
A new billion-dollar industry? burglar alarms, mail delivery, 
Cable TV is aiming to become computer terminals? Already 
the broadband communications hybrid IC technology is pointing 
medium of the future. What will it to better amplifiers and filters in 
offer American homes? Fire and cable equipment. Story on p. 62. 



Exclusive HP 
CRT Deflection System 

Exclusive HP 
IC Amplifiers 

Two key reasons why the HP 183 
is the fastest real-time scope, 250 MHz 
... today's performance champ! 08017 

Here is today 's undisputed leader in 
scope performance: DC to 250 MHz 
bandwidth, 10 mV sensitivity, less 
than 1.5 ns risetime, 4 cm/ns writing 
speed and 11 compatible plug-ins. 

Here are some of the tasks per­
formed by this new, DC-to-VHF real­
time window-display intermittent 
pulse trains with nanosecond rise­
time, capture fast transients, take a 
look at amplitude-modulated car­
riers ahead of a detector. 

This is a big jump in real-time 
waveform displays. HP's technical 
leadership, covering a wide area of 
disciplines, has made it possible. An 
in-house IC capability has produced 
monolithic transistor arrays for 
the vertical amplifier - key factor in 
achieving good transient response 
with 250 MHz bandwidth and high­
fidelity reproduction of waveforms. 

Use of micro-circuitry also has re­
duced the number of high frequency 
calibration adjustments - to only two 
for the vertical amplifier, instead of 
typically up to 30 or 40. 

HP's step-ahead CRT technology 
produced a unique CRT to display 
fast signals. It utilizes two transmis­
sion lines for the vertical deflection 
system. They provide distributed de­
flection of the electron beam, giving 
the CRT a cutoff frequency well be­
yond 500 MHz. Other features of this 
exclusive CRT are a low deflection 
factor, high brightness and fast writ­
ing speed. 

Because the vertical deflection 
system of this CRT is directly acces­
sible to the vertical plug-in, the 183A 
mainframe can accept any of the 180 
series plug-Ins-to make it a true, 
general-purpose scope. Since the 
183A is not mainframe limited you 
can take advantage of HP innovations 
in higher frequency plug-ins as they 
become available. 

INFORMATION RETRIEVAL NUMBER 242 

This is the year of the big change 
for the oscilloscope industry. You 'll 
be making a buying decision that you 
will have to live with for some time to 
come. It stands to reason that the 
step-ahead thinking exemplified in 
the HP 250 MHz scope also exists in 
al I HP scopes. If you are not now con­
vinced Hewlett-Packard is best, try 
a side-by-side comparison with any 
other scope. Call your HP field en­
gineer to arrange a comparison . 

The HP 183 is only one of a family 
of high performance scopes-includ­
ing sampling and storage . Write . 
Hewlett-Packard, Palo Alto, Califor­
nia 94304. Europe : 1217 Meyrin­
Geneva, Switzerland. Price, HP 183A 
with 250 MHz plug-ins : $3150. 

HEWLETT h PACKARD 

OSCILLOSCOPE SYSTEMS 
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essthe 
priceof 's 
new counter 

Oues: 
it averages time intervals to 10 picoseconds 
it has a built-in 0.05% integrating DVM 
it's de to 50 MHz, CW or burst 
its counter and DVM are easily programmable 

Surprise: $1550. That modest amount 
buys a Hewlett-Packard timer/counter that 
does things universal counters never did 
before. For example, it averages time 
intervals as short as 0.15 nanoseconds. 
So you can resolve to 10 picoseconds 
on repetitive signals. 

That modest sum also buys a counter 
with a built-in integrating digital volt­
meter. So it's the only counter that can 
measure internal trigger level settings or 
other inputs with DVM precision. Now 
you can measure 10 to 90% rise times, half 
power points and other voltage-dependent 
time intervals. That means unprecedented 
simplicity, for example, in propagation 
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delay measurements. The counter also 
features four integration times. As a DVM, 
it provides three voltage ranges, 60 dB 
noise rejection and 0.05 % accuracy. 

Even without these exclusive features, 
the 5326's are real bargains. They count to 
50 MHz direct with seven-digit resolution 
(eight digits optional), measure period 
and multiple period average and scale 
input frequencies by any power of 10 up to 
108 • They measure ratio and they totalize. 

With programming and BCD output 
options, the 5326's fit easily into systems 
applications. Counter and DVM are DTL 
programmable through a common 
connector. 

INFORMATION RETRIEVAL NUMBER 3 

You can get all of these benefits in the 
5326B for $1550, or buy the same counter, 
less the DVM, in the 5326A for $1195. Any 
way you look at the 5326 A or B-either is 
a great counter value. Your local field 
engineer has all the facts about HP's new 
IC counter line. Give him a call or write to 
Hewlett-Packard, Palo Alto, California 
94304 ; Europe : 1217 Meyrin-Geneva, 
Switzerland. 

HEWLETT MifJ PACKARD 

ELECTRONIC COUNTERS 
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25 Mini-antenna-but what a maxi performance! 
1.5-inch electronic device offers gain that can match that of a 
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capability a hundredfold. 
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If you think Sylvania 
only makes pre-programmed ROMs, 

you haverit begun 
to scratch the surface. 

And that's exactly what you have to do to 
find out how useful our SM-320 read-only 
memory is. 

We'll sell you one of these 256-bit (32 
words by 8 bits) functional arrays in its virgin 
state. All the outputs will be a logic "O". 

All you have to do is scratch the surface of 
the chip, breaking the emitter connection 
wherever you want a logic "1" to appear at the 
output. 

That's all there is to programming your 
own special data into the SM-320 ROM. 

Of course, this is fine for prototyping. But, 
it's not what you want for quantity production. 

And that's where we come in. 

After you get your ROM pattern perfected, 
send it to us and we'll make up a special mask 
to match your code. 

You'll have your production quantities be­
fore you know it. 

The SM-320 has on-chip decoding (5 bits 
for 32 words) and is completely compatible 
with SUHL logic circuits and other TTL sys­
tems. 

The next time you have an ROM problem, 
don't scratch your head, scratch a Sylvania 
SM-320. It just might get you out of a tough 
scrape. 

Sylvania Electronic Components, Semi­
conductor Division, Woburn, Mass. 01801 

SYLVANIA 
GFNFRAl TFlE PHONE & FlFCTRONICS 
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Auto 
Scale­
Factor 

Readout ~ ALT 

means faster measurements with fewer errors 

The New Tektronix 7000-Series Oscilloscope System has AUTO 
SCALE-FACTOR READOUT-just one of many new convenience 
features which refine waveform measurement ease. Auto Scale­
Factor Readout labels the oscilloscope graph with deflection fac­
tors and sweep speeds, invert and uncalibrated symbols, and identi­
fies the trace and its data. When magnified sweeps and the New 
P6052 or P6053 10X probes are used, the readout is automatically 
corrected. Press either a probe-tip or front-panel switch , the trace 
shifts vertically and its deflection factor is replaced by the word 
IDENTIFY to associate waveforms with scale factors. Scale factors 
of inverted and uncalibrated displays are prefixed by invert ( ,i,) 
and uncalibrate (> ) symbols. Now, you can forget the inconveni­
ence of hand labeling photographs. With AUTO SCALE-FACTOR 
READOUT you look in only one place for accurate data. On the 
CRT where it's displayed automatically .. . with the waveforms ! 

New Convenience, a Wider Performance Spectrum, and Four Plug­
In Flexibility are some factors which make the New Tektronix 
7000-Series Oscilloscopes an asset to your measurement capa­
bilities. 

Prices of Instruments shown : 
7704 DC-150 MHz Four Plug-In Oscilloscope .. . ... . $2500 
7A12 Dual-Trace Amplifier Plug-In ... . ......... . . . $ 700 
7A16 Single Trace Amplifier Plug-Jn . . . . . . . . . . . . . . $ 600 
7B71 Time-Base Plug-Jn ............... . . . ........ $ 685 
7B70 Time-Base Plug-In ..... . . .. . . .. ... .......... $ 600 

Note: 7504 DC - 90 MHz Four Plug-In Oscilloscope with Auto 
Scale-Factor Readout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . $2000 

U.S. Sales Prices FOB Beaverton, Oregon 

For information, call your local Tektronix Field Engineer or write: 
Tektronix, Inc., P. 0. Box 500, Beaverton, Oregon 97005. 

The Readout System presently displays up to 49 
symbols and responds to various functional instruc­
tions. Less than hal f of the symbols are needed for 
today's plug-ins. 

Tektronix, Inc. 
committed to progress in waveform measurement 

INFORMATION RETRIEVAL NUMBER 5 
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Next time you spec a solenoid, odds are 
61,034 to 1 that Guardian can provide the 
one that will do the job. Because we've got 
that many standards ... solenoids in every 
imaginable shape and size to meet virtually 
any electro-mechanical requirement. AC or 
DC. Hefty 50 pound pull or a fraction of an 
ounce. Intermittent or continuous duty. Pull 

or push. Laminated, C-frame, box-frame or 
tubular. In 25 basic designs and 61 thousand 
variations. Not enough? Then we'll custom 
engineer a solenoid to fit your specialized 
application. (And you didn't know there was 
a Guard ian Angel watching over engineers!) 
NEW 44- PAGE GUARDIAN SOLENOID CATALOG 

is yours for the asking. Write for Bulletin G-3. 

m GUARDIAN"ELECTRIC MANUFACTURING COMPANY 
15 50 West Carroll Avenue. Chicago, Illinois 60607 

Your Guardian Angel stacks the odds in your favor 
(61,034 to 1) 
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The ZA801 is a low-cost FET-input op 
amp. It comes in four different packages. It 
has a DC gain of 100,000, + 10 volts output, 
and a full -power frequency response of 200 
kHz. Voltage drift is 50 1N /°C and input bias 
current is 25 picoamps. In quantity, price is as 
low as $11.90. 

Why four different packages? We had the 
idea that designers might like to get to know 
one op amp well, then use it whenever they 
could-without having to think about package 
density. So we put the ZA801 in a T0-8 can, a 
plastic DIP, a hermetically-sealed DIP, and a 
modular flat pack. 

We' re the first to offer this idea of total 
package capability. The competition wil l un­
doubtedly copy us. But before they can get the 
first one off the ground, we'll have another­
and then another. 

This sort of answers the question, " Hey 
Zeltex, what have you done for me lately?" 

SPECIFICATIONS 
DC Gain (at rated load, min.) 
Minimum output 
Unity Gain (min.) 
Full-power output frequency (typ.) 
Maximum voltage drift 

100,000 
± 10V @ 5mA 

4 mHz 
200 kHz 

50 µ,V /°C 
10,000:1 

25 pA 
3 µ,V rms 

Common mode rej ection (±10V) (typ.) 
Input Bias Current (m ax.) 
Input voltage noise (10 Hz to 10 kHz) 

QUANTITY PRICES 
ZA801 Ml Modular Flat Pack $11.90 
ZA801Dl Plastic DIP 22.00 
ZA801El Hermetically-sealed DIP 34.00 
ZA801Tl T0·8 can 28.00 

All four ZA801 packages are available 
from stock. Call your Zeltex rep for evaluation 
samples. 

To receive a ZA801 data sheet, plus 
information about the complete line of Zeltex 
FET-input amplifiers, circle the reader service 
number below, or write 

A SUBSIDIARY OF REDCOR CORP. 
1000 Cha lomar Road, Concord, California 94520 

Phone (415) 686-6660 

These are the ZA801 

INFORMATION RETRIEVAL NUMBER 7 
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an apology lrom 

Al i as 
OERAMIO 
SUBSTRATES 

We extend sincere apologies to our good customers 

. ·1·· • \ where we could not fill your full substrate 
• • • • • ~ requirements in 1969 . 

.'i)· · .. • 1969 saw AISiBase® substrate production at an all 
• '. time high. We had foreseen a healthy increase in your 

• demands, but you went far beyond our highest estimates. 

CODE IDENT. NO. 70371 

PHONE 803/682-3215 • 

PHONE 615/265-3411 • 

What to do? Should we relax our standards, use 

partly trained personnel, and make promises based 

on hope instead of reason? 

We chose to do it the American lava way. Quality 

was maintained, and expansions were started 

that are now coming on stream. 

Our R&D engineers pioneered ceramic substrates almost twenty 

years ago. They developed the present standards of the 

industry, AISiMag®614 for thick film and AISiMag®772 for thin 

film, and continue their leadership with new items 

almost ready to be announced. 

We, therefore, are very optimistic about the ?O's and 

thank you for your business and patience with us 

during th.e trying year of 1969. 

Now is a great time to talk with us about your new substrate requirements. 

LAUR .. , .!.~~~c~ ~~ s~~?.~~~i~~ 3m 
CHATTANOOGA, TENNESSEE 37405, U.S.A. 

For Mrvlce, contect Amerlcmn i..ve repreMnt•tive1 in Offlcn of Minn.sot• Mining mnd Mmnuf•cturing Compmny in theM cities 
(- your loc•I telephone directory): Boston: Needham Heights, Maas. • Chagrin Falls, Ohio • Chicago: Elmhurst, Illinois 
Dallas, Tex. • Indianapolis, Ind. • Laurena, S. C. • Los Angeles, Calif. • Metropolitan New York: Ridgefield, N. J. • Up-State 
New York and Canada: Phoenix, N. Y. • Orange, Conn. • Philadelphia, Penn. • St. Louis: Lee's Summit, Mo. • South San 
Francisco, Calif. • Tempe, Ariz. • International: c/o American Lava Corporation, Chattanooga, Tenn. 37405 U.S.A. TELEX 558432. 

68th 
YEAR 

OF 
CERAMIC 

LEADERSHIP 
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Sunrise, Sunset 
Courtesy of Amersil-Spectrolab­

NASA. 

NASA needed an earthbound sun ... technically, a 
Solar Simulator. 
They went to Spectrolab. 
Spectrolab needed a lens, 36" in diameter, 6" center 
thickness, that would conform to the stringent require­
ments set forth by NASA. 
They came to Amersil. 
Working closely with the Spectrolab designers and 
engineers, Amersil determined that lnfrasil Grade T-18 
Fused Quartz had the characteristics to meet the spec­
ifications for the Solar Simulator. The lens was molded 
by Amersil, assembled into the Simulator by Spectra-

lab, and is now being placed into research operation 
at the NASA Langley Research Center, Hampton, Vir­
ginia. 
This cooperation from the raw material to the finished 
products is common practice at Amersil. Our scien­
tists, engineers and designers have the experience, 
know-how and facilities to meet the needs of industry 
for high purity Fused Quartz and Fused Silica. These 
include the finest casting, molding and drawing equip­
ment available. 
Get full information and/or technical assistance by 
writing Amersil today. 

.. 

. INFORMATION RETRIEVAL NUMBER 9 
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OGet ne 
Free. 
Comar now unveils its complete new 
CR-2 series: The only relays that 
give you single-pole, double-pole 
or three-pole specifications. 
Undoubtedly, you've seen and heard 
of our new single-pole relay, (we 
call it our "one track mind"). That's 
when you need only one make-and­
bre~ Now Comar initiative makes 
It even easier than ever. Need two 
makes-and-breaks? Specify the two­
pole retay. Same for our new three­
pole r.iay. 
They't;e all the same compact size: 
11~~:1 %"x59/64". They're 
co le with one another so that 
twO le relays placed side 
by - for example, will give you 
six pOles . . . in less space than you 
n~ before for two 4-pole relays. 

ensive than the 4-pole relay 
r balanced. Yet built with 

e exacting quality that 
builds into all their relavs. 
----------------------, om RR 

dlson Street/Chicago, 111. 60618 
• (312) JU B-2410 
e one free ! 
le-Pole O Double-Pole O Three-Pole 

le to qualifying purchasing agents and 
rs. Please fill in completely. 

Phone 

State Zip 

Your Product Line 
I 

-----~-----------------------------
Mix or match any of the new CR-2 
relays to obtain the exact number 
of functions you need-for five poles 
combine our 2- and 3-pole relays. 
For seven poles use our 3- and 
4-pole relays. 
"Get one free" by mailing the 
coupon, but, if you have more in 
mind, just tell us your problems. 
You'd be amazed at what we have 
that we haven't shown you. 

Contact Rating: 4 amps at 120 volts A.C. 
resistive and 4 amps at 30 volts D.C. 
resistive. 
Coil Voltage Range: Up to 115 Volt D.C. 
Complete with dust cover. Socket 
available. 

mar CR·2 Relays · Single·Pole · Double·Pole · Three·Pole 
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Why 
sacrifice 
power 
for size? 

You might need a magnifying glass to 
closely examine RCA 's new gallium arsenide 
high efficiency infrared emitting diode. But 
small as it is , the 40736R 's power and ver­
satility open a whole new world of applica­
tions for electro-optical systems designers. 

Here 's why. The miniscule GaAs emitter is 
contained in a compact OP-10 package 
with an overall diameter of less than 0.095 
inch. Thus, it is well-suited to closely-spaced 
printed-circuit board mountings where 
minimum crosstalk is a prime requirement. 
And the 40736R uses a unique parabolic 
reflector to pack 1.6 mW (typ.) radiant power 
output (at 50 mA drive current continuous 
service) into a narrow collimated beam 
pattern cone-15 ° half angle , half power. In 
pulse service, up to 1.5 A drive current may 
be used. Typical Po is 24 mW at 1 A. Center 
wavelength for both continuous and pulse 
service is 9300 angstroms. 

INFORMATION RETRIEVAL NUMBER 11 

Use the 40736R to design : punched-card 
and tape readers• high speed counters• 
edge trackers •encoders • intrusion alarms 
•small bomb fuzes •end-of -tape indicators 
•line finders• data transmitters• circuit 
isolators• film coders. 

Is your application one of them? 
For further details, see your local RCA 
Representative or your RCA Distributor. Or 
write to RCA Electronic Components, Com­
mercial Engineering , Section SG4-2/US5, 
Harrison, N. J . 07029. In Europe: RCA Inter­
national Marketing S.A. , 2-4 rue du Lievre , 
1227 Geneva, Switzerland. 

RCll 
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Designer's 
Calendar 

APRIL 1970 t-

s M T w T F s 
1 2 3 4 

5 6 7 8 9 10 11 

12 13 14 15 16 17 18 

19 20 21 - 22 23 24 25 

26 27 28 29 30 

L 
For further information on meet­
ings, use Information Retrieval Card . 

Apr. 22-24 
Sou thwestern IEEE Con ference 
& Exhibi t ion (Dall as ) . Sponsor: 
IEEE. A. P. Sage, Instit ute of 
Technology, SMU, Da ll as, Texas, 
75222. 

CIRCLE NO. 435 

Apr. 27-30 
National Telemetering Conference 
(Los Angeles). Sponsor: IEEE. 
A. V. Balakrishnan, UCLA, Rm. 
3531, 405 Hilgard Ave., Los An­
ge les, Calif. 90024. 

