


A new low in power supply design. 

Acopian 's new low profile power sup­
ply offers outstanding performance. 
Line and load regulation is .005% or 
1 mv. Ripple is 250 microvolts. Pro­
longed short circuits or overloads 
won't damage it. And built-in over­
voltage protection is available as an 
option. 

Yet, it's the thinnest, flattest, most 
"placeable" 4.0 amp series regulated 
power supply ever offered . . . just 
1.68" low. This low profile makes it 
perfect for mounting on a 1 %" high 
panel, or vertically in a narrow space . 
Acopian 's new flat package gives 
you design flexibility never before 

possible. And a surprisingly low 
price gives you extra budget flexi­
bility as well . 

Standard models include both 
wide and narrow voltage ranges. 
Outputs from 0 to 48 volts. Current 

•depending on rating 

CIRCLE NO. 1 

ratings from 1 to 4 amp. Prices 
from $80.00. 

For the full low-down on the new 
low-down power supply, write or call 
Acopian Corp., Easton, Pa. 18042. 
Telephone: 215-258-5441. And re­
member, Acopian offers 82,000 
other power supplies, each shipped 
with this tag ... 
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A full-function 
digital multimeter + A lab-quality 

HP's new 3469A gives you a general ­
purpose digital multimeter plus a lab­
quality digital AC voltmeter-for the 
price of the AC voltmeter alone. Now, 
you don 't have to buy two {or more) 
instruments to get the capabilities 
you need-or compromise on quality 
to stay within your budget. 

As a general-purpose multimeter, 
the 3469A gives you exceptional 
capabilities. Its 1 n range lets you 
measure low-resistance components 
and even contact resistances of a 
few milliohms, with an accuracy of 
±0.25% reading ±0.5% range. To 
make the low range easily useable, 
a unique offset adjustment lets you 
compensate for lead resistance. In 

digital AC voltmeter 

... both for $595 

the higher ranges (1000 to 10 Mil) , 
accuracy is ± 0.3% reading ± 0.2% 
range. The 3469A also gives you five 
DC voltage ranges (100 mV to 1000 V) 
and six DC ampere ranges (1 µA to 
100 mA) , with accuracy of ± 0.2% 
reading ± 0.2% range or better, de­
pending on range. 

As an AC voltmeter, the 3469A is 
unmatched at any price. You get 
seven voltage scales, ranging from 
1000 V full-scale down to 1 mV full­
scale-100 times the sensitivity of 
other digital meters. You also get a 
10 MHz bandwidth capability-100 
times greater than other digital mul­
timeters-with a basic accuracy of 
±0.3% reading ±0.3% range. And 
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you get a bright, ultra-reliable, 
shaped-character GaAsP display, 
that 's easier to read than tubes or 
bar-segment numerals. 

Compare the 3469A's specs with 
any other meter's - and you'll agree 
that there's no better value, at any 
price. For further information on the 
3469A, contact your local HP field 
engineer, or write Hewlett-Packard , 
Palo Alto , California 94304. In Europe: 
1217 Meyrin-Geneva, Switzerland. 
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CTS now offers you a choice of 
four popular space-saver 
packages. Packed with up to 
17 resistors per module, they 
provide an infinite number of 
circuit combinations. All are 
designed to simplify automatic 
insertion along with IC's and 
other DIP products for reduced 
costs. Easy to hand-mount, too. 
Available without inorganic 
cover coat, so you can trim for 
circuit balance in your own 
plant. 5 lbs. pull strength on all 
leads; .100" lead spacing; rated 
up to 2 watts on 18 lead style. 
Choose from standard circuit 
available for immediate delivery 
{see data sheet 3760 ... or 
custom design to specifications).· 

CTS of Berne, Inc., Berne, 
Indiana 46711. (219) 589-3111 . 

Series 750 edge mount 
cermet resistor packages 
available in infinite 
number of resistor 
patterns and wide 
selection of package 

cTS';;RPORArtoN ~ 
Elkhart, Indiana W. 

A world leader in cermet and variable resistor technology 
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It doesn't cost any more 
for a quality connector. 
It could cost less. 
How do we do it? 

Well, first we design a totally new miniature rectangular 
connector that practices economy without losing sight 
of reliability. After all, you need both . 

That's good, but we go beyond that. We offer you 
AMPECONOMATION-fast working automated applica­
tion machinery in your own plant for high speed appli­
cation of contacts. Depending on your requirements , 
machine capacities range from 2,000 to 12,000 finished 
terminations per hour with single applicator. So, which­
ever machine you choose, you ' re assured the greatest 
number of reliable contacts at the lowest applied cost. 

Accepts # 26-18 AWG, solid or 
stranded wire in insulation 
diameters of .050" to .11 O". 

Egg-crate design of socket 
housi ng and extended skirt of 
pin housing fully protect 
contacts. 

Positive locking feature on 
housing prevents di sengage­
ment of connector halves or 
dislodgement from panel. 

Cap and plug mountable in 
same panel cutout. 

Gammoning bars available for 
2, 3 & 4 circuit. 

Put them together-quality , low initial cost and lowest 
applied cost, and you 've got a miniature rectangular 
connector that 's hard to beat. Which is exactly as we 
planned. 

Sound reasonable? It's more than that. It's downright 
economical , and the facts to prove it are available now. 
Just write AMP Incorporated, Harrisburg, Pa. 17105 

AIVIP 
INCORPORATED 

AMP locations wortd wide: Barcelona, Brussels, Buenos Aires , 
Frankfurt, London, Mexico City, Pari s, Sao Paulo, s'Hertogenbosch 
(Holland), Sydney, Stockholm, Tokyo, Toronto, Turin . Vienn.i . 

Available in 1, 2, 3, 4, 6, 9, 12, 
15, 20, 24 and 36 positions. 

Pin or socket crimped in same 
applicator. 

One piece, molded " clam-shell " 
strain relief to facilitate wire 
bundling-available in 20 & 
36 circuit. 

Cantilever spring design of 
contact assures low insertion/ 
extraction forces. 
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This Combination 
Integrated circuit 111t· . · . . . . . .,,. . .· . CORDIP"' Component Network 

', . .··J 

. ' 

replaces 
this combination. 

Integrated circuit plus 23 discrete resistors, capacitors, and diodes 

Corning's new CORD IP"' component 
networks take in much of what IC's leave out­
outboard discretes. 

Un like screened thick/thin film networks, 
CORD IP component networks give you 
custom combinations of discrete resistors, 
capacitors, and diodes in a dual in-line package. 

With combinations of up to 20 com­
ponents in a standard 14-pin package. Up to 23 
in a 16-pin package. 

With virtually unlimited circuit complexity. 
With all inter-connections inside the pretested 
package. 

Which gives you greater reliability and 
fewer production losses. 

Combinations of resistors, capacitors 
and diodes with different tolerances, temperature 
coefficients and ratings are available in one 

package. 
Which makes it possible to give you 

almost any custom combination you specify. 

Large orders or small. 
And we can make prototypes quickly for 

you, with almost any combination you specify. 
CORD IP component networks are 

ready to plug in and are fully compatible with IC 
sequencing and insertion equipment. 

CORD IP component networks. You'll 
save a lot of board space and production costs; 
you'll gain a lot more reliability and flexibility. 

Call or send us your circuit requirements. 
Corning Glass Works, Electronic Products 

Division, Corning, New York 14830. 
(607) 962-4444 Ext. 8684. 

SPECIFICATIONS 
Resistors CaQacitors Diodes 

Range 10!1-150K 10-27,000 pF Low 

Tolerance from l % from 5% 
Signal 

Silicon 
TC from 50 ppm + 2%, -lO% Planar 

Ratio >15,0QO:l > 2,700:1 Types 

CORDIP™ COMPONENT NETWORKS 
From 

CORNING 
ELECTRONICS 
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COVER 
Cover photo by EDN/ EEE 's 
Art Director, Ray Lewis, 
stacks up several lntronics 
" True RMS" Modules. 
(For the story, seep. 34). 
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Everybody wants your 
components business. 

Butwel-e doing 
6 things to earn It. 

1 We build extra reliability components. To let you reduce 
into all our components. expediting and inventory levels. 
Documented reliability 4 Our QC and unique 

from ER through industrial, from product configurations 
precision through general make your production 
purpose. To let you build extra more efficient. Many of our cus-
reliability into all of yoUl' systems. tome rs find they can totally elim-

2 Our pricing is more than inate incoming QC testing of our 
just competitive. If it pmts. Others find our parts 
we1·en't, why else would greatly simplify both hand 

our custome1·s have made us the inse1tion and automatic inse1tion 
largest supplier of metal film operations. 
resistors in the country? And 5 Our new products can 
that metal film market includes give you better alterna-
glazed resistors. tives. Like our FAIL-

3 We insist on delivery you SAFE '" ftame proof resistors. 
can count on. Our "ball They open - never sho1t -
parks" are dependable. under overload. Plus they're 

And our distributors provide economical replacements for 
off-the-shelf delivery from an non-inductive and semi-precision 
inventory in excess of 50,000,000 pO\ver vvil'ewounds. 

6 
We back everything with 
the best support team in 
the business. We have the 

industry's largest technically­
trained field force. And a select 
team of the industry's most 
service-oriented distributors. 
Because we know it takes top 
service to compete for your 
business. 

Like everyone, we want 
you!' components business. But 
we'1·e intent on doing mol'e to 
earn it. Let us prove how much 
more on yoUl' next project. 
Wl'ite: Coming Glass Works, 
Electronic Products Division, 
Coming, New York 14830 or Call: 
(607) 962-4444, Extension 8381 

CORNING 
ELECTRON ICS 

Resistors &Capacitors 
for guys who can\ stand failures 
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TEKTRONIX 7000-Series Oscilloscope Systems 
CRT READOUT, unique to the TEKTRONIX 7000-Series 
Oscilloscope Systems, provides a combined display of 
waveforms, measurement parameters and symbols on the 
CRT for direct reading. 

Wrong answers because of overlooked control settings 
are now passe. CRT READOUT tells you the full story. 
Speed, perception and convenience are available be­
cause the scale data is printed right on the display. These 
values are automatically corrected for both probe attenu­
ation and sweep magnification. There are also special 
symbols for identifying trace position (IDENTIFY), ampli­
fier polarity ( 1f ) and uncalibration ( > ). 
Correct answers are always on your photographs with 
CRT READOUT. The photos will show the waveforms 
along with their parameters and symbols - A REAL TIME 
SAVER. 

CRT READOUT is available for 7000-Series plug-ins work­
ing in frequency, time, voltage, current, resistance and 
temperature domains- - - AND there are MORE coming. 

CRT READOUT functions in all 7000-Series mainframes 
and plug-ins except those having a suffix N (7403N, 
7853N, etc.). ' 

Tektronix, Inc. lease and rental plans are available in the 
U.S.A. For information, call your local TEKTRONIX Field En­
gineer or write: Tektronix, Inc., P. 0. Box 500, Beaverton, 
Oregon 97005. 
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CRT READOUT responding to various functional in­
structions and generating up to 50 symbols is shown 
using the 500-MHz 7904, a four-plug-in Oscilloscope 
with a pair of 500-MHz, 10-mV 7A19 Amplifiers, a 525-
MHz 7D14 Digital Counter and a 500-ps/cm 7892 Dual 
Time Base. 

TEKTRONIX@ 
committed to 

technical excellence 
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Editorial 

A few words for the new year 
As 1972 begins, we at EDN/ EEE would like to wi sh each and every one of our 
readers a happy and prosperous new year. 

W e could go on and make predictions or encourage reso lutions, but we' re sure 
that most people have probabl y had their fill of thi s sort of thing by now . So we' ll 
just offer three suggestions for the new year. Following them won' t necessari ly 
make the year a more prosperous one, but may make it more enjoyable and re­
w arding. 

Our first suggestion is to enter our Des ign Contest, the deta i Is of wh ich are giv­
en on p. 106-107. The contest will provide an opportuni ty for you to test your 
creati v ity, and have some fun - and perh aps become $1 000 ri cher to boot. What 
better w ay to start a new year? In a subsequent issue we' ll print not only the win ­
ning entries , but any others we think you may enjoy hearing about. 

Our second suggestion is that you take up some new interest thi s year - one 
that is totall y unrelated to your work. This interest mi ght be learn ing to play 
bridge, studying a foreign language, or even becoming a Boy Scout leader or as­
sistant. 

Such an interest shouldn ' t be di fficult to dec ide on. W e've all thought at one 
t ime or another about taking up some hobby or pursuing some subject but didn' t 
do anything about it because we were too busy. To start , therefore, it's necessary 
to be arbitrary and just take the t ime, whether or not it seems to be at the expense 
of something else. 

There are obvious advantages in deve loping new interests, parti cul arl y for engi­
neers, who tend to be work-oriented. The mind needs challenge to rea li ze its fu ll 
capability ; but it also needs diversion . And we' re afraid that many engineers are 
too wrapped up in their work and things related to it, almost to the exc lusion of 
anything else that provides intellectual challenge and enjoyment. O ne new inter­
est, of course, isn't the complete answer - but it 's a sta rt. 

The third suggestion is to set one or more goa ls for yourse lf now, at the begin­
ning of the year, so that in December you' ll have a frame of reference against 
w hich to judge how well you d id for the year. It's amazing how many peop le look 
back every December and fee l that they should have done better but aren't ex­
actl y sure how or why. 

To avoid thi s uncertainty set yourse lf goa ls, whether they relate to money, pos i­
ti on, or j ust being recognized as the best engineer in your department or group. 

;f,,J ~ 
Editor 
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Now .. . Obta in remarkably high resolution from an all 
solid-state i mage sensi ng device-the RETICON 
RL-256. Using si licon-gate MOS. technology, this mono­
lithic scanning array is designed for page reader, fac­
simile, process contro l and TV came ra app lications. As 
a major breakthrough in microelectronic image sensing 
th~ RL-256 offers: 
• high reso lution - 256 elements on 1 mil centers. 

on-chip scanning for serial output on a single video 
line. 
charge storage mode operation for high sens itivity. 
choice of exte rnal or internal TTL compat ible driver 
circuitry. 
choice of external or internal video amplifiers. 
scan rates from 1 KHz to 10 MHz. 
programmable resolutio n (128 or 256 mode) . 
standard 16 lead dual-in-line package with sea led 
glass window. 

Other devices, among RETICON 's linear 
array fami ly, feature 64 elements (RL-64) 
or 128 elements (Rl-128) on 2 mil centers. 
All with sing le video lines. All units with 
or without TTL compatible driver ci rcuitry. 
All in sta ndard 16 lead DIP package with 
glass window . All availab le from in­
ventory. 

365 MIDDLEFIELD ROAD 
MOUNTAIN VIEW, CALIFORNIA 94040 
(415) 964-6800 
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And it doesn't look 
like a circuit breaker. 

Therein lies its beauty. 
When you use the JC rocker­

handle circuit breaker as a front­
panel on-off switch you get over­
load protection, too. Without the 
expense of using a switch and a 
breaker. 

Behind that handsome rocker 
handle is the engineering and con­
struction you know Heinemann 
for. Hydraul ic-magnetic protec-

tion . Which means precise ratings 
from 0.020 to 30 amp. 32, 50, and 
65V DC; 125 and 250V at 60 Hz 
and 400 Hz. Job-matched time de­
lays or non-time-delay response. 
Temperature-stable trip points. 
Optional special-function internal 
circuits. One, two, or three-pole 

~ HEiNEMANN 
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models. And a five-year warranty. 
Oh, yes. The rocker handle 

comes in white or gray. 
A pretty attract ive package. All 

around. 
Wr ite us for Bulletin 3381 . 

Heinemann Electric Company, 
2626 Brunswick Pike, Trenton, 
N.J. 08602. Or Heinemann Electric 
(Europe) GmbH, 4 Dusseldorf, 
Jagerhofstrasse 29, Germany. 

4933 
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Get'em 
straight 
from 
Damon I 
Whether you're in a sweat on a VCXO prototype for a tough I 
application - or need a production run in a hurry, you can 
get 'em straight from Damon. Speedy proficiency in design 
and production of VCXOs allows Damon to deliver all­
silicon solid state devices with linearity to within 1 % of 
best straight line and frequency deviation to± 0.25%. 

Just glance at the specification guide below for more 
good news on available characteristics. Computer-assisted 
designs are available, too. Ask Damon today for a quote on 
VCXOs tailored to your specifications - and deadllnes. 
Call or write: Damon/Electronics Division, 115 Fourth Ave., 
Needham, Mass. 02194. Phone: (617) 449-0800. 

SPECIFICATION GUIDE• 

Basic and Mixer and Mixer-
Parameter Multiplier VCXOs Multiplier VCXOs 

Center Frequency 1 KHz to 300 MHz 100 Hz to 300 MHz 
Frequency Deviation ±0.01% to 

±0.25% of C.F. 
±10 Hz to ±1 MHz 

Frequency Stability ± 1 to ±10 ppm ±0.5% of peak 
24 hr. @ 25•c deviation 
o to ss•c (no oven) ±10 to ±50 ppm ±2% of peak deviation 

Linearity to within 1 % of best to within 1 % of best 
straight line straigh.t l ine 

Minimum Dev iat ion o (de) o (de) 
Rate 

Maximum Deviation 0.2% of C.F. 10 KHz to JOO KHz 
Rate (100 KHz max.) 

Mod . Voltage (Typical ) ± 5 V peak ±5 V peak 
Mod . Input Impedance >50 K ohms > 50 K ohms 
Output Power Ava i lab,Je 0.5 mw to 20 mw 0.5 mw to 20 mw 
Load Impedance 50 ohms to 50 ohms to 

10 K ohms 10 K ohms 
Power Requirements -25 v ± 1 v@ - 25 v ±1 v @ 

(Typical) 30 ma 40-50 ma 
C.F. Manual ± 0.01 % ±5% of peak 

Adjustment Range deviation 

* Obviously, the limits are not absolute. The interrelationship of param· 
eters for VCXOs are of such a nature as to permit optimization of 
any one or more characteristics to satisfy customer requirements . 
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Best buys 
Better specs 
Bigger digits 

More than 50 standard models of api 
digital measurement / display devices 
get your measurements up front with 
excellent readability, clean styling and 
the stable, rel iable performance of 
MOS / LSI circuitry. DTL/TTL compat­
ible BCD outputs . .. autopolarity . .. 
display hold , print command , polarity 
and overrange outputs . .. program-
mable decimal points . . . 0.1 % accuracy 
. . . 100 db common mode rejection . . . 
1000 meg. input impedance - are 
features common to most models. 

For premium performance in a small size 
at low cost , the new 2V2- and 3V2-digit 
api 4350 Series offers remarkable bril­
liance and clarity in 1/2" planar ?-seg­
ment digits. Rugged , low voltage 
electrofluorescent tubes rated for 
100,000 hours produce intense blue, 
green or turquoise display. Only 2.1" 
high x 4" wide. 

For readability from 40 feet, the api 4300 
Series units have 'l's" high, ?-segment 
planar displays of four digits. Panel space 
only 3" x 4.5"; separable power supplies 
save depth behind panel. DPM std . 
ranges to 19.99 mv and 1000 V, 19.99 ua 
and 199.9 ma. The api 4320 Digital Tem­
perature Indicator also features isolated 
BCD output, 0.15% accuracy, 1°F. 
resolut ion. The api 4310 Comparator 
algebraically compares BCD input to a 
preset lim it, for indication and on-off 
control. For complete specs and appli­
cation help, write LFE, Process Control 
Division , 1601 Trapelo Road, Waltham, 
Mass. 02154. Tel. (617) 890-2000. 

~-­~ .~ 
CORPORATION 

Process Control Division 
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.,~TELEDYNE 
PHILBRICK 

12·bit bed 
D/A converter 

NO. 122 

.,~TELEDYNE 
PHILBRICK 

10·bit 
D/A converter 

NO. 124 

_.,ft' TELEDYNE 
PHILBRICK 

tracking 8·bit 
AID converter 

NO. 123 

_.,ft' TELEDYNE 
PHILBRICK 

dual slope 12·bit 
A/D converter 

NO. 125 

_.,~TELEDYNE 
PHILBRICK 4002 

precision 14· bit 
DIA converter 

NO. 127 

_,~TELEDYNE 
PHILBRICK 

4022 
economy 10·bit 
D/A converter 
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TELEDYN 
PHILBRIC 

4020 
economy8· 1 

D/Aconvert 

NO. 129 



..._~TELEDYNE 
PHILBRICK 

. 
4103 

successive 
approximation 

12·bit A/D converter 
NO. 130 

..._~TELEDYNE 
PHILBRICK 

high speed current 13·bit 
DIA converter 

NO. 132 

.-,'°'TELEDYNE 
PHILBRICK 

4004 
12·bit 

D/A converter 

NO. 131 

Circle the appropriate reader service number for complete information on data conversion 
modules shown here. You'll also receive the 1972 Product Guide. More information is also 
available from your local Philbrick representative or Teledyne Philbrick, Allied Drive at 
Route 128, Dedham, Mass. 02026. For toll-free data (800) 225-7883. In Mass. ( 617) 329-1600. 

Philbrick Data Converters. 
A bit ahead of the rest. 



Read Light Right 
Read Light Closely! 
Light emitted from concentrated, multiple, high density 
light sources calls for light sensors of comparable mechan­
ical mounting capability. Motorola plastic Micro-T ':' 
and hermetic "pill" detectors can be mounted close as 
85 mils in discrete applications using manual soldering 
and 100 mils with flow soldering. Perfect emitter-detec­
tor matching is ensured through use of identical array 
packaging. For extremely high resolution requirements, 
Motorola standard monolithic, 39-element diode/tran­
sistor arrays are on 0.005" center-to-center spacing. The 
active area is 0.005" x 0.0045" with 0.0005" space between 
elements. Use both in OCR, mark sensor and card/tape 
reading designs. 

Read Light Quickly! 
RELATIVE RESPONSE TIM E 

Light Senso r Time 

Motorola Pin Photodiode I ns 
Photomultiplier Tube 4 ns 
2N2369 Switching Tran sistor 6 ns 
Motorola Phototran sistor 4 µS 

Motorola Photodarlington 300 µ S 

Cadmium Selenide Cell 0.5 ms 
Cadmium Sulfide Cell 1 ms 
Human Eye 16 ms 

Ultra-fast recognition of red or IR wavelengths in laser 
detection, light demodulation, shaft/position encoders, 
switching and logic circuits in the nanosecond range 
demands ultra-fast devices. MRD500/510 PIN diodes 
typically respond in 1 ns; conventional, bulk-effect detec­
tors need longer response times. Both units feature high 
sensitivity and are available with convex or flat glass 
lenses in standard, T0-18 cases. Exclusive Annular ':' 
passivation ensures long-term reliability and stability. 

Read Light Reliably! 
Device; MRD300 family Test : HTRB 20 Volts @ 1ss0 c 

H 111111111111!~~ 
100 1.000 

Hours 
10.000 

Test Time 

Critical to any application requiring stable characteris­
tics over very-long-term operating life expectancy is 
detector sensitivity which must remain constant so sys­
tem biasing is not thrown off spec. Similar to beta 

* TRADEMARK MOTOROLA INC. 

measurement in a conventional transistor, phototransistor 
sensitivity = output current + light input. Curve shows 
the sensitivity for a standard hermetic, MRD300 detector 
family having little or no change in documented or pro­
jected sensitivity beyond 4,000 hours of testing. Indica­
tions from this and other ongoing tests show Motorola's 
family of Annular passivated light detectors to have 
identical reliability as standard metal-can transistors 
which have shrugged off millions of hours of rugged, 
mil-type life testing without significant failures . 

Read Light Economically! 
a TYPICAL PLASTIC DETECTOR PRICE TRENDS 
:i 
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<>: 
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"' 0 .6 - ~ 
-;;; 
E 
0 0.4 t=:==l=::::::jt:::::=::J===l===!===!:::j 
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The trend in silicon photodetector pricing is down! And 
you can control light-generated current flow with 24 
different Motorola PIN photodiodes, photo transistors and 
photo Darlingtons for optimized optical performance in 
de to high frequency designs. For example, 100-up prices 
on the metal, MRD3050 series now start at only 80¢ -
a level comparable to plastic! Select the right light detec­
tor for your design from the broadest light detector line 
available - Motorola's! Write Box 20912, Phoenix, AZ 
85036 for complete detector data. 

NIOTOROLA OPTO 
Let There Be Llght/1111 
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Only one OEM xy recorder is cast for the role. 

Ever try to find an xy recorder de­
signed to adapt to your OEM system? 
We've built a totally new cast alumi­
num recorder because you've been 
buying modified laboratory machines 
for OEM applications . And paying for 
them in more ways than one. 

HP's 7040 won't force you into buy­
ing anything you can 't use. An OEM 
machine from the ground up, it 's de­
signed around a one-piece , die-cast 
aluminum mainframe ... a rugged plat­
form for the modular features you se­
lect. But only the features you select. 

A complete cast of options lets you 
specify exactly what you need to do 
the job. Everything from a control 
panel (shown above) to rear connec­
tor. Nearly 40 independent options 
in all. 

You get standard features that make 
sense in any OEM appl ication . Things 
like Autogrip electrostatic holddown, 
IC circuitry , a long-life hybrid poten­
tiometer , disposable pens and more. 
All the things we learned while pio­
neering the development of xy record­
ers for two decades. 

A rugged die-cast mainframe. A 
complete cast of options. HP's new 
7040 is the only OEM xy recorder cast 
for the role . Get specifications and 
discount data from Hewlett-Packard, 
16399 West Bernardo Dr., San Diego, 
California 92127; Europe : 1217 
Mey r in-Geneva, Switzerland . 

HEWLETT if PACKARD 

GRAPHIC RECORDERS 
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The Di ital 
Multip ier. 

It can multiply two 8-bit signed numbers in 
135 nanoseconds. But thats just the beginning. 

We have a super-fast, super­
flexible , monolithic digital 
multiplier. It is the only one in 
the world . 
It's the Am2505. It multiplies a 4-bit 
number by a 2-bit number and adds 
the 6-bit product to another 4-bit 
number. S = XY + K. 
An array of 2505s multiplies two 
signed numbers in 2's complement 
representation , adds a third number 
in 2's complement representation , 
and gives you a double-length 
signed result also in 2's 
complement form . 
You can make any size multiplier 
you need . (For longer word lengths, 
build a bigger array. If you add a 
few of our high-speed ALUs, the 
Am9340s, you can go even faster.) 
The Am2505 can multiply numbers 
in active HIGH level (positive logic) 
or act ive LOW level (negative logic). 
The Am2505 is ideal in digital 
filters , Fast Fou rier Transform 
Processors and minicomputers. 
But the most important feature of 
the Am2505 is that it 's here, in 
quantity, all you need . 
If you 're doing digital signal 
processing or even thinking about 
doing it, call us or Hamilton/ Avnet. 

Look: 

Delays and Package Count 

Number of 
Array Am2505s for 
Size 2n bit product 

8x8 8 

12x12 18 
18 

16x 16 32 
32 
32 

20x20 50 
50 

24x24 72 
72 
72 

28x28 98 
98 

32x32 128 
128 
128 

Number of 
Additional 
Am9340s 

0 

0 
5 

0 
7 

16 

0 
9 

0 
11 

24 

0 
13 

0 
15 

32 

Typical Delay Times 
ns.at25°C 

Level of Adders Am9340 
0 1 2 

135 

205 
155 

275 
185 

180 

345 
220 

415 
255 

215 

485 
290 

555 
325 

250 

Advanced Micro Devices, Inc.~ 
Telephone 800-538-7904 toll free, and ask for Shel Schumaker, or in California 408-732-2400. In Los Angeles, Steve Zelencik 
at 213-360-2102. In Mid-America, Chuck Keough at 312-297-4115. In the eastern United States, Steve Marks at 212-343-2220, 
or in Boston, Vince Sabella at 617-861-1550. 901 Thompson Place, Sunnyvale, California 94086/TWX 910-339-9280/TLX 346306. 
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DESIGN NEWS 

Hand is scanned for positive 
identification 
Positive identification-a problem 
encountered by companies in ac­
cess control , employee verification 
and computer access--has received 
a boost by a device from ldentima­
tion Corp. , Northvale, N.J. By mea­
suring the virtually unique geometry 
of a person 's hand, reducing the 
measurement to a digital code and 
storing that code on the person's ID 
card and/or in a computer memory 
bank, the company claims to have 
achieved a new level of security. 

Hand geometry, according to a 
study by the Stanford Research In­
stitute, is a distinct human, measur­
able characteristic that can be re­
lated to individuals. Tolerances can 
be established to reduce the proba­
bility of cross identification to less 
than one in a thousand. 

The basic unit can evaluate an 
infinite number of users at a cycle 
time of about 3 seconds; the time 
required to step up to the unit, 
insert a card, place the hand on the 
lighted surface of the unit for optical 
scanning, and then remove the 
hand and card . 

It is designed to be used as a 
free-standing unmanned machine 
or in conjunction with computers or 
other devices and is reportedly able 
to be wed to existing systems with 
minor changes. 

According to company reports, 
units are under test at a major Stra­
tegic Air Command Base for security 
control. One will soon be used to 
verify the identity of patients at a 
Methadone agency to reduce the 
quantity of Methadone presently 
reaching the black market. Con-

Controlled access to restricted i?reas is 
provided by the ldentimat 2000. 

tracts have also been received for 
delivery of a modified unit to serve 
as a collusion-proof time-clock ter­
minal to provide verified informa­
tion for payroll purposes . This sys-

hand on 
~ne initiates 

optical scan which 
s used for comparison 

with infomation coded 
on the card . 
Acceptance or 
rejection is 
indicated by 
panel lights. 

tern reportedly eliminates the need 
for time cards and key-punch oper­
ators because the data goes directly 
to magnetic tape and then into the 
computer . 
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"Bucket brigade" IC forms heart 
of speech compression system 

The first successful deve lopment of a 
practi ca l " bucket brigade" integrated 
ci rcu it is cla imed by Amperex Elec­
troni cs Corp. , a division of North 
Ameri can Philips Corp., New York , 
N.Y. According to Mr. Selig Gertzis, 
D irector of Operations of the Amperex 
Integrated Circui ts Div. in Cranston, 
R. I. , "bucket brigade" !Cs have been 
the object of considerable interest in 
the electronics industry for many years, 
w ith proposa ls for such a dev ice dating 
from 1952 . Unti l now, however, tech­
nica l and manufacturing prob lems 
have prevented a practi ca l " bucket 
bri gade" IC from reaching the market. 

The term " bucket bri gade" de­
scri bes the way in w hich the dev ice, an 
analog shift register, transfers informa­
tion from stage to stage in response to 
tim ing signals. The new device, des ig­
nated M 31, is a p-channel M OS IC 
containing 32 analog shift stages-or 
" buckets" - plus an input sampling 
circuit and an output fo llower. Appli­
cations incl ude va ri able length delay 
lines, scanning c ircuits and time-ax is 
conversion. Because the M 31 operates 
d irectl y on the ana log input signal, no 
analog-to-digital or digital-to-analog 
signal conversions are necessary. 

ty. Cambridge Research and Deve lop­
ment Group foresees wide appl icati on 
for its Variab le Speech Control system 
in education, work with the blind and 
other handicapped groups, and in 
bus iness and the profess ions. While 
speech compress ion w ithout pitch dis­
to rtion has prev iously been accom­
p lished under laboratory conditions, 
the Cambridge system is sa id to be the 
f irst commerc iall y-practi ca l var iable 
speech contro l system ever developed 
for O EMs and the general publi c. 

The " bucket brigade" IC consists of 
a chain of storage capac itors and 
charge-transfer c ircuits, acting as an 
analog shift register with an externall y 
control led shift rate. Information is 
stored in the array of capac itors - not 
d irectl y as charge level but, instead, as 
charge defic it. The use of charge defic it 
instead of charge level permits the 
manufacturer to use a single transistor 
per storage capac itor and results in a 
less complex ci rcuit than previously 
proposed analog shift registers. 

As rea lized in the M 31, the "bucket 
bri gade" is a p-channel MOS IC·in a 

10- lead T0-5 can; however, bipolar 
circuits of analogous design have been 
developed and tested. The M31 con­
tains 32 stages of charge storage plus 
sampling and output-follower stages. 
Because of the absence of de gate cu r­
rents, attenuation in the M3 1 is negl igi ­
ble, according to Amperex, and even 
after hundreds of stages no amplifi ers 
are necessary. Twenty M31 s have been 
strung together to prov ide 640 stages of 
var iable delay l ine. Since delay and 
signal bandwidth are inversely propor­
ti onal , one may be traded off for the 
other to provide a w ide range of delays 
and bandwidths. The analog capabil ity 
of the 640-e lement delay line is ind i­
cated by its 58 dB dynamic range w ith 
harmonic distort ion of less than 1 % . 
Clock rates .fo r the M 31 can be as high 
as 100 kHz. 

More informati on on this dev ice 
may be obtained from Amperex Elec­
tronic Corp., Integrated Circui ts Div., 
Cranston, RI 02920. 

SOURCE 
In the fi rst commercial app licati on of 

the device by Cambridge Research and 
Deve lopment Group of W estport, 
Conn., the M 31 is used as a variable­
length audio-frequency delay line. 
Here it permits recorded speech to be 
compressed or expanded (speeded up 
or. slow ed down) by any amount up 
to ± 400% of the o ri ginall y recorded 
speed, and played back without d istor­
tion or appreciable loss of intelligi bili -

INPUT SAMPLER FOLLOWER 

" Bucket Brigade" IC stores information in capaci tors as charge deficit. 

$6 billion security market foreseen by '76 -
an electronics boon 
An in -depth analys is and forecast of 
the industri al, commerc ial and res i­
dential security market has produced 
some start ling fi gures. Done by the 
New York-based research firm of 
Frost & Sulli van, Inc. , the studv fore­
casts a major grow th in intrusion-de­
tection devices and systems, spurred 
on by the ri sing crime. 

The market for intrusion-detection 

equipment, in the industri al sector 
alone, will grow from $40 to $67 mil ­
lion annuall y, according to the study. 

Thi s estimate does not include phys­
ical protection equipment such as 
locks and spec ial doors. The industrial 
fire-equipment and alarm market is 
pegged around $41 0 million and will 
grow to $950 million by 1976. It is esti ­
mated that only 15% of U.S. industri al 

plants have substantial electronic sur­
veillance and intrusion-a larm systems. 

The " sleeping giant" of the securi ty 
industry, says the report, is its res iden­
ti al segment. This residential securi ty 
segment alone w ill be in excess of 
$400 million by 1976, pushed on by 
skyrocketing home burglaries that have 
increased by 286% si nce 1960, ac­
cordin g to FBI statisti cs. 
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The engineers who designed this electronic tube anode could have 
given the production men a hard time. It was to be die-drawn from a 
single piece of copper in three reverse draw planes to a total draw-depth 
of 12 inches. But conventional , easily drawn copper alloys were out. 
Conductivity requirements, both electrical and thermal , ruled out most 
of them. The water cooled anode had to maintain maximum electrical 
efficiency while dissipating 22.5 kW. Outgassing specifications were even 
more critical : the anode would operate in a high vacuum and no im­
purities could be tolerated . 

By specifying OFHC copper both the design and manufacturing 
problems were solved. 

Uniform purity was the primary reason . OFHC copper is 99.99+ 0/o 
pure. That meant that production men could accurately predict the per­
formance of the copper and design a drawing process to suit. And , purity 
eliminated outgassing . In addition AMAX certified conductivity of OFHC 
at 101 % IACS. Good physical strength and good glass-to-metal seal­
ability completed the picture. 

OFHC copper may be the solut ion to your electrical and mechan ical 
problems, too. We have all the data. Draw on it any t ime. 

Specifying ductile copper without 
sacrificing conductivity and outgassing requirements 

is easy as OFHC: 

It's a story you can draw on. Send for it. 
COPPER, INC. 
A SUBSIOIARY OOC •MER!C.AN METAi. Cl. IMAX, INC 

--- 1ia70 AVIENUI! OF Tl'<E AMERICAS. NEW YORK. NY <IOli!C 
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Red. 
Yellow. 
Green. 

And they're all GaAsLITEs, 
never-burn-out surge-free 
solid state light bulbs 
that interface directly 
with your TTL. 
You've seen Monsanto's red discretes 
and displays. Now see what we've 
done in bright golden yellow and high 
visibility green. Discretes and displays. 
Rock-solid GaAsLITEs that take the 
worst mechanical punishment 
you can dish out. 
Up 'f now, Ga sLITE colors could only 
say P. Or TCH OUT. 
Now t ey can say WAIT and GO. 
Get the whole multi-colored GaAsLITE 
story. Drop us a note and we'll send 
you our new catalog. And a price 
list full of surprisingly small numbers. 

Monsanto Electronic Special Products 
10131 Bubb Road, Cupertino, California 95014. 
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DESIGN NEWS 

Glass sphere floats in laser beam 
If the rotating vane radiometer didn't 
convince you that radiation exerts 
pressure on a object, an experiment 
conducted at the Bell Telephone Labo­
ratories should. 

Using a beam of laser light, Bell Labs 
scientists have raised small transparent 
glass spheres off of a glass surface and 
held them aloft for hours in a stable 
position. In their experiment, Arthur 
Ashkin and Joseph Dziedzic focused a 
laser beam upward on a glass sphere 
about 20 µ,m in diameter. Radiation 
pressure from the light raises the 
sphere and traps it in the beam pre­
venting it from slipping sideways. 

