is released. (Mechanical Enter­
prises) 

the tube flows together making continuity between termin­
als. When the key is released, the mercury tube is pinched 
off so that continuity is broken. A version of this switch 
with up to eleven diodes in it provides an encoded output. 

Three manufacturers offer elastomeric keyswitches. Fig. 
8, and 9 show the Datanetics and Chomerics versions of 
this type of keyswitch. The basic ingredients of these ver­
sions of the switch are a conductive/elastic membrane, an 
insulating membrance and an etched printed circuit 
board. The most striking feature of these switches is their 
low profile. The manufacturers claim many advantages 
such as: bounceless operation, long life, low price and 
comp letely sealed (waterproof) construction. The chief dis­
advantages are the high contact resistance and the spongy 
feel of the switch. The Chomerics switch has a relatively 
low contact resistance because Chomerics uses a silver­
fil led elastomer vs . carbon-fi I led, and they offer an encoded 
output. 

The Hall effect keysw itch is one of the biggest sellers of 
non-contacting types. Micro Switch, with their Hall effect 
keyswitch, was one of the first companies in the non-con­
tacting keyswitch business, and they are still the largest. In 
1968, their keyboard was one of the only fully decoded, 
two-key rol 1-over electronic keyboards on the market. As 
with all of the non-contacting keyswitches, the principle is 
straightforward, but the implementation is difficult, and 
Micro Switch had its problems. It works by moving a mag­
net near a Hall effect device when the key is depressed, 
and amplifying the output of the device (fig. 10). Micro 
Switch has both a de output version of the switch and 
a pulse output (less than 1 msec) version. The latter is 
useful for N-key roll-over capability. 

Licon uses a saturating magnetic core for its switching 
element (Fig. 11 ). When the key is up, the magn.etic field 
causes the core to saturate. As the key is depressed, the 
magnetic field is removed from the core, which then 
unsaturates and acts as a transformer to couple an ac sig­
nal from one line to the other. 

An E-field or capacitively coupled keyswitch is manu­
factured by Control Devices (Fig. 12). When the key is 
depressed, an ac signal is capacitively coupled into an 
amplif ier/detector, the output of which is a de level. 
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Fig. 8 - Conductive plating on film diaphram becomes one switch 
contact when depressed into contact with conductor pad on pc 
board. (Datanetics) 

/\nother capac itively coup led keyswitch (fig. 13 ), made 
by Colorado Instruments Corp., also provides tactile feed­
back. The monostab le capac itor element within each key­
switch consists of a dime-size spring-metal disc. The disc 
has been formed to rest in a dome shape, archi ng slightly 
above a circular " target" disc which is etched in the un­
derlying printed circuit board . A spec ial thin insulati ng 
film is deposited over the target disc to prevent metal -to­
metal contact when the dome spri ng snaps down against 
the target. These elements form a simple capacitor which 
is charged to a static vo ltage while the key is at rest. 

Pressure applied to the key cap is transferred through a 
precision coi I spri ng to the center of the arched dome. 
When the avalanche point is reached, the dome co llapses 
with a crisp snap, causing a sudden increase in its capaci­
tance to the target and also providing a gent le tactile feed­
back. This is accompanied by an impulsive change in 
voltage which provides a sufficient electri ca l signa l to 
drive the' encod ing logic. When released, the dome quickly 
snaps back to its arched position in readiness for the next 

OVER 
TRAVEL 
SPRING 

SCREENED , PRINTED 
CIRCUIT BOARD 

Fig. 9 - Conductive elastomer becomes a short ing bus between 
two screened contacts on pc board when internal plunger presses 
it through opening in dielectric mask. (Chomerics) 

actuation. Through bifurcation of the target, two indepen­
dent vo ltage impulses are generated at each key position, 
thus providing the coordi nate information necessary to 
identify and appropriately encode each key as it is pressed . 

TEC and Digitronics use a photoelectric device as the 
basis for their keyboard switches. The photoelectric sensor 
senses whether the key is depressed or not by observing 
changes in the state of the light source. Its output state wi II 
also change as a result. 

Other things to consider 
Up to this point we have on ly discussed how the key­

board looks from a physical and electrical point of view. 
We have not mentioned the electrical and mechanical pa­
rameters of the switch itse lf. Keyswitches vary greatly in 
their mechanics, electronics and theory of operation, and 
there a few crucia l specifications that wi ll help you se lect a 
keyswitch. The type of switch you choose may have al­
ready fallen out of some of the ear lier considerations, such 
as the maximum available height, the power restrictions, 
size, etc., but it may not have. If the latter is the case, the 
decision is apparently a difficult one to make. It is unlikely 
that the decision will get much easier from here on, but I 
will mention a few other cons iderations that shou ld influ­
ence your choice, namely: 

•cost 
• the required mean-time-to-failure 
• non-acceptable failure modes 
•serviceabi lity and replacement requirements 
•anticipated production quantity 
The importance of keyswitch reliability depends greatly 

on the system's use. For instance, a touch-tone* telephone 
system may consider some level of intermittancy accept­
ab le because of the slow operation and the si multaneous 
acoustic feedback telling the user that the digit is properly 
dialed. In a typewriter or a computer 1/0 system, on the 
other hand, any leve l of intermittancy is considered unac­
ceptab le. 

The se lection of almost every keyboard used today was 
dominated by the considerations of cost and reliability. 
Keyboards can cost anywhere from a rock bottom 25 ¢ to 
about $2.00 per key. The pricing structure is soft, howev­
er. Keyboard manufacturers, more so than most other elec-

•A registered trademark of the American Telephone & Telegraph Co. 

Hall effect solid state keyboards feature MOS encod ing. (Micro 
Switch) 
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Fig. 10 - Hall effect device generates a voltage when magnet on 
keyswitch plunger passes near it. (Micro Switch) 

tronic component manufacturers, put quantity order cus­
tomers in a very specia l category. If you will be using a 
large number of keyboards a year (e.g., 1000-5000) you 
don ' t have to worry whether a manufacturer's stan­
dard product is exactly what you want. Most will be glad 
to remodel a standard design to suit your needs at no extra 
cost to you. This sort of specia lization can save you mon­
ey in interfacing and mechanical assembly. You should 
get the keyboard manufacturer involved early enough to 
work out more easily the exact nature and cost of the 
product. This is especially true if you are projecting large 
volume production. Keyboard companies are capable of 
getting very excited over potential 1000 and 10,000 piece 
orders, since a large part of their business is in 100 piece 
orders. If your large quantity projections sti ll look reason­
able after the design phase is completed, it is to your ad­
vantage to continue assessing alternate source bidding 
through the first year of production. 

(?> 
~ PLUNGER 

~ MAGNETS 
RETURN SPRING 

Fig. 11 - The magnetic core unsaturates and acts as a transformer 
to couple bit and drive wire signals whenever magnets on the 
plunger are moved from near the core (Licon) 
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Fig. 12 - Plate on key plunger capacitively couples ac signal to 
the amplifier detector whenever key is pushed. (Control Devices) 

Reliability is a tougher thing to pin down. Most vendors 
feel that few keyboards experience more than a million 
operations in thei r lifetime. However, many keys and 
some entire keyboards will experience this sort of use. The 
real question is not the time to catastrophic failure of a 
keyswitch, but the mean time between high-impedance 
contact, as defined by your system. This keyswitch reliabil­
ity is different from the lifetime that manufacturers nor­
mally talk about. The difference is the loading of the con­
tact, since most life data is taken under no- load conditions. 

Most manufacturers have data on the mean-time-to-fail­
ure, the failure impedance and the existence of any pecu­
liar failure modes of their keys witches. But, they usually 
present interpretations of the data rather than the data it­
se lf. You shou ld be caut ious when reviewing whatever 
data the keyboard manufacturers give you lest you be 
fooled by data that is good but is, for any number of rea­
sons, irreievant to your system. You may want to make 
more than an off-har:id judgement about the reliability of 
some of the keyswitches in contention. This may mean 
viewing the manufacturers test set-up as well as analyzing 
his results. It may mean doing your own reliability tests on 
keyboards as they actually perform in your system. Which­
ever way you choose to resolve this question, you should 
be aware of the inherently different construction and per­
formance specifications for each type of keyboard in con­
tention. 

If your service philosophy does not affect your selection 
of a keyboard, then the reverse will surely be the case, 
perhaps at a cost you had not expected. Some keyswitches 
can easily be removed upon failure, others can be less 

DOME - TYPE 
DISC 

TARGET 

Fig. 13 - Capacitively coupled keyswitch utilizes dome-type disc 
to provide both tactile feedback and capacitance coupling .. 
(Colorado Instruments Corp) 
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easi ly removed, and still others require the replacement of 
the entire keyboard. There are many legitimate ways to go, 
but you should think through your choice carefull y. 

So there you have it! W hile you stil l don't have a cook-
book recipe for se lecti on of a keyboard , you do have all 
the ingredients. How you mix them together and use them 
depends on the exact nature of your application . You 
should now be ab le to approach your se lection task with a 
lot more assurance that you wi ll get what you real ly want 
and need. 

Who makes keyboards? 
The fo llowi ng is a list of the companies in the keyboard 

business. The li st is alphabetical and incl udes the names 
and a partial address of the various companies along with 
an indi cation of the type of keyboards they sell. There are 
several companies that se ll individual key sw itch es not 
specifica lly di rected at keyboard products. This l ist does not 
include such companies. D 

Type Type For more 
Company Keys wi tch Keyboard info circle : 

Alco Electronics Products, Inc. reed 1' 2 
North Andover, M ass. 01845 mechanica l 1, 2 

Cherry Electrical Products Corp. mechanical 1, 2, 3, 4 
Waukegan, Ill. 60085 

Chomeri cs, Inc. elastomeric 1' 2 
Woburn, Mass. 01801 

Clare--PenderCo., Di v. of reed 1, 2, 3, 4 
General Instrument Corp. mechanical 1, 2, 3,4 

Post Falls,, Idaho 83854 

Computronics Engineering mechanical 1' 2 
Los Angeles, Calif. 90027 

Coloroado Instruments, Inc. capaci ti ve 1, 2, 3, 4 
Broomfield, Colo. 80020 mechanical 1, 2, 3 

(4 on request) 
mechanical 
(pancake) 1, 2, 3 

Control Devices capac itive 3, 4 
Woburn, Mass. 01801 mechanical 1' 2 

Control Research Corp. reed 1' 2, 3, 4 
Santa Ana, Ca lif. 92704 mechan ical 1, 2, 3, 4 

Datanetics Corp. l' l.htomeric 1' 2, 3, 4 
Redondo Beach, Ca li f. 90278 

Di alight Corp. reed 1' 2, 3, 4 
Brookl yn, NY 11 237 C' L 1~ 1 r 11111 •ri1 1, 2, 3, 4 

Elect-tro l, Inc. reed 1' 2, 3 
Saugus, Cal if. 91350 mechanica l 1' 2, 3, 4 

IDMCorp. mechan ical 
Hanover, N. H . 03755 

ITI Telecommunications mechani ca l 2 
Corinth, Miss. 38834 

Li con, Div. Illinois Too l Works magnetic core 1' 2, 3, 4 
Inc. , mechanical 1 
Chicago, Ill. 60634 

Litton ABS, OEM Products Div. photo electric 1' 2, 3 
Carlstadt, N. J. 07072 

Type 
Company Keys witch 

Magsat Corp. mechanical 
Hartford , Conn. 06106 

Mechanical Enterprises, Inc. mercury tube 
Alexandri a, Va. 22304 

M icro Switch, 
Div. Honeywell Corp. Hall effect 

Freeport, Il l. 60132 reed 

M illi -Switch Corp. reed 
Gladwyne, Pa. 19035 

Oak Mfg. Co. mechanical 
Crystal Lake, Ill. 60014 

Raven Electronics Corp. capacitive 
Sparks, Nev. 

Raytheon Co. Industrial reed 
Components Operation mechani ca l 
Quincy, Mass. 02169 capacitive 

George Risk Industries, Inc. reed 
Kimbal , Neb. 69145 

TEC, Inc. reed 
Tuscon, Ari z. 

Wild Rover Corp. mechanical 
Norwood, N . J. 07468 

Legend 
1 = very small keyboard under ten keys 
2 = larger than 10 keys but not typewriter size 
3 = typewriters, I/Os up to 1 00 keys 
4 = same as 3 pl us N-key rol 1 over feature 

Type 
Keyboard 

1, 2,3, 4 

1, 2, 3, 4 

1' 2, 3, 4 
1' 2, 3 

1, 2 

2 

3 
3 
4 

1' 2, 3, 4 

1' 2, 3 

1' 2, 3 

The Micro Switch keyboard " Super· 
checker" shown on the cover, is capab le 
of making over 100 fun cti onal tests per 
key for every Hall effect so lid state key· 
board manufactured. It can also test any 
other type keyboard. The tester is made 

For more 
info circle 

up of severa l keyboard test stati ons such as the one 
shown, all controlled by a Honeywell DDP-516 
computer located nearby. Testing for each type of 
keyboard is controlled by a computer program and 
test measurement results are gathered and interpreted 
by the computer. The " Superchecker" eli minates 
human judgment factors from inspection testi ng as it 
electron ically measures all keyboard functions, as 
well as output voltages and rise/fa ll times, at various 
loading conditions for all modes of keyboard opera­
tions. Average testing and measurement time for an 
entire keyboard is about 2 minutes. 

Author's biography 
As a member of the Electronics Sys­
tem Section of Arthur D. Litt le, Inc., 
for the past four years, Mr. Brisk has 
been involved in a variety of new 
product des igns and evaluations. He 
did his undergraduate work at M .l.T. 
and has an M .S. in Electri ca l Engi­
neering from Northeastern University. 
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c. 
RCA types 40850, 40851, 
40852, 40853, and 40854 per­
form in off-line switching mode 
power supplies. Why not im­
prove your system costs two 
ways: first, through RCA's ex­
clusive thermal fatigue ratings to 
assure longer service life and, 
second, through competitive 
prices. 

A 
RCA 2N3440, 2N5804, 
2N5838 , and 2N6175 offer a 
high-voltage line-up for every 
high-voltage socket in color T V 
- v idea output, picture-tube 
d r ive r, high-voltage regu lator, 
class-A audio, horizontal driver. 
and vertical and horizontal de­
flection. 

R CA 2N5804, 2N5838, 
2N6077 . and 2N6249 are em­
ployed in inductive or capaci t ive 
discharge ignition systems or 
e I ectronic ca rbu retors. Device 
ruggedness is documented in 
RCA's second-breakdown data 
and the industry's only thermal 
fatigue ratings. If you r specs 
don't require thermal fatigue rat­
ings, you can't be su re you're 
protected. 

Ratings within the basic families listed below vary from 200 to 400 volts. 
Custom selections with ratings above 400 volts are available. 

For more information on these and 
other RCA silicon power transis­
tors, see your local RCA Represent­
at ive or RCA Distributor. Or call 
Gene Van Wagner, Power Transistor 
Marketing Manager, at (201) 
722-3200, ext. 3381 . For technical 
data on specific types write : RCA 
Sol id State Division , Section 50F-1 
/UTL-28, Box 3200, Somerville, 
N.J. 08876. International : RCA, 
Sunbury-on-Thames, U.K., or P.O. 
Box 112, Hong Kong. In Canada: 

Basic Family Max. Ratings 
PT (W) IC (A) 

2N3440 10 
2N5415 * 10 - 1 
2N6175 20 1 
2N3583 35 5 
2N6211 * 35 - 5 
2N6077 45 10 
2N5838 100 10 
2N5239 100 10 
2N5804 110 15 
2N6249 175 30 

* p-n-p types 
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Pkg. 100-Unit Price 
(Each) 

T0-5 $0.65 
T0-5 0.90 
T0-5 (P ) 0 .59 
TO.Q6 0 .96 
TO.Q6 2 .70 
TO.Q6 1.80 
T0-3 1.98 
T0 -3 2.16 
T0-3 3 .30 
T0-3 6.00 

RCA Limited, Ste. Anne de Belle­
vue 810, Quebec. 

Rell Solid 
State 

products that make products pay off 

CIRCLE NO. 16 
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RCA 2N5415, 2N5838, and 
2N6077 are utilized for high-reli­
ability service in antenna PIN 
diode phase-shift drivers. For 
this - and other high-voltage 
military applications - check 
RCA's high-voltage devices from 
one of the lines of combined 
JAN , JAN TX and equivalent 
types. 

F. 
RCA 2N5804, 2N5838, and 
2N6249 are engaged in ultra-son­
ic transducer/driver and output 
applications where reliability is 
essential, based on forward -bias, 
second-breakdown-free opera­
tions and thermal -fatigue ratings. 

• e IS ••• 

E. 
RCA's high-voltage p-n-p devices 
contribute to the broadest high ­
vo ltage line in the industry . 
From it, sele c t 2N3440, 
2N3583, 2N5415, and 2N6211 
for electrostatic and magnetic 
deflection applications requiring 
high-voltage complementary de­
vice performance. 
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Build a high-accuracy waveshaping 
circuit using inexpensive parts 
Only a handful of 1 % resistors and popular 1N97 4 diodes are used in this circuit. 
It can be designed to provide good accuracy using only a desktop calculator. 

H. G. Riekers, Westinghouse Electric Corp. 

Waveshaping circuits, often used to provide non-linear out­
puts, run the gamut from low-cost ones with relatively few 
components to circuits containing sophisticated and ex­
pensive devices. One commonly used waveshaping ci rcuit 
is shown in Fig. 1. It has however fou r distinct di sadvan­
tages : (a) A change in a single resistor's va lue necessitates 
recomputing the entire resistor ladder va lue. (b) The slope 
and breakpoi nts of each curve segment is dependent on all 
resistor values. (c) Hi gh accuracy is not easi ly achievable, 
even with the aid of a carefull y written computer program. 
(d ) The necessary trial-and-error methods of mechanization 
are often too time consuming. 

An improved and relatively inexpensive diode wave-

OUTPUT 

Fig. 1 - A conventional waveshaping circuit used to provide a non­
linear output from a given linear input signal. Such a circuit, how­
ever, requires a time-consuming, well-written computer program 
to provide even relatively moderate-level accuracies. The output 
function is also very dependent on the va lue of each resistor. 

R, CR 1 

R• CR 2 

Rs 

Rs CR 3 

R, 

v,. Ra CR 4 

Rg 

• • • 
• • • 

• • • • 
• • • • 

• 
RN 

VOUT 

Fig. 2 - This improved waveshaping circuit (Compared to the con­
ventional one in Fig. 1) uses 1 %-tolerance resi stors and popular 
1 N9 14 diodes. It provides a high-degree of accuracy using only a 
conventiona l desktop calcu lator for resistor-va lue ca lcu lations. 

Table 1 - Slope computation 
Line 

CR1 CR2 CRJ CR4 CRN Seg~nt Slope 

ON OFF OFF OFF OFF BC R2 
R3 + R2 

ON ON OFF OFF OFF CD R2 RX= R3 R4 
RX + R2 R3 + R4 

ON ON ON OFF OFF DE R2 RY= RX R6 
RY+ R2 RX + R6 

ON ON ON ON OFF EF R2 RZ = RY R8 
RZ + R2 RY + R8 

ON ON ON ON ON FN R2 
RZ . . RN - 1 + R2 
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shaping circuit that does not have the drawbacks of the 
common ly used circuit in Fig. 1 is shown in Fig. 2. Popular 
and inexpensive 1 N914 diodes and 1 %-tolerance resistors 
are used, making this ci rcuit not only low in cost but also 
suitab le for monolithic techniques. 

Advantages of this circu it include : (a) A single break­
point may be changed by adjusting only two resistors of the 
network: either R4 and RS , or R6 and R7, or R8 and R9 , or 
RN - 1 and RN . (b) In most cases, the slope of a line seg­
ment may be changed by adjusting only one resistor value: 
R3, or R4 , or R6, or R8 , or RN - 1. (c) Good accuracy may 

A B 

LINE 
SEGMENTS 

Fig. 3 - Transfer characteristics of the improved waveshaping 
ci rcuit shown in Fig. 2. The slope of each of the line segments from 
A to F can be easily computed as shown in Table I. 

be achieved with the use of a desk-top calculator. (d) Trial 
and error mechanizations are se ldom necessary. 

Fig. 3 shows a typical transfer cha racteri stic of thi s im­
proved diode circuit together with line segments and 
breakpoi nts appropriately labelled. The slope of each of 
the line segments shown may be computed with the aid of 
Table 1 . The vo ltage of each breakpoint can be computed 
using Table II . 

The unique properties of the network shown in Fig. 2 
depend on three factors: 

Table II - Breakpoint computation 
Breakpoint Breakpoint 

Diode Voltage in Fig. 3 

CRl Diode Thresho ld Vol tage (VT) B 

CR2 1vA1(R4 ~4 Rs) + vr c 

CR3 1vA1(R6 ~6 R7) + vT D 

CR4 1vA1(Rs ~8 R9) +VT E 

CRN ( RN - 1 ) 
IVAI RN - 1 + RN +VT F 

1. Selecting R2 such that R3llR4 llR6 llRBll ... RN - 1 
> > R2 

2. A diode must be placed in series with R3 for the cal­
culations of Table II to be valid. 

3. Resistor R 1 must be selected such that Vin is zero 
when VA and V8 are ON , and no input signal is app lied. 

The c ircu it in Fig. 2 was used as a squaring circuit whose 
output is the square of the input vo ltage. Fig. 4 shows the 
actual application using X and Y inputs of the deflection 
sweeps of a scan converter. To accurately correct the dy­
namic focus of the scan converter, it is necessary to square 
and sum both the X and Y sweeps. The circuit' s output is a 
parabolic function derived from a ramp input. It should be 
noted that summing resistors RA and RB are the same as 
R2 in Fig. 2. This is allowable since the summing point of 
the op amp is a virtual ground. D 

-V 

INPUT 

fxf 

+V 

OUTPUT 

i~' +fvf' = R' 

INPUT 

lvl 

.v 

Fig. 4 - Applying the improved waveshaping circuit of Fig. 2 con­
verts the ramp output of the deflection sweeps of a scan converter 
to a parabolic output. This ci rcuit corrects the scan converter's 
dynamic focus. 
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Now, there 's a digital voltmeter that 
offers a combination of capabilities 
never before available. The new 
Hewlett-Packard 3403A. 

Outstanding features of the 3403A 
are its eight-decade bandwidth, its 
six-decade ac voltage range (10 mV 
to 1000 V full-scale), its ability to 
measure both simple and complex 
signals with great accuracy (± 0.2% 
reading ± 0.2% range) , and its ad­
vanced, solid-state 3-digit display. 

With the 3403A, you can measure 
ac, de, or ac + de, with true-RMS 
accuracy-and get your readout in 
either volts or dB. Its wide voltage 
range, and extraordinarily wide fre-

quency range give it unprecedented 
versatility. Its direct readout in dB 
makes it a "natural" for all kinds of 
communications work. And its ability 
to measure complex signals with 
crest factors as high as 10:1 makes it 
especially useful for noise measure­
ment. 