CIRCLE NO. 436 

MAY 1970 t-

s M T w T F s 
1 2 

3 4 5 6 7 8 9 

10 11 12 13 14 15 16 

17 18 19 20 21 22 23 

24 25 26 27 28 29 30 
31 

l 
May 5-7 
Spring Joint Computer Confe r­
ence (Atlan tic City). Sponsors : 
IEEE, AFIPS. AFIPS Headquar­
ter s, 210 Su mmit Ave., Mon tvale, 

. J. 07645. 

CIRCLE NO. 437 

May 11-14 
Inte rnat iona l Microwa ve Sympo­
s ium (Newport Beach, Cali f. ) 
Sponsor : IEEE. R. H. DuHamel, 
Granger Assoc., 1601 Californ ia 
Ave., Palo Alto, Calif. 94304. 

CIRCLE NO. 438 
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Simpson's new 2700. 

Versatile 
Digital System: 
• New, fast warm-up~ 
• 41;2 digits 
• 0.05% accuracy 
• 5 plug-in function modules 

DC VOLTAGE DC CURRENT RESISTANCE AC VOLTAGE AUTOMATIC 
RANGING 

DC VOLTAGE 

• Automatic Polarlty Selection 
• Bullt-ln Self Callbratlon 
• 100 Microvolt Resolutlon 
• Optlonal BCD output 
• IC Modular Design for rellablllty 

2700 DIGITAL SYSTEM 
complete with DC voltage range 
module, test leads, and operator's manual 

AVAILABLE " OFF-THE-SHELF" AT ELECTRONIC DISTRIBUTORS STOCKING 
SIMPSON INSTRUMENTATION PRODUCTS. 

ELECTRIC COMPANY 

5200 W. Kinzie Street, Chicago, Illinois 60644 • Phone (312) 379-1121 
Export Dept: 400 W. Madison Street, Chicago, Illinois 60606. Cable Simelco 
IN CANADA: Bach -Simpson Ltd ., London, Ontario• IN !NOIA: Ruttonsha-Simpson 
Private Ltd ., International House, Bombay-Agra Road, Vikhroli, Bombay 

INFORMATION RETRIEVAL NUMBER 12 
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New Potter and Brumfield 
magnetic latching/ solid state 
IMPULSE RELAY 
has permanent memory 

This hybrid impulse relay is unique. 
Its basic structure is our KUL, a single 
coil latching relay employing a shunt­
ing-type magnetic circuit. To that we 
have added a solid state flip-flop cir­
cuit to obtain a truly modern , alter­
nate-action, impulse relay. 
Consider the many features of this 
extraordinary device: 
• A pulse width of 25 milliseconds (min.) 
effects transfer of the DPDT contacts to 
switch 5 or 10 ampere loads. 

14 

• Contacts will hold in their last position 
without power. This memory is obtained 
through the magnetic latching ability of 
the relay. 

•There are no mechanical linkages as 
found in ordinary impulse relays, to wear 
out or malfunction. 

• The assembly is neatly packaged in a 
popular-size case which provides a wide 
choice of mountings, terminations and 
readily available sockets. Mounted height 
is only 2.126". 

INFORMATION RETRIEVAL NUMBER 13 

·• An ordinary SPST switch will operate the 
KUR impulse relay. As coils are rated for 
continuous duty, there is no limit (except 
minimum) to the pulse length. 

The price? A modest $15.00 in single 
lots. Quantity discounts apply. Today, 
call your local P&B sales representa­
tive for complete information. 

Potter & Brumfield Division of Ameri­
can Machine & Foundry Company, 
Princeton, Indiana 47570. (812) 
385-5251. 

INFORMATION RETRIEVAL NUMBER 14 .... 



aDanaDVM for$425 

Designed and developed by the same people who build 
our $6,000 instrument ... and our $5,000 instrument ... 

and our four, three, two and one thousand dollar 
instruments. No wonder it's so good. 

Dana's new 3800 is the most accurate 3-digit 
DVM on the market. But it's more than 
a DVM. It's a full multimeter that will 
measure de volts, ac volts, ohms, and de 
current-with even a BCD option available. 
Superimposed power line hum is rejected 
by 1,000 times. It's so stable that it will run 
for over 6 months without calibration. So 
insensitive to temperature and humidity 
that you can use it anywhere without 
affecting performance, and its case is made 
of Cycolac®, the same rugged material used 
in professional football helmets. 

Dana Laboratories, Inc. 
2401 Campus Drive, Irvine, California 92664 
Cycolac is a registe red trncle mark of Borg-\Varne r Corp. 

Our reputation rides on the 3800. Just as 
it rides on every other DVM we make ... 
for use on the bench and in systems; 
militarized models; 4- and 5-digit; 
from $350 to over $8000. 
There's a lot more to the Dana 
story, and to the 3800, so 
write for it. We'll also 
tell you how you 
can qualify for 
a free trial. 

De & ohms only: 
$350.00 
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Most engineers know 
ADC Products has designed 
over 3000 different filters. 

But do you know ... ADC Products makes 19,897 different 
transformers, 2,863 different jacks, plugs, jack panels and allied 
components, plus power supplies, solid state relays, pre-wired 
jack fields and even complete communications sub-systems? 

One of the finest, most knowledgeable filter design departments in the 
country is just one reason why ADC Products has designed and built 3,512 
different custom filters ... to date. Another reason is the use of computer 
design and analysis techniques to help optimize design and performance. At 
ADC Products, state -of-the-art design is an everyday thing, and we can show 
you the 3,512 designs to prove it! 

But modern techniques extend beyond design. Every filter is built by 
modern methods using the newest materials and the latest techniques in a 
high-reliability manufacturing program . Why not see if this kind of capability 
can go to work on your problems? Write ADC Products today for more 
information and a free guide to filter design. 

4900 West 78th Street, Minneapolis. Minnesota 55435 
(612) 929-7881 

INFORMATION RETRIEVAL NUMBER 15 
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-II- EJ-menC!a BITTER QUALITY AND RELIABILITY THROUGH CONTROL 

Shown 2Ya x Adual Size 

Capacitor Problems That Require A Lot Of 
Self-Control ... Chemically Speaking 
Problem 1: How to make sure the silver paste composition used for electrodes provides 
the best results for each electrical parameter in a given capacitor design? 

Problem 2: How to improve the recognized moisture reliability of our dipped mica capaci­
tors without adversely affecting life reliability? 

Problem 3: How to upgrade the reliability of molded mica capacitors to equal that of dipped 
mica capacitors so designers can take advantage of body uniformity and axial lead design? 

Solution: Chemical self-control! To do this we operate our own chemical manufacturing 
plant where we formulate silver pastes, phenolic dipping compounds, and epoxy molding 
compounds - all under strict controls. 

Result: Dipped mica capacitors and molded mica capacitors of equally high reliability that 
operate up to 150°C. Send for technical literature and always insist on El-Menco brand ca­
pacitors ... your assurance of better quality and reliability through control. 

THE ELECTRO MOTIVE MFG. CO., INC. 
WILLIMANTIC, CONNECTICUT 06226 

Dipped Mica • Molded Mica • Silvered Mica Films • Mica Trimmers & Padders 
Mylar-Paper Dipped • Paper Dipped • Mylar Dipped • Tubular Paper 

West Coast Manufacturers contact: COLLINS& HYDE CO., 900 N. San Antonio Rd., Los Altos, California 94022 
5380 Whittier Blvd., Los Angeles, California 90022 
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ALSO SOLD NATIONALLY THROUGH ELECTRONIC PARTS DISTRIBUTORS 
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FREEALL YOUNEEDTOKNOWABOUT 
SERIES 54/7 4 TTL CIRCUITS. 

272 pages of data list specs, il­
lustrate logic diagrams, give test 
conditions for 

• 54 /7 4 STANDARD 
CIRCUITS 

• 54H/7 4H HIGH SPEED 
CIRCUITS 

• 54/74 MSI 
COMPLEX 
ARRAYS 

WANT THEM RIGHT AWAY? FILL OUT AND MAIL THE COUPON TODAY. 

·--------------------------------------------------· I 
I 
I 
I 
I 
I 
I 
I 

YES! Send me the 54/7 4 handbooks 
I've checked. 

D High Speed Circuits-88 page handbook 
EB25645. 

D Standard Circuits-88 page handbook 
EB25640A. 

D MSI Complex Arrays-96 page handbook 
EB25655. 

: Name _________________ ~ 

: Title __________________ _ 

I I Company ________________ _ 

I I Address _________________ _ 
I 
I City __________________ _ 
I 
I State Zip I ----,,-•. o ... 

MAIL TO: 
TECHNICAL LITERATURE SERVICE 
SPRAGUE ELECTRIC COMPANY 
347 MARSHALL STREET 
NORTH ADAMS, MASS. 01247 

SPRAGUE. 
THE MARK OF RELIABILITY 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

·---------------------------------· ....._~.......;;...----------Circle Reader Service Number 882 
for 54/74 Standard Circuit Handbook 
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Circle Reader Service Number 883 
for 54H/74H High Speed Circuit Handbook 

Circle Reader Service Number 884 
for MSI Complex Array Handbook. 
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HiDhliDhling 
THE ISSUE 

What started out as a way of 
transmitting quality television sig­
nals to selected, out-of-the-way 
areas-CATV-now looms as a po­
tentially giant industry: broad­
band communications. 

Community Antenna Television 
-also known as cable TV-will, in 
perhaps two or three years, begin 
growing into a new multibillion­
dollar medium that will profound­
ly affect the life style of nearly 
every American, some manufac­
turers believe. 
Page 62 
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Designing a varactor-tuned oscil­
lator for high-power operation is 
complicated by a consideration that 
doesn't have much importance in 
low-power circuits-loading of the 
oscillator circuit by the diode. 

E x c es s iv e I o a d i n g not only 
wastes power, it can burn out the 
diode as well. Low loading, on the 
other hand, means low modulation 
sensitivity. These conflicting fac­
to.rs must be carefully weighed in 
arriving at a final circuit des ign. 
Page 82 

read-only core memory, 
which can have its program alter­
ed without being returned to its 
manufacturer, offers capacities to 
20,480 bits at a cost of only 2.5¢ 
per bit. Called the VROM, it has 
a mechanic a 11 y interchangeable 
braid and diode board, thus per­
mitting users to maintain a library 
of plug-in fixed-program tables. 

Page 133 
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Why 
NIXIE® tubes 
when we 
just developed 
SELF-SCAN™ 
panel displays 1 
Now from Burroughs - two great digital 
readouts, NIXIE tubes and SELF-SCAN 
panel displays form a bright new team 
in digital readouts. 

NIXIE tubes are your only logical 
choice for digital readouts containing 
up to 8 digits. Their long life, uniform 
brightness (200 ft. lamberts with no 
chance of partial fadeout) and the wide 
choice of configurations available help 
make NIXIE tubes the most economical, 
reliable, and readable digital readouts 
on the market for most panel displays. 

BUT 
When your display requires 8 to 10 or 
more digits, turn to Burroughs' amazing 
new SELF-SCAN panel displays. 

Designed for larger displays, SELF­
SCAN panel displays reduce drive cir­
cuitry up to 90%, thereby eliminating 
a major cost of readout systems. And 

you can specify SELF-SCAN panel dis­
play systems with or without memory. 
Flicker-free, comfortably readable in 
the brightest light or darkest shadows, 
SELF-SCAN panel displays provide un­
paralleled savings for readouts with 8 to 
400 digits of alphanumeric display. 

Regardless of your readout require­
ments, one of Burroughs team of digital 
displays - industry standard NIXIE 
tubes or the outstanding state-of-the­
art advance, SELF-SCAN panel display 
systems - will meet your needs. 

For additional information write to 
Burroughs Corporation, Electronic Com­
ponents Division, P. 0. Box 1226, Plain­
field, N.J. 07061. Tel: (201) 757-3400. 

It's a matter of 

More than 8 digits? Choose the new Burroughs 
SELF-SCAN panel display. 

For 8 digits or less, NIXIE tubes are 
still your most profitable answer 
for readout displays. 

Burroughs m 
INFORMATION RETRIEVAL NUMBER 18 



News scone 

ABM expansion may lose 

House committee support 
A strong supporter of the Safeguard antiballistic missile system 

may soon join the ranks of opponents of its expansion. According 
to members of the powerful House Armed Services Committee, the 
committee chairman, Rep. L. Mendel Rivers (D.-S.C.), may not 
recommend that the $330-million expansion program for Safe­
guard be approved. 

Privately, committee members are saying that Rep. Rivers 
doesn't believe the bill will pass the Senate or that the program 
actually has the full support of the Nixon Administration. In 
.view of this, his colleagues don't believe he's going to waste his 
time fighting for what he considers to be a moribund issue. A 
meaningless fight would only mar his reputation for pushing bills 
through the House of Representatives. 

Asked whether committee members were reporting his position 
accurately, Rep. Rivers declined to answer directly. He commented: 
"I'm more worried about the plight of the U.S. Navy than I am 
about the ABM at this point." 

A spokesman for a Senate committee that will ultimately pass 
on the request for expansion of Safeguard agrees with the mem­
bers of Rep. Rivers' committee. "Senate passage of the bill to ex­
pand the ABM system does look very dim," the spokesman, who 
:wishes to remain anonymous, told Electronic Design. 

This does not mean, however, he pointed out, that research and 
development of the system would be affected. 

Meanwhile, a spokesman for Bell Telephone Laboratories, Mur­
ray Hill, N.J., has confirmed that the top executives from the com­
pany and Western Electric have been "holding discussions with the 
Army to consider limiting the scope of involvement in ABM work." 
Bell Labs serves as technical director of research, design and 
development for Safeguard and Western Electric is the prime 
contractor and system manager. 

The spokesman noted that other companies now have the tech­
nology to take over the role Bell has performed over the past years. 

NASA scientist offers 
new cancer theory 

A NASA space scientist has 
come up with a theory that helps 
explain the source of uncontrolled 
malignant growth and indicates 
short cuts to the development of 
chemical countermeasures against 
cancer. 

The scientist, Clarence D. Cone, 
Jr., head of the Molecular Bio-

ELECTRONIC DESIGN 8, April 12. 1970 

physics Laboratory at NASA's 
Langley Research Center, Hamp­
lon, Va., described hi s new theory 
on cell division at a recent semi­
nar of the American Cancer So­
ciety in San Antonio, Texas. 

The Cone theory proposes that 
the division of body cells-a nor­
mal process that goes on continu­
ously-is controlled precisely by 
the pattern of ion concentrations 
on the surface tissues of cells. The 

pattern is formed by the electrical 
voltage that normally exists across 
cellular surfaces and varies from 
one part of the body to another. 

Cone explained the electrical as­
pect by detailing r ecent Langley 
studies concerned with space radi­
ation blockage of cell division. 

In that research, he noti ced that 
cells having large negative mem­
brane voltages seldom if ever di­
vide while cells with small nega­
tive electrical potential divide at 
maximum rates. 

The Cone theory proposes a 
central mechanism for control of 
body cell division. If it proves to 
be generally valid , it will provide 
a powerful new basis for research 
progress on many key biomedical 
problems, such as human concep­
tion, birth defects, growth, aging 
and, particularly, cancer . 

Soviet puts lasers 
in telephone links 

Telephone users in two areas in 
the Soviet Union are talking via 
laser beams during certain hours 
each day without even knowing it. 
The development was reported at 
the IEEE show in New York by 
Prof. Raphael Kazarian of the 
Armenian Academy of Sciences. 

One link of 15 miles is being 
beamed over rough terrain from 
the Armenian capital of Yerevan 
to the Astrophysical Observatory 
in Burakan, he said. The differ­
ence in elevation of the two ter­
minals is 350 meters. 

The other Soviet laser link-a 
six-mile, 240-channel circuit-is in 
Moscow. 

The lasers, helium neon with 
40-milliwatt outputs in the single 
mode, use pulse-phase modulation, 
according to Kazarian. 

The Armenian system has a 
bandwidth of 100 MHz but at 
present operates only 24 channel-, 
each utilizin g 3.5 KHz. Although 
television transmission has not 
been tried, Kazarian said, 20 to 25 
channels could be transmitted at 
the same time, with each channel 
requiring from 4 to 6 l\IHz. 

The Armenian laser operates 
from 10 a.m. until 2 p.m. for two 
reasons. There's more demand for 
circuits during these hours. and 
these are the most difficult hours 
for optical transmission and thus 
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provide more research information. 
The main transmission problems, 
Kazarian said, are: fog; refrac­
tion from turbulence due to the 
changing temperature from 10 
a.m. to 2 p.m. ; snow and smoke. 

Why weren't microwave links 
used instead of lasers? "Lasers 
are cheaper," Kazarian said, "and 
frankly we happen to know more 
about lasers in Armenia than we 
do about microwaves." 

FCC official warns 
of dangers of EMI 

"Police yourselves or we'll be 
forced to do it for you." This was 
the warning of Herman Garlan, 
chief of the rf devices branch, Of­
fice of the Chief Engineer of the 
Federal Communications Commis­
sion in Washington, D.C. to manu­
facturers of electric motors, toys, 
fluorescent lights and other de­
vices that are known causes of 
electromagnetic interference. 

Speaking at a technical session 
at the IEEE convention in New 
York, Garlan explained that the 
FCC currently imposes no regula­
tions on these devices. He said the 
FCC hopes the industry will regu­
late itself so that the commission 
won't be forced to do the job. 
However, he warned, the increas­
ingly acute EMI problem makes it 
essential that something be done 
quickly. 

Garlan also said that better 
techniques for measuring EMI 
would be developed. 

Army facing cutback 
in antitank missiles 

The Army is in for a fight to 
hold on to both of its antitank 
missiles-the Shillelagh, already 
operational, and Tow, still being 
developed. 

Rep. Samuel S. Stratton (D­
N .Y. ) , chairman of a subcommit­
tee of the Housed Armed Services 
Committee, has said that one anti­
tank missile is enough, and that 
since the Shillelagh is farther 
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along in development, the Army 
should go with it and dump Tow. 

The Army contends that the two 
missiles are different and that it 
needs both. But if forced to, it 
says, it could give up Tow, if the 
Shillelagh were modified-a job it 
estimates would take four years 
and cost $40-million. 

Tow is a wire-guided missile for 
short-range targets. It is to be 
used by infantry on the ground 
and from helicopters. It is being 
developed by Hughes Aircraft. 

Shillelagh is a heat-seeker, shot 
through a 152-mm gun mounted 
on a tank. It is manufactured by 
Philco-Ford. 

The Army has asked for $106.3-
million for l'ow for 1871. 

Pollution control needs 
more technical push 

Environmental pollution-large­
ly a byproduct of advanced civil­
ization-will be brought under 
control only by increased technical 
effort, according to Dr. Hubert 
Heffner, deputy director, Office 
of Science and Technology, Wash­
ington, DC. 

Addressing an overflow audi­
ence at the IEEE show in New 
York, last month, Heffner listed 
the following areas of pollution as 
needing help from the electrical 
engineering community. 

• Instrumentation to measure 
and record pollution levels. 

• A systems apprnach using 
computer simulation techniques to 
clean up smog or handle sewage. 