Initially, radiation pressure is not suf­
ficient to overcome Van der Waals 
force which is about ten-thousand 
times the force of gravity for a 20-µ,m 
sphere. Therefore, a transducer is at­
tached to the glass plate to free the 
sphere by vibration. Once freed , the 
sphere rises in the beam and comes to 
rest where equilibrium is established 
between the upward force of the beam 
and the pull of gravity. By changing 
position of the focus, the particle can 
be moved up and down or sideways 
very precisely. 

In the experiment a second laser was 

used to study the trapping forces by 
focusing its beam on the sphere from 
the side. As the power of the second 
laser was increased, the particle was 
displaced until it was driven out and 
fell. 

Dr. Ash kin pointed out that any laser 
will produce the levitation effect. The 
sphere should be transparent, because 
a particle that absorbs light would 
probably melt. By remaining cool, the 
transparent sphere allows radiation 
pressure to be studied without any dis­
turbing thermal effects. 

Several applications have been pro­
posed for the technique. It can be used 
to provide simple, precise methods for 
manipulating smal I particles without 
mechanical support. In communica­
tions research, it could be useful in 
measuring scattering loss caused by 
particles, either in the atmosphere or in 
other transmission media. Laser levita­
tion may also be a valuable research 
technique for suspending particles in 
optically induced thermonuclear fu­
sion experiments. 

Power required to perform the levi ­
tation ("opti cal trapping") is sur­
prisingly small. A quarter-watt unit 
was used for this experiment. 

The tiny star-like particle, a 20 µm-diameter glass sphere, is being held aloft in air by laser light. 

NO 
OVERSHOOT 

FROM NEW 
PRECISION 

PULSER 
Only Xincom's 
6640 Precision Pulser 
drives unterminated 
coax without overshoot, 
ringing or reflection 
aberrations. 
• 20V pulses at 1 Omhz 
• 40V pulses at 5 mhz 
• 1V per ns, 3 ft coax+ 100 pf 
• Failsafe protect 
• 0.01 % accuracy 
• Pin disconnect in 100ns 
PINTO (Pin Test-Oriented) 
packaging provides a plug in or 
wire wrap module 3.2" x 4.0" x 
.55" h 
Typical applications : 
• MOS/Bipolar 
• MSl/LSI Testing 
• Memory Testing 
• Step Functions 

You can buy ours for $350. 
There is no theirs. 

Write for specs and 
applications or call 

(213] 341·5040 
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AUTHORIZED 

l~I 
DISTRIBUTOR 

For Erie Components In-Stock Call 
ARIZONA 
Phoenix 
R. V. Weatherford Co.-272-7144 
CALIFORNIA 
Anaheim 
R. V. Weatherford Co.-532-6741 
El Segundo 
Liberty Electronics-322-8100 
Glendale 
R. V. Weatherford Co.-849-3451 
Inglewood 
Newark Electronics Corporation-678-0441 
Mountain View 
Elmar Electronics, lnc.-961-3611 
Palo Alto 
R. V. Weatherford Co.-321-5373 
San Diego 
R. V. Weatherford Co.-278-7400 
COLORADO 
Denver 
Newark-Denver Electronics Supply-757-3351 
FLORIDA 
Hollywood 
Cramer/E.W., lnc.-923-8181 
Orlando 
Powell Florida/lnc.-423-8586 
ILLINOIS 
Chicago 
Newark Electronics Corporation-638-4411 
Westchester 
k,CfR~LA1r~ca go, lnc.-569-2340 

Baltimore 
Radio Electric Service Co.-823-0070 
Beltsville 
Powell /Washington , lnc.-937-4030 
Hyattsville 
M ilgray/Wash in gton , lnc.-864-1111 
MASSACHUSETTS 
Boston 
DeMambro Electronics-787-1200 
Newton Centre 
Cramer Electronics, lnc.-969-7700 
MISSOURI 
No. Kansas City 
LCOMP-Kansas City, lnc.-221-2400 
St. Louis 
LCOMP-St. Louis, lnc.-647-5505 
NEW JERSEY 
Pennsauken 
Radio Electric Serv ice Co., lnc.-662-4000 
Union 
Cramer Electronics-687-7870 
NEW YORK 
Buffalo 
Summit Distributors, lnc.-884-3450 
Farmingdale 
Arrow Electronics, lnc.-694-6800 
Freeport 
M ilgray Electronics, lnc.-546-6000 
Hauppauge, L. I. 
Cramer/L. I., lnc.-231-5600 
So. Rochester 
Cramer/Rochester, lnc.-275-0300 
Syracuse 
Cramer, lnc.-455-6641 
NORTH CAROLINA 
Winston-Salem 
gi;:mer/E. w.-725-8711 

Cincinnati 
Cramer/Tri States, lnc.-771-6441 
Cleveland 
::~~(;,'l{~C leveland, lnc.-881-8800 

Portland 
Almac/Stroum Electronics-292-3534 
PENNSYLVANIA 
Philadelphia 
Powell Electronics, lnc.-724-1900 
TENNESSEE 
Fayetteville 
~~xj~/Huntsv ille, lnc.-433-5737 

Houston 
Altair Company-781-5300 
Richardson 
Altai r Company-231-5166 
WASHINGTON 
Seattle 

AIJ16fi~~roum Electronics- !EEiii 
R. V. Weatherford Co.-

cl~2.\~i0 EMii !.ii.!d'i" 
Montreal 12 MJ!.!.!iii(E! 14 
Prelco-389-8051 

...... ~··· I ~ I Carsten Electron ics Ltd.-
751-5095 • 

VancouverZ 
Canadian Electronics Ltd.-

685-9311 
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Linears and memories 
highlighted at EDN/EEE • seminars 
Thirty-one speakers from more than 
two dozen semi-conductor manufac­
turers will address a pair of 2-day sem i­
nars at the Proud Bird Restaurant in Los 
Angeles during the second week in 
January. The seminars are sponsored 
by EDN/ EEE M agazine. 

Kicking off the seminar series wi II be 
" Linear !Cs- Appli cations and Innova­
tions" on Jan . 11 -1 2; Jan. 13-14 fea­
tu res " Semiconductor Memories­
Nano-second Bits For Microbucks". 
Noted speakers in each seminar will 
mix application ideas with solid design 
information, highli ghting new devices 
and techniques. Not forgotten is the 
real chemistry of meetings: There will 
be plenty of time for questions-and 
answers - during the program, at cof­
fee breaks, and at lunch . 

Advance registration for each semi­
nar is $75.00. Use the coupon on page 
60 or write EDN/ EEE Seminars, Box 
156, Palos Verdes Estates, CA 90274. 

Linear I Cs- applications and innova­
tions 

Tuesday, January 11 , 1972 
8: 00 a.m. to 9:00 a.m. - Registration 
9:00 a.m. to 5:00 p.m. 

Impact of LICs on D/A & A/D Converters; 
Marv in Rudin ; President; Precis ion Mono­
lithics. 
Applying Digital/Analog Interface Circuits; 
Don Jones; Applications Engineer; Harr is 
Semiconductor. 
Interface Circuits For Computer Systems; 
Dale Pi ppenger; Prod. Engineer; Texas In­
struments Incorporated. 
Applications of UC With High Noise Im­
munity OTL: Dave Guzeman; Prod. 
Market M anager; Teledyne Semi-conductor. 
Applications for Hybrid Data Converters; 
George Smith Ill ; R&D M anager; Beckman 
Instruments. 
Care and Feeding of Analog Switches; 
Jim Sherwin ; Chief Appli cations Engineer; 
Silicon ix. 
Designing With Ultra Low-Drift Opera­
tional Amplifiers; W alt Boriase; Micro­
circuit Appl. M anager; Nova Devices, Subs. 
of Analog Devices. 
5:00 p.m. - No-host cocktail party - Atti ­
tude Adjustment Time. Meet the speakers 
and di scuss your appli cations. 

Wednesday, Jan. 1 2, 1972 
9: 00 a.m. to 5 :00 p.m. 
Common Problems & Solutions in Using 

Linear ICs; Kari Huehne; Applications 
M anager, Motoro la. 
New Directions in Op Amps and Power 
Distribution; Joel Scheinberg; Product 
M anager; National Semiconductor. 
Applications for Micropower Amplifiers; 
Wayne Folleta; Design Engineer; Q uali ­
dyne. 
Designing W ith Micropower Operational 
Amplifiers; Jim Bohorquez ; Linear Pro­
ducts M anager; Solitron Devi ces. 
IC Voltage Regulators; Bob Mammano; 
V.P. Engineering; Silicon General. 
Design & Application of a High-Speed 
Comparator; Colin Barry; M anager Linear 
Product Design; Si gneti cs . 
Significant Advances in Analog Switches 
and Gates; Jack Gifford ; lntersil. 
Applications of New Linear/Interface Cir­
cuits; Orl ando Gallegos, Product M ar­
keting M anager; Raytheon Semiconductor. 
Semiconductor memories­
nanosecond bits for microbucks 
Thursday, Jan . 13, 1972 
8:00 a. m. to 9:00 a. m. - Registration . 
9: 00 a.m. to 5: 00 p.m. 
Timing In Semiconductor Memory Devices 
and Systems; John Springer; Advanced 
Micro Devices. 
Implications of a Memory Component at 
the Systems Level; Gene Carter; Micro­
circu it Prod. M anager; National Semicon­
ductor. 
Semiconductor Minicomputer Mainframe 
M emory; Jerry Prioste; Memories App. 
Engineer; Motorola. 
Design Considerations in Building High­
Speed Bi-polar RAMs; Bob M cConnell ; 
Bipolar Des ign; Computer Microtech­
no iogy. 
Bipolar Memory Applications; M el 
Snyder; Dir. Bipolar M emory Mktg.; lntersi l 
Corp. , 
Re-Entrant Programming & Read Only 
Memories - Optimizing Hardware and 
Software; Bob Hartman; Senior De­
sign Engr; Electronic Arrays. 
Bipolar & MOS Memory System Design; 
Jerry M arkus; M anager Bipolar M emory 
M arketing; Si gneti cs. 
5:00 p.m. - No-host cocktail party- Atti ­
tude Adjustment Time. M eet the speakers 
and di scuss your applications. 

Friday, Jan. 14, 1972 
9:00 a. m. to 5:00 p.m. 
Comparisons of Standard vs Custom MOS 
Circuits; Steve Jasper; Applications 
Engineer; American Micro Systems. 
Designing High-Speed Memory System 
With MOS Read-Write Memories; Ron 
Livingston ; Program Manager; Advanced 

(Continued on page 28) 
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The GIP /2200 is a new, more 
powerful, minicomputer that offers 
new flexibility and does its task well. 
Things like: 
Decimal Arithmetic 
Variable Length Operations 
Control Stack Facility for automatic 

state switching 
Bi-directional String Moves 
Bit Manipulation Instructions 

User Instructions Capability 
Expanded Software including RPG 

compiler 
The GIP /2200 uses microinstructions 
allowing implementation of more 
powerful instruct ions and greatly 
expanding applications and functions 
accommodated by the minicomputer. 
Microprogrammed features are: the 
Serial 1/0 Controller, a bootstrap 
loader and front panel memory access 
routine. Custom microprogrammed 
extensions are provided for, also. 
Microprogramming relieves the 
programmer of many inherent details 
when initiating programs. 

Decimal arithmetic is now 
accomplished easily on the new, more 
powerful GIP /2200. Decimal numbers 
appear as byte strings in memory up 
to 16 digits. There is no packing, and 
conversion time is short. You get the 
same decimal capability as the big 
computers with all the advantages of 
the mini. 

Variable length operations mean 
more efficient use of memory and 
permit a wide range of instruction 
types. 

The control stack mechanism 
saves machine state when entering 
subroutines or interrupt service 
routines. It sav~s Program Counter 
(P), machine status byte (S), and B, A, 
and X registers, thus giving programs 
never before available on minis. 

Bi-directional string moves allow 
up to 256 bytes in large string moves. 
In memory-to-memory operations, 
the registers are not altered. 

Bit manipulation instructions can 
be used to save programming time, 

more efficiently utilize registers, and 
compare data with simple instructions 
instead of using subroutines. 

Direct memory channel allows 
microprogram controlled , high speed 
data transfer to occur concurrently 
with program execution. 50 K bytes 
per second maximum transfer rate 
(910,000 bytes/sec available) . 

The GIP /22001/0 structure 
consists of a microprogrammed 
serial 1/0 interface, a byte 1/0 
facility, firmware support for direct 
memory channel concurrent transfers, 
and the capability of attaching up to 
two independent direct memory 
access (DMA) processors. 

All these advantages and many 
more are available now from 
Cincinnati Mi lacron with the new, 
more powerful GIP /2200 
minicomputer. Write or call, (513) 
494-5444 now, for complete details 
to: MINICOMPUTERS, Process 
Controls Division, Cincinnati Milacront!! 
Lebanon, Ohio 45036. 

this year, theres something 
really new in minicompote 
... Cincinnati Milacran'S 
CIP/2200 
CIP/ 2200 is brand new. It 
performs functions that 
heretofore could be done 
only by larger computers. 
See copy above. 

minicomputers 

C~(rJ CINCINNATI 
[)~ MllACRON 

Machine Tools 
Process Controls 
Chemicals 
Plastics 
Plastics Processing Machinery 
Abrasives 
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CORNERSTONE 
Regardless of your specialty, you can build your own calcu lati ng 

system using the Wang 600 as the cornerstone. · 

When you start with the basic 600, you have a calculator with the 
best price/performance ratio in its class. It has sixteen special keys 
whose functions you determine. And you don't have to give up any 
functions: you always have trig keys, stat keys, and push-button 
programming with full decisions and five-level subroutines. 

55 storage registers or 312 program steps are standard, but you can 
build your 600 all t he way up to 247 registers or 1848 program steps. 
Because you can swap registers and steps, you can find the exact 
combination to solve your problems. 

Now you can build on this foundation with an almost endless 
variety and combination of peripheral modules. You can select alpha­
numeric printers and plotters, on-line interfaces and off-line paper 
tape readers, and many more. And you can add on whenever you 're 
ready, right in your office. 

Custom-building your own calculating system is easy and in­
expensive - when you start with the correct cornerstone. Call Mr. 
Courtney, collect, at 617-851 -7211 , fo r our complete list of bu ild ing 
supplies. 

''IT "NG LABORATORIES, INC . Dept. EDN-1 

yy ft 836 NORTH STREET TEWKSBURY, MASSACHUSETTS 01876 

TEL. (617) 851 ·7311, TWX 710 343-6769, TELEX 94-7421 
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Memory Systems. 
Using Dynamic Refresh MOS RAMs In 
Large Memory Systems; M.E. Hoff; 
Manager Application Research ; Intel. 
Logic Design With Programmable Arrays; 
Al Tuszynski; Consultant; Solitron Devices. 
Appl ication of Reconfigurable Semicon­
ductor Memory Systems; H. Wi lliam 
Slaymaker; Manager Applications; SEMI. 
256-Bit ECL RAM Application; Jake Sti­
nehelfer; Applications Engineer; Fairchild 
Semiconductor. 
New V-ATE High-Speed, High-Density 
Memory Process; Francis Azariah; Pro­
duct M/M Memories; Raytheon Semicon­
ductor .' 
Cost Comparisons of Core vs Semiconduc­
tor Memories in Today's and Tomorrow's 
Technology; Joseph McGrath; Senior 
Engr; Technology Marketing Inc. 

Green ahd yellow LED 
readouts join red 

Monsanto recently introduced the 
MAN 5 and MAN 8 readouts , the first 
LED numeric displays in colors other 
than red. Both are pin-for-pin compati­
ble with the red MAN 1, but require 
about 50% more current. The MAN 5 
is a green GaP device emitting light at 
565 nm (peak and the MAN 8 is a yel­
low GaAs _,5 P.85 display which radiates 
light at 589 nm (peak). 

The chips used in the new devices 
are transparent, and therefore radiate 
light in all rlirection~ . A r!'flector is 
mounted behind each ch ip in the MAN 
5 and 8 readouts to direct side and 
back radiation toward the front, and to 
spread it into a bar segment. This tech­
nique results in a fairly uniform bar, 
but a " hot spot" is visible at the chip 
location . This is more apparent from 
off-axis, but doesn' t detract from the 
readability of the devices. 

Also newly introduced are discrete 
LEDs in green (MV5222) and yellow 
IMV5322). They are mechanical ly 
identical to the MV5020 ser ies red 
LED's. These discrete devices are en­
capsulated in green or yellow epoxy, 
which enhances color purity but de­
creases brightness. The MAN 5 and 8 
readouts are encapsulated in clear 
epoxy. 

For further information contact Mon­
santo Electronic Special Products 
Group 10131 Bubb Rd. Cupertino, 
Calif. 95014 
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BABCOCK RELAYS ••• A Broad Line for 

PC Board or Chassis, DrlJ Circuit to 20 Amps. 

PC Board 
Subminiature Miniature AC/DC Power AC Power 
Relays Relays Relays Relays 
Ultra low profile with A novel " lift-off" New Babcock Series Large capacity, 
a new flat magnetic card-operated HP 1 O amp. relays are compact size and 
system, high contact system offered in 2, 3 and long life are features 
sensitivity and a life on the Series K relay 4-pole configurations of UL Recognized 
span to 300,000,000 results in higher for use in ac and de Series HG relays. 
operations make the speed, with minimal control systems. Units are available 
Series NF relay bounce or chatter. UL These units are UL with ratings to 20 
unique in application Recognized , the unit Recognized and are amps (250 VAC) and 
potential. Rated at is rated at 2, 3 and 5 interchangeable 1.5KW 3-phase (220 
2 amps, these OPOT amps, in 2, 4 and with comparable VAC), for switch ing 
and 4POT units will 6-pole versions, for types. They will 6, 12, 24, 48, 115, 
switch 6, 12, 24, 48 switching 3, 6, 12, 24, switch 6, 12, 24, 48 220 and 240 VAC, in 
and 60 voe, with a 36, 48, 60 and 115 and 11 o voe, and 2, 3 and 4-pole 
(OPOT) pull-in of only voe. and 6 to 220 6, 12, 24, 48, 115, configurations. These 
150 MW. VAC. Other miniature 220 and 240 VAC. relays are 

Series HT and HM industrial models, For more interchangeable with 

miniature, open also interchangeable information, comparable relays. 

frame, SPOT relays with comparable circle No .- 59. For more 
are offered with 2 to types, are available in information, 
5 amp. ratings. These 1, 2 and 4-pole circle No. 60: 
units feature high configurations, with Detail technical 
sensitivity and long ratings of 3, 5 and 7 data on the complete 
life, and will switch amps, and voltages of line of Babcock 
3, 6, 9, 12, 18, 24, 35, 6 to 11 o voe and 6 relays is available 
42 and 60 voe. to 240 VAC. by writing or calling 

For more For more Babcock Control 

information, information, Products, Babcock 

circle No. 57. circle No. 58. Electronics Corp. , 
Subs. of Esterline 
Corp. , 3501 No. 
Harbor Blvd. , Costa 
Mesa, Calif. 92626; 
Tel : (714) 540-1234. 

MIL-R-6106 MIL-R-5757 Timers/Sensors Mercury Wetted 2A Industrial 20A Industrial ESTERLINE 
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It costs S5. 
2PAbias, 

&V/psec f~'sd~~~,_,,.d 
slewinu:;i[~~~~,~ 

Pin compatible with_,, 
101A, 709, 740, 741. 

Think 
of the places 

voucan 
use it. 
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For Instance. 
Here's an op amp that's price competitive 
with the 101A, the 709, 7 40 and the 7 41. 
In its T0-5 can it's pin compatible with 
them all- and not a bit bigger. 

But in performance it stands tall among 
the large complex modules. 

It's the perfect answer for when 100kn to 
500kn source impedances make ampli­
fier input currents marginal, but price 
constraints force you to use a low cost 
bipolar op amp. 

surpr1sa1 
It's a FET-input op amp, the lntersil 8007. 
It costs only $5.00 in 100-piece quantities, 
and has a typical input bias of 2pA. 
(Model 8007A is available with Is down 
to 1 pA max.) It has a 6V /µsec slew rate 
(@AcL =+1) and internal frequency com­
pensation. 

Get one tree. 
Try it. Ask your lntersil distributor for a 
sample 8007 op amp. Discover the 
superb performance and design freedom 
it gives you compared to a marginal 
bipolar. Or use it instead of a big expen­
sive module and save both dollars and 
real estate. 

What you need In analog. 
Remember the company that put it all 
together in analog technology. lntersil. 
10900 N.Tantau Ave., Cupertino, CA 95014. 

Get II hara. 
lntersil stocking distributors. Schweber 
Electronics; Century Electronics; Semi­
conductor Specialists; DeMambro Elec­
tronics ; R. V. Weatherford Co. 
lntersil area sales offices. Los Angeles 
(213) 370-5766; Metropolitan New York 
(201) 567-5585 ; Minneapolis (612) 925-
1844 ; San Francisco Bay Area (408) 
257-5450. 
Overseas representatives. Clichy, France: 
Tranchant Electronique. Amsterdam, 
Holland: Klaasing Electronics. Tokyo, 
Japan: lnternix. Zurich, Switzerland: Laser 
& Electronic Equipment. London , U. K.: 
Tranchant Electronique. Munich, West 
Germany: Spezial Electronics. 
U. S. representatives in all major cities. 

lntersil 
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Where 
would you 
design-in 
a$200 
capaci 

If you need a true zero 

temperature coefficient to a 

tolerance of± 5ppm°C. and 

a linearity of± lppmf°C., we 

have the capacitor you want. 

This capacitor is also 

subjected to a minimum of 

two sixteen hour burn-ins at 

three times rated voltage at 

85°C. And so is every 

capacitor we make. 
At PFC, we put precision 

first in the production of 

polystyrene capacitors. Any 

value you want to close 
tolerances as low as 0.13. 

We have a 28-page 
brochure with all the details 
on the $200 job as well as 
many more costing less than 
$1. We'll send you a copy. 
Precision Film Capacitors. 
Community Drive, Great Neck, 

N.Y. 11022. 516 487-0500. 

gw;QSION 
cAPA.1c1TORS 

L Division of Loral Corporation 
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DESIGN BRIEFS 

Termination eliminates 
Curie shift point 

A new wire and cable termination for 
high-temperature thermometric use has 
no Curie shift point, according to its 
developer, General Laboratory Associ­
ates, Norwich, N.Y. 

This ceramic-to-metal sea l termina­
tion exhibits a smooth cu rve of resistiv­
ity vs temperature, thus offers a precali­
brated change in resistance for instru­
ments operating up to 1200° F. 

Neon implantation 
boosts IC resistor values 

Using neon implantation, engineers at 
Mullard Research Laboratories, Red­
hill , England have been able to raise 
sheet resi stance and improve IC resis­
tor linearity. 

Rad iation damage introduced by the 

neon reduces the mobility, thus raising 
the sheet resistance for a given linearity 
and number of carriers. Resistivity of a 
semiconductor is a function of both 
charge-carrier concentration and mo­
bi I ity. 

Reductions in mobility by a factor of 
five have been observed. Resistors 
made by this technique appear to be 
stab le and to have acceptable leakage 
currents. Application of the technique 
to both MOS and bipolar ci rcuits is 
being investigated. 

GE MiniMod technology 
purchased by Tl 
Although GE has joined the ranks of 
several other large companies in their 
decision to discontinue production of 
ICs, the MiniMod packaging concept 
that they developed will live on. Texas 
Instruments has announced a technol­
ogy exchange agreement with GE for 
the MiniMod package and Multi-Bond 

A compact new gauging detecting system for quality or process control. 
The new PEL electro-pneumatic sensor, even detect differences as small as 0.0001 
available with a variety of precision nozzles in. For presence detection, PEL has speeds 
and accessories, offers a range of gauging up to 25 operations/sec. for elements with 
and detecting applications. It combines the one signal connection, up to 100/sec. for 
·sensitivity of fluidics out front with the reli- differential measuring switches with 2 sig­
abi lity of hermetically sealed electric nal connections. It's a great little nit-picker. 
contacts. In a compact, space-saving con- For more information, write or call today. 
figuration for design convenience. With 
go/no go signals through the operation of 
internal reed switches. With the proper 
nozzle, dimensional sensing arrangements 
can provide repeatability to 0.00002 in., 

[ ) 
4 Westchester Plaza. LANOIS & GYR Elmsford,NY.10523 

--------- Phone: (914) 592-4400 
TWX: (710) 567-1219/Telex: 137345/ln Canada: . 
2063 Chartier Street, Dorval 760, Quebec 

PEL 
the nit-picker. 
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Microwave Associates 
50 Ohm PIN Diodes. 
Less than s10 
® 1000 pieces: 

Features: 
Hermetically Sealed Packages 

Broadband 50 Ohm Match through X-Band 
Low Thermal Resistance 

High Power Capability 

Microwave Associates is offering a family of medium and low 
power PIN diodes hermetically sealed in a broadband package 

designed specifically for use in 50 Ohm balanced stripline with%" 
ground plane spacing. For complete specifications, call or 

write for Bulletin #4100- Microwave Associates, 
Burlington, Mass. 01803 -(617) 272-3000. 

*MA-47200 & MA-47201 

1••··········-·······-
Please add my name to your Microwave Associates Master Mailing List. I want to 

keep up with what you're doing first on the leading edge of the state of my art. 

Nam e 

Mail Station 

Company 

Street 

City State Zip 

My Interest is: 
D Semiconductors 
D Microwave Components 

My Industry is: 
D Communication (1000 MHz above) 
D Communication (1000 MHz below) 
D Surface Radar 
D Airborne Radar 
D Commercial Avionics 
D EW 



Miuowave Assodates 50 Ohm PIN Diodes (continued): 

Eledrical Charaderistics (@ 25° C) 

Min. Typical Max. Max. Min. 
Breakdown Ther. Meas. IL@ VSWR Isolation Typical Switching Time Switching 

Model Voltage Resist. Freq. - 20V @ @25mA Lifetime RF on RF off Conditions Case 
Number v °C/W GHz dB - 20V dB µ,S ns ns f = 1 GHz Style 

MA-47200 500 10 1.0 0.25 1.5 30 2.0 200 60 100 mA, lOOV 114 (stud) 

MA-47202 500 15 6.0 0 .5 1.5 25 1.5 150 30 100 mA, lOOV 114 (stud) 

MA-47204 500 20 10.0 0 .6 1.5 20 1.5 100 30 100 mA, lOOV 114 (stud) 

MA-47206 100 30 10.0 0.51 1.51 202 75 ns 5 5 10 mA, lOV 114 (stud) 

MA-47201 500 10 1.0 0.25 1.5 30 2.0 200 60 100 mA, lOOV 115 

MA-47203 500 15 6.0 0.5 1.5 25 1.5 150 30 100 mA, lOOV 115 
MA-47205 500 20 10.0 0.6 1.5 20 1.5 100 30 100 mA, lOOV 115 

MA-47207 100 30 10.0 0 .51 1.51 202 75 ns 5 5 10 mA, lOV 115 

NOTES: 
1. MA-47206 and MA-47207 measured @ -lOV 
2. MA-47206 and MA-47207 measured @ 10 mA 

-··········-- •••••111•1 
First class 

Permit No. 310 
Burlington , Mass. 

Business Reply Mail/No Postage Stamp necessary if mailed in the United States 

Postage Will Be Paid By 

~ MICROWAVE ASSOCIATES, INC. 
~ Burlington , Massachusetts 01803 

Att: Advertising Dept. 



automatic bonding process. In addi ­
tion , the agreement includes technol ­
ogy relating to specific thin-film hybrid 
tape circuits. 

GE developed the processes to in-

MultiBond process makes it poss ible to 
bond up to 72 IC leads in one stroke. 

crease reliability through improved 
bonding and automatic handling tech ­
niques (see EON, Jan. 15, 1971 , p. 12). 

To provide rapid buildup, Tl has 
purchased certain production equip­
ment from GE. 

Morris Chang, Tl vice president, said 
the MiniMod package will probably 
find first application in linear, consum­
er and computer circuits. 

Engineer's lobby 
formed 
A Political Action Committee for Engi ­
neers and Scientists (PACES) has been 
formed to promote and support legisla­
tion that will benefit those working in 
the scientific community. 

This new organization, which is a 
department of the Council of Engineers 
and Scien'tists Organization, is open 
to engineers, scientists, technicians, 
managers of technical programs and 
others with occupations requirin g 
technical training. The minimum con­
tribution for membership is $10 per 
year for employed persons and $2 for 
those unemployed or retired. 

Some of PACES' goals include: utili ­
zation of unemployed engineers, sci­
entists and other technically trained 
personnel ; patent law reform; estab­
lishment of portable benefits and na­
tional standards for technical compet­
ence and ethics. 

For additional information write to 
PACES Eastern Office, 318 Cooper St. , 
Camden, N J 08102; Western Office, 
Suite 305 , 1620 Centinela Ave., Ingle­
wood, CA 90300 or Washington Off­
ice, Suite 809, 1.140 Connecticut Ave. , 
N.W. , Washington, DC 20036. 

Ledex Rotary Solenoids give you fast , direct 
rotary motion . There's a family of eight 
sizes with torque all the way up to 117 
pound inches. For linear loads, our Push/ 

Pull Solenoids respond in less than 10 ms. 

Both have a compact form factor and 
there are over 350 stock models to get 
your prototype off the board and into the 
shop fast. 

Ledex Stepping Motors position loads re­
motely in predetermined increments over 
360°, cw, ccw, or both. You can add a 
knob for manual positioning. Attach a 
load on either or both ends. And our new­
est 12-position model has built-in pulsing 
circuitry, so it self-steps; needs no logic 
circuitry. 

You'll find versatile Ledex Switches 
everywhere . . . in aircraft controls, lab­
oratory instruments, business machines, 

even amusement games . They take up 
very little space to control, transfer , pro­
gram and check out complex circuits. 

For a neat Packaged Control Solution to 
your most complex switch problems, we'll 
deliver the answer in a small black box, 
ready to plug in. Chances are, the Ledex 
combination of people and products have 
solved an actuating or switching problem 
much like yours already. Just send us an 
outline of your problem. Or ask for: 

Catalog A-9500 
Over 400 ways to 
turn . . . push ... pull ... 

step . . . and switch 
plus new micro­
electronic interface 

circuits. 

General Cal 
Catalog "'""'-=~ --

,., tfie total techll,ology-people 
LE DEX INC. 
123 Webster Street 
Dayton , Ohio 45401 

(513) 224-9891 

POSITIONING · SWITCHING MICROELECTRONICS 
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Make true rms measurements 
with your own modules 
Why spend more than you have to for a true rms meter when you can 
build your own at a reasonable cost with ready-made modules? 

Traditionally, rms measurements have been made by 
one of two methods: the average reading instrument, 
or the "true rms" reading instrument using the thermal 
method . The first method simply rectifies and filters a 
waveform and uses a scale-factor conversion. While 
this method can be implemented at reasonaple cost , 
the scale-factor conversion applies only to sinusoids. 
The method is therefore accurate only for pure sine 
waveforms. 

The second method is accurate for all types of 
waveforms because the thermal, or "heating equiva­
lent," tei:hnique compares the heating value of the 
waveform with that of a de voltage. The disadvantage 
here is the high cost of such a unit -- for example a true 
rms DVM option costs upwards of $1000 . 

A new alternative in making rms measurements is 
now available to designers in the form of compact , 
solid-state function modules which compute rms 
values by the "operational" method. By this we mean 
that the module performs the mathematical operations 
which define rms: 

RMS=~ (1) 

The line under the square root sign indicates the 
"average of". The rms operation therefore consists of 
squaring, averaging and square rooting. These new 
modules of the type shown in Fig. 1, are made by 
various manufacturers, and have the advantages of low 
cost, good accuracy, and ease of calibration and use. 
Some examples of how to make these measurements 
will be shown later. 

Common methods of rms measurement 

The most commonly used method of rms measure­
ment has been the average reading method, since it 
gives reasonably accurate measurements at moderate 
cost. It is the method used in VTVM's and most DVM's; 
however it is based on the ratio of rms value to average 
value for a pure sinusoid, which is 1.11. 

The average reading method is implemented by a 
precision half-wave rectifier circuit with capacitive cou­
pling, as shown in Fig. 3. The output of the amplifier 
goes to a simple RC-type filter with sufficient time 
constant to average the lowest frequencies measured. 
Accuracy of this precision rectifier circuit is dependent 
on the magnitude of loop gain at the frequency of the 
waveform being measured: as the loop gain begins to 
fall off at higher frequencies , so does the output 
accuracy. 

Measurements on most average-reading instruments 
can only be made up to about 200 kHz for a 1% error, 
because of frequency response limitations. This meth­
od is satisfactory where only moderate accuracy is 
required and where relatively pure sine waves are 
measured . In cases where precision measurements 
must be made and where distortion is present in the 
sinusoid, it is not satisfactory. 

For example, 1 % of third harmonic distortion in a 
sinusoid is not noticeable visually (on an oscilloscope 
screen), but an average reading measurement of such a 
signal could be in error by up to 0.33% , depending on 
the phase relationship of the harmonic. Odd harmon­
ics contribute maximum errors to average reading 
measurements at 0° and 180 ° phase angles with respect 
to the fundamental. It can therefore readily be ap­
preciated that up to the point where distortion be­
comes visible to the eye (3-5%) , one cannot be sure 
just how accurate his measurement really is . When 
distortion is visible, one can be sure that his measure­
ment is not very accurate; and when a non-sinusoidal 
waveform is measured the reading is all but useless. 
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Fig. 1- RMS operator modules measure the true-rms values of 
all types of waveforms. 

WAVEFORM 

(a) SINUSOID E} vv 
(b) TRIANGLE E] /\ /\ vv 
(c) PULSE TRAIN ~· it=D 
(d) RANDOM NOISE (WHITE) lfN~W 

Fig. 2 - RMS characteristics are shown by these common 
signals which may be measured for average value and rms 
value. As one progresses from pure sinusoids to distorted 
sinusoids to triangular wavefo rms and then to pulses , it is easy 
to see that rms measurements based on average-value read­
ings become increasingly inaccurate. In fact , a pulse train with 
small duty cycle becomes difficult to measure even with true 
rms techniques because of its large crest factor .(Crest factor is 
defined as the ratio of peak value to rms value of a waveform, 
and characterizes the waveform in terms of the dynamic ran ge 
required to make the measurement). In general, accuracy of 
the measurement will decrease with increasing crest factor . 
The crest factor of a sine wave is 1.414, while that of pulses 
such as those shown might be as high as 10. 

An important and interesting property of rms values can be 
demonstrated by calculating the rms value of an arbitrary 
waveform expressed in the form of a Fourier series: 

IN o--} 

AVERAGE VALUE 

2E 

E 
2 

E 
r 

~ ,'i ... s_ 
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RMS VALUE 

E 
... :l 

s,NB 

B °'JCISE BANGWIG TH 

E(wt) = a0 + a, sin wt + a2 sin 2wt + a,. sin 3wt + .. • (2) 

When this function is squared and then averaged, the cross­
product terms go to zero , and the final result is: 

(3 1 

which shows that the de term and all harmonic terms add as 
the square root of the sum of the squares. This result is termed 
" rms addition" and is significant because it says that each 
harmonic term contributes independently to the total rms 
value. For a given signal , which is the sum of a de component 
and an ac component , the resultant rm s value is : 

(4 ) 

where , in some cases , the two terms would have to be 
measured separately. 

I Fig. 3 - Precision rectifier and filter circuit are used in average 
value measurements. 
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There is another source of error which is sometimes 
overlooked in rm s measurements . This is an error 
caused by any de component of the waveform . 

A de component exists in a waveform if it has an 
average value that is nonzero . Since most average 
reading instruments are ac coupled, the de component 
is rejected in the measurement . Furthermore, the de 
component in many cases can be very small and not 
visually noticeable . This means that an rms measure­
ment generally requires two separate steps if an ac 
cou pled instrument is used . First the ac component of 
the waveform must be measured, then the de value . 
The RMS value of the waveform is then found by use of 
Eq . (4), which is given in the caption of Fig. 2. 

In addition to the above, one must also be careful 
that neither the low-frequency nor the high-frequency 
roll-off of the instrument is affecting the ac component 
of the waveform being measured . The real danger in 
making an rms measurement using a DVM average­
reading option lies in assuming that the resolution 
implied by the DVM reading is really the accuracy of 
the measurement. Any of the above-mentioned errors 
can make all but the first few digits of the reading 
meaningless. 

The second common method of rms measurement is 
the "true rms" method using thermal, or heating 
equivalent, techniques . The very fact that the term 
"true rms" had to be coined to distinguish from mea­
surements that are not "true rms" indicates that true 
rms measurements are probably rare . And indeed they 
are , due to the high cost of either a true rms voltmeter 
or a true rms DVM option . 

The thermal method used in these instruments is 

Fig. 4 - One circuit for thermal method of rms measurement is 
shown here. Input amplifier A1 buffers and amplifies the input 
signal and drives heater-resistor R. Heat produced by R 
develops an output from thermopile T (series connected 
thermocouples) . This output is amplified by A2,producing a de 
output voltage across heater-resistor R' which is matched to R. 