The 3403A is available with a wide 
variety of options and accessories, 
including dB display, autoranging , 
isolated or nonisolated digital out­
put, isolated remote control , printer 
cables, active probes, and a rack 
adapter frame . . . making it ideal for 
systems applications, as well as lab 
and production work. 

HP's new 3403A voltmeter 
puts it all together ... 
at an amazingly low price 
D True-RMS accuracy 

D AC from 2 Hz to 100 MHz, plus DC 

D Digital readout, in volts or dB 

3403A TRUE RMS VOLTMETER 

FUNCTION dB REFERENCE 

CIRCLE NO. 18 

The 3403A's price ranges from 
$1400 to $2100, depending on op­
tions. An ac-only version, the 3403B, 
is also available, starting at $1150. For 
further information on the versatile 
new 3403A, contact your local HP 
field engineer. Or write Hewlett­
Packard , Palo Alto, California 94304. 
In Europe : 1217 Meyrin-Geneva, 
Switzerland. 

091 / 19 

HEWLETT~ PACKARD 

DIGITAL VOLTMETERS 

INPUT 
1000\/MAX 
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BASIC language programs 
generate root locus plots 
Analyze both positive and negative feedback circuits 
and systems with these two simple programs. 

Philip Forman, Consultant 

Root locus analysis of feedback ampli fiers, oscillators , 
regu lators and other closed- loop ci rcuits enables a straight­
forward modeling and design procedure in the s-p lane. It 
permits the design engineer to observe the transient and 
steady-state effects of spec ifi c desi gns and parameters on 

. the behavior of complicated circuits and systems. 
The analytical tool used by the designer in this proced­

ure is the root locus plot. Thi s plot or graph is usua ll y ob­
tained by graphica l means, a tedious and time-consuming 
procedure. Now, the read il y-avai lable time-shared com­
puter can be programmed to ca lcu late root loci in a few 
minutes, saving days and weeks of the design engineer's 
time. 

LOCUS - and LOCUS + are si mple BASIC language 
programs that generate root locus plots fo r negati ve and 
positive feedback circuits. They have proven to be very 
helpful in the design of 

0 vo ltage regulators 
0 servo-mechanisms 
0 power contro l systems 
0 feedback amplifiers (DC to 60 MH z) 
0 osci ll ators (30 kHz to 3 GHz). 

The programs are first introduced and discussed briefly, 
and a design app li cation is then presented to illustrate the 
va lue of the programs. 

Reduce the system to a simple loop 
The root locus is based on the single-loop feedback 

circuit shown in Fig. 1. The closed-loop circuit perfor­
mance is given by 

~- G(s) 
R(s) - + G(s) H(s) 

(1) 

G(s) represents the forwa rd transfer function and H(s) rep­
resents the feedback transfer function. G(s) and H(s) are 
rational algebraic functions of the Laplace-transform vari­
ables. 

G(s) = k p(s) 
q(s) 

(2) 

H() = k n(s) 
s d(s) (3) 

The closed-loop performance of the circuit is character­
ized by the denominator of eq. (1) 

1 + G(s) H(s) (4) 

The root loci are the roots of the equation 

1 + G(s) H(s) = O (5) 
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or, 

where K represents the loop gain. 
In general terms, 

or, 

K C(s)= _ 1 
E(s) 

K C(s) + E(s) = b 

(6 ) 

(7) 

(8) 

The roots of thi s equation represent the poles of the root 
loci for a closed-loop circuit with negative feedback. (Line 
490 of the LOCUS - program presents thi s equation to 
the computer for solution.) 

LOCUS - is shown in Table 1. This program computes 
the closed- loop po les of an open-loop transfer fu nction 
KC (s) / E(s) with negative feedback. C(s) represents the 
numerator polynomial ; E(s) represents the denominator 
polynomial. C(s) and E(s) are entered as shown in lines 
150 to 230. 

The poles are ca lcul ated for increasing values of loop 
gain K, at K = .1 increments. However, the design engi­
neer wi 11 want to monitor the computer printout so that 
the increments and range of K provide an optimum set 
of locus points. Range and increment step may be changed 
by retyping lines 420 and 430. The output may be termi ­
nated at any time by typing STOP. Outputs with new ranges 
and increments may be started by typing RUN . 

Input data is read in lines 350 to 410. 
Root locus eq. (8) is so lved in lines 480 to 500. The 

coeffic ients of A(I) represent intermediate results of the 
program. They may be used to check the computer or 
de-bug a run and are obtained upon request. LOCUS -
asks the user for instructions on the intermediate coef-

R(s) 
G(s) 

H(sl 

Fig. 1 - The circuit or system to be analyzed with the LOCUS ­
or LOCUS + programs must first be reduced to an equivalent 
single-loop system. 
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100 REM THIS PROGRAM COMPUTES THE CLOSED-LOOP 
105 REM POLES OF AN OPEN-LOOP TRANSFER FUNCTION 
110 REM KC(S)/E(S) WITH NEGATIVE FEEDBACK. THE LOOP 
115 REM GAIN K IS PROGRAMMED TO STEP IN INCREMENTS 
120 REM OF 0.1 FROM K = 0 TO COMPUTER MAX LIM. C(S) 
130 REM AND E(S) ARE ENTERED AS FOLLOWS: 
140 REM 
150 REM 
160 REM 
170 REM 
lSO REM 
lSl REM 
190 REM 
200 REM 
205 REM 
210 REM 
215 REM 
220 REM 
230 REM 
240 REM 

10 DATA N 
20 DATA A(N),A(N - 1 ), . . .,A(O) 
30 DATA B(N), B(N - 1), . .. ,B(O) 
RUN 

HERE, N = THE LA.RGER ORDER OF C(S),E(S). 
A(N), ... = THE COEFFICIENTS OF C(S) IN 

DESCENDING ORDER WITH O'S IN 
DEFICIENT ORDERS. 

B(N), ... = THE COEFFICIENTS OF E(S) IN 
DESCENDING ORDER WITH O'S IN 
DEFICIENT ORDERS. 

250 REM THE RANGE AND STEP INCREMENT MAY BE CHANGED 
260 REM BY RETYPING LINES 420 AND 430 
270 REM 
2SO REM 
290 REM 
300 REM 
310 PRINT "IF YOU WISH A PRINTOUT OF THE INTERMEDIATE 
315 PRINT COEFFICIENTS AND" "ROOTS TYPE 'l '. IF YOU 
320 PRINT DESIRE ROOTS ONLY TYPE 'O'. 
330 PRINT WHAT IS" ''YOUR WISH"; 
340 INPUT H 
350 READ G 
360 FOR I = 0 TO G 
370 READ C(I) 
3SO NEXT I 
390 FOR I = 0 TO G 
400 READ E(I) 
410 NEXT I 
420 LET K = 0 
430 LET K = K + .1 
440 LET N = G 
450 PRINT 
460 PRINT 
470 PRINT " ", "K = " K 
480 FOR I = 0 TO N 
490 LET A(I) = K*C(I) + E(I) 
500 NEXT I 
510 LET GS = 0 
520 LET GS = GS + 1 
530 IF H = 0 THEN 1550 
540 PRINT "COEFFICIENTS (IN DESCENDING ORDER) ARE:" 
550 PRINT 
560 FOR I = 0 TO N 
570 PRINT " " 
5SO PRINT A(I) 
590 LET B(I) = A(I) 
600 NEXT I 
610 PRINT 
620 PRINT "THE POLES ARE:" 
630 PRINT 
640 IF N < = 2 THEN 1140 
650 IF A(NJ = 0 THEN 1220 
660 IF (N/2 - INT(N/2)) = 0 THEN 690 
670 GOSUB 1300 
5SO GOTO 640 
690 IF ABS(A(N - 2)) < 1 · E - 25 THEN 730 
700 LET P = A(N - l)/A(N - 2) 
710 LET Q = A(N)/A(N - 2) 
720 GOTO 750 
730 LET P = A(N - 1) 
740 LET Q = A(N) 
750 FOR I = 0 TO N 
760 LET X(I) = A(I) 
770 NEXT I 
780 GOSUB 1250 
790 FOR I = 0 TO N - 2 
800 LET B(I) = X(I) 
SlO NEXT I 
S20 LET R = X(N - 1) 
S30 LET S = A(N) - P*X(N - 1) - Q*X(N - 2) 

TABLE 1 
LOCUS-

S40 GOSUB 1250 
S50 LET X(N - 1) = - P*X(N - 2) - Q*X(N - 3) 
S60 LET D = X(N - 2) t 2 - X(N - l)*X(N - 3) 
S70 IF ABS(D ) > .1 · E - 25 THEN 900 
SSO PRINT " UNOBTAINABLE WITH THIS PROGRAM. " 
S90 GOTO 1600 
900 LET Pl = P + (R*X(N - 2)-S*X(N - 3))/D 
910 LET Q1 ·= Q + (S*X(N - 2)-R*X(N - l))/D 
920 IF ABS(P ) > 1 · E - 25 THEN 960 
930 IF ABS(Pl) > 1 · E - 25 THEN 960 
940 IF ABS( Q) > 1 · E - 25 THEN 970 
950 GOTO 9SO 
960 IF ABS(Pl/P - 1) > .000001 THEN 9SO 
970 IF ABS(Ql/Q - 1) > .000001 THEN 1010 
9SO LET P = Pl 
990 LET Q = Ql 

1000 GOTO 750 
1010 FOR I = 1 TO N - 2 
1020 LET A(I) = B(I) 
1030 NEXT I 
1040 LET N = N - 2 
1050 LET D = P*P - 4*0 
1060 IF D < 0 THEN 1110 
1070 LET D = SQR(D) . 
lOSO PRINT " "; (- P + D)/2 ;" AND "; (- P - D)/2 
1090 IF N - 2 > 0 THEN 650 
1100 GOTO 1140 
1110 LET D = SQR(-D) 
1120 PRINT " "·- P/2· " + J *"·D/2 " and "·- P/2·"-
1125 PRINT J *";D/2 ' ' ' ' ' ' 
1130 IF N - 2 > 0 THEN 650 
1140 IF N = 1 THEN 1200 
1150 IF N - 0 THEN 1600 
1160 LET P = B(l )/B(O) 
1170 LET Q = B(2)/B(0) 
11SO LET N = 0 
1190 GOTO 1050 
1200 PRINT " ";-B(l)/B(O) 
1210 GOTO 1600 
1220 PRINT " 0.00000" 
1230 LET N = N - 1 
1240 GOTO 640 
1250 LET X(l) = X(l )- P*X(O) 
1260 FOR I = 2 TO N - 1 
1270 LET X(I) = X(l) - P*X(I - 1)-Q*X(l - 2) 
1280 NEXT I 
1290 RETURN 
1300 IF B(l) = 0 THEN 1330 
1310 LET X = - B(l)/B(O) 
1320 GOTO 1340 
1330 LET X = B(N)/B(O) 
1340 LET F = 0 
1350 LET Fl = 0 
1360 FOR I = 0 TO N 
1370 LET J = N - I 
1380 IF BU) = 0 THEN 1420 
1390 LET F = B(J)*X I I + F 
1400 IF I = 0 THEN 420 
1410 LET Fl = l*B(J)*X i (I - F) + Fl 
1420 NEXT I 
1430 LET Xl = X-F/Fl 
1440 IF ABS(X/Xl - 1) < .000001 THEN 1470 
1450 LET X = Xl 
1460 GOTO 1340 
1470 PRINT " "·Xl 
14SO LET N = N - 1 ' 
1490 FOR I -== 1 TO N 
1500 LET A(I ) = B(I) + Xl *A(I - 1) 
1510 LET B(I) = A(I) 
1520 NEXT I 
1530 RETURN 
1540 GOTO 1590 
1550 FOR I = 0 TO N 
1560 LET B(I) = A(I) 
1570 NEXT I 
1580 GOTO 610 
1590 PRINT 
1600 GOTO 430 
1610 PRINT "WHEW. " 
1620 END 
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Fig. 2- The common-base oscillator circuit (a) could not produce the desired single-mode oscillation. After reducing the schematic to the 
equivalent circuit (b) and then to a functional block diagram (c), the open loop transfer function was determined. Using this transfer func­
tion, LOCUS+ ca lculated the root locus shown (d). The multi-moding effect shown circumvented fruitless laboratory investigat ion. 

ficient request in lines 310 to 340. 
The remainder of the program (lines SOO to END) cal­

culates the roots of the root locus eq. (8) for each value of 
loop gain K. These roots are determined by an algorithm 
that is based on the Bairstow-Hitchcock Method' for nu­
merical solution of polynomial equations. These roots or 
poles change as the loop gain K is incremented. The 
graphical path described by the moving poles represents 
the root locus and the design engineer can rapidly plot 
these points in the s-plane. 

LO CUS+ for positive feedback 
The LOCUS + program for closed-loop circuits with 

positive feedback is derived from the LOCUS - program 
by rewriting line 490 as follows : 

490 LET A(I ) = K*C(I) - E(I) 

LOCUS + ca lculated the root locus shown in Fig. 2. 
The open loop transfer function that was inputed to the 
computer was 

KC(s) - 1.Sl x 10- 13 s3 + 10- 4 s2 + 2.02 x 105 s + 1014/ 
E(s) -

3.77 x 10- 13 s3 + 17.6 x 10- 4 s2 + 12.78 x 105 s + 
1 S.09 x 1014 describing the s-plane model of a multi­
moding oscillator. This transfer function of the common­
base transistor oscillator was derived by analysis of the 

equivalent circuits shown in Fig. 2. 
The root locus plot of Fig. 2 indicated that the common 

base configuration could not produce the desired single­
mode oscillation . The multimoding predicted by the double 
cross-over of the jw axis was confirmed by laboratory 
measurements. The frequencies of oscillation were deter­
mined to be within S% of the jw cross-over frequencies. 

C(s) and E(s) were entered as fol lows : 
10 DATA 3 
20 DATA l .S l E -13, 1 E-4, 2.02 ES , 1E 14 
30 DATA 3.77 E -13, 17.6 E-4, 12.78 ES, 15.09 

E14 D 

REFEREN CE 
1. Ralston, A. and Wili, H. S., " Mathematical Methods for 
Digital Computers," Vol. 2, John Wiley and Sons, Inc. , 
New York , pg. 192 . 
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In '71 we gave you an SE-1 grade 
nylon, Ultramid ® A3XG5. 

In '72 we 're giving you an SE-0 
grade nylon, Ultramid® A3XG7. 

And also two nylon resins with 
an arc resistance of 125 seconds 
on ASTM 495. 

Ultramid A3XG5-Black-00100 
and A3XG5-Brown-27885 give 
you SE-1 and arc resistance. 

Ultramid A3XG7-Black-00100 
offers both SE-0 and arc resistance . 

So what have you got. 
Two Thermoplastic high per­

formers with unique electrical 's. 
Two Halogen free , glass fiber re­

inforced 6/6 nylons. 
Two SE grades-an SE-0 and an 

SE-1 Group I UL Subject 7 46 and 
non-dripping ASTM Standard 
0635-63. Two with UL use rating 

of 105°C. Two heat stabilized, hy­
drolysis resistant , 23,000 psi ten­
sile , 392° deflection temperature , 
1.6 ft. lbs. impact nylons. 

Two arc resistant resins rated at 
125 seconds on ASTM 495 . 

m oo 
BASF Wyandotte Corporation 

Advertis ing Dept. 
100 Cherry Hill Rd., P.O. Box 181 
Parsippany, New Jersey 07054 

OK BASF, I need what you got. Send 
data on-
D SE-1 grade, Ultramid®A3XG5 
0 SE-0 grade, Ultra mid® A3XG7 

D Arc resistant nyions to improve per­
formance at low cost. 

Name _________ ~ 

Company ________ _ 

Address _________ _ 

City __________ _ 

State -----Zip ____ _ 
Phone( __ ), ____ Ext. ___ _ 

Ultramid®A3XG5 
Ultramid®A3XG7 

' ·-------------------- ------------------------------ ----! 

NoBum,NoDrip 



How to save silver when buying gold: Spec Cherry 
Gold "Crosspoint" Contact keyboard switches. With a 
momentary Form A (SPST/ NO) price tag of just 29C 
in 250,000 quantity . . . lower prices in higher quantities. 

What do you get besides low price? Unique, proven 
Cherry Gold "Crosspoint" contact configuration that 
enhances reliability. Tested beyond 50,000,000 opera ­
tions. (Test Report No. TK 10071 available on request.) 
You get Cherry's low profile Keyboard switch featuring 
rugged construction, 2 Yi ounce operating force and 
stable contact resistance (typically 25 milliohms over 
life). Made by the people who pioneered the Gold 
"Crosspoint" Contact in snap-action switches. 

The result? Cherry keyboard switches are your ideal 
choice for computer terminals, electronic calculators 
and credit card validators. 

CHE 

TEST A FREE SAMPLE. Choose the 
29¢ Form A switch .. . or any of Cherry's complete line 
of keyboard switch modules. Just TWX 910-235-1572 
. . . or PHONE 312/ 689-7703 and ask Walt to give you 
facts on Keyboard Switches . . . or circle appropriate 
reader service number. 

ACTUAL SIZE 

FORM A, MOMENTARY 
(SPST/NO) 
Circle No. 93 for Free Sample 

ALTERNATE ACTION (SPST) 
Circle No. 94 for Free Sample 

DUAL FORM A, MOMENTARY 
(DPST/NO) 
Circle No. 95 for Free Sample 

CHERRY ELECTRICAL PRODUCTS CORP. 
3622 Sunset Avenue. Waukegan, Illinois 60085 

Makers of patented leverwheel/Thumbwhee/ Switches, Matrix Selector Switches, Snap-Action Switches and Keyboards. 

44 EON JUNE 1, 1 972 



Graphs yield circuit Q for gyrators 
and other synthetic reactive elements 
Here are two Q curves that will come in handy in the design 
and analysis of gyrator and Q multiplier circuits 
H. A. Wittlinger, RCA, Solid State Division 

Wtth the increased emphasis today on synthetic reactive 
circuit elements, like the gyrator and various forms of Q 
multipliers, rapid determination of in-circuit Q when using 
these elements is becoming more and more important. 

In such situations, the two Q curves shown in Figs. 1 and 
2 can provide extremely useful data quickly and eas ily. 
Fig. 1 shows the result on the circuit Q of a phase shift that 
differs from that of an idea l inductor. Fig. 2 is used to find 
the circuit Q by observing the damping of shocked exc i­
tation. 

phase shift, become increasi ngly important. For example, 
from Fig. 1, which shows phase angle versus Q, a phase 
shift of only ±5.7° from the ideal -90° shift of current with 
respect to voltage wi II result in a Q of only 10. A phase 
shift of ±0.57° will resu lt in a Q of 100, indicating that 
excessive phase shifts are not to lerab le in high-Q ci rcuits. 

When synthesizing inductors with the gyrator, the inher­
ent phase shift within the amplifiers, as well as the desired 

Fig. 2 becomes useful in determining total effective cir­
cuit Q once an LC network is estab lished with either real 
or syntheti c componen ts. To use it, you shock the ci rcuit 
into osci ll ation and then count the number of oscillations 
between some initial point and a point at which the ampli ­
tude drops to either 0.043, 0.1, 0. 2, etc. of the initi al am-
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Fig. 1- Phase shift from that of an ideal inductor signifi cantly affects ci rcuit Q. 
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Fig. 2- Circuit Q is read directly from damped oscil lation data. For example, the waveform of Fig. 3 represents a Q of 27, since the 
waveform amplitude fa lls to 0.5 of an initial amplitude after 6 cycles. 

plitude. Q is then read directly as the number of cycles. 
For example, the Q of the circuit having the damped 

waveform of Fig. 3 would be 27, since it takes six cycles 
for the amplitude to decrease to 0.5 of an initial value. 
With the addition of a resonating capacitor, Q may be 
read at other frequencies. 

It is important to assure that the instrumentation used to 
observe the damping does not adversely alter or load the 
circuit. For example, a circuit with an inductance of 160 
millihenries resonating at 10 kHz has a reactance of ap-

Fig. 3-Damped osci llation waveforms like this provide the nec­
essary data for determining circuit Q. 

proximately 10 kil. In this case, with an oscilloscope 
probe having an impedance of 1 mil, the maximum Q 
would be Q = R,/wl = 106/104 = 100, where R, is the 
shunt resistance in ohms, w = 2 7Tf, and Lis the inductance 
in henries. The effect of the shunting resistance may be 
accounted for by assuming that the oscilloscope probe 
resistance is in shunt with the loss elements of the circuit. 

This technique has formed the basis of commercially 
manufactured Q meters. With present digital techniques, a 
digital-readout Q meter could readily be built using a fast­
rise pulse generator. o 

Author's biography 

H. A. Wittlinger is a linear IC 
applications engineer at RCA, 
Somerville, N.J., primari ly in­
vo lved with monolithic opera­
tional amplifiers. Prior to join­
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CIRCUIT DESIGN AWARDS 

Silicon unilateral switches detect initial event 
Neal E. Pritchard, 

ACDC Electronics, Oceanside, Calif. 

This initial event indicator c ircuit is capable of monitori ng 
several separate events simultaneously, detecting the first 
and storing this information. The number of separate 
events that can be monitored is determined by the number 
of stages used, which can be virtually unlimited. The cir­
cuit is espec ially useful in appli cations where the events 
are momentary, but greater than one microsecond. 

The operating characteri sti cs of the initial event indica­
tor ci rcuit is a result of the series-parallel configuration of 
the bistab le SUS devices (D,-D4 ) in the two stages as 
shown below. More stages may be added. The necessary 
condit ions for proper operation of the circuit are: 

1. The applied voltage (VIN) must be less than twice the 
swi tching voltage (Vs) of the bistable dev ice (SUS) 
but sti ll greater than Vs; 

2. The switching voltage (Vs) must be greater than twice 
the forward vo ltage (VF) of the SUS plus the forward 
vo ltage of the LED ; 

3. The IR product, namely holding current (IH) times 
either resistor R, or R2 , must be greater than the 

swi tching voltage (Vs). 

With the application of v,N, assuming inputs 1 and 2 are 
zero volts, resistors R3 through R7 form a vo ltage divider 
network that determines the initi al stable state of the cir­
cuit. In thi s state the vo ltage across the bistable devices is 
approximately VJN/2 , which is less than the required 
switching voltage; therefore, no current will flow in either 
LED. 

In order to change the state of the ci rcuit, a positive 
voltage (the initial event to be detected) must be applied to 
an input. Assuming event #1 occurs first, transistor Q, will 
saturate, increasing the voltage across D, unti I it switches 
to the ON state. The current through R, switches D2 to the 
value VF turning D2 ON . The vo ltage across the input to 
the stages is now 2V F + V LED' ' and the current through the 
LED is [V,N - (2 VF + v /,ED) ] -;- RI. When input #1 re­
turns to zero, the circuit still remains in this second stable 
state. With stage #1 ON, stage # 2 cannot be switched 
ON. The circuit can be reset by momentaril y removi ng v,N 
or shorting C1 . 