• Lasers for heavy industry 
that would eliminate the noise now 
associated with cutting and pul­
verizing. 

• Ultrasonic oil emulsification 
to control future spills. No current 
methods of cleaning are satisfac­
tory. 

• Creation of an alternative 
technology that would eliminate 
the need for fossil fuel. 

The electromagnetic spectrum is 
a resource becoming saturated be­
yond reason, according to Wilfred 
Dean, Jr., associate director, Fre­
quency Management Office of 
Telecommunications Management, 
Washington, D.C. He criticized in­
adequate engineering, poor oper­
ating practice, outdated equipment 
and unintentional radiation (auto 

ignition, fluorescent lights, etc. ) 
for creating the problem. He dis­
closed that a variance of 40 dB 
exists between rural and urban 
areas in certain popular communi­
cations bands. According to Dean, 
careful Federal Government ex­
amination of radio spectrum use 
is now under way. 

Automatic caller reads 
meters by telephone 

Nippon Telegraph and Telephone 
(NTT ), Tokyo, has recently start­
ed an experimental program of 
using telephone lines to replace 
the meterman. In 360 Tokyo house­
holds, water and gas meters are 
read by an automatic telephone 
caller. Toshiba's TOSBAC DN-30 
computer. The test is slated to last 
for several months and is intended 
to check the reliability and econ­
omy of telemetering such infor­
mation. 

Signal transmitters, activated 
by the automatic telephone caller •. 
reads out utility meters in less 
than two seconds. The received 
signals are recorded on magnetic 
tape. As many as 30 meters .can be 
readout on one telephone line. 

As goes the economy; 
so goes IEEE show 

The drastic drop in attendance 
at last month's IEEE show in New 
York reflected the general slowing 
of the U.S. economy, especially in 
the military-defense areas, accord­
ing to Donald Fink, IEEE general 
manager. 

Attendance fell about 25 % from 
60,500 last year to 46,220. There 
were 589 exhibits this year, com­
pared with 618 in 1969. 

Fink cited in particular the clos­
ing down of NASA's Electronic 
Research Center in Cambridge, 
Mass., which, he noted, has cloud­
ed the sales outlook . of many com­
panies along Route 128. 

Fink noted that though the 
Coliseum was not completely filled, 
95% of the exhibitors .showed up, 
as planned. There were some un­
expected, last-minute cancellations. 
with "one or two pretty big com­
panies pulling out of the show, 
even after having made a down­
payment," Fink said. 
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A BINARY 
VARACTOR 
lrom SlllCONIX. 

ISi LiCON II ill* 

Here's a new semiconductor device 
with a CH/CL ratio of up to 10:1 ... 
and needs less than lmW of drive! 

TYPICAL APPLICATION: 
RADAR PHASE SHIFTER 
With this varactor's high Ctt/CL 
and nanosecond switching capability 
the device is easily worked into 
compact phase shifters for phased 
array systems, thus: 

... 
RF Input 

You can also use this binary varactor for• RF Switching 
• Digitally Controlled Oscillators and Filters • Continuous 
Tuning Wideband VCO's and Filters• Large Deviation FM 
Oscillators • Negative Resistance Parametric Amplifiers • Etc. 

Instant data and applications information available from 
any of the offices below. Just write or call. * .. just the beginning of 

a whole new family of HF 

New York: Sy Levine (516) 796-4680 
and microwave devices from 

New England: Al La Croix (617) 762-8114 
Ft. Worth/ Dallas: Charlie Williams (214) 231-8151 
St. Louis: 1 irn Spicer (3 14) 291 -3616 Silicanix incarparated 
Minneapolis: Ed Koelfgen (612) 920-4483 
Southern Calif.: Dave Ferran (213) 420-1307 
Northern Calif.: Chuck Brush (408) 246-8000 

ELECTRO IC 0ESIG 8, April 12, 1970 

2201 Laurelwood Road • Santa Clara • California 95054 
Telephone ( 408) 246-8000 Extension 20 I • TWX: 910-338-0227 
In Europe: Siliconix Limited. Saunders Way. Skelly. Swansea. Great Britain 
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The 
Wizards of 

OZ 
Like magic ... vector impedance instruments 
read out complex impedance in an instant. 
With the HP impedance meters, 
measurements involving impedance 
magnitude, z, and phase angle, 0, 
no longer require tedious test 
procedures. These measurements 
are now as easy to make as voltage 
readings. No nulling ... no 
balancing ... no calculations to 
make. The wizardry of these HP 
instruments provides direct readout 
of Z (in ohms) and 0 (in degrees) 
over a continuous frequency range. 

HP 4800A Vector Impedance 
Meter covers the 5 Hz to 500 kHz 
range. You set the frequency, select 

1091 .... . · 

the impedance range and read : 
z from 1 ohm to 10 Megohms, and 
e from -90° to +90°. $1650. 

HP 4815A RF Vector 
Impedance Meter covers 
500 kHz to 108 MHz. Measures, via 
a probe, active or passive circuits 
directly in their normal operating 
environment. z from 1 ohm to 100 K 
ohms; e from 0° to 360°. $2650. 

Application Note 86 describes many 
applications of the 4800A and the 
4815A Vector Impedance Meters 
including the measurement of Z, A, 
L, and C. For your copy and complete 
specifications, contact your local 
Hewlett-Packard field engineer or 
write : Hewlett-Packard, Green Pond 
Road, Rockaway, New Jersey 07866. 
In Europe: 1217 Meyrin-Geneva, 
Switzerland. 

HEWLETT 

IMPEDANCE INSTRUMENTS 
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Mini-antenna-but what a maxi performance! 
1.5-inch electronic device offers gain that can 
match that of a half-mile monopole at 40 kHz 

Jim McDermott 
East Coast Editor 

A new broadband, electronic re­
ceiving antenna is only 1.5 inches 
hi gh, but it offers t he pickup of a 
half-mi le-h igh antenna at 40 kHz. 

The mini-unit, called a Voltage 
Probe Antenna, consists of an 
inch-and-a-half rod, which feeds 
the electronic ci rcuitry, and a 
small disc on top. The device has 
flat-gain characteristics from 10 
kHz to 50 MHz. 

Developed by the Kollmorgen 
Corp. E lectro-Optical Div., North­
hampton, Mass., the device is par­
ticularly useful when lack of space 
prohibits t he use of a one-eighth­
wavelength or larger antenna, or 
when wide bandwidth response is 
requi red without tuning, or both. 
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Robert Fischer, staff engineer 
who worked on t he design at Koll­
morgen, sees its application in low­
frequency, direction-finder arrays 
that uti lize antennas hundreds of 
feet long. Here, . a voltage Probe 
Antenna could substitute for each 
long antenna. It could be used also 
as an ultra-short, mobile receiving 
antenna in automobi les and a ir­
craft in the range from MHz down 
to 12 kHz. 

The mini-antenna generates less 
than 0.1 µ, V of noise for a 540-Hz 
input bandwidth, which is compar­
able to that of a good communica­
tions receiver. And it has a dy­
namic range of better than 100 dB, 
operating distortion-free with in­
put voltages from 10-1 to more 
than 10-2 V. 

30KHz IOO<Hz 300KHz !!OOKHz I MHz 

TEST FREQUENCY 

3MH1 5MHz IOMHz 30MH1 

1. The Voltage Probe gain is flat to 50 MHz, but the effect ive ga in over a 
whip antenna increases substantia lly with decreasing frequencies. 
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The power gain in t he output 
signal is not taken fro m t he space 
wave but is supplied by t he power 
supply. The output impedance is 50 
ohms, and the amplifier power 
(80 mW ) is supplied, by a special 
coupler, through the 50-ohm co­
axial cable that connects the an­
tenna to the receiver. 

Fischer points out that the new 
antenna is effectively a vertical 
monopole responding to vertically 
polarized signals and possessing 
an omni-directional pattern in the 
plane of the horizon. Its gain is 
- 10 dB, referenced to an isotropic 
antenna. Because the gain is fiat 
over a broad band the device is 
most effective at frequencies sub­
stantially below the resonance of 
the quarter-wave whip- that is, 
the whip is a high-Q device with a 
gain that falls off 6 dB per octave 
in this region because of detuning. 
while the Voltage Probe Antenna 

2. Equivalent circuit of the mini-an ­
ten na for a 1-meter stub at 20 kHz. 

A Clise-topped rod plus electronics 
make up the Voltage Probe Antenna 
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(VPA, continued) 

gain remains constant. 
This advantage exists despite the 

fact that the gain of the quarter­
wave monopole, matched to a re­
ceiver, is 12 dB greater than that 
of the mini-device. 

In tests conducted by Kollmor­
gen, the new antenna was experi­
mentally compared with a 13-foot, 
4-inch whip antenna, both mounted 
over a large metallic ground plane. 
A comparison of the gains is 
plotted in Fig. 1. 

Note that the performance of 
the Voltage Probe is enhanced by 
increased elevation over the 
ground plane, because the device 
has the unique ability to integrate 

the energy impinging on the co­
axial cable all the way down to 
true ground potential. 

In general, Fischer explains, 
the performance of the new an­
tenna equals that of a conventional 
whip at a critical frequency, f c, in 
accord with the following formula: 

fc = 1.2 X 108 
, 

t 
where t is antenna length in feet. 

The theory behind the Voltage 
Probe Antenna is this: If a quar­
ter-wave monopole above a ground 
plane is made infinitely short, its 
power gain decreases only slightly 
from a theoretical maximum of 
2.14 dB to 1.76 dB. But as the 
antenna gets smaller, transferred 
antenna resistance decreases while 

the unit's capacitive reactance in­
creases. For example, a 1-meter 
stub over a ground plane at 20 
kHz has an effective resistance 
(RA) of 10-6 ohm and a capacitive 
reactance (X) of 106 ohms. 

The Voltage Probe does not 
match impedances in the conven­
tional sense. Instead, it makes X" 
small compared with the input re­
sistance ( R 1~) of an ultra-high­
impedance amplifier connected 
across the antenna. Consequently 
most of the signal appears across 
the amplifier input (Fig. 2). 

The electronic circuits of the 
new antenna consist of three 
stages: a FET, low-noise input 
amplifier; a buffer-driver stage; 
and an output stage to match the 
Probe to the 50-ohm cable. • • 

Nonexplosive fuze releases mechanical energy 
When two stages of a missile in 

flight separate, the electrical cables 
connecting these stages are discon­
nected by a small explosive device 
called a pyrotechnic initiator. Why 
not eliminate the hazard of explo­
sive charges? The same job can be 
done through simple application of 
electrical fuze principles, a Santa 
Monica, Calif., company-G&H 
Technology-suggests. 

A technique developed by G&H 
allows a small amount of electrical 
energy to do a great deal of me­
chanical work. Basic to the method 
is a very thin wire built into a 
mechanical assembly that stores 
energy. Current is passed through 
the wire to heat it to the point 
where it breaks under tension, 

Tug operation made easy 

Plunger in nonexplosive initiator is 
released when wire is heated to the 
point where it breaks under tension . 

thereby releasing the stored en­
ergy (see diagram). 

A diesel-driven marine jet-powered tug (shown at the rear 
of the barges) is controlled by radio from the lead tug. It 
enables a barge captain to navigate twisting channels safe· 
ly and with little reduction in speed . The new tug was de· 
veloped by International Paper Co.'s Southern Kraft Div., 
in Georgetown, S.C. 
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This principle can be applied in 
several different mechanical con­
figurations, according to John 
Phillips, president of G&H. Almost 
any application requiring single­
shot actuation can use the nonex­
plosive initiator, he says. Some of 
its potential uses include: auto­
matic shutdown or start-up of 
equipment in an emergency, ten­
sion links, compression links, sep­
arable bolts, parachute ejectors, 
pin pullers and pin pushers. 

The normal break time of the 
initiator is about 6 or 7 millisec­
onds. The circuit resistance of the 
wire is about 1 to 2 ohms, and the 
initiators can be made for about 
$10 to $15 per unit in large 
quantities, G&H says. • • 
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Stamping out crime by the numbers 
Digital communications system in San Francisco 
increases police message capability a hundredfold 
Elizabeth de Atley 
West Coast Editor 

A digital communications sys­
tem just installed by the San 
Francisco Police Dept. can trans­
mit 100 code messages in the same 
time it used to take to send a 
single voice message. 

Said to be the first digital com­
munication system ever put into 
operation by a police department 
in this country, it is called Digi­
com by its developer, Sylvania 
Electric Products, Inc., a subsidi­
ary of General Telephone & Elec­
tronics Corp. It consists of a re­
mote control panel in each patrol 
car and a computer (Hewlett-Pack­
ard 2115 ), a video data terminal 
and magnetic tape transport at 
each base station. An interface 
with the regular mobile radio tele­
phone network of the police de­
partment is also included. 

Developed with funding by the 
Law Enforcement Assistance Ad­
ministration of the U.S. Dept. of 
Justice, Digicom works like this in 
a typical police situation: 

A cruising patrolman spots a 
car he believes might have been 
stolen : The driver is acting sus­
piciously. With knobs on the 
multifunction box beside him, the 
patrolman enters the license num­
ber of the car into the digital 
communications systems, watching 
each number appear on the remote 
display panel on the dashboard as 
he dials it. Satisfied that he has 
entered the number correctly, the 
patrolman pushes a transmit but­
ton, and the number is radioed to 
a computer operator at the state 
motor vehicle agency for a check 
against cars reported as stolen 
(California maintains such a com­
puter setup in Oakland, 20 miles 

A San Francisco police officer who suspects a car may be stolen can get a 
license check within 30 seconds by dialing the State of California computer 
with a new digital communications system called "Digicom." The system also 
transmits digitally coded messages to and from the central dispatcher. 
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from San Francisco). 
Thirty seconds later the code 

number "1030" flashes onto the 
display panel in the police patrol 
car, telling the patroman that the 
car he is tailing has been stolen. 
He signals the driver to the side 
of the road, and, as a precaution, 
enters the code number "1096" in­
to the multifunction box before 
ste11ping out to approach the sus­
pect. This code appears on the 
video screen at the central dis­
patcher's station. 

As the patrolman gets out, the 
driver bolts and heads for a near­
by warehouse. The patrolman fol­
lows with drawn pistol. Exactly 
five minutes later, when the com­
puter at the central station has 
received no signal to indicate that 
the patrolman has returned to his 
car, the "1096" code number on 
the video screen starts flashing, 
alerting the dispatcher. The latter 
checks his written records for the 
patrolman 's location, sends by 
voice a 904 Code 2 to all patrol 
cars in the area, and reinforce­
ments are speeded to help the 
the patrolman make the arrest. 

Lt. Mario Amoroso of the San 
Francisco Bureau of Communica­
tions told ELECTRONIC DESIGN that 
the number of vehicle checks has 
increased 30 to 40 % with the new 
system. Because he is able to make 
a routine check on every suspected 
car, a patrolman knows before he 
approaches it that the situation is 
dangerous and can take precau­
tions. 

A command and control system 
at each base station, planned for 
late spring installation, will sup­
plement the San Francisco police 
Digicom. Like the system installed 
by Sylvan ia at Mountain View, 
Calif., last fall (see "Computer 
Dispatches Police Cars in Sec­
onds," ED 25, Dec. 6, 1969, p. 36 ) , 
this command and control system 
will process calls for assistance 
and dispay a map of the area in 
question on a TV screen. Alpha­
numeric symbols superimposed on 
this map will show the loc& l.ion of 
each patrol car. • • 
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• Functionally equivalent to standard unijunction 
transistors with the advantage that external resistors 
can be used to program 71, R88, Ip, and Iv, depending 
on the designer's needs. 

• Completely planar passivated, hermetically sealed 
T018 type package. 

Behind this disguise 
are 1001 ways to 

build a more precise 
timing circuit at 

no extra cost 
The ZC 1001 Series 

PUT 
PROGRAMMABLE UNIJUNCTION TRANSISTOR 

Typical Unitrode reliability 
in a hermetically-sealed 

package suitable for 
military use at only 

90~ each in lots of 100. 

• Even long time-delay designs are more precise, 
because the PUT's low guaranteed Ip of 150 nA allows 
use of larger timing resistors and smaller capacitors. 

• For pulse and timing circuits, SCR trigger circuits, 
relaxation oscillators, and sensing circuits. 

IN STOCK, READY TO DELIVER NOW • SEND FOR YOUR FREE SAMPLES AND CIRCUIT DESIGN GUIDE 

From the 
SSPI Product 

Group 
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For fast action call Pete Jenner collect ... today! 

A prnd,ct of the w;de cang; ng .em;-cond,ctoc tech no logy of [ill]® 
UNITRODE 
580 Pleasant St. , Watertown, Massachusetts 02172 • (617) 926-0404 
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A 105-foot steel fence al lows vhf radar 10 extra seconds of clutter-free data from ree ntering payload s . 

Missile range sharpens reentry techniques 
Story and photographs by John F. Mason, Military-Aerospace Editor 

What would an enemy radar 
operator see when a Minuteman 
III releases a number of projec­
ti les, all heading in different direc­
tions? Could he determine which 
ones are decoys, which are bundles 
of chaff, and which are guided 
and carry bombs? 

To find out, the Air Force has 
added more capability to its Abres 
(Advanced Ballistic Reentry Sys­
tems ) program and has requested 
$105-million for fiscal year 1971. 
In 1970 the program cost $107-
million. 

To monitor the reentry behavior 
of every possible aspect of Athena 
test missiles launched in Green 
River, Utah, a vhf radar has been 
added to the uhf RAM radar at 
White Sands Missile Range, N.M., 
where the missiles impact. Around 
the radar has been built a fence 
that's 2200 feet in circumference 
and 105 feet high. 

The e 1 e ctr om a g net i c radar 
shield, or clutter fence, is built of 
steel covered with one-half-inch 
woven steel mesh. When grounded, 
it keeps unwanted ground returns, 
particularly from the surrounding 
mountains, from reaching the 
radar's 84-foot parabolic antenna. 

"The fence assures us up to 10 
seconds more of 'clean' data during 
t he critical reentry phases of mis­
s iles in flight," says Col. Leonard 
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R. Sugarman, chief of the Air 
Force's Inland Range Field Office 
at White Sands. "This short time," 
he says, "is worth 15,000 addition­
al bits of information to feed to 
the computers." The White Sands 
office is responsible to the Air 
Force Systems Command's Space 
and Missile Systems Organization 
in Los Angeles. 

Working with RAM is another 
Air Force radar, an S-band in­
strument called Rampart (Radar 

Advanced Measurements Program 
for the Analysis of Reentry Tech­
niques). 

Raw data from both radars is 
sent to the Reentry Systems Data 
Center at nearby Holloman Air 
Force Base, N.M., to be reduced. 
The data is recorded on 1-inch 
digital tape, 12-inch fi lm, 35-mm 
film, 2-inch video tape, and 1/ 2-
inch digital tape. 

The refined information provides 
precise measurements of a reenter-

A-scope (foreground) in RAM radar blockhouse shows cross section of a 
12-inch sphere released by Loki rocket at 230,000 feet . 
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ing payload such as its peak cross 
section, average cross section and 
trajectory. 