IN Ml 

Fig. S - RMS circuit based on analog multiplier techniques for 
squaring and square-rooting waveforms uses analog mul-

implemented in the manner shown in Fig. 4. This same 
basic method can be implemented in other ways , for 
example by using matched junction transistors instead 
of the matched thermopiles . Also, by use of more 
complex circuitry employing low frequency chopping, 
it is possible to implement this technique with a single 
heater-resistor and thermopile instead of the matched 

pairs. ~· 
This method, though expensive , has excellent ac­

curacy (to 0.05% ) over a wide range of frequencies , 
limited only by the performance of the input amplifier. 
It is expensive though , for two reasons : First, matched 
heater-thermopiles, which can now be made in the 
form of a thin-film circuit, are expensive. Second , 
stringent design requirements make the input amplifier 
expensive because it must have a large gain-bandwidth 
product to make wideband RMS measurements . It 
simultaneously must also be capable of handling large 
output voltage and currents in order to sufficiently heat 
the heater- resistance , which may be as low as son. 

Due to de drift problems in such an amplifier, ac 
coupling has almost always been used. This results in 
the same problem as with average-reading intruments 
regarding measurement of a waveform with a de com­
ponent. 

Thermal methods suffer one other drawback: name­
ly, their very slow response time , which is the same for 
any type waveform since it is dependent only on the 
thermal time constant of the heater-resistor thermopile 
combination. This response time is the time required to 
make a measurement to the accuracy of the instrument 
and is in the range of 1 to 10 sec for presently available 
commercial units . Because of it , there is also a low-

R .ind R' l .itchi ! 

- IP! T 1 .11 ht d 

Thermopile T' is also matched to T so that a balance condition 
exists when temperatures of the two heater-resistors are 
equal. Under this condition the de voltage across R' is equal to 
the rms value of the voltage across R. A proper scaling factor is 
used on the output reading in accordance with the closed­
loop gain of A1 • 

M2 

tipliers and op amps to produce a de output voltage propor­
tional to therms value of the input waveform. 
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frequency limitation on these units , since the period of 
the waveform being measured must be small compared 
to the thermal time constant. Low-frequency cut off of 
the input amplifier is therefore designed to take care of 
this limitation . 

If a very low-frequency waveform were to be mea­
sured , the heater resistance would heat up and cool 
down with the waveform variation, and the output of 
the rms converter would follow thi s, givi·ng an average 
reading rather than an rms reading. 

How rms operator modules work 

The new rms modules are based on analog multiplier 
techniques for squaring and square-rooting wave­
forms . As illu strated in Fig. 5, in a typical module the 
input waveform · is squared by an analog multiplier, 
then averaged by a single-pole active filter, and 
square-rooted by a multiplier-amplifier combination. 
As with other rms methods , this technique produces a 
de output voltage equal to the rms value of the input 
waveform. 

In this operational method the output is really a 
processed version of the input waveform, whereas in 
the thermal technique it is a separately generated de 
voltage which is made equal to the RMS value of the 
input by comparison . The operational technique can 
readily be made accurate from de to 1 MHz using a 
wideband multiplier for M 1 • By contract, M 2 can be a 
slow multiplier, since it operates only on a filtered 
waveform. 

The ci rcuit shown in Fig.5 can be made accurate to 
0.5% at a moderate total cost by using individual 
commercia lly available analog multiplier modules with 

15 

15 OFFSET 

COM R1 

-15 
-15 20k 

15 

COM 

-15 

offset adjustments, and op amps. The RMS operator 
modules, though, with certain simplifications and spe­
cial ci rcuit techniques, actually achieve better perform ­
ance in accuracy, temperature stabi lity and bandwidth 
in a single compact package than is possi ble using 
analog multipliers . 

These modules offer a number of significant ad­
vantages when compared to the two previou sly discus­
sed methods of rms measurement. The first , and most 
obvious advantage, is in price . Compared to about $475 
for an average-reading DVM option or $1250 for a 
typical true rms reading option , rms operator modules 
sell for $85 to $145, depending on specifications . This 
means that engineers can apply them to problems 
involving a number of data measurement channels, like 
in multipoint vibration monitoring, and not worry 
about prohibitive costs. 

A second advantage is that they have a fast response 
time compared to thermal techniques. Compared to a 
tim e constant of about 1 sec for thermal units, the 
modules have internal time constants set at 2 msec to 
10 msec, depending on the model . These faster time 
constants can be used when measu ring waveforms of 
moderate frequencies, say 5 kHz and higher . It means 
that yo u make a reading to 0.1% accuracy in 14 msec, if 
the internal time constant is 2 msec. Actually the time 
constant can be tailored to the required measurement 
by adding an exte rnal capacitor to achieve a larger time 
constant . Thi s is necessary for low-frequency wave­
forms si nce the time constant of the filter must be 
made large compared to the fundamental period of the 
waveform being measured . It should be noted , how­
ever, that this time constant does not have any effect on 

MODULAR 
POWER SUPPLY 
± 15V @ 25 mA 

RMS MODULE NOTE: FOR 0.5'' ACCURACY IN R101, 
R101 15 U-+--~ OMIT 2k TRIM POT AND CONNECT OUTPUT TO " S' 

IN 
~-+-[] OS 

~---------~--O IN 

COMO-+----' 

3-1 '2 DIGIT DPM -15 ( >--+----~ 

OUT <>--+------------1 0707 

5 11 F 

POLVCARBONA TE 
R2 2k 

Fig. 6 - Low-cost lab-type rms meter is easily made from rm s 
modules. The operational amplifier preceding therms module 
(R101) is used in the non-inverting configuration to buffer and 
amplify the input signal. Amplifi cat io n allows the input of the 
R101 to be driven near full scale to give best total accuracy. If 
the bandwidth requirement is not too great, a low cost IC op 
amp can be used for A,. For best accuracy the R101 must be 

zeroed and adjusted fo r scale factor, which is done by means 
of trim pots R, and R2 . When measuring full-scale waveforms 
down to 50 Hz, the averaging time constant of the R101 is 
increased to 0.1 sec by means of an external SµF poly­
ca rbonate capacitor , C. A low cost ± 15V, 25 mA modular 
power supp ly is used to power the rms operator module and 
operat io nal amplifi er. 

37 



38 

15 
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-15 FET INPUT OP AMP 
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15 0 

COM O 

-15 0 
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Fig. 7 - RMS circuit for measuring slow waveforms develops th e required long time constant with an RC filter and op amp. 

IN 

RMS MODULE 

R101 

SHARP NOTCH 
FILTER 

OUT 

Fig. 8 - In audio distortion measurements, a near sinusoidal 
signal is applied to a sharp notch fi lter that vi rtually eliminates 
the fundamental component. Output of the notch filter , 
which contains all of the harmonic terms , is amplified and 

WAVEFORM IN 0------ -_:-f"--, 

ANALOG MULTIPLIER I 
CONNECTED IN DIV'SION MODE 

IN 
RMS MODULE 

R101 

M 

I 

OUT 
(%harmonic d1stort 1on) 

applied to an rms modu le whose output is the rms value of the 
sum of all the harmonic terms. If thi s de value is divided by the 
rms va lue of the original input signal the result is a de output pro­
portional to the total harmonic distorti on of the input signal. 

M >-------------~.-----"'1 OUT 
,constant ffv\S) 

c 

Fig. 9 - In an rms regulator circuit , the true rms module 
converts the output signal to a de voltage equal to the rms 
value of the output. This de level is compared to a de 

IN 

RMS MODULE 

R101 

OUT 

reference and the difference is amplified and used to cont rol 
one of the inputs to an analog multiplier which is used as a 
variable gain control. 
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the bandwidth of the module with regard to higher 
frequency measurements because the time constant is 
simply the time for the filter to charge up to the 
squared waveform average value. 

A third advantage is the fact that these RMS operator 
modules are de coupled devices, whereas the other 
two methods almost always are ac coupled. De cou­
pling is important for two reasons : Waveforms with a 

. de component can be measured in one step instead of 
two separate measurements, as described previously . A 
sufficient time constant must still be provided by an 
external capacitor to sufficiently filter the lowest fre­
quency ac component, but, since pure de requires no 
filtering , it is processed directly in therms operation. 

The other reason why de coupling is important is that 
the RMS module is easily calibrated using a de source. 
The modules require offset and scale factor adjust­
ments for optimum accuracy. This is done simply by 
shorting the input to ground and zeroing the output. 
The scale factor is then adjusted while applying an 
accurate ± 10V de source and setting the full scale 
output to +10V. Other types of rms converters which 
are ac coupled require either a precision ac reference 
for calibration, or another rms converter to calibrate 
against after measuring the same waveform . This addi­
tional equipment can sometimes be hard to come by in 
the laboratory, whereas a stable de power source is 
almost always at hand. 

How to use rms operator modules 

The following applications of rms operator modules 
use the low-cost lntronics R101 for purposes of illustra­
tion. The most general application for these modules is 
shown in Fig. 6, which illustrates construction of a 
low-cost laboratory-type digital rms meter. A 3-1 /2 digit 
DPM is used to read the output voltage of the R101 . 
Typical accuracy for this rms meter is 0.1 % of reading 
+ 0.05% of sca le (10V) and cost is about $330. For a 

Why RMS? 
RMS measurements have become increasingly 
important in recent yea rs because they are the 
most meaningful measurement for ac 
waveforms (Fig. 2) . Except for a few cases 
where it cou ld be argued that a peak or 
average value is just as useful , it is the 
energy content of a waveform 
that we are interested in. 
RMS measurement is so widely 
accepted that when engineers 
speak of ac voltages it is always 
assumed that rms value is meant. 

RMS values are particularly important in the 

lower-cost unit, the DPM can be replaced by a common 
d'Arsonval meter movement, and the price can be 
reduced to about $150. 

A second application is shown in Fig. 7, where it is 
desired to measure therms value of a slow, 0.5Hz, 20V 
peak-to-peak waveform . This requires a time constant 
of about 10 sec, which would in turn require a prohibi­
tively large external capacitance value. To get around 
this problem , a 10-second time constant is developed 
externally by means of an RC filter and an FET-input op 
amp connected to have a gain of +1. The result of the 
required large time constant, however, is that about a 
minute is required to make an accurate reading . 

A third application of rms measurements is in audio 
distortion measurement as shown in Fig. 8. 

A fourth application is in true rms regulation (Fig. 9). 
Here, by using an rms operator module, an analog 
multiplier, and an operational amplifier, an arbitrary 
input waveform with amplitude variations can be regu­
lated to give a constant rms output value. 
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2. " Bill Smith of HP Speaks Out on What 's Wrong 
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case of noise measurements since they are related in a simple 
manner to the statistical properties of the noise . Their usefulness in noise 
measurements includes audio noise (noise pollution ), random electrical noise 
(thermal noise), periodic electrical noise (man-made) and mechanica l noise 
(vib ration noise) . In addition, rms measurements play an important part in 
power measurements , complex waveform measurements, distortion measurements, 
rm s regulation , and control system error measurements . 
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•• No need for klugey panel meters, 
once you replace the guts with MOS. We designed 

the parts, NORTEC helps produce the quantities 
we'll be needing. Result: our new 3'!12 digit 

panel meter that's on a sales rampage. AA 
Larry Lopp, HEWLETT-PACKARD - ; - ) 

NORTEC Electronics is in business to make 
winners of our customers. We're designing and building 

parts for bill changers, computers, entertainment consoles, 
panel meters, and communications blackboxes. 

The only way we'll make it big in MOS/LSI is by helping our 
customers make it big. Try us for design, prototypes, or production. 

' ' 

The' two MOS chips we ake for the 
Hewletf•Packard panel ni'efehlising our 
NOR-6 P-channel low threshold p rocess· 
vastly reduce package count This saves 

space and dramatically cuts the cost 
of test and repair of circuit boards. 
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l' 

ELECTRONICS CORPORATION 
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\ 
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) 
, 

3697 Tahoe Way, Santa Clara, Ca. 95051 • Tel. (408) 732-2204 •Telex 348-359 
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designers will have a PICNIC with these new relays 

NON-POSITION SENSITIVE MINIATURE MERCURY WETTED REED RELAY CLASS 
137MPC-This amazing new relay represents a significant state-of-the-art advance­
ment in relay technology. The low-profile miniature PC-mounting mercury wetted 
reed relay offers bounce-free operation in any position. Now circuit designers will 
have new freedom of design. Further, the relay is only 1.12 x .40 x .375 inches, 
requiring minimal area on printed circuit boards. This relay features stable contact 
resistance of 100 milliohms over its long life of over 20 million bounce-free opera­
tions with diode suppressed coil. 

SOLID STATE {HYBRID) TIME DELAY RELAY CLASS 214CP-Magnecraft takes great 
pride in announcing this new time delay relay. Proven hinge-pin re liab ility designed 
into the output relay driven by a solid state circuit used in thousands of our timers, 
gives you the best low cost small size timing relay on the market. Operate delay 
timing ranges are offered between 3 hundred milliseconds and 4 minutes with ±5% 
repeatability and input supply of 115VAC. 
We are sure you will share our enthusiasm in this new product when you apply the 
small size and cost savings to your circuit designs. The body of the timer is only 1.4 
x 1.4 x 2.1 inches, the size of our 88 general purpose relay case . The adusting 
potentiometer gives full range timing control and the very popular octal socket pins 
extend just a bit beyond the body of the time delay relay to an overall height of 2.3 
inches. 

DUAL-INLINE-PACKAGED REED RELAYS CLASS 107DIP, 108DIP, 117DIP AND 118-
DIP-Magnecraft is proud to announce its new DIP (dual-inline-package) line of 8-
pin reed relays. These new relays are designed not only to be compatible with the 
standard packaging developed for integrated circuits, but to offer Magnecraft quality 
at a lost cost. This unique design gives further savings by offering the user the 
optimum in automated insertion and other economical installation techniques associ­
ated with printed circuit applications. 
These fantastic new epoxy molded reed relays are ideal for use in circuits where 
high density packaging is essential. The 5VDC IC compatible versions of these relays 
will operate directly from TTL or DTL circuits. 
Other standard coil voltages are available from stock in 6, 12, and 24 VDC as well as 
contact configurat ions in 1 form A, 2 form A, 1 form B, and 1 form C. Most versions 
are also offered with a choice of an internal clamping diode. The size of this device 
is a tiny .750 x .300 x .210 inches. 

SOLID STATE {HYBRID) PRINTED CIRCUIT TIME DELAY RELAYS CLASS 502PCSR 
AND CLASS 503PCSR-These new time delay relays make use of hybrid circuitry 
combining a monolithic silicon structure in the contro l function with a dry reed relay 
performing isolated circuit switching. Two fully adjustable timing ranges are afforded 
by using a remote pot or fixed resistor giving 0.2 to 100 seconds or 1 to 300 seconds 
each with ± 2% repeatability. Standard coil voltages are available from stock in 12 
and 24VDC as well as contact configurations in 1 form A rated at 1 amp and 1 form C 
at 0.5 amp. The size of this time delay relay is a mere 2.25" x 1.25" x .75". 

Ma.gnecira.Ft® ELEcTR•c coMPANv 

SS7S NORTH LY NCH A VEN UE • CHICAGO. ILLINOIS 60630 • 312 • 282 ·SSOO • TW X-910-221 -5221 

See you at l.S.A. Booth 658 
CIRCLE NO. 32 
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Our new µA776: Closest thing to a universal op 
amp yet devised. 

We call the µA 77f) our "do-everything" op amp. 
It probably is the next industry standard: one high 
quality device that, with the addition of a simple 
external resistor, can be tailored for optimum 
performance over an enormous span of applications. 
From the world's linear leader. 

µA776 Typical Performance 
QUIESCENT SUPPLY CURRENT AS A 
FUNCTION OF SET CURRENT. 
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The wide range of available characteristics makes 
it extremely versatile. And useful. It is 
adjustable for either standard or micropower 
application. It can be biased to have any of a 
number of fixed characteristics; or biased so that 
the characteristics of the amplifier can be 

varied in response to an input signal. And it 
can be turned on or off externally. 

The µA776 offers superior operation at levels 
similar to standard general purpose op amps. In 
fact, when biased with a 15µA set current, it 
has approximately the same gain, slew rate and 
bandwidth as a µA741. But with an order of 
magnitude improvement in input bias current, 
input offset current, noise current and power 
dissipation. 

Or you can operate it from a supply voltage of 
only ± l.2V This means the device can be run 
off of two battery cells and with the proper set 
resistor the total power drain of the op amp will 
be lower than the battery leakage. 

The broad versatility of the µA 776 means it is 
ideal for micropower applications, battery pow­
ered systems, medical electronics, long-time 
integrators, high-accuracy sample and hold, 
frequency processors and active filters. For 
many uses, it becomes the only op amp you 
need specify on your standard parts list. 

Available with complete data package, from 
your friendly Fairchild distributor. 

New LIC Data Book 
The µA 776 is the newest 
of 17 general and specific 
purpose op amps. 
All fully described in our 
new LIC Data Book : 
320 pages covering 84 
quality LIC devices. 
Available now by writing to the address below. 

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

CIRCLE NO. 33 
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Incandescent lamps mate well 
with silicon photosensors 
If you omit the incandescent-filament lamp when you compare 
devices for irradiating silicon photosensors, you may short-change your design. 

Incandescent lamps, in addition to being a good source 
of illumination, are also efficient energy sources for 
irradiating photosensors--especially those of the sili­
con type. Basically three types of energy sources are in 
current use for this purpose: incandescent lamps, 
solid-state emitters and cathode glow tubes. Let's take 
a look at the advantages and limitations of in­
candescent lamps in comparison with the other sour­
ces of illumination . 

Realistic performance of incandescent lamps is de­
picted by the nomograph of Fig. 1. Notice that both 
filament temperature and the transmission efficiency of 
the glass envelope through which photons must pass 
are considered. Notice too, that filaments are most 
efficient in the same wavelength region where the glass 
envelope allows maximum transmission (90 to 92% 
over the range of 0.4 to 2.7 µm.) 

This "window of emission" is shown as percent 
transmission in the upper portion of Fig. 1. Where the 
outline of the emission window intersects a given 
wavelength generated by the incandescent filament, 
the indicated percentage of filament-released photons 
will pass through the glass envelope. 

The "emission window" concept used in Fig. 1 refers 
to the relative ability of the glass envelope of subminia­
ture type Chicago Miniature lamps to pass discrete 
wavelength units (hX.), unchanged in wavelength (X.) 
and direction of propagation . 

Use of this nomograph is demonstrated with a few 
examples to illustrate the comparatively large number 
of photons obtained from miniature incandescent 
lamps. 
Case I: How many photons of wavelength 4.0 µm pass 
through the glass envelope when the tungsten filament 
has a temperature of 2100°K and a radiant surface area 
of 0.010 cm2 ? 

Tracing the 4.0 µm vertical line up to where it 
intersects the 2100°K curved line, we find that 1.6x1017 

photons of that wavelength are produced at the fila­
ment per cm2 surface area per second . Correcting for 
actual area of this filament (0.010 cm2) and the 41% 
transmission factor through the glass envelope we 
have: 

0.010x0.41x1.6x1017 equals 6.56x1014 photons/sec. 

Case II: How many photons of wavelength 1.0 µm will 
pass through the glass envelope from this same lamp 
with 2100°K filament temperature? 

The 1.0 µm vertical line intersects the 2100°K curved 
line at 2.0 x 1017 photons. Transmission factor through 

the glass envelope for this wavelength equals 90%. 
Therefore : 

0.010 x 0.90 x 2.0 x 1017 equals 1.8 x 1015 photons/sec. 
Referring to Case I and Case II, it is evident that the 

miniature incandescent filament lamp does emit a 
tremendous number of useful photons in the elec­
tromagnetic spectrum range outlined by the emission 
window. 

This contrasts with the very small number of useful 
photons emitted by cathode-glow tubes and light­
emitting diodes, which emit photons only in narrow, 
isolated discrete wavelengths (line spectrum) instead of 
a solid band . 

Comparative testing 
To demonstrate the magnitude of difference be­

tween incandescent filament lamps, LEDs and cath­
ode-glow tubes for supplying photons , a comparative 
test was made. 

) Measured values of a No. 683 T-1 lamp, 1/8-inch 
diam , 1/4-inch long , operated at 11 different voltages 
and with the photosensor located at two different 
spacings from the broadside of the filament are listed in 
Table I. The broadside emission area of the filament 
facing the photosensor surface was only about 0.002 
cm 3 • 

Following these 11 voltage measurements with the 
incandescent filament lamp, two types of solid-state 
emitters (LED) were placed in position opposite the 
photosensor, with direct -contact of emitter and sensor 
in both tests. 

LED No. 1 had a rating of 3.5V at 0.025A, and gave a 
photosensor response of 0.10 µA. When the voltage 
was raised to 3.9V at 0.050A, the response increased to 
0.15 µA. 

LED No. 2 had a rating of 1.65V at 0.050A, and gave a 
response of about 0.15 µA. When pushed to 1.88V, 
0.075A, it produced a response of 0.20 µA. 

Another comparison was made by substituting for 
the No. 683 T-1 lamp a NE2H high-brightness lamp 
operating on 118V, 60Hz , with a 22,000.{1 series resistor. 
The glass envelope of the NE2H was in contact with the 
photosensor glass envelope . With both electrodes 
glowing and facing the photosensor, the sensor output 
equaled 15 µA. With the glow lamp moved to a spacing 
of 1/4 inch , the reading fell to 2 µA. Cathode-glow lamp 
area facing the sensor equaled 0.09 cm2 • The ratings of 
this NE2H are 1/4W and 5000 hrs life. 

Next, a normal-brightness cathode-glow lamp (N­
E2E) was substituted for the NE2H. Series resistor value 
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Fig. 1-Highest filament efficiency and maximum transmission through the glass envelope occur in the same region . 
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was 62,000!1. With glass envelopes in contact as before , 
the reading was 2 µA. This lamp also had a cathode area 
of 0.09 cm 2 • 

Compare these results with those in Table I. More 
tests could be made on line-spectra emitters , but all of 
them would have a relatively low capability , on the 
order of 2 to 3 magnitudes less than the photocell 
response made by small incandescent filament lamps. 

If the 683 lamp with parameters shown in Table I was 
to be operated at 3V, life performance would be 
measured in years ; and at its 3V filament temperature 
of 1760°K, it would be able to withstand considerable 
shock and vibration . 
Relative Merits. Values listed in Table II are derived 
from column 6 of Table I. These values for photocell 
response show the relative merits of the different 
photon emitters on a " watt-input versus output­
of-sensor" basis . 

1 2 3 4 

MEAN MAXIMUM 
SPHERICAL FILAMENT 

The column headed Watts per Microampere indicat­
es the input energy in watts required for the emitter to 
produce 1 µA into a 1 kn load connected across the 
silicon photosensor output. 

A unit factor of 1.00 is used for the 683 lamp operat­
ing at SV, as shown in the last column. The figures for 
the other emitters indicate how many times as much 
power is required for them to produce a photosensor 
response of 1 µA. 

Dynamic characteristics 

So far we have touched only on steady-state charac­
teristics for these emitters , so a brief survey of the 
dynamic characteristics is indicated . 
LEDs. Switching speeds for LEDs and cathode-glow 
tubes are much faster than for incandescent-filament 
lamps. Some LEDs can be switched on and off in 10-20 

5 6 7 
PHOTO- PHOTO-
SENSOR SENSOR 
OUTPUT. OUTPUT, 

CANDLE- TEMPERATURE INPUT (µA) (µA) 
VOLTS AMPERES POWER (Ko) (W) NOTE 1 NOTE 2 

6. 0 0.0693 0. 11 0 2130 0. 41 150 52 

5. 5 0.0661 0.075 2060 0.36 138 39 

5.0 0.0629 0.050 1980 0.3 1 125 30 

4.5 0 .0593 0.031 1900 0.27 103 20 

4.0 0.0560 0.020 1840 0.22 80 14 

3.5 0.0520 0.0098 1760 0.1 8 51 8.5 

3.0 0.0480 0.0044 1670 0. 14 30 5 .0 

2.5 0.0440 0.0018 1560 0. 11 15 2.4 

2.0 0.0391 0.00061 1460 0.08 7 1.0 

1.5 0.0340 0.00021 0.051 2 0.4 

0.68 
NOTE 3 0.0276 0.0001 0.024 0.4 

NOTES : 

I: PHOTOVOLTA IC SILICON SENSING AREA= .04cm2 SPAC ING OF SENSING AREA FROM BROA,DSIDE OF FIL AMEN T = 118 INCH. 

2: SPACING CH ANGED TO 3/ 8 IN CH . 

3: THRESHOLD OF V ISIBILITY. 

Table 1-Photosensor output varies with filament voltage and distance between source and sensor. 
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TYPE OF EMITTER WATT INPUT I WATTS/µA RELATIVE POWER 
µA OUTPUT REQUIRED 

CM- 683 at 5 .OV 0.31 / 125 0.0025 1.00 

CM- 683 at 3 .OV 0.14/ 30 0.0047 1.88 

NE2H- High Brightness rating 0.25W 0.25/ 15 0.0167 6.7 

NE2E- Normal Brightness rating 0.10W 0.1 0/2 0.05 20 

No. 1 " LED" solid-state emitter 3.5V, 0 .025A 0.0875/ 0.1 0.875 350 

No. 1 " LED" solid-state emitter 3.9V, O.OSOA 0.195/ 0.15 1.3 520 

No. 2 "LED" sol id- state emitter 1.65V, O.OSOA. 0.0825/ 0. 15 0.55 220 

No. 2 " LED" sol id- state emitter 1.68V , 0.075A. 0.126/ 0.20 0.63 252 

Table 11--Highest efficiency, in a comparison of the three types of energy sources, is obtained with incandescent lamps. 

nsec, while others require up to 200 µsec. However, 
the relative output of LEDs is low. Also, LEDs are 
expensive compared to neon glow tubes and in­
candescent lamps, but they do have long life and are 
extremely resistant to shock and vibration . 
Cathode-Glow Tubes. Small neon cathode-glow tubes 
also have faster switching time than incandescent­
filament lamps. They are especially suited for oscilla­
tion circuitry from 1 to 20,000 Hz, because of their 
unique bistable characteristics. The more refined types 
today also make excellent voltage regulators . Their 
photosensor response is generally higher than that 
from LEDs, but considerably lower than that from 
incandescent-filament lamps. This stems from their line 
emission being comprised of discrete-wavelength en­
ergies , usually measured in microwatts output. The 
actual area of emission from cathode-glow tubes must 
be small for them to be coupled efficiently to a small 
photosensor. Like LEDs , cathode-glow tubes are highly 
resistant to shock and vibration. 

Because LEDs and cathode-glow tubes have limited 
radiation output and geometry of emission, they do not 
lend themselves to applications using reflecting sur­
faces. 

Plastic lenses used on LEDs can help collimate the 
radiant energy from the actual surface of emission and 
some gain can be obtained. The large emission area of 
neon glow lamps practically prohibits the use of reflec­
tors or lenses . 
Incandescent Lamps. With miniature incandescent fila­
ment lamps, the filament is quite small in size. When it 
is positioned away from its own support into free 
space , either a reflector or lens will greatly intensify the 
beam of radiant energy in a forward direction--from 
75% to 500%. 

A gold-plated reflector, encasing a long, straight-line 
filament lamp, will increase the forward output of 
effective energy, in the near infrared spectrum, about 

80% over the effective radiant energy of the same lamp 
without reflector. 

Switching time of miniature lamps for about 90% 
modulation of luminous energy is limited to about 10 
Hz because of thermal lag. The frequency of switching 
can be greatly increased , if a relatively small change in 
filament tem perature can be used to trigger a desired , 
differential -microampere response in the photosensor 
coupled to it . This method takes advantage of the 
thermal ripple of filament temperature caused by the 
alternating current, used at different frequencies , to 
bring it up to incandescent temperatures. 

Thermal ripple for the 683 lamp with specifications 
shown in Table II, energized by 60 Hz ac would cause a 
differf:!ntial change in response of about 7 to 8 µA for 
5.0V rms applied. This would correspond to 120 pulses 
per second . Using 400 Hz ac the c:jifferential would be 
about 1 to 2 µA with 800 pulses per second. 

With 3.0V applied at 60 Hz the photosensor response 
would be about 3 µA differential. Other finer tung­
sten-wire lamps could be used to increase the switch­
ing or pulsing speed to still higher values, but the 
photosensor, microampere-response differential 
would not be sufficient because of the lower radiated 
power output of these low-current lamps. 
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You designed our conversion products! 
We believe in designing products for design engineers! 
That's why tens of thousands of ZEL TEX conversion pro­
ducts are now in the field and hundreds being presently 
"designed in." Employing our complete in-house thick-film 
facility we build our converters from the substrate on up! 

Our thick-film resistor networks are actively trimmed to 
0.01% and feature 0.05% FSR/10,000hr. long term stability. 

This capability plus new circuit design techniques have dras­
tically reduced our engineering and production costs, and 
allowed us to produce the best price/performance conver­
sion products on the present market. 

Our conversion products are burned in for 16 hours at 
85'C; that's why our infant mortality rate is virtually zero! 

As a design engineer you'll appreciate our inter-model com­
patibility, especially for OEM system designing : pin layout 
has been standardized between like models allowing direct 
interchangeability when higher or lower resolutions are re­
quired; external selection of input/output voltage ranges are 
made by convenient lead strapping; and location of power 
and ground leads are designed to fit standard DIP socket 
matrices-that's total design! 

Our products are designed to simplify your design prob­
lems! Send for data sheets and applications covering our 
complete line of conversion products. Just circle the reader 
service number or give us a call today! 

OAC'S 

Rewlut1on 

Senling Time ho \'> LSB) 

Lonearow (%0~ FSA), mu. 

Input Coding ITTL/OTLI 

Analog 0utpul1 <FSRI 

Ou 1pu 1 Drove 

LongTermS1abil11y 

Pnce0-991 

AOC'S 

Conwen+on Period, ma~ . 

Lmea11tv 1'11.o lFSA).mex . 

LongTe,mSteboltty 

l npul l~nee 

Analog lnpu1stFSRI 

Digna! Ou1pu11 !TTUOT U 

Pricetl -991 

All Models in STOCK 

1000 Chalomar Road 
Concord, CA 94520 
Phone: 415-686- 6660 
TWX: 9 10-481-9477 

Bonuv Coded 
Dec imal 

OV to-+10V 

..... l & ... I ...... l ...... l .,.. .. 
20,us 21n 20, ,, Sµs 20,,. 

±0.2% .t0.2" ±0.05% ±0 .05% ±0.0 1% 

Two's Complement, Stnughl Binary 
jParalle ldata entrv ) 

Unipolar . 0 to ~10V; Bipolar ±10V, ± 5V 

5 mA hhon c ircu11 proof) 

±0.05% FSR/ 10,000 Hr . 

• ,, I ,,. ,,, I s29 I s29 I ,,. I ... 

ZD470 j_ ZD460 j_ ZD461 l ZD471 l 20462 

&e;, I &e.. I ...... I 10·•·· I ,,..,. 
ISµ s 50µs 100,ut JO,us 100,ut 

±0.2% ±0.2% :t0.05% ±0.05"' ±0.01"' 

.t0.05"' fSR/10,000 H• . 

10K0hms shun1edby 10pf 

Unipgler OV to +lOV; B1POlll• " .t l OV, .t5V 

NAZ Serial end Parettel Binary ; Two's Compl11m11n1 end 
S1re1ght Binary 

,,. I ... I ... I ... I ... 

Conversion Products Specialists 

A SUBSIDIARY OF REDCOR CORP. 

CIRCLE NO. 34 

49 



50 

Gerry Williams and Bili Shoemaker of Signetics 

speak out on op amp testers 
The user of a bench-top linear IC tester better know not only what param eters are 
being tested, but how. Otherwise, he m ay find that his tests are m eaningless . 

It amazes us that the majority of bench-top linear IC 
testers presently on the market simply do not perform 
meaningful tests on many of the niost important pa­
rameters that they purport to test . This is especially true 
in the case of op amps. 

Conveniences such as the ability to change programs 
or select the type of readout used, are relevant con­
siderations in selecting an op amp tester . However, 
these features should not be permitted to divert the 
buyer's attention from this fact: the single most im­
portant consideration in evaluating and selecting a 
linear IC tester is whether or not the equipment per­
forms meaningful tests on the devices being tested. 
Obvious as that may sound, the majority of bench-top 
testers presently on the market do not do so . 

In some cases, only partial tests are being performed 
on important op amp parameters. In others , the tests 
that are being performed are practically meaningless 
with respect to the specification against which the 
devices should be tested. A close look at some of the 
test techniques employed in various linear IC testers 
will make this readily apparent. 

Generally, most testers in the under $10,000 class 
measure (" test") gain , common-mode rejection , input 
offset voltage , input currerit , power-supply rejection , 
power consumption , slew rate , and a few other param­
eters . 

The most glaring proof that the designers of a num­
ber of currently available testers did not fully under­
stand the operational characteristics of a typical op amp 
is illustrated by the presence of separate tests for such 
device characteristics as gain , positive output voltage 
swing and negative output voltage swing on their 
testers. 

Gain can be common-mode or differential-mode. it 
can be at any frequency . It can be small-signal at any 
output level, or large-signal between any output limits. 
Fortunately, op amp gain is usually understood to be 
differential-mode de gain . 

The fact that all major monolithic op amp 
manufacturers have adopted large-signal 
de gain with respect to a specified out­
put-vol tage swing for purposes of specifi­
cation has apparently had little effect on 
designers of op amp testers. 

The typical instrument gives a single full-load test 
result for gain at some reduced output voltage swing. It 

then provides subsequent independent tests for posi­
tive and negative output voltage swing, where the 
inputs are driven, successively, to produce positive 
output saturation , then negative output saturation. 

This approach to testing the gain of an op amp 
against either the manufacturer's spec or the user's 
own internal spec is totally inadequate for two reasons : 
First , the output voltage of an op amp is often a very 
nonlinear function of differential input voltage (not 
withstanding the inclusion of the op amp into a broad 
category of devices commonly referred to as " linear" 
ICs) . Gain variations of 200% or more are common 
from the positive to negative output voltage quadrants. 
Second, an arbitrary measurement of output saturation 
levels does not define large-signal gain so is virtually 
useless . 

With respect to the first reason , the gain of a typical 
op amp can vary substantially at different output­
voltage levels as a consequence of nonlinearities re­
sulting from thermal feedback on the chip . Because of 
this fact , it is inadequate to test gain at some r~duced 
output voltage swing, assuming gain linearity, and then 
to make subsequent independent tests of positive and 
negative output voltage swing . . In spite of this , the 
majority of today's testers perform their gain " test" in 
this manner. The results of such a test can be substan­
tially different from the actual gain of the device at its 
specified output voltage limit (200 to 300% variations 
should not be considered unique). 

There is only one correct method of testing the gain 
of an op amp against the manufacturer's and/or typical 
user's specifications . That method requires that two 
separate and distinct gain tests be made on the device, 
and that the maximum guaranteed output voltage 
swing of the device be imposed as a test condition. 

During the first gain test , output voltage of the op 
amp must be forced to the guaranteed positive voltage 
limit (from zero volts) . The de gain of the device is then 
measured and compared against the guaranteed mini­
mum gain spec. In the second gain test , the procedure 
is repeated to the guaranteed negative output limit. 

These two tests accurately compare the device gain 
and its guaranteed value , because every major manu­
facturer of operational amplifiers specs its devices on a 
"large-signal gain " basis . That means that they guaran­
tee that their device will have some minimum gain-say 
50,000 volts per volt--when that device is at full output 
loading, and when the output voltage is equal to (not 
" less than or equal to" , but "equal to" ) some positive 
and negative voltage, typically plus and minus 10 volts . 
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Gerry Williams 

They further define what they mean by "large-signal 
voltage gain" by stating in their specification that it is 
"the ratio of the maximum output-voltage swing with 
load to the change in input voltage required to drive 
the output from zero to this voltage." This is a direct 
quote from the spec sheets of four of the largest U.S. 
manufacturers of op amps. It clearly defines the re­
quirement to perform the gain tests on their devices in 
the previously-described manner because of potential 
gain nonlinearity over the device operating range, and 
lack of gain symmetry from positive to negative out­
put-voltage quadrants. 

Bill Shoemaker 

The unfamiliarity with real-world op-amp 
characteristics is again exhibited by some 
manufacturers of bench-top linear IC tes­
ters when they provide a common-mode 
rejection (CMR) test and positive and 
negative common-mode voltage (CMV) · 
limit tests. 

Here again, they are measuring device CMR at some 
reduced CMV swing. They assume that the CMR char-
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acteristi c is linear over the device's full operatin g 
range; and then make subsequent independent tests o f 
plu s and m inu s CMV limi t. Unfortunately, the fact that 
the device m ight have a CMR within specifi cation at the 
reduced CMV swin g over which it is tes ted does not 
assure the user that it is within spec over the full 
guaranteed CMV swin g. Again , thi s is due to circuit 
no nlinearities . 

Ga in and CMR are ex tremely impo rtant o p amp 
parameters, fo r bo th can directl y affect the overall 
system specifi catio ns of the equipment in which th ey 
are employed. Bo th parameters can contribute to the 
ove rall sca ling error o f the sys tem . Large-s ignal CMR is 
especially impo rtant in the unity-gain buffer circuit , 
where the applied signal is also the device CMV. 

It is no t suffi cient , however, to simply perform the 
gain and CMR tests on a " large-signal" basis and let it 
go at that , part icul arl y a high degree of confidence is 
needed that the devices are within specifi cation at 
eve ry po int alon g th eir gain and CMR characteri sti c 
curves. Nonlineari t ies can result in a device that is 
" in-spec" at specified output voltage and CMV limits, 
yet "out-of-spec" at reduced output and CMV voltages (as 
well as vice-versa). This is why it is necessary to supple­
ment the large-signal test results with a statistical sampling 
of the devices to be tested to determine their degree of 
nonlinearity. 