This circuit is espec ially useful in systems where a fa ult 
initiates a system shutdown, which in turn removes the 
fault condition. C, is used for noise fi lterin g. o 

To Vote For This Circuit 
Circle 150 

INITIAL EVENT IN DICATOR ,- --- -11-- ----- - - -, 
R, 

910 I STAGE #l I 1 STAGE it2 I 
+12V -1--

11 
DJ 

I 
D, R4 11 2N4989 

Rs I 2N4989 470k 

11 
SUS 

470k 

SUS I 
II I ADDITIONAL 

c, 11 
STAGES 

VIN .001 5 
D, D. I AS REQUIRED 

F 
R, 2N 4989 

11 
R, 2N 4989 

9.l k SUS 9. 1k SUS I 
Rs 11 R, 

470k 470k I 
o, 11 o, 

I 2N2222A 
11 

2N2222A 

RB Rg 

1k 11 1k I 
GND 

---- __ J --- ____ :::..r 

INPUT#l INPUT.idt2 

Silicon unilateral switches arranged in a seri es-parallel ci rcuit will react to onl y the first input pul se. 
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Test box indicates logic levels for entire IC 
Richard G. Sullivan, 

Control Data Corp., Rochester, i\\ich. 

This circuit performs the function of a logic-level indica­
tor, and works as follows: 

There are 16 identical circuits, each having one connec­
tion to a pin of the IC under test. The circuits independent­
ly determine which pin is + SV and connects this to the 

MLED50 

~ 

CIRCUIT 1 

Repeat circuit 8 more -,;::;.. ____ ..._ __ _, 
times for a total of 
16 circuits. 

CIRCUIT 8 

VOLTAGE BUSS 

TO REMAINING 
8 CIRCUITS 

GND BUSS 

TO REMAIN ING 
8 CIRCUITS 

Voltage and ground 
. busses are internal 

to this circuit and 
need not have any 
external wires. 

Fig. 1- 16 identical LED circuits housed in a sma ll test box will 
indicate logic state of each pin in a DIP package. Diodes automat­
ically switch input to the proper ground or + SV bus. 

voltage bus, and which pin is ground and connects this to 
the ground bus. The two diodes can be considered a deci­
sion gate network directing the + SV pin and the ground 
pin to the proper bus. The diodes are Germanium to allow 
a greater voltage on the voltage bus, about +4.SV in this 
case. It doesn't matter where + SV and ground are, the cir­
cuits automatically connect the proper voltage to the prop­
er bus. 

circuits mounted 
in it. LED's mounted 
on top 

AP Inc . l.C . 
clip no. 
923700 

connectors 
no. 923625 

Fig. 2- Commercially available test clips are used for simultane­
ous probing of all pins in the DIP. No internal supply is required 
since power is drawn from the supply circuit for the IC under test. 

Any pin at a logic "ONE" level will provide enough 
current through the 33!1 res ister to turn on the MPS651 4 
transistor, and hence the LED will glow red. If the pin 
under check is at a logic "ZERO" the MPS6514 will not 
turn on and the LED will be off. This circuit draws power 
from the IC and uses 10 mA per LED for a typical bright­
ness of 200 foot lamberts. 

To make the circuit useful as a trouble shooter, put the 
16 circuits in a small box, with the LEDS on top. Two har­
nesses come from the box terminating in AP Inc. female 
connectors number 923625 or equivalent. These are 8 
socket connectors that mate with their Logic Clip number 
923700. D 

To Vote For This Circuit 
Circle 151 

Command detector requires zero standby power 

John J. Murphey, Jr. 
Naval Weapons Center, Chin .1 Lake, Calif. 

The simple ci rcuit shown here provides an excellent meth­
qd for detecting command signals in remotely controlled, 
battery operated equipment. This ci rcuit requires essential­
ly zero standby current (l c80 ) and provides a full-wave rec­
tified output when energized by an ac signal. The circuit is 

48 

basically a class-B amplifier with the output taken from a 
common-emitter impedance. Diodes are added across the 
emitter-base junctions to prevent breakdown from high 
signal levels. 

The circuit has provided excellent results in a remotely 
controll led oceanographic system which has a low com­
mand duty cycle. After appropriate filtering and shaping of 
the detector output, digital data (from coded tone bursts) is 
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entered into an MOS shift register memory. This results in 
a command decoder w ith extremely low power consump­
tion, which is necessary in situations where the commands 
to remote equipment are changed at infrequent interval s. 
Power to the remaining circuits in the command decoder 
can be controlled by this detector, resultin g in a system 

SIGNAL 
SOU RCE 

Fl L TE R 
(OPTIONA L) 

CHANNEL 
SELECT FILTER 

FOR FREQUENCY 
MULTIPLEXED 
APPLICATIONS 

COMMAND DETECTOR 

Tone-burst command detector for remote-control devices is a 
simple emitter-follower amplifier that is biased " OFF" when 

which requires zero standby power while sti ll active and 
capable of rece iving commands. o 

To Vote For This Circuit 
Ci rcle 152 

(RIPPLE Fl L TER, 
SCHMITT TRIGGER) 

WA VE 
SHAPI NG 

1----M COMMAN D 
MEMORY 

command inputs are absent. Power consumption is essentia ll y 
zero in standby mode. 

Pulse technique determines series inductance of a resistor 

Carlo Venditti , 
Charles S. Draper Laboratory, Cambridge, Mass. 

Thi s si mple time-measurement technique allows the in­
ductive properties of res istors to be measured without a 
bridge using only a pulse generator and an oscilloscope. 
Fig. 1 shows the circuit required to determine the induc­
tance of an 850 res istor. 

Voltages e; and e
0 

are displayed on the oscilloscope 
with R,, R2 and R1 equal to an effective 500 (suggested 
termination for the pulse generator). R, and R2 are ca rbon 
(non-i nductive). The display system is ca li brated and veri­
fied by using a ca rbon resistor for R1• The displayed e; and 
e

0 
waveforms under this condition should have identical 

ti me characteristics. 
The inductance of a resistor is determined by examining 

' • 

e, 

R, 

68 

R, 
82 

OSCILLOSCOPE 
INPUT 

.. 

Fig. 1- Effective series inductance of a resistor can be ca lcu lated 
directly from the scope trace usi ng two non-inductive res istors (R, 
and R

2
) in thi s impedance-matching network. 

the e
0 

waveform. The amount of amplitude overshoot and 
decaying characterist ics of the waveform indicate, qualita­
tively, the effecti ve series inductance of the res istor. L can 
be calculated for an R-L system by determining, from the 
e

0 
displayed waveform, the time for the overshoot to decay 

to 67 percent of its amplitude. Si nce 67 percent co rre-
. R 

sponds to one time constant, the express ion L t = 1 ap-

plies. With the measured t and the known circuit equiva­
lent R, the Li s ca lculated using L = R1. o 

To Vote For This Ci rcuit 
Circle 153 

Rules & Announcements 

Your vote determines this issue's w inner. All cir­
cui ts published win a $25 U.S. Savings Bond. All 
issue winners receive an additiona l $50 U.S. Sav­
ings Bond and become el igib le for the annual 
$1000 U.S. Savings Bond Grand Pri ze. 

Vote now, by circling the appropri ate number on 
the reader inquiry card . 

Submit your own circuit, too. Mail entries to Ci r­
cuit Design Program Editor, END/EEE, 221 Colum­
bus Ave., Boston, MA 02116. 

Readers have voted: Ury Priel winner of the Febru­
ary 15 Savi ngs Bond Award. Hi s winning c ircuit was 
ca lled, " O ne Shot Tri ggers on Both Edges. " Mr. 
Priel is with National Semiconductor Corp. , Santa 
Clara, Ca l. 
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PROGRESS IN PRODUCTS 

Counter/power-supply/signal-source 
plug-ins introduced by Tektronix 

PROGRESS IN 
INSTRUMENTATION 

Mention the name Tektronix and 
you'll probably think of oscilloscopes. 
Would you believe electronic count­
ers, function, ramp and pulse genera­
tors and oscillators? And how about 
power supplies? 

Expanding its measurement hori­
zons, Tektronix has introduced 12 
new instrument plug-ins (with more 
on the way) that interchangeably fit 
into one-wide plug-in or three-wide 
plug-in mainframes. These plug-ins 
include two function generators, a 
ramp generator, a pulse generator, an 
oscillator, three electronic counters 
and four power supplies. 

Designated as the TMSOO Series, 
these readily serviceable instruments 
are designed to give the user a low­
cost and versatile measurement pack­
age within a minimum of bench or 
rack space. 

Basic to the system are one and 
three-plug-in mainframes designated 
as TMSOl ($11 S) and TMS03 ($1 SO), 
respectively. Two TMS03 units can be 
bolted together for standard rack­
mounti ng to accept up to six instru­
ment plug-ins. They may also be 
stacked atop one another vertically. 
The mainframes provide the unregu­
lated de power to the plug-ins (regula­
tion is achieved in each plug-in). 

The counters 
Three digital counter plug-ins are 

available: The $SSO DCSOl 100-MHz 
counter, the $89S DCS02 SSO-MHz 
counter and the $69S DCS03 1 00-
MHz universal counter. All feature a 
7-digit stored LED display with lead­
ing zeros (those to the left of the deci­
mal point) blanked. The standard in­
ternal clock is 1 MHz with an accura­
cy of 1 0 ppm and aging rate of 1 0 
ppm/month. A $9S optional clock 
with O.S ppm (0° to 50°C) and an ag­
ing rate of 0.1 ppm/month is avai I-

so 

able as an option. 
Four counting times of 0.01, 0.1, 

1.0, and 10 sec are provided with 
automatic switching of the decimal 
point and kHz and MHz indicators. 
Automatic ranging is availab le on the 
100-MHz unit as an option in an in­
strument costing $615. All three units 
offer totalizing from 0 to 107 at any 
rate up to 100 MHz. 

The SSO-MHz counter has both 1-
Mn and son inputs. In the 1-Mn po­
sition, the unit counts directly from 10 
Hz to 100 MHz. In the son position, 
the input is divided by 10 before 
counting, with a range of 50 to SSO 
MHz. 

The dual-channel DC503 100-MHz 
universal counter offers six measure­
ment functions: a frequency-counting 
mode, a frequency ratio mode, three 

time-counting modes and an event­
counting mode. 

The signal sources 
Signal sources include the $32S 

FGSOl function unit which is a gener­
al-purpose module with a frequency 
range of 0.001 Hz to 1 MHz. O utput 
waveforms include sine, square, trian­
gle and ramps of either polarity. An 
offset control with a ±lOV range is 
provided to al low generation of sin2 

pulse and zero-volt baseline pulses. 
An external input al lows control of 

frequency by means of a de vo ltage. 
Applying a ramp waveform to this 
input provides sweep-frequency oper­
ation . A gate input is provided to al­
low "burst" operation or single cy­
cles. Another convenient control, the 
"hold" switch, can interrupt the oper-

Instrument plug-ins covering a wide range of measurements are being introduced by Tek­
tronix, Inc. These include a pair of function generators spanning the range. of 0.001 Hz to 
10 MHz, a 50-MHz pulse generator, a ramp generator, a 10-Hz-to 1-MHz oscillator, three 
electronic counters covering 550 MHz, and four power-supply plug-ins. These modules 
have been designed to give the user maximum flexibility at low costs. Soon to be intro­
duced is a 4-1 /2-digit multimeter plug-in and a possible tiny oscilloscope plug-in. 
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ation of the generator in midcycle, 
allowing precise setup of mechanical 
or other low-frequency systems. Maxi­
mum output voltage of the FG SO l is 
20V pk-pk. 

The FG502 function generator is 
essentia lly identical to the FGSO l with 
the exception of its frequency range of 
0.1 Hz to 10 MHz. No price is ava i 1-
ab le for this instrument at present. 

Ramp generator plug-in RGSO l 
($175) is capable of providing vari­
ab le-amplitude outputs of either polar­
ity. The RG501 produces a TTL gate 
waveform coincident with the ramp, 
which can be used to gate a function 
generator to produce "burst" opera­
tion or single cycles. 

The fourth signal source is the 
PGSO l , 50-MHz general-purpose pulse 
generator with simultaneous SV posi­
tive and negative output pulses. Pulse 
ri se and fall times are under 5 nsec 
with output amplitudes separately 
adjustable from approximate ly 0.25 

to SV into 500 . 

The $295 SG502 low-frequency 
sine wave oscillator covers the range 
from 10 Hz to 1 MHz. Five decade 
ranges and a 1 to 10 log dial permit 
frequency se lection within 3% for all 
but the top ran ge. Output amplitude is 
2.SV rms into 6000 or SV rms (TTL 
compatible) open ci rcuit. 

An auxiliary square wave is also 
avai I able at the front panel. The 
square wave switches on the 0 to 180° 
points of the sine-wave output with 
rise and fal l times of less than 50 nsec. 

The power-supply plug-ins 
There are four members in the 

power-supply plug-in family at pres­
ent. The $95 PSSOl has two supply 
voltages avai lab le: a O-to-20V de ad­
justable supply at up to 400 mA and a 
+ SV de supply at up to 1 A. 

The 20V supply may be floated up 
to 350V and ei ther output terminal 
may be grounded. Current limiting is 

adj ustable to 400 mA by a front-panel 
contro l. A panel-mounted LED signals 
the user when current limiting occurs. 
The +SV supply is an auxiliary unit 
intended for non-critical applications. 

The $130 PSSOl -1 module is identi­
ca l to the PSSO l except that the out­
put voltage is set and read by a ten­
turn potentiometer with a 3-digit in­
line dial , plus a range switch. The 
output is adjustab le from O to lOV or 
10 to 20V depending on the range­
switch setting. 

The $130 PS502 floating dual­
tracking supply module consists of 
posit ive and negative supplies with a 
common terminal. Any one termina l 
may be grounded or floated up to 
350V de and peak ac. 

The last supply is the $180 PS503 
which is a floating dual supply with 
many of the features in the PS502 . 
Tektronix, Inc., Box 500, Beaverton, 
OR 97005. Phone (503) 644-0161. 
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Low-cost alphanumeric data terminal fills price- performance 
gap between full-scale video displays and teletypewriters 
PROGRESS IN DATA 
COMMUN/CATIONS 

Digital Equipment Corp. has an­
nounced a small terminal to both enter 
and receive data from a computer. The 
RT02 has a simple 16-pad keyboard 
that contributes to eas ier operation by 
eliminating the need for the interpreta­
tion of complex codes, numbers and 
symbols. In addition, it is simple to 
operate because it interacts with the 
user in a conversationa l mode. It is 
capable of displaying 32, 0.2 in. high 
bright red characters on a single- line 
readout. Because of its si ngle line read­
out, the unit maximizes security. The 

· RT02 has a 64 character modified 
ASCII set. 

The terminal connects to a computer 

using a full-duplex , 4-wire data com­
munications teletypewriter interface 
and also has modem interface capabil­
ity corresponding to EIA RS-232-C 
specifications. Transmit/ receive rates 
from 110 to 1200 baud are available. 
The new unit is extremely reli ab le be­
cause it is all solid state. In add ition, 
its keyboards are tested for 200 million 
operations and features N-key rollover. 

The RT02 can be used with a com­
puter for data entry and receiv ing in 
many appli cations including those for 
inventory control, production monitor­
ing, security systems, and credit veri­
ficat ion. 

The keyboard can enter up to 30 
characters using a shift key, and the 
readout can display a 64 character 
modified ASCII set entered by the 

Design your own rack-and-panel 
connectors with modular connector kit 
PROGRESS IN 
PACKAGING 

A new concept in miniature rack-and­
panel connectors allows des igners to 
custom assemble their own prototype 
connectors and drasti ca lly cut the 

turnaround time usually assoc iated 
with custom connectors. 

The miniature modular connector 
concept involves a kit of parts from 
which a design engineer can assemble 
his own connectors. Included in the 
kit, from which three complete mated 

computer. 
The new terminal is priced at $1300 

for single quantities with deliveries 
scheduled to begin in August. Digital 
Equipment Corp., 146 Main St., May­
nard , MA 01754. Phone (617) 897-
5111. 312 

New alphanumeric terminal interacts with 
the user in a conversationa l mode. 

pairs of connectors can be made, are: 
front shells, back plates, contacts, nec­
essary screws and rivets and, most im­
portant, a wide variety of insert mod­
ules. These insert modules range from 
blanks with no provision for contacts, 
to ones that wi ll accept up to 21 num-
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ber-24 power contacts. Another mod­
ule, for example, will accept a number-
1 shielded (coax) contact. The design­
er's kit comes with full assembly in­
st ructions and diagrams. 

Designated Amphenol 137 Series 

MIC-KIT (Modular Integral Connector 
Kit), the complete kit sells for $25. 

In addition to cost and time savings, 
the kit provides designers with a far 
wider choice of insert arrangements 
than previously available in miniature 
rack and panel connectors. With the 
five c;Jifferent insert modules, it is possi­
ble ' to produce approximately 7500 
different insert configurations. 

Another advantage to the user is 
that he may be able to reduce the num­
ber of connectors required in a given 
system, since the wide range of inserts 
possible may preclude the need for 
special connectors for each contact 

Custom connector designs can be made 
with the new modular connector kit. 

size or for shielded (coax) contacts, for 
example. 

The 137 Series is not intended for 
high production runs, according to 
Amphenol engineers. Its main use 
should be in prototype connector de­
velopment or possibly limited produc­
tion runs. When needed in large quan­
tities, Amphenol will tool a one piece 

insert to the exact arrangement de­
signed from the kit by the user. 

For small production runs and to re­
plenish the kit parts, Amphenol will 
supply all components, modules, 
she I Is, and contacts in pre-packaged 
quantities of five and ten units from 
distributor stock. 

The components which make up the 
137 Series kit are tried-and-tested 
parts. The shells and back plates are 
similar to those in Amphenol's 57 
Series connectors; the contacts are 
si milar to those used in the 17 Series 
rack-and-panel connectors ; and the 
insert modules are Amphenol 's stan­
dard glass fi lied nylon Zytel 101, which 
has an operating temperature of - 55 

to+ 125°C. 
Amphenol Industrial Division, 1830 

S. 54th Ave. , Chicago, II 60650. 
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Complete monolithic D/ A converter 
provides 10-bit resolution 

PROGRESS IN 
SEMICONDUCTORS 

With the introduction of a 10-bit plus 
sign D/A converter, Precision Mono­
lithics, Inc. , continues to produce the 
most complex single-chip converters. 
The new converter, the monoDAC-
02ACU1, achieves 0.05% linearity 
and 1 µ,sec settling time (to 0.1 %) over 
the entire 0 to 70°C temperature range. 

Packed in an 18-pin dual-in-line 
package is a single 82 x 148 mil chip 
that incorporates all the elements re­
quired for a complete 10-bit-plus sign 
converter, including a high stability 
voltage reference, internally-compen­
sated high-speed output op amp, 
Schottky-clamped current switches, 
matched current sources and a dif­
fused R-2R resistor ladder. 

In 100-piece quantities, the mono­
DAC-02ACU 1 is priced at $45 each. 
Another version, the monoDAC-
02CCU 1, with 0.2% linearity is priced 
at $35 each in the same 100-piece 

quantities. 
Two significant features of the mono­

DAC-02 are the sign magnitude, pre­
viously unavailable in a monolithic 
D/A con.verier, and the diffused, un­
trimmed R-2R ladder network resistors , 
matched to better than 0.05%. Ac­
cording to Precision Monolithics, this 
accuracy represents an improvement 
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Precision Monolithics monoDAC-02 is a 10-bit plus sign 0/A converter incorporating a 
reference zener, internally-compensated high-speed op amp, matched current sources, 
current switches and a diffused ladder network on a single 82 x 148 mil chip packaged 
in an 18-pin DIP. 

of bet.ter than two orders of magnitude 
over conventionally diffused resistors 
and will open up new areas for linear 
ICs. Precision Monolithics declined to 
elaborate on the special design and 
processing techniques used to achieve 
this accuracy. 

The approach taken by Precision 
Monolithics was to build as complete a 

· converter as possible on a single chip. 
This approach differs from other IC 
manufacturers, notahlv Harris Semi­
conductor and Motorola, who take a 

"building-block" approach. With the 
building-block concept only portions 
of the converter, such as the ladder 
network and current switches, are 
bui It on a single chip. Most often the 
output op amp is not included , the be­
lief being that there are so many to 
choose from, why limit the user. And 
it's easier to achieve high yields. 

Precision Monolithics, Inc., 1500 
Space Park Dr., Santa Clara, CA 
95050. Phone (408) 246-9222. 313 
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New42R 
motors/gearmotors 

From the people at Bodine: 
More power. Smaller package. 
The 42R! A new line 
of totally enclosed fan cooled 
AC motors and gearrnotors. 
With new cool. New ,quiet. 
Power capabilities you'll find 
hard to believe in a NEMA 
42 frame configuration. Ratings 
of higher hp Bodine 42R motors 
are comparable to many NEMA 
48 frame motors . 

. . . the people 
with the drive 
to solve your 
!hp problems 

BODINE 

ELECTRIC 

COMPANY 

BODINE MOTORS 
GEARMOTORS 
SPEED CONTROLS 

42R - E Parallel-Shaft 
Gearmotor line: Gear 
ratios up to 300: 1 available. 
Helica l steel gearing. High output­
to-size loading ratio. Output sha~ 
rotates in large needle bearings provid­
ing high overhung load capabilities. 

The Bodine 42R runs cool to 
the touch, even after hours of 
continuous use. Because die cast 
aluminum frame, rotor fan and 
extruded aluminum center ring 
dissipate heat fast. Ball bearings 
are used throughout. And the 
42R delivers Bodine's traditional 
long-life service and dependability. 
Anothet plus: Bodine application 
engineers are ready to help you 
apply the 42R. We'd like to 

be of service. Bodine Electric 
Company, 2500 W. Bradley 
Place, Chicago, Illinois 60618. 

42R Motor line: Standard continuous 
ratings from 1 /20 through 1 /4 hp. 
Available in all AC winding types 
including special arrangements. Options 
include capacitor mountings. overload 
protectors. etc. 

CIRCLE NO. 21 



Refreshing. Books to keep you up-to-date 
in your profession. 
BASICS OF CIRCUIT ANALYSIS 
FOR PRACTICING ENGINEERS 
by Gordon E. Johnson, 
Department of Electrical Engineering , 
Indiana Institute of Technology 

Treating circuit analysis in a volume of this size 
(260 pages) is made possible by a unique 
approach. Direct current , alternating current 
and complex frequency drive are considered as 
special cases of exponentially varying sinusoidal 
drive. A single analysis of exponentially varying 
sinusoidal drive replaces the conventional treat­
ment of each type of drive in turn . This results 
in greatly reduced volumes of text , provides the 
background that gives meaning to Laplace 
transform methods and unifies the subject matter 
of circuit analysis. Although the level of mathe­
matics used does not go beyond that of ele­
mentary integral calculus, circuit theory is 
developed to the level necessary for the reader 
to continue study in related fields such as 
electronics, pulse techniques and feedback 
control theory. Analogue methods are presented 
that make it po·ssible to utilize the electronic 
circuit theory developed to the solution of 
mechanical vibration problems. 