Data goes to Defense 

All this data is sent to Defense 
agencies responsible for the design 
of ICBMs that can penetrate 
sophisticated enemy defenses, and 
for antiballistic missile systems 
that can destroy enemy ICBMs. 

One recent project at White 
Sands was to develop hardened re­
entry-vehicle technology applicable 
to small lightweight reentry ve­
hicles. The Athena was suited for 
these tests, since it is about one­
tenth the size of an ICBM. By 
October the Athena H, with a pay­
load capacity four times as large 
as the present Athena's, will be 
available. Full-scale ICBMs, such 
as surplus Atlas missiles, are 
launched now for the advanced 
balli tic reentry systems program 
at the Western Test Range in 
California. 

Every reentry payload is studied 
by radar using a variety of fre­
quencies. 
· Rampart, built and operated for 
the Air Force by Raytheon, is a 
precision, high-powered S-band 
tracker that is said to be excellent 
for collecting target payload signa­
ture data and other reentry infor­
mation. 

An Air Force spokesman says, 

RAM vhf/uhf radar measures cross 
section of reentering payloads . 

ELECTRONIC DESIGN 8, April 12, 1970 

A!t&llll/Jll ·HYBRID CIRCUIT ENBINEERS 

Nytronics onnounces t/Je first 
of o fomily of chip components 

WEE-CHIP-INDUCTOll 
A Standard Off-The-Shelf Component 

• RF CHIP INDUCTOR 
• FULLY (MAGNETICALLY) SHIELDED 
• HI Q 
• INDUCTANCE RANGE UP TO 1000µh 
• DESIGNED TO MEET MIL-C-15305, 

GRADE 2, CLASS S 
• STABILITY 100 TO 500 PPM/°C 

Write for comP.,lete engineering data about our Wee-ChiP.. Inductor 

550 Springfield Ave., Berkeley Heights, N.J. 07922 I (201) 464-9300 I TWX: 710-984-7971 
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NEWS 
(range, continued) 

"Its outstanding characteristics 
are: its high target resolution 
through application of step-fre­
quency and pulse compression 
techniques; its ability to produce 
large signal returns on long-range 
targets; and its ability to record 
digitally multiple target returns. 
This data is used to determine 
accurate trajectory and cross sec­
tion measurements." 

The radar has an unambiguous 
range capability of 2150 nautical 
miles and a maximum transmitter 
power of 24-MW peak when oper-

ating in its primary mode or 10-
m i c rose con d pulse compression 
mode. The nominal pulse repeti­
tion frequency of 100 pulses per 
second (pps) automatically switch­
es to 90 pps temporarily to avoid 
undesirable synchronous effects at 
range multiples. 

The main reflector of the four­
horn Cassegrain antenna is a para­
boloid 60 feet in diameter, with a 
focal length of 15 feet and a re­
flector surface that does not 
deviate more than 0.25 inch from 
the true paraboloid. 

The signature data is recorded 
on 7-track IBM compatible tape in 

Rampart S-band radar acquires reentering payload, measures cross section 
and trajectory, then passes directional data on to RAM radar. 
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conjunction with A-scope 35-mm 
records. On the 7-track tape the 
following are recorded: azimuth, 
elevation, range to target, 2-chan­
nel automatic gain control, differ­
ential range, time of day, modes, 
gate width, and 2-channel mono­
pulse error signal. 

The RAM uhf/ vhf radar. built 
and operated by Continental Elec­
tronics Manufacturing Co., a sub­
sidiary of Resalab, Inc., in Dallas, 
is slaved to the Rampart and is 
dependent on it for tracking com­
mands. 

The two RAM radars, which use 
a common antenna, transmit simul­
taneously and are used to deter­
mine accurate payload cross sec­
tions. The vhf transmitter is 
capable of developing 10 MW peak 
power and the uhf, 30 MW. The 
vhf transmitter can be tuned at 
all center frequencies between 153 
and 163 MHz. The uhf transmitter 
operates at 435 MHz. 

The RAM radar, transmitting 
on two frequencies, radiates polar­
ized rf energy. The returns are 
focused, and the feedhorn dis­
criminates between polarized ener­
gy components at both frequencies. 
Each energy component is routed 
to one of the four separate receiver 
channels. The video outputs from 
the four receivers are displayed on 
oscilloscopes and 35-mm Mitchel 
movie cameras. 

A 230,000-foot target 

As one of the prime radar-signa­
ture sensors for the Athena re­
entry study program, the RAM 
radar must be calibrated with ex­
treme accuracy. Generally, the Air 
Force must take a 12-inch sphere 
up to 30,000 feet in an aircraft 
and release it. The return on the 
A-scope is matched against the 
known cross section of the sphere. 

Recently, however, the Air 
Force took advantage of a target 
that was released at 230,000 feet 
and didn't cost the Air Force a 
cent. The Army Atmospheric Sci­
ences Office, an agency of the 
Army Electronics Command at 
Fort Monmouth, N.J., sent up a 
12-inch inflated sphere by Loki 
rocket to 230,000 feet to check the 
atmospheric density. Primed and 
waiting, the Air Force was able 
to calibrate the RAM's cross-sec­
tion measurement capabilities. • • 
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True. Now take 



another iook ... atAllen-Bradley 
new/dimension 

electronics 
New people. 
New technologies. 
New distribution. 
Volume production of precision com­
ponents has been our traditional 
strength. And we're proud of it. 

Now there's something new at Allen­
Bradley. New people to help speed 
our reaction time. New research fa­
cilities in areas like optoelectronic 
and microelectronic components. 
New distribution for prompt delivery. 
New products. A new dedication for 
the challenges of this infant decade. 

Yet the best of the past remains. Like 
quality. That's why we have in-house 
capabilities in mask making, inks and 
substrates. A Special Machinery De­
partment to create sophisticated 
mass production tools. And an ex­
tensive quality assurance program. 

What's new? Cermet network pack­
aging to match your plastic pack IC's. 
Filter capacitors so small they be­
come an integral part of a connector 
pin. Cermet trimmers to meet the 
packaging density demand. Submin­
iature power line filters . And the 
familiar hot molded resistor, now 
qualified to wear the best level (yel­
low) band of the new military Estab­
lished Reliability specifications. 

New-dimension electronics? A 
charted growth plan for Allen­
Bradley electronic capabilities . A 
new dimension in people, products 
and ideas for the Electronic ?O's. 



Great ideas demand 
superb implementation. 
The complex process 
where concepts become 
products. And reliability 
emerges from the elusive 
concept of quality. 
This traditional Allen-Bradley 
strength has been preserved and 
given new significance. New­
dimension electronics means not 
only new ideas and technical excel­
lence , but the ability to produce 
these ideas more quickly, economi­
cally and with great uniformity. Man­
ufacturing facilities have been 
strengthened . New capabilities 
added. New machines. New proc­
esses. New techniques . Allen­
Bradley has the ability to produce, 
in spades. b. 

Technical exc.ellence is built around 
sophisticated equipment like the 
electron microscope (a) and micro­
probe (b). Completely automatic 
equipment helps assure the quality 
of potentiometers (c) and fixed resis­
tors (d). Specialized tools like the 
Borrowdale camera (e) give Allen­
Bradley complete internal control 
over production operations. 

New-dimension electronics. People. 
Products. Ideas. Backed by Allen­
Bradley's emphasis on quality. 

For information , write Marketing 
Department, Electronics Division , 
Allen-Bradley Co., 1201 S. Second 
Street, Milwaukee, Wisconsin 53204, 
or contact your authorized A-B in­
dustrial electronics distributor. 
Export Office : 1293 Broad Street, 
Bloomfield, N. J. 07003, U.S.A. In 
Canada: Allen-Bradley Canada Ltd. 

ALLEN-BRADLEY 

d. 

a. 

e. 



DAMON ANNOUNCES ... A new 7-pole monolithic crystal filter line that surpasses 
those previously available in shape factor and spurious 
mode suppression. Provides performance comparable to 
the highest state-of -the-art currently available with dis­
crete filters - yet incorporates all of the inherent advan­
tages monolithics have over conventional multi-component 
configurations. Now Damon provides the best of both 
worlds: critical performance, superior temperature charac­
teristics, improved aging, small size, and significantly 
lower price. All are available in hermetically-sealed metal 
cases within miniature rectangular packages ranging in size 
from 0.080 cu. in. to 0.274 cu. in. Immediate off-the-shelf 

delivery of evaluation quantities. Damon also 
offers a wide variety of computer-assisted de­
signs, but these take a little longer. Damon/ 
Electronics Division, 115 Fourth Ave., Need­
ham, Mass. 02194, Tel: (617) 449-0800. 

"STANDARD" 7-POLE MONOLITHIC CRYSTAL FILTERS CASE "A" CASE"B" 
0.274 cu. In. 0.080 cu. In. 

Model No. 6457MA 6457MB 6458MA 6458MB , ..... , 
~ Center Frequency: 10.7 MHz"" .7 KHz 10.7 MHz""' I KHz 21.4 MHz ""' 0.7 KHz 21.4 MHz"" I KHz ,~I I z 

Bandwidth , 3 dB: 6 KHz min. 15 KHz min. 6 KHz min. 15 KHz min. T-0 0 .zoo I 
Bandwidth, 60 dB: 18 KHz max. 40 KHz max. 18 KHz max. 45 KHz max. ~l--.oJO OIA. -r- JL ........ Ripple, Max.: 1 dB 1 dB 1 dB I dB 
Insertion Loss .Max.: 6 dB 6dB ~dB 6 dB 
Spurious Returns : > 55 dB down > 50 dB down > 55 dB down > 50 dB down 

'~ 
.OOllMASI 

Terminations m (Resistive) : 2.0 kilohms 5.1 kllohms 0.38 kllohms 1.3 kilohms • ·r_ t ==t ~ Ultimate Allen.: 80dB 70 dB 80 dB 70dB 
Op. Temp. Range : 0°-60° c 00-600 c 0°-600 c 0°-60° c HO 0 

Case Size : "A" "A" "A" "B" 
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READOUTS 
Super-compact! 

Lowest price! 
Only from TEC! The industry's most compact digital read­
out with 1-C driver/decoder. At the lowest price: $25.75 in 
100-299 quantities, complete with Burroughs NIXIE® tube. 

fttOjjj\j TEC's TNR-70 Series replaces discrete com­
H ~ V V ~ n ponents with this single monolithic silicon 
integrated circuit. Accepts 4-wire 1-2-4-8 BCD inputs and 
produces 10 mutually exclusive outputs. UL approved. 
Four logic function options: (1) 1-C decoder/driver, (2) de­
coder/driver and buffer memory, (3) decoder/driver, buffer 
memory and decade counter, (4) decoder/driver and 
decade counter. 

There are two basic models: TNR-70A with input logic levels 
of Logic "O" +1.5V to +4.0V, Logic "1" OV to +0.4V. And 
TNR-708 with levels of Logic "O" OV to +0.8V and Logic 
"1" +2V to 5.0V. 

For full information, write: TEC, Incorporated, 6700 So. 
Washington Ave., Eden Prairie, Minn 55343 (612) 941-1100. 

I i---c ..... ----1-7/16"----..-..... I 
Compare TE C's 1-7I16" back panel projection with competitions' 2%" 
minimum. Also compare TEC mounting (just 2 screws!) with others: 
2, bolts, 2 standoffs, 2 lock washers, 2 nuts. 
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Letters 
Let's clear the air­
on design consultants 
Sirs: 

I've been misquoted in the news 
item "Are Company Designers Be­
coming Obsolete?" ( ED 25, Dec. 6, 
1969, pp. 34-36). Unfortunately, 
the impression given could frighten 
away those who could benefit from 
consultants' services, so I'd like to 
correct the story. 

Electronic consultants certainly 
"are being called in increasingly 
by systems manufacturers," but 
not "to replace designers at com­
pany design-review sessions." 
They're being called in to work 
with the client's staff, bringing 
their special skills to bear on cer­
tain parts of the total task of get­
ting a system conceived, sold, 
designed, fabricated, documented, 
installed, and into useful operation. 

Regarding "retraining of engi­
neering staffs," I didn't say that it 
"won't be economically feasible; 
these companies will simply call on 
the consultants to do the design 
work, and the engineers with 
obsolete skills will be out of jobs." 
What I said was that large com­
panies could set up such internal 
computer-aided design groups (my 
company has assisted several of 
them in setting up and training 
these groups) but that it may not 
be economically worthwhile for 
smaller companies to set up, train 
and maintain such groups. These 
companies can call on consultants 
to do the computer-aided portion of 
the design work. 

Regarding discussion of the de­
sign-review function of consult­
ants, my company hasn't " 're­
placed' the customer's electronic 
designer in every case" in the sense 
the reader might infer. We fre­
quently work with the designers. 
The "replace" refers to the dis­
passionate final review of the de­
sign by an outside firm .which has 
no emotional or political stake in 
the design, instead of the final re­
view being performed by the de­
signer himself. 

Nathan 0. Sokal 
President 
Design Automation, Inc. 
Lexington, Mass. 
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Somebody forgot 
to track down TRAC 
Sir : 

In reading your special report on 
the Fall Joint Computer Confer­
ence (ED 23, Nov. 8, 1969, p. 
Cl15) , I was somewhat surprised 
at the complete lack of mention of 
the T RAC (Transient Radiation 
Analysis by Computer) program in 
your summary. TRAC was written 
at t he Autonetics Division of North 
American Rockwell Corp. by Ell­
mar J ohnson. Th is program was 
documented and released in June, 
1968, under contract DAAG39-68-
C-0041, issued by Harry Diamond 
Laborator ies. T his work was fund­
ed by the Defense Afomic Support 
Agency. Over 100 copies of TRAC 
have been distributed in the U . S. 

TRAC is similar to NET-1 and 
CIRCUS in its circui t formu lation; 
however, it uses an implicit inte­
gration method that results in solu­
tion times that are considerably 
shorter tha n NET-1 or CIRCUS. 
In general, TRAC is 70 to 100 
t imes faster t han CIRCUS. Ver­
sions of TRAC currently exist for 
the IBM 7090/ 94, IBM 360 and 
UNIV AC 1108 computers. 

· Robert Puttcamp 
Research Physicist 
Depar t ment of the Army 

Editor's note: Comments have 
been received about computer-ciid­
ed programs that were not listed in 
the Nov. 8 Special R eport. Among 
these are LOGSJM, a logic simu­
lation program, and LOGMIN, a 
logic minimization program, both 
from Tymshare, Inc. 

These programs had not been 
announced at the time the report 
was w1·itten. Fairchild Space and 
Def ense Systems, Syosset, N . Y., 
has a program called FA IRSIM 
which is a logic simulator, and 
Autonetics Division of North 
A m er i can Rockwell, Anaheim, 
Calif., lws SYSCAP, a circuit 
analysis program. These two last 
ncimed programs are not available 
rm any time-sharing service, but 
may be obtained from their de­
velopers on a commercial basis. 
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A little money goes a long way 
when you put it into a 
Heinemann time-delay relay 

First, it costs less than other non-thermal relays. 
Next, it can often double as its own load relay, thanks to 

its continuous-duty coil and its husky contacts. So you save 
again by simplifying circuitry. 

There are five package types 
-including plug-in , hermetic, 
open-frame, and enclosed­
contact models-offering delays 
from% second to two minutes. 
Switching action is either SPDT 
or DPDT, and contact capacity 
under a resistive load is up to 
5 amp at 125 or 250 volts AC. 

. 
..... --...... -0 ~ 

Fine-silver contacts with gold-diffused surfaces assure 
reliabil ity of make-and-break even under tough environmental 
conditions. 

Our Bulletin 5006 is both informative and nice to look at. 
Want to see? Write Heinemann Electric Company, 

2616 Brunswick Pike, ~ HE.iNEMANN 
Trenton, N.J . 08602. 
4572 
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To put a priority encoder 
on a single chip, 

Fairchild introduces the first MSI 8-input priority encoder 
ever put in a single package. In fact, it's the first encoder of 
any kind ever put in a single package. 

The new 9318 accepts data from eight active low inputs, 
selects the most significant input signal, and provides a 

binary representation of it on the three outputs. Input and output enables 
permit encoders to be cascaded without using additional components. 
This allows priority encoding of any number of input signals. Also, a group 
signal output is provided to show when any input is active. 

In the tradition of Fairchild's MSI family, the 9318 is a highly versatile, 
highly reliable device. It can be used in code conversions, multi-channel 
D /A conversions, and decimal to BCD conversions. It will find application 
in priority interrupt systems, 
associative memories and keyboard 
encoders as well as a number of 
control applications. 

The 9318 is TTL and DTL 
compatible and has a typical power 
dissipation of 200mw. It ·~omes in 
DIP and Flatpak in both military 
and industrial temperature ranges. 

To order the 9318, call your Fairchild distributor and ask for: 

PART TEMPERATURE PRICE (100-
NUMBER PACKAGE RAN GE (1-24) (25-99) 999) 

U7B931859X 
U7B931851X 
U4L931859X 
U4L931851X 

DIP 0°C to + 75°C $15.35 $11.80 $10.25 
DIP -55°C to + 125°C 30. 70 23.60 20.50 
Flat 0°C to + 75°C 16.90 13.00 11.30 
Flat -55°C to + 125°C 33.80 26.00 22.55 
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you have to get serious about 
MSI family planning. 

We put together a family plan by taking systems apart. All kinds of digital 
systems. Thousands of them. 

First we looked for functional categories.We found them. Time after time, in a 
clear and recurrent pattern, seven basic categories popped up: Registers.Decod­
ers and demultiplexers. Counters. Multiplexers. Encoders. Operators. Latches. 

Inside each of the seven categories, we sifted by application. 
We wanted to design the minimum number of devices that could 
do the maximum number of things. That's why, for example, 
Fairchild MSI registers can be used in storage, in shifting, in 
counting and in conversion applications. And you'll find this 
sort of versatility throughout our entire MSI line. 

Finally, we studied ancillary logic requirements and 
packed, wherever possible, our MSI devices with input 

OPERATORS 
9304 - D ual F ull 

Adder / Parity 
Generator 

LATCHES 

and output decoding, buffering 
and complementing functions. 
That's why Fairchild MSI reduces­
in many cases eliminates-the 
need for additional logic packages. REGISTERS 

9308 -Dual 4-Bit Latch 
9314 -Quad Latch 

The Fairchild MSI family 9300 -~:!!~m 

A h 9328 -Dual 8-Bit plan. new approac to MSI shirt Register 

that's as old as the industrial revolution. 
It started with functional simplicity, 

MULTIPLEXERS 
9309 -Dual 4-Input 

Digital 
Multiplexer 

9312 -8-Input Digital 
M ultiplexer 

extended through multi-use component parts, and 
concluded with a sharp reduction in add-ons. 
Simplicity. Versatility. Compatibility. 
Available now. In military or 
industrial temperature ranges. 
In hermetic DIPS and Flatpaks. 
From any Fairchild Distributor. 