When do ne, thi s permits the user to develop a 
" degree-of-confidence" that devi ces whi ch pass the 
large-signal gain and CMR tes ts are, in fact , good 
devices over the fu l l o peratin g range. This test capabili­
ty would most logically be prov ided thro ugh an acces­
sory to th e basic large-signal tes ter that would permit 
fas t and accurate generation o f a device 's gain and 
common-mode rejection characteri sti c curves over the 
full operatirlg ran ge . This wo uld let the user rapidl y 
check produ ctio n samples of op amps for linearity. 
Interestin gly eno ugh, we know of only o ne bench-top 
lin ea r IC tester o n the market that has thi s capabil ity. 

The fact that an instrument designer 
might not be cognizant of such op amp 
phenomena as parameter nonlinearities 
resulting from thermal feedback and neg­
ative gain should not be too surprising, 
for the vast majority of engineers who 
use op amps in their design work are not 
aware of these facts. 

Th is does no t alter th e harsh truth , however, that a 
tester des igned by such an enginee r is inadequate to 
perfo rm its required fun ctio n. 

A mo re devastat ing indictment o f the op amp testers 
o n the market (on the basis of " the des igner sho uld 
have kn own better" ) is that a majority of them have 
o nly o ne " o ffset vo ltage" test in their automati c test 
sequence. 

Thi s is especially strange, because an op amp can be 
o utside o f its offset-vo ltage spec under two separate 
and distin ct sets of conditions. One of them is where 
th e balanced source resistance (R5 ) approaches ze ro 
o hms; and the second is with the balanced source 

resistance at some maximum speci fi ed va lue, such as 10 
kn. To really check an op amp's offset voltage against 
its spec, tests must be made under both these condi­
tions. Again , w e are aware of o nly o ne linear bench-top 
tes ter that includes two offset-vo ltage tests in its auto ­
matic test sequence. 

It is understandabl e that there is a learnin g curve 
invo lved whenever a new area of kn owledge Is en­
tered , and the design of bench-top test equipment fo r 
linear ICs is ce rtainly such an area . Howeve r, it is 
unfortunate for those who purchase inadequate equip­
ment that the bulk o f the manufacturers who have 
marketed these in strum ents have no t spent the neces­
sary time, mo ney and effo rt during the inves tigative 
stage of development. Such expenditures w o uld have 
given an understanding o f the rea l-world characteri s­
ti cs of o p amps, and would have resulted in tester 
des igns that co uld provide true valu e to the end user in 
return for his investment . CJ 
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llEW! 1124 PR M7RIM. 
For greaterf~exibility in ob.taining economical bipolar read-only 
memory devices from design through volume production. 
We invented the PR<Z>M concept, 
established its rel iability, and delivered 
in volume. Now we 're add ing to the 
most complete line offered in the 
industry and have used the knowledge 
obtained over a year 's experience to 
bring you an even more dependable 
product. The applicat ion flexibil ity of 
our new PR<Z>M/ROM is achieved 
because both are electrically identical 
and pin-for-pin interchangeable with 
each other and other 1024 bit devices. 
The PR<Z>M is available with two 
outputs-open collector or tri-state . 
The ROM is mask programmable and 
available in standard ASCII to EBCDIC 
code converter patterns. Custom 
programming is also available. The 
reliability of both PR<Z>M devices is 
documented by 260,000,000 fuse 
hours of life test data. For further 
details see your Harr is representative 
or distributor. 
Features: 

256 words/ 4 bits per word 

Fully decoded 

DTL/TTL compatible 

50 ns access time 

Expandable-"Wired-OR " outputs 
with chip select input 

Available in military and commercial 
temperature ranges 
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1024 "s are a lso ava ilable in th e innovative 
Diacon package . 

New too! 
HROM-2561M Character Generator 
One of the highest speed devices of 
its kind, with guaranteed A.C . 
performance over the full military 
temperature range. 

Features: 

1-5 MHz over full military temperature 
range 

512 x 5 organization 

ASCII to 5 x 7 dot matrix, p-MOS 

100-999 units 
0°C to - 55°C to 
+ 75°C + 125°C 

HPR<Z>M-8256 
B ipolar $12.00 $24.50 
32 x 8 TA= 40ns 

HPR<Z>M-1256 
Bipolar $14.75 $24.50 
256 x 1 TA= 35ns 

HPR<Z>M-0512 
B ipolar $27.50 $43.00 
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Don't let LED output 
measurements throw you 
Here 's how to determine, compare and analyze LED light output, 
whether you're evaluating specifications or making your own measurements. 

Lum inance, in footl amberts, has been widely used to 
describe the light output of LEDs, but when used alone it is 
not sufficiently descri ptive to be of much value. The first 
point to remember is that luminance describes the " bright­
ness" of ah emitter per unit of area. Typica ll y, footl ambert 
measurements are made on a very small spot on the surface 
of the emitter. Thus, un less you know the total area of the 
source, footl ambert fi gures don ' t mean much. Measure­
ments in milli candelas describe the luminous intensity of 
light radi ated by the entire source. This luminous intensity 
is typica ll y measured on-ax is within a small cone extending 
from the sensor to the source; and of the two measurements 
mentioned, milli candelas provide the better compari son 
tool. 

On-ax is measurements in footl amberts and milli candelas 
do not completely describe an LED. They, along with ap­
parent source size, are merely the first three measurements 
that you will need in order to make va lid LED compari sons. 

Detectors fall into two categories 
Dev ices used to detect and measure li ght generall y fa ll 

into two categories: 
Thermal deteetors- those devi ces such as thermopi les , 
thermocouples and thermistor bo lometers. In all cases they 
operate on heat ri se caused by incident rad iation. Their 
response usuall y covers a w ide portion of the EM spectrum. 
Because of thi s they are better suited for radiometric than 
for photometri c measurements, although fi lters can be used 
to make their response approximate the CIE photopic 
(standard eye) curve. 
Photon deteetors- These devi ces react di rectly to photon 
radiation incident on their surfaces and are usuall y supplied 
by the manufac turer with curves spec ify ing a certa in an alog 
output ca librated in photons/sec. Photon detectors respond 
to the li ght wavelengths as shown in Fig. 1 and since their 
response is generall y w ider than the photop ic curve, it can 
be fi ltered to c losely approximate the response of the eye. 
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Fi g. 1 - Relative response vs w avelength fo r several photon detec­
tors. The dashed line represents human eye response. Because the 

detectors shown have curves simil ar to the eye but of w ider range, 
they can be filtered for photometric measurements. 
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Fig. 2 - Goniometric plot of LED output is valuable because it 
shows li ght output in all directions relative to the on-ax is output. 

This greatly fac ilitates the conversion of read ings into pho­
tometric terms. 

Radiometric and Photometric Units 

In the Dec. 1 5, 1 971 issue of EDN/ EEE, George Smith's 
article, " LEDS & Photometry," presented photometric 
terms and definitions along with an explanation of their 
usages. The terms we have listed next are only partial and 
are presented to help you correlate photometric with rad i­
ometri c units. The corresponding basic units of each system 
are : 
Luminous energy (talbot) - Radiant energy (jou le) 
Luminous flux (lumen) - Radiant flux (watts) 
Luminous intensity (candela) -- Radiant intensity 

ca ndela = lumens/steradi an (watts/ steradian) 

Luminance (footlambert} - Rad iance (watts/steradian/ 
footlambert = candel a/7Tft2 cm2l 
= lumens/steradian/7Tft2 

What do you need to know? 

To make intelligent selections of LEDs (or for that matter, 
any li ght source) you must have -as a minimum-mea­
surements of the on-axis luminous intensity and a relative 
plot of the off-,axis luminous intensity. This plot, shown in 
Fig. 2 , is called a goniometric or goniophotometric plot, 
and describes the luminous intensity in all directions. The 
area within the curve when related to on-axis intensity rep­
resents the total luminous flux output of the device. These 
on-axis and goniometric measurements may be given in 
footlamberts by some manufactu rers, and if so you will 
need to know the apparent size of the li ght source to derive 

mi I licandela figures. Si nee one footlambert is_.!_ candela per 
7T 

ft2, then candela = (7T) (footlamberts) (ft2), where (ft2 ) repre-
sents the apparent size of the light source in square feet. 
Obviously, with smal I sources such as LEDs, the area of the 

Thi s on-ax is measurement is usuall y given by the manufacturer 
in footlamberts or millicandelas. 

Fig. 3- Luminance measurements in foot lamberts are made with 
a spot meter over a small portion of the emitting surface. Apparent 
size of the light source must be known if luminance readings are 
used to compare different I ight sources. 
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source must be ca lculated precisely to retain accuracy in 
this correl at ion. 

Measurement procedures 

Luminance is usually measured , as in Fig. 3, with a spot 
meter that measures a very small area of the radi ating sur­
face. While this spot size varies with the manufacturer and 
model , it is typically 0.002 inch, in diameter. Again, to be 
meaningful , both luminance and the apparent size of the 
emitting surface must be listed . 

Total lumen output is measured with a test block shown 
in Fig. 4, that contains a conical cav ity. The interior sur­
face wall of this cone is poli shed and coated to refl ect all 
light emitted from the source onto the sensor. One very 
important assumption made in this test is that all li ght emit­
ted is radiated into the forward hemisphere. While thi s is 
valid for most LED devices on the market, it obviously does 
not hold for all other types of light sources. Calculation of 
radiated power is computed as a function of peak wave-

hc 
length. Energy/photon is found by ~ where: h (pl ancks 

constant) equals 6.63 x 10- 3, joule sec, c is the speed of 
light (3.0 x 108 meters/sec) and A. is peak wavelength in 
meters. Then total radiated power= energy/photon x pho­
tons/sec, with photons per sec being determined by the 
ana log output of the detector and curves supplied by the 
detector manufacturer. These calculations will provide 
radiometric data (watts) unless the sensor is filtered and the 

manufacturer's data are corrected for photometric units 
(lumens). If the sensor is not corrected to the photopic 
curve, then lumens/radi ant watt can be ca lcul ated from the 
standard luminos ity function at the LED's peak radiation 
wavelength. 

Idea ll y, luminous intensity in milli candel as should be 
measured within an infinitesimal cone projected to a point 
source. Unfortunately, thi s would req uire an infinitesimal 
detector, which cou ld not co llect enough luminous flux to 

DETECTOR 
SURFACE 

MIRRORED 
SURFACE 

Fig. 4-Total lumen output can be measured in this test fixtu re. 
Thi s is the only direct measurement technique that provides a 
compari son of overal l efficiency. By monitoring power input to 
the device, luminous efficiency can be ca lcu lated in lumens out 
per electri ca l watt input. 

Fig. 5-The microcandela meter is adaptab le for photometric and radiometric measurements of intensity and output. 
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give any read ing. Therefore, f inite detectors are used and 
intensity calcu lated from I = df/dw to give a theoreti ca l 
infinitesimal cone. It is essential for correlation th at dF/dw 
be ca lculated, or that the angle of the cone meas ured (in 
steradians or " degrees half cone" ) be included with the 
mil/icandela ratings. 

To standardi ze these readings, at least within your own 
company, it is advisable to use a test fixture like the one 
described in Fig. 6 so that the conic angle will be fixed and 
repeatab le. Distance L must be greater than 20d

1
, distance 

P should be minimized and angle () should be no greater 
than 5°. At() = 5° the cone measured will be 0.0240 ster­
adians. It is important that() be measured or ca lculated and 
recorded with all data obtained from measurements made 
with this device. Ca lcu lations are made exactly as previ­
ously described under total lumen output. As in that test, 
the results will be in radiometric units (in this case watts/ 
steradi an) unless filterin g and ca libration of the detec­
tor permit direct readi ng in photometri c units. The readings 
usually quoted are those made on-ax is, but by mounting 
the device under test on an indexing table, goniometric 
measurements can be plotted for off-axis angles. 

The table in Fig. 7 gives photometri c and radiometri c 
formulae and defines the symbols and units used. Usi ng 
these formulae you can correlate performance from data 
sheets or your own measurements. To compare LEDs from 
different manufacturers, you should have these five mea­
surements on each device: 

EMITTING 
SURFACE 

DIAMETER ld
1

) 

1. Apparent source size. 
2. Footl amberts (on-ax is) . 
3. Mi Iii candelas (on-ax is). 
4. Spatial distribution (goniometri c) plot. 
5. Total lumen output. 

Each tells you something specific about the operation of 
the LED. In a pinch you can derive some of these measure­
ments from others- for example, source size and footlam ­
berts tell you what you need to determine millicandelas. 
Likewise, milli candelas (on-axis) and the goniometri c plot 
will allow you to ca lculate total lumen output. But if you 
make all the measurements, you will be able to make sever­
al cross checks , and will have introduced a much higher 
confidence factor into your tabulations, decisions and de­
signs. o 
By Bill Furlow, associate editor, 
EDN/EEE and James K. Branch. 

Author's Biography 
James K. Branch has been 
President of Photo Research 
Div. of Kollmorgen Corp. , 
Burbank, Calif. for 20 yea rs . 
He has 25 years of experience 
in the photometric and photo­
graphi c sc iences and is an ac­
tive member of OSA, SMPTE, 
SPIE and SPSE. 

LIMIT APERTURE DIAMETER (d2 ) • DETECTOR 

¥""SURFACE 

-'t_-

Fig. 6-Measurement of luminous intensity in millic.mdela> should be made on a test iixture simi lar to that shown here. 
One-half cone angle, 0, should be less than 5°, and must be specified in all references to the data obtained. 

PARAMETER 

Luminous/Radiant Intensity 
(using any probe) 

LL111inous/Radiant Intensity 
(using srrall angle probe) 

Total Flux Output 
(using any probe) 

lrrad1ance (conversion from 

I lluminance reading) 

Luminance (convers ion 
from Luminous Intensity) 

LUMINOUS 
FORMULAS 

EA 

Er 2 

F EA 

RADIOMETRIC 
FORMULAS 

J 
HA 

J Hr2 

P HA 

SYMBOLS AND UNITS 

I =Luminous 111tensity 111 candt>las 

J =Radiant mtens11y, 1n microwatts/cm2/ sterad1an 

E = lllum1nancP. 111 footcandles t lumensl h 21 
H = lrradiance. 111 microwatts 1cm2 . 

A= Area of receiver in ft2 for luminous formulas, 
rn cm2 for radiomeuic formu las. 

j =Solid angle. Ill steradians 

r = Source to receiver distance '" feet for 
luminous formulas, in cm for radiometric 
formulas. 

F c Light flux. m lume11s 

P .. Radiant flux. in m1crowatts 

K>. Conversion factor for converting from an 
dlummance reading to irradinnce for an LED 
whose peak wavel ng1h is ,\ 

8 = Lumrnance 1n foot Lamberts 

a = Area of source (effective l1ght-em1ttmg area 
s of LED). 111 112 

Fig. 7-Formulae and units required for light source measurements in both luminous and radiant terms. 
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nd make your work a lot easier. 
~..._y...""-"<...~ nitro e's new industrial 10 Amp silicon planar NPN Darlington 

X.,."4 · t tors offer you the advantages of a monolithic two transistor 
circuit for less than the price of comparable discrete devices. 
They're ideal for high ga in switching applications such as print 
hammer drivers , soleno id, servo and lamp drivers and for 
amplifying applications such as motor controls and linear 
ampl ifiers . They' re available in two hermetically sealed metal 
packages - a lead-mounted T0-33 (U2T101) and a chassis­
mounted T0-66 (U2T201) . Both utilize overlay (multiple emitter) 
techniques on driver and output trans istors. Saturation voltage is 
1.5V max. @ 5A and current gain is 2000 min @ 5A. Collector­
Emitter voltage ratings are available up to 150 volts. U2T201 has a 
power dissipation rating of 25W@ a case temperature of 100°C. 
For whatever Darlington application you have, Unitrode ¢-Line 
Darl ingtons are more efficient and less expensive than any other 
method of performing the function . Why not make us prove it? 
(U2T101 is $2.75 ea. in lots of 100.) 
For fast action, call sales engineering collect at (617) 926-0404 
Unitrode Corporat ion, 
Dept.1 AA, 580 Pleasant St. , Watertown, Mass. 02172 ill!] Free samples on request. 

-• U N IT R 0 DE quality takes the worry out of paying less. 
CIRCLE NO. 75 



Have a 50V swing on a 30V supply 
If this sounds like something for nothing, read on. The key is differential 
output op amps and your point of reference, which must not be ground. 

Electromechanical devices, such as so lenoids and indi­
cators, frequently requir.e a greater voltage swing than is 
available from most op amps that use common supply volt­
ages. At best, a 25V, pk-pk swing can be obtained from 
most general-purpose op amps on ± 1 SV de power sup­
plies. In such a case, SV cif the 30V total supply voltage is 
used for biasing. For higher output voltage swings it is 
common to resort to more specialized, high-vo ltage op 
amps and power supplies. The cost of circuitry utiliz ing 
these special purpose amplifiers and power supplies is sev­
eral times that of similar lower voltage op amp circuits . 

Frequently, this approach can be avoided by making fur­
ther use of the differential nature of op amps. In particular 
by using a differential output op amp, as shown in Fig. 1 . 
Voltage swi ngs far greater than the total supply voltage can 
thus be achieved. As shown, a SOV, pk-pk swing can be 
obtained with a differential output amplifier on the 30V 
available from ± 15V de supplies. This is a result of oppo­
site polarity outputs. The outputs provide opposing 25V, 
pk-pk swings resulting in a net swing between the two out-

L_ 

25V ~ 
pk- pk 

t 
• 15Vdc 

f 

- 15Vdc 

11~+-o• 
+ 

25V ""V' 
pk- pk 

f 

Fig. 1 -Differential output op amp provides 25V p-p outputs of 
opposite polarity resulting in SOV pk-pk differential output. 

e, 

puts of SOV, pk-pk. This output can be applied to any float­
ing load not req uiring ground reference. 

To further reduce cost, the differential output perfor­
mance can be approximated usi ng two si ngle-ended-output 
IC op amps (Fig. 2 ). In this case a second, inverting, amplifi­
er provides the opposite polarity output. Th is added output, 
however, has additional phase shift introduced by the sec­
ond amplifier. Bandwidth of this circuit is limited more by 
phase-shift error than by amplitude error. 

A second differential output amplifier formed by two sin~ 
gle-ended output op amps is shown in Fig. 3. In this circuit 
the phase shifts at the two outputs are the same and a great­
er gain-accuracy bandwidth is attained than in the circuit of 
Fig. 2 . Input impedance is also higher because the signal 
drives an op-amp input instead of a summing resistor. The 
only limitation of this circuit, as shown by the gain expres­
sion, is that the minimum attainable gain is unity. 

To deve lop a differential output, this c ircuit uses a com­
mon feedback current. This current is equal to eJR 1 be­
cause the differential input vo ltages of both op amps are 

R 

e - 2 R2 
0 R e; 

1 

R + 

l ':" 

e 
R2 0 

l 
':" 

Fig. 2-Two inverting op amps provide a SOV swi ng at low cost, 
but phase shi ft limits bandwidth. 
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What's your IC IQ? (Interest \ 
Quotient) 

To find out what's really happening with the application of semiconductor memories and linear IC's, mark 
your calendar and attend the new EDN/EEE IC Application Seminars. Learn firsthand the performance 
characteristics of new circuits and their impact on future applications. Not forgotten are the new appli­
cations of existing circuits - those old faithfuls that serve so well in so many places. You can be sure you 
are up-to-date on IC 's if you attend the EDN/EEE Seminars. 

Advance Program January 11-12, 1972 
Linear IC's - Applications and Innovations 
• Impact of LIC's on D/ A & A / D Converters; Marvin Rudin ; Precision Monolithics 
• IC Voltage Regulators ; Bob Mammano; Silicon General • Applications of LIC 
With High Noise Immunity DTL ; Dave Guzeman ; Teledyne Semiconductor • Ap­
plications For Hybrid Data Converters ; George Smith Ill ; Beckman Instruments 
• Applying Digital / Analog Interface Circuits ; Don Jones; Harris Semiconductor 
• Common Problems & Solutions in Using Linear IC 's ; Karl Huehne ; Motorola 
• New Directions In Op Amps and Power Distribution; Joel Scheinberg ; National 
Semiconductor • Applications For Micropower Amplifiers ; Wayne Fol/eta; Quali­
dyne • Designing With Micropower Operational Amplifiers ; Jim Bohorquez; Soli­
tron Devices • Interface Circuits For Computer Systems ; Dale Pippenger; Texas 
Instruments • Care and Feeding of Anal og Switches ; Jim Sherwin ; Siliconix 
• And Jack Gifford, lntersil ; Colin Barry, Signetics ; with topics to be announced. 

January 13-14, 1972 Semiconductor Memories 
- Nanosecond Bits for Microbucks 
• Implications Of A Memory Component At The Systems Level ; Gene Carter; 
National Semiconductor • New MOS & Bipolar Semi. Memories; Sven Simonsen ; 
Advanced Micro Devices • Logic Design With Programmable Arrays ; Al Tuszyn­
ski; Solitron Devices • Semiconductor Minicomputer Mainframe Memory ; Jerry 
Prioste; Motorola • Bipolar Memory Applications ; Joe Rizzi; lntersil Corp. • 
Comparisons of Standard Vs. Custom MOS Circuits ; Steve Jasper; American 
Micro Systems • Designing High-Speed Memory System With MOS Read-Write 
Memories ; Ron Livingston ; Advanced Memory Systems • Using Dynamic Refresh 

·MOS RAMS In Large Memory Systems; M. E. Hoff ; Intel • Application of Recon­
figurable Semiconductor Memory Systems ; H. W. Slaymaker; SEMI • Design 
Consideration in Building High-Speed Bipolar RAMS ; Bob McConnell ; Computer 
Microtechnol og y • MOS Arrays in Character Generation & Other Applications; 
Dick Eiler ; Electronic Arrays • Bipolar & MOS Memory System Design ; Jerry 
Markus; Signetics • And Dave Laws, Fairchild Semiconductor ; Speakers from 
Texas Instruments, Inc. with topics to be announced. 

Time & Place : 

PROUD BIRD RESTAURANT 
11022 Aviation Blvd. 
(Near L.A. International Airport) 
Los Angeles , California 

Registration Fees: 

Individual Seminars 
Advance Registration $ 75.00 
After Jan . 6th Registration $100.00 

Both Seminars 
Advance Registration $140.00 
Afte r Jan . 6th Registration $200.00 

Register by January 6, 1972 and save some 
bucks. Thereafter plan to register at the 
seminars . 

Mail Your 
Registration 

Today! 

(EDNJ/ EJEE IC Seminar Registration 
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Registration For: 

D Linear IC Seminar 
January 11-12, 1972 - Fee $75.00 

D Semiconductor Memory Seminar 
January 13-14, 1972 - Fee $75.00 

D Both Seminars - Fee $140.00 

D Send information about Seminar 
notes. 

Name(s) _______________ Titl e(s) ________ _ 

Company __________________________ _ 

Address·--------------------------

City _____________ State _____ Zip ___ _ 

Make checks payable to EDN / EEE SEMINAR and mai l to EDN / EEE SEM­
INAR, P.O. Box 156, Palos Verdes Estates, Ca li forn ia 90274. Registrat ions 
rece ived prior to January 6, 1972 wi ll be confirmed . 

EDN/EEE January l, 1972 
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Fig. 3- High input impedance adj ustable-ga in differential output 
amplifier is achieved using a common feedback current and two 
single-ended output op amps. 

nearly zero. Feedback current flows out of the feedback re­
sistor of one op amp, thru R1 and into the feedback resistor 
of the second op amp. D ue to the opposite di rection of 
feedback current in the two amplifier c ircuits, the outputs 
are of opposite polarity. D 

Databank 
" Operational Amplifiers: Des ign and Application," G. 
Tobey, }. Graeme, L. Huelsman McGraw-Hill, New York , 
7971. 

Author's biography 

Jerald Graeme is Manager of Mo­
nolith ic Engineering for Burr­
Brown Research Corp., Tucson, 
Ariz. Jerald is a co-author/ed itor 
of the Burr-B rown/McG raw H ill 
book " Operationa l Amplifiers: 
Des ign and Appli cation". He is a 
member of IEEE, Tau Beta Pi and 
holds a B.S.E.E. from the Univ. of 
Ariz. and a M.S.E.E. from Stanford 
U niv. 
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It's called SAV..CON. A double ended con­
nector with a ONE PIECE CONTACT. It Inter­
faces between the test cable connector and 
unit connector. Saves your unit connector 
from engaging and disengaging wear and tear 
during equipment test and check out phase. 

Plug in SAV-CON once and leave it there, even 
when the equipment is shipped to your cus­
tomer. When all the pluggers and unplug­
gers are through, SAV-CON can be 
removed revealing an UNFATIGUED 
unit connector ready to per-
form with ultra reliability. 
Available fo r all popu lar 
cylindrical or 
rectangular 
connectors. 

Teat Cable 
Connector 

SAY-CON 

WHERE _'!°~~".1--~-~~~-·-~;s ARE OUR STANDARDS 

Unll 
Connector 

m ! Glenalr Inc. 

lena!J•f : 1211 Air Way Glenda le, Cal if. 
Cl i (213) 247-6000 

--- --- ----------· __ ] TWX 910-497-2066 TELEX 67-3485 
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offers you a 10 day free trial 

and satisfaction guaranteed 

on these books selected to help you 

in your work - in your leisure activities 

101. COMPLETE GUIDE TO PRO· 
JECT MANAGEMENT by Dennis L. 
Locke'. Systems and techniques 
which can be used with profit in 
large or small plants, on projects 
worth $200 or $2 mill ion. Costi ng, 
controlling, evaluati ng an industrial 
project so that it is completed on 
time, according to specs, wi th in 
budget. Over 60 how-to-do-it ex­
amples, control chart s, forms. 

102. INVENTORY CONTROL IN PRO· 
DUCTION AND MANUFACTURING by 
Adin B. Thomas. How to achieve 
big cost reductions and larger re­
turn on capital by effic ient inven­
tory management. A successfu I 
blend of theories by an expert 
who knows them all. illus. 224 pp . 

$11.95 

105. IRON AND BRASS IMPLE· 
MENTS OF THE ENGLISH AND 
AMERICAN HOUSE by J. Seymour 
Li ndsay (D.C.M., F.S.A.). Revised 
and enlarged edition includes 
new illustrations and new material 
from American museum and pri­
vate collections. Covers hearth 
hardware and fu rn ishi ngs, early 
lighting, cooking utensils, tobacco 
smoking equipment etc. From 
medieval to early 19th century. 
illus. index, intro. by Ralph Ed­
wards, C.B.E., F.S.A. $12.50 

103. SALES MANAGER'S GUIDE TO 
SELECTION AND CO NTROL OF EX· 
PORT AGENTS by Colin McMillan 
and Syd ney Paulden . Specific, up­
to-date information on every as­
pect of locat ing, selecti ng, con­
trol ling export agents. Twenty. 
seven types of agencies. How to 
pinpoint the agent by defining the 
market illus. 232 pp. $1 1.95 

106. LOUDSPEAKERS by G. A. 
Briggs. 5th edition. All aspects of 
the design and performance of 
loudspeakers and enclosures are 
dealt with in non-technical terms. 
Separate chapters are devoted to 
Electrostatic Speakers and Stereo. 
A classic by a world -renowned, 
witty writer and audio expert. 
336 pp. 230 illus. index. $6.95 

104. CONOVER-MAST PURCHASING 
DIRECTORY. For over half a cen­
tury the indispensable one-volume 
annual for purchasing, production, 
engineering. Find s the right in­
dustr ial product or service in 
seconds. Complete, including 
phone numbers of over 33,000 
suppliers. Over 2250 pp. $30.00 

107. THE TELESCOPE AND THE 
WORLD OF ASTRONOMY by ·Marvin 
F. Riemer. 3rd edition, revised 
and enlarged. Deals with equip­
ment, planets, un iverse, constel­
lat ions, nebulae, galaxies, double 
stars, clu sters, va ri able stars, vis­
itors to our skies, photography, 
satellite tracking. Author a mem­
ber of N.Y. schoo l system. Illus. 
2 appendices. 2 bibliogs. glossary. 
index. (pullout 18x24-inch chart 
of the Northern sky.) 212 pp. 

$3.95 

illus. 224 pp. $10.95 I 

POLLUTION - A Cahners Critical 
Issues Report 
110. Vo l. 1. What Management 
Needs to Know about Pol lution 
Control. $5.00 
111. \lnl. 2. Environmental Man­
agement - Pollution Contro l 
Legislation. $5.00 

108. AMATEUR RADIO THEORY 
COURSE by Martin Schwartz. Re­
vised . Complete, simplified home 
study course covering require­
ments for Novice, Tec hnician, 
Conditional and General Classes 
of Ham licenses. 260 pp. illus. 

$3.95 

109. RADIO-ELECTRONICS MADE 
SIMPLE by Martin Schwartz. Com­
plete coverage from basics through 
transmitters and receivers. 190 
pp. illus., preface. index. appen­
dices. $1.95 

SATISFACTION GUARANTEED OR MONEY BACK - ORDER TODAY - USE THIS HANDY COUPON 

ALL BOOKS AVAILABLE ON 10-DAY FREE TRIAL - SEND CHECK AND WE PAY SHIPPING COSTS 

Quantity No. Price Total Quantity No. Price Total Ca hners Book Divis ion, EDN/EEE 
89 Franklin St., Boston, Ma. 0211 O 

101 10.95 107 3.95 Check Enclosed O Bill Me O Bill My Company O 

102 11.95 108 3.95 
Name ____ _____ _____ _ _ 

103 11.95 109 1.95 Title _ _____________ _ 

104 30.00 110 5.00 Company _____________ _ 

105 12.50 111 5.00 
Address ______________ _ 

106 6.95 _________ Zip _______ _ 
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Heath/Schlumberger? 
That's right ... Heath/Schlumberger. A new name in design-quality, 
factory assembled and calibrated instruments. 

The "Heath" part of our name comes from being a division of 
that well known manufacturer of kits. But we don't make kits. In fact, 
Heath/Schlumberger is an entirely separate operation. 

The "Schlumberger" (pronounced Shlum-bear-zhay) part of our 
name comes from being a member of that world-wide corporation 
devoted to measurements of many kinds. Schlumberger is one of the 
leading European manufacturers of electronic instrumentation. 

With that background, you can see why we are producing state­
of-the-art, ready-to-use, instrumentation ... comparable to some of 
the best in performance ... but with better performance/price ratios. 

So when you are ready to buy electronic instruments, check the 
growing Heath/Schlumberger line. 

We're the group to watch. 
To order or receive additional information, write Dept. 520-23. 

Heath I Schlumberger 
""~"'H~El!!IATl'!H~"-''-'• Scientific In stru me nts 
l• Benton Harbor, 

Michigan 49022 

A. SM-104A 80 MHz counter. BCD output. 1 MHz TCXO wi th 1 ppm/yr. stability. $500. 

B. EU-205B solid-state strip chart recorder . 23 speeds, 30 in / min . to 0.2 in/hr.; 18 calibrated 
ranges , 1 mV to 500 V full scale. 0.5 sec. pen response . 0.1 % tracking accuracy and linearity. 
Completely programmable. $675. 

C. EU-70A solid-state dual trace scope. DC-15 MHz. Complete dual trace capability. Triggered 
sweep. 18 calibrated time bases. X-Y capability. $595. 

O. SM-105A 80 MHz counter. Same as SM-104A above but without BCD output and uses a 
1 MHz crystal with ± 10 ppm/yr. stability. $350. 

E. EU-81A function generator. Sine, square and triangle wave output. 0.1 Hz to 1 MHz. Linear 
dial . External voltage control. $245. EK-308 
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Introducing ''touch & see'' swept impedance 
measurement. 

Now the ''do-everything'' RF test system 
does even more. 

Just add our new impedance probe 
to the HP 8407A Network Analyzer, and 
you can measure complex impedance of 
circuits, coax systems, discrete components. 
View impedance excursions over the wide 
range from O.lD to lOKD as you sweep 
between 500 kHz and 110 MHz. 

The HP 8407A Network Analyzer 
itself makes comprehensive swept RF 
measurements quickly, and with high 
accuracy. You see important characteristics 
like gain/ loss, phase shift, voltage and 
current transfer functions, group delay, 
impedance, return loss and S-parameters. 
Dynamic range is greater than 100 dB, yet 
you can resolve 0.05 dB. It has 360° phase 
range with 0.2° resolution. 

The 8407A Network Analyzer with 
the 8412A Phase-Magnitude Display costs 
$4525. The new impedance probe (Model 
11655A) costs $750. Other accessory 
kits for circuit probing and for general 
measurements in coaxial systems are also 
available, priced from $325 to $500. 

To learn more about how our 
"do-everything" network analyzer can 
help you in design and production test 
applications, call your field engineer or 
write Hewlett-Packard, Palo Alto, 
California 94304; Europe: 1217 Meyrin­
Geneva, Switzerland. 

HEWLETT ff PACKARD 

N ET WOR K AN ALYZERS 

04112 
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Single-amplifier active filters 
give stable Q 
Using positive fixed-gain amplifiers and simple formulas , it is easy to design 
stable bandpass active filters. Their Q is adjus table by varying amplifier gain. 

If your design n-eeds call for a bandpass filter with vari able 
Q, consider the two circuits discussed in thi s article. Each 
uses a single, fixed-gain amplifier and a few carefully­
chosen passive components. And, both have highly stable 
Q and resonant frequency. 

To evaluate the performance and sensitivity of these c ir­
cuits, both a mathematical derivation and test results of 
circuits that were built using these design principles, are 
presented. 

Mathematics 

For a second-order bandpass filter, the general form of 
the voltage transfer function is : 

e
0

(s) K
0 

(w.J Q ) s 
H (s) =--= -~----

e;(s) s2 + (w.JQ) s + w0
2 

where K
0 

= voltage gain at resonance 
w

0 
= resonant frequency in radians/sec. 

Q = ratio of resonant frequency to the 
- 3 db bandwidth (w

0
/BW). 

The two circuits of Figs. 1 and 2 have the above con­
stants listed as functions of R, C, and amplifier ga in, K. 
Note that amplifier gain is determined by the feedback 

Fig . 2 

WO ~ 1/ RC 

K. 3-1 / Q 
0 1/(3-K) 

Fig. 1 

W 0 • r'2! RC 

K • 5- 1 t'210 ) 

Q • r'21(5- K) 

K., . K/ (5- K) 

c 

K, K/(3-K) -:-

c 

R2 

R3 

R1 

Figs. 1 and 2-Circuit Q of both filters remains very stable with 
feedback res istors that have equal temperature coeffi c ients. 

resistors Rl and R2; i.e., R2 = (K-l)Rl. Because gain de­
pends on the value of Q , it may be necessary to place a 
small potentiometer (R3) in the Rl branch to contro l ga in 
and hence circuit Q. 
Sensitivity of Q. To determine the percentage change of a 
function based on the percentage change of an indepen­
dent variable, eva luate the differential sensit ivity of that 
function with respect to the variable. 

To eva luate Q sensitivity for the ci rcuit in Fig. 1 , use the 

equation : AQ [ AR 2 ARl J _u __ ( 2 \!2 Q _ l) _u __ _ u _ 

Q - R2 Rl 

And for Fig. 2 : 

£\Q -
Q - [

£\R2 £\R 1 J (2Q - 1) ---
R2 Rl 

From these equations, it can be seen that if ti ght­
tolerance feedback resistors with matched temperature 
coefficient are used to set amplifier ga in, the circuit Q will 
remain very stabl e. Thi s is an important advantage of the 
Q-dependent type of circuit. 
Sensitivity of w

0
• The same procedure is also used to find 

the change in resonant frequency, w
0

• Because w
0 

for both 

1o~~~~~~~~~J~lil~~~~~ 

J lil 

l 
-60 ~~~~~'-'-'-~-~~~~~-~~~~~1~ 

100 1k 10k 100k 

FREQUENCY (Hz) 

Fig . 3 

Fig. 3 - Frequency response plots of both circuits show the effect 
of changes in ampli fier gain. 
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.entJ:lrfi filters ... ., 

STOCK 
TO 

~JWO 
WEEKS 

#" 

:.from USCC/Gentralab 
'7' ' 

If you have;/dn EMl/RFI problem-contact us "· 
firstt)hat's because -$/e've amassed an exten-
~·r<e distrib1J,.tor in ~entory on popular sil:e 

EMl/RFI filt~~ready for immedid)~ delivery. 
ln .~addition, we'v.~ stockc@r'our production 
shelves wjth all the components necessary to. 
lifeliver other si.zesjn not more than two weeks. 
*'And if you have a~ustom('equirement we 
hoNe a staJf\6f applications engineers whose 
busine'ss is solving your specific problem ... 

._, and fast . 
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Before. you buy, cqntact a reliable so3rce f~r 
highest quality EMl / RFL,filters-USCC / 
Ce~!ralab, 2151 N. Lincoln St., Bur~.ank, 
Callfornia 91504 • (21;2> 843~_4222. · 

Elll / RFI FILTHS 
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CORPORATION 
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CIRCLE NO. 36 

designs is a function of l/RC, the percentage change in w0 

for Fig. 1 becomes: 

.:iw0 = _ v2 [.:iR + .:iC] 
WO R c 

And for Fig. 2: 

.:iw0 = _ [.:iR + .:iC] 
WO R c 

These equations show that w
0 

will be very stable if low­
TC, tight tolerance R and C components are used in either 
design. 