Table of Contents : Electroni c Quantities- The 
Three Circuit Elements- Electrical and 
Mechanical Analogues- Mathematics to Simplify 
Circuit Analysis- The Exponentially Varying 
Sinusoid-Steady State Response- The Step 
Function - The La Place Transform - Power­
Frequency Response- Two Port Network 
Parameters 258 pages cloth $7.95 
paper $4.95 

APPLIED ENGINEERING STATISTICS 
FOR PRACTICING ENGINEERS 
by Lawrence Mann , Jr., Mechanical, 
Aerospace & Industrial Engineering 
Department, Louisiana State University 

Contents : Probability-Statisti cal Parameters­
Distributions- Chi-Square Tests -Analysis of 
Variance - Regression by least Squares Method. 
175 pages cloth $7.95 paper $4.95 

PROBABILITY FOR 
PRACTICING ENGINEERS 
by Henry L. Gray, 8 .S. , M.S., Ph .D., 
Professor of Mathematics, 
Texas Technological College 
and Patrick Odell, 8 .S., M.S., Ph .D.; 
Professor and Chairman of Mathematics, 
Texas Technolog ical College 

Contents : Basi c Concepts-Probability, Dis­
tribution and Density Functions-Moments and 
Limit Theorems-Important Probability Density 
Functions-Statistical Estimation - Stochastic 
Processes-Linear Estimation of Stochastic 
Processes. 217 pages cloth $7.95 paper $4.95 

MATERIALS IN ELECTRONICS 
by Charles E. Jowett 

A survey of the problems involved in the use of 
mater ials in electronics. The essential concepts 
of the nature and behavior of the materials used 
are covered together with a comparison of those 
used in electronics and micro-electronics. 
Describes the practices in the application of 
materials to the major types of components and 
examines the purpose of testing materials. 
Useful for design and production engineers. 
Illustrated. 220 pages $24.00 

MEASUREMENTS AND CONTROL 
APPLICATIONS FOR PRACTICING 
ENGINEERS 
by Joel 0 . Hougen, 
Department of Chemical Engineering , 
The University of Texas 

Emphasizes the empirical approach to problem 
solution. Because the approach applies to 
existing facilities , the extent to which the 
optimum possible solution approaches the 
ideal is dictated by the performance char­
acteristics of the processing apparatus which 
must be used , the processing technology 
employed and the economic factors associated 
with the solution and current opera tion . 
Available June, 1972 330 pages cloth $10.95 
paper $7.95 

INVENTION PROTECTION 
FOR PRACTICING ENGINEERS 
by Tom Arnold, 8 .S., E.E. , Ll.B. 
and Frank S. Vaden , Ill, 8 .S., E.E., L/.B. 

Contents : Fundamentals of the Patent System -
What the Patent Is and Is Not-The Obtaining of 
a Patent- Elements of Patent Exploitation -
Patent Enforcement and Litigation-Avoiding 
Patents of Others - Evaluating a Patent for 
Purchase or Sale - Organization of a Corporate 
Patent Program - Patent Licensing- How to Use 
Your Patent Lawyer- Trends in the Patent Law. 
190 pages cloth $7.95 paper $4.95 

DECISION AND RISK ANALYSIS 
FOR PRACTICING ENGINEERS 
by Melvin W. Lifson, President, 
Valvementrics , Sherman Oaks, California 

The need for visibility and quantification of 
judgemental factors arises not only from a desire 
for logical consistency in the treatment of 
decision elements but also from the need for 
people to communicate, review and discuss 
such factors as part of the total decision process. 
This book develops a decision methodology, 
including explicit quantitative evaluation models 
by adapting decision theory, utility theory and 
Bayesian concepts to the needs and require­
ments of systems decision making . 

SEMICONDUCTORS 
Edited by D. F. Dunster 

The first volume in a series of International 
Dictionaries of Science and Technology, this 
dictionary was compiled by a team of experts 
from seven European countries and contains 
4,572 entries with deli nitions and over 5,500 
terms in French , German, Italian , Portuguese, 
Russian and Spanish . There is an abundance of 
detailed technical data with illustrations and 
tables and particular attention has been paid to 
the complex problems presented by signs, 
symbols, measurements and parameters. 
37 pages of tables. 200 illustrations. Indices. 
1,383 pages $49.50 

QUANTITATIVE MANAGEMENT METHODS 
FOR PRACTICING ENGINEERS 
by Scott Page, Department of 
Industrial and Systems Engineering , 
University of Houston 

Contents : Quantification - The Scientific Process 
- Decision Theory- Models-Simple but Useful­
Replacement- Congestion Models-Queuing 
Theory-Networks-CPM-lnventory Methods­
Programming-Simulation- Forecasting­
Production Systems-Organizational Models 
-Systems. 186 pages cloth $7.95 paper $4.95 

THEORY AND TECHNIQUES 
OF OPTIMIZATION 
FOR PRACTICING ENGINEERS 
by Raymond L. Zahradnik, Ph.D., 
Associate Professor of Chemical Engineering, 
Carnegie-Mellon University 

Contents : Parameter Optimization- Linear and · 
Quadratic Programming-Geometric Pro­
gramming-Gradient Techniques - Non-Linear 
Programming - Discrete Dynamic Programming 
- Trajectory Optimization-Continuous Dynamic 
Programming- Maximum Principle-Approxi­
mate Techniques and Trajectory Approximization . 
260 pages cloth $7.95 paper $4.95 

Available in June 

APPLIED NUCLEAR POWER 
FOR PRACTICING ENGINEERS 
by Knud Petersen , Department of 
Nuclear Engineering , U. of Puerto Rico 
with Donald S. Sasscer, Heriberto Plaza, 
Aviva E. Gileadi, Richard Brown Campos 
and Robert H. Holyoak 

May be used as a quick reference to a particular 
problem in applied nuclear power or may be 
used as a whole to give the reader a well-rounded 
introduction to the topic . Almost every chapter 
treats a subject without depending on the context 
of the other chapters yet continuity has been 
provided by treating the same example through­
out. 250 pages cloth $9.95 paper $6.95 

~--------~~~~----------Cahners Books Dept. EON -- Basics of Circuit Analysis for Practicing Engineers@ $4.95 
__ Measurements and Control Applications for Practicing Engineers 

89 Franklin Street. Boston , Massachusetts 02110 o cloth@$10.95 o paper@ $7.95 

Please send me the books I have checked off below. I under­
stand that I may examine them FREE for 15 d.ays. If they meet my 
requirements, I will send you my check. Otherwise, I may return 
them to you in an undamaged condition . 

D BillMe 
D Bill Company 
D Check Enclosed (We Pay Postage) 

Name _____________________ ~ 

Comp~ny ____________________ _ 

Address _____________________ _ 

City/ State / Zip __________________ _ 
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_ _ Decision and Risk Analysis for Practicing Engineers 
D cloth@ $9.95 D paper@ $6.95 

__ Applied Nuclear Power for Practicing Engineers 
D cloth@ $9.95 D paper@ $6.95 

__ Theory and Techniques of Optimization for Practicing Engineers 
D cloth@ $7.95 D paper@ $4.95 

__ Invention Protection for Practicing Engineers @$4.95 

__ Probability for Practicing Engineers@ $4.95 

__ Applied Engineering Statistics for Practicing Engineers @ $4.95 

__ Quantitative Management Methods for Practicing Engineers @ $4.95 

__ Materials in Electronics @ $24.00 

__ Semiconductors@ $49.50 
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II 

ire 

The ability to do a job well. To learn . To take orders. 

And to give them. • The Armed Forces spend over $3 billion 

yearly on training servicemen. That means many veterans have 

skills you can use from the moment they 're hired . And if they need 

further training, monthly allowances under the GI Bill can 

supplement their wages while they are in approved training 

programs. • Hire veterans. Put their ability to work. • For help 

in hiring veterans, contact your local office of the State 

Employment Service; for on-the-job training information, 

see your local Veterans Administration office. 

Don't forget. Hire the vet. 
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DOUBLE, OPEN BACK STANDARDS 
READER SERVICE #40 

DOUBLE, CLOSED BACK STANDARDS 
READER SERVICE #40 

Double and single row standards are 
just a part of Kulka's large family of 
terminal boards and blocks. You can 
select from 65,000 different commer­
cial and military variations. "One" 
meets your specific requirement. 
Ask your Authorized Kulka Distributor. 
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PC BOARD TERMINAL STRIPS 
READER SERVICE #42 

CIRCUITS 

PCM BIT SYNCHRONIZERS AND CODE 
CONVERTERS Series 4903 are designed 
for optimizing the bit-packing density of 
analog tape recorders in excess of 30 
kbits/in./track. The Series is offered in en­
capsulated form for mounting on PC cards. 
Three bit synchronizers and six code con­
verters are available. Prices range from 
$660 to less than $300 depending on quant­
ity purchased and delivery is 60 days. Data­
Control Systems, Commerce Dr. , Danbury, 
CT 06810. Phone (203) 743-9241. 271 

DUAL-TRACKING VOLTAGE REGULA­
TOR Mod.el DVR-SOO, is a thick-film, hy­
brid circuit designed to provide bal;inced 
± 15V ±0.2V de outputs at SOO mA from 
each output. It is short-ci rcuit proof and has 
built-in current limiting. The DVR-SOO 
comes complete with its own heat sink and 
requires no externa l components. Price is 
$39. Integrated Circuits Inc., 132S6 North­
rup Way, Bellevue, WA 98005. Phone (206) 
747-8S56. 272 

A NEW DC POWER SUPPLY MODULE 
makes it possible to power "glow-type" in­
formation dis.p lays. Series 700 power supply 
units include regulated and unregulated 
models requiring de voltages of S, 9, 12 or 
1 SV. The regulated units are 1.S x 1.43 
x 0.97 in. and provide 200V outputs regu­
lated to ± 1 SV. The unregulated units mea­
sure 1.2 x 1.1 x 0.8S in. and provide nom­
inal 200V outputs. OEM prices start at 
$S.6S. Endicott Coi l Co., 24 Charlotte St. , 
Binghamton , NY 1390S. Phone (607) 797-
1263. 273 

NEW A/D CONVERTER Model ADC-Pl OB 
has a quanti zing error of ± 0.01 %. This 
10-bit unit has a bit rate of 200 nsec/ 
bit, ±0.01 % accuracy and a TC of 
±0.003%/°C. It measures 2 x 4 x 0.4 in. 
Full-scale input can be 0 to -SV, 0 to 

- 10V, ±SV or ± lOV at an input imped­
ance of 2 k!l. Price is $695. Patel Systems, 
Inc., 1020 Turnpike St. , Canton, MA 02021. 
Phone(617)828-639S. 274 

DC-TO-DC SIGNAL ISOLATOR Model 
DCl-177 provides input/output transformer­
isolation for - 10 to + 1 OV de or 20V pk-pk 
input signals. The unit operates from -SS to 
+ 85°C and provides 180° phase inversion. 
It features floating signals, isolates potential­
difference circuits up to SOOV and meets the 
·requirements of MIL-E-S27S. Price in 100 
piece quantities is $97 each. Solid State 
Electronics Corp., 1 S32 1 Rayen St. , Sepul­
veda, CA 91343. Phone (213) 78S-4473. 

275 

DUAL POWER SUPPLIES FOR OP AMPS 
are encapsulated and mount on PC cards. 
They include levels of ± 15V de at 2S , 65 , 
100 and 200 mA. Line/load regulation is 
± 0.0S% and ripple and noise is 1" mV rms. 
Input is 115V, SO to 400 Hz. The units are 
priced from $28 to $6S. Computer Prod­
ucts, Inc., 1400 Gateway Dr., Box 23849, 
Fort Lauderdale, FL 33307. Phone (305) 
974-SSOO. 276 

THE ADC560 12-BIT A/D CONVERTERS 
contain 4 relative accu racies from 0.0S% 
through 0.012S%, all with 20-1-Lsec conver­
sion times. These successive-approx imation 
units can take ratio as well as standard mea­
surements. The 2-X-2-X-0.4-in. modules 
feature input ranges of 0 to + 10V or ±SV,• 
depending on pin interconnection, and a 
TC of 5 ppm/°C. They are available in a 
price range of $1 SO to $180 depending on 
1nodel. Hybrid Systems Corp., 9S Terrace 
Hall Ave., Burlington , MA 01803. Phone 
(6 17)272- 1S22. 277 
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MINIATURE MODULA R POW ER SUP­

PLIES in 23 versions provide regulated de 
voltages from S to 180V de with current rat­

ings from 10 mA to 1 A. Both single (TW Se­

ries) and dual (TWD Series) output models 

are avai lab le. Al l supp li es accept 11 S ± 1 OV 

ac, SO to 400 Hz inputs. Line and load regu­

lation is 2 or S%. Prices start at $2S. Tele­

Dynamics/Wanlass, D iv. of AMBAC Indus­

tries Inc. , S2 S Virginia Dr. , Fort Washington , 

PA 19034. Phone (21S) 64 3-3900. 278 

CRYSTAL OSCILLATOR MODULE Model 

BQ provides sine-wave outputs as low as 2S 

H z. Frequency stability and accuracy is up 

to 0.001 % over 0 to S0°C. Standard output 

leve ls into a 10-k.!1 resist ive load are 2V rms 

minimum at 2S to 200 Hz and 3V rms m in i­

mum at 200 Hz to 10 MHz with a 12V sup­

ply. Prices start at $S9. Fork Standards, Inc. , 

20S Main St. , W. Chicago, IL 6018S. Phone 

(3 12) 231-3Sll. 279 

DC/DC CONVERTER for uti l ity instrumen­

tation d isp lays. Model PM 18S4-12S-28 ut i­

li zes a switching regu lator that delivers 28V 

and 280W of de power from a 1 OS to 140V 

de sou rce. Convection cooled, it weighs 
less than 9 lbs and has typ ica l effic ienc ies of 

7S %. The converter has 1 % ripple and 

- S% l ine and load regulation. It operates 

over + 1 S to + 50°(. Pioneer Magnetics , 
Inc. , 1 745 Berkeley St. , Santa Monica, CA 
90404 . Phone (213 ) 829-3305. 280 

HIGH-POWER OSCILLATOR Model YH-

830 prod uces a 1 W output over 150 

through 300 M H z or 300 through 450 MHz, 

dependi ng on version. Its frequency stabi lity 
is ± 1 x 1 o- •;;day and over the temperature 

range of 0 to + 50°(. Harmonics are 26-dB 

down and spurious signa ls are 60-dB down. 
Pr ice is $89S and $997 for low- and high-

frequency uni ts, respect ive ly. Delivery is b 

to 7 weeks. Greenray Industr ies, Inc., 840 

W. Church Rd. , Mechani csburg, PA 17055. 
Phone (717) 766-0223. 281 

A BACKWARD-WAVE OSCILLATOR w ith 

an electronic tuning range of 7S to 110 G H z 

at a m inimum power output of 1 mW is now 

being marketed in the U.S. by Siemen' 

Corp. Covering the entire R band, thl ' 

RWOl 1 OB is designed for operation at am­

bient temperatures ranging from +SS to 

- 20°C. Its warranty is 2000 hours, with 

tubes having been in service up to 10 ,000 

hours. Price is under $10,000. Siemen' 

Corp. , 186 Wood Ave. , South, lse lin , N I 
08830. Phone (201 ) 494-1000. 282 

THE IMCODER INCREMENTAL OPTICAL 

ENCODER is a shaft-angle unit that offers a 

number of advantages over convention.ii 

encoders. The 1.6-in .-OD encoder ut il izes a 

lamp source and parabol ic ref lector. It offers 

accu racy of 20° or ± 2 minutes of arc and 

600 lines/channel count in si ngle and dual­

channel versions. Frequency range is de to 

7S kHz (7SOO rpm ). IMC Magnetics Corp., 
S70 Main St., Westbury, NY 11591. Phone 
(S 16) 334-7 19S. 283 

GUNN-EFFECT SIGNAL SOURCE VSQ-

9035 del ivers 7S mW at 42 G Hz. The new 

frequency trimmable device features power 
stability of 0.01 dB/°C and frequency stabili ­
ty of 1 MHz/°C in any 10°C range from 0 to 
6S 0 C. It operates into a maximum-load 
VSWR of 1.3 . Nominal input vol tage is 12 
to 28V de ± 10% at 1 .2 A maxi m um. Varian, 
So lid State West, 611 Hansen Way, Pa lo 
A lto, CA 94 303. Phone (41 S) 493-4000. 
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NEW ULTRASONIC DELAY-LINE Series 

features 63-µ.sec units, for TV appl ications, 

measur ing only 0.18 in. in thickness. One 

Series operates at 3.S8 M H z wi th a ba nd­
width of 2.7 to 4.4 M Hz. Another Series 

operates at 4.43 M H z, with a bandwidth of 

3.43 to S.2 M H z. Both have insert io n losses 

of 8 dB and operate over + 10 to S0°C. Cost 
is $S each in production quantities. Ander­

sen Laboratories , 1280 Blue Hil ls Ave., 

Bloomfie ld , CT 06002 . Phone (203) 242 -
076 1. 285 

AL-Birmingham, M.G. Elexs Co .... ...... 328-4525 
AZ-Phoenix, Moltronics of AZ ........... 272-7951 
CA-El Monte, Kimball & Stark... . .. 283-7979 
CA-Glendale, R. V. Weatherford .. .... 849-3451 
CA-Los Angeles, Fisher/ Brownell .. .. 532-2170 
CA-Los Angeles, Radio Prdts.... ..748-1271 
CA-Mountain View, Elmar Elexs . ..... .. 961-3611 
CA-Santa Clara, Fisher/ Brownell ... .. 244-6182 
CO-Denver, Denver Walker Radio . ..... 935-2401 
CT-Fairfield, "U" Tronics Inc ..... .. .. ... 255-4521 
CT-Waterbury, Bond Radio Elexs . ... ..753-1184 
FL-Miami, Electronic Eqpt. Co . ....... .. 635-0421 
FL-Winter Park, Electronic Eqpt. .. .... 644-4833 
GA-Atlanta, Cramer/ Atlanta ........... .... 451-5421 
GA-Atlanta, Lance Engineering .458-6286 
IL-Chicago, Merrill Elexs. . 286-2525 
IL-Rockford, Midwest Assocs . .. ..... .... 962-8036 
IL-Rosemount, Advent Elexs . .... .... 298-4210 
IN-Indianapolis, Graham Elex . .......... 634-8486 
IN-So. Bend, Radio Dist. Co ... ........... 287-2914 
IA-Cedar Rapids, Deeco Inc ... ... ....... 365-7551 
IA-Des Moines, Mid State Dist. ......... 288-7231 
KS-Wichita , Radio Sply Co. Inc .... .. .. 267-5214 
KY-Louisville, Peerless Elex. . . .. ..... 637-7677 
LA- New Orleans, Radio Parts .... ... ..... 581-5959 
ME-Portland, Holmes Elec. Sply . ..... .774-5901 
MD-Baltimore, Radio Elec. Serv ... ... .. 823-0070 
MD- Hyattsville, Milgray/ Washington 864-1111 
MA-Dedham, Gerber Elexs.. . .. .... 329-2400 
MA-Newton, Greene-Shaw ........ ........ .. .. 969-8900 
Ml-Augusta, Great Lakes Elexs. ..731-4156 
MS-Pascagoula, May Elex Sply .... .. .. .. .762-1903 
MO-St. Louis, L-Comp-St. Louis ...... 647-5505 
MO-Kansas City, Walters Radio .... ...... 531-7015 
NE-Lincoln, Scott Elex Sply ... ........ 434-8308 
NJ-E. Rutherford, Kappe Elctrl . .... ..... 939-5751 
NM-Albuquerque, Walker Radio ..... ..... 247-2288 
NY-Buffalo, Summit Distbrs . ........ ..... 884-3450 
NY-Elmsford, Melville Radio ..... ...... .. 592-7100 
NY-Hauppauge, Cramer / LI.. ..... ...... .... 231-5600 
NY-Farmingdale, Arrow Elexs ....... .... .. 694-6800 
NY-Lynbrook Peerless Radio .. . . ..... 593-2121 
NY-Mt. Vernon, QAR Ind! Elex ...... ... .... 699-2224 
NY-New York, Center lndl. ... ........ .. 989-6363 
NY-New York, Mideway lndl. ... .. .. .. ... .. 889-0370 
NY-Poughkeepsie, Higgins & Sheer .. 471-3510 
NY-Rochester, Simeona Elexs. . . ... .. 328-3230 
NC-Winston-Salem, Kirkman Elex . ... .. 724-0541 
OH-Cincinnati, Newark-Herrlinger .. .. 421-5282 
OH-Cleveland, Pattison Sply . .... ... .. .441-3000 
OH-Columbus, Hughes-Peters ... .... ..... . 294-5351 
OH-Dayton, John A. Becker Co . ... ...... 224-1071 
OK-Oklahoma City, Electro .... .......... 848-3557 
PA-Erie, Mace Elexs ....... ....... ............. 838-3544 
PA- Pittsburgh, Cameradio Co . .... ...... 391-4000 
PA-Pittsburgh, R.P.C., Inc . .. .... ........ .782-3770 
PA-Philadelphia, Simco Elexs .... .... ..... 229-1880 
PA-Reading, Geo. D. Barbey Co. . ..... 376-7451 
PA-Montgomeryville, Pyttronic ....... .. 643-2850 
SC-Columbia, Dixie Radio .... ........ ..... 253-5333 
TX-Dallas, Adleta Elexs... . .. ........... .742-8257 
TX-Dallas, Hamilton / Avnet Elexs . ... .. 638-2850 
TX-Houston, Southwest Elexs ... .... ...... 782-3060 
UT-Salt Lake City, W. H. Binty .... ..... 363-5821 
VA-Charlottesville , Va. Radio ... ...... 296-4184 
WA-Seattle, Radar Elec . .. ...... ......... ... 282-2511 
WV- Beckley, Halley Elexs Co ... ..... .... 253-2151 
CDA- Downsview, Ontario, Cesco . 638-5250 
CDA-Montreal, Cesco Elexs. . .. ..... .735-5511 
CDA-Ottawa, Cesco Elexs.... . .... .729-5118 
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CIRCUITS 

A NEW HYBRID ACTIVE FILTER is avail­
ab le in a T0-8 package. The thick-film filter 
features a four-pole, low-pass, Butterworth 
design and a cutoff frequency of 5 kHz. 
Other fi lter custom designs are also avail­
ab le in one and two-layer hermetically 
sea led T0-81 and 16 or 20-pin plastic DIP 
packages. Prices range from $4 to $12 and 
delivery is 3 to 4 weeks. Airpax Electronics, 
Controls Div., 6801 W. Sunrise Blvd. , Fort 
Lauderdale, FL 33313. Phone (305) 587-
1100. 286 

DOUBLE BALANCED MI XER Model Z­
Match DBM-166 comes in a DIP configura­
tion and spans 0.2 to 500 MHz. The mixer 
has a convero;ion lo<;<; of 6 dB ,ind interpnrt 

CQ 

isolations of 40 dB up to 100 MHz. Operat­
ing temperature range is -55 to + 100°C. 
Price is $15 for single quantities and $6.95 
for 100 quantities. Vari-L Co., 3883 Mona­
co Pkwy, Denver, CO 80207. Phone (303) 
321-1511. 287 