ENCODERS 
9318 -Priority 8-lnput 

Encoder 

COUNTERS 
9306-Decade Up/ 

Down Counter 
9310 -Decade Counter 
9316 -Hexidecimal 

Counter 

DECODERS AND 
DEMULTIPLEXERS 

9301-0ne-Of-Ten 
Decoder 

9315 -One-Of-Ten 
Decoder / Driver 

9307 -Seven-Segment 
Decoder 

9311 -One-Of-16 
Decoder 

9317 -Seven-Segment 
Decoder /Driver 

9327 -Seven-Segment 
Decoder /Driver 

FAIRCHILCJ 

SEMICONDUCTOR 

FAIRCHILD SEMICONDUCTOR A Division of Fairch ild Camera and Instrument Corporation Mountain View, California 94040, (415) 962-5011 TWX: 910-379-6435 
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Ceramag& ferrite components tor the 
70°color deflection system. And again 
in 1964, the 90° color components. To­
day we're working on the color 110°. In 
addition, we've been involved with 
such major television advances as 
Automatic Pincushion Correction. 

Stackpole engineering and produc­
tion know-how has contributed much 
to the technology of television. Our 
components can be found in every 
domestic TV set. Not only ferrites and 
resistors, but variable resistors and 
linear potentiometers; slide and 
rocker switches; capacitors and hard 
ferrite magnets. More than any other 
manufacturer. 

Have you got what it takes to bui Id 
a good TV set? Be sure. Specify 
Stackpole electronic componentry 
wherever possible. You'll get the value 
and performance you need. Write or 
call: Stackpole Carbon Company, 
Electronic Components Division, St. 
Marys, Pa. 15857. Phone 814-834-1521. 
TWX: 510-693-4511. 



Washington Report 
Government takeover of Lockheed considered 

"There is a very real possibility" that the Defense Dept. will take 
over the direction of Lockheed's military contracts, well-informed sources 
indicate. The very least that Lockheed will be expected to do is to 
revamp its corporate leadership. The aerospace company has asked the 
Government for some $600-million, which it says, the Government owe~ 
for work performed. The Government says the amount is in dispute. 

The Defense Dept. and concerned Congressional committees are con­
vinced that Lockheed must be kept afloat, at least until 1975, so that 
programs under contract-the C-5A air transport, SRAM missile and 
S-3A patrol aircraft-will not die. 

Meanwhile, the Defense Dept. is bringing mild pressure on the 24 
banks, from which Lockheed has borrowed millions, to ease their heat 
on the company by not calling notes and perhaps even issuing new 
credit. Deputy Defense Secretary David Packard is meeting with Lock­
heed officials to pour over the books. Packard will report his find,ings to 
Defense Secretary Melvin R. Laird, who, in turn, will make a report and 
recommendation to Congress. 

The crisis at Lockheed, informants have told ELECTRONIC DESIGN, will 
lead to a change in Defense Dept. procurement policy, with fewer eggs 
being put in each basket. "The gravy will be spread around," was the 
way it was put. 

Volpe planning air-cushion transportation test 
Transportation Secretary John A. Volpe is expected to announce very 

shortly a demonstration program involving a 150-200-mph tracked air­
cushion transport system, to be operational by 1972. It is expected that 
the demonstration program will be set up between a downtown city· 
site and an airport. Although no site has been announced yet, Kansas 
City and Denver are reported to be possibilities. 

Volpe has also announced the award of a $3-million contract to 
.Grumman Aerospace Corp. for a second-generation, 300-mph air-cushion 
vehicle and guideway. 

On more lofty matters, Volpe told a recent audience at the National 
Press Club here that the supersonic transport program is alive and well 
in Washington and that when the plane flies, it will be a nonpolluter, 
a nonsonic boom maker, and a money-maker. 

Bill would bar polluters from U.S. contracts 
A tough bill introduced by Sen. Marlow W. Cook (R-Ky.) would bar 

air and water polluters from Government contracts. The bill, S.3614, 
was co-sponsored by Senate majority leader Michael J. Mansfield 
(D-Mont.) and referred to the Public Works Committee. Essentially the 
bill would order the Government to terminate immediately any contract 
with a company or person found in violation of federal Jaws on air and 
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Washington ReoorlcoNTINUED 

water pollution. However, if the polluter files a schedule of conformance 
~ith those laws, the contract may proceed to its conclusion. 

Defense contracts could be exempted, if the Secretary of Defense said 
they were vital to national security. If a portion of a corporation having 
many contracts with the Government was found to be a polluter, all other 
contracts might be run to their conclusion, but then the ban on further 
contracts would be company-wide. The Public Workii! Committee has not 
set a hearing date yet. 

Comsat role as Intelsat manager challenged 
The second meeting of the International Telecommunications Satellite 

Consortium has ended without agreement on what future satellite com­
munications will look like or who will manage them. The door, however, 
has been opened for the Communications Satellite Corp. to get a little 
competition in its role as Intelsat manager. 

The Japanese and Australian delegations have advanced a plan to 
create a new governing office in the consortium that will open up tech­
nical and operational functions, now handled by Comsat! to bids from 
other companies and countries. 

According to the plan, a director general would be appointed at the 
end of a six-year period to act as contracting officer for the functions 
now performed by Comsat. Comsat would remain in its present role in 
the interim, and would not only be able to bid on continuing as manager, 
but would be in an advantageous position to do so. 

Transportation takes over NASA's Cambridge center 
The Transportation Dept.'s new Development Center in Cambridge, 

Mass., which on July 1 will officially take over NASA's Electronic 
Research Center, will initiate a mix of ground and airborne programs. 
The center will attempt to develop a collision-avoidance system, a reliable 
automatic landing system, sensors to monitor pollution from transporta­
tion vehicles, systems analysis of urban transit systems and highway 
traffic control, a system of oceanic buoys, and make automobile accident 
studies. It will also automate and expand the domestic air traffic control 
network. 

Most of NASA's 750 research personnel, including the director, James 
C. Elms, will be retained. The annual budget will be $20-million. 

NASA's budget facing battle in Congress 
Action by the House Independent Offices Appropriations Subcommittee, 

increasing NASA appropriations to $3.63-billion from the $3.33-billion 
asked by the Administration, guarantees a floor fight when the bill 
comes up, probably next month. House majority leader Gerald Ford 
(R-Mich.) will try to keep the money to the level requested by the 
President, and he has strong support among committee members. Most 
of the increase asked for by the subcommittee is in the area of manned 
space flight. 

NASA officials themselves believe, however, that after the bill makes 
its way through both houses and resultant conferences, the space agency 
will probably wind up with less than the President has asked for. 
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\Our choice in up/down counters is up. 
And the price is do"W"n. 

Count on TI to introduce new TTL/ 
MSI counters priced at about a 
third of what you usually pay. 

The SN54/74192 is a BCD 4-bit 
up/down counter. The SN54/74193 
is a binary 4-bit up/down counter. 
In 100-999 quantities, the SN74192 
and SN74193 both sell for a down­
to-earth $7.70, plastic DIP. That's 
the lowest price going- brought 
down by Tl's big yields and manu­
facturing know-how. 

And these counters are ready 
now for immediate delivery. That's 

why you may want to order them 
instead of the equivalent DM8560 
and DM8563. Not to mention the 
price. 

These 54/74 devices are virtually 
universal counters. They are 
synchronous and fully presettable. 
They may be cascaded to n bits, 
and have fully independent clear. 
Propagation delay is 27 ns typ; 
count frequency is 32 MHz typ. You 
can choose the full military tem­
perature range of -55°C to 125°C 
or the industrial range of 0°C to 

70°C ... in either plastic or ceramic 
DIPs. 

6e one-up on up/down counters. 
Send now for the new 184-page 
supplement to our TTL catalog. 
Circle 280 on the Reader Service 
Card or write Texas Instruments 
Incorporated, P.O. Box 5012, M.S. 
308, Dallas, Texas 75222. That's 
where the quiet revo­
lution is going on. Or 
see your authorized TI 
Distributor. 

TEXAS INSTRUMENTS 
INCORPORATED 
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. Reliability is six things we do 
that nobody else does. 



We're fanatics. 
We build our relays 

stronger than we have to. 
That way, they last lots 

longer than they ever 
have to. Our Class E 

relay (shown on the op­
posite page) is a good ex­

ample of our way of thinking. 

The industry's strongest heelpiece. 
We make the strongest heelpiece in the industry. 

A gigantic machine bangs them out extra fat and 
extra flat. 

Extra fat to carry a maximum of flux. To handle 
big loads. Extra flat so that once an AE relay is 
adjusted, it stays adjusted. 

Since our backstop is part of the heelpiece, it's 
just as thick and flat. But, tough as it is, the slightest 
wear here would throw the entire contact assembly 
out of whack. So, to be safe, we weld two tiny, 
non-magnetic pads where the armature arms meet 
the backstop. You might say we created the no-stop 
backstop. 

Three parts that'll wear like crazy. 
When you build a relay like a small tank, you have 

to think of everything. 
We try. Right down to 

the tiniest part. For 
example, we make our 

armature arms and 
bearing yoke extra 

thick. 

Thicker than years of testing and use say they have 
to be. Then, to make sure they don't cause wear 
problems, we insert a hardened shim between the 
hinge pin and the frame. The pin rides on the shim, 
instead of wearing into the heelpiece. (You can 
forget the bearing, it's permanently lubricated.) 

Buffers with lots of muscle. 
We make our buffers of a special tough phenolic 

material that lasts. And lasts. And lasts. All without 
wear or distortion. Another reason why our relays 
stay in whack. 

To make sure our buffers stay in place, we weld 
the buffer cups to the armature arms. We weld, 
instead of using rivets, because our lab found that 
rivets have a habit of falling out. 

For the very same reason, we weld buffer cups 
to the contact springs. And also use the same 
special tough 
phenolic buffers. 

No, we didn't forget the contact springs. 
We have some strong feelings as to what makes 

a contact spring reliable. Our sentiment is that two 
contacts are better than one. So, we bifurcate all the 
springs, not just the make and break. This slotting 
and the addition of another contact to each spring 
means you get a completed circuit every time. 

We make each set of contact points self-cleaning. 
The bad stuff doesn't have a chance to build up. 

Now, what's different about 
our bobbin? 

Our bobbin is one piece­
molded of glass-filled nylon. 
This provides the maximum in 
insulation resistance. 

Because our bobbin is 
nylon, we don't have to 
impregnate with varnish. 
Moisture and humidity have 
no effect on the stubborn 
nylon material. No effect 
means no malfunctions for 
you to worry about. 

What all this means to you. 
What this all adds up to is reliability. The kind 

of toughness no one else can give you. It means 
an AE relay works when it's supposed to, longer 
than it has to. 

Isn't this the kind of reliability you really need? 
Automatic Electric Company, Northlake, Ill. 60164. 

AUTOMATIC ELECTRIC 
SUBSIDIARY OF GENERAL TELEPHONE & ELECTRONICS 
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ALL NEW 
3230 SERIES 
SOLID STATE 

POWER 
AMPLIFIER 

LINEAR OUTPUT 
TO 4 WATTS 

C-COR MODEL 3231 
Bandpass Power Amplifier 

With frequency range from 90 to 500 MHz and 
bandwidth to 60 MHz, the MODEL 3230 series 
amplifiers provide excellent transient re­
sponse, smooth flat bandpass frequency 
response and wide dynamic range. The new 
C-COR 3230 Series will find use where several 
watts of power are required for pulse, FM, AM, 
or CW signal amplification. 
Specifications Model 3230 Series 
Frequency Range MHz 90 to 500 
3 dB Bandwidth [Min] 30 to 60 
I dB Bandwidth [Typ] 80% of 3 dB Bandwidth 
Gain 20 to 35 
Power Output 

[Min] [dBm] at 
I dB compression +30 to +36 

Packa·ge size: 2" H x 3" D x 7" L 
(over 325 MHz Units 9" L) 

Input/Output Impedance for all models is to 50 ohms 
and power required is +28 Vdc. Operating temperature 
-40 to +60° C [Air Temperature] 

Model 3230 Series are standard catalog units 
aligned to customer's exact bandpass. Hence 
they provide a fast, economical answer to a 
large variety of linear amplifier needs. More 
difficult requirements can often be met by 
paralleling or otherwise modifying standard 
units. 
Write or telephone for catalog and technical 
data on your amplification requirements . . . 
or check C-COR listing in EEM. 

"C-COR Amplifiers .. . Rated First 
Where Performance is Rated First." 

-®ill1-
C-COR 
ELECTRONICS, INC. 

60 Decibel Road 
State College, Pennsylvania 16801 

814 238-2461 

INFORMATION RETRIEVAL NUMBER 31 

44 

SIDELIGHTS 

Computer does taxes-but won't sign 
Now you can get a computer to figure out your income 

tax. Dial Data, Inc., of Newton, Mass., a computer time­
sharing company, has introduced such a program as a 
service to its client firms that are located east of the 
Mississippi River. 

Here's how it will work The taxpayer, prepared with 
hi s facts, will sit down at a teletypewriter keyboard at 
his own company and press a button that will activate 
the computer at a Dial Data office in Boston, New York 
or Washington. 

The computer will ask nearly 100 questions, covering 
such ground as how many miles each year you use your 
own car for business purposes, your charitable contribu­
tions, and how much you calculate you paid in state 
sales taxes the previous year. If the figure is not as high 
as that allowed by the government for the appropriate 
income level , the computer will select the higher figure. 

"We expect that the dialogue between taxpayer and 
computer will take about 15 minutes and that the com­
puter will print the results within 30 minutes. The total 
cost to the taxpayer will be about $10," said Lewis 
Clapp, president of the company. "Right now, we are 
trying to determine if we can get the computer printout 
on the actual Internal Revenue Service form. 

"Just one hitch!" Clapp pointed out. "Don't expect 
the computer to sign its name at the bottom of the tax 
form as the preparer of the income tax form." 

Doing his homework paid off in prize money 

Winner of the $1000 Idea of the Year award for 1969 is Thomas 
Skopal , shown doing a little experimenting. Skopal developed 
his winning idea, a feedback-controlled tuned circuit, in his own 
home workshop. (See ED 2, Jan. 18, 1969, p. 76.) His working 
day is spent as assistant sales manager and applications engi­
neer with the Acopian Corp. in Easton, Pa. The award was pre­
sented at a special luncheon during the IEEE show. 
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Ntt\\' ••• &1ANT lt11;1l l~et1isters - '''ifl1 
ex£1HSi\'C '1~'1~1 .. , lt'1~1 .. ;111tl •\\ttS £tt1111•aflltilif\' 
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£ttsf ;1tl\•a11ta11es 1•1·e\'ltt11sl\' 1111;1ff;1i1111ltle 

111 se1·ial sf ttra111e a1•1•li£;1fltt11s. 
LOGIC DIAGRAM 
DUAL 50-BIT (SL-6-2050) AND DUAL 64-BIT (SL-6-2064) 
STATIC SHIFT REGISTERS 

Sl·6-2050 ... 
Sl·6·2064 

RECIRCULATING STORAGE APPLICATION 

DATA 
INPUT 

SELECT 
,_.----+-BIT 

STIIOBE 

OUTPUT 

L __ ____ _J 

Among their various and marked advantages over bipolar 
and delay line serial storage systems, General Instrument's 
GIANT Dual 50-bit and Dual 64-bit DC shift registers oper­
ate with the lowest power dissipation available for static 
registers ... a mere 7 milliamps typical. 

The GIANT Dual 50-bit and Dual 64-bit shift registers oper­
ate over the full military temperature range of -55°C to 
+ 125°C. 

The well known performance and reliability advantages in· 
herent to all MI~S (Metal-Thick Oxide-Nitride-Silicon) de­
vices are, of course, present in these GIANT shift registers. 
They are directly compatible with TIL, DTL and MOS and 
require no interface electronics. 

A perusal of the comparison chart (above right) should 
make clear the fact that in serial storage applications inso­
far as performance, reliability and cost savings are con­
cerned ... "GIANTS do it better." 

The GIANT Dual 50-bit (SL-6-2050) and the Dual 64-bit 
(SL-6-2064) DC shift registers are available from your au-

MULTIPLEXING SHIFT REGISTER1APPLICATION 

ENABLE I 

IN~f~-"t-;=:-----=-~ 
CLOCK 

ENABLE 2 

NOTE 
llGI IS USED TO ENAILE 
ANO OISAILf SHIF T 
AEG IS T[llt OUTP UT , 

Delay line 

Parameters & 
Interface 

Electronics 

Power 200 mA Typical 

Requirements @ 
± 12V 

Size 6"xl"x 'h " 
Typical 

Weight 1·5 lbs. 

Number of 
50-75 Parts 

Operating 25°C 
Temperature +20°C, -10°C 

OUTPUT 

GIANT 
Dual 
Shift 

Registers 

7 mATypical 
@ 

+5V, -12V 

.370" Dia x .260" H 
(T0·77) 

1 gram 

1 

_55•c to +125•c 

thorized Genera~-lnstrument distributor. For full informa· 
tion write General Instrument Corporation, Dept. 56, 600 
West John St., Hicksville, L.I., N.Y. 11802.(ln Europe to 
General Instrument Europe S.P.A., Piazza Amendola 9, 
20149 Milano, Italy; in the U.K., to General Instrument 
U.K., Ltd., Stonefield Way, Victoria Rd., South Ruislip, Mid­
dlesex, England.) 
Price in quantities ol 100 pcs.: SL-6-2050@ $13.00 ea.; SL·6·2064@ $16.75 ea. 

iii 
INSTRUMENT 

GENERAL INSTRUMENT CORPORATION • 600 WEST .JOHN STREET, HICKSVILLE, L . I., NEW YORK 
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ANNOUNCING 
A FIRST-CLASS 

SECOND SOURCE 
FOR9300 

SERIESMSI 
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Now for the first time you can get 9300 T2L MSI circuits 
... today's high-versatility logic with optimum speed­
power product . .. made by Philco-Ford, the people long 
identified with high reliability in IC production. 

We're bringing you the most wanted MSI types first: regis­
ters, counters, decoders, and multiplexers. Versatility is 
built in; additional logic requirements are pared way down 
. .. in some cases eliminated. Then there 's the packaging. 
Ceramic DIP with proved hermeticity . . . by the people 
who know Cerdip . 

Here are the first six, with more coming soon: 

PD9300 4-bit universal register 
PD9306 BCD up/down counter 
PD9311 1-of-16 digital decoder 
PD9312 8-bit digital multiplexer 
PD9316 binary hexadecimal counter 
PD9328 dual 8-bit shift register 

For information, write Bipolar Products Marketing, Micro­
electronics Division, Philco-Ford Corporation, Blue Bell , 
Pa. 19422. Or call 215-646-9100. 

The better idea people m bipolar products. PHILCO 
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Sonotone-the industry's 
broadest line of nickel-cadmium 
sealed cells-novv has our name on it. 
The new name for Sonotone sealed cell nickel-cadmium 
batteries is Marathon. The name is the only thing that has 
changed . The batteries are still made in the same way. In the 
same plant. By the same people. And they are still available 
through the same sales representatives and distributors. 