Circuit Performance 

To test these designs, both circuits were built. Frequency 
response measurements are shown plotted in Fig. 3. For 
each curve the value of gain at resonance was made the 
0 dB reference point. Actual values of resonant-frequency 
gain are given in Table I , which lists the pertinent data 
collected for each circuit 

From this table, notice that as amplifier gain is changed, 
both Q and the resonant-frequency gain change. This 
agrees closely with the equations listed in Figs. 1 and 2. 
Conclusion. By simplifying design procedures for two 
bandpass-filter circuits, a highly-stable active filter can be 
built with only a few components. In both, circuit Q is 
dependent on the closed-loop gain of the amplif ier. By 
stabilizing gain with feedback resistors that have equal 
temperature coefficients, the Q can be made very stable. 

Resonant frequency can be stabi Ii zed with low-tolerance 
components for R and C-the frequency determining ele­
ments. To insure even tighter stability for w

0
, use compo­

nents with equal but opposite temperature coefficients to 
make the .:iwof w

0 
equation equal zero. D 

TABLE I 

Plot O(Meas) K Ko K
0
(d8) 

a 15.20 4.90 51.5 34.20 

b 10.40 4.86 36.2 31.18 

c 7.35 4.81 25.6 28.16 

d 47.7 2.97 143.5 30.50 

e 11.2 2.91 33.5 43 .14 

Author's biography 

Howard T. Russell is presently a 
teaching assistant at the University of 
Santa Clara, Santa Clara, Calif. Prior 
to that he was with Texas Instruments 
Incorporated. Russell is a graduate 
of Texas A&M with a B.S.E.E. and 
M .S. E.E. 

Circuit 

Fig. 1 

R = 24k, 1% 

c = 0.0047µF, 5% 

R, 30k, 1% 

R2 = 120k, 1% 

R3 = 1 k Trimpot 

Fig.2 

R = 27k, 1% 

c = 0.006µF. 5% 

R, = 15k. 1% 

R2 = 30k. 1% 

R3 = 1 k Trimpot 
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Don't just take our word 

Readwhat ~ 
independent, 
authoritative 
sources say. 
"It's a practical handbook written for the working pros -
not the bosses, but the people who get the job done. We 
don 't usual ly plug competitors. But good is good and 
BASICS FOR BUYERS is." John F. O'Connor 

Managing Editor 
PURCHASING WEEK 

" . .. an eminently practical handbook of purchasing 
fundamentals . Dowst is an experienced purchasing agent 
as well as a first rate journalist." 

Paul Farrell 
Editor/ Publisher 
HEALTH INSTITUTION PURCHASING 

is good 
Jmpetitors. 
BUYERS." 
1ley 
esident 
TION COMPANY 

designed 
~oak written 

, uut the people 
he working pros." 

" ... it seems like a fresh approach to a subject that has 
become somewhat stereotyped as far as textbooks are 

. '"readable, concise and informative to all ... " 
THE NEW YORK TIMES 

concerned." G. w. Howard Ahl 
Executive Vice Presiden t 
National Assoc. of Purch. Mgmt. 

" I will be recommending it to new employees . .. It should 
be read by every new buyer." 

" ... the first book on the subject designed primarily for 
junior and middle level members of purchasing 
departments." 

James M . Hill, Jr. 
Director of Procurement 
RAYTHEON COMPANY 

"The real place BASICS FOR BUYERS earns, however, is on 
the desk of every buyer throughout industry." 

THE JOURNAL OF COMMERCE 

" . .. a sound handbook for industrial buyers . . . " Arnold D. Finley 
Contract Administrator 
Sanders Associa tes THE WALL STREET TRANSCRIPT 
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Now Intel produces all 
interfacing ICs necessary 
to bu i ld complete TTL­
compat ible memory sys­
tems using Intel 1103's, 
the 1024-bit dynamic 
MOS RAM that's become an industry standard. 

s 
You can get a ready-to-plug- in system from us, or you can build 
your own system with Intel components and design assistance that 
begins with a 28-page handbook of instructions for designing with 
1103 RAMs. 

Any system you buy or build will accept standard TTL inputs and 
generate standard TTL outputs. All clock drivers, decoders, level 
sh ifters , and other TTL interfaces can be on the same board with 
1103's. 

For example, the board pictured here, Intel Memory System in-16, 
is a complete functional memory storing 4K 9-bit words per board . 
To expand the word length or number of words you simply add 
boards. Maximum cycle time is 950 ns. Price when built by us is 
about 1¢ per bit in OEM quantities. 

Also available off-the-shelf are faster memories like System in-10, 
an 1103 memory with a maximum system cycle time of 450 ns, 
smaller, compact memories like System in-20, which uses Intel 's 
256-bit static MOS RAM to store 1 K 12-bit words per 6" x 8" board, 
and bipolar memories like system in-50, a 100-ns system that stores 
512 8-bit words. 

Al l system components called out on the page opposite are now in 
stock. For immediate delivery phone your local Intel distributor: 
Cramer Electronics, Hamilton Electro Sales, Industrial Components, 
or Electronic Marketing. 

For further information on memory systems, phone Intel or our near­
est sales office: Tustin , Calif. (714) 838-1126, Florham Park, N.J. 
(201) 822-0044, Lexington, Mass. (617) 861-1136 or Bloomington, 
Minn. (612) 925-3144. In Europe contact Intel at Avenue Louise 216,B 
1050 Bruxelles, Belg ium. Phone 492003. In Japan, contact Intel 
Japan, Han-ei 2nd Bldg., No. 1-1 , Shinjuku, Shinjuku-ku, Tokyo 160. 
Phone 03-354-8251 . 

Intel Corporat ion is headquartered at 3065 Bowers Avenue, Santa 
Clara, Calif. 95051 . Phone (408) 246-7501 . 
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New interface ICs simplify 
1103 systems. 
Easy to build. Easy to buy. 

Chip-select decod­
er. Intel 3205 con­
verts the chip-select 
signal from a binary 
code to a voltage 
on 1 of 8 terminals. 
Maximum delay is 
18 ns. 

Latch. Intel 3404, a 
6-bit latch with 12 
ns maximum delay, 
stores write data 
and addresses mo­
mentarily for input 
to1103 's. 

Driver. Intel 3207 
accepts standard 
TTL input and cre­
ates correct voltage 
levels for both clock 
and address inputs 
of 1103 RAMs. 

CIRCLE NO. 56 

Sense amp. Intel 
3208 converts out­
put current of 1103 
to proper voltage 
levels for TTL cir­
cuits. 

1103 RAMS. There 
are 36 here, storing 
36,000 bits of data. 

inter 
delivers 
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CIRCUIT DESIGN AWARD PROGRAM 

'Single-voltage circuit 
generates "power-on" reset pulse 

Entry by Robert C. Snyder 
GDI Inc., Melbourne, Fla. 

A simple IC operating from the common +SV logic 
supply can be used to provide a "power-on reset" to 
the rest of the logic system. The output reset time is 
easily set with a single capacitor , C1 . Fast Recovery is 
provided by the addition of two components (R2 and 
CR1) . 

Upon in itial power supply turn-on , capacitor C1 is 
charged at a rate determined prirfuirily by the input 
current from the SN 7413 Schmitt Trigger, and to a small 
degree by R1. CR1 prevents R2 from contributing to the 
charge current. 

During the charge time, the output of gate G1 will be 
high and will not sink any current. When C1 is charged 
to 1.SV, G1 's output will go low and terminate the 
power-on reset. R1 continues to charge C1 until it 
reaches the supply voltage, thus keeping G1 out of the 
active region and reducing its noise susceptibility. 

When the power supply is turned off, CR1 forward 
biases and allows C1 to be discharged through R2 at 
virtually the same rate as the power supply. 

Triac gating circuit 

Entry by Charles A. Farel and David M . Fickle 
IBM Corp ., Boulder, Colo. 

Triacs have become increasingly popular for control­
ling ac power to resistive and inductive loads such as 
motors , solenoids and heating elements . Compared 
with competing devices such as relays , triacs offer 
important advantages in the area of cost , reliability , 
packaging and electromagnetic interface. 

This simplified triac gating circuit switches ac power 
from the supply to the load. The circuit's chief innova­
tion lies in the combination of the basic switching 
network with suitable dV/dt commutation suppression . 

The circuit applies power to the load when the 
low-power switch (or relay) S1 is closed . Current 
through resistor R1 turns on the triac in the conven­
tional manner. 

,5v 

R1 R2 
220k 1000 

G1 

CR1 
1N3064 

+ 
C1 I 2.2µF 

-:-

-:-

One Schmitt trigger and three discrete components insure the 
correct initial state of logic c ircuits when power is applied. The 
output reset time is set with capacitor Cl. 

Ein 

120Vac 

To vote for this circuit 
Circle 150 

GE SC41 D 
TRIAC 

R2 
1500 

C1 
0.1,, F 

S1 

R1 
1000 

INDUCTI VE 
LOAD 

Triac circuit switches ac power to inducti ve loads. Components 
Rl and Cl provide suitab le dV/dt suppress ion. 
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When the switch is opened, the circuit automatically 
turns off the power. Resistor R1 and capacitor C1 
suppress the dV/dt commutation pulse to ensure safe 
and effective turnoff. This suppression is essential 
when switching power to inductive loads. 

The circuit shown can be extended easily to poly­
phase applications . 

To Vote For This Circuit 
Circle 151. 

Anti-coincidence circuit prevents loss of data 

Entry by). H. Burkhardt, Jr. 
Union Carbide Corp ., Oak Ridge, Tenn . 

One hazard in the use of bidirectional coun.ter circuits , 
in which up and down data occur randomly and in­
dependently, is that an up pulse may occur simultane­
ously with a down pulse. If the maximum frequency of 
the separate data pulses is known, this " Anti­
coincidence Circuit" can be used to separate these 
random up/down pulses and assure that no informa­
tion is lost. 

Each falling edge of the clock toggles flip-flop FF1. 
The outputs of FF1 are square waves with a frequency 
of one -half that of the clock. These complementary 
square waves are used as clocks for FF2 and FF3 . The 
reset inputs of RS flip-flops FF4 and FF5 are held high by 
the normally disabled FF2 and FF3. Data pulse D1 will 
set FF4, and D2 will set FF5, enabling FF2 and FF3 . Recall 
that the clocks of FF2 and FF3 are complements, so that 
these flip-flops will toggle 180 degrees apart. 

If FF2 toggles first , FF4 will be reset and FF2 will be 
disabled until another D1 pulse sets FF4. Then FF3 will 
toggle and reset FF5, which disables FF3 until another 
D2 pulse is received. The high-to-low transition of 
outputs 1 and 2 will always be separated by at least one 
clock period regardless of the relationship of D1 and 
D2, provided their maximum frequencies are always 
less than half that of the clock . 

In general , any type of 2-input positive NAND gate 
may be used to form FF4 and FF5, and any type J-K 
master-slave flip-flop may be used for FF1, FF2 and FF3 . 
The selection of logic type is made on the basis of 
circuit requirements , cost and availability. 

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

Y, SN7473N 
y, SN7400N 

FF1 
Y, SN7473N r---1 

0 I FF4 I 
CLOCK FF2 

0 I 
y I 

CLEAR I 

CLEAR I 
I OUTPUT 1 

._ - - _J 

. sv y 
01 

Y, SN7400N 
Y, SN7473N ,---.., 

FF3 I FFS I 
0 I 

I 
I 
I 

CLEAR 

OUTPUT 2 

02 

y 
Outputs 1 and 2 wi ll always be separated by at least one c lock 
period , even if inputs 01 and 0 2 occur simultaneously. Thi s as­
sures no loss of informat ion in bidirectional counters. 

To Vote For This Circuit 
Circle 152 

Thirty-second timer uses IC one-shot 

Entry by Frederick R. Shirley 
Sanders Associates , Nashua, N.H. 

Commercially available one-shot I Cs are usually limited 
to applications requiring relatively short delay periods 
of a few microseconds or less . However, by adding just 
four external components , the 9602 improved dual 
one-shot IC can be used to generate timing periods of 
up to one minute. The major advantages of the circuit 
shown (Fig. 1) are as follows: 

Long time-constant 
Only five components 
Small size 
Low cost 
Standard TIL levels 

Full military temperature range 
Optional non-retriggerable operation 
High reliability. 
With the component values shown in the schematic, 

the circuit has a delay period of 30 sec. The period can 
be extended to 1 minute by increasing the value of R 
from 270 kn to 560 kn. Or the period can be reduced to 
as little as 10 msec by decreasing R to 30 kn and 
decreasing C to 1 µF. 

The circuit shown is non-retriggerable (i.e. it will 
ignore input pulses during the timing period) . It can be 
made retriggerable by deleting the feedback connec­
tion between pins 7 and 5 of the IC. In this mode, the 
one-shot will be reinitiated by input triggers during the 
timing period . 
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The timing cycle is initiated by applying a positive­
going trigger pulse at the input . Current from the SV 
supply then charges capacitor C via resistor R. This 
yields a timing period proportional to the RC product. 

When the voltage across C reaches the threshold 
voltage (approximately 1V) the capacitor discharges 
through Q1. The transistor has two functions . It serves 
as a current amplifier to permit values of greater than 50 
kn for resistor R, and it provides level shifting to 
protect the electrolytic capacitor from the negative 
standby voltage (-0 .7V) between pins 1 and 2 of the IC. 

Resistor R1 does not affect timing, but must be 
included to provide the correct standby current for the 
IC. During standby , the IC saturates Q1 and holds the 
capacitor voltage at the discharge level until the arrival 
of another trigger input. 

Maximum length of the timing period is limited by 
three main factors : the product of capacitance and 
leakage resistance for the capacitor , the 13 gain and the 
lcso leakage of the transistor . 

The 330 µF tantalum capacitor used in this circuit has 
a maximum leakage of 5 µA at the maximum circuit 
voltage (1V) and with the maximum ambient tempera­
ture. This means that the value of R can be no greater 
than 600 kn (i .e . 3V/5 µA). 

The 2N2484 transistor has a minimum 13 of 20 (at le = 
10 µA) for the worst-case temperature of - SS0 C. So, at 
the steady current of 200 µA, the worst-case 13 will be 
about 37. To meet the requirements of the IC, this 
means the maximum value of R is 560 kn (i.e. 0.7 x 37 x 
22 k!1) . The maximum tran sistor leakage is approxi-

+5V 

R R1 
270k 22k 

CHA RGE 
01 

~HARGE 
2N2484 

+ 
30 sec c 1· ·1 - 330µF 

IL_ 6V J L 2 
TRI GGER IN 

6 OU TPUT 

(Y,) 9602 7 
ONE SHOT 

3 16 

":" 
,5v 

Fig. 1 - Long-delay timer uses an IC one-shot p lus four external 
components to generate delays of up to one minute. 

~ 
c 
z 

46 

42 

~ 38 

c 
c 
~ 34 

26 

-55 

0 

0 

-25 . 50 175 +100 1125 

TEMPERATURE I CJ 

Fig. 2-Graph of period versus temperature shows that the cir­
cuit of Fig. 1 is useab le over the full military temperature range. At 
low temperatures , performance is limited by the reduction in tran­
sistor ga in. At high temperatures, leakages in the capaci tor and 
transistor are the limiting facto rs. 

mately 2 µA at 125°C. This allows a maximum value for R 
of 1.5 Mn (i.e. 3V/2 µA) . Thus, taking the three 
constraints into account, the maximum permissible 
value for the charging resistor is 560 kn, when using a 
CSR13 capacitor with a value of 330 µF. 

Delay period for the timer can be calculated from the 
following equation : 

T = RC/3 

where T is the period in seconds , R is in kilohms and C 
is in farads . 

The graph (Fig. 2) shows period plotted against 
ambient temperature for the 30-sec version of the 
circuit. This curve shows that the circuit operates 
satisfactorily from - 55°C (where 13 is the limiting per­
formance factor) to + 125°C (where lceo and capacitor 
leakage are limiting factors) . As can be seen, period 
varies from 28 to 41 sec over the temperature range . 

To Vote For This Circuit 
Circle 153 

Your vote determines this issue's winner. All cir­
cuits publi shed win a $25 U.S. Savings Bond . All 
issue w inners receive an additional $50 U.S. Sav­
ings Bond and become eli gible for the annual 
$1000 U.S. Savings Bond Grand Prize. 

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

Submit your own circuit, too. Mail entries to Cir­
cuit Des ign Program Editor, EDN/ EEE, 22 1 Colum­
bus Ave., Boston, MA 02 11 6. 

Readers have voted Robert L. Wilbur winner of the 
September 15 Savings Bond Award. His winning 
circuit w as called "Proport ional oven-temperature 
controller" . Mr. Wil bur is w ith the Southwest Re­
search Institute. 

EDN/EEE January l, 1972 
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PROGRESS IN PRODUCTS 

Portable scopes approach pocket size 
PROGRESS IN 

OSCILLOSCOPES 
Two new portable oscilloscopes in 
the $500 to $600 price range give the 
user a chance to select the instrument 
that is best suited to his needs. One 
boasts an extremely compact design 
and ru gged construction. The other 
emphas izes performance specifica­
tions and two convenient package 
sizes. Both are fully portable and offer 
laboratory-quality performance. 

Miniscope fits in a coat pocket 
Tektronix has taken the lead in reduc­
ing size and weight with the Model 
211. This portable will actually fit in a 
large coat pocket. Its overall dimen­
sions are 3 by 5-1 /4 by 9 inches, and 
its weight ~ith batteries is 3 lbs. This is 
about half the size and weight of other 
Tektronix portable scopes and, at 
$545, is about half their price, too. 

As you might expect, there are some 
limitations in performance compared 
to their other portables. Bandwidth of 
the 211 is de to 500 kH z at sensitivities 
of 50 mV/div to 50V/div, and 100 kH z 
at 1 mV/div. Cal ibrated sweep rates 
range from 5 µ.sec/div to 200 msec/ 
div. A variable magnifier extends the 
maximum rate to at least 1 µ.sec/div. 
Both vertica l and horizontal ca libra­
tions are reported to be accurate with ­
in 5%. 

DC power is provided from 10 "AA" 
NiCd ce lls that give up to 5 hours of 
operation on a ful l charge. The batter­
ies must be recharged with the scope 
off, and a full charge requires about 16 
hours. A protection c ircuit automati­
cal ly interrupts power when battery 
voltage drops to 1 OV to prevent deep 
discharge. 

Double insulation allows the unit to 
be floated 700V above ground when 
operating on battery power, and 250V 
rms above ground when operating on 
an ac line. Permanert ly-attached in 
put and power cords stow by wrapping 

Tektronix Model 211 has taken the lead in reducing size and weight. This $545 unit weighs 
3 lbs and has a 5-M Hz bandwidth . 

Vu-Data Series PS900 offers a dc-to-20 MH z bandwidth at a $595 price tag. We ight for this 
portable scope is approximately 7 lbs. 
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Electrocube capacitors 
have added a lot to the market. 

Now we're adding a lit· 
tie to the contest. · 
Smaller metallized Mylar capacitors 

- up to 61 % less volume. Like .25 x .34 x 
.78 instead of .33 x .49 x .95 for a 2.0 mid 
100 VDC unit. Look at the before and after 
comparisons below. And they 're smaller 
without changing performance or price. 

Capacitance values are from .001 O to 
50.0 mid . Voltage ratings are 100, 200, 400 
and 600 VDC. Round or oval wrap and fill 
cases are available in this new 230 series. 
(If you just need regular sizes, we have 
more than 840 case sizes and six case 
styles , including epoxy and hermetically 
sealed metal cases, in our 210 series metal­
lized Mylar. ) 

We're ready to ship 230 series capacitors 
from stock in small quantities, and in 4-5 
weeks for production . We hope these help 
you with EDN/EEE's contest , but think 
they 'll help your company·s products even 
more. 

AC rated metallized polycarbonate 
capacitors 

241 different units . Values from .0010 to 
2.0 mid , for 115 VAC, 400 Hz. But the real 
plus is full AC rating . Every unit is manufac­
tured , tested and screened for AC opera ­
tion. These aren 't derated DC units. 

Six case styles are available, including 
wrap and fill , rectangular epoxy, and her­
metically sealed metal cases. Besides send­
ing you full specs , we 'll also add a bulletin 
on problems in using DC capacitors for AC 
applications. 

Bonus calculator 
If you win 1st prize in EON/ 

EEE 's design contest, and if 
your winning design and one 
of your company's current 
products incorporate any 
Electrocube capacitor, we'll 
give you an electronic calcu­
lator just l ike the second 
place winners in the contest 
will get. You'll come out 
ahead with Electrocube ca­
pacitors even if you don't win 
a contest, so use lots of them. 
But good luck with the con­
test. We'd like to give you the 
calculator. 

We 'll send literature airmail 
the same day we get your in­
quiry. Call (213) 283-0511 if 
you ' re in a hurry. Or write to 
1710 South Del Mar Avenue, 
San Gabriel , Calif. 91776. 

~ electrocube 
~"" capacitors, EMI filters , 

RC networks, transformers, ballasts 
CIRCLE NO. 61 
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Thermostatic 
DELAY RELAYS 

Offer true hermetic sealing .. . 
Assure maximum stability and life. 

Delays: 2 to 180 seconds* 
Actuated by a heater, they operate on A.C., D.C., or 
Pulsating Current ... Being hermetically sealed, 
they are not affected by altitude, moisture, or cli· 
mate changes . . . SPST only - normally open or 
normally closed ... Compensated for ambient tem-
perature changes from - 55° to +so•c .... Heat­
ers consume approximately 2 W. and may be ope­
rated continuously. The units are rugged, explosion­
proof, long-lived, and inexpensive! 
TYPES: Standard Radio Octal and 9·Pin Miniature. 

List Price, $4.00 
*Miniatures Delays: 2 to 120 seconds. 

All Amperite Delay Relays are recognized under 
component program of Underwri ters' l aboratories, Inc. 

for all voltages up to and including 115V. 

PROBLEM? Send for Bulletin No. TR-81. 

AM PE RITE 
BALLAST REGULATORS 

Hermetically sealed, they are not 
affected by changes in altitude, am­
bient temperature (-50° to + 70°C.), 
or humidity ... Rugged, light, com· 
pact, most inexpensive. 
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List Price, $3.00 
Writt foi' 4-P. 811Uttill No. AB-51. 
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Progress in Products 

on a mandrel at the rear of the instru­
ment. Al I contro ls are recessed on the 
instrument's side, w ith sensiti vi ty and 
sweep contro l settings visible from the 
front. The CRT face has a 6-by- l 0 gri d 
w ith spacings of approximately 0.2 
inches. 

Vu-Data Offers 
DC-to-20-MHz Bandwidth 

Vu- Data, a San Diego based company 
w ith experience in monitor instrumen­
ta tion , enters the general-purpose os­
ci I loscope market w ith the Seri es 
PS900 portables. O utstanding fea tures 
of these units are a dc-to-20 MHz 
bandwidth, versatil e power supp ly and 
a $595 pri ce tag (without batteries). 

Several nice features of the supply 
,i re worth noting. Ei ght standard "C" 
cells provide de power. Any "C" cell 
can be used for portable operation in ­
cluding carbon-z inc types, thus battery 
fa ilure in remote areas need not be .:i 

prob lem if eight spares are avai lable. 
W hen rechargeable batteri es are used 
they can be recharged either with or 
w ithout the scope in operati on. Units 
operate for approximate ly 5 hours 
w ith full y-charged N iCd batter ies. Pro­
tection aga inst deep discharge is pro­
vided. 

Verti ca l sensitiv ity ranges from 1 0 
mV/di v to 20 V/d iv in ca librated steps. 
A verni er extends the range to approx i­
mately 50 V/div. Sweep rate is ca librat­
ed from 1 µ,sec/div to 1 00 msec/div, 
and a vernier extends the max imum to 
approx imately 100 nsec/div. Ri se time 
is less than 18 nsec. Ca libration is sa id 
to be accurate w ithin 3%. Circuits 
employ standard "off-the-shelf" ICs 
and d iscrete components. The CRT 
disp lay has a 4-by- l 0 div ision matri x 
w ith 1 /4-i nch spaci ng. 

Two packaging opti ons are ava il ab le 
as standard units. The M odel PS9 10 
measures 1-3/4 by 8-1 /2 by 1 2 inches 
and the PS920 measures 3-1 /2 by 
4- 1 /2 by 12 inches. Weight of either 
unit is approx imately 7 lbs incl uding 
batteri es. 

Tektronix, Inc., Box 500, Beaverton, 
O R97005. 315 

Vu-Data Corp., 7595 Convoy Ct. , 
San Diego, CA. 92 111 . 316 

II 
II 

Wide Band, Precision 

CURRENT 
MONITOR 

With a Pearson current monitor and an 
oscilloscope, you can measure pulse or 
ac currents from milliamperes to kilo­
amperes, in any conductor or beam of 
charged particles, at any voltage level up 
to a million volts, at frequencies up to 
35 MHz or down to 1 Hz. 

The monitor is physically isolated from 
the circuit. It is a current transformer 
capable of highly precise measurement 
of pulse amplitude and waveshape. The 
one shown above, for example, offers 
pulse-amplitude accuracy of +1 %, -0% 
(typical of all Pearson current monitors) , 
20 nanosecond rise time, and droop of 
only 0 .5 % per millisecond . Three db 
bandwidth is 1 Hz to 35 MHz. 

Whether you wish to measure current 
in a conductor, a klystron , or a particle 
accelerator, it' s likely that one of our 
off-the-shelf models (ranging from %" 
to 10% " ID) will do the job. Contact us 
and we will send you engineering data. 

PEARSON ELECTRONICS INC 
4007 Transport St., Palo Alto, California 94303 

Telephone (415 ) 326-7285 

Cl RCLE NO. 63 
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PROGRESS IN PRODUCTS 

Low-cost calculator on a single chip 

PROGRESS IN 
MICROELECTRONICS 

Engineers at Texas Instruments have 
designed an MOS/LSI circuit that con­
tains all the logic and memory circu its 
for a complete electronic calcu lator. 
Using the new type TMSl 802 IC, it is 
possible to build a compact ca lculator 
hav ing three reg isters and eight-digit 
resolution . Circuitry provided on the 
chip allows full-precision add, sub­
tract, multiply and divide operations 
plus many important special features. 

Tl is employing PLA (programmable 
logic array) technology which al lows 
fabri cation of many versions from a 
single basic chip merely by usi ng a 
modified final mask for each specia l 
configuration. 

Inexpensive Calculators 
Because Tl doesn't have to produce 

a different chip and an entirely differ­
ent set of masks for each customer, the 
company can achieve lowered set-up 
and manufacturing costs and, hence, 
offer a competiti ve se lling price. In 
large quantities, the initial version of 
the ci rcuit, type TMSl 802NC, se lls for 
under $20. The lowered costs offered 
by the single-chip approach should 
soon make it possible to manufacture 
ca lculators priced for a mass market. 

Special Features 
The TMSl 802 can perform floating­

point or fixed-po int arithmetic. It is 
suitab le for constant or cha in opera­
tions. Circuitry on the chip allows 
many other useful ca lcu lator fea tures 
such as automatic roundoff, lead ing­
zero suppression and most-signi ficant­
digit protection under overflow condi­
tions. 

Though Tl ca lls the TMS1802 "a 
ca lculator on a chip,'' some externa l 
ci rcuitry is req uired in most practical 
ca lculator configurations. For exam­
ple, though the display outputs are ful­
ly decoded on the chip, some sort of 
extern al buffers will be needed to drive 
most numeri ca l displays. With suitable 
drivers, the circuit will work with just 
about any seven or eight-segment dis­
play inc luding LED types. According to 
Daniel Baudovin, Tl 's program manag-

CONTROL 
(PLA) 

DISPLAY & 
KEYBOARD 

PROGRAM 
(ROM) 

OUTPUT 
(PLA) 

All the functions for a complete calculator 
are included on the Tl TMS1802 chip ex­
cept for the keyboard , display, clock osci lla­
tor and display drive circuitry. 

er for MOS standard products, it 
should be possible to drive liquid­
crystal readouts directly from the chip, 
without ·the need for external driver 
transistors. 

Additional external c ircuitry is need­
ed to provide a clock signal for the 
ca lculator chip, but because the 
TMSl 802 uses a single-phase clock, 
the externa l circui try can be quite 
simple. 

"Host" Chip 
Because of the use of PLA technol­

ogy, every function on the calculator 
chip is programmable-not just the 
ROM. Thus the timing section, control 
sect ion and input/output decoders can 
all be modified to achieve different 
computing characteristics. In fact, the 
TMS1802 can be used in other com­
puting applications-such as spec ial 
terminals - and is not restricted to port­
ab le ca lculator designs. For these rea­
sons, Tl often refers to the TMSl 802 as 
a " host" chip to indicate its vast range 
of possible app lications. 

The unit is packaged in a 28-pi n 
plastic DIP. The current eight-di git ver­
sion, TMSl 802NC, costs $150 (1-24), 
$ 1 25 (24-99) or $95 (100-249) . Prices 
on extreme ly large quantities are nego­
tiated and are believed to drop well 
below $20. The unit is avai lable from 
stock in small quantities. Delivery time 
for production quantities is six weeks. 
Texas Instruments Incorporated, Box 
501 2, MS/308, Da ll as, TX 75222. 

317 

Tells lime 
... and 

keeps ii I 
CURTIS INDACHRON 

ELAPSED TIME 
INDICATOR 

SHOWN 
ACTUAL SIZE 

Here's infallible warranty 
validation. The Curtis 
Elapsed Time Indicator. 
Put this time keeper on 
any product you make, 
and it keeps a cumulative 
account of total usage -
on the record. 

Ideal for: warranty vali­
dation; developing mean­
time-to-failure data; and 
scheduling preventive 
maintenance on AC or DC 
operated equipment. 

DC model is less than 
$2.00 (moderate produc­
tion). This reliable, accu­
rate instrument could 
save you thousands, and 
increase customer satis­
faction. Find out more 
today - for your own 
protection. 

CIRCLE NO. 64 
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Introducing the little counter that can. 
It can become four different systems. 
It can go an~here you do. 
It can protect you against obsolescence. 
It can make buyJ!ig and maintaining~ 
counter less expensive than ever before. 

Meet the Hewlett-Packard 5300, 
the snap-together counter that's not much 
bigger than the palm of your hand. It 
has six digit accuracy, solid state display 
and autoranging. It'll make period, 
frequency, time interval and ratio 
measurements, operate on its optional 
snap-on battery pack and drive a printer. 
Rugged dust-proof aluminum case 
resists almost any bumps it might get in 
the field. Prices start at only $520 for 
one of the most amazing counters 
you've ever owned. 

Start with the basic mainframe 
( $395). Then snap on any of the 
following modules (more on the way) 
to make just the counter you need, 
and avoid obsolescence, too: 

10 MHz frequency module. Model 
5301A, $125. 

50 MHz all-purpose module in­
cludes period, time interval. Model 
5302A, $250. 

500 MHz module with both 50f! 
and 1 Mn inputs. Model 5303A, $750. 

100 ns time interval module with: 
unique "time holdoff" feature, de 
coupling, slope and trigger level con­
trols, and period and frequency measure­
ments to 10 MHz. All the functions 
you'd pay $1200 for in a universal 
counter. Model 5304A, $300. 

CIRCLE NO. 65 

Rechargeable battery pack module 
works with any of the other modules for 
cord-free operation. Model 5310A, $175. 

The 5300 is one system you have 
to use to appreciate. If you've ever 
needed to accurately measure frequency 
or time interval, you owe it to yourself 
to call your nearby HP field engineer 
for further information. Or write 
Hewlett-Packard, Palo Alto, California 
94304; Europe: 1217 Meyrin-Geneva, 
Switzerland. 

Counters that promise a lot and 
deliver it all. 0210• 

ELECTRONIC COUNTERS 



COMPUTER PRODUCTS 

Desktop calculator, Model 12 12, offers 
round off or drop off at the fli ck of a switch, 
full memory, automati c constant for div i­
sion and multiplication, complete chain 
operation, zero suppression , 7-segment dis­
play, credit balance indication and a float­
ing dec imal input system. The unit has a 
built-in handle for interoffi ce transportation . 
Price for the 12-digit ca lculator is $49S. 
Dictaphone Corp. , 120 Old Post Rd. , Rye, 
NY 1 OS80. 188 
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Test system FTS 1000 eva luates plug-to­
plug, add-on memories that are IBM-com­
patible, whether they are core, plated wire 
or semiconductor peripheral memories. The 
system is configured to test memories of up 
to 223 words by 90 bits. Read and write 
times up to S MHz are provided in an up or 
down address sequence mode. Prices range 
from $1S,000 to $SO,OOO, with 60 day de­
livery time. Semiconductor Test Systems, 
Inc. , 3 Computer Dr. , Cherry Hill , N J 
08034. 189 

Computer system 614S uses a 16-bit word 
plus pari ty for maximum effi ciency in real­
time application. Memory configurations 
begin at 32k words and are expandable in 
16k increments up to 128k in a si ngle pro­
cessor configuration. Memory cyc le time is 
6SO nsec. Price for basic processor with 32 k 
memory and two DMA channels is $13S ,­
OOO. EMR Computer, 8001 Bloomington 
Freeway, Minneapoli s, MN SS420. 190 

Add-on memory ARM-SO enables users to 
triple the mainframe capac ity of their IBM 
360/SO economica lly. Units come in mod­
ular capacities ranging from 131 ,072 to 
1,048,S76 bytes. The 131,072 byte module 
measures 30 by 60 by 30 inches. All IBM 
cabinet colors are avai lable. A 131,072-
byte module rents for $2SSO and is avail­
able 60 days after receipt of order. Ampex 
Corp. , 1303 1 W . Jefferson Blvd. , Marina del 
Rey, CA 90291. 191 

. I· 

Disc memory system Model 1709 is a hi gh­
capaci ty fast-access periphera l for HP 
2114/2 11 S/2 116 computers without DMA. 
Memory capaci ty comes in five levels from 
32k to S24k words. Average access time 
is 16. 7 msec and transfer rate is 1 Sk 
words/sec. System hardware consists of the 
disc, power supply and single-card interface 
controller that plu gs into the 1/0 slot of the 
computer. Price is $SSOO. Data Disc, Inc., 
686 W . Maude Ave,. Sunnyva le, CA 94086. 

192 

Nine-track, dual-gap write/read head, 
Model 22 1-9, is des igned for tape speeds to 
200 ips. Packing densi ty is 3200/1600 frpi 
phase encoded and 800 bpi maximum 
NRZ. Write current for 9S% saturation is 40 
mA ± 20% (3200 frpi). Another feature is a 
long- life ferrite erase head. Heads are ava il ­
able with or without contro lled tape float­
ing. Magnusonic Devices, Inc., 124 Duffy 
Ave. , Hicksv ille, NY11 801. 193 
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Digital data system, the Model 9SO Nova­
logger, makes use of plug-in modul es to 
achieve system compatibility with a variety 
of recording devi c~s. Other features include 
multirange programming, format program­
ming and engineering-unit conversion. 
Price for a 10-channel mainframe is $247S . 
Novatronics Co. , Inc., Digital Printer and 
Data Acquisition Systems, Box S 16, Stump 
Rd ., Montgomeryvill e, Industrial Park, 
Montgomeryville, PA 18936. 194 

Digital cassette recorder 240 incorporates 
a mechanism that extracts a 2- inch loop of 
tape from the cassette's center opening and 
automatica lly loads the tape on an external 
ca pstan and precision guide assembly. Ei ­
ther single- or double-track models are 
ava ilab le. Standard operating speeds are 2 
and 20 ips, with an additional search speed 
of SO ips. Be ll and Howell , Electroni cs and 
Instruments Group, 360 Sierra Madre Villa , 
Pasadena, CA 911 09. 195 

Key-to-disc system Model 2400, is a modu­
lar intelligent peripheral process ing system 
that uses from one to twenty keystations. 
The display is tutori al, guiding and instruct­
ing the operator. Modular configurations 
range from a dedi cated cluster system for 
vo lume entry to a large, multi -purpose pe­
ripheral system inc luding data communica­
tion. Mohawk Data Sciences Corp., Pali ­
sade St. , Herkimer, NY 133SO. 196 
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COMPUTER PRODUCTS 

Computer output printing system Model 
1670 is a stand-alone system that accepts 
input from either di sc or tape. The output is 
recorded on either microfilm (1603 micro­
film printer) or an optional 110-line-a-min­
ute impact pr inter. M emorex Corp., San 
Tomas at Central Expressway, Sa nta Clara, 
CA 95 052. 294 

M agnetic tape transport MT-1 20 features a 
high-capac ity dual vac uum buffering sys­
tem that permits bid irectional tape speeds 
up to 120 ips w ithout program restri ctions. 
With packing densiti es up to 800 bpi, data 
transfer up to 96 kHz is readily avai lab le ­
rates up to 240 kHz can be obtained. Pe­
ri pheral Support Inc., 225 19 S. Norm and ie 
Ave., Torrance, CA 90501. 295 

M agnetic-card 1/0 device, ca l led Data 
Director, is a desk top unit for small com­
puters and certain keyboard applications. 
The system packi ng density is 55 6 bpi / track 
on an eight-track format for a 3.25 by 
7.375- inch card . Pri ce for the unit is $1880. 
B Industries, Inc. , 2202 W . McDowell Rd ., 
Phoeni x, AZ 85009. 296 

Two printers, Models 2420 and 2440, have 
been added to the Series 2000 fami ly. Pri nt­
ing speeds are 250 to 11 00 1 pm (2420) and 
700 to 1800 1 pm (2440) . Print format for 
both printers is 132 characters, with 120- or 
136-character formats optional. Data Prod­
ucts, 62 19 DeSoto Ave., Woodl and H il ls, 
CA 91364. 297 

Disc-storage system, Model 3670, is plug­
compati b le w ith the IBM 3330 and features 
27 msec average access time. All control 
electroni cs is contained in the operator/ 
di agnosti cs conso le located above the 
pack enc losure of each drive. Each mod ule 
has two independent drives. Memorex 
Corp., San Tomas at Central Expressw ay, 
Santa Clara, CA 95052 . 298 

Minicomputer business system SIMPLEX-70 
offers multi -terminal remote access and ex­
treme operator simplicity. System inc ludes 
conso le, TTY and high-speed pri nter. Basic 
system sells for $50,000 ($1200/month 
leas ing). Custom Computer Systems, Inc. , 
40 S. Mall , Pl ainv iew , NY 11 803. 299 

Magnetic core memory DC-38 is a 3-wire, 
3D co incident current uni t with 650 nsec 
full -cycle t ime and 250 nsec max imum 
access time. Basic 4k confi guration consists 
of two plug-ins-a digital stack board and 
a timin g and contro l board. Datacraft, Box 
23550, Ft. Lauderdale, FL 33307. 300 

Seri es of plug-to-plug expansion core 
memories, ca lled Smart Systems, are for the 
IBM 360/30, /40 and /50 . Through module 
concept, the memory system is expandable 
(l 6k increments) to l 28k bytes fo r the Mod 
30, 51 2k for the Mod 40 and up to 1-mill ion 
fo r the Mod 50. Standard M emories, Inc., 
2401 S. Broadway, Santa Ana, CA 'l 2707. 
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Silicon video memory M -10 provides stor­
age fo r a fu ll 525- line standard TV picture. 
Writing and reading is either slow-scan or 
standard 525 line v ideo. Standard fea tures 
include a single frame time erase, and frame 
"snatch" or frame " freeze". O ptel Corp. , 
Box 22 15, Princeton, NJ 08540. 302 

SNOB 
KNOB 

Decorative 
metallic 

ring WHY TURN BLACK? 
Learn a lot about carbon-graphite 
without "going through the mill". 
Write for 

NEW 

Black 

The f i rst new styl ing innovation in f ifteen years! 