VOLT AGE-TO-FREQUENCY CONVERTER 
Model 4701 permits 2-wire digital data 
transmission at 12-bit accuracy and costs 
only $590. The 4701 features 0.01 % linear­
ity and 27-ppm stability from Oto +70°C in 
converting 0 to + 1 OV input to a corre­
sponding 0 Hz to 10-kHz output. Output 
waveform is a train of DH/TTL-compatible 
30-µ.sec pulses with a repetition rate pro­
portional to the analog input value. Tele­
dyne Philbrick, Allied Dr. at Rte 128, Ded­
ham, MA 02026. Phone (617) 329-1600. 
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PROGRAMMABLE TIMER/COUNTER Se­
ries 67 includes four basic models: two tim­
ers for measuring elapsed time and time 
remaining, and two counters for counting 
up and counting down. The seri es is de­
signed for multiple-timing appl ications in 
which several different preset va lues are 
involved. The units use a 115V, 50 or 60-Hz 
line voltage as the time base. Tenor Co. , 
17020 W . Rogers Dr., New Berli n, W I 
53151. Phone (414) 782-3800. 289 

I! -
' 
' 

... , .. ~ 
FET OP AMP SLEWS AT 60 V/ µ.SEC and set­
tles to 0.01 % in 150 nsec (inverting). Unity 
gain bandwidth is 18 MHz, differential in­
put impedance is 1012!1 and output is± 1 OV 
at ±20 mA. Versions A/B/C offer offset vo lt­
ages of 50, 25 and 10 µ.V/°C and bias cur­
rents of 1 00, 50 and 20 pA at costs of $40, 
$45 and $52, respect ively. Operating tem­
perature range is -25 to +85°C. Date l Sys­
tems, Inc. , 1020 Turnpike St., Canton , MA 
02021. Phone (617) 828-6395 290 



NUMERICAL-CONTROL DC MOTOR 
CONTROLLER Model 203 features full -re­
generative, four-quadrant operation for 
driving al l types of de motors with ratings of 
S hp in electric servo-drive appli cations. 
Units are avai lab le as comp lete packages to 
operate directly from 208/220/440V ac, 
three phase, with integral isolation trans­
fo rmers. Prices start from $1600. Control 
Systems Research, Inc. , 1811 Main St., Pitts­
burgh, PA 1 S21 S. Phone (41 2) 782-4460. 
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DATA-ACQUISITION SYSTEM Series N is a 
stripped-down version of Datel 's DAS-16 
and sells for $449. This includes a 16-chan­
nel multiplexer with sample/hold modu le, 
10-bit a/d converter, de-to-de power sup­
ply, system programmer and housing and 
connectors. The Series also inc ludes 8 and 
12-bit versions. Overall accuracy is 
± 0.0S%. Throughput rates are 100, 60 and 
SO kHz, for 8, 10 and 12 bits, respectively. 
Datel Systems, Inc. , 1020 Turnpike St., Can­
ton , MA 02021. Phone (617) 828-639S. 
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TWO NEW SERIES OF MODULAR DC 
POWER SUPPLIES are the MMS and MMD 
Series. Outputs of the MMD Series range 
from ± 1SV at 2S mA to ±lSV at 200 mA, 
and ± 12V at ei ther 120 to 240 mA. The 
MMS Series ranges from SV at 2SO mA to 
180V at 10 mA. All units have internal cu r­
rent limiting. Four package sizes are offered, 
depending upon power rating. They range 
from 1 x 1. 7S x 2.2S to 0.87S x 2.S x 
3.S in. Prices range from $24 to $6S. Ray­
theon Sorensen Co., 676 Island Pond Rd. , 
Manchester N H 03103. Phone (603) 668-
1600. 293 

LQ SERIES POWER SUPPLY BUILT WITH A 
FERRO-RESONANT TRANSFORMER in an 
open-construction configuration. Available 
in 19 models at up to 48V and 40A, the Se­
ries is priced between $1 00 and $160. The 
line comes in a new DA package size­
s x 7-1/2 x 10 in.-in both the Series 
6000 and SOOO models. Supplies are inher­
ent ly overvoltage protected. Line regu lat ion 
is 2% and load regu lation is S%. Lambda 
Electroni cs Corp., Sl S Broad Hollow Rd ., 
Melville, NY 11746. Phone (S 16) 694-
4200. 294 

new d-c motor 
speed regulated with variable-speed control 
Introducing the Type FYQM, a new 1.3-inch dia, subfractional hp, 
commercial d-c motor. Speed control circuit board and bui lt-in tachometer 
generator permit speed adjustment while motor is running, with close 
regulation at selected speed. Available with or without speed control. Gear­
heads also available. For details, ask for Bulletin F-14652. 

II BARBER-COLMAN COMPANY 
Electro Mechanical Products Division 
Dept. F, 12106 Rock Street, Rockford , Illinois 61101 BC-m-4 
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THE BEST SOUND PRESSURE LEVEL 
METER TO MEET ALL REQUIREMENTS OF THE WALSH­

HEALEY & NEW OCCUPATIONAL SAFETY & 

The Columb ia Modei SPL-103 Sound HEAL TH ACTS 
Level Meter is the easiest to handle, 
simplest to operate and least expensive 
sound level meter available that fully 
meets all Walsh-Healey and Occupa­
tional Safety and Health Acts require­
ments. Approved by U. S. Bureau of 
Mines, this Columbia Model SPL-103 
meets all legal ANSI S1.4-1971 Type 
2 requirements and applicable I EC 
Standards. Completely self-contained 
the batteries give long hours of accu­
rate and reliable operation and the 
high quality ceramic microphone 
delivers optimum performance even in 
severe environment. Call or Write: 

COLUMBIA RESEARCH LABS., INC. 

Woodlyn, Pennsylvania 19094 
Telephone : (215) 532-9464 

-
© columbia first for 

• transducers and control 
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EQUIPMENT 

RACK-MOUNTED 50-MHZ PULSE GENER­
ATOR Model S 101 offers pulse repetition 
rates from 1 Hz to SO MHz and three sepa­
rate and simultaneous outputs: positive pul ­
ses, negative pulses and IC-compatible pul ­
ses specifically designed for TTL, RTL and 
DTL ICs. Single and double pulses may be 
selected, with the output pulse width adjust­
able from 10 nsec to 1 sec. The S 101 costs 
$SSO. Data Dynamics Div. , Electronic 
Counters, Inc., 240 Humphrey St., Engle­
wood, N J 07631. Phone (201) S67-S300. 

190 
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REAL-TIME ANALYZER SCOPE, the SD330 
Spectrascope, is actually an ana lyzer, spec­
trum averager and display scope in a single 
package. Suited for field work, it allows the 
operator to trace sources of noise and vibra­
tion in a wide variety of structures. Frequen­
cies as high as 20 kHz can be processed and 
presented in four separate operational 
modes. Spectral Dynamics Corp., Box 671, 
San Diego, CA 92 11 2. Phone (714) 278-
2S01. 191 

SERIES 2400 DIGITAL CLOCKS from Elec­
tronic Research feature LED displays. They 
come equipped with the remote-control 
features necessary for systems use. Standard 
models are avail able with three methods of 
time reference: 60-Hz power line, internal 
crysta l osci ll ator or external input. Standard 
features include simplified front-panel pre­
setting, power-failure indication and BCD 
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outputs. Electronic Research Co., 10,000 
W. 7Sth St., Overland Park, KS 66204. 
Phone (913) 631-6700. 192 

MODULAR FERRO-RESONANT REGU­
LATED DC POWER SUPPLIES, the CVDC 
Series, are available in two basic sizes: 120 
and 180W, and in two standard chass is siz­
es. Overall line and load regulation is 
± 10%, nominal. The units wil l hold output 
voltages to ± 1 % for line input variations as 
great as ± 1 S% . There are 20 different units 
avai lable with a wide variety of cur· 
rent/voltage ratings. Sola Electric Div. , 1717 
Busse Rd., Elk Grove Village, IL 60007. 
Phone (3 12) 439-2800. 193 

STORAGE DISPLAY Model 613 with an 11-
in. flat-faced CRT provides high information 
density with good resolution without flicker 
or drift. The 613 is hard-copy compat ible 
with the Tektronix 4610 hard-copy unit. 
Cata log price of the 613 1s $2200. Tektron­
ix, Inc., Box SOO, Beaverton , OR 9700S. 
Phone (S03) 644-0161. 194 

DC POWER SUPPLIES are avai lable in 10 
modular models. STM units offer computer­
opt imi zed input/output fi ltering that con­
trols noise to less than SO mV pk-to-pk and 
rf interference to with in most portions of 
MIL-STD 461 A. Comb ined line and load 
regulation is O.OS% and TC is less than 
0.01 %/°C. Efficiencies range up to 7S% 
Outputs range from 3 to S6V and prices 
from $229 to $269. Sorensen Co., 676 Is­
land Pond Rd ., Manchester, NH 03 103. 
Phone (603) 668-1600. 195 

L/C/R METER Model 4332A measures in­
ductance from 3 J..tH to 1 H, capacitance 
from 3 pf to 1 J..tf and resistance from 3!1 to 
1 MD fu ll scale, each in 12 ranges. The 
measuring frequency is 1 kHz for resistance 
and 1 kHz or 100 kHz for inductance and 
capaci tance. Accuracy of inductance and 
capaci tance measurements is ± [1 % of 
reading +(1.S + 3/Q)% + 0.03 J..tH or pf]. 
Resistance measu rements are accurate to 
within ± 1 % of reading +2% of full sca le. 
Price is $720. Hewlett-Packard Co. , 1 SO l 
Page Mill Rd ., Palo Alto, CA 94304. Phone 
(415) 493-1 SOl. 196 

PRECISION SOUND-LEVEL METER AND 
ANALYZER Model 1933 combines three 
instruments in a single unit: a sound-level 
meter, an impulse/impact analyzer and an 
octave-band analyzer. It complies with the 
precision standards of ANSI S 1 .4-1971 Type 
1 and IEC 179. A, B or C-weighted sound­
level measurements can be made from 1 0 to 
1 SO dB. Frequency is S Hz to 100 kHz. 
Price is $13SO. General Radio, 300 Baker 
Ave. , Concord, MA 01742. Phone (6 17) 
369-4400. 197 

TWO NEW 11-X-17-IN. X-Y RECORDERS 
are Models 7044A and 704SA. The 7044A 
has a slewing speed of 20 in./sec while the 
7045A slews at 30 in./sec. Acceleration of 
the Model 704SA on the Y axis is 3000 
in./sec2 , and on its X axis it is 2000 in./sec2 . 

Input ranges of both instruments are from 
O.S mV/ in. to lOV/in. Prices are $13SO and 
$167S , respectively. Hewlett-Packa rd Co., 
1 SO l Page Mill Rd ., Palo Alto, CA 94304. 
Phone(41S)493-1S01. 198 

HIGH-SPEED ANALOG X-Y RECORDERS 
Series 1000 feature SO-i n./sec. slew rates 
backed by SOOO-in ./sec 2 accelerations at 
ful I slew reverses. The l 1-X-17- in . plotters 
feature disposable fiber-tip pens, sil ent dif­
ferent ial-pressu re paper hold-down, sealed 
maintenance-free fol low-up potentiometers 
and electronic over-drive protection. Multi­
range capabi lity is avai lable from 1 mV/ in. 
to lOV/in. Prices start at $119S. MFE Corp., 
340 Fordham Rd., Wilmington, MA 01887. 
Phone (6 17) 6S8-SSOO. 199 

A NEW LOW-PROFILE TWO-CHANNEL 
CHART RECORDER is only 3-112-in. high 
and weighs less than 8 lbs. The recorder 
was designed for OEM bench-top use. Its 
linearity is 1 % for the full SO-mm chan nel 
width. A high-torque stiff-movement me­
chan ism assures reproduction of signals at 
frequencies up to 12S Hz. Chart speeds are 
2S and SO mm/sec. Astra-Med, Div. of Al­
lan-Toi Industries, Inc., Atlan-Tol Industrial 
Park, W. Warwick, RI 02893. Phone (401) 
828-7010. 208 
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Introducing 
the working man's 
signal generator. 
It works in Production. 

It works in the Lab. 

It works in the Field. 

It works in the Service Shop. 

In fact it works just about everywhere. 

That's because our new 8654A Signal Generator delivers big performance but 
is small in size - and price. It weighs just -16 pounds and costs only $113 5. 
Yet you get all the functions you'd expect from higher priced instruments. 

The 8654A is a 10 to 512 MHz VHF solid-state signal generator with 
leveled, calibrated output adjustable from +3 to - 130 dBm. CW stability 
is 20 ppm/ 5 minutes, and you can AM or FM, internally or externally. A 
look at the front panel will give you an idea of just how easy it is to use. 

For more information about this high-value RF signal generator, call 
your HP field engineer. Or write to Hewlett-Packard, Palo Alto, 
California 94304; Europe : 121 7 Meyrin-Geneva, Switzerland. 

HEWLETT"' PACKARD 

SIGNAL 

Domestic USA prices 
f'IDf'I C .. 10 ')c; 



TEST 
EQUIPMENT 

T-Bar Relays® 
are designed 
specifically for 
switching many 
parallel lines 
either manually 
or remotely. 

TEST STAND 

TEST STAND 

8, 12, 24, 36 and 60 pole T-Bar 
Relays are available in Form A 
and C contacts. For low level 
switching specify Series 901 
T-Bars with bifurcated contacts 
for high reliability, or Series 801 
for general purpose switching . 

Off-the-shelf from 
• NEWARK • ALLIED 

• HOLLYWOOD • CRAMER 

For information, write or phone 
T-Bar or refer to distributor 

catalog of eem. SWilChing 

T· Bar comu~~,1ru! 
INCORPORATED 

SWITCHING TECHNOLOGY 

141 Danbury Road, Wilton, CT 06897 
phone: 203/762-8351 
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EQUIPMENT 
A NEW NANOSECOND KILOVOLT PULSE 
GENERATOR with a characteri stic imped­
ance of son provides a variable output of 1 
to 9 kV with a rise and fall time of 1 nsec 
and a delay of 20 nsec. The unit is capable 
of pulse repetition rates up to 100 Hz and 
can be triggered manually by pushbutton , 
or electrically with repetitive 3V pulses. The 
new generator is manufactured by Instru­
ment Technology Ltd., of England. EG&G, 
Inc., Electro-Opt ics Div. , 3S Congress St.,. 
Salem, MA 01970. Phone (617) 74S-3200. 

DC VOLT-AMMETER Model 4304B indi- 204 
cates po larity as well as magnitude of volt-
age and current on an analog front-panel 
meter. Thi s $410 instrument measures vo lt-
ages from ±1 mV to ±300V full sca le in 12 
ranges, and currents from ±1 nA to ±300 
µA full scale. Accuracy for both voltage 
and current is ±1.S% of full scale. Drift is 
0.2% of full sca le and internal noise is 1 % of 
full scale. Hewlett-Packard. 1 SOl Page Mill 
Rd., Palo Alto, CA 94304. Phone (4 1 S) 493' 
1 SOl. 200 

FARATRON'S new 2-1 /2-digit DPM Series 
2SOO sports a $6S price tag (i ncluding BCD) 
and two display options. Also available in 
the 2-3 /4-digit 2700 Series, the meter in­
cludes a 7-segment standard incandescent 
display and optional LED display. Over­
and-under-range indicator lights are stan­
dard on unipolar models. Input power is 
from + SV de or 117V ac. Faratron Corp., 
290 Lodi St., Hackensack, N J 07601. 
Phone (201) 488-1440. 201 

A NEW TEST CLIP FOR DIP ICs named 
" DIP CLIP" is designed to faci litate the test­
ing of 14 or 16-lead DIPs. The Model 3916 
clip provides elevated test points to which 
test probes can be easily attached for hands­
free testing. It works like a spring-loaded 
c lothes pin: squeeze the top together to 
open contact jaws; then posit ion the clip 
over the DIP leads and release. Pomona 
Electronics Co. , Inc., lSOO E. Ninth St., 
Pomona, CA 91766. Phone (714) 623-
3463 . 202 

A NEW 20-mW He-Cd LASER features less 
than 1 % rms ripple and noise output over 
10 Hz to S MHz. The ML-442 laser which 
sells for $780 emits a coherent deep blue 
light at 442 nm. It operates in the TEM 
mode and is randomly polarized. Pow~; 
output is 1 S mW minimum and 30 mW 
maximum. Beam diameter at the output is 
1.0 mm and beam divergence is 0.6 mrad. 
Metrologic Instruments , Inc. , 143 Harding 
Ave., Bellmawr, N J 08030. Phone (609) 
933-0100. 203 

FUNCTION GENERATOR Model 70S6 of­
fers AM and phase-lock capabi li ties, trigger 
and gate functions for single-shot and burst 
waveforms and a frequency range of 0.0001 
Hz to 11 MHz. Sine, square, triangle, ramp, 
pulse and sync waveforms are availab le in 
continuous, single-shot or burst modes. 
Several choices of de offset are avai I able: 
variable ±1 SV, symmetry about ground and 
voltage-control led offset. Price is $99S. 
Exact Electronics, Inc., Box 160, Hillsboro, 
OR 97123. Phone (S03) 648-6661. 205 

PORTABLE RFI ANALYZER NM-12AT can 
make measurements over the range of 1 0 to 
2SO kHz with a sensitivity of 0.014 µ.V 
Formerly manufactured under the Stoddart 
brand name, the NM-12AT is line or bat­
tery-operated and can be used 40 hours 
without re-cha rging. The instrument pro­
vides average, quasi-peak and peak field-in­
tensity measurements. Singer Instrumenta­
tion, Los Angeles Operation, 3211 S. La 
Cienega Blvd., Los Angeles, CA 900'1 6. 
Phone (2 13)870-2761. 206 

EXTENDED-RANGE MICROWAVE SWEEP­
ER Model 404A covers the complete Spec­
trum of 1 to 18 GHz in SO msec. It se4uen­
tia lly sweeps this range with S mW ±1 dB 
of internally leveled rf power. The utiliza­
tion of four discrete oscillators covering 1 to 
2 GHz, 2 to 4 GHz, 4 to 8 GHz and 8 to 18 
GHz allows the user to operate the instru­
ment in single-octave, straddle-band or 
multi -band configurations in any part or all 
of the instrument's range. Servo Corp. of 
America, 111 New South Rd. , Hicksville, 
NY 11802. Phone (S 16) 938-9700. 207 
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TOTALIZER-EVENTS COUNTER Model 
6200 features automatic contact-bounce 
rejection , yet costs only $250. The panel­
mounted unit counts pulses with amplitudes 
from 5 mV to 400V. The 6200 tolerates 
st~ady-state variations of + 10% or -25% 
To prevent spurious counts from contact 
bounce or complex waveforms, a min imum 
interval between countable events may be 
preset anywhere from 1 µ,sec to 100 msec. 
Newport Laboratories, Inc. , 630 E. Young 
St., Santa Ana, CA 92705. Phone (714) 540-
4914. 209 

VARIABLE ELECTRONIC FILTERS Seri es 
4210 ·come in five models that cover the 
frequency range of 0.01 Hz to 1 M Hz (each 
model covers six decades). Fou r-pole But­
terworth fi lters are used in the norma l mode 
and four-pole Bessel fi lters in the pulse 
mode. The seri es featu res frequency accura­
cy of ±1%, phase shi ft of ±2° and ampli ­
tude response of ± 0.2 dB. lthaco, Inc., 735 
W . Clinton St. , Ithaca, NY 14850. Phone 
(607) 272-7640. 210 

MINIATURE EVENT RECORDERS are of­
fered in 4 and 8-channel models for opera­
tion on a wide range of de or ac sources. 
They are suited for industrial and laboratory 
applications in which yes/no or on/off re­
cords are needed. The inkless recorders 
record in 1/10 sec with a special sty lus or 
pressure-sensitive paper, drawing a contin­
uous record fo r each channel. Prices begin 
at $11 9. Esterli ne Angus, Box 24000, Indi­
anapolis, IN 46224. Phone (317) 244-761 1. 
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at Circuit Techn _ __......_......._ 

we make our 
customers 
smile ' 
We have the know how to miniaturize 
complex circuit functions and subsystems 
without compromise in performance. We 
combine creative circuit design, extensive thick 

' 
film hybrid manufacturing experience and uniQue mechanica packaging to 
produce quality custom devices in compliance with MIL-M-38510 

and MIL-STD-883. 

Illustrated below are just a few of the custom hybrid circuits we have 
supplied, over the years, to our satisfied customers. 

A High Speed AJD Converter E Voltage Regulator (3/8" x 3/8" 
B 100 MHz Bandwith V ideo Amp- Flatpack) 

lifier (1.25" x 1.25" plug-in) F Active Filter (SHP) NAFI 
C Two Watt Servo Amplifier Module 

(1" x 1" Flatpack) G FET Input Operational Amp-
0 Analog Multiplier (5/8" x 5/8" lifier (Triple Deck :T05) 

Flatpack) and many, many more. 

Our credits i.nclude: F 14 • F 15 • S3A • E2C • A6E • F4 • A TS 
• Apollo • Pioneer• Sea Sparrow • SAAM 

For a complete description of our capabilities send for our custom 
hybrid circuit listing, you may find something very close to what you 

~··= 
need. Better yet, send us your circuit requirements 
and we will send you a quote to make you smile . • ...... Circuit Technology Incorporated 

160 Smith Street, Farmingdale, N.Y . 11735 • (516) 293-8686 

B 

~ 
E 
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the only printed 
circuit Relay 

~lf0[ft]~ 
MAGNETIC ~irN~rl~~H~~g RELAYS 

The only relay designed to make 
full use of printed circuit technology. 
Unl ike others adapted with terminal 
pins or sockets for solder mounting, 
Printact plugs directly into your mod­
ule. Precious metal plated PC pads 
mate with shorting bar contacts on the 
pivoting armature, which is the single 
moving part. Held by a permanent 
magnet, it eliminates return springs, 
pigtails, electrical and mechan ical 
connections-assuring reliability for 
millions of cycles. 

Inherent Custom Features include: 
Low Thermal EMF, Low Contact 
Bounce, Impedance Matching, 45-60 
db Isolation, Bifurcated Contacts, and 
Encapsulated Coil-all at low cost! 

Send for Test Sample and PC Board 
Preparation Aids to simplify design 
and production of your module. 