Marathon has been growing and expanding for 47 years. 

ma rat.hon 

Now we have added the world's most versatile rechargeable 
to our diversified battery line. · 

Because you have relied on Sonotone for so many years, we 
want to be certain that you know the name - and only the 
name - is changed . So the next time you need Sonotones, 
ask for Marathon. Cold Spring , New York 10516. 

Dat.t.ery company 
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Catch the blip 
among the garbage. 
The new IDR-200 instrumentation disc recorder is 
designed to isolate information for detailed analysis. 
It' s great for catching and evaluating that one signifi­
cant little blip among all the garbage. It's ideal for 
replacing endless loop instrumentation recorders, 
and its applications extend far beyond . In fact 
IDR-200 applications are only limited by the 
imagination. 

Unpredictable Transients 

The IDR-200 is ideal for recording unpredictable 
events like powerline transients or radar signals. They 
can be replayed and analyzed for power, peak volt­
age, duration and other characteristics. The IDR-200 
can be programmed to turn-off after the event is 
recorded and can operate unattended as long as 
necessary. 

Predictable Momentary Events 

A rocket launch. The regular tape 
units begin. The shot's delayed, then 
fired. But, the tape ran out. Can't 
happen with the IDR-200. The re­
corder disc keeps recording 20-sec­
o nd blocks, continuously, until 
stopped. 

Event Comparison 

On both single- and dual-channel 
recorders, a multi-track option al­
lows recording of multiple 30 milli­
second events. They can easily be 
replayed and compared because all 
are "synced." This capability is un­
equalled in applications where simi­
larities and differences in test results 
are critical. 

Tape Analysis and Data Conversion 

Volumes of telemetry or other data recorded on tape 
can be analyzed in detail by transferring portions to 
the disc for continuous replay. This data can then be 
repeatedly stepped through an A-to-D converter or 
a signal analyzer for noise reduction, signal enhance­
ment and extensive manipulation. 

The Disc People ~dmi 
DATA MEMORY INC 

Delay Line 

Imagine a 20-second, 2 MHz delay line. Or, a multi­
channel , 30 millisecond, 2 MHz delay line. The 
IDR-200 can even be made into a programmed delay 
line. 

1000 Hour Warranty 

The DMI 1000-hour warranty on heads and discs is 
possible through outstanding manufacturing capa­
bility and advanced engineering achievements. All 
heads and discs are manufactured by DMI using pro­
prietary techniques and outstanding quality control. 

Operation 

The IDR-200 features DMI in-contact recording. 
Through perfecting this technical innovation DMI 
achieved high band-pass, short wave-length response 
and outstanding signal to noise ratios. Frequency 
response is from 400 Hz to 2 MHz, ±1.5 dB midband. 

The recorder is 
available in singl~ or dual 
channel models. The dual channel model, 
stores 10 seconds of data on each channel. For more 
information, or assistance in applying the IDR-200 to 
solving your particular problems, contact DMI today. 

1400 Terra Bella Avenue, Mountain View, 
CA 94040 (415) 961 -9440 TWX (910 379-6474) 
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General Electric VO/f 00PDC® variable transformers 
help you vary voltage dependably ... year after year,* 

.,, 
, ~. ~~ ~ 12.:- __ ) .:_ __ z:r 

Send in this coupon for free bulletin giving complete 
details on Volt-Pac transformer features, ratings and appli­
cation data; or see your GE sales representative today. 

* Laboratory tested for over one million failure-free operations. 

GENERAL. ELECTRIC 

' - ; v---- ) ........... _ '-' 

••••••••••••••••••••••••••••••••••••••••••••• 
Section 413-34 
General Eledric Company 
Schenectady, New York 12305 

Please send me free bulletin GEA-8110 on \'olt-Pac Yariable 
Transformers. 

NAME-----------------~ 

COMPA~Y----------------­

TITLE------------------
ADDRESS ________________ _ 

CITY _______ STATE _____ ZIP_ 



Still using LCs? 
This might change 

your mind: 
T .31 

_l_ 

Clevite's ceramic 
ladder filters deliver 80 db 

rejection in 0:1 cu. in.! 

120 
TL40D55A 

110 

90 .. 
Cl 

"' 80 
"' Cl ... 
z 70 
0 60 DB 53 KC ;:: 
IC 60 ... 
"' ! 50 
IC ... • 0 

40 
L 

30 

20 

IO 6 DB 43 KC 

360 400 440 480 520 560 
FREQUENCY kHz 

Here's a fixed-tuned filter that offers more selectivity 
for its size than any conventional i-f filter on the market! 
Clevite's non-magnetic. non-microphonic. 17-disc ceramic 
ladder filter is ideal for i-f stages of high quality superheterodyne 
radio receivers used in airborne or ground AM and FM com­
munications e.quipment. Stop band rejection : 60 or 80 db. Center 
frequency tolerance: ± 1 kHz for 20 kHz B / W and below; 
± 2 kHz for 30 kHz B/W and above. Stability: within +0.2% 
for 5 years; within 0.2% from -40"C to +85"C. Impedance 
(in and out) 2500 ohms for 12 kHz bandwidth and below; 
1500 ohms for 13 kHz to 29 kHz B /W; 1200 ohms for 30 kHz 
bandwidth and above. 

Following models standard at 455 kHz (A) or 500 kHz (C) 
(custom models on special order) : 

Model B/ W Model B/ W 
Number Min. @ &db M11. @ 6Ddb Number Min. @ &db M11. @ 6Ddb 

TL-205 (AJ 2 kHz 5 kHz TL- 20032 CAI 20 kHz 32 kHz 
Tl-408 (A I 4 kHz 8 kHz TL -30045 (A) 30 kHz 45 kHz 
TL -6011 ( A) 6 kHz 11 kHz TL -40055 (Al 40 kHz 55 kHz 
TL -8014 (AJ 8 kHz 14 kHz TL-45065 (Al 45 kHz 65 kHz 
TL-10016 (Al 10 kHz 16 kHz TL -50075 (CJ 50 kHz 75 kHz 
TL -16025 (Al 16 kHz 25 kHz 

PRICES : 1 - S52.50; 25 - $42.00 ea ; 100 - $36.75 ea ; 
500 - S31.50 ea; 2000 - S26.00 ea . 

(Prices subject to change without notice.) 
Send order or request for Bulletin 94017 to: Piezoelectric Div .. 
Gould Inc., 232 Forbes Rd .. Bedford. Ohio 44146, U.S.A. Or: 
Brush Clevite Company, Limited. Southampton. England . 

GOULD c LEVITE 
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A PRECISION· MINDED WORLD 
BUYS LDL's GaAs MATERIAL 
Throughout the world, our gallium arsenide is proving 

its integrity in LED and injection-diode product manufacture -
in Gunn Oscillators - and as substrate material for photolumi­
nescent displays, thin film and integrated circuits. 

This superior gallium arsenide is available to you - as 
ingots or wafers. We supply it undoped or silicon -, zinc-, tin-, 
or tellurium-doped. It is grown by the horizontal Bridgeman 
technique and characterized via Hall measurements. 

You use gallium arsenide. Why not buy the best? It's 
reasonably priced and our delivery is the quickest in the in· 
dustry. For Application Information Call (201) 549-7700 

• GaAs Bulk Crystal 
• GaAs Epitaxial Wafers 
• Single Element Laser Diodes 
• Laser Diode Arrays 
• Laser Diode Pulsers and Supplies 
• GaAs Systems 

~-~~cwK»-. 
LABO RA TORIES, INC. 

205 Forrest Street, Metuchen, New Jersey 08840 
A Subsidiary of The United Corporation 
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are 
announces a 

• 

new treat 1n 
~enera 

It's called the GP1. 
If you haven't heard the name before, it's because we haven't 
made it before. 

You see, we didn't want to make just another general 
purpose relay. We wanted to make the best. Now we have it. 

The new GP1 gives you everything standard 4 PDT, 
3 amp relays do. Plus a lot more. Contacts rated at 1/1 O 
horsepower, 240 volts AC. Opposite polarity capability. 
Largest selection of contact types. 

And you can buy it at a price competitive enough to make you 
the company hero. 

With every order of Clare General Purpose Relays, you get 
something no other company can offer. The Clare guarantee 
of outstanding service. The new GP1 . Only from Clare. 

The first of a complete line of Clare General Purpose Relays­
all fully interchangeable with existing types. 

For full information, circle Reader Service number, call your 
Clare Sales Engineer or local Clare Distributor. Or write 
C. P. Clare & Co., Chicago, Illinois 60645 ... and worldwide. 

LOOK FOR (}.E ON GENERAL PURPOSE RELAYS 

a GENERAL INSTRUMENT company 
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• Competitively Priced 
• Interchangeable with 

Existing Types 
• 4 PDT 
• 3 amps-1I10 HP Contact Rating 
• Opposite Polarity Capability 
• Designed for U/L Recognition 
• Six Contact Types 
• All Standard AC & DC 

Coil Voltages 
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u H by H. Koch & Sons 
of it, was shipped 

from Dayton, Ohio, in October, 19 , an rrived back in Dayton 
s it travelled a total of 

t including three months 
storage in Panama. (The rout sh non the map.) At the end 

of the odyssey, both the · r enls and the case were in 
per ect ndition. 

[ffi ffiJ OOJ ffi5 ~TI 
RBTIDNB 

Koefl fiberglass cases for delicate 
i · strumentation have been designed to 
withstand high impact ... to be watertight 
... to serve as an operating cabinet for 
the instruments ... to register humidity, 
temperature and pressure inside the case. 
And they do all this in handsome, durable 
fiberglass that doesn't dent, scratch or 
lose its finish because fiberglass color 
permeates throughout. 
Write today for our "H" brochure or call 
Ray DuYore about your immediate 
requirements for cases protecting valuable, 
delicate instruments. 

FIBBRGLBSS .... ( ----..)HBRDWBRB 
FROM 

H. KOCH & .SONS 
Global Systems 
A Systems Division of GULF +WESTERN INDUSTRIES 

Koch Road. Corte Madera, CA 94925 • Phone: 415/924-3510 TWX: 415/457-9131 
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The new ideas 
in op amps 

are at Burr-Brown 
NEW ELECTROMETER AMPLIFIERS 
These units have varactor inputs and offer bias currents of 
only 0.01 pAand a 10140 input impedance. Inverting models 
are available for use as current.to-voltage converters with 
such sources as flame detectors, radiation detectors and 
photomultiplier tubes. Noninverting units are offered for 
applications where high input impedance minimizes source 
loading. Prices start at $65. 

NEW LINE DRIVING & PULSE AMPLIFIERS 
Designed for maximum bandwidth (100 MHz, typ.) and slew 
rate (lOOOV I µ.sec. typ.), these devices remain stable with 
large capacitive loads (0.01 µ.F). With high output current 
(±100 mA) and low output impedance (100@ 10 MHz) 
they drive low impedance loads without degradation of 
frequency or transient response. Prices start at $59. 

NEW DIFFERENTIAL CHOPPERS 
These are the first practical op amps with both differential 
input and chopper stabilization. They bring ultra-low drift 

(as low as 0.2µ. V / °C) and long term stability to noninvert· 
ing and differential circuits. They also offer high CMR and 
high common mode input impedance. Prices start at $70. 

NEW LOW COST, FAST SETTLING AMPLIFIERS 
Here are wideband, FET amplifiers that deliver fast settling 
times under realistic circuit conditions. They are stable 
with capacitive loads up to lOOOpF, require no external 
compensation, and settle to 0.01 % of final value within 
1 µ.sec ... in both inverting and non inverting modes. Prices 
are as low as $28.00 in 100 quantity. 

NEW LOW COST CHOPPERS 
Three new units that offer excellent performance at unheard 
of prices. They offer the lowest drift, lowest noise, lowest 
profile and lowest prices available today in choppers. Priced 
from only $36.50 in 100 quantity. 

FOR COMPLETE INFORMATION 
contact your Burr· Brown Engineering Representative or use 
this publication reader service card. 

BURR-BROWN 
BB 

Operational Amplifiers 
Instrumentation Amplifiers 
Active Filters RESEARCH CORPORATION 

International A i rport Industrial Park• Tucson. Arizona 85706 

TELEPHONE : 602 -294 -1431 •TWX · 910-952 -1111 •CABLE · BBRCORP 

Multiplier/ Dividers 
A/ D·D I A Converters 
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CEI has it. 
RF TRANSISTORS 

CEI has it. 

CEI has it. 
GUNN DIODES 

CEI has it. 
MAGNETRONS 

Calvert products: 
Klystrons, Magnetrons, Gas Flash Tubes, 

Semiconductors, Thyratrons, RF Transistors, 
Gunn Diodes, SCR 's 

Write. 
Calvert Electronics International, Inc. 
220 E. 23rd St., New York, N.Y. 10010 

ED-3 

D Please send me your catalog. 
D Please send information on (product) ___ _ 

Name _______________ Title, ____ _ 

Company TeJ ____ _ 

Address--------------------

City - State Zip, ___ _ 

L-------------------------western Div.: 871 E. Hamilton Ave . Campbell, Calif. 95008 

---------------------------------------
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COMPONENTS 

YOKES 

CELCO Deflection Yokes 
offer the most in resolut ion, 
speed and sensitivity along 
with low residual and low 
LI>. Distortion-free magnetic 
fields minimize spot growth 
from the center to the edge 
of the' CRT. 

DEFLECTION AMPLIFIERS 

( 

CELCO Deflection Amplifiers 
assure fast and accurate 
deflection of the electron 
beam in CRT or Storage 
Tube Displays. These al 1-
silicon units, working at 
up to 120 V p-p can provide 
as much as 16 A P·P of 
output current. Features 
include wide bandwidth 
with excellent linearity and 
transient response. 

Plug-in cards include gener­
ators for dynamic focussing, 
correction circuits for line­
arity, regulators for static 
focussing and centering, 
and ampl ifiers for blanking, 
video, dynamic focussing 
and deflection. 

COIL POSITIONERS 

DISPLAY SYSTEMS 

CELCO Precision Display 
Systems are completely self. 
contained X·Y monitors with 
wide bandwidth to LO MHz 
linearity to 0.1 % and fasi 
slew rates. These flexible 

Low cost Ceil and Tube 
positioners provide six in­
dependent degrees of free­
dom for yoke , fo c us, 
centering and alignment 
coils without jump or back­
lash. Tubes , such as CRTs , 
Scan Converters, Storage 
Tubes and Image Intensi­
fiers, are firmly held and 
may be dismounted without 
removing the coil assem-
blie s. 

systems are ideal for flying 
spot scanners, film and hard 
copy printers and recorders 
and most other applications 
where a high resolution 
light sou rce is required . 

Con~lanlin• 
Gngin.-ring 

Mahwah, N. J. 

201 -327-1123 

of aboralori•~ 
Campan'I 

Upland, Col . 
71~·982 -0215 
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World's most powerful 
electronic calculator 
... awaits your orders 

WANG 700A 

The 700A is in production. 

It's available to solve a complex scientific , engineering, statistical, 
or financial problem instantly, whenever you need it. The 700A 

can execute 960 core stored program steps and manipulate data 

in 120 registers. It performs + and - functions in 300 microseconds, 
X and -7· in 3 to 5 milliseconds, Log. X and e' in 17 to 35 milliseconds and trig 
functions in 250 milliseconds. And it also loops, branches , does subroutines 

and makes dec isions. These are some of the reasons that have created the 

unprecedented demand for the Wang 700A. And why we're increasing production 
to make it available sooner to more people. Of course, first come ; first served. 

Made in America tor the World of Numbers 

- -- - - - - - - - ------ - --- ·----- - --- - I 

~WANG 
L ABORATOR IES, INC. Dept 4CB, 836 North St .. Tewksbu ry, Mass . 0 1876 Tel : (617)85 1·7311 

D Please send information on Wang 700A programmable calculator. 
NAME _____________________ TITLE ______ _ 

ORGANIZATION ___________________ _______ _ 

ADDRESS _____ _______________________ _ 

CITY _______________ STATE ________ J.IP _ __ _ 



58 

The more complex 
products become ... 
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The more engineers 
needtoknow 
A TECHNOLOGICAL EXPLOSION has already oc­
curred in the electronics · industry. The pace is 
rapid ... complexity is the norm. Holography, for 
example, envisions an optical computer memory 
with storage of 100 million bits per square inch! 
With the growing complexity of electronic devices, 
the industry-and your market-becomes increas­
ingly engineer-dependent. Maxim: The more com­
plex the product or system, the more OEM buying 
power is placed in the hands of engineers and en­
gineering managers-the men who specify. Your 
market is not fragmented . . . it is concentrated! 

THE RACE TO KEEP UP TO 
DATE With complexity, has 
come the growing need for 
engineers to keep themselves 
informed . .. up to date. In this 
industry, products or systems 
become obsolete , literally, 
overnight. Even a few months 
in the field can put an engineer 
out of touch with the technol­
ogy. Technical magazines con­
tinue to be the engineer's num­
ber one information source. 
And, among these publica­
tions, Electronic Design is by 
far the number one choice of 
engineers and engineering 
managers. 

NEW INFORMATION LENDS 
PROOF A new (1969) study to 
determine how the electronics 
industry buys has been con­
ducted by Dr. James J. Mullen, 
President, University Research 
Associates. The study ex­
amined buying practices for 25 
product categories in 87 rep­
resentative plants. Engineers 

System designers face a decision. 
If a computer fi ts on a few LSI 
chips, should the system people 
design the chips or should the 
semiconductor people design the 

and engineering managers stand out clearly as the 
men who "select and specify brand." These men 
select 84.2% of the power supplies ; 80.2% of the 
capacitors ; 84.9% of the integrated circuits! En­
gineers and engineering managers are your primary 
prospects-the men whose job function is to ex­
amine, specify, authorize purchase, or in many 
cases, purchase directly from your advertising. In 
fact, studies show that in a large percentage of 
cases, advertising alone produces the sales. 

ELioCTRON IC D r.S IGN 8. Ao ril 12, 1970 

ELECTRONIC DESIGN DELIVERS THE MARKET 
Of the three leading publications, Electronic Design 
provides by far the greatest number of prime speci­
fiers in the EOEM! Only Electronic Design concen­
trates its circulation exclusively on this key audi­
ence. Primary circulation of 100% engineers and 
engineering managers now exceeds 72,515 (Decem­
ber 1969-up more than 2,000 from June). From an 
estimated total engineering universe of 275,000, 
Electronic Design's total readership projects to 
more than 261 ,000. Right away, Electronic Design 
brings you the biggest slice of the market! 

system? How can the two groups, 
working in separate companies, 
interface effectively? And what 
about wafer processmg? To see 
what the experts say, turn to p. xx. 

THE FIRST TEST OF A MAG­
AZINE IS READERSHIP Cir­
culation doesn't buy, readers 
buy. Electronic Design delivers 
the greatest engineering read­
ership of any magazine in this 
field. Examine your own EOEM 
customer and prospect list. 
Chances are, you will find that 
it is mostly engineers and 
engineering managers. Nine 
times out of ten , these pros­
pects rank the broad , industry­
wide publications low in read­
ership, while Electronic De­
sign shows up on the top of 
the list . Electronic Design 
places " first in readership" in 
over 90% of all independent 
studies conducted by manu­
facturers in this market. Why? 
Because Electronic Design's 
application-oriented editorial 
offers more technical material 
of immediate use to the work­
ing engineer ... up-to-date 
data that can be applied to to-
day's complex problems. 