Spun 
aluminum 

cap 

Spun 
aluminum 

inlay 

900 Series Snob Knobs come in four bright, handsome 
models. Spun alum inum cap. Spun al uminum inlay. Deco­
ra t ive metallic ring . An d Black. From Y2" to 13/." d iameter. 

Kurz-Kasch is known as the qua l ity knob source by elec­
t ronics manufacturers the wor ld over. Send for your copy of 
ou r f ree ful l li ne catal og No. 112 or see it in Thom-Cat. And 
if you're just anxious to see the new Snob Knob, we'll send 
you a f ree samp le. 

IVJ\ ~~~:~~<?.~~'.~~:, 
\&Dayton, Ohio 45401 • Phone 223-8161 
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FREE 
Karak 

~ the OHIO CARBON €BMPANY 
~2508 Berea Road , Dept 71, Cleveland , Ohio 44111 
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COMPONENTS/MATERIALS 

Digital panel meter, Model AN2S 44, dis­
pl ays readi ngs up to ±3.999 w ith automatic 
po larity symbo l. The 4-3/4-digit meter pro­
vides accuracy of (±0.01 % of reading 
±0.002S% F.S. ± 1 count) with 6 PPM sta­
bil ity. The meter features a fl oating, guarded 
differenti al input. BCD and sign outputs are 
avai I able at the rear connector. Pri ce is 
$3SO in small quantities. Analogic, Audu­
bon Rd., W akefield , M A 01880. 212 

Screen-printable conductors, Platinum­
Gold 180 and 181, provide max imum 
adhes ion on berylli a and alumina sub­
strates. Platinum-Go ld 180 prov ides the 
highest so lder leach res istance ava i lable, 
and 181 offers fast wetting w hen used with 
solder pastes . Both will print S-mil lines and 
spaces with standard wi re screens. Electro 
Materi als Corp. of Ameri ca, 60S Center 
Ave., Mamaroneck, NY 10S43. 213 

Portable soldering iron uses rechargeable 
nickel-cadmium batteri es. Peformance is 
equiva lent to SOW and one charge provides 
up to 60 so ldering operations. The " ISO­
Tl P" (patent applied for) eliminates the need 
for grounding and allows portable fi eld re­
pai rs w here ac line current is not conven­
ientl y available. The price is $19.9S com­
plete with charger. W ahl Clipper Corp., 
2902 Locust St. , Sterlin g, IL 6108 1. 214 · 

Heat-shrinkable PVC mesh tu bing ca lled 
"Shrink-Net" offers fl ex ible electri ca l con­
nector bundling. When exposed to 200°F 
heat, it shrinks up to SO% i.n seconds. The 
diamond mes h permits easy formation of 
multiple break-outs. Shrink-Net is ava il ­
ab le in white, but other co lors are avai lable 
on special request. Templock, Di v. of Z ip­
pertubing Co., 13000 S. Broadway, Los 
Angeles, CA 9006 1. 215 

Ten-position thumbwheel switch is avail­
ab le in dec imal, binary or binary-comple­
ment coding. The switch mounts on 1 /2 
inch centers and requires onl y 1-1 /2 inches 
of space behind the panel. Contact res is­
tance to O.OSO. max., w hile current switch­
ing capability is 12S mA at 11 SV ac. Chica­
go Dynamic Industries, Inc., Prec ision Prod­
ucts Div., 172S Diversey Bl vd., Chicago, IL 
606 14. 216 

Miniature light-bar indicato r, Type 5-3, 
contains eight incandescent light-bars pack­
aged in a 16-pin D IP. The li ght-bars are 
mounted on 0. 10 inch centers and the pack­
age measures 0.88 by 0.46 by 0. 24 inches. 
Power requirement is 8 mA at SV or 10 mA 
at 4V. Life is rated at 2S O,OOO hrs at 8 mA or 
100,000 hrs at 10 mA. Price is $2 .70 each 
in quant iti es of 1000. Readouts, Inc., Box 
149, Del Mar, CA 92014. 217 
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LED readout digital clock, Model DC1400, 
mounts d irectl y on panel face, so requires 
no back-of-panel space. Readout ti me is 
based on the 60 Hz l ine frequency. BCD 
outputs are avai lable for use w ith computers 
or instrumentation , and a complete selec­
tion .of time ranges (11 :S9 :S9, 23.999 etc.) 
is avai lable. Pri ce is $2SO. Nationwide Elec­
troni c Systems, Inc., 7N662 Route S3, ltas­
ca, IL 60 143. 218 

Optica lly-clear epoxy, Epo-Tek 310, bonds 
to glass, ceramic or metal. The two-part 
adhesive can w ithstand temperature cyc ling 
between -SO and +7S°C w ith. no adverse 
effects. It cures in 2 hrs at 6S 0 C, has a pot 
li fe of 8 hrs and deve lops a lap-shear 
strength of S70 psi. Half-pound eva luation 
kits are ava il able fo r $1 0 fob factory. Epoxy 
Technology, Inc., 6S Grove St., W atertown, 
M A02172. 219 

Dual-channel optoisolator, Type MCT2D, 
is pac kaged in 8-pin D IP, allowing four 
channels of opt ica l iso lation to be plugged 
into a single 16-pin DIP socket. Each chan­
nel consists of an infrared LED and a silicon 
phototransistor . Iso lation res istance is typi­
ca ll y 1011 0. per channel, and coupling ca­
pac itance is O.S pF. Price is $9.80 each in 
quantiti es of 1-9 . Monsanto Commercial 
Products Co., 10131 Bubb Rd ., Cupertino, 
CA 9S014. 220 

83 



OUTSTANDING 
THERMAL ENDURANCE 
RUNS IN THIS FAMILY: 

ELECTRICAL 
TEMP-R-TAPE 
OF KAPTON. 
Temp-R -Tape"' of Kapton* is now avail­
able in a complete "family" of tapes­
all offering outstanding thermal en­
durance, retaining th eir excellent me­
chanical and electrical properti es over 
an operating range from -lOOF to 
+500F. Availab le in thicknesses from 
. 00 1 to . 0045 " with electric 
strengths up to 10,000 volts . . . with a 
choice of pressu re-sensitive s ilicone 
adhesive on one or both sides, or th er­
mosetting acrylic adh esive, or a fl am e 
retardant adh esive . . . and in 114", I/ 2", 
3;4", l ", 1 V2" , and 2" widths, with spe­
cial wid th s slit to ord er. 

Find your CHR distributor in th e Yel­
low Pages under "Tapes, Industrial" 
or in industrial directories. Or write f or 
d etails and sample. Th e Connectic ut 
Hard Rubb er Company, 
New Haven, 
Connect icut 06509. 

• "'"o ,,.,.., I c H R I. 

• T. M. of Du Pont 
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COMPONENTS/MATERIALS 

Minature connectors and cable are avail ­
able in 2-, 4-, 7- and 12-contact or coax ial 
versions. Assembly of the coax ial connec­
tors requires only cutt ing the cable and 
screwing it directl y into the plug. In the mul­
ti contact connectors, the lead wires are sol­
dered to the pins or sockets on a completely 
exposed insert, which is then pressed into a 
snap-lock ring in the plug body. M icrotech, 
Inc., 777 Henderson Blvd., Folcroft, PA 
19032 . 284 

Digital switch modules have contact clo­
sure of one msec (nominal) duration . Re­
lease ti me has no effect on the one-shot 
pu lse output, ass uring that data is transmit­
ted in correct order. Contacts are 24 carat 
gold-pl ated and magneti ca ll y actuated, with 
max imum ratings of 20V and 10 mA. Price 
is $0.45 to $0. 94 each in large quantities . 
Magsat Corp., 7 Sisson Ave., Hart ford, CT 
061 06. 285 

Infrared process heaters feature a full area 
radiation emitter surface w hich operates at 
I 250°F w ith a 30W/ in2 rating. Thi s des ign 
eliminates the need fo r a refl ector, and re­
sults in panels weighing approximately 5-
1 /2 pounds per square ft. Heaters are made 
in many standard sizes up to 24 by 35 
inches and in standard vo ltages of 120, 240 
and 480V. W allow Electri c Mfg. Co., 12001 
Lackland Rd ., St. Lo ui s, MO 63 141 . 286 

LED panel lamps are graded for consistent 
luminous intensity. The QT/D-200 mini a­
ture LED indi cators are packaged with a 
microgrooved lens that provides a wide 
viewing angle and does not attenuate the 
light. The un its are ava ilable w ith a red 
lamp in a round ca p, and install in a stan­
dard 9/32- inch panel cutout. Marco-Oa k 
Industries, 207 S. Helena St. , Anaheim, CA 
92803. 287 

Miniature relays mount directl y on PC 
boards w ith 0. 1 inch grid spaced terminals. 
Seri es 1360 relays measure slightl y over 1 
cubi c inch and have contact ratings from 5 
to 50A. Standard coi l vo ltages are 6 to 48V 
de or 6 to 120V ac. Switching configura­
tions ava ilable are SPST-NO , SPST-NC, 
SPOT, DPST-NO, DPST-NC and DPDT. 
Guardi an Electric M fg. Co., 1550 W. Carro l 
Ave., Chicago, IL 60607 . 288 

Conductive plastic bags prevent build-up 

of static charges and protec t elec troni c com­
ponents and subassemblies during shipping 
and storage. "Conducto-Bags" are made of 
polyethylene fused to a conductive materi al 
and are available in 3-, 4-, 6-, 8- or 12-mil 
thi cknesses. Flat widths of the bags are from 
6 to 20 inches and they can be heat sealed. 
W. A. Plummer Mfg. Co., 13000 S. Broad­
way, Los Angeles, CA 90061. 289 

MOS chip capacitor kit containing 20 ca­
pacitors in each of 10 va lues, offers the hy­
brid designer capacitance va lues from 0.5 
to 220 pF fo r c ircuit eva luation. The chips 
are 20, 30, 35 and 45 mils square and 6.0 
(±) mil s thi ck. They are gold-backed fo r 
eutecti c bonding. Kits are $100 each in 
quanti ties of 1 to 1 0, and $90 each for more 
than 10. Dionics Inc., 65 Rushmore St., 
W estbury, NY 11 590. 290 

All-plastic connectors cut costs and meet 
requirements of M IL-C-26482 and 38999. 
Avail able in 7-, 12-, 20- or 24-contact ver­
sions, these connectors feature a straight­
push engaging system using locking tabs 
that snap into an undercut in the receptac le. 
To release the plug, the receptacle barrel is 
squeezed until the locking tabs release. Vi ­
king Industries, Inc., 21001 Nordhoff St. , 
Chatsworth, CA 91 311 . 291 

Cermet trimmer resistors are available in 
single, dual, triple or quad packages. The 
" Centrim" uses a cermet track bonded to a 
hi -a lumina substrate. It is a linear taper de­
vice with res istances from 1 OOfl to 1 Mil. 
Rotational li fe is rated at 500 cyc les and 
cost is $0.20 each in production quantities . 
Centra lab, 5757 N . Green Bay Ave., Mi l­
waukee, WI 53201 . 292 

Gunn diode packages feature ceramic to 
metal sea ling and O FHC copper heat sinks. 
" Minipaks" are avai lable with pedestal 
diameters of 0.012 to 0.040 inch and ce­
ramic IDs of 0. 015 to 0.050 inch. Packages 
are plated w ith a minimum of 100 mi­
cro inches of pure gold. Pedestal flatness is 
held to three li ght-bands. Electro Ceramic 
Industr ies, 75 Kennedy St., Hackensack, NJ 
07601. 293 
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LUGS· CLIPS· TERMINALS 
more than 

1000 
types I 

delivered FA ST ! 
Lugs • Clips • Te rminal s 

- Solder & Solderless 

Use spec ial stampings? Get our quotes on your cust om needs. 

ZIERICK MANUFACTURING CORP. 
26 Radio Circle, Mt. Kisco, N. Y. (914) 666-2911 

CIRCLE NO. 69 

more than just a telescope more tha n just a microscope 

emoskou 
a complete 
vest pocket 
optical system 

We went to Wetzlar, Germany (world capital of fine optics) 
to find such perfection at such a price. Remove the 
EMOSKOP from its f itted leather case and it is a 30x 
microscope. A twist of the wrist converts it to a 3x tele · 
scope {ideal for theater, f ield or sky) or a unique 3x 
te lescope-loupe. Another change and you have your 
choice of 5x, lOx or 15x magnifying glasses. The perfect 
vest-pocket companion for exacting professionals and 
scientists and all those who wish to observe anything 
closely and clearly. A most discreet opera glass . If you 
make a feti sh of quality, the EMOSKOP will do you proud . 
Coated lenses, fully achromatic, absolutely flat field. 
Modern Photography Magazine calls the EMOSKOP 
" ... the only magnifier worthy of the name." 
O Send me the EMOSKOP. I enclose $17.95 ($16.95 

plus $1 postage and insurance). Calif . residents add 
5% tax. Refund with in 2 weeks if not delighted . 

Name~~~~~~~~~~~~~~~~~~~~ 

Address~~~~~~~~~~~~~~~~~~~ 

221 Columbus Ave nue ED N / EJEJ-E Boston, Mass. 02116 
EE0901 ~ 

+ 

--
FOR 

ISOLATED 

DC TO DC 

POWER 

WHEN DESIGNING YOUR SYSTEM 

CIRCLE NO. 70 

+ + 

Sub- and micro-miniature pushbuttons by C&K. They're 
tough. And they're priced right. And they can beat any­
body's delivery to any place in the world. Now there's 
a switch. Get the catalog (#800) . 
C&K COMPONENTS, INC. 
103 Morse Street, Watertown, Mass. 02172 
TEL: (617) 926-0800 - TWX: 710 327 0460 
The great American switch company. 

Also supplied : toggle catalog (#700) Rotary Print Switch catalog (ll'900) 

CIRCLE NO. 72 
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CIRCUITS 

Semiconductor inductor TFF-L plugs direct­
ly into a standard DIP socket and provides 
lumped inductance without externa l mag­
netic fields, magnetic materials or windings. 
Avai lable inductances range from 10 mH to 
10 H. The 0.78- by 0.56- by 0.49-inch unit 
weighs < 10 g and operates from ± 12 to 
±20V. Price is $18 each. The Five Friends, 
Box 7541 , Stanford, CA 94305. 170 

Twelve-bit A/D converter, M odel ADC-
12QL, draws onl y 600 µ.W quiescent pow­
er. Converter is immune to battery-voltage 
variations, holding output error below ± 1 
bit for battery vo ltage drop from 15 to 12V. 
Temperature coefficients offered are 20 
ppm/°C (Model ADC 12QL/K) and 50 
ppm/°C (Model ADC-12QLJ ). Price is $675 
each or $485 in 100-lots for ADC-12QL/J, 
and $950 each or $575 in 100- lots fo r ADC-
12QL/ K. Analog Devices, Inc., Rte. 1 Indus­
trial Park, Box 280, Norwood, MA 02062. 

171 

Three-to-30 kHz mechanical filter flatpacks 
are designed for bandwidths in the 0.2 to 
2.0% band-width/center-frequency range. 
The filters employ flexure-mode resonators 
made of iron-nickel bars and piezoe lectri c­
ceram ic transducers. Available configura­
tions are 1-, 2-, and 4-resonator. Package 
size is < 1 /3 cubic inch. Collins Radio Co., 
Component Marketing Dept. 600, Newport 
Beach, CA 92663. 172 

Numeric display, Type SLA-3, generates a 
single-plane character 0.8-inch high and 
com pletely compatible with standard 74-
Seri es decoder/driver ICs. Package thick­
ness is only 0. 165 inch. Electri ca l character­
isti cs for thi s seven-segment display are 
4.4V, 20 mA (typica l) and 4.7V at 30 mA. 
Display may be operated in time-shared 
mode. Opcoa Inc., 330 Talmadge Rd., Edi­
son, NJ 08817. 173 

Synchro-to- linear angle converter converts 
three-phase synchro or two-phase resolver 
input into a de voltage linearl y proportional 
to the rotor shaft angle. Accuracy is ±30 
minutes of arc. Available outputs are - 1 0 to 
1 OV (- 180 to 180° or -90 to 90°) and 0 to 
1 OV (0 to 360°). Circuit is mounted on a 4.5-
by 6.5- by 1-i nch PC board . Pri ce in pro­
duction quantities is < $300. Computer 
Conversions Corp., 6 Dunton Ct. , East 
Northport, NY 11731. 174 

Solid-state sensing swi tch, a self-contained 
unit, consists of a single-transistor LC oscil ­
lator using a high-Q resonant c ircuit. Actua­
tion inhibits the oscillation. Turn-on time, 
independent of the actuat ion rate, is ap­
proxim,1telv 2nn µ.sec. Unactuated current 
drain is 2.6 mA Jnd actuated current is 8 
mA. Licon, D iv. of Illinois Tool Work s, 
lib 15 W. Irvi ng Park Rd., Chicago, IL 
60634 . 175 

Modular inst rumentat ion amplifiers come 
in two versions- Model 310] and 310K. 
Model 31 OJ has maxi mum input vo ltage 
dri ft of ±3 µ.V/°C, while drift for the 310K is 
± 1 µ.V/ 0 C. M aximum input offsets are 
±300 µ.V (3 10J) and ± 150 µ.V (3 10K). In 1 
to 24 quantity, prices are $29 (31 OJ) and 
$59 (3 1 OK) w ith OEM discounts. Function 
Modules, Inc., 2441 Campus Dr., Irvine, CA 
92664. 176 

Analog-to-digital converters, 51 Series, of­
fer a choice of thirty models ranging from a 
2-digit BCD unit at $59 to a 0.01 % accura­
cy 12-bi t binary unit at $86. All models are 
avai lable with unshielded or shielded en­
closures. Input voltage ranges are 0.1, 1.0 
and 1 OV, uni- or bipolar. The units are 
housed in rectangular blocks with pin type 
connectors for PC board mounting. Gralex 
Industries Div. General Microwave Corp. , 
155 M arine St., Farmingdale, NY 11 71'i. 

177 

Tuning-fork type audio tone encoder/ 
decoder Model EFM-U spans the 150 to 
1700 Hz frequency range including all stan­
dard EIA frequencies from 15 1.4 to 1600 
Hz. Frequency tolerance is ± 0.1 % while 
temperature coeffic ient of frequency is 
3 .5 x 10- 5/°C. Entire active device is pot­
ted in an epoxy compound. Murata Corp. of 
America, 2 Westchester Plaza, Elmsford, 
NY 10523. 178 
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Digital-to-synchro converter on a PC board 
translates up to a 12-bit binary word into 3-
or 4-wire, 400 Hz synchro or resolver infor­
mation . Depending on the input reference 
voltage, avai lable outputs are 11 .8, 26 or 
90V at 3 VA maximum. Accuracy is ± 1 bi t. 
Northern Precision Laboratories, Inc., 202 
Fairfield Rd ., Fairfield , NJ 07006. 179 

Portable solid-state timers are battery oper­
ated units that automatica lly signal at the 
end of a pre-set time. The Port-A-Timer with 
a timing interval of 1 to 20 sec is the first of 
the seri es. Other models w ill offer interva ls 
of 1 to 1 00 sec and 1 to 1 000 sec. Lafayette 
Instrument Co.; Box 1279, Lafayette, IN 
47902. 180 

Position measuring and display systems are 
des igned for specific machine needs. Basic 
systems are: Minicoder (absolute, with 
±0.00 l S" total accuracy), Kader II (incre­
mental, w ith ±0.00S"/20" accuracy) and 
Kadel Seri es 300 (absolute, w ith digital 
readout, floating zero and ±0.000S"/33" 
accuracy). Idea l Aerosm ith , Inc., 1 SOS E. 
Fox Farm Rd., Cheyenne, W Y 82001. 181 

TINY 
REED 

Model 2160 

Plug-in single-phase br idge rectifiers, 
BRPl. SOO and BRP300 Series, have ratings 
of 1.S and 3A respect ive ly at SO to 800 V, 
along w ith a max imum si ngle-cyc le surge 
rating of SOA peak. Both devices have stan­
dard JE DEC 8-pin octal bases. Pr ice range 
for 1-99 quantity is from $1 to $4.30. Recti ­
fier Components Corp., 124 A lbany Ave., 
Freeport , NY 11 S20. 182 

Power supply Model Z 1 0 converts low fre­
quency ac (47 to 440 Hz) to SOW of regulat­
ed de power w ithin a 4-by 6-by 2.2S- inch 
package. The suppl y delivers 1 OA w ith de 
outputs between 2.7 and S.3V de. Pri ce is 
$2 19 each fo r 1 to 4 pieces. Abbott Transis­
tor Laboratori es, Inc., S200 W. Jefferson 
Blvd., Los Angeles, CA 90016. 183 

M ult i-contro l, band-reject filter Model 
M N-4070-8 is an eight-section unit that fea­
tures eight knobs fo r continuous tuning, 
along with lockable counters for memory. 
The unit is tun able over the 40 to 70 MHz 
range and its d imensions are 24 by 2 by 8 
inches. Appli ed Research Inc., 76 S. Bayles 
Ave., Port Washington, NY 11 OSO. 184 

RELAYS 
Micro-sized SHIELDED RELAYS. For ultra 
high speed switching systems. Minimum coil 
power. For ul t ra high densi ty ci rcuit packag ing. 

OPERATE TIME: in t h e order o f .3 to .8 mil l isecond . 

RELEASE TIME : .1 to .2 milliseco nd. 

AID converters, M odel 2SO Seri es, are 8-, 
10- and 12-bit plus sign converters that use 
success ive approx imation technique. Con­
version time is SOO nsec/bit. Pr ices are $29S 
for 8 bits (Model 2S 1 A), $32S for 1 O bits 
(Model 2S2A) and $39S for 12 bits (Model 
2S3A). Dynamic Measurements Corp., 6 
Lowell Ave., Winchester, MA 01890. 185 

Solid-state timers, TR4 and TR7, prov ide 
from 0. 1 to 300 sec O N delay (TR4) and 0. 1 
to 300 interval delay (TR 7). The O FF delay 
fo r both units is 0.S to 300 sec. Circu its are 
enc losed in a black phenolic hous ing and 

each has screwdriver adjustment. Durakool, 
Inc., 1010 N. Ma in St., El khart, IN 46S 14. 

186 

Solid-state re lay SLS-2000 is a DPDT unit in 
a DIP configuration w ith direct TTL-com­

patib le drive vo ltage of 2.4V dc/1.6 mA 
max imum. Drive may be subjected to con­
t inuous 32V de w ithout damage. Unit is 
pri ced at $2 1.7S each. Logic Systems, D iv., 
Sterer Engineering and M anufacturing Co., 
4690 Co lorado Blvd., Los Angeles, CA 
90039. 187 

INSULATION RESISTANCE: typicall y greater than 

1 x 101 2 ohms. LI FE: 100 mi ll ion operations at 

lo w level. AMBI ENT TEMPERATURE: -55°C to 

+85°C. SHOCK: to 1500 G 's WT. 1.1 grams. 

SEND FOR DETAILS ON ALL MODELS 

Submini ature toggles, rockers and paddle handles by C&K. 
The m ost complete line. All models and all options UL 
lis ted . Bes t quali ty. Bes t pri ce. Best deliver y to any place 
in the world. Now there's a switch. Get the catalog (#700) . 
C&K COMPONENTS, INC. 
103 Morse Street, Watertown, Mass. 02172 
TEL : (617) 926-0800-TWX : 710 327 0460 
T he great American switch company. 

ELECTRONIC 
INSTRUMENT & 
SPECIAL I Y CORP. 

42 Pleasant Street 
Stoneham, Mass. 02180 
Phone (617) 438-5300 Also supplied : Pushbutton catalog {#800) Rotary Print Switch catalog {#900) 
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NEW SC's 

"Calculator on a chip" MOS/LSI Type 
M K501 O P, a 10-digi t version, conta ins the 
equivalent of 2100 transistors on a 
180 x 180 mil chip. All math functions are 
performed on the chip, requiring only inter­
facing components, power suppl y, display 
and keyboard to make a complete ca lcula­
tor. Pri ce varies from $75 each in small 
quantities to $15 in very .large quantities. 
M05TEK Corp., 1400 Upfield Dr. , Carro ll ­
ton, TX 75006. 197 

High-speed si l icon photodiode, Type 
TIXL80, operates in reverse current mode to 
provide rise and fall times of 15 nsec. Re­
sponsivity is typi ca ll y 0.55 amp/watt at 900 
nm, dark current is 1 O nA at V11 = 1 OOV and 
continuous power di ss ipation is 100 mW. 
Price is $23.50 each in 100-piece quanti­
ties. Texas Instruments Incorporated, In­
quiry Answering Service, Box 50 12, 
MS/308, Dallas TX 75222. 198 

Quad transistor memory driver, Type 
Q2T3725, replaces four discrete· 2N3725 
transistors. Beta is guaranteed to be a mini ­
mum of 30 at 500 mA. Produced as a sec­
ond-source product to the MPQ3725 and 
SH6500, the new dev ice features maxi­
mum collector-emitter saturation voltage of 
0.26V at 100 mA and 0.52V at 500 mA. 
Avai lable from stock at $3. 65 each in 100 
piece orders. Texas Instruments Incorporat­
ed, Box 50 12, Dallas TX 75222 . 199 

Zero-crossing switch, Model MFC8070, 
operates directly from ac line. Output pulse 
is generated 70 µ.sec before the control led 
ac vo ltage passes through zero and is typi­
ca lly 140 µ.sec long. A differential input al­
lows two external sensors to be compared 
to a reference voltage to generate the output 
gate. Pri ce is $2.00 each in quantities of 
100. Motorola Inc., Semiconductor Prod­
ucts Div., Box 20924 , Phoenix , AZ 85036. 

200 

MOS LSI programmable logic array {PLA) 
provides various programs from one stan­
dard devi ce by modifi cation of one photo­
mask. The CRC3506/7 TIL-compatible PLA 
consists of 64 20-bit words. Operation is 
low threshold dynamic (1.0 MHz) with stat­
ic outputs. Price is $26.20 each (1 OO's) plus 
mask charge of $750. Collins Radio Co., 
MOS Marketing Dept. 600, Newport Beach , 
CA 92663 . 201 

Gallium phosphide LED, the Solid-Lite OSL-
4, offers large apparent source size of 0.175 
inch by use of a " headlight" type reflector 
mounted behind the emitter. Total power 
output is 225 µ.W , equivalent to 4.5 millilu­
mens. Luminous intensity is 2.7 millicande­
las at 15 mA drive current. Typical forward 
voltage at 15 mA is 2. 1 V, and reverse cur­
rent is 1.0 µ.A at 4.0V. OPCOA Inc. , 330 
Talmadge Rd. , Edison, NJ 08817 . 202 

1024-bit MOS shift register/accumulator is 
packaged in 8-pin mini DIP or T0-100 ca n. 
The MM401 3/50 13 fully-controlled dynam­
ic storage device achieves 8-pin packaging 
by merging the chip-select control function 
with the read/write controls. Frequency 
range is 400 Hz to 2.5 MHz. Price is $10.60 
to $16.00 each in 100-up quantities. Na­
tional Semiconductor Corp., 2900 Semi­
conductor Dr., Santa Clara, CA 95051. 203 

V-band IMPATT diodes provide up to 25 
mW power output at 50 to 60 GHz. Type 
A5501 S-H has 10 mW minimum power 
output, 0.5 % efficiency and is priced at 
$200. Type A5502S-H has 25 mW mini­
mum output power at 1.0% efficiency and 
costs $500. Both are housed in " Minidisc" 
package; 011 threaded ; tuck Hughes 
Electron Dyn-imics Div. , 31 00 W. Lomita 
lllvd. , Torrance, CA 90509. 204 

FET input op amp family features input off­
set adjustable to zero with a single 1 Ok pot. 
The LH0042/ LH004 2C general-purpose op 
amps are pin compatible with standard T0-
5 IC op amps. Offset voltage drift is 10 
µ.V/°C and slew rate is 3V/µ.sec. Zero ad­
justment does not degrade drift or CMRR. 
They are avai lab le in standard T0-5 metal 
cans, flat packs or 14-lead DIPs. National 
Semiconductor Corp., 2900 Semiconductor 
Dr., Santa Clara, CA 95051. 205 

E D N/E E E J a n u a r y l, 1 9 7 2 



Programmable ROM w ith 64 eight-bit word 
organization has an additional bit/word for 
factory and customer testing. Access time is 
<7S nsec. In addition to six address bits, 
two chip-enab le inputs are provided for 
memory expansion. The MCMS003AL has 
open collector outputs, the MCM S004AL 
has 2-k!l co llector pull up resistors. Price, in 
quantities of 100, is $27 .SO. Motorola Semi ­
conductor Products Div., Techni~a l Infor­
mation Center, Box 20912, Phoeni x, AZ 
8S 036. 206 

Monolithic audio amplifier, the EEP 
LM3S2, delivers 2. 1 W output power. The 
usable range of power supply voltage is 
from 6 to 1 SV. Quiescent current drain is 
1.2 mA. Open- loop ga in is 70 dB at 12V. 
Input is direct coup led and bias is self-cen­
tering. Packaged in a 14-pin plastic D IP 
with a copper-bar heat diss ipator, they cost 
$3. 1 S each (1-24). European Electronic 
Products Corp. , 101 SO W . Jefferson Blvd., 
Culver City, CA 90230. 207 

Infrared emitters offer high power effi cien­
cy and spectral compati b ility with silicon 
sensors. TIL31 features hermetic T0-1 8 met­
al case and 6-mW radiant power output at 
100 mA fo rward current. Type TIL32 is of­
fered in a clear epoxy package and is rated 
at 1.2 mW output at 20 mA input. TIL3 1 is 
pr iced at $1.60 each and TIL3 2 $0.86 each 
in 1000 piece lo ts. Texas Instruments In­
corporated, Inquiry Answering Servi ce, 
Box SO l 2, MS/308, Dallas, TX 7S222. 208 

High-speed voltage comparator ICs, the 
"S27" and "S29," feature Schottky cla mped 
outputs. The S29 has a single differenti al­
pair input, while Type S27 uses a Darling­
ton input. Delay time, from input to gate 
output, is typi ca lly 10 nsec for the S2 9 and 
1 S nsec for the S27. The S29 has a Z. of 
S k!1 and bi as current is S µA . The s

1

27's 

Z;,, is SO k!1 and its bias current is typica ll y 
700 nA. Pri ces vary from $6.SO to $17 e;ich 
in lots of 100. Signetics Corp., 811 E. 
Arques Ave. , Sunnyva le, CA 94086. 209 

Emitter coupled logic IC Series is expanded. 
Fifteen new devices, includ ing 4 M SI units, 
bring the total number of ECL functions now 
avail able in the 9SOO Seri es to 22. The latest 
additions incl ude 9S L Seri es low-power, 
hi gh-speed gates (2 0 mW power, 2 nsec 
delay). MSI functions added to the line in­
clude a 2-bit adder/subtracter, quad 2- input 
mu ltiplexer, quad excl usive-OR gate/4-bit 
comparator and quad latch. Fairchild Semi ­
conductor, 464 Ellis St. , Mountain View , CA 
94040. 210 

4-bit shif t registers, Type 93 HOO and 
93 H 72, are the first high-speed MSI func­
tions in the 93 00 TTL Series. Typica l shift 
frequencies are SS to 60 MHz, minimum is 
4S MHz. 93 HOO is a pin-for-pin replace­
ment for the 9300. 93 H72 is similar except 
that J and K inputs are replaced by a single 
D-type input and a c lock enable input. Thi s 
permits synchronous shift, parallel load and 
ho ld modes. Pri ces for both devi ces are 
$4.8S to $9. 70 each in 100 quantiti es. Fair­
chi Id Semiconductor, 464 Ellis St , Moun­
tain View, CA 94040. 211 

NEW\ THE 
LOVE/HATE 

SWITCH 

•BCD INPUTS- PARALLEL ENTRY 
•TAB CARD SIZE - 3 COPIES 
• INDEXING - 20 CONSECUTIVE LINES 
•COLUMN SUPPRESSION - FLOATING DECIMAL 
•CONTROLLABLE BY INSTRUMENT 

OR COMPUTER 
•PRINTING MECHANISM AVAILABLE 
• 400 MSEC/LINE PRINT RATE 
• MANY OPTIONS/ 

CHARACTER WHEELS 
VALUE 
PRICED 
FROM 

• ~ • ;ii #Ji CORPORATION $15 4 
340 Fordham Rd ., Wilmington, Ma ss. 01887 (617) 658-5500 TWX 710-347-6938 

CIRCLE NO. 80 

Our Customers 
Love Its 

M IN IATURE PREC ISION 
- -', i THU MBWH EEL SW ITCH 

1,000,000 Detents 
(for high quality) 
And Low Cost 
(for savings)! 
Our Competitors 
Hate It .. . for the 
same reasons! 
9 Top Quality Features 

1 . . 05 ohms max. contac t resistance. 
2. 200 megohms min. insu lation . 
3. 1,000 volts min. d ie lectric st rength . 
4. 2 amps@ 115VAC cu rrent carry ing capab ility. 
5. 125 ma@ 115VAC current breaking capab ility. 
6 . Mounts on 112 " cente rs only 11h" behind pane l. 
7. Glass laminate with precious metals contac ts & plating. 
8. Multi-applications-you name it. 
9. Over 1,000,000 detents . 

lll~'IMEDIATE DELIVERY. ASK THE PRICE-BE PLEASANTLY SURPRl~ED . 

CHICAGO DYNAMIC INDUSTRIES, INC. 
~ PRECISION PRODUCTS DIVISION 
~ 1725 Oiversey Blvd Chicago. Ill 6061~ Phone 312. WE 5 4600 

CIRCLE NO. 81 
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Double 
Balaneed 
Mixer 
price slashed to 

s 95 

DC-SOOMHz 
6d B conversion loss 
40 dB isolation 
EMI shielded case 

Min i-Circuits Laboratory now offers its 
model SRA-1 double balanced mixer at 
an unprecedented low price . . . . . 
$7 .95 each in 500 quantity and only 
$9.95 each in 6 -49 quantities. 

Ruggedness and durab ility are built 
into the SRA-1. Packaged within an 
EMI shielded metal enclosure and her­
metically sealed header. This new unit 
uses well matched hot-carrier d iodes 
and uniquely designed transmission 
line transformers . 

In today 's tough competitive market 
can you afford not to use these re­
markably low priced and high per­
formance units? 

For ordering and technical information 
call (212) 252-5253 . 

Mini-Circuits 
Laboratory 

A Divis io n Sc ienti f ic 
Components Corp. 