For action write or call 212-EX 2-4800. 

liiclliJoe 
PRINTACT RELAY DIVISION 

P.O. Box 1430 ON 
LONG ISLAND CITY, N.Y. 11101 
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COMPONENTS/ MA TE RIALS 

·-·-.......... _ .... _ 
On• • 

FREE SAMPLE BOARD contains physical 
samples of 24 of the most popular fastener 
and holding components. The board in­
cludes such devices as PCB supports and 
guides, spacers, c lamps, clips, bushings, 
perforated straps, wire ties, hangers, wire 
saddles, harness wrapping, grommets and 
idler pulleys. The sample board is availab le 
through any Richco representat ive or direct­
ly from the company. Richco Plastic Co., 
5825 N . Tripp Ave., Chicago, IL 60646. 
Phone (312) 539-4060. 170 

· EVALUATION SAMPLES of the first minia­

ture latching reed switch, designated the 
MSLS-2 , are available. The MSLS-2 is act i­
vated and latched by a one msec or longer 
pu lse. Samples for eva luation will be mailed 
upon letterhead or telephone request. 
Quantity pricing starts at $2 in 1000 switch 
quantities. Hamlin, Inc., Lake Mills, WI 
53551. Phone (414) 648-2361. 171 

NATURAL CONVECTION HEAT SINK, P/ N 
435, is an economy unit designed for verti­
cal mounting. Standard units are avai lab le 
either blank or with hole configurations for 
mounting T0-3 transistors. Thermal resis­
tance at higher power levels ranges from 
0.8°C/W to 0,65°C/W. Price in 500 piece 
quantities- approximately $2 each. Wake­
field Engineering, Inc., Audobon Rd., Wake­
fie ld, MA 01880. Phone (6 17) 245-5900. 
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FREE SAMPLES to qualified inquirers. 352 
Series Free-Standing IC Terminals enable 
installed connections to be made for as little 
as 2¢ per IC terminal. Terminals will accept 
the rectangular leads of DIP type IC pack­
ages in addition .to the round leads of popu­
lar discrete components . The square post 
accepts up to three levels of so lderless wrap. 

Amphenol Industrial Div. , 1830 S. 54th 
Ave. , Chicago, IL 60650. Phone (3 12) 652 -
1220. 173 

SUB-MINIATURE REED SWITCH for key­
board systems is available. The DR302 is 
0.675-in. long (exclud ing leads), 0.108-in. 
in diameter, with leads 0.022-in. in diame­

ter. Maximum contact rating (de resistive) is. 
SW (up to 0.5A; up to SOV). Imaging and 
Displ ay Devices (ID2 ), General Electric Co., 
316 E. Ninth St., Owensboro, KY 42301. 
Phone (502) 683-2401. 17 4 

11 NEW LEDS ANNOUNCED. The 
FLV107, measures only 0.80 x 0.50 x 
0.100-in. The FLV108 is a large area li ght 
source with a clear diffused lens; the 
FLVl 11 and 11 2 emit wide angle red light. 
The FL Vl 15 and 116 are plastic encapsulat­
ed lamps. The FLV117, 118 and 119 are 
wide-angle li ght sources. Prices range from 
$0.58 to $1. 95 in quantities over 100. Semi­
conductor Components Group, 464 Ell is St., 
Mountain View, CA 94040. Phone (415) 
962-3816. 175 

LOW PROFILE INTEGRATED CIRCUIT 
CARD can be wire wrapped and then con­
verted to all printed circuit connections for 
hi gh production. Because the ICs and wire 
wrap interconnections are on the same side, 
SLIM-WRAP cards may be placed closer 
together than other wire wrapped IC cards. 
The cards accommodate 44 ICs (14, 16, and 
24 pin devices), based on an average al lo­
cation of one square inch per IC. lnterdyne, 
14761 Califa St., Van Nuys, CA 91401 . 
Phone(213)873-6510. 176 

AD HESIVE/ INSULATING BARRIER for 
multi - layer printed circuits is a pressure­
sensitive thermo-setting acrylic adhesive, 
coated on both sides of Nomex paper. 
Nomex provides the insulating barrier be­
tween ci rcuit board layers. Two thicknesses 
are ava il able : XP6 with a thickness of 
0.0045 ± 0.0010, and XP7 with a thickness 
of 0.020 ± 0.001. Hexcel Corp., Trevarno 
Di v., 11 711 Blvd. , Dublin, CA 94566 . 
Phone (41 5) 828-4200. 177 

EDN IUNE 1. 1 972 



FREE PRINTED STRIPS help designers visu­
ali ze appearance of displays. Sperry Infor­
mation Di splays Di v., is now supplying 
printed, se lf-adhesive strips containing 
reproductions of di splays digits and charac­
ters. The strips were developed to aid de­
signers in visuali zing the appearance of 
displays on prototype equ ipment and mock­
ups. Copies are ava il able from Sperry Infor­
mation Displays Div., P.O. Box 357'> . 
Scottsdale, AZ 85257. Phone (602) 947 
8371. 178 

HIGH BRIGHTNESS LED DISPLAY, THE 
MAN1 0, uses a Ga llium Arsenide Phos­
phide materi al of improved effic iency. The 
0.27- in . high display has typ ica l br ightness 
of 500 ft. Lamberts at 10 mA. Packaged in .:i 
standard 14-pin DI P, the M AN10 is capab le 
of di splaying all di gi ts from 0 to 9 plus nine 
di stinct alpha characters. Pri cing is $13 
each (1-9), $10.75 (10-99), and $9 (100-
999). Monsanto Commercial Products Co., 
10131 Bubb Rd., Cupertino, CA 95014. 
Phone (408) 257-2 140. 179 

CURRENT CONTRO LLED RESISTORS offer 
5% tracking, 1000: 1 range. Model 500- 104 
and 500- 105 current contro lled res istor pair 
and quad modules consist of an LED control 
element and CdSe photo-resistors, selected 
and matched to track w ithin ±5% from 1 kD 
to 1 MD. Maximum contro l current re­
qu ired is 20 mA at 1 k!l. Price fo r the 500-
104 is $18 and for the 500-105 $24. Rad ia ­
tion Dev ices Co., P.O. Box 8450, Ba lt i­
more, MD 2123 4. Phone (301) 665-2764 . 
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PLASTI C-ENCASED SOLI D TANTALUM 
capacitors for mass production use on print­
ed w iring boa rds come in single-ended cy­
lindrica l design which look li ke a large plas­
tic transistor. Among the des ign fea tures 01 

the ECONO LINE" capacitors are a large 
fla tted surface on the epoxy cases to permi t 
c lea r and easy-to- read mark ing and a small 
top detent to provide easy identifi cati on of 
the pos itive leads. Standard capaci tance rat­
ings range from 100 µF to 0. 1 µF. Sprague 
Electri c Co., North Ada ms, MA 01247. 
Phone (413) 664-44 11 . 181 

AD LAKE 
has solid-state 
and hybrid t iming 
and svvitching 
components for: 

. .. high and low current switch ing 

... high and low impedance circuits 

.. . high and low switching speeds 

... high and low temperature environments 

... high and low engineering budgets 

New circuit design problems call for innovation . 
and ADLAKE has economical , highly reliable semi­
conductor and hybrid timing and switching compo­
nents for process control , multiplex, instrumentation, 
EDP, motor / load control and other critical applica­
tions. ADLAKE offers brand new answers to brand 
new problems. 
Here are just two of many versatile, economical and 
highly reliable components to solve a wide range of 
critical specifying problems. 

PULSE 
LATCH 

Precise control of DC loads .. . 
All solid state, completely en­
capsulated . _ . internal trans-
ient suppression ... immune to 

shock and vibration . . . capacity up to 2 
amperes at 100% duty cycle _ .. Accurate 
switching up to 20 HZ from input pulses as 
narrow as 100 µseconds, depending on load. 
Ideal for the control of lamps, solenoids, 
delay circuits, fractional hp motors. 

TRANSFER TIMER 
DC-DC Transfer Timer delays 
input before transfer to the 
output. Adjustable time delay 
from 20 milliseconds to 2.0 
minutes. Accuracy ± 2.5% 

over temperature range of -30 ° to + 170° F. 
Operates on standard voltages from 12 to 
115 DC. Will provide half-wave rectified out­
put when operated from 110 vol t, 60 Hz in­
put. Optional solid-state AC or input/ output 
isolation. Rated 1 ampere continuous. A pre­
cise timing device for process and contro l 
circuits or systems. 
•AC Pulse latch or transfer timers available on 
special order. 

Specify ultra-reliable solid-state ADLAKE 
timers and control components for 
critical timing and switching applications. 

USE READER SERVICE NUMBER FOR COMPLETE INFORMATION 

THE ADAMS & WESTLAKE COMPANY 

CIRCLE NO. 28 

ELKHART. IN DIANA 46514 

219 . 264 , 141 

TELEX 25 · 84 58 

CAB LE AO LA KE 

65 



This miniature 
control handles big jobs 
... dependably 
If you need a temperature control to do an important job in a 
small space, our 36T Series can be your answer. Th is Y2-inch 
bimetal disc control is now being used in everything from 
electric heaters to gas furnaces, from coffee percolators to 
electronic circuit boards, marine engines to fire alarm systems. 
That's because its single contact action, controlled contact 
pressure, and dust-free switch make it highly reliable. Wide 
choice of terminal arrangements and mounting brackets. 

FREE CONTROL SELECTION GUIDE 

Ask us for a techn ical bulletin on the 36T Series, 
and a copy of our Control Selection Guide. It 
desc ribes 20 fixed setting , adjustable, and spe­
c ial purpose controls , l ists typical applications 
and electrical ratings, and explains the three 
basic factors in cont rol selection. Telephone 
(41 9) 756-5911 o r write today. 

I. 
1--·-·· 

THERM-0-DISC, INCORPORATED 

Ii 
Leadership through research 

A SUBSIDIARY OF EMERSON ELECTRIC CO. 
1320 SOUTH MAIN STREET· MANSFIELD , OHIO 44907 

~i!Mli!ASDN 
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COMPONENTS/MATERIALS 

TANTALUM NITRIDE CHIP RESISTORS for 
hybrid appli cations offer up to 4 times the 
res istance previously possible on a standard 
30-mil chi p. These res istors feature a d iss i­
pati on rating of 250 mW in the 30-mil size. 
All standard res istance va lues from 4.7 n to 
2 MO are inc luded in this line. Standard re­
sistance tolerance is ± 10%. O n special 
order, res istances to ± 12% can be pro­
vided. Semi-Films Techno logy Corp., Box 
188, W est Hurley, NY 12491. 182 

PIEZOELECTRIC ACCELEROMETER ca n 
operate to 900°F. Designated the Model 
22 76, it has an absolute charge sensitiv ity of 
10.0 pC/g at 100 Hz. Charge sensi ti vity de­
v iation due to temperature change is 7 to 

15% from room temperature to 900° F. It is 
one in .-high, 0.625 in.- in diameter and has 
a 5/8 in .-hexagonal base. It weighs 25 

. gra ms and its mounted resonant frequency 
i> 28 kHz. Endevco Dynamic Instrument 
D iv., 801 S. Arroyo Pwy, Pasadena, CA 
911 09. Phone (213 ) 618-2401. 183 

TRANSISTOR SOCKET accepts NPN/PN P 
pl.1sti c sili con power transistors. The mo ld­
ed ny lon top portion of the socket allows 
direct panel or heat sink mounting and the 
spring brass contacts permit the use of tran­
sistors having either fl at or round leads of 
0.020 to 0.030 thickness. The contacts are 
,iva ilable for either hand wiring or printed 
circuit board termination. All metal parts 
<1 re pl ated for easy solderability. Keystone 
Electroni cs Corp. , 49 Bleecker St. , NY 
10012. Phone(2 12) 475-4600. 184 

PRINTED CIRCUIT BOARD functions as 
heat sink and chassis. A chassis- li ke printed 
circuit board that combines the functions of 
circuit board, heat sink, and structural ele­
ment in one component with the capability 
of diss ipating an unprecedented amount of 
circu it power has been introduced by IERC. 
International Electroni c Resea rch Corp., 

135 W . Magno lia Blvd., Bu rbank, CA 
91502. Phone (2 13) 849-248 1. 185 
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ILLUMINATED SNAP-IN ROCKER 
SWITCHES provide w ide application fl exi­
bil ity, simpli fied mounting and easy bulb 
rep lacement. A tw in lamp des ign permits 
ill umination of either half of the entire rock­
er face. A three-terminal lamp circuit is 
electri ca lly independent of the switch cir­
cui t. Bu lbs are avail able in 6, 14, 18 and 28 
vol ts. Cutler-Hammer, Inc. , 4201 N. 27th 
St. , Mi lwaukee, W I S32 16. Phone (41 4) 
442 -7800. 186 

SEVEN-SEGMENT LED DISPLAY w ith a 0.6-
in. character height is offered in two distinct 
fonts, the MAN6 and M AN66. The MAN6 
font is similar to the MAN1 , while the 
MAN66 is designed to conserve materi al 
and reduce costs. In orders of 100 or more 
pi eces the MAN6 is pri ced at $1 7 .SO and 
the MAN66 at $11 .10 each. Monsanto 
Commercial Products Co., 10131 Bubb Rd., 
Cupertino, CA 9S0 14. Phone (408) 2S7-
2140. 187 

DUAL INLINE DELAY LINES, the 'DipLine', 
offer impedances of SO, 100 and 200 ohms 
standard, w ith delay times of SO to 1 SO 
nsec. Standard ri se ti mes range from 12 to 
3S nsec. Up to 10 taps, and configurations 
of 14 or 16 pins are standard . Price is ap­
prox imatel y $S per unit in production 
quantities, w ith estimated deli very of four to 
six weeks after receipt of order. Vanguard 
Electronics, 930 W . Hyde Park, Inglewood, 
CA 90302. Phone (213) 678-7 161. 188 

LOW PROFILE DIP SOCKETS are only 
0.12S in . high. Incorporating 0.14S in. long 
pins fo r solder tail connection, these new 
sockets were designed for low-profi le, high­
density logic panels. Base materi al of the 
pins is Miller phosphor bronze with 
0.000010 in . or O.OOOOSO in. gold pl ate 
over ni ckel. Insulators are black, glass-fill ed 
nylon. Circuit Assembl y Corp., 302S S. Kil ­
son Dri ve. Santa An a, CA 92707. Phone 
(714) S40-S490. 189 

Great buy for the tnoney: 
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SEMICO NDUCTO RS 

MONOLITHIC TRANSISTOR ARRAYS 
combine the attributes of silicon ICs with 
the flex ibility of discrete devices. Types 
ULS2045H and ULN2046A consist of fi ve 
NPN transistors, two connected as a dif­
ferenti al pair; type ULN2054A has six NPN 
transistors connnected to form two inde­
pendent differenti al amplifiers; and types 
ULN2081 A and ULN 2082 A have seven 
NPN transistors connected in common­
emitter and common-collector configura­
tions, respecti vely. Pri cing in quantit ies of 
100-999 are: Type ULS2045 H-$1. 75 ea; 
type ULN2046A-$ 1.05 ea; type ULN 205 4A­
$1.25 ea; and types ULN 208 1A and 
ULN2082 A-$2.25 ea. Sprague Electri c Co., 
M arshall St. , North Adams, MA 01247. 
Phone (41 3) 664-4411. 221 

EC L 10,000 HIGH-SPEED LOGIC FAMILY 
now available from Signeti cs . The first ten 
integrated circuits in the high-speed " ECL 
1 0,000" seri es of emitter-coupled logic 
elements inc ludes many second-source 
equi va lents fo r Motoro la's MECL 1 0,000 
series and a number of Signetics-ori ginated 
10,000 seri es designs. The 10161 and 
10162 1-of-8 decoder/demultipl exers and 
the 10171 and 10172 dual l -of-4 demulti ­
plexer/decoders are Signetics ori ginated. 
Signeti cs, 811 E. Arques Ave., Sunnyva le, 
CA 94086. Phone (408) 739-7700. 222 

HIGH PERFORMANCE OP AMPS are free 
of latch up. Two high slew rate op amps, the 
RM4 53 1 and RC453 1, provi de the de per­
formance of the 741 op amp plus 30 V/ µ,sec 
slew rates. The 453 1 input stage retains 
smal I signal characteri stics even w hen sub­
jected to large differenti al input signals. The 
un its feature offset null capac ity and exhibit 
typica l 1 % settling times of less than 1.5 
µ,sec, power diss ipation of 165 mW and 
input impedance of 20 MD. Raytheon Co., 
Semiconductor Div., 350 Ellis St. , Mountain 
V iew, CA 94040. Phone (41 5) 968-92 11 . 

223 
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DIELECTRICALL Y ISOLATE D DUAL TRAN­
SISTOR has 2µ,V/°C offset vo ltage drift. The 
monolithic dual transistor, des ignated the 
1l4A/1l 5A, offers Vas = 0.5 mV max. The 
dual 114A is for use with 45V power sup­
plies, the 11 5A fo r 60V suppli es. The 114A 

has a minimum h,.,. of 500 @ le = 1 Oµ,A) 
and the 11 5A has 250. Pri ce for the 11 4A is 
$5.50 and the l 15A is $4.50 each in 100-up 
quantities. lntersil , 10900 N. Tantau Ave., 
Cupertino, CA 95014. Phone (408) 257-
5450. 224 

CMOS TRIPLE AN D-OR Bl-PHASE PA IRS 
introduced . CD4037A is intended fo r use in 
d igital equipment w here low-power di ss i­
pation o r high noise immuni ty are primary 
design requirements. The CD4037 A is cur­
rentl y avai lable on a limited sampling basis 
in a 14-lead DIP ceramic package 
(CD4037 AD). Pri ce: $11 .07 (1-24 unit lev­
el). RCA Solid State Div., Box 3200, Somer­
vill e, NJ 08876. Phone (201) 722-3200. 

225 

PLASTIC PUTs provide expanded range of 
programmabi lity. The 2N6027 is a general­
purpose device w hil e the 2N6028 is spe­
ciall y designed for long interva l timing cir­
cuits. Applicati ons inc lude: timing, pulse, 
and sensing circuits, SCR tri ggers and relax­
ation osc illators. Both models are ava il abl e 
off- the-shelf. Pri ces are as low as 54¢ in 
100-999 quantity. Un itrode Corp., 580 

Pleasant St. , Watertown, MA 02 172. Phone 
(6 17) 92 6-0404. 226 

7-STAG E FREQUENCY DIVIDER IC, the 
DM841 ON, is a mono lithic integrated cir­
cuit created by means of standard bipo lar 
techniques and especial ly developed fo r 
use as a frequency div ider fo r electroni c 
organs. Seven flip-fl ops connected in 5 
groups are housed on one sili con chi p: The 
input and the output of each fli p-fl op are 
externall y access ible. Pri ce: 1-2 4, $4.50 
each. European Electroni c Products Corp., 
10180 W . Jefferson Blvd., Culver City, CA 
90230. Phone (213) 838-1912. 227 

SUB-PICOAMP FET IC OP AMP, the 
AD523, achieves a maximum bi as current 
of 0.25 pA in the " L" version under 
warmed-up conditi ons and slews at the rate 
of 3V/ µ,sec. The unit achieves its low bias 
cu rrent by combining matched, small -ge­
ometry J-FET chips with a specially de­
signed mono lithic th in film chip in a low 
leakage T0-99 package. The 1 00 piece 
price of the AD523 is $18.75 (L version). 
Analog Devices, Inc., Route 1, Industri al 
Pa rk , P.O. Box 280, Norwood, MA 02062. 
Phone (617) 329-4 700. 228 

MOS SHI FT REG ISTER has 10 MHz rate. 
The new 1024-bit multiplexed dynamic 
shi ft register, des ignated HDSR 1024, util iz­
es ion implantation to minimize gate over­
lap capaci ty and thereby achieves its high 
sh ifting rate. Power d issipJt ion is typ ica ll y 
150 mW at 25°C for 5 MHL uµerc11 1on wi th 
25% duty cyc le c locks. The HDSR 1024 is 
pri ced at $20 in quantities of 100. Hughes 
M icroe lectroni c Products Div., 500 Supe­
rior Ave., Newport Beach, CA 92663. 
Phone(213)670- 1515. 229 

MICROPOWER OP AMP has more than 
double the voltage and operating tempera­
ture range of its prototype. Thi s devi ce, des­
ignated the CA3078AT, and hav ing a suppl y 
vo ltage range from ±0.75V to ± 15V is the 
premium version of the previously an­
nounced CA3078. The CA3078AT features 
a reduction in maximum input-offset vo lt­
age (5 to 3.5 mVJ, input-offset current (32 to 
2.5 nA) and input bi as cu rrent (170 to 12 

nAJ as well as a 4-dB increase in minimum 
open-loop voltage gain (from 88 to 92 dB). 

The CA3078AT is hermetica lly sea led in 8-
lead T0-5 style package and pri ced at 
$4.95 (1000-unit level). RCA Soli d State 
D iv Box 3200 Somerville, N ) 08876. 

Ph;~e (201 J 722'.3200. 230 
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The infinity switch 
Series-1776 EECoSWITCHES are rotary thumbwheel switches avail­
able in a near-infinite variety of configurations. 
Features include: 

, 38 standard codes 
• 8, 10, and 12 positions 
• component mounting 

provisions 
, double-width message 

switches 
, lighting 
• black, grey or white colors 

• field-adjustable stops 
• mother-board compatible 

terminals 
• four standard mother boards 
• up to 4 poles per switch 
• EECo's exclusive 2-year 

warranty 

And - with prices as low as $3.00 for single units - the applica­
tion possibilities are infinite too! 

............ w'"""" '"' ""'" .,.,,, ''"' r "",.~-\ r~ of thumbwheel switches Jn the • 
industry? Request our 12-page ~ 
brochure. ~..::::;:, 

' - - - - -g Electronic Products Division 
Electronic Engineering Company ol California 
1441 East Chestnut Avenue, Santa Ana, California 92701 
Telephone : (714) 547-5651 

Dist. by: G .S. Marshall - Hall -Mark - Schweber 
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Profit 
Through 

Quality 
By Sidney Weinberg 

A practical guide to help production and general 
managers analyze quality and reliability policies for 
their companies. The author discusses the basic re­
quirements for a Q and R policy and shows how and 
where to use them to increase profits. 
CONTENTS: Profit in Quality and Reliability; 
Basic Requirements of Q and R Policy; Human Con­
tribution to Quality; Increasing the Proportion of 
Good Quality; Standardization and Specification; 
Role of Inspection; Development I: Innovation and 
Improvement; Development II: Increase in Re­
liability; Purchase of Quality. 
Order now. If you are not convinced that this book 
will help improve your company's profits, return 
within 15 days for full refund or credit. 

Illus. 192 pp. $10.95 

Cahners BooK 01v1s10N 
89 Franklin St., Boston, Mass. 02110 

looking for a .... 

LOW COST 
HIGH QUALITY 
POPULAR SIZE 
.... ceramic capacitor I 

Well, look toward USCC/ Centrolob. 

Our Mono-Kap™,a rodiofleod,epoxy coated 
monolithic ceramic capacitor could be the 
answer. They're available in six sizes from 
.100 x .100 to .500 x .500 in NPO, W5R, Z5U 
and Y5V dielectrics. Capacitance values 
range from 4.7pF to 1 OMfd in 50, 100 and 
200 voe ratings. 

USCC/ Centrolob hos developed highly auto­
mated assembly techniques for Mono-Kap 
and our other ceramic capacitor products­
from raw materials to chip capacitors to 
leaded capacitors with no sacrifice to quality. 
All this makes possible the fastest delivery in 
the industry on the wide variety of USCC com­
ponents. Ask us, we'll give you our best. 

U. S. CAPACITOR 
CORPORATION 

For FREE Mono-Kap evalua­
tion samples, write on com­
pany letterhead to USCC/ 
Centralab, 2151 N. Lincoln 
Street, Burbank, California 
91504. For complete techni­
cal data on Mono-Kap, and a 
FREE copy of our Ceramic 
Capacitor Catalog, circle the 
information retrieval number 
below. 