ACCELERATE SPECIFICATION/PURCHASE When 
you put Electronic Design first on your advertising 
schedule, when you concentrate, your marketing 
program achieves the greatest base of engineering 
readership obtainable in this industry. If your ad­
vertising gives Electronic Design's engineer-read­
ers the information they need-the facts and data 
about your products-specification can zoom up­
ward on a mass scale. In the EOEM, marketing 
begins with Design. 

Electronic Design 
For Engineers and Engineering Managers 
A HAYDEN PUBLICATION 
850 THIRD AVENUE, NEW YORK 10022 • 212-751 -5530 
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EVEN 
SQUINTING 
WON'T 
HELP. 
No use, fellas. You need a 
microscope to see the world's most 
densely packed LSI circuit. 

That's what Electronic Arrays has 
done this time. 

4692 transistors (4096 bits of 
memory) on a single 88 x 94 mil chip. 

Since that kind of density is 
not available elsewhere, may we 
take this hallowed moment to 
proudly proclaim our EA 3300 (a 512 
word, 8 bit/word ROM) the 
champion of the LSI world. 

We didn't, however, design the 
EA 3300 this way just to show off. 

EA 3300 has the most functional 
complexity of any product available 
today in a 24 pin package. 

That reduces cost. 

A smaller die further reduces 
costs by giving you higher 
yields and greater product 
performance and reliability. 

Our entire line of Registers, 
ROM's, Read/Write RAM 's and Logic 
circuits is made in production 
quantities with the same 
close-tolerance MOS technology as 
the EA 3300. 

And all products are available 
immediately from 24 distributors 
nationwide, and 6 international 
distributors. 

To see is to believe. Do both 
by addressing your purchase orders 
to your nearest EA distributor 
or to Electronic Arrays, Inc., 501 Ellis 
Street, Mountain View, California 
94040. (415) 964-4321. 

rni1 
e1ec1ron1c 
1rrars. Inc. 
Proven MOS products delivered In volume. 

Forms for your specialized bit patterns 
are available from any of our 
representative offices or directly from 
the factory. The EA 3307, which 
is an EA 3300 already programmed to 
be an EBCDIC to ASCII and 
ASCII to EBCDIC code converter, is 
available from distributor and factory 
stock. Features include two 
output inhibit controls that give 1024 
4/bit words; nine input addresses; 
all decoding on the chip; power 
requirements less than 100 milliwatts; 
synchronous 2-phase clock, 24 pin 
hermetic dual-in-line package. 
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EDITORIAL 

Engineers' problems 
are also industry's problems 

F rom all indicat ions, at least through the first quarter, it looks 
as though 1970 will be a sober ing year for the electronics indus­
try. Headlines such as "Little Growth E xpected in Electronics 
Industry," "Defense Cuts Resulting in J ob Cuts" and "Outlook 
Dim For New E E Grads" are far from uncommon. There will be 
a few bright spots, of course, but the over-all t rend is t o lower 
sales and profits. 

To many it was obvious that the rapid growth of t he sixties, 
spurred by military and NASA spending and a tolerable inflation­
ary level, could not be sustained indefinitely. But this is little 
consolation to those ultimately affected. 

To design engineers, the effects of such a "down" year can take 
many forms: salary freezes, travel curtailment, purchase limita­
tions and, most extreme of all-job layoffs. It is safe to say that 
before the year is out headaches, heartaches and frustration will 
move into many engineering departments throughout t he indust ry 
and that, as a nat ural corollary, more engineers will leave t heir 
chosen field and seek both economic and personal rewards 
elsewhere. 

In the face of this sit uation it is a shame that some in the 
industry, believing they are unaffected by it all , appear to feel 
smugly superior to those who are hurt by the economic squeeze. 
With no prodding whatsoever, they will detail the r oot causes and 
surefire remedies for all engineers' problems. And they do this, 
from their "objective" standpoint, without regard to the per sonal 
upheavals their solut ions require. 

Such people would do well to remember that the vitality of 
the electronics industry is equal to t he sum of its individual parts 
- and these parts are mainly people, many of them engineers. 
E very time an engineer leaves the indust ry, whether for economic 
or other reasons, the indust ry is the worse for it. The situation, 
we feel, is akin, although on a more limited scale, to J ohn Donne's 
famou s lines : 

No man is an island, entire of itself ; 
every man is a piece of the continent, 
a part of the main ; . .. . 
and there fore never send to know for whom the bell tolls ; 
it tolls for thee. 

FRANK E GAN 
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Cable TV: Slumbering 
electronic giant­

A multibillion industry? 

What started out as a way of transmitting 
quality television signals to selected, out-of-the­
way areas-CATV-now looms as a potentially 
giant industry: broadband communications. 

Community Antenna Television-also known 
as cable TV-will, in perhaps two or three 
years, begin growing into a new multibillion­
dollar medium that will profoundly affect the 
life style of nearly every American, some manu­
facturers believe. 

Others in the business are not so sure. They 
agree that there's considerable talk about the 
potential of broadband communications. But it 
takes action to make such dreams come true. 
And right now, the pessimists say, there's little 
action-no new hardware for broadband com­
munications, no legislative approvals, no agree­
ment on standards. 

These views of an industry in which some of 
the more glowing optimists see themselves as 
new "AT&Ts" have emerged from a coast-to­
coast ELECTRONIC DESIGN survey of cable TV. 
The investigation included interviews with man­
ufacturers of equipment and representatives of 
service organization, as well as talks with of­
ficials of the Federal Communications Commis­
sion in Washington. 

Some of the services that are being considered 
for sale to American homes over a two-way 
cable system-a system in which there could be 
transmission in either direction-include these: 

• Burglar and fire-alarm systems. 
• Remote utility meter reading. 
• Preference polling. 
• Home merchandising. 
• Teaching machines. 
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David Kaye, West Coast Editor 

• Facsimile reception of mail, newspapers, and 
library information. 

Estimates of the market potential merely for 
manufacturers of hardware and cable, without 
including subscriber sales by system operators, 
run to between $900-million and $1.4-billion over 
the next five years, a sampling of opinion by 
ELECTRONIC DESIGN shows. 

It is estimated that by 1974 there will be be­
tween 300,000 and 350,000 miles of cable in 
place in the United States. It is further estimated 
that by 197 4 between 20 % and 25 % of the 65 
million homes with TV (57 million have sets to­
day) will be tied into a cable system. In 1974 
close to 70 % of the sets in use should be color, 
manufacturers say, as against about 40 % now. 

Sol Schildhause, director of the FCC's Cable 
Television Bureau in Washington, says: "Cable 
TV is firmly an important part of our national 
communications structure." 

George W. Green, group vice president of 
Vikoa, Inc., a CATV system operator and big 
manufacturer of equipment in Hoboken, N.J., 
puts it this way: "The industry has grown be­
yond the point where bringing in 'I Love Lucy' 
is the most important thing. The great future is 
in two-way communications services to the home 
along a coaxial cable system." 

Irving Kahn, president of Teleprompter Corp. 
in New York, says: "We consider the growth of 
cable TV to be much more in the area of broad­
band communications than in the area we are 
now involved in. Our corporate policy is now to 
get away from the words CATV, cable TV and 
even from c2.ble. For example, we're now allowed 
to use such things as the AML [amplitude modu-
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Cable systems will spread to 100 of the largest TV markets. 

lated microwave link] developed by Hughes Air­
craft Co." 

First systems for TV only 

In the early days of Community Antenna Tele­
vision (the first system in the United States was 
founded in Lansford, Pa., in 1949) the procedure 
called for a large antenna tower to be built either 
on top of a mountain or in some other good re­
ception area. The TV signals picked up at the 
tower were cleaned up, amplified and sent from 
the head-end along a system of coaxial cables to 
all homes that were subscribing to the service. 
This service was eagerly sought in areas where 
the TV reception was either very poor or non­
existent. The head-end is the central distribu­
tion point where the signals are received, proc­
essed and sent on to the homes in the system. 

But as CATV grew, the industry quickly re­
alized that to expand into a position of real im­
portance, it would have to provide services for 
areas blessed with good TV reception. The first 
attempts at additional services included such 
things as bringing in distant stations that were 
out of the range of the normal TV antenna, pro­
viding channels for the stock-market ticker and 
for continuous time and weather information, 
and offering programs originated by the cable 
system itself. 

It is not commonly believed in the industry 
that cable will supplant broadcasting, but that 
the two mediums will complement each other. 

"Whereas broadcasting can reach great num­
bers of people from a single source," says Na­
thaniel E. Feldman, consultant on engineering 
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sciences for the Rand Corp. in Santa Monica, 
Calif., "narrow-casting along a cable system al­
lows you to control your broadcasting to a very 
specialized and limited audience and to cater to 
their local needs." 

It is the ability of a cable system to provide 
not only narrow-casting but also narrow-gather­
ing (transmitting of information from a limited 
number of sources to one central point) that 
gives it the big potential for expansion. 

Due to the limitation of the electromagnetic 
spectrum, only a sma)l number of broadcast fre­
quency bands are available for public use. Even 
though the uhf spectrum has been opened for 
public use, technical difficulties-such as the 
necessity for rather large guard bands around 
each channel-have precluded the widespread use 
of uhf. No city at present is using more than six 
uhf channels. Therefore the maximum number 
of channels in use for sending TV is 13 (seven 
vhf and six uhf). 

Because of the very wide frequency spectrum 
that a coaxial cable can carry, a large number 
of channels can be carried by a single cable. 
Even with present cable systems, in which the 
amplifiers are good only up to about 265 MHz, 
35 to 40 6-MHz television channels could be car­
ried comfortably. The most capability that any 
present cable system is offering is 21 chanpels. 

Since so much information can be carried in a 
narrow-casting mode, considerable specialized 
programming can be sent to a given area with­
out infringing on widely used spectrum space. 

In the narrow-gathering mode, services can be 
offered that require transmission back from the 
home to some central location. Today's cable dis-
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SINGLE CHANNEL 
PER ANTENNA 

CHANNEL 
SELECTOR 

CONVERTER 

7-13MHz 

DISCRETE CHANNEL 
REPEATER AMPLIFIERS 
l5-20MH1) 

75A COAXIAL 
DROP CABLE 

CLEAR 
VHF 

CHANNEL 

1. In the Discade system each channel is carried on a 
separate cable at reduced frequency, 

tribution systems can be used only for transmis­
sion in one direction. The reason for this is that 
the amplifiers are unidirectional. Three basic 
techniques are being considered for converting 
cable systems to two-way transmission. 

The simplest is merely to run a separate cable 
with amplifiers in the reverse direction. But if 
this were done for every home in the system, it 
would be extremely costly. However, in the case 
of a program originating from the cable studio, 
E. G. Gramman, president of Dynair Electronics, 
Inc. ,in San Diego, points out: 

"It will probably be cheaper to string an extra 
cable to get from the studio to the head-end. It 
would be desirable to transmit from the studio 
at a sub-channel frequency of about 30 MHz and 

64 

then convert to a higher frequency at the head­
end for normal distribution." 

A second approach that is being tried in Daly 
City, Calif., is called Discade. Developed by Ame­
cci Corp. of Phoenix, this system carries every 
channel on a separate cable at a reduced fre­
quency (Fig. 1). By means of directional -cou­
plers, each channel is sent to an area distribution 
center. Each center serves 24 TV receivers. From 
the area distribution center, there is only one 
cable going to each home receiver through a 
channel selector converter, which sits on top of 
the TV set in the home. By running the channel 
selector converter the subscriber instructs the 
area distribution center to switch the appropri­
ate channel onto the drop cable to the home. 

For information in the reverse direction, the 
Discade system would have one or more cables 
assigned for amplification back to the head-end. 
One position on the home converter would be as­
signed to reverse transmission. When that posi­
tion was indicated, the area distribution center 
would switch the signal to a reverse cable. 

The main advantage of Discade is that trans­
mission along the main distribution lines is at a 
lower frequency-between 5 and 20 MHz-and 
therefore can be transmitted with lower loss 
through the cables. Since there is less cable loss 
at the lower frequency, fewer amplifiers are 
needed than in more conventional systems. On 
the other hand, many more cables must be strung 
along the system. In addition area distribution 
centers must be used for every 24 sets. And final­
ly, it seems a shame not to use all of the spec­
trum that a single cable is capable of carrying; 
it seems wasteful to take a cable that can carry 
dozens of channels and restrict it to just one. 
One of the great promises of cable is that ulti­
mately it will allow transmission of dozens of 
channels, yet it does not appear to be practical 
to consider running dozens of cables in a future 
Discade system. More will be known about the 
capabilities of this type of system by the end 
of the year, when the Daly City experiment will 
have reaped some results. 

The technique that got the consensus vote 
among specialists interviewed by ELECTRONIC 
DESIGN is one that Michael J. Rodriquez, director 
of engineering at Vikoa, calls "frequency divi­
sion multiplexing." With this scheme it is pos­
sible to bypass every unidirectional amplifier for 
reverse transmission. That is all that is neces­
sary, since every other component of a conven­
tional cable systems is bidirectional (Fig. 2). 

A complementary filter pair is placed both in 
front of and behind each amplifier. The filter · 
pair consist of a high-pass and low-pass filter, 
with a minimum guard band between them that 
splits the incoming spectrum - frequencies into 
a high band and a low band. The complementary 
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2. Frequency division multiplexing is one scheme 
for bypassing the forward amplifiers. 

filter pair is reciprocal and therefore acts as a 
combiner as well as a splitter. The high-band port 
of each filter is connected to the forward ampli­
fier. The low-band ports can be connected to­
gether-with a straight run of cable-as a low­
frequency bypass, or a reverse direction ampli­
fier can be inserted. Sfoce there is less loss at 
lower frequencies in the reverse direction, fewer 
amplifiers are needed. 

According to Gaylord G. Rogeness, director of 
engineering for Anaconda Electronics of Orange, 
Calif., a manufacturer of cable TV equipment: 
"For the return-path, low-frequency amplifiers, 
you -may be able to run 30 to 34 dB of gain, since 
you would need fewer amplifiers than in the for­
ward direction. This would allow us to run one 
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low-frequency amplifier for every four high­
frequency amplifiers. In the forward direction 
22 dB of gain works out to give minimum dis­
tortion and maximum signal-to-noise ratio." 

Cable goes microwave 

Until Oct. 27, 1969 cable systems could not use 
microwave links as part of their systems. On that 
day the FCC revised its rules and allowed cer­
tain types of microwave links to be included in 
cable systems. The major specifications were 
that the frequency range be 12.7 to 12.95 GHz 
and radiated power from the antennas no more 
than 5 W. 

Pioneering work on cable microwave links was 
done as a joint venture of Hughes Aircraft Co. 
of Culver City, Calif., and Teleprompter Corp . 
This was a likely combination, since Hughes 
owns about 15% of Teleprompter. The first sys­
tem built was designed to operate in the 17.7-
to-19.3 GHz frequency range. The link utilized 
single-sideband, suppressed carrier amplitude 
modulation and had a capacity of simultaneous 
transmission of 12 vhf TV channels and the en­
tire fm band. This system was built prior to the 
FCC approval, and the demonstration of its capa­
bilities was instrumental in the FCC's decision 
to allow microwave links. But Hughes guessed 
wrong, and the 12 GHz band was selected in­
stead of the higher band. 

According to Nicholas A Begovich, vice presi­
dent of Hughes: 

"We are working on the development of a 12-
GHz AML right now. We're looking into solid­
state oscillators for our transmitters. The 18-
GHz system used TWTs. TWTs, or even kly­
strons and their associated power supplies, are 
far more expensive and less reliable than solid­
state units. However, we haven't made a decision 
as of yet. The longest links that we are planning 
on are about 20 miles. 

"The biggest problems that we face in build­
ing equipment for a cable system are inter­
modulation and cross-modulation distortion. Ac­
tually one of the main reasons that we chose AM 
rather than fm was because of the increased 
distortion added by converting from AM to FM 
and back again." 

Microwave links so far developed allow trans­
mission only in one direction. Return links for 
two-way service are to be developed in the fu­
ture. 

Problems of distortion have even got the com­
munication satellite people concerned. At Com­
sat in Washington, D.C., work is being pressed 
on a digital color television system. Dr. Joseph 
V. Charyk, president of Oomsat, says: 

"We are developing in our laboratory a digital 
communications system for color television, of-
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Cable companies hope to bring in distant signals with 
major tower installations such as this. 
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The 'bird in the hand' 
appeals to cable TV 

While interest in the broadband communica­
tion potential of cable TV is high, the industry 
appears more concerned at the moment with an 
immediate source of expanded revenue: putting 
distant commercial television programs into the 
top 100 markets in the country. 

Cable TV is being sold today mainly to people 
who are having trouble getting good reception 
in an area. Subscribers get the same commercial 
stations that nonsubscribers in the locality get 
and sometimes an extra: an occasional program 
originated by the cable company. If cable TV 
could offer its subscribers a wide choice of na­
tionwide commercial programs that could not be 
received with normal home-TV antennas, many 
nonsubscribers mi ght sign up for the service. 

The Federal Communications Commission has 
proposed, however, that cable-TV systems not 
be permitted lo retransmit the programs of sta­
t ions outs ide their local areas unless the distant 
stations give their consent for each of the pro­
grams. The CATV industry considers this im­
practical. 

A U.S. Senate bill, S543, would lift the re­
striction by providing for copyright payments 
fo r distant signals, but it would also impose 
limits on the number of programs that could be 
retransmitted. 

fering the possibility of transmitting via satel­
lite two television channels with the bandwidth 
and power which otherwise would be used to 
transmit one signal using a conventional FM 
channel. Digital television systems will be more 
resistant to interference and distortion." 

At present there is sometimes more concern in 
the industry over what two-way services to the 
home will be practicable than over the ability to 
solve the mechanics of the systems. There are 
those who feel, for example, that remote meter 
reading will be the first service to become eco­
nomically feasible. It is argued that it is far 
easier to sell a service to a limited number of 
utility companies than to thousands of sub-· 
scribers. In addition much of the necessary 
equipment to do the job already exists. Such 
companies as McGraw-Edison in Milwaukee and 
Badger Meter Co. in Seattle are working on de­
vices that would be attached to standard electric, 
gas or water meters. They would use shaft en­
coders to translate the position of the dials into 
digital signals, which could be transmitted down 
the cable to a central computer. McGraw-Edison 
is also pursuing a program in conjunction with 
Bell Telephone Laboratories of Holmdel, N. J., 
to use the telephone lines as a transmission me­
dium for remote meter reading. 