2913 Quentin Rd. 
Brooklyn, N. Y. 11229 
(212) 252-5252 

European Representatives : 
France: S.C. I.E.'. 31 , rue George-Sand , Palaiseau 

91 , France 
Germany, Austria , Switzerland : Industrial Elec­

tronics GMBH*, Kluberstrasse 14, 6000 Frank­
furt/Main 

•units In stock CIRCLE NO. 82 
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NEW SCs 

Silicon avalanche photodetector is de­
signed for 900 to 1060 nm operation. The 
un it measures 2 inches in diam and is 1.3 
inches long. It contains a photo-diode, tem­
perature-sensing vo ltage reference diode, 
ampli fier and regulated ava lanche-gain bi as 
circuit. Pri ce is $165 each on 100 piece 
orders; delivery is 4 weeks ARO. Texas In­
struments Incorporated, Box 5012, Dall as 
TX 75222 . 221 

Dual element photocell uses a 2-element 
electrode in bifilar configuration . The VT 
800/2 photocell is designed to provide iso­
lated control of two circu its from a single 
li ght source. The plasti c-encapsulated de­
v ice costs $0.50 each in 1000-piece quanti ­
ti es. Vactec, Inc., 2423 Northline Industrial 
Bl vd., M ary land Heights, MO 63043. 222 

Monolithic integrated-circuit dividers offer 
ultra-h igh-speed operation. The SP630 is a 
600-MHz decade divider and the SP620 is ,1 

400-MHz divide-by-five circu it. Both units 
are packaged in 8- lead T0-5 ca ns. In the 
" B" version (commercial temperature 
range), the SP630 se l Is for $150 each and 
the 620 for $65 each in single quantities. 
Plessey Electronics Corp., 170 Finn Ct. , 
Farmingdale, NY 11 735 . 223 

Quad si licon-on-sapphire transistor is a P­
channel enhancement-mode device offer­
ing total dielectri c iso lation and elimination 
of capac itances normally associated with 
bulk-s ili con devices. The LOl transistor 
quad chip measures 40 x 40 mils and is 
packaged in a 14-pin DIP with build-in 
protecti ve devices. Pri ce is $19. 50 each in 
quantities of 1 to 9. lnselek, 743 Alexander 
Rd ., Prin ceton, NJ 08540. 224 

Monolithic filter innovation provides four­
po le des ign in a T0-5 package. A typ ic.il 
specifi ca tion inc ludes center frequency oi 
20 MHz, w ith 3 dB bandwidth of 16 
kHz (min) and 50 dB bandwidth of 64 kH z 
!max). Insertion loss is 3-1 /2 dB max. Mc­

Coy Electronics Co., Mount Holly Springs, 
PA1 7065. 225 

96 character ROMs, Models F8- 1 and Fl 1-
1, prov ide upper and lower case for matri x 
printers. Model F8-1 produces 5 by 7 dot 
matri x characters from ASCII input, and is 
designed for use with Matri x 300 and 600 
line/min printers . Cost is $425. The Fl 1-1 
generates 7 by 9 dot matrix charac ters for 
use with the Matrix 1300 printer and costs 
$550. Versatec, Inc. , 10100 Bubb Rd. , Cu­
pertino, CA 95014. 226 

Look for your 
nearest Raytheon 
Oscilloscope 
Representative: 
Avionics Liaison, Inc. 
6770 Perimeter Rd . 
Seattle, Washington 98108 
(206) 767-3870 

Coherent Mktg. Associates, Inc. 
1890 Embarcadero Rd. 
Palo Alto , California 94303 
(415) 327-2217 

FLW, Inc . 
10760 Burbank Blvd. 
N. Hollywood, Ca. 90601 
(213) 877-5518 

Instrument Associates, Inc. 
175 Middlesex Tpke. 
Bedford , Mass. 01730 
(617) 275-0700 

Klein Aerospace 
PO Box 1056 
Englewood , Colorado 80110 
(303) 781-4967 

KLS Associates, Inc. 
387 Passaic Avenue 
Fairfield , N.J. 07006 
(201) 227-2900 

K-G Electronics , Inc. 
11151 VeirsMillRd . 
Wheaton , Md. 20902 
(301) 946-4055 

RJC Associates 
26 Morningside Drive 
Cortland , NY. 13045 
(607) 753-3909 

Scientific Devices-Mid west 
3300 S. Dixie Drive, Suite 212 
Dayton, Ohio 45439 
(513) 298-9904 

Scientific Devices-Philadelphia 
PO Box 201 
Plymouth Meeting , Pa. 19462 
(215) 825-2841 

Scientific Devices-Southeast 
707 E. Colonial Dr. Suite 6 
Orlando, Florida 32803 
(405) 424-6792 

Scientific Sales Company 
777 S. Central Expressway 
Richardson, Texas 75080 
(214) 231-6541 

~AYTHEO~ 
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Why buy the Star of India? 
When you really need a little gem. 

Overbuying can be princely 
fun. If you're the Aga Khan. 

But now, with the current 
budget squeeze, common 
sense has entered the picture. 
So has Raytheon's CDU-150 
scope. 

A top quality, general-pur­
pose osci lloscope with price/ 
performance second to none. 
DC to 35MHz at 5 mV/cm. 
Dual channel. Big , bright 
8x10 cm display. Stable trigger­
ing over the full bandwidth. 

Time-base delay. 
Plus light weight for honest 

portability. Ruggedness that 
can easily take hundreds of 
miles in the trunk of your car 
without a flutter. At a price of 
only $1495. 

Think about it. The uncom­
promising quality of the 
CDU-150. And the money you 
save by not buying more than 
you need. Send us the coupon. 
Or contact the nearest sales 
reps on the opposite page. 

(Our little jewel.) 
CIRCLE NO. 84 

r---------------, 
Raytheon Company 
Instruments Operation 
175 Middlesex Turnpike 
Bedford, Mass. 01730 

Gentlemen: Send information on the 
CDU-150. 

Name ________ _ 

Company _______ _ 

Address _______ _ 

City ________ _ 

State_ __Zip. ___ _ 
L_ _ _____________ _J 
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EQUIPMENT 

Ratiometer, Seri es 1833, accepts the output 
from two receivers , bolometers or crystal 
detectors and displays the ratio between the 
signa ls in dB. Both single and dual display 
models are avail able. Features include 0.01 
dB resolution and ±70 dB dynamic range. 
BCD output is opt ional. Pri ce is $2900 with 
delivery 90 days ARO. Scientific-Atlanta, 
Inc., Box 136S4, Atlanta, GA 30340. 227 

----Osci llographic light-beam recorder, Model 
TR-l 80LB, records up to 18 channels of 
data on a 7- inch-wide chart. Servo-con­
trolled chart speeds range from 0.1 to 100 
ips. Writing is on direct-print chart paper via 
high-intensity mercury vapor li ght source. 
Frequency response is up to S kHz. Gu lt­
on/Techni-Rite, Inc., Rte 2, East Greenwich, 
RI 028 18. 228 

Temperature calibration system, the porta­
ble Model 3603, incorporates a dry-well 
heat sou rce, a digital potentiometer control , 
a direct readout and adapter chucks for test­
ing temperature instruments in the range of 
100 to 600°F. Stabi lized temperature is 
reached in less than 20 min from a co ld start 
and is accu rate within ±0.1 S% of set point. 
King Nutronics Corp., 13826 Saticoy St. , 
Van Nuys, CA 91402. 229 

Strip-chart recorder offers pushbutton 
selection of 23 chart speeds from 30 ipm to 
0.2 iph. Switch-selectable ca librated spans 
range from 1 mV to SOOV full sca le in a 1-2-
S sequence. Input is potenti ometric on 
ranges to SOO mV, with 10 M!l input im­
pedance on other ranges. Pri ce of the Model 
EU-20SB is $67S. Heath/Schlumberger Sci­
entific Instruments, Benton Harbor, Ml 
49022. 230 

Digital pressure calibration system, com­
prised of a solid-state pressure transducer 
and a 4-1 /2-digit vo ltmeter, is accurate to 
0. 1 %. By transducer choice, fu ll scale pres­
sure ranges from 30 inches of mercury to 
SOOO psi ca n be provided. Buffered BCD 
output is standard at no extra cost. Tyco In­
strument Div., 1 SO Coolidge Ave., Water­
town , MA 02172 . 231 

Microwave power meter for SO and 7S!l 
systems measures from a few nW to 100 
mW at frequencies from 1 MHz to 14 GHz. 
A single-sweep range covers the meter's SO 
dB dynamic range. Basic accuracy is 1 % of 
full scale or 1.S% of reading. Price for the 
10 nW to 10 mW Model 1034 or the 100 
nW to 100 mW Model 103S is $64S each. 
Detectors are priced at $2SO and $270 re­
spectively. Pacific Measurements, Inc., 940 
Industrial Ave., Palo Alto, CA 94303. 232 

Waveform digitizing system, the computer­
operated Model S-3003 , is intended for 
those who collect enormous amounts of 
oscil loscope data. The system offers the 
versati lity of a computer-controlled pro­
grammable osci lloscope capable of ac­
quiring signals from de to 14 GHz. Price 
is between $2S,000 and $70,000 with 16 
week ava ilability. Tektronix, Inc., Box 
SOO, Beaverton, OR 9700S 233 

Operational manifold includes a dual mV 
source, electrometer op amp, chopper-sta­
bi lized op amp, two differential op amps 
and an IC patch panel that will hold up to 
nine ICs. Price of the Model MP-1 S02 is 
$32S for mainframe and power supply. 
Thirteen plug- in modules are priced from 
$59 to $190. McKee-Pedersen Instruments, 
Box 322, Danvi lle, CA 94S26. 234 

Direct-writing oscillographic recorder, the 
Model 1S08B Visicorder, is available in ei­
ther 12 or 24 channels and features servo 
paper drive, grid system, timing system, 
bui lt-i n paper take-up, automatic record­
length control , record/event numbering and 
trace identification. The range of paper 
speeds is from 0.1 to 120 inches/sec in 40 
steps. Honeywell Inc. , Test Instruments 
Div., Box 5227, Denver, CO 80217. 235 

ED N/E EE January l, 1 9 7 2 
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CIRCLE NO. 86 

. .. the day each budding electronics buff bumps into 
Mueller Clips and forms a lifelong friendship. "Mueller 
Clips are to men what safety pins are to women," wrote 
A. E. Rose of Canadian Westinghouse Company Limited, 
in a recent fan letter we treasure most in our 60-year 
collection. Think you can find the lOOlst use for our 
supergadgets for quick, temporary electrical connections? 

At Jobbers everywhere. 

.,.-Write factory for FREE sample clips and catalog. 

15766 East 31st Street • Cleveland, Ohio 44114 
CIRCLE NO. 71 

hinged 
standoffs 
1or 
terminal 
tr 

boards 

A TYPE FOR EVERY APPLICATION 
• Faster Maintenance • Interconnects Circuits 
• Wiring Exposed for Testing • Space Saver 

Manufacturers of Standardized Hardware for Electron ics 

IV\ !NEW FREE CATALOG ON REQUEST I 
\!)I KE'Y,~NT,£?. NE 
-------49 Bleecker Street • New York, N.Y. 10012 

CIRCLE NO. 87 

NEWGRC\ 
GEAR KIT 
demonstrates 

BIG STOCK AND 
CUSTOM SERVICES 
IN ... 

TINY GEARS 
(Die-cast Zinc Alloy or Molded Plastic) 

• Gear Clusters • Crown Gears 
• Gears with Hubs, • Miter Gears 
• Spacers • Rack Gears 
• Gears with Shafts • Worm Gears 
• Gears with Cams • Helical Gears 
• Spur Gears • Spiral Gears 
• Bevel Gears • Ring Gears 

Write today for GRC Gear Kit, Stock List 
and Designers' Aids on Your Letterhead ® ~ 

Division of Coats & Clark Inc. 
136 Beechwood Ave. , New Rochelle, N. Y. 10802 (914) 633-8600 

Plants in: New Roche lle, N. Y.; Warren, R. I. ; Toccoa, Ga. 
In Ca nada: Gries Div ., Dyna ca st Ltd. Lachine, Que. 

Gries Reproducer Co. 
CIRCLE NO. 88 93 



Choose the type that meets your needs. 
1. Mount D.l.P.'s, Transistors, Round 

Can lntegrateds, directly to board 
or in sockets . Patch cord hook-up 
available. 

2. Solderable push-in terminals for 
.042", .062" or .093" holes. 

3. Handsome new extruded aluminum 
r·ails that make into expandable cir­
cuit cases or chassis in virtually any 
size and shape. Hardware for mount­
ing in plug-in racks or chassis . 

4 . Pre-punched Copper-Clad Cards for 
do-it-yourself etching. Also solder­
less spring terminals . 

May w e send you complete informa­
t ion including sample Vectorbord® and 
t erminal s? There i s no obligation. 

ELECTRONIC COMPANY, tNC. 
12460 Gladstone Ave .• Sylmar, Calif 91342 
Phone (213) 768-6080 • TWX (910) 496-1539 

EARTHQUAKE ? We got shaken up but resumed shipping and production the next day. 

94 
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MURA/ HIOKI PANEL METERS 

TOP QUALITY AND FULLY GUARANTEED 
Made by Hioki, Japan's leading manufacturer of quality panel meters, 
these fine instruments can be used wherever precision measure­
ment is an absolute requirement. They come in various sizes from 
2" x 2Y2 " to 6" x 4 Y2" with either d' Arsonval qr taut-band move­
ments. Resistances and scale designs can be tailored to your spe­
cial needs. Distributed in the United States only by Mura Corp., 
they are attractively priced and fully guaranteed. Sold only in O.E.M. 
quantities of 300 and up. 

Wri te for detailed information on your letterhead . 

••111• ia 50 SOUTH SERVICE ROAD, JERICHO, N.Y. 11753 &•• .,_ft Telephone : (516) 334-2700 Telex: 967-879 

Mura is the world's largest supplier of miniature panel meters . 

Cl RCLE NO. 90 

EQUIPMENT 

Electrical thermometer, Model 290, has 
measurement span of -60 to 130° C using a 
multiple sca le taut-band meter that provides 
accuracy of ± 1-1 /2°C over the entire range. 
Power is from a 9V transistor battery. Price 
is $120, wi th probes $20 to $30 e.11 h .1d ­

dit ional. RFL Industri es, Inc., Boonton, 
N I 07005. 303 

Dropout detector-counter for eva luating 
the qua lity of new or used analog magneti c 
tape (ava il ab le in 7-or 14-channel versions) 
permits certi fication of w ideband instru­
mentation tape to user spec ifications. Tes t 
signal is vari able from 50 kHz to 2 MHz. 
Features include self- testing and display of 
t.1pe footage. General Electri c Co., Space 
Div., Box 58408, Houston, TX 77058. 304 

Broadband EMI detector weighs less than 3 
lbs, operates from built-in rechargeable 
nickel-cadmium batteries and has sensitiv i­
ty to broadband EMI in the order of O 
dB/f.LV/MHz. Model BD-3637A finds appli ­
ca tion as an electroni c fault detector, inter­
ference locator, transient detector or as an 
RF monitor. Andy Hish Assoc iates, 14657 
Aetna St. , Van Nuys, CA 91401. 305 

Instrumentation recorder handles 10- 1 /2-
inch ree ls of 1 /4-inch tape and offers four 
channels. The Model 300 fea tures a dc­
powered six-speed electri ca lly-switched 
drive system with tape speeds of 15/16 
through 30 ips. Direct frequency response is 
200 Hz to 12 kH z at 15/16 ips and 200 Hz 
to 187 kH z at 15 ips. Pri ces range from 
54850 to $5830 depending on channels 
and direct or FM record required. Pemtek, 
Inc., 942 Commercial St. , Palo Alto, CA 
94306. 236 

Digital comparator, Model 1500, accepts 
lip to a 6-d igit BCD input (TTL logic leve l) 
.111 rl r ompares it to a front panel thumb­
wheel setting or to a remote BCD input 
(limit setpoint). Programmed and Remote 
Systems Corp. , 899 W. Highway 96, St. 
Pa ul, M N 55 11 2. 237 

Universal DMM, Model 8120A, features 25 
ranges and modes (ac and de ranges from 
100 mV to 1 OOOV, current ranges from 100 
/.L A to 1 A and res istance ranges from 1 000!! 
to 10 MD). Overranging on all ranges is 
20% and all specifications are guaranteed. 
Price is $795. John Fluke Mfg. Co., Inc., Box 
7428, Seattle, WA 98 133. 238 
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EQUIPMENT 

Scanning electron microscope produces 
higher electron beam currents at lower ac­
celerating vo ltages th an conventional SEMs. 
The CWIKSCAN /100 fi eld emiss ion instru­
ment uses a low voltage mode to prevent 
elec tron pile-up. Coates & W elter Instru­
ment Corp., 777 N. Pastori a Ave., Sunny­
va le, CA 94086. 239 

Console card reader family inc ludes Mod­
els M 1 OOOC and M 600C with reading 
speed of 1000 and 600 cpm respecti ve ly. 
Both are des igned for remote batch terminal 
and computer center requirements and are 
ava il able with an IBM or UNIVAC multi ­
plexer channel interface contro ller. Pri ce is 
$4695 and deli very is 60 days ARO . Docu­
mation Inc., 841 E. New Haven Ave., Mel­
bourne, FL 32901. 240 

Programmed temperature controller, Mod­
el PTC- 1, provides digital control of tem­
perature rate of change, w ith slope con­
trol on both heating and cooling cyc les. All 
controlled parameters may be remotely pre­
set w ith digital (BCD) info rm ation. Price is 
$2450, and deli very w ill be after Jan. 1. Mil ­
liken El ectroni cs, Box 489, Greer, SC 
2965 1. 241 

Microwave amplifier fo r the 5. 925 to 6.425 
GHz band, Model SSD-5 41 09, provide' 
300W CW power w ith minimum ga in of 75 
dB. The amplifi ers meet mandatory require­
ments of ICSC, operate from 11 0/120V 1 
phase 50/60 Hz and are small enough to be 
installed in the elevated equi pment bay. 
W arranty is 15 ,000 hrs or 2 years and pri ce 
is less th an $20,000. Ava il ability is 45 days 
ARO. Sperry Rand, Electroni c Tube Di v., 
Department 9002, W aldo Rd ., Gainesv ille, 
FL 32601. 242 

Automatic data logger features 10-channel 
scanning, a w ide choice of digiti zers and 
full y programmable data control fo r any 
recording fo rmats and codes. Model 7200 
has base pri ce of $2650. Monitor Labs Inc., 
10451 Roselle St. , San Diego, CA 92 121. 

243 

Coil and core magnetic analyzer th at oper­
ates on a go/no-go bas is will detect open 
coils, short to case, c ircuit sensitiv ity, short­
ed turns and bucking fi elds. Model CT-100 
operates at 1 MHz and has a built-in ca li ­
brate circuit for self test. Pri ce is $375. 
Keonics, Inc., 1600 Victory Blvd., Glendale, 
CA 91201 . 244 

Wider Choice of Models & Types - at New Low Prices 

At LAMPS, INC ., you ca n choose from ove r 150 d ifferent T-1 lamp models 
and types. More design voltage ratings (f rom IC leve ls up), more bases, more 
colo rs, more of eve rything - with new low price tags to make your pu rc hase 
dec is ions easier. Then there's t rad itional LAMPS quality to assu re you long 
life and new delivery schedules to assu re yo u a short wait. And if yo u don't see 
the exact lamp for you r application, there's our prototype desig n se rvice. For 
complete information on the largest select ion of T-1 lamps on th e market, and 
the rest of the LAMPS line, wr ite or call ... LAMPS, INC. 19220 So. J 
Normandie Ave., Torrance, Cali f . 90502 • Tel: (2 13) 323 -7578 • ~ 
TWX: 910-346- 7038 , r 

' 
~ ~ 

I I 
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The Answer Fan. 
low-profile installation? It's a 

mere 35/8' sq., 11/i' deep. 
High output vs back pressure? 

It packs a 46 cfm cooling wallop. 
We call It, "The Mini Qoxer.'49 

MiniBoxer fights th e damaging effects 
of heat in rack panels, tape decks, main 
frames and similar space-critical applica­
tions. 

10 high performance models, ball or new 
Grand Prix sleeve bea ring types, provide 
10 or more years no rmal operating life. 
Also available in rugged Mil Spec ver· 
sions. 

Other airmovers ? Of course! 

Send for our full-lin e catalog No. ND4r. 
It's free, and contains performance data, 
electrical and mechanical specifications 
on more than 100 units. 

And valuable application information too. 

Fo r immediate se rvi ce, contact us at IMC 
Magnetics Corp., New Hampshire Divi­
sion, Route 16B, Rochester, N.H. 03867, 
tel. 603-332-5300. Or the IMC stocking 
distributor in your area. There are more 
than SO nationwide and overseas . 

i0jheJ3 
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THE CHOMERICS EB KEYBOARD IS 
AMERICA'S No. 2 SOFT TOUCH. 

Key travel is just .150" . Operating force: 3 oz. Contact resistance 1 Ohm. 
Contact bounce is less than 1 ms. 100.000,000 cycles. Available in 12 key 
array. and any inc rements from there on up. 
In volume. we'll give you any size keyboard you want. in most any con­
figu ration. and touch you for as little as 40¢ per key . 

('.) A 12 key sample costs $1 1.50. The catalog's free. 

~CHOMERICS, INC. 
77 Dragon Court . Woburn. MA 01801 (617) 935-4850 
America's # 1 soft touch IS Chomerics' rr keyboard 
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Se lected 
NASA 

W hen Astronauts Shepard and Roosa returned 
h orn the ir hi storic Ap o ll o-14 fl ight . they were 

as c lean-shaven as w hen they left 9 days 
earlier. (M itch ell decided to grow a beard!) 
The rea son? The Win d-Up M onaco shave r , 

selected by NASA to keep them comfor tab le 
and c lean-shaven on thei r long iourney . 

• Th e f irst secret of the M onaco's marvelous 
performance lies in it s shavi ng head . Three 

cont inuous ly sel f -sharpening b lades revolve 
at such a fast c l ip th at they actually give 

72 ,000 cu tt ing strokes per minute And the 
guard is so unbel ievabl y thin (5 / 100 of a mm­

abou t th e thickness of a cigarette paper) 
that pressu re 1s unnecessary . Just touch the 
sh aver to you r face and guide 1t in circular 

mot ions for the smoothes t shave ever . 
•The second secre t is the power plant. The 

palm-shaped body of th e M onaco 1s filled with 
a huge mainspri ng , made of the same 

Swedish super-stee l used 1n th e most expen ­
sive watch movements. Just w ind it up and 

the Monaco shaves and shaves. Fram ear to 

the 
shaver 
that vvent 
to the· 
Moon 

ear. from nose to neck. and mai n­
tains full speed to the end-long 

enough to do the complete job . 
We could go on about the v irtues 
of the Monaco. bu t (as w ith so 
many things) you have to try it 
to really believe 1t. • Send fo r your 

~... Monaco today in fu ll conf idence . 
\~"" Put 1t to the test for two wee ks. 
~ You 'l l be delighted wi th the com fort , 

speed and convenience-and the inde­
pendence 1t wil l give you f1 om water , soap, 

ba tteries, electricity, stypt ic penci l and all 
o ther paraphernalia of convent iona l shaving. • 
If you decide the Monaco isn' t th e best sh aver 
ever , send it back to us for prom pt refun d. 
If the M onaco served the Apol lo- t4 astro nauts 
so wel l , think wha t it can do for you under 
much less tryi ng condi ti ons . Once you've 
tried it you'l l never let 1t go. 
Please send me: 
D Monaco Shaver-S tandard Mode l $19.95 
D Monaco Deluxe-M ode l-An atom ique $21.95 
D Special Trimmi ng Head (o pti onal) $4 .95 
My check, plus $1 for post . & ins . is enc l. 
(Cal if . res . add tax .) Guaranteed 1 year. 

Name --------------
Add res s ----------- - -
_________ Z ip ___ __ _ 

EDN/EEE 
221 Columbus Avenue 
Boston , Mass. 02116 

EQUIPMENT 

Pyrometer that weighs 1 lb operates from a 
single "C" battery and uses an electrica l 
co ld-junction circuit. Model 320 G/P instru­
ments are ava il able in four temperature 
ranges (- 150 to +200°F, 0 to 500°F, 0 to 
750°F and 0 to 1000°F)_ Accuracy is better 
than ± 3% of full sca le. Pri ce each, inc lud­
ing 5-ft probe and instruction book, is $(, ~ 

Tri p lett Corp., Bluffton, OH 45817. 306 

Digital capacitance meter that operates at 1 
M Hz incorporates built-in de bi as suppl y 
and features signal level of 15 mV rms. 
Model 861 is suitable for three-terminal and 
differenti al measurements of semiconduc­
tors. Both de analog and BCD outputs are 
provided. Price is $995 and delivery is 3 
weeks ARO. M SI Electronics Inc., 34-32 
57 th St. , Woodside, NY 11377. 307 

Instrumentation tape recorder/reproducer 
handles up to seven channels on 1 /2- inch ­
or 14 channels on 1-inch - tape, and ac­
cepts reels up to 10-1/2 inches in diam. 
Model CPR-4010 has seven speeds ranging 
from 15/ 16 to 60 ips. Direct system band­
w idth is 300 kH z at 60 ips. The magneti c 
record and reproduce heads have a warran­
ty of 1000 hrs of non-prorated use. Bell & 
Howell , 360 Sierra Madre Villa, Pasadena, 
CA 911 09. 308 

Probing analyzer, consisting of hi gh resolu­
tion microscope, four high-ratio micropos i­
tioners and a fi xed-focus camera, makes 
probing of individual transistors in LSI and 
M SI arrays easy and practica l. The selling 
pri ce of $4800 inc ludes a 1-day training 
program. Deli very is stock to 4 weeks. 
Comaltest, Inc., Commerce Dr. , Danbury, 
CT 06810. 309 

Digital tele-therrnometer for monitoring 
patient temperature provides temperature 
range from 80 to 109.9°F with ±0.1 °F accu­
racy. Model 48 features a LED readout, is 
battery operated and uses inexpensive, in­
terchangeable probes that require no spe­
cial reca libration. Pri ce is $395 plus $15 for 
the battery charger. Probe prices begin at 
$15. Yellow Springs Instrument Co., Box 
279, Yellow Springs, OH 45387. 310 

Calculating counters of the Model 1600R 
Series measure low-frequency signals by 
period measuring techniques fo llowed by 
electroni c ca lculation. Sensitivity is 10 mV 
rms, and up to two measurements/sec ca n 
be made with 6- or 8-digit resoluti on at 5 
Hz input. Anadex Instruments Inc., 7833 
Haskell Ave., Van Nuys, CA 91406. 311 
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If youVe been looking for a miniature 
crystal-controlled clock oscillator 
in a 14 pin DIP package to fit standard 
PC board sockets, stop looking and 
start writing for the Kl091A spec. 
sheet from Motorola Component 
Products Dept. 4545 W. Augusta Blvd. 
Chicago, Ill. 60651.@MoToRoLA 

Specifications : 4 to 20 MHz range; 0.01 % stability ; prototype 
quantities available for immediate delivery in 4.9152 MHz, or 5.0, 10.0 or 20.0 MHz. 

· CIRCLE NO. 94 
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Analytical instruments including those for 
NMR and electron paramagneti c resonance 
as well as laboratory electromagnets, in­
duced electron emiss ion spectrometers and 
analyti ca l data process ing systems are the 
subject of an eight-page catalog that refer­
ences specificati on sheets for each item. 
Vari an, Analyti ca l Instrument Div., 611 
Hansen W ay, Palo A lto, CA 94303. 264 

LED readout assembly with character 
height of 0. 125 or 0.205 inch is described in 

a two-page bulletin R05 021. The readout is 
a six-by-eight dot matri x connected for sev­
en-segment driving. Readouts are offered as 
a complete package inc luding decoder/ 
driver and bezel assemb ly. Di alight Corp., 
60 Stewart Ave., Brookl yn, NY 11 237. 265 

Lock-in ampl ifier theory and operation are 
the subjects of an eight-page appli cation 
note (IAN-2 1 ). The note divides the lock- in 

amplifier into functional blocks, and pro­
vides discuss ion of each of them as well as 
their interre lationship. Topi cs inc lude phase­
sensitive detector, filtering by lock- in and 
signal-to-noise improvement. Ithaca Inc., 
735 W . Clinton St. , Ithaca, NY 14850. 266 

Bargain buys in instruments, transducers, 
recorders and other items fill this 120-page 
catalog that contains over 600 illustrations. 
All items are guaranteed to meet manufac­
turer's spec ifi cations. Gyros, synchros, 
transducers, oscillographs, amplifi ers, volt­
meters and others are available off-the­
shelf. Lee Lab Supply Div. of Datacraft, Inc. , 
13714 S. Normandie Ave. , Gardena, CA 
90249. 267 

Solid-state timers are the subject of a 17-
page catalog. It illustrates and describes six 
standard models of solid-state timers that 
feature constant linear timing accuracy. 

Also included is a convenient table of timer 
terminology (terms and definitions). Gener­

al Time Corp., Industri al Controls Div., 135 
S. M ain St., Thomaston, CT 06787. 268 

High-voltage power supplies, both standard 
and custom, with ratings from 1 kV to 2 MV 
de and power ratings to 250 kW are full y 
specified and described in a 40-page cat­
alog. Models suitable for powering lasers, 
electron mi croscopes, CRTs, electrostati c 
paint systems, X-ray source systems and 
accelerators are included. Universa l Vol ­
tronics Corp., 27 Radio Circ le Dr., Mount 
Kisco, NY 1 0549. 269 

Aluminum magnet wire with " Hytek 20" 

conductor is the subject of a four-page bul ­
letin . The C lass 220 magnet wire is intended 

for extended serv ice life at operat ing tem­
peratures up to 220°C. Bulletin W C-7125 
also inc ludes data on thermal life and 
connection methods for round w ire in sizes 
from 11 to 30 AW G. Anaconda Wire and 
Cable Co., Dept EFL, 605 Third Ave., New 
York, NY 10016. 270 

·~ 

• -__ --:..=--_-::. 

SHORT 
FORM 

CATALOG 

-------
Diodes-silicon planar, zener, four-layer 
and stabistors -comprise the approx imately 
300 listings inc luded in an eight-page short­
form catalog. Power ratings range from 250 
mW to 3W , and all important electri ca l and 

mechanical characteristi cs are given for 

both JE DEC and house numbered types. 
Ameri can Power Dev ices, Inc. , 7 Andover 
St. , Andover, MA01810. 271 

Machines for hot-stamp marking to identify 
wire and sleeve are the subject of informa­
tion sheets on Model K.TE-6 (hand operated) 
and M odel KWE-7 (a ir operated) w ith ca­

pacity of approximately 11 ,000 markings 
per hour. Both machines are avail able for 
wire mark ing only, sleeve marking onl y or a 
combi nation of the two. Kingsley Wire­
M arking M achines, 850 Cahuenga Blvd., 
Hollywood, CA 90038. 272 
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Digivider/Digidecade ... the great idea 
by Kelvin,Varle~ Poggendorff and Porter. 

Hank Porter (front), used some of the principles set forth by 
his distinguished friends to come up with two new products. 

Digivider is a thumbwheel switch that has been con­
verted into a voltage divider. It's like a 10-
turn potentiometer. When you dial 
the voltage you want, that's pre­
cisely what you get. The large dig­
its, however, give you simplicity and 
greater accuracy. No fine, hairline 
settings are necessary. Digivider ac­
curacies range from 0.1 to 0. 01°/o 
full scale voltage ratio . All are 
available with resolutions to 
0.0001% and input impedances 
from 100 to 100,000 ohms. 

Other available features: Over­
range. 12 and 16 position voltage divi­
sion in the most significant digit. Plus, high 
resolution trimming in the leastsignificantdigit. 

Digidecade is a thumbwheel switch converted into 
a resistance decade . Actually, one version of the Digivider 
can be used, only instead of dialing the voltage, you dial 
the resistance you want. Again, accurate and with visual 
ease . 

The Digidecade also comes as a resistance decade utiliz­
ing a weighted code of 1-2-2-2-2, using five resistors to 

achieve nine discrete steps of resistance from (0-9) or mul­
tiples thereof. It is a linear progression that yields the 
desired total resistance. 

Digidecades are available with accuracies from 1°/o to 
0 . 1°/o of setting, resistance ranges from 10 ohms 

to 1 megohm and step sizes of 1 to 
100,000 ohms. 

As with all DIGITRAN products, you 
can count on stability and quality. You 
won't get more than a 5 milliohm change 
in contact resistance through 100,000 
accurate switching operations. 

So, write for our new catalog on 
DIGIVIDERS and DI GI DECADES, or even 
better, give us a cc:;ill. That's a great 
idea too. 

THE DIGITRAN COMPANY 
A Di\·ision of Becton, Dickinson and Co. I B-D I 

855 S. Arroyo Parkway, Pasadena, Calif. 91105 
(213) 449-3110 • TWX 910-588-3794 
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Do you have a 
counter /control 
application that 
you need to 
solve reliably at 
low cost? 

Then look what 
Instrument 
Displays, Inc. 
has to offer ... 

Completely packaged counters de­

signed spec1f1cally for 1ndustnal use. 

1nclud1ng bezel. filter. and housing 

a re sh1 pped from stock and warranted 

for one full year 

Typical Prices 

Uni -D1rect1onal 

Counters $23 00 per decade* 

Uni-Dlrect1onal Counters with 

memory $25 00 per decade* 

Uni Directional Counters with 

built -in thumbwheel preset 
comparator $45 00 per decade 

81 Directional 

Counters $27 00 per decade 

81D1rect1onal Counters w ith 

memory and buffered 
outputs $30 00 per decade* 

Stop Watches/ Frequency 
Counters $200 00 per unit** 

IOI has a complete line of compatible 

decode display devices. d1g1 tal panel 

meters. clocks. and power supplies 

For 1mmed1ate assistance. call ou r 

Applications Engineering Department 

collect or wnre to 
Ted Chaduq1;m 
INSTRUMENT DISPLAYS, INC. 
225CRESCENTSTREET 
WALTHAM, MASSACHUSETTS 02154 
Telephone (617) 894-1577 

om 1ooaecades 
• • Ou~n11ty 25 three decade urnt 
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Electrica l coating material , "Aquadag E", 
is the subjl'< t of a data sheet that describes 
1he spray, dip, brush and sponge methods 
of applying this fast-drying liquid to make 
conductive coa tings and impregnants with 
controlled resistance from 10 to 1000 
fl /square. Acheson Colloids Co., Box 288, 
Port Huron, Ml 48060. 245 

Glass-ceramic chip capacitors with capaci­
tance-to-volume ratios of up to 90 µ.F/ in3 , 

va lues from 10 to 330,000 pF .111cl four 
standard sizes are described in Data Sheet 
CAD-CCC. Corning Glass Works, Corning, 
NY 14830. 246 

Microwave radio for the 10.7 to 13.2 GHz 
band is described in a six-page brochure 
that gives performance ratings and specifi­
ca tions for video, FDM message and PCM. 
Applications information for common car­
rier, business radio, educationa l, mun ici­
pal, rneclit <11, CATV dnd broadcast is 
included. Microwave Associates, Inc., Com­
munication Equipment Div., South Ave., 
Burlington, MA 01803. 247 

High voltage power supplies for use with 
photo-mu ltiplier, CRT, image intensifier 
and night vision gating systems are de­
scribed in a 30-page catalog. Background 
data and a capabilities index are provided 
for reference. Venus Scientific Inc., 399 
Smith St., Farmingdale, NY 11 735. 248 

Tuneable acti ve filters of the 730 Series are 
four-pole low pass filters with externally 
tuneabl 0 cutoff frequenc ies. They are de­
scribed in a two-page data sheet that dis­
cusses applications in test equipment, data 
11 .111>miss ion and frequency analy-,i, dppa­
ratus. Analog Devices, Inc., Rte. 1 Indus­
trial Park, Box 280, Norwood, MA 
02062. 249 

Digital VOM with 23.4 digit readout is de­
scribed in a data sheet that provides com­
plete specifications, prices and accessory 
information. Trip lett Corp., Bluffton, OH 
45817. 250 

Rectifier fuses with ratings from 1 to 800A 
are described in a four-page cata log. The 
fuses are designed for appl ications in vari­
ab le-speed drive systems, motor control s, 
lift trucks and other electronic and control 
devices. Federal Pacific Electric Co., 150 
Avenue L, Newark, NJ 07101. 251 

• 
BEAD IT 

If you're looking for 
ways to attenuate 
unwanted noise in your 
circuits , you'll find a 
wide variety of ferrite 
beads at Ferronics to 
solve this problem. 

We have a family of 
materials beginning 
with those capable of 
low frequency noise 
suppression which are 
available in a variety 
of standard sizes. 

No matter what your 
needs are, Ferronics 
promises quality 
products, fast delivery 
and competetive pricing. 

If you need more sound 
reasons for BEADING 
IT to Ferronics write 
for Bulletin 203 or give 
us a call. 

~FERRONICS 
...., INCORPORATED 
66 NORTH MAIN ST. I FAIRPORT. N.Y. 

716 1377-6820 
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WALL PLUG-IN LOW VOLTAGE 
CONVERTERS/INVERTERS/CHARGERS 

I 

To insure high quality and top per­
formance in our plug-in power sup­
plies and chargers, we make ot.Jr own 
low voltage I 

TRANSFORMERS 
using superior materials in a smaller 
sized unit. The years of successfully 
satisfying the unique needs of the 
industry with specialty transformers 
is "at your service". 

WHY IS THIS LOW COST DYNAMIC 
TRANSFORMER BETTER THAI THIS 

--
STOCK TRANSFORMER COSTIN& MORE. 

In addition to those advantages al­
ready pointed out, DYNAMIC TRANS­
FORMERS can be made to your SPE­
CIFICATIONS in days and in most 
cases with NO COST for prototypes. 