CENTRALAB 

Electronics Division • GLOBE-UNION INC. 
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SEMICON DUCTORS 

VIDEO AMPLIFIER IC tolerates high Q cir­
cuits on input. A new wideband video am­
plifier IC with two stages, a differential in­
put, and a differentia l output is now avail ­
able for use as a tape head amplifier in vid­
eo recorder systems and as a video or pulse 
amplifier. The price for the " SE592K" 
(-55°C to + 125°C) is $3.80 each when 
ordered in a quantity between 100 and 999. 
Signetics, 81 1 E. Arques Ave., Sunnyva le, 
CA 94086. Phone (408) 739-7700. 231 

BIPOLAR 7-SEGMENT DISPLAY DRIVER 
has BCD data output. The HD-0140 monol­
ithic 4-bit latch/decoder/display driver 
provides a high-speed, high-current data 
handling capabi lity for LED and other types 
of numerical displays. Typical data rate is 
10 MHz. A single + 5V power supply is re­
quired for the entire circuit. In 24-pi n ce­
ramic DIPs, it is priced in 100-to-999 quan­
tities at $7.55 for the commercial version 
and $11.25 for the military version. Harris 
Semiconductor, Melbourne, FL 3290 1. 
Phone (305) 727-5430. 232 

broad-band, wide range 
and easy on the eyes: 
the NEW THRuL1NE® RF 

VVATTMETER 
spans 25-500 MHz, 
measures 
.02-500 watts 
in eight ranges . All variable RF 
measurement parameters - frequen­
cy range, f orward / reflected power 
and full scale values - are switched 
right on the front panel. Since it re­
quires neither AC nor battery power, 
the model 4370 is equally at home in 
the lab or atop an antenna tower, at 
a rem ote base station or in a car, 
boat or plane. 

SPECIFICATIONS: 
Forward Power Ranges: 10, 25, 100, SOOW; ± 5% OFS Model 4370 
Reflected Power Ranges: 1, 2.5, 10 SOW; ± 5% OFS 
Insertion VSWR: below 1.1 with N Conn. (50 ohms) 
Frequency Range: 25 - 500 MHz 
Quick-Change Connectors: N, BNC, TNC, UHF, C, SC, HN, GR Type 874 or W' EIA 
Finish : Rich olive leather grain 
Price incl. Line Section with N Conn : only $475 @BIRD ELECTRONIC CORPORATION 

Cleveland (Solon) Ohio 44139 • 30303 Aurora Road 
Ph. 2 16 - 248-1200• TWX 810-427-2687•Cable81RDELEC 
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COMPUTER ON A CHIP handles large vol­
umes of data. Type 8008 CPU combines 
with Intel RAMs, ROMs and shift registers to 
create MCST" -8 computer systems. The 
CPU is a P-channel silicon-gate MOS circuit 
conta ining an 8-bit parallel adder, six 8-bit 
data registers, an 8-bit accumulator, two 8-
bit temporary registers, four flag bits and 
eight 14-bit address registers. Price : $90 in 
100-piece quantities. Intel Corp. , 3065 
Bowers Ave., Santa Clara, CA 95051. Phone 
(408) 246-7501. 233 

GENERAL-PURPOSE OP AMPS, the 
CA3458T, CA3558T, and CA3747 Series 
(dual types) and CA3741 and CA3748 Se­
ri es (s ingle types), feature output short-cir­
cu it protection , latch-free operation, wide 
common-mode and differential-mode sig­
nal ranges, and have offset vo ltage nulling 
ca pa bi lity. Each type incorporates a dif­
ferential-input amplifier to effectively drive 
a ga in- and level-shifting stage having a 
complementary emitter-follower output. 
RCA/Solid State Div. , Rte. 202, Somerville, 
N J 08876. Phone (201) 722-3200, Ext. 
2561. 234 

TWO DYNAMIC RAMS. The MCM1172L 
and the MCM1175L MOS RAMs are 1024-
bit memories with a wired-or capability for 
memory system expansion. Power dissipa­
tion of the 11 72 is 75 µW/bit, with access 
time of 350 nsec. Access time for the 11 75 
i' 150 nsec. Price in quantities of more than 
I 00 is $11 ea. for the 11 72, and $12 .10 ea. 
1or the 1175. Motorola Inc., Semiconductor 
l'roducts Div., P.O. Box 20924, Phoenix, 
AZ 85036. Phone (602) 273-6900. 235 
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I Microwave 
I Diode I 
1 Handbook 
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Write for your FREE copy today 

I ALPHA INDUSTRIES, INC. I 
20 SYLVAN ROAD 

WOBURN, MASS. 01801 

L 
(617) 9 35.5150 I ____ _. 
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WIDE BA ND AMPLIF IERS 
MODEL AJ00-30 

,. 

* BANDWIDTH .... .. .. . ... . ..... ... 100 KC · 300 MC 

* GAIN ... "; ; .. : ................... 30 db ± 1 db 
* FLATNESS ............. .. ........... . .. ± .75 db 

* OUTPUT LEVEL . . . .... . ... > 0.5V RMS into 50 ohms 

* INPUT VSWR ................ .. 1 · 150 MC < 1.3:1 
150 · 300 MC < 1.5:1 

Models from DC to 400 MC & Output Levels to 10 Watts 

CONTACT US FOR YOUR CUSTOM REQUIREMENTS 

HOPE ELECTRONICS 
BOX 773, CLIFTON, NEW JERSEY 07013 (201 ) 777-3522 

POWER SU PPLIES • OSCILLATORS • MODULATORS • FILTERS 
ATTENUATORS • SWEEP GENERATORS • TERMINATIONS 
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146 MOMO·KAP 
TM 

Monolithic capacitor values 

NOW IMMEDIATELY 
AVAILABLE 
FROM YOUR 
CENTRALAB 
DISTRIBUTOR 
The superior reliability of Centralab MONO­
KAP capacitors has already been tested 
and proven. Now they 're, available, for the 
first time, from Centralab Distributors. That 
means the same tested and proven local 
service you 've come . to expect on other 
Centralab components. 

Let your distributo r prove his reliability 
for immediate delivery of the most complete 
range of radial lead, epoxy-coated mono­
lithic capacitor values in the industry. You 
can rely upon his complete stock for the 
prototype or small production quantities you 
need. Let your distributor prove how fast and 
how well he can handle your requirements. 

Remember, he also stocks a complete line 
of Centralab ceramic disc capacitors as well 
as other highly reliable special purpose ce­
ramic capacitors. You can depend on him for 
feed-thru , variable trimmer and transmitting 
types plus a wide range of polystyrenes and 
miniature electrolytics. Check your require­
ments, then call your Centralab Distributor. 
He has j ust the right capacitors you need. 
Immediately! 

i\Jeed complete Mono-Kap technical data 
anc:J...the name of your closest distributor? 
Write Centralab ,Distributor Products, Dept. 
MK-1. · 

D ISTRIBUTOR PROD U CTS ........ ...... 
--· ~ 

CENTRALAB 
Electron ics Divisi on 
GLOBE· UNION INC. 

5757 NORTH GREEN BAY AVENUE 
M ILWAUKEE, W ISCONSIN 5 3 2 01 
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COMPUTER PRODUCTS 

FIXED-HEAD DI SCS FOR MINI S. The No­
vadisc has storage capac ities of l 2B K, 
256K, 5 12K and 76BK 16-bit word s. It in­
corporates re liabi lity innovations like an air 
bearing w hi ch prevents damage or data loss 
from typica l head bumps or vibrati ons, and 
read-w rite heads th at are retracted when the 
un it is not operating. Cost is $5200 for a 
I 2BK words up to and $12,560 for 76B K. 
Data Genera l Corp., Southboro, M A 01772. 
Phone (617) 4B5-9100. 236 

BIPOLAR RAM SYSTEMS SPORT 150 NSEC 
CYCLE TIMES. O ffered in very high speed 
configurations-MO NOSTORE II bipolar 
RAM sys tems have capacit ies of 256 words 
to I 6K words w ith bit lengths from 1 to 96. 
Multiple units are combined for larger ca­
paciti es. 1/0 is TTL compatable and is ava il ­
able th rough paddle ca rds. Units operate 
from a + 5VDC power supply only. Price for 
a 4K x 24 is 9~/b it in single quantity. Mon­
o li thic Sys tems Corp., 2700 So. Shoshone, 
Englewood, CO BO l 10. Phone (3031 76 1-
2275. 237 

LOW-CO ST INSTRUMENT-COMPUTER 
INTERFACE. The DATASPAN 41 0 coupler 
' mverts instrument decimal or BCD output 
di rectl y into compu ter, termin al or teletype­
writer language. Programmable line fo rmat­
ting is standard , up to 10 digit s per word 
and 10 words per line. Input level is 
DTL/TTL com patab le. It ca n accommodate 
either h igh or low true logic. Pri ce: $995. 
Ambient Systems, Inc., 3020 Scott Blvd. , 
Santa Clara, CA 95050. Phone (40B) 247-
4400. 238 

M ICRO-MINICOMPUTER SELLS FO R 
UNDER $1000. The Star System 4 fea tures 
up to 32 K bits of progra mmab le RO M 
which can be erased and reprogrammed in 
the fie ld and a max imum of SK hi t' of RAM . 

The basic controller's (C. P.U.) 45 instruc­
ti ons with a 1 O.B µ.sec instruction cyc le time 
includes 15 1/0 and memory access instruc­
tions, 16 machine instructions and 14 accu­
mulator group instructions. It can handle 
both analog and digital 1/0 in increments of 
16 lines. Comstar Corp., Ed inJ , MN 55435 . 
Phone (6 12)941-4 454. 239 

" MOS" ENCODED KEYBOARDS FEATURE 
" N" KEY ROLLOVER AND LOW COST. 
The keyboard assembly is offered with stan­
dard reed switch contacts or the new low 
cost Bl-PAC switches. 9-channel capabi lity 
permits 64 di stinct coded positions or less. 
Also featured is automatic repeat capabi lity, 
externally se lectable odd of even pa rity, 
error signal output , bui lt- in electronic shift 
lock and pos it ive or negative logic and level 
or pulse strobe. Price is $100 in 1000 qtys. 
Controls Resea rch Corp., 2100 So. Fair­
view, Santa Ana, CA 92704. Phone (7 14) 
557-7 161. 240 

COMPLETE BK x 20 MEMORY SYSTEM 
ON ONE BOARD. DR-101 memory system 
incl ude' data and address registers and all 
timing and contro l. Cycle and access times 
are 650 and 290 nsec respectively. Two 
vo ltages (+5 and - l B) are required. The 
single board is also ava il able as a 4K sys­
tem. BK modules ca n be bussed in parallel 
to expand to 64K x 20. In 100 quantity, the 
BK module is le" than 1 .0~/bit. Dataram 
Corp., Princeton-Highstown Rd., Cranbury, 
N J OBS 12. Phone (609) 799-007 1. 241 

COLOR IMAGING SYSTEM FOR COMPU­
TER DISPLAYS. Spectrov ision produces full 
co lor, gray sca le and co lor-coded images 
from common digital sources giving a flick-

er-free di splay using co lor hue, saturation 
and luminescence for improved visual di s­
crimin ation of 3-D subject matter. It pro­
vides massive data reduction in rea l time 
and enables the operator to quickl y ass ign 
and re-ass ign co lor va lues; and to correc t, 
compensate or re-sca le di spl ayed va lues on 
all 3 axes (X, Y, Z). Aerojet-General Data 
Systems, 9200 E. Fl air Dr., El Monte, CA 
917 34. Phone (2 13) 572-62B5. 242 

VISIBLE COMPUTER IS USEFUL FO R 
COMPUTER DESIGN AND TEACHING. 
Mode l 40 is idea l for teaching computer 
fundamentals, digital techniques, computer 
des ign, and machine language program­
ming on al l levels as well as desi gn projects. 
All functions are performed by patented 
plug-in Logicubes. Typi ca l Logi-cubes are 
registers, adders, memory, flip-f lops, gates, 
etc. Standard TTL circuits perm it direct 
connection to most computer peripherals. 
Price: $3995. Adtech Inc., P.O. Box 1041 5, 
Hono lulu, H I 96Bl6. Phone (BOB) 94 1-
070B. 243 

COMPACT CORE MEMORY HAS 250 
NSEC ACCESS TIME. The memory stores 
more th an 1000 bits of data/cu. in . The 
modular l B60 priced at less than $.0 15 per 
bit in quantity offers a full cyc le time of 600 
nsec. l B60 systems ca n be expanded from 
B 192 to 65,526 words of l B bits or up to 
32,76B words of J6 bi ts. The compact 
Ampex memory uses lB-mil cores in 3-
wire, 3-D configurati ons. Ampex Corp., 
1303 1 W . Jefferson Blvd., M arina del Rey, 
CA9029 1. Phone(213)B21-B933 . 244 

NEW MI NIS CUT PRI CE, IMPROVE PER­
FORMANCE. The 620/ f- l 00 wi th 32 K 
words of core drops from $33 to $27 thou­
sand and includes memon protecti on , ex­
tended arithmetic uni t, rea l time c lock and 
power fa ilure/restart. The new 620/L- l 00 is 
90% faster (950 nsec cycle time vs l .B 
msec), and includes as standard equipment, 
hardware multipl y/di vide, rea l time c lock, 
power fai lure/restart and priorit y interrupts­
B leve ls standard , expandable optionall y up 
to a max imum of 64 leve ls. Va rian Data 
Machines, 2722 Michelson Dr., Irvine, CA 
92664. Phone (7 14) B33 -2400. 245 
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NEW PRODUCTS CUT PDP-11 MINI­
COMPUTER SYSTEM PRI CES. The lower 
pri ces were made possib le by the introduc­
ti on of two new DEC-manufactu red memo­
ry systems. RKOS DECpack cartridge di sk 
drive is pri ced at $5 100 compared to $SOOO 
for the prev ious sim ilar un it it replaces. The 
redesigned MEl 1-L SK core memory system 
is priced at $5200 with add-on incremental 
SK memory units at $4400 each, up to the 
24K capacity of the system. Prev ious DEC 
SK core cost $7500. Digital Equipment 
Corp., Maynard , M A 0 1754. Phone (6 17) 
S97-5 111 . 246 

INTERACTIVE GRAPHICS SYSTEM O PER­
ATES WITH IBM SYSTEM/360 OR 370. 
Adage Graphi cs System/3 70 ca n be used 
with the IBM System/360 or 370 in several 
ways: as an IBM 2250 Model 1 emulator; as 
a di splay unit ; or as a remote job entry 
graphi cs terminal. The system ca n transfer 
SOK cps. has the built-i n ab ili ty to rotate and 

otherw ise move the di splayed in fo rmation, 
has msec cycle time, stores 30-b it words in 
core and 40.5 million bits in di sk. Adage, 
Inc., 1079 Commonwea lth Ave., Boston, 
MA 022 15. Phone(6 17)7S3-1 100. 247 

CORE MEMORY CONSUMES LOW POW­
ER. Thi s 3W , 3D core memory offers a cycle 
time of 1.2 µ sec and accesses at 550 nsec. 
Worst case power consumption is 0.11 
mW/bit in a 65 K x 40 system configura­
ti on. The M ICRO MEMO RY 6000 is ava il­
able from 16K to 65 K words by 40 bits and 
from 3 2 K to 131 K words by 20 bits. Field 
expansion of the memory capacity can be 
made ava i lable by the addition of pluggable 
stacks and pc board s. Electroni c M emories, 
1262 1 Chadron Ave., Hawthorne, CA 
90250. Phone (2 13) 644-9SS 1. 248 

M AG NETIC TAPE SYSTEM ADDS PO WER 
AND FLEXIBILITY TO MINICOMPUTERS. 
The Cartr iFile 40 can read or write up to 
1 SK bps on any of i ts four tapes - and can 
si mu ltaneously loadpoint-search the others. 
It comes complete with read, write, and 
controller electroni cs and uses endless­
loop, single-tape ca rtridges. Four 150-foot 
cartridges ca n store nearl y 13 mill ion bits of 
data. Typi ca l prices are $4950 with inter- · 
face, $301 5 in small OEM quantities (with­
out interface) . Tri -Data Corp., SOO M aude 
Ave., Mountain View, CA 94040. Phone 
(41 5) 969-3700. 249 

NEW INTERFACE LINKS PRINTER/ 
KEYBOARD WITH MOST MINICOM­

PUTERS. The interface contro l unit enables 
the Tycom 35/37 typewriter unit to operate 
on the extern al 1/0 bus of such min icompu­
ter> as the PDP-S, Nova, and almo>t all 
other >tandaro seri es. Programmed data 
transfers in 92-character mod ified ASCI I 
code occur at 15.5 cps. The TYCOM 35/37 
terminal inc luding ASCII interface contro l is 
priced at $1070 Termina l Equ ipment 
Corp., 750 Hamburg Tpke., Pompton Lakes, 
NJ 0744 2. Phone (20 1) S39- l000. 25 0 

TV-COMPATIBLE INTERACTIVE GRAPH­
ICS TERMINAL. CONOGRAPH-1 2 uses a 
video monitor fo r image di splay and is fully 
compati b le with standard signa ls for closed 
circuit TV. It is full y interactive and provides 
the user with the ability to se lective ly erase 
and update a line, curve segment or charac­
ter at any place on the screen. It is bu i It 
around a CONOGRAPHIC generator which 
provides ca pability for vectors and points, 
and also provides capabi lit y fo r general 
(coni c) curves, ellipses and circ les. Price is 
$ 10,900. Conographic Corp., 6 Gi l l St. , 
W oburn , M A 01 SO l . Phone (6 17) 935-
7300. 25 1 
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LITERATU RE 

... 
HIGH PERFORMANCE LUBRICANTS are 
described in a new fo lder. The four-page 
brochure describes many specialty lubri ­
cants, ranging from aerososl sprays and I iq­
uid suspensions to exotic powders. These 
lubrica nts are fortified with a va riety of 
heavy meta l su lfides and se lenides, notably 
those of molybdenum and tungsten , and 
characteri zed by their very low coefficien ts 
of friction. Bernal Corp. , P.O. Box 126, Wil­
limantai c, CT 06226. 252 

POWER HYBRID CIRCUITS are described 
in a new product guide. The "RCA Power 
Hybrid Circuits Product Guide," PHC-600, 
contai ns abbreviated data on linear amp lifi ­
ers with current ca pa bi Ii ti es up to 7 A, series 
vo ltage regulators for 5, 12 and 15V with 1 
and 3% regulation , Darlington c ircuits with 
current gains of 650 minimum at 2A, high­
current output arrays, and "bui ld ing 
blocks." RCA Solid State Div. , Box 3200, 
Somerville, N J 08876. Phone (201) 722 -
3200. 257 

TIME-SHARING INDUSTRY DIRECTORY. NEW GLOSSARY OF COMPUTER TERMS. 
A comprehensive buyers guide for the users 
of remote-access computing detai Is services 
offered by 142 companies. It inc ludes a 
440-page update which tells who has w hat, 
where, how you can use it , and costs. A 
one-year subscription is $185, including 
updates and the monthl y TIME-S HARING 
TODAY news letter. Time-Sharing Informa­
tion Services, Inc., 3401 Science Center, 
Philadelphia, PA 19104. 253 

HIGH-VOLTAGE TEST EQUIPMENT is il ­
lustrated and described in a 30-page cata­
log. Included are 1-to-300-kV ac and de 
power packs, power supplies and test sets 
for die lectric strength, breakdown, leakage, 
corona and continuity tests. Peschel Instru­
ments, Inc., 141 2 Vi scaya Pkwy, Cape Cor­
al, FL 33904. 254 

MODEL 600 CARD READER from Tru Data 
Corp. is described in a brochure. The card 
reader is sa id to provide vi rtuall y error-free 
read rates of up to 600 cards/minute, at a 
fraction of the cost of other OEM readers 
with comparab le speeds. The brochure dis­
cusses the card reader's operation, perfor­
mance and specifications. True Data Corp., 
2172 Dupont Dr., Irvine, CA 92664. 255 

A new revised and updated pocket size 
Glossa ry of Computer Terms is now ava il­
abl e free from Genera l Automation , Inc. 
The G lossary also includes definitions of 
computer acronyms frequently encountered 
in the computer industry. Copies may be 
obtained by writing on your letterhead to 
Dept. A./S.P. , General Automation Inc., 
1055 South East St. , Anaheim, CA 92805. 

258 

SWITCHCRAFT'S 1972 SHORT-FORM 
CATALOG lists over 6000 mechanical elec­
tro-mechani ca l components. The cata log 
li sts phone jacks and plugs, lever, slide and 
pushbutton switches, connectors and aud io 
accessories. Switchcraft, Inc., 5555 N. Els­
ton Ave., Chi cago, IL 60630. 259 

DIGITAL CASSETTE RECORDER Model 
240 from Be ll & Howell is described in a 
12-page brochure. Inc luded in the brochure 
are graphic descriptions, photos and dia­
grams illustrating the 240's precision and 
re li ability, advantages over upgraded audio 
systems, applications examples and specifi­
cations. Bell & Howell 's Electronics & In­
struments Group, 360 Sierra M adre Villa 
Ave., Pasadena, CA 91109. 260 

BATTERY POWERED TWO-CHANNEL SERVO RECORDERS from the Esterline 
RECORDER, Brush Model 222, is described 
in a bulletin. The general-purpose recorder 
with an internal battery supply and charger 
can be used independent of extern al power 
sources as well as from them. Described in 
the four-page, illustrated bulletin are fea­
tures, detailed specifi cations, ordering infor­
mation , accessori es and supplies. Gould 
Inc., Instrument Systems Div., 363 1 Perkins 
Avenue, Cleveland, OH 44114. 256 

74 

Angus line of Speed Servo II single and two­
channel crossover 10-in. recorders are 
shown in a six-page bulletin . Stri p chart 
units described offer response speeds faster 
then 0.3 sec fu ll scale with 0.5-mV spans, 
wire less Ii near feedback potentiometers and 
throw-away writing systems. Esterline An­
gus, Div. of Esterline Corp. , Box 24000, 
Indianapolis, IN 46224. 261 
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"7900 FAMILY" OSCILLOSCOPES provid­
ing 1 GHz via direct CRT access and 500 
MHz real-time system are described in 
" TEKTRONIX" 7900 Family" brochure. 
Versati lity of the fami ly is afforded with 24 
plug-in's, including the 525 MHz 7D14 
Digital Counter. Also discussed in this 8 
page brochure are a scope camera and a 
Wri ting Speed Enhancer that permit a writ­
ing speed of 25 cm/nsec. Tektroni x, Inc., 

P.O. Box 500, Beaverton, O R 9700S. Phone 
(503)644-0 161. 262 

ANALOG DEVICES' 1972 PRODUCT 
GUIDE. This 180-page book is prepared for 
the designer of instrumentation and systems 
which accept, ana lyze, process, convert 
and react to analog signa ls. It has complete 
descriptions and prices of Analog Devices' 
lines of converters, amplifiers, linear ICs, 
digital panel meters, function modules and 
accessories. Ana log Devices, Inc., Box 280, 
Norwood, MA 02062. 263. 

TEKTRON IX'S LATEST PRODUCTS, all in­
troduced since March 1971, are described 
in a 76-page catalog. In addition to scopes, 
other products listed include automated test 
systems, computer di splay terminals, ma­
chine-control products and TV test instru­
ments and monitors. Tektronix, Inc., Box 
500, Beaverton, O R 97005. 264 

ELECTRONIC CABINETS for cooling a wide 
variety of instruments are listed in a 28-page 
catalog and design guide. The guide con­
tains cooling enclosures housing electri ca l 
or electroni c equipment. Inc luded are de­
sign tips on air intake and ex it design, baf­
fles , vibration , location recommendat ions 
and a helpful blower select ion nomograph. 
Kooltronic, Inc., Box 504, Princeton, N J 

08540. 265 

AUDIO SPECTRUM ANALYZER MODEL 
99A600 from DuKane Corp. is described in 
a brochure. The brochure discusses the two 
principa l areas of application for the dev ice : 
in sound-equali zing procedures and as a 
permanently installed test instrument. It in­
cludes complete equipment specifi cations 
and installation photographs. Communica­
tions Systems Div. , DuKane Corp., 2900 
DuKane Dr., St. Charles, IL 60174. 266 
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MINIATURE PC SOCKET wh ich provides 
repeated pluggability for ICs, LSls, lamps, 
transistors, LEDs and other components is 
described in a new bulletin. According to 
the bulletin , one size of this low-profi le 
socket (which is known as the MINISERT) 
will accept round leads ranging from 0.012 
in. to 0.022 in. diameter, or flat leads 0.008 
in . to 0.01 5 in. thi ck by 0.015 in . to 0.023 
in. wide. Berg Electroni cs, Inc. New Cum­
berland, PA 17070. Phone (7 17) 938-67 11 . 

267 

MODEL 2248 CAMAC MUL Tl-ADC, a 
newly introduced instrument from LeCroy 
Research that combines eight complete gat­
ed 8-bit a/d converters in a single-w idth 
CAMAC module is described in a 

0

data 
sheet. Specifica lly designed to digitize pho­
tomultipli er pulses and similar fast-transient 
signals, the bil inear Multi-ADC accepts and 
digiti zes nano-second pulses directly with­
out need for prior stretching or pre-shaping 
of any kind. LeCroy Research Systems 
Corp., 126 N. Rte 303, W . Nyack, NY 
10994. 268 

PHYSICAL TEST EQUIPMENT is illustrat­
ed in a new brochure entitl ed "Environmen­
tal Simulation for Phys ica l Testing." De­
scribed are temperature chambers incorpo­
ratin g special accessory features and de­
signed for use in conjunction with tensile 
test equipment to simulate the environments 
needed. Adapted to various models of ph ys­
ica l test equi pment, low temperatures ca n 
be accompli shed w ith mechanica l refri gera­
tion , C0

2 
or liquid nitrogen. Cincinnati Sub­

zero Products, Inc., 26 12 Gilbert Ave. , Ci n­
cinnati , OH 45206. 269 

MULTI-FILM FILTERS for light contro l in 
the UV, vi sible and infrared regions of the 
spectrum are featured in a new catalog. De­
scribed are optica l coatings used to gener­
ate color, eliminate refl ections, control heat 
in opti cal systems, isolate spectral lines and 
provide visible block ing in covert imaging 
systems. Al'o described are co lor-correc­
tion ·coa tings, neutral-densi ty filters and 
laser mirrors. Vacuum Coating D iv., Bausch 
& Lomb, 10 Champeney Terrace, Roches­
ter, NY 14605. Phone (716) 232-6000. 270 

Video displays, for one. 
And business machine readouts. 
Cockpit annunciators . 
Advanced facsimile equipment. 
We make more FO Faceplates than 
anybody - from 3" to 12"! We 
make them better, faster, and deliver 
them sooner, too . 
With more options - increased 
contrast, hard copy, off-axis filter 
characteristics . 

And for less money. 
Really. 
There are probably several things 
we could clarify easily for you. 
Just ask. 

Contact: The Bendix Corporation , 
Electro-Optics Division , Marketing Dept. 
Galileo Park, Sturbridge, MA 01518 
(617) 347-9191 . 
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A.C. SOLENOIDS 

8 
mark 

of quality 
solenoids 

Wesco solenoids are the result of 
research, engineering and design 
with craftsmanship. Hundreds of in­
dustries depend on Wesco solenoids 
for efficiency and dependability. 

The finest materials, rigid tests and 
close inspections are your assurance 
of quality. Built to be practical, Wesco 
AC solenoids feature easily replace­
able coils. Mounting brackets are 
designed for either vertical or hori­
zontal applications. 

DC solenoids ••• Wesco is recog­
nized as the pioneer in design and 
manufacture of solenoids for aircraft 
and similar applications such as com­
puting devices, guided missiles, etc. 

Write for your copy of our AC or DC 
solenoid catalog. 

CIRCLE NO. 47 

76 

LITERATURE 

THE 1972 INSTRUMENT RENTAL CATA­
LOG from Rental Electronics is avai lable. 
The 60-page booklet conta ins the specifica­
tions and rental prices for more than 25 dif­
fe rent kinds and hundreds of different mo­
dels of electronic test and production equip­
ment, availab le from nine " instant invento­
ry" cen ters throughout the United States 
and Canada. Rental Electronics, Inc. , 16600 
Oakmont Ave., Gai thersbu rg, MD 20760. 

306 

P-1-N DIODE SWITCH literature describe> 
the latest additions to General Micro-wave's 
expanding line of ultra-broadband p-i-n 
diode control devices - a sp2t and a sp4t 
switch. Both units feature continuous cover­
age from 200 MHz to 18 GHz with mini­
mum isolations as high as 60 dB. A switch­
ing speed as fast as 200 nsec is also fea­
tured. General Microwave Corp., 155 Ma­
rine St., Farmingdale, NY 11735. 307 

FIVE SERIES OF D/A CONVERTERS are 
described in a four-page brochure. All 
electrical and mechanical specification' 
and performance and application data are 
listed. The low-cost and moderate-perfor­
mance units are designed for use in low-cost 
single-channel A/D converters, CRT display 
and servo drivers, data transmission vi a 
modems, programmed/feedback control 
systems and digital frequency synthesizers. 
Date I Systems, Inc. , 1020 Turnpike St. , Can­
ton, MA 02021. 308 

A BLOWERS AND FANS cata log detail ~ 

complete information on a line of standarci 
assemblies within a 4-to-140-CFM output 
range. Technical information includes pho­
tos, engineering drawings, performance 
curves (CFM vs static pressure) and engi­
neering data. Ripley Co., Inc., Middletown. 
CT Ob457. 309 

POWER-SUPPLY MODULES from Power/ 
Mate are shown in a new 60-page catalog. 
Included in the cata log are many recently 
introduced power-supply modules, high­
performance laboratory models, as well as 
various standard off-the-she lf supplies. The 
product line consists of over 32,600 mod­
els. Power/Mate Corp., 514 S. River St. , 
Hackensack, NJ 07601 . 310 
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DESIGN DATA 

Application Notes 
NEGATIVE THERMISTOR LINE is described 
in a new brochure. The thermi stors are 
designed for industri al and consumer appli­
cations ranging from temperature measure­
ment to electri ca l circu it temperature com­
pensation. Easy to fol low charts offer ther­
mistor dimensions as well as characteristics 
at values from 4!1 to 500 k!l. Brochures are 
available from HB Dept. , Siemens Corp., 
186 Wood Ave. S., lse lin , NJ 08830. Phone 
(2 01 ) 494-1000. 296 

APPLICATION REPORT ON MOSFET FM 
TUNER design, bulletin CA-164, is eight 
pages, and provides test data and helpful 
hints on designing with the 3N 20 1 dua l­
gate MOSFET at 100 MHz. Technical guide­
lines including de considerations are given 
for a 100-MHz radi o-frequency (RF) ampli ­
fier and for a mixer. Texas Instruments Inc., 

13500 N . Central Expressway, Da ll as, TX 
7523 1. Phone (2 14) 238-2011. 297 

HIGH-PERFORMANCE TRACKING A/D 
CONVERTERS. An 8-page app li cation note 
provides complete details on the design , 
construction and performance of a com­
pact , high-performance 8-bit tracking A/D 
converter cost ing less than $30. Precision 

Mono lithi cs Inc., 1500 Space Park Dr., San­
ta Clara, CA 95050 . Phone (408) 246-9222. 
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MOS/LSI CATALOG provides complete 
spec ification data for all National MOS 

RAMs, ROMs, shift registers, clock dri ve rs , 
analog switches, character generators , code 
converters and logic elements. The catalog 
also contai ns application notes and briefs 
for a variety of MOS functions. Nationa l 
Semiconductor Corp., 2900 Semiconductor 
Drive, Santa Clara, CA 9505 1. Phone (408) 
732-5000. Ext. 6 106. 299 

NEW TIME CODE FORMAT REFERENCE 
BOOK from Datum, Inc. , contains a com­
plete reference of time code formats. The 
book gives drawings and characteri sti cs of 
about two dozen of the most commonly­
used codes, including the IRIG standards, 
NASA, various range codes and special seri­
al codes. A glossary of terms, abbreviations 
and references are included. Datum, Inc., 
Timing Div., 170 E. Li berty Ave., Anaheim, 
CA 92801 . 300 

SILICON READOUT CELLS are described 
in technica l information bulletin RC-72 , 
whi ch offers the des igner practi ca l in forma­
tion on electrical and mechanica l design. 
The Bu lletin li sts a wide range of "stan­
dards," including scribed and etched ce lls 
with from 2 to 12 segments in both P-on-N 
and N-on-P configu rations. M 7 Inc., Opto­
electroni cs Group, 210 Campus Dr., Arling­
ton Heights, IL 60004. Phone (3 12) 255-
7796. 301 

THE LATEST CALIBRATION TABLES FOR 
THERMOCOUPLES just released by the 
Nationa l Bureau of Standards are avai lab le 
from Omega Engineering. Its new CT-3 ther­
mo-couple ca librat ion tables and al loy data 
reference book contains ca libration tables 
for all thermocouples in use in industry. 
These new tables supersede all tab les listed 
in NBS ci rcular # 561. Omega Engineering, 
Inc. , Box 4047 , Stamford, CT 06907. 302 

S/D AND D/S CONVERTERS are descri bed 
in an eight-page brochure. Termed TRIGAC 
(for trigonometric analog converters), these 
units are presented in three basi c models, 
with diagrams and characteri st ics tabu la­
tions for each. The brochure concludes with 
a section on typical converter applications. 
Kearfott Div. of the Si nger Co., 1150 Mc­
Bride Ave., Litt le Falls, NJ 07424. 303 

SOLID-STATE PUSHBUTTONS are de­
scr ibed in a new brochure. The ful l line of 
sol id-s tate pushbuttons deri ved from work 
wi th Hall-effect keyboard sw itches is in­
cluded in product brochure " SN" whi ch 
lists features, app li ca tions, swi tching con­
cept, operating characteristi cs, and genera l 
ca lculations for interfacing. It describes 
l ighted and unlighted direct printed-circuit 
board mounting modules. Micro Switch, 11 
W. Sprin g St., Freeport, IL 61032. Phone 
(8 15)232-11 22. 304 

REFERENCE COPIES AVAILABLE 
Reference copies of the following articles are available without charge: 

R.S. NO. TITLE PAGE NO. 

161 Keyboards - The indi spensible link between man and machine ........ ..... . . .. ...... . .. 26 
162 Build a high-accuracy waveshapi ng ci rcuit . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36 
163 BASIC language programs generate root locus plots ........ ......... ....... .... . ... . . .. . 40 
164 Graphs yield ci rcuit Q fo r gyrators and other reactive elements .. ........ .. . . .... .. .. ..... . 45 
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WORLD'S#1 
MINIATURE SWITCH 

The original ALCOSWITCH has been 

-~ - ' expanded to include a number of 
"tam iii es" of toggles, pushbuttons, 

~ 
slides, rockers, paddles, and levers. 

T ~ All types available in various 
-y , """" / I sw"tching configurations. 

" If.. >"'-~\ . e ALCO your one 
., :r;/ .r·· 1 'Jr' ~ .. ". source of supply. 

··, ~ fd_t ~~ ~ ~·/,~ -~-~~· 
'~ Q . \ "9n,. ~~. I 1 

~~> ~~~® F~.RLCD 
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A CAMBION® Double "QQ" Product Line 
As often as you want, too. The design of the jack and the materials 
from which it is produced give it the strength to be cycled more 
than 50,000 times {we've done it) without appreciable change in 
contact resistance. 
And we didn't just do it once "in the lab." 
We have tens of mill ions of these jacks out, in use by customers. 
IO's range from .016" to .080". And are available in different 
shapes and types for mounting components, patching, plugging, 
or whatever you have in mind. 
All CAMBION cage connectors are standard, immediate delivery 
items. You can have them fast in whatever number you want. 
That's the CAMB ION Double " QQ" approach, the quality stands up 
as the quantity goes on. Ask for a sales engineer or a catalog. 
Cambridge Thermionic Corporation, 445 Concord Avenue, 
Cambridge, Mass. 02138. In Los Angeles, 8703 La Tijera Blvd. 90045. 

This cage jack was built 
for recycling! 

-
Standardize on ""iiir 

'C.llMBIOft~ 
the guaranteed electronic components 
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It's the principle 
involved 

Dear Sir : 
I really don ' t think you have perceived 
the point in your editori al " Mirror, 
mirror on the wall " (EON, April 15). 
In it you objected to those who criti­
c ized an AMA publication for running 
a photo of a person wanted by the 
FBI. 

While it is true that acne is not per­
haps a deadly affliction, and perhaps 
on that basis alone thi s advertisement 
could be justified, still the principle to 
which I sha ll advert ex ists. 

I do not think that you would ques­
tion the ri ght of anyone to medica l 
service for a di sease, especially a 
deadly one. Even criminals who have 
been convicted are entit led to medical 
service as a right. Suppose, now, that 
a person wanted for questioning suf­
fered from a heart ailment, and that 
person avo ided medica l care because 
he might be prosecuted or feared 
prosecution for nonpayment of alimo­
ny (which wou ld be a contempt-of­
court action usually sanctioned by a 
short term of imprisonment). The pen­
alty for fleeing alimony thus cou ld be 
death . 

What difference in princ iple is there 

OK! Who's the wise guy? 

Northwestern Bell people in Ga lchutt, 
N.D. , are still wonder ing what hap­
pened to the bottom of thi s telephone 
pole. The case was unsolved after a 
three-week investigation that pro­
duced only one so lid answer: Tele­
phone wires are stronger than they 
look. 

between requiring a doctor to report 
and requiring a lawyer to report if a 
fugitive comes seek ing legal advice? 
At least with the situation in its present 
state, a fugitive may come to a doctor 
or lawyer and may have some good 
advice proffered, whereas in the 
"complete reporting" situation, the 
person who is wanted or who thinks 
he may be wanted has to do the best 
he can without medica l or lega l aid. 

I would rather be able to make a 
complete disclosure to my doctor or 

. lawyer so that I may have the best ser­
vice he can give. And as I understand 
the lega l underpinnings of thi s nation, 
that is my right. 
William A. Weise 
Southampton, Pa. 

The refrigerator 
paradox 

Eddie engineer, BSEE '72, has just 
been confronted with his first practical 
problem. Dash ing to the refrigerator 
for a beer during the midnight break 
of the Toni te Show, he painfully dis­
covers that when he places one hand 
on the refrigerator handle and the 
other on the grounded sink, he re­
ceives quite an unpleasant shock. A 
quick check with a VOM shows that 
full line voltage is indeed present. 
Eddie rea lizes that there must be a 
short in the refri gerator and being 
aware of the fact that one side of the 
power line is ground, he pulls the plug 
and turns it around. However, much 
to Eddie's chagrin , the meter still reads 
full line vo ltage! Can you offer any 
help to Eddie? 
Sincerely, 
Dennis R. Morgan 

Electronics Laboratory 
General Electric Company 
Syracuse, N.Y. 13201 

Reader protests 
oversimplification 

Dear Sir : 
During the past few months I have 
read several artic les in EON on active 
RC networks, the most recent of 
w hich appeared in the March 15th 
issue (pg. 53). The title " Design 
Complete Active Filters with these 
Few Equat ions" is typical of the kind 
of article to which I am referring. 

Nothing presented is new or nove l; 
the reader is only fa lse ly led to be lieve 
that active RC network synthesis is a 
snap, just fo llow the cookbook direc­
tion s. Nowhere is active or passive 
element sens iti vity even mentioned or 
the effect of the active element rol 1-off 
(which all active elements exhibit) on 
network response. How about ele­
ment va lue spread? It turns out to be 
pretty wide for the unity-gain configu­
rations shown in Tables 1 and 2. 

These networks have been around 
for 1 5 years, and others have assem­
bled them into the obv ious cascaded 
configurations to realize the common 
multi-pole fi lter functions long ago. 

I feel that any time an engineer 
writes an article on any active filter, 
he had better give complete sensitivity 
analysis as we ll . Act ive RC fi lter the­
ory is a whole new ball game, and 
po les are no longer limited to left half 
plane positions. The root locus in Ta­
b le 2 of the heretofore mentioned arti­
cle not only indicates this but also in­
dicates that the po les approach the jw 
ax is perpendicu lar to that axis, the 
worst poss ible situat ion for high-Q 
poles. 

Chebyshev fi lters have high-Q poles 
and fall into this class of networks 
hav ing hi gh active element sensit ivity. 

I will not labor the point any longer 
as I feel I have by now become wear i­
some. My comments were not intend­
ed to reflect direct ly upon the author 
of the artic le to which I spec ifica ll y 
referred . It is the general haphazard 
casual approach to active RC fi lter 
des ign that has become the rule rather 
than the exception to which I object. 

Active RC c ircu its are here to stay, 
but an engineer should understand 
their limitations before app lying cook­
book eq uati ons simply because they 
make the so lution to a complex prob­
lem look simple. 

Thank you for your considerat ion. 
Sincerely, 
Richard S. Aikens 

Assistant Engineer 
Kitt Peak Nationa l Observatory 

Tucson , Arizona 
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Voltage Regulators (272) 56 Equipment (254) 74 Supplies (294) 59 
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Oscilloscopes (7) 8 Power Supplies (310) 76 
COMMUNICATIONS EQUIPMENT Pulse Generators (190) 60 
Backward-Wave Real-Time Analyzers (191) 60 SPECIAL PRODUCTS 

Oscillators (282) 57 Recorders (256) 74 Computer Displays (242) 72 
Microwave Oscillators (281) 57 Recorders (261) 74 Digital Clocks (192) 60 
PCM Modules (271) 56 Rfi Analyzers (206) 62 Fiber Optic Faceplates (37) 75 

Segment Dr ives (232) 68 Sound-Level Meters (197) 60 
DATA HANDLING EQUIPMENT Scopes (264) 74 
Bipolar Memories (237) 72 Voltage Ammeters (200) 62 

SPECTRAL DEVICES 
Card Readers (255) 74 He-Cd Lasers (203) 62 
Cassette Recorders (260) 74 

MATERIALS/HARDWARE 
LED Displays (187) 67 

Computer Interfaces (238) 72 
Computer Interfaces (250) 73 Connectors (4) 3 SYSTEMS/SUBSYSTEMS 
Computer Systems (10) 12-13 DIP Sockets (189) 67 Bipolar Memories (237) 72 
Computers (243) 72 Electronic Cabinets (265) 74 Computer Displays (242) 72 
Core Memories (244) 72 Heat Sinks (172) 64 Data Aquisition Systems (292) 59 
Core Memories (248) 73 IC Circuit Cards (176) 64 Digital Meters (18) 39 
DI A Converters (308) 76 IC Terminals (173) 64 Digital Timers (299) 58 
Data Aquisition Systems (292) 59 Jacks (50) 78 Disc Memories (236) 72 
Disc Memories (236) 72 Lubricants (252) 74 Graphic Systems (247) 73 
Graphic Systems (247) 73 Nylon Resins (51) 43 Graphic Terminals (251) 73 
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Minicomputers (245) 72 Totalizer-Events Counters (209) 63 
Storage Displays (194) 60 Backward-Wave 

Time Code Formats (300) 77 Oscillators (284) 57 TEST EQUIPMENT 
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Paying the lowest price doesn 't 
mean you're getting the lowest cost. 
Many fixed resistor brands lose their 
identification in the PC board clean­
ing process. Some don 't have true 
colors to begin with. Or the color 
bands darken and become illegible 
from the heat produced in normal 

usage. The result is costly identifica­
tion errors. Contrast th is with the 
bright, crisp identification of Allen­
Bradley 's specially formulated 
paints . Baked on to resist aging , 
rough handling and solvents . Why 
gamble with questionable quality 
that can lead to unforseen costs? 

Learn the facts . Ask your nearest A-B 
distributor for our free booklet, "7 
ways to tell the difference in fixed 
resistors '.' Or write Allen-Bradley 
Electronics Division , 1201 S. Second 
St. , Milwaukee, WI 53204. Export: 
Bloomfield , N. J . 07003. Canada: 
Galt, Ont. U.K. : Bletchley, Bucks. 

EC72·6 Cl Allen -Bradley 1972 



RC~s glass-passivated /center-gate 
thyristor line continues to expand­
in plastic. 

TRIACS SCR'S 
To its popular 40668/40669 triacs and 
40868/ 40869 SC R's, RCA now adds 8 A 
ISOWATI triacs and 4 A SCR's-all avail­
able now - in the industry-accepted 
VERSAWATT package. Leads are custom­
formed to your requirements, of course . 

e ISOWATI triacs, 40900, 40901 , 40902. 
These 8 A units are ceramic isolated ver­
sions of 40668/40669, providing great 
flexibility in chassis mounting. 

• RCA-106 and 107. Here are 4 A SCR's 
that fi ll your needs for low-cost circuit 
areas that require triggering at 200 and 
500 µ.A. These RCA microamp gate SCR's 

have extended voltage ratings to 500 V 
and 600 V (corner-gate design) . 
• 40668/40669. Use these 8 A triacs for 
control of AC loads for power control and 
industrial lighting applications. 
• 40868/40869. Select these 8 A SCR's 
for applications In power switching and 
motor speed controls. 
RCA triacs are gate-controlled in all fou r 
modes. 
RCA VERSAWATT thyristors employ 
glass-passivated center-gate chips for 
quality performance. With the RCA VERS­
AWATT thyristor, you get ease of mount­
ing, low thermal impedance for operation 

ncn Solid State 
products that make products pay off 

CIRCLE NO. 39 

at elevated temperatures, and minimum 
heat sink requirements - all at excellent 
cost effective levels. 

With RCA's full plastic capability, you 
can cover full- and half-wave applications 
with currents from 1 to 15 A and voltages 
from 15 to 600 V. 
See your local RCA Representative for 
details. For technical data, write: RCA 
Solid State Division, Section 50F-1/UR14, 
Box 3200, Somerville, N.J. 08876. Inter­

' national : RCA, Sunbury-on-Thames, U.K. 
or P.O. Box 112, Hong Kong. In Canada: 
RCA Limited, Ste. Anne de Bellevue 810, 
Quebec. 

Printed in U.8. A. 