TRANSFORMERS FOR ALL REASONS 
D Patented, U/L 

listed 
D Internal or 

External 
D Wall-mounted 
D Fast-charging 
o Power 

conversion 

O Conversion/ 
charging 

D Printed circuit 
o Sub-miniature 

D Ferro-resona~t 
D Multi-input 

THE TRANSFORMATION OF POWER 
A unique brochure explaining the many ad­
vantages and application possibilities of Dy­
namic's patented U/L listed transformers, 
converters, chargers and power supplies, 
technical data sheets and bulletins, ~re 
available on specific products. A request on 
your letterhead or phone our Sales Engin­
eering Department WPX-1. 

Designed to be 
listed under the 

U/ L • CSA 
SPECIFICATIONS 

Illustrated at right Is the Model 
3·1743 presently In production 
for use with a keyboard logic 
circuit. Suitable for minicom­
puters, calculators, remote CRT 
terminals, etc . 

Dynamic Instrument Corp. has designed, 
developed and patented a complete range 
of low-voltage, filtered, transistor-regulated 
power supplies and chargers designed to 
supply the necessary power to a vast vari­
ety of Electronic equipment. 

Utilizing a wall plug-in type unit eliminates 
or greatly reduces the problems involved 
with UL listing ·your product. They also re­
move the major heat source, reduce size 
and weight, and also greatly increase your 
design flexibility. The latest design appli­
cations of the Dynamic wall plug-in sup­
plies are in conjunction with such so­
phisticated equipment as mini-computers, 
calculators, keyboard logic circuits, and 
remote CRT Terminals. 

Just call or write: Dept. WPX-1. 

Dynamic's product range and capabilities 
also cover: 

POWER CONVERSION 
AC·AC for products requiring low-level AC voltage. 
AC-DC for small electric motor driven products 
that do not use batteries. 

SECONDARY BATTERY CHARGING 
Dynamic Chargers for charging Nickel-Cadmium; 
Lead-Acid and Manganese-Alkaline Batteries. 

AC-DC CONVERSION/CHARGING 
Dynamic Converter-Chargers providing rechargea­
bility or instant use of battery operated products. 

FAST CHARGING SYSTEMS 
Dynamic design and production capability rela ­
tive to Fast Charging Systems. 

TRANSFORMERS 
Internal, External and Wall-Mounted Dynamic 
Transformers. 

SPECIALTY TRANSFORMERS 
Dynamic Plug-In, Printed Ci rcuit Transformers ; 
SJb-Mlniature Transformers; Ferro-resonant 
Transformers ; Multi-Input Voltage and Multi-Out­
put Voltage Transformers. 

I> DYNAMIC INSl~UMENT CORP. 
115 E. Bethpage Rd., 

Plainview, N. Y. 11803 

516 - 694-6000 
TWX 510-224-6482 CABLE ADDRESS "DYNINST" PLAINVIEW, N. Y_. 
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CONVERTER / CHARGER 
FOR PORTABLE 
MED I CAL-ELECTRONIC 
EQUIPMENT 

CHARGER FOR BATTERY 
ELECTRIC-STARTER 
SYSTEMS 

' . ~ 

CONVERTrn/" FAST" 
CHARGER FOR MINI ­
CALCULATORS 

CONVERTER / CHARGER 
FOR MOTER DRIVEN 
CAMERAS 

AC CONVERTER FOR 
PORTABLE ELECTRON IC 
EQUIPMENT 

" FAST" CHARGER FOR 
ELECTRONIC FLASH 
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Tolerance 

SCHAUER 
1-Watt 

ZENERS 

r ... 
Kit contains a 51-piece assortment 
of SCHAUER 1 % tolerance 1-watt 
zeners cover ing the voltage range 
of 2. 7 to 16.0. Three diodes of each 
voltage packaged in reusable poly 
bags. Stored in a handy file box . 

. Contact your distributor or order 
direct. 

A $54.57 value for 

ONLY $24fil! 
Sem iconduc tor Division 

SCHAUER 
Manufacturing Corp. 

4515 Alplne Ave. Cincinnati, Ohio 45242 

Telephone: 513/791-3030 

CIRCLE NO. 99 
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Helium-Neon lasers are covered in two 
data sheets that describe the Model SO and 
Model 104 units. Performance, spec ifica­
tions and suggested appli cations are includ­
ed in each two-page bulletin. Optics Tech­
nology Inc., 901 Ca lifornia Ave., Palo A lto, 
CA 94304. 278 

Instrumentation and converters are the 
subjects of a general catalog that provides 
photos and descriptions of 28 di fferent 
products. Included are A/D and D/A con­
verters, special-purpose converters, test in­
strumentation and process control instru­
mentation. Don Alt & Assoc iates, Inc., 99 
Hicksville Station Pl aza, Hicksville, NY 
11 801. 279 

Inertial reference systems used for con­
ducting dynamic vehicle performance tests 
are illustrated in a four-page brochure. Per­
formance charts, specifications and appli ca­
tion information are provided for these 
compact, self-contained units. Humphrey, 
Inc., 2805 Canon St., San Diego, CA 92 106. 

280 
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Modular de power supplies wi th outputs 
ranging from 3.7 to 150V aredescribed in a 
16-page catalog along with information on 
racks, panels, meter combinations, over­
voltage crowbar and other optional acces­
sori es. North Electri c Co., Portland W ay 
North, Ga lion, OH 44833. 281 

Dial Pulse generators are described in Bul­
letin 4006 which gives details of two mod­
els. The manual dial pulse version has a 
selector knob for determining the number of 
pulses generated. The remote programma­
ble version is designed for external pulse 
programming. G-V Controls, Div. of Sola 
Basic Industries, 1 01 Okner Parkway, Liv­
ingston, NJ 07039. 282 

Free sample. M agnetic shielding is the sub­
ject of a catalog that gives detailed draw­
ings of various shields and describes shield 
test chambers and wrap-around and fo il 
shielding. A test sample of Hipernom wrap­
arou nd shielding is included. Amunea l 
Manufacturing Corp., 2900 E. Tioga St., 
Philadelphia, PA 19134. 283 

u~i~ue 
prec1s1on 

voltage 
source 

• 6-digit resolution and readout-0-1,000 voe in four ranges 
with 0.003% accuracy, 0.001 o/o stability, 0.0002% regulation. 

• You control all functions by pushbutton or program them with 
DTL/TTL input. BCD output available. 

• Unique circuit* limits signal flow to analog section-output 
voltage is independent of switch characteristics or quality . 

• You can change any decade of a-selected voltage individually. 
• 100 millisecond programming speed in either polarity. 
• Output current 50 ma from 0-100 volts, 5 ma from 100 to 1K 

volts. 
The Alpha M106 Precision Digital Voltage Source has no equal for auto­
matic test and process control systems. Its low cost, dependability and 
ease-of-use make it the best instrument for all calibration applications. 

For full information, contact your nearest Scientific Devices Office or 
AL'""'"' Alpha Scientific, P.O. Box 2044, Oak­

land, CA 94604. Phone ( 415) 635-2700. 
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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 Hellpot 

Representative now for applications 
iNsTRuMeNTs, INC. assistance or more information. 

14 
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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, 6K, 6.8K, 10K, 15K, 22K. 
Common Applications: Digital pulse 
squaring; MOS/ROM pull-up/ pull­
down; " wired OR" pull-up; power 
driver pull-up; open collector pull­
up; TIL input pull-down; TIL 
unused gate pull-up; high-speed 
paralle l pull-up. 
Standard Tolerance:± 2.0% 
Pricing : 1-99 

100-499 
500-999 

$1 .45 
1.12 
0.97 

HELIPOT DIVISION 
Fullerton, California 

IR 

MODEL SERIES 899-2 
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 
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$2.75 
2.15 
1.86 

MODEL SERIES 899-3 
Resistance Values (ohms):'68, 100, 
110, 150, 220, 330, 470, 680, 1K, 1.5K 
2.2K, 3.3K, 4.7K, 6 .8K, 10K, 15K, 22K. 
Common Applications: Line termi­
nation; long-line impedance balanc­
ing ; power gate pull-up; ECL 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 



Profit 
Through 
Quality 

By Sidney Weinberg 

"Th is excellent book deserves a place on 
the desk of any genera l manager who 
wan ts to increase the use of Q-R 
methods." Quality Progress 

A practical guide to help production and 
genera l managers analyze requirements 
and establish an effecti ve, profitable 
quality and reliability policy. By one of 
the United Kingdom 's most respected 
authorities, it should be read by everyone 
concerned with mainta ini ng quality and 
profits. Illus . 192 pp $10.95 

COMPLETE 
GUIDE TO 
PROJECT 
MANAGEMENT 
by Dennis L. Lock 

The perfect introduc ti on to project 
management , the tec hnique created 
to deal with the complex acti vities of 
modern industry-planning , costing , 
controlling and evaluating projects 
so they are completed on time and 
to specs and budget. 

With over 60 illustrations and many 
practical examples, this book covers 
all the basics and includes explana­
tions of CPM and PERT. 

Complete Guide to Project Manage­
ment is essential reading for anyone 
on the technical or managerial side 
of industry , with any responsibility 
for proj ects . 224 pp. $9.95 

Order Today-1 5-Day Free Trial­
Satisfaction Guaranteed or Money 
Back-Send check and we pay ship­
ping 

········ · ··· · ·· · ··· ·· ·· ~ ···· ···· ···· 

C h EON. a ners BOOK DIVISION 
270 St. Paul St.,. -Denver, Colo. 80206 
Quant ity Titl e 

NAME----------- -­

POSITION -------- -
CO MPANY _______ _ 

ADDRESS ___________ _ 

___________ ZIP __ _ 

Send Payment and We Pay Shipping 
D Payment Encl osed D Bi ll My Company D Bill Me 
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Incremental shaft-angle encoders designed 
for English/Metric measuring systems are 
featured in Bu lletin 818. The unit may be 
considered as two dual-channel encoders 
in one page. One English/Metric system 
gives 100 and 254 pu lses/revo luti on , the 
other 500 and 1270. Trump-Ross Industrial 
Contro ls, Inc., 265 Boston Rd ., North Bil­
leri ca, MA 01862. 252 

Dual trimming potentiometer, Type FD, 
with Y2-inch diam for trimmer, rheostat, 
potentiometer or attenuator app li cations is 
described in four-page Bulletin 5231. 
Charts, tables, dimensional drawings and 
part-number explanations are inc luded. 
Allen-Bradley Co., 1201 S. Second St., 
Milwaukee, W I 53204. 253 

IC circuit handler, Model IC-2500A, is 
described in a brochure that explains the 
operation and capabili ties of the unit, 
which is designed for automatic feeding, 
contacting and sorti ng of dua l-in-li ne pack­
aged devices. Integrated Mechan ica l Sys­
tems, Inc., 8424 Sunset Rd., N.E. , Minne­
apolis, MN 55432. 254 

Controls catalog contains over 400 elec­
troni c and electromechani ca l controls in­
cl uding thermostats, air-flow sensors and 
contro ls, vo ltage and frequency sensors, 
flashers and time delays. Line drawings, 
specifications, photographs and descrip­
tions are included. G-V Controls, Div. of 
Sola Basic Industries, 101 Okner Parkway, 

Livingston, NJ 07039. 255 

A/D converters are described in Bullet in 
51 wh ich covers thirty models in a low­
cost hi gh-accuracy line rang ing from two­

digit BCD to 12-bit binary. Accuracy is ±Y2 
LSB and input vo ltage ranges of 0.1 , 1, and 
lOV are offered . Gra lex Industries Div., 
Genera l Microwave Corp., 155 Mari ne St., 
Farmingdale, NY 11735. 256 

"The Twenty Eight Most-Asked Quest ions 
About Doctor 32 . And the Answers." is an 
eight-page brochure that gives information 
on a computer-controlled digital test sys­
tem that performs functiona l, parametric 
and dynamic testing in real time at speeds 
up to eight MHz. Adar Assoc iates, Inc. , 85 
Bolton St., Cambridge, MA 02140. 257 

world's smallest 
accelerometers 

for 10 years defied duplication 

for vibration and shock 

measures O.lg to 50,000g's 
Proven to be the most versatile micro­

miniature accelerometer l ine in existence ! 
These " little giants" along with a detachable 

cable, have the best features of any piezoelec­
tric accelerometer available for shock and vibra­
tion measurements today. They have been used 
in numerous configurations for more applica-
t ions than any other accelerometer made. 

COLUMBIA RESEARCH LABS., INC. 
Call or Write : Woodlyn , Pennsylvania 19094 

Telephone: (215) 532·9464 
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Ferrite components cata log covers a com­
plete line of fe rrite isol ators and c irculators. 
A coax ial section describes octave-band 
devices and 10%, 20% and common-band 
units. A waveguide section covers three­
port circulators and mini ature isolators for 
C-, X-, Ku -, and K-band. Mi cromega Div., 
Bunker Ramo Corp., 12.VS Bea tri ce St., 
Los Angeles, CA 90066. 258 

Relay sockets and barrier te rminal strips 
are featured in an eight-page catalog that 
gives ratings, appli cation guides, dimen­
sions and ordering information for the 
"Snaptrack" line of sockets and ca ptive­
wire style barrie r terminal strips. Reed De­
vices, Inc., 21W183 Hill Ave., Glen Ellyn, 
IL 60137. 259 

" How to Buy a Minicomputer" is a 32-
page pamphlet that answers the 17 most 
commonly-asked questions about what to 
look for in minicomputers. It discusses 
such topics as architecture, the importance 
of new memory techniques, types of in­
struction sets and software, and peripheral 
equ ipmelJ(. Data General Corp., South­
boro, MA 01772. 260 

" Electron ic Inst rumentation Digest" is an 
18-page cata log that provides information 
on the company's line of test instrumenta­
tion. Included are : di gital printe rs; frequen­
cy meters; IC testers; fun ction generators ; 
pulse generators; di gital c locks; digita l 
comparators and others. Prices are includ­
ed. Beckman Instruments, Inc., 3900 N. 
River Rd ., Schille r Park , IL 60176. 261 

Hermetically sealed connectors a re fea­
tured in three four-page ca ta logs that de­
scribe over 1 20 standard models. The 
catalogs provide complete spec ifica tions , 
insert configura ti ons, shell designs, dimen­
sions and info rmation on specia l versions. 
Cu lton Industri es, Inc., 822 Production Pl., 
Newport Beach, CA 92660. 262 

Plastic platfo rm headers used in the manu­
facture of transistors, LEDs, inca ndescent 
lamps, photoce ll s, capacitors and minia­
ture switches are described in Product Data 
Sheet 6300-a. Included in the six-page bul­
letin are typi ca l app li cations of standard, 
removab le and nonremovable pl asti c head­
ers and bipin bases. General Electric Co., 
Lamp Parts & Equipment Sales Operation, 
21800 Tungsten Rd., Cleveland, OH 
44117 263 

The reason Federal makes the 
real -time spectrum analyzer 
you should use is that we also 
make a lot you shouldn't use. 

Federal Scientific has the biggest, broadest, most 
varied line of low frequency real-time spectrum analyzers 
on the market. 

We have 5 big, complicated Ubiquitous® Analyzers to 
do big , complicated jobs, and 3 simpler Mini -Ubiqs'"' to do 
simpler jobs ... or anything in between ... with a wide range . 
of averagers, displays, machine signature adapters, range 
translators , and computer add-ons. 

Get in touch with us. We can tell you all about our 
spectrum analyzers you shouldn't be using ... and also the 
one you should . 

Write for free 24-page Monograph #3, " Real Time 
Signal Processing in the Frequency Domain," and our con­
densed catalog . 

Federal Scientific Corporation, 615 West 131 st Street, 
New York, N.Y. 10027. ~......... 11111... 1 

(212) 286-4400. '5f WS'fWWQfIP ~ ... AA.~~£ 
SUBSIDIARY OF €! ELGIN NATIONAL INDUSTRIES, INC. 

ORIGINATORS OF THE FAMOUS UBIQUITOUS® FAMILY. 
CIRCLE NO . 1 04 

Now divide and conquer 
your sensor's wildest curves. 
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D igilin's linearizing readout breaks up 
your non-linear sensor information into 
ten straight-line segments that approxi­
mate the most capricious curve with all 
the accuracy you need for just about any 
transducer. 

your choice of engineering units with 
BCD output for as low as $195 in OEM 
quantities. 

And our exclusive piecewise linear ap­
proximator works so well with our stand­
ard A I D conversion technique that you 
get the 3 \.2-digit linearizing readout com­
plete in one small panel meter package in 

(Which means that now transducer 
manufacturers can expand their product 
line with an accurate digital readout a nd 
keep prices sharply competitive.) 

Be first in your marketplace with D igi lio 
linearizing digital readout. Ca ll Stan 
Ericsson today. Digilio, Inc., 1007 Air Way, 
Glendale, Calif. 91201. (213) 240-1200. 

d. ·1· DIG/TA~ g !STR~M!! 
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the 1st annual 
EDN/EEE 

creative design contest 
How to enter 
Any reader of EDN / EEE may en­
ter this contest. All you need do is 
study The January 1, 1972 issue 
of EDN/EEE very carefully .. . then 
set your imagination at work on 
designing a new device or circuit 
using the products advertised. 
Send schematics , drawings, dia­
grams, etc. to: 

EDN/EEE 
Design Contest 
221 Columbus Avenue 
Boston, Mass. 02116 

! 

Your entry must be sent by March 1. Technical competence and 
1st, 1972. , , utility 

, ,.~I_,_ < ~ -~- Is the design real ... will it work? 
( -~ 1\' 

'- ...r -

( C 

How your entry will be judged 
All entries will be judged by 
the Publisher and editors of 
EDN/EEE on the basis of 3 
criteria: 

2. Creative imagination 
How unique and original is your 
idea? Does it perform a much 
needed function? Is it a source of 
fun! Will other designers get a 
real charge out of it? 

3. Number of different 
advertised products used 

Have you really studied the Jan­
uary 1st, 1972 issue of EDN/EEE. 
Have you imaginatively used com­
ponents throughout the design? 
The more advertised products 
your design uses, the greater is 
your chance of winning. 

Here are the prizes 

1st prize : 
$1,000 cash money 

10 2nd prizes: 
Portable 
electronic 
calculators 
worth $400 each. 

Contest details 
Any reader of EDN/EEE may 
enter. Contest is not open to 
employees of Cahners Publishing 
Co. or their families . All entries 
become the property of EDN/EEE. 
YOUR ENTRY MUST BE POST­
MARKED NO LATER THAN 
MIDNIGHT, MARCH 1, 1972. 
Results will be announced and 
winn ing entries described in a 
later issue of EDN/EEE. 

0 

[E D NJ / E1 E1 E1 Cahners Publishing Company, Inc. j ~~~ 221 Columbus Avenue, Boston, Mass.02116 

0 
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0 

0 

here's your 
entrylilank 

Fill it in, attach it to your schematics or diagrams, and mail to: 
EDN/EEE Contest, 221 Columbus Avenue, Boston, Mass. 02116 

name company 

address address 

city state zip city 

tel. no . title 

name and function of your entry 

Parts used in your design 

Products Advertised In this Issue Other Products 

state 

(page number only, unless multiple products are advertised 
on same page) 

(product, manufacturer, and where appropriate, 
model number) 

0 

zip 

0 



SIGNALS AN D NOISE 

'Super-stable' 
circuit 
super-simplified 
Gentlemen: 
Mr. Accardi 's "Super-Stable Refer­
ence-Vo ltage Source" (C ircui t Des ign 
#1 51, EDN/ EEE, 10/1/7 1, p. 41) can 
be super-simpli fied to the circuits of 
Figs. 1 a and 1 b . The six au xi 11 iary com­
ponents he used for starting (CR3, CR2, 
Q l , R4, RS and R6) can be reduced to 
two (dual po larity) or to zero (unipo lar 
operati on). For the basic zener bridge 
op amp c ircu it to turn on properl y, it is 
necessary onl y to prevent output vo lt­
age reversa l (C R4-Fig. l a) and then to 
supply a small bridge unbalance volt­
age in the proper directi on (R6). A few 
mi ll ivolts w ill do. Using the 741 as in 
Fig. 1 b, the output can neither reverse 
nor slew to ground, so that the circu it is 
inherentl y proper-s ide se lf starting. For 
higher currents, break X-Y and add Q2. 
A large capac itor can be added across 
CR1 for noise reducti on. 

Although Mr. Accardi did not indi ­
cate w hy he se lected V, = V, /10, thi s 

R3 
Fig . 1b 91.50 

+V 

R5 
4.7k 

va lue turns out to be remarkably c lose 
to optimum. Analys is yields a unique 
va lue for Ra = RACR/JC' whi ch max i­
mizes the feedback gain -product AB . 

Here, R AC = R,, and R/JC = V,f 1,. A 
and B are the op amp and zener bridge 
gain (loss) factors. To prove thi s fo r Fig. 

108 

1b, let : K, = RJ( R, + R) = V,/V
0

, 

R3 = nR,, K2 = R,/(R3 + R,) = 1/(n + 
1 ) , where V ,, R, = zener vo ltage and 
ac impedance at 1,. At balance, V

0 
= 

V + nl R , and B = (K, - K.,). Sub­
sti tuting' f~ r K,, K

2 
and V

0 
and- so lv ing 

fo r B; B =(a - 1) n/[ n2 + n (l +a) 
+ a], a = V,11, R,. Lett ing dB/dn = 0, 
solv ing for n and substitut ing back re­
sults in : 

R3 = R, · YV,fR,l, = V,R,1 1 ~ = 

Y RACR/JC 
Thus R3 should be the geometri c mean 
of the ac and de impedances of the 
zener, a remark ably unexpected re­
·sult. For the published circuit, I, = 
7.5 mA and R, = 10!!, so that R

3 
= 

(6.2)/(10) (0.0075) = 91.S!l. Thi s 
compares favorabl y with Mr. Accardi 's 
82 .S!l. K, is adjusted for I, = 7.5 mA. 
The ca lculated va lue of R

3 
also mini ­

mizes output Z
0

• 

Yours tru ly, · 
A ll an G. Lloyd 
Holobeam Inc. 

Additional 
sabotage 
suggested 
Gentlemen: 
I enjoyed E.U. Thomas's "Switching 
Sabotage" artic le in Nov. 1 EDN/ EEE. 

Here's another cutie I learned about 
(the hard w ay) a number of years ago. 
Reversing Connections to Load 
Non-s imultaneous operati on of po les 
in Fig. 1 ("make" on top pole before 

LINE 
LOAD 

Fig.1 - Killer 

~- Much bette• 

=Ll=N_E-_-_-_- _- _--t .. ~ ~ I L~AD I 

" break" on bottom po le) makes a dead 
short across the line, through the relay. 

Non-simultaneous operation of po les 
in Fig. 2 merely opens the load tem­
porarily. 

Yours truly, 
R. W. Frank 

"U,\o ._l tl-

" All w e can figure is that 
they broke in and programmed 

t he computer to t ransfer all 
ou r assets to a numbered 
account in Switze rl and ." 

Better definitions 
offered 

Dear Sir: 
In your Progress in Products arti c le on 
universa l asynchronous receiver-trans­
mitters in your November 1 issue, 
p. 53, we find technica l defi ciencies 
that shou ld be brought to the attention 
of your readers. The most serious of 
these are the definitions of baud and 
asynchronous transmiss ion. 

Baud should be defined as the rec ip­
roca l of the shortest signal element, 
usuall y one data-bit interval. The vari ­
ab le stop length in asynchronous trans­
miss ion is w hat makes the baud rate 
differ from the bit rate. In synchronous 
transmission each element is one bit 
length so that baud rate equals bit rate. 
Specific examples and further defini ­
tions are expla ined in the Applicati on 
Note on our TR.1402A programmable 
asynchronous receiver/transmitter. (For 
a free copy of thi s App. Note, Circle 
No. 313) 

Two other key spec ifications, name­
ly gross distort ion error and min imum 
character interva l, are not mentioned 
in the arti c le and should be. Their defi ­
nitions are also exp lained in our Appli­
cati on Note. 

A 8 . Da ll 
Vice Pres ident, M arketing 
Western Digi ta l Corp. 
Newport Beach, Ca lif. 92663 
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LEM's COMPLETE 
SHAFT ENCODER 

AND 

DISPLAY SYSTEM 

$995. 
If you need a high reliability posi­
tion measuring system that is sec­
ond to none in performance and 
long, trouble-free life, you should 
consider LEM's MODEL EDS-170 
SHAFT ENCODER AND DISPLAY 
SYSTEM . This un ique absolute 
system, as well as complete lines 
of shaft encoders and digital read­
outs are available now from LEM 
Instrument Corp . All standard 
codes, functions and ranges as 
well as specials can be supplied 
at modest cost. Write or call us . 
We' ll be happy to send you com ­
plete detailed literature. 

Total Range: oo.oo to 99 .99 revolutions 
Resolution : 0.01 revolution 
Encoder Starting Torque : 0 .. 12 oz- in ma ximum 
Power Required : 115 V, 60 Hz, 10 watts max. 

INSTRUMENT CORPORATION 
Subsidiary ofTWIN DISC, INCORPORATED 

20 Sarah Drive, Farm ingdale, New York 11735 
Phone (516) 293-7240 

CIRCLE NO. 107 

SALES OFFICES 

E. Patrick Wiesner 
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221 Co lumbus Ave. 
Boston, Mass. 02116 
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NEW YORK CITY 1001 7 
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Richard Mi ll ar, District Manager 
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Steve Farkas, Di strict Manager 
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5670 Wilsh ire Blvd . 
(2 13) 933-9525 

The IC 
trouble­
shooters 
march 
on. 

Here comes the latest member of 
HP's Troubleshooters searching out 
faulty !C's. The HP 10529A Logic 

Comparator slips 
over the in­

circuit IC 
you' re testing 

and in 5 seconds or less 
tells you whether it is functioning 
properly. 

A clever comparison scheme uses 
the circuit's power and input stimulus 
to do all this . Even dynamic errors 
as brief as 200 ns are stretched and 
displayed. Complete with accessories 
for only $295. 

We' re thinking ahead. The compar­
ator carrying case 

also holds our other 
c two Troubleshooters. 
~ The HP 10525A Logic 

Probe lights up for pulses as 
narrow as 25 ns and indicates 
pulse polarity, pulse trains and 
logic states. $95 . 

The HP 105 28A Logic Clip 
clamps over IC packages to show 

the state of all 16 
(or 14) pins instantly. 
$125. 

You can buy all three 
as the 5010A for $495, 
saving you time, aggrava-·"lilllllr 
tion and $20. 

The IC Troubleshooters 
r---'=---. march on. Wait 

until you see 
what we're work­

ing on now! 

Call your HP field 
engineer to get your 

hands on them right 
away. Or if you want to know more, 
write Hewlett-Packard, Palo Alto, 
California 94304; Europe : 1217 Mey­
rin-Geneva, Switzerland. 

021 16 
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Recorders, Tape . .. ........ .... ...... 96 

MATERIALS/HARDWARE 
Clocks, Digital . .. ... . .... . ... ..• • . ... 83 
Coatings, Conductive . . . . . . . . . . . . . . . 100 
Conductors, Thick-Film ....... ..• .. .. . 83 
Connectors . . . . . . . . . . . . . . . . . . . . . . . 105 
Epoxies .......... . .... . .... . ........ 83 
Gears ........ . ........ . ..... ... .... 93 
Hardware . . . . . . . . . . . . . . . . . . . . . . . . . 105 
Headers, Plastic . . . . . . . . . . . . . . . • . . . 105 
Knobs, Control .......... .. . . ... ...... 82 
Materials , Non-Metal ................. 82 
Metals ......................... . ... 19 
Packages, Ceramic/Metal , Gunn Diodes .. 84 
Packaging, Protective ....... .. . . . ..... 84 
PVC Mesh, Heat Shrinkable ... .... •. ... 83 
Soldering Irons, Portable ... .. ... .. ... . 83 
Tapes, Electrical ... ............. . .... 84 
Terminals .. .. . .. . .. ......• . ... . 85, 93 
Wire, Aluminum ... ... .. .. •. •....... 98 

MICROWAVES 
Amplifiers, Microwave ....... . ... ..... 95 
Power Meters, Microwave . . ..... .. ... .. 92 

MONOLITHIC/HYBRID ICs 
Dividers , IC ...... ... . ..... . • ..... .. . 90 
Filters, Monolithic .......... . .. .. ... .. 90 
IC Audio Amplifi ers .. . ...... ... .. ..... 89 
IC, High-Speed Comparators .......... . 89 
!Cs .................. .. ... .. ... 42, 43 
!Cs, Digita l ..... ... . .. ... .. . .... .. . 16B 
ICs, ECL ... . ...... • ••............... 89 
ICs, Linear .... . ...... .. . .. ..... .. 30-31 
!Cs, ROM .......... . .... . .. ... .. . ... 90 
Integrated Circuits ................... 40 
MOS/LSI , Ca lcu lator-on-a-Chip .. ... .... 88 
MSllCs, Shift Registers . .......... . ... 89 
OP Amps .. . ................. 30, 31 , 88 
Programmable Logic Arrays, MOS, LSI . .. 88 
PRAM .. .. ........ .. ..... . .... 64A, B 
Quad Transistor Memory Drivers .. ... ... 88 
ROMs, Programmable . .. .... .. . .... . .. 89 
Shift Registers, Dynamic MOS .... ... .. 88 
Switches, Zero-Crossing, IC ... .. . ..... . 88 

PASSIVE COMPONENTS/NETWORKS 
Capacitors .............. 6, 7, 32, 77 , 100 
Chip Capacitors, MOS .. .... ........... 84 
Components, Ferrite ...... ... ... 100, 105 
Connectors, ..... .. . . ........ . 3, 61, 85 
Electronic Components . . . . . . . . . . . 22-24 
Indicators . . . . . . . . . . . . . . . . . . . . . . . ... 79 
Lamps ... ......... ..... ... ..... . . 95 
Light-Bar Indicators, Incandescent .. ... 83 
Panel Meters .. ........ . ....... .. 40, 94 
Potentiometers . .. . ...... ... .... Cover 111 
Potentiometers, Trimming . . . • . . . . . . . 104 
Pushbuttons . ....... .... .... . ....... 93 

Resistors . .... .. . .. .•..... . .... 6, 7, 26 
Resistors, Trimmer . .... ............. 84 
Switches .. .... . ............. 85, 87, 89 
Voltage Dividers . .. . ... .• .. .. ....... . 99 

POWER SUPPLIES 
Power Converters .... . ...•. .. ...... .. 85 
Power Suppliers . . . . . . . .. . ... ..... 98 
Power Supplies . . ... .... ... . . 87, Cover II 
Power Supplies, High Voltage . . . .... . . 100 
Rectifiers ... . ... . ... . ...... . ........ 87 
Voltage Sources . . . . . . . . . . . . . . . . . . . 102 

PRODUCTION EQUIPMENT 
Calibrators, Temperature . . ..••. . . . .... 92 
Circuit Handlers ......... . . ... . .. .. 104 
Controllers, Temperature .. .•• . ........ 95 
Timers . ....... . . ... .....•.......... 98 
Wine Making Equipment ...... . . .. .. .. 98 

SPECIAL PRODUCTS 
Breadboard Systems .............. . .. 94 
Electron Microscopes .. ... • ...... . .... 95 
Fans and Blowers .................... 95 
Infrared Heaters . .. .......... . . .... . . 84 
Thermometers, Electronic .... ...... .. . 96 

SPECTRAL DEVICES 
Diodes, Light Emitting .. . .. . ....... . .. 20 
Infrared Emitters, So lid-State . . ........ 89 
Optoelectronic Devices ............... 16 
Optoisolator, Dual Channel ... . .... . . .. 83 
Panel Lamps, LED ... . .... . . ..... . ... . 84 
Photocells, Dual Element . . ....... .. ... 90 
Photodetectors ........... . .......... 90 
Portable Displays ................ . ... 25 
Probing Systems .. ...... . ........ . ... 96 
Readouts, LED ... ....... • • . . ........ 98 
Sensors, Optoelectronic .. ....... . ..... 10 

SYSTEMS/SUBSYSTEMS 
Digital Panel Meters . . .. . . .. . . ... ..... 83 
Memories, Disc ....... .. . .. . .. . ...... 81 

TEST EQUIPMENT 
Analyzers . . ..... .............. .... 105 
Analyzers, Magnetic .. .. .. .... . ....... 95 
Calibrators, Pressure .. ... ......... . .. 92 
Capacitance Meters . ... .. .. .. ... .. . .. 91 
Counters, Electronic ................ 100 
Current Monitors .. ............••.. . .. 78 
Electronic Counters ............• . .... 80 
Graphic Recorders . .. . .. ...... •• ... 16A 
Instruments .. .. .. ................... 98 
Logic Testers .... .. ... . ....... . . ... 109 
Manifolds, Operational ..... .. . .. . . .... 92 
Memory Testers ................••.... 81 
Meters, Digital . .......... . .. ... .. . .. .. 1 
Multimeters, Digital .. .. .......•.... . . 94 
Network Analyzers . ... . ... . . ...... ... 64 
Oscilloscopes ... . ..... .. .. .. .. .. . . 8, 76 
Pyrometers .. .. .............•....... 96 
Ratiometers ... . . . ................... 92 
Tape Evaluators . . .. . .. .. ...•..... . .. 94 
Test Systems, Digital . . . . . . . . . . . . . . . 104 
Test Instruments . . ......... . .... 63, 105 
Thermometers, Electrical .....•.... ... . 94 
VOMs, Digital . . . . . . . . . . . . . . . • • . . . . . 100 
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DESIGN DATA 

Application Notes 

COS/MOS decade counters are the subject 
of Application Note ICAN-6733, " Battery­
Powered Digital -D isplay Clock/Timer and 
Metering Applicat ions Utilizing The RCA 
CD4026A and CD4033A Decade Coun­
ters - 7-Segment Output Types. " Containing 
16 pages and with 66 illustrations, the note 
describes interfacing with various 7-seg­
ment display un its commercially available. 
RCA Commercial Engineering, Harrison, NJ 
07029. 273 

Ten-Resistor DIP network, consisting of 
two identical groupings of five thick-film 
resistors , each having values of R, R, 2R, 
and 4R and 8R is featured in a four-page 
catalog sheet. Model 899-2 has each resis­
tor group precisely matched for resistance 
ratio and temperature tracking. Complete 
specifications, photographs and application 
information are provided. Helipot Div., 
Beckman Instruments, Inc., 2500 Harbor 
Blvd., Fullerton , CA 92634. 274 

IF/FM amplifier detector IC that eliminates 
the three-coi l detector transformer is the 
subject of application bulletin LM36 l. In­
cluded in its six pages are sections on FM 
detection, the LM 36 1 circu it diagram, op­
erating characteristics and applications. 
Numerous schematics and waveform draw­
ings illustrate each section. European Elec­
tronic Products Corp., 10180 W. Jefferson 
Blvd., Culver City, CA 90230. 275 

Corrosion control in electronic equipment 
is the subject of a ten-page report that deals 
primarily with corros ion problems in com­
puter systems. The booklet reports removal 
efficiencies of a dry-pellet oxidant for acid­
gas fumes. Methods for determining con­
tamination level and system life are provid­
ed, along with design data and performance 
characteristics of the Purafil system. H. E. 
Burroughs & Associates, Box 80434, Cham­
blee, GA 30341. 276 

"MECL System Design Handbook" is a 
211-page-book that presents cu rrent and 
complete information for the easy design of 
high-speed digital systems using Motorola 
MECL logic. Emphasizing design with high 
performance MECL, it has nearly 200 illus­
trations to complement the text. Price is 
$2.00 each and copies may be obtained by 
sending check or money order payab le to 
Motorola Inc., Box 20912, Phoenix, AZ 
85036. 277 

Standard time and frequency broadcasting 
format from NBS radio stat ions WWV and 
WWVH is the subject of a six-page bro­
chure. The information reflects changes 
made in the format as of July 1, 1971. In­
cluded is information on circuit card acces­
sories to adapt existing Specific Products ' 
receivers to the new services ca rri ed by the 
stations. Specific Products, Div. of The Dr. 
Henry L. Richter Corp., 1237 S. Shamrock, 
Monrovia,CA91016. 312 

Reference copies of the following articles are available without charge: 

R.S. NO. TITLE PAGE NO. 

l61 Make true rms measurements with your own modules .. ... ................... . .............. . ..... 34 
l62 Incandescent lamps mate well with si licon photosensors ................................ . .......... 44 
l63 Speakout .. .. ............................................................. .... ........... 50 
l64 Don't let LED output measurements throw you ................................................... 54 
l65 Have a 50V swing on a 30V supply ........................................................... 59 
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MOD POT is the most versatile %" 
square potentiometer available 
today. A whole family of cermet or 
hot-molded composition resistive 

Actual Size 

EC71-30 C Allen-Bradley 1971 

modules, switch options and vernier 
drives with single or concentric 
shafts. These pre-engineered , pre­
tested modules form single, dual , 
triple or quadruple section controls. 
Millions of possible combinations 
to solve your unique control prob­
lems. Cermet elements are rated at 
2 watts (70°C) with resistances from 
100 ohms to 5 megs. Composition 
elements rated at 1 watt (70°C) with 

resistances from 50 ohms to 10 
megohms, five standard tapers. And 
if you need something truly special 
we're equipped to handle that too. 
Call your appointed A-B distributor 
for details, or write: Allen-Bradley 
Electronics Division, 1201 South 
Second Street, Milwaukee, WI 
53204. Export: Bloomfield , N. J. 
07003. Canada: Galt, Ontario. 
United Kingdom: Bletchley, Bucks. 
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