A major advantage of using cable for trans­
mission, rather than twisted pair, is that each 
meter can be read far more rapidly with the ad­
ditional bandwidth. This would allow the utilities 
to read each meter every few minutes and do 
demand analysis. Demand analysis could ulti­
mately allow the utilities to improve their effi­
ciency, resulting in savings that might be passed 
on to consumers. 

Archer Taylor, vice president of Malarkey, 
Taylor & Associates, consultants to the TV cable 
industry in Washington, D.C., says: 

"The feasibility of automated meter reading 
lies in being able to feed the data directly into a 
computer, taking the human hands out of it. 
Meters would be automatically read, automati­
cally billed and the bills automatically sent out, 
processed and even the accounts receivable taken 
care of. Then all they have to do is send a man 
out to turn off the service when the bill isn't 
paid. 

"It looks to me like remote meter reading is the 
ripest service. It will likely come first." 

On the other side, though, there are those in 
the industry who contend that remote meter 
reading will never catch on because, to make it 
practical, every house must be wired into the 
system. The pessimists do not foresee that condi­
tion ever existing. 

Others argue that every house could be con­
nected up routinely when the trunk lines are 
put in. It is felt that this would be cheaper than 
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Local origination of specialized programming is expected 
to contribute to the rapid growth of cable TV. Origina-

sending out a crew every time a new subscriber 
signed up. All that would be required would be 
some way to keep the nonsubscribers from using 
the cable. There is also a legal point to be cleared 
up as to whether a cable can cross a person's 
property without the person's permission. 

One of the stronger arguments against remote 
meter reading is put forth by Dieter Lohr, senior 
research engineer at Stanford Research Institute, 
Menlo Park, Calif_ 

"I have my doubts about remote meter read­
ing," he says. "Since it only costs the utilities 
about $6 a year to read a meter and bill the per­
son, it would be hard to effect much of a savings. 
The gadget itself would have to cost under $30, 
if it were amortized over five years, in order to 
be practical. After you add in the political prob­
lems generated by the meter readers' union and 
figure at least one service call a year for the de­
vice, I am not too enthusiastic about this pros­
pect." 

Taking a step out of character for a cable­
industry member, James R. Palmer, president of 
C-COR Electronics, Inc., State College, Pa., says: 
"I feel that remote meter reading will be better 
handled by a two-wire system." 

Rogeness of Anaconda Electronics feels that 
the first practicable services over two-way cable 
will be remote sensing by burglar and fire 
alarms. Alarm-sensing systems that would be 
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tion equipment available from Telenetics Inc. sells for 
less than $10,000. 

compatible with cable already exist. Actually any 
system that merely closes or opens a switch of 
same kind would be acceptable. The problem is : 
What is the best way to get the information back 
to a central location? 

As for preference-polling services, these could 
take several forms. One requires that the person 
in the home push a button, turn a dial or flick a 
switch to respond to a question posed from the 
outside. Another provides for automatic response 
when the home is interrogated by a distant de­
vice. Applications using the first method include: 
response to survey questions, use of the TV as a 
teaching machine, use of the TV as a time-shared 
computer terminal, home merchandising and 
audience reaction to programs or commerciahi. 
The primary application of the second method 
would be to determine automatically which chan­
nel a TV set was tuned to at any given time­
information that is useful in program evaluation 
and market research. 

Opinion is fairly uniform in the cable industry 
that preference polling will be one of the first 
two-way services to be offered. It is so easy to 
do that even the most cynical in the industry feel 
that as soon as a black box that can process the 
information and send it back to a central location 
is fully developed, preference polling will have 
arrived. 

The technology required for a manual response 
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3. Mostek technique for connecting a standard keyboard 
to a TV set. An MOS 2240-bit, read-only memory func-

in preference polling involves, in its simplest 
form, some kind of switch and, in more elaborate 
form, a keyboard. The switch is easy to design. 
:What is required for a keyboard? 

If the response is to be displayed on the TV 
screen, the primary need is for a TV-compatible 
character generator. Such a device exists today. 
Mostek in Dallas, Tex., makes a 2240-bit, read­
only memory that was designed to generate a 
5 x 7 dot matrix for character font presenta­
tion on TV monitors. This MOS integrated cir­
cuit generates the 5 x 7 dot matrix one row at a 
time. A given row is selected for the duration 
of one horizontal sweep of the raster. The access 
time for one line of one character is 800 nano­
seconds. One row of 80 characters in a horizontal 
line can be displayed in 64 microseconds (Fig. 
3). 

Computer Communications, Inc., of Inglewood, 
Calif., has on the market a terminal for remote 
time-sharing of a computer that utilizes a stand­
ard Sony TV set and a character-generation 
scheme. James D. Johnson, vice president of the 
company's Laboratories Div., says: 

"CCI is going to come out with a very-low-cost, 
broadcast-oriented character generator for the 
cable TV industry and the broadcast industry. It 
will utilize MOS technology." 

Subscription Television, Inc. of South Pasa­
'dena,Calif. , is the first company to demonstrate 
publicly a system that employs manual response 
to preference polling. According to Edward Har­
mon, assistant to the company's president: 

"In addition to preference polling and burglar 
and fire-alarm systems, we will be offering a 
home merchandising service. We are able to get 
a moving white spot on the television receiver. 
We do it at rf levels without having to go into 
the set. As part of the black box, you have an X 
and a Y switch, which can put this spot into any 
one of 16 positions on the screen. At that time 
you will hit one command button, and then your 
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tions as a TV-compatible fun ction generator. It gen· 
j:lrates a 5 x 7 dot matrix for TV monitors. 

name, address and the coordinates of that white 
spot are sent back to the computer. The computer 
then takes those coordinates and relates them to 
ilome time spot and identifies the object. There 
are two buttons. One starts the merchandising 
operation, and one activates the 'buy' operation. 

"This moving-dot scheme also lends itself 
to educational applications. We can have a two­
way flow of information between an instructor 
and a student. We really don't care what the 
video information is. It can be a question with a 
bunch of multiple answers or a yes-no type of 
question." 

Home merchandising as a type of manual re­
sponse preference polling is also being looked 
into at Stanford Research Institute. According 
to Lohr: "Our research people have developed a 
'mouse.' It is a little gadget which you roll on 
the table. If you roll it to the right, a pointer on 
the screen goes to the right, if you roll it to the 
top, the pointer goes to the top. This can be used 
for home merchandising." 

Technology for automatic response to prefer­
ence polling requires some means for detecting 
which channel the set is tuned to and getting 
that information to the black box for transmis­
sion back down the line. One method requires 
connecting a mechanical device to the set's tuner, 
and another requires detection of a signal ema­
nating from the set itself. 

Donald E. Haselwood, chief engineer for A. C. 
Nielson Corp. of Chicago, says: "We have a 
switch on the tuner which has 13 contacts and 
a common wiper. Each position results in a code 
that indicates the channel which the set is tuned 
to. We believe that a shaft-encoding switch is 
the cheapest and most reliable method of deter­
mining which channel the set is tuned to.'' 

William Bresnan, president of H & B Ameri­
can Cablevision, Inc., in Los Angeles, reports: 
"We have developed a technique for determining 
which programs the sets on our cable systems 
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Remote console made by Computer Communications, Inc., shows that the present 
TV s~t can be used as a computer terminal. 

are tuned to. We sense the front-end oscillator 
signal, which is radiated by the tuner. That sends 
a signal back out our drop line from the house. 
Normally it is blocked by our directional coupler, 
to keep it out of the main line. However, we de­
tect the signal at that point and use it to modu­
late a low-frequency signal, which is sent back­
wards down the line. Each device is coded so that 
the readout device knows which home the signal 
is from. We have a location number for each 
home. The location number, time and channel 
are printed out at our readout device. 

Nielson doesn't like that approach, Haselwood 
says. "The problem with detecting local oscillator 
leakage," he explains, "is that it varies widely 
from set to set. In addition the set manufacturers 
are constantly working to reduce LO leakage. 
Another problem is that the harmonics of your 
oscillator in the lower band may appear as valid 
stations in your upper band. By the same token, 
a very strong FM station may fall around where 
some of these LO signals may be." 

Facsimile services for the home 

Since a two-way broadband link to the home 
would allow rapid flow of data along its lines, 
it has been proposed that first-class mail, news­
papers, educational materials and computer 
printout could be transmitted to and from the 
home via facsimile. The present state of the art 
precludes the thought of transmission from the 
home. However, with an economic breakthrough, 
it doesn't seem too far out to consider limited 
transmission to the home with hard-copy print­
out. 

Green of Vikoa sees facsimile services as a big 
growth area. Lohr of Stanford Research Insti­
tute is skeptical. "If you can generate paper out 
of the air and then let it evaporate when you 
don't want it any more, then you've got a great 
prospect for facsimile," Lohr says. 
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Photophysics Data Systems in Mountain View, 
Calif., believes that the breakthrough in fac­
simile has already come. "Our customer will be 
the cable company," says Floyd Nordin, vice 
president. "We have an inexpensive, simple copy­
ing machine which will make a copy in two sec­
onds off a cathode-ray tube." 

One limitation that Nordin points out is this: 
"If a camera just aimed at a picture and trans­
mitted it, the resolution probably would not be 
sufficient to give good hard copy at the other 
end. I see this as more of a message medium 
than as a picture medium. However, for printed 
hard copy, it is practical right now." 

Some in the industry feel that the useful fac­
simile service will be one in which the viewer 
can skim the copy and print only what he desires. 
Along these lines, Kahn of Teleprompter tells of 
a device that his company is looking into. "I'd 
like to be able to put a full color page in every 
home on some material, which could be projected 
and then later made into hard copy," he says. 

Hubert J. Schlafly, senior vice president of 
Teleprompter, adds: "What we would really like 
is a frame grabber. You can code the frames dis­
played on a normal TV, so that you can identify 
and capture that frame, store it and then look 
at it as long as you wish electronically . . If you 
wiiilh to have hard copy of that frame, you 
puih a button and out would come hard copy." 

Most of those interviewed felt that facsimile 
was quite far off and that first-class mail de­
livery by facsimile might never come. However, 
Dr. Leland L. Johnson, senior staff economist at 
Rand Corp., sees some limited use here. "By 
1980," he says, "we might very well have fac­
simile mail delivery from post office to post of­
fice-but from this point on, normal delivery to 
the home." 

Just how rapidly the market can expand for 
any of the new services depends to a great ex­
tent on how rapidly equipment is developed to 
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fill broadband communications needs. Bresnan 
of H & B American Cablevision-the largest 
cable system operator at present-notes: 

"All of the proposed two-way services will be 
great. However, few people are currently work­
ing on devices to accomplish these feats." 

Feldman of Rand Corp. is even more cautious: 
"My guess is that cable television will probably 

have a significant growth in the next decade, 
but probably one which is going to be very dis­
appointing to those who think it is going to revo­
lutionize communications. It is simply because 
I think that the legislative framework and the 
standardization that is required within the in­
dustry are just not going to take place at this 

time. Basically, we are just going to see a some­
what greater penetration into the city areas. 

"The biggest problem is that it takes a lot of 
capital and it is essentially a risky market. The 
cable systems have to compete for the consumers 
dollar against a lot of other things at a time 
when people are finding their purchasing power 
eroded. They are competing against off-the-air 
television which for many people is seemingly 
adequate. In order to speed things up, they must 
offer something that is better or different. My 
own feeling is that these other services are going 
to take a long time to develop." 

For the most part, today's cable TV equipment 
is quite primitive, compared with what aerospace 

Cable TV networks envisioned via satellite 

70 

When cable systems grow to the point that 
more than 50 % of the TV homes in the 
country are tied into them, it will become prac­
tical to start linking cable systems into net­
works. Dr. Leland J. Johnson, senior staff econ­
omist with Rand Corp., says: 

"By 1980 I believe that we'll see a good deal 
of interconnection of cable systems." 

By far the cheapest and most effective scheme 
is to use communication satellites. According to 
Nathaniel E. Feldman, consultant on engineer­
ing sciences, at Rand: 

"If satellite systems looked good for inter­
connecting 600 or so broadcast stations, what 
happens when you have thousands of cable 
head-ends? How much more inefficient must it 
be to do it by microwaves, waveguides, laser 
links or anything else, when you have to build 
a whole network, versus, in a sense, going from 
one satellite system directly down to pinpoint 
every head-end all at one time." 
Comsat-the Communications Satellite Corp.­

sees a limited number of ground stations being 
built to distribute signals to the cable-TV head-

ends in each area. However, it doesn't preclude 
the possibility of signals going directly to everY. 
head-end. 

According to William L. Pritchard, director 
of Comsat Laboratories in Washington: "Com­
sat has proposed a pilot program to demonstrate 
the operation of a distribution system in the 
United States. A satellite weighing about 800 
kilograms, launchable by Titan II or Titan III 
class vehicles, would be placed in equ-atoi-ial or­
bit south of the United States. It would use the 
4000 MHz 'down' frequency band for broadcast­
ing -while -receiving on the 6000 MHz 'up' band. 
Twelve -channels of color TV could be provided 
over the entire United States to receiving sta­
tions using about thirty-foot antennas and cost­
ing around $75,000. 

The technology for broadcasts from a com­
munications satellite to every home has already 
been worked out. According to Pritchard, it 
could be accomplished with the use of a 3-to-9 
foot-diameter antenna at every home. The re­
ceiver would need a system noise figure of be­
tween 600 ° and 10,000° K, and the home ter-
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technology has placed within reach. There is one 
exception, however, if performance alone is con­
sidered: The amplifiers have low distortion. 
Cross-modulation is specified at - 93 dB, which is 
respectable at any time. To keep second-order 
distortion effects down over relatively broad 
bandwidths, all new amplifiers are of the push­
pull variety. 

Recently thoughts have turned to the use of 
hybrid integrated circuits to improve the reli­
ability and cost of the amplifiers and filters and 
to shrink their size. The most striking example 
of aerospace technology entering the industry is 
a joint venture of Anaconda Electronics and 
Hewlett-Packard Corp., Palo Alto, Calif. A result 

minal cost would be between $100 and $300. The 
wide range of all of these figures reflects de­
pendence upon how elaborate the home terminal 
pecomes. 

Direct satellite-to-home broadcasts could have 
international implications, however. One special­
ist at Rand, John Hult, points out: · "There are 
a lot of foreign governments that are apprehen­
sive about broadcasting from space. They don't 
want to be propagandized, politically, commer­
cially, religiously or what have you, in any way. 
They want to be able to control reception within 
their jurisdiction. If we can offer them a sys­
tem that permits this control of reception with­
in their jurisdiction, then I think you would 
find a lot of people would go along with the 
idea of broadcasting from space." 

Hult says that by utilizing the synchronous 
period of the television signal, one could incor­
porate digital codes that would allow a receiver 
on the ground to either receive or reject any 
transmitted signal. By incorporating coding, 
almost any level of signal direction can be 
achieved. 

ESTIMATED ANNUAL COS'r PER HOUSEHOLD 
(6 TV CHANNELS I 36 EARTH STATIONS) 

100 

215 75 
PEit CENT PENETRATION OF HOUSEHOt..OS 
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ELECTRONIC DESIGN 8, April 12, l 970 

of this venture has been development of a hybrid 
integrated-circuit amplifier that is smaller, more 
repeatable, more reliable and has a broader band­
width than any other amplifier built for cable 
use. The band over which the amplifier operates 
is 40-270 MHz at a +34 dBmV operating level. 
The noise figure at maximum gain is 6 dB, cross­
modulation is down 93 dB across the band, and 
it is possible to cascade 75 of these amplifiers on 
a single system. 

This fall, Fairchild Camera's Microwave div. 
in Palo Alto plans to introduce thin-film bi­
directional amplifiers for the cable communica­
tions market. 

But aside from these amplifiers, the picture is 
bleak. A source high in the ranks of the FCC 
says bluntly: 

"The industry, right now, is guilty of very, 
very lax equipment performance. The equipment 
stinks! A lot of shortcuts are being taken to cut 
cost at the expense of performance." 

John W. Atwood, head of the Cable TV Man­
agement Office at Hughes Aircraft Co., com­
ments that there is room for great improvement 
in head-end electronics and cable electronics. 
"There is development required for both hard­
ware and software for the computer which will 
be associated with the cable systems," he says. 

Taylor of Malarkey, Taylor & Associates as­
serts: "I don't believe that we have the technical 
caliber of distribution equipment necessary to 
make the long systems for the major markets. 
Furthermore the major markets are going to re­
quire a quality of performance that we haven't 
been producing-and really hasn't been neces­
sary-so far. This means that there is some tech­
nology that we don't have yet. For example, we 
don't know why our cable pictures are soft. 
They're good, but if you take a directly received 
off-the-air picture in a high-signal-strength area 
and compare it to a cable picture, the cable pic­
ture will be softer." 

The mysterious black box 

Aside from problems like these, the key to all 
future two-way cable TV will be the development 
of a black box-an interface between the cable 
system and the sensors in the home. The black 
box must convert all of the incoming channels 
into something that a normal set can use, and 
it has to provide a means for transmission back 
to the head-end (Fig. 4). 

Reception of many channels is the easy part. 
Rodriquez of Vikoa notes the two methods now 
in use for 21 channel systems: "One is a simple 
block converter. It takes the nine midband chan­
nels, amplifies these and converts them to uhf 
and feeds them into the regular uhf tuner on the 
set. At the same time it allows the normal 12 vhf 
channels to get through. Therefore the block con-
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... The key to future two-way cable TV will be develop· 
ant of a black-box-an Interface between the cable 

verter hangs -on the back of the set and doesn't 
have to be touched by the consumer at all. 

"The other type of converter sits on top of the 
set and converts all 21 channels to a single vhf 
channel, which the set is permanently tuned to. 
A control on this box then is used to select a 
channel." 

For the more difficult operation-transmis­
sion back to the head-end-two techniques have 
been suggested. Both make use of a low-frequency 
·carrier. Anaconda Electronics has looked into a 
technique that would have a carrier oscillator in 
each home. According to Rogeness, the com­
pany's director of engineering: 

"We can serve an area of 100,000 homes using 
time multiplexing and frequency multiplexing. 
It would use the frequency range from approxi­
mately 100 kHz to 10 MHz. Each home would 
take approximately a 10-kHz slot. When a switch 
is tripped, the oscillator will turn on and a mod­
ulator will place one kind of modulation if it 
were a burglar alarm and another kind if it were 
a fire alarm. The frequency received at the cen­
tral monitoring point might indicate the particu­
lar home that the signal was being transmitted 
from." 

Others in the industry who have considered 
the problem feel that the best way is to use a 
single frequency transmitted from every home 
with a pulse-code identification signifying the 
transmitting home. Subscription Television, Inc., 
has developed an intereRting device that it calls 
a "subscriber program ~;elector." The device uses 
pulse-code modulation. According to Harmon: 

"You have a demodulator and a modulator at 
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system and sensors in the home-that converts incom• 
Ing channels Into something a normal set can use( 

every home. The subscriber loads his information 
into a buffer. When the interrogation code comes 
down the system, the information from the buf­
fer is coded and transmitted back to a central 
computer. The box that sits in the home will cost 
between $50 and $100." 

The Nielson system works basically the same 
way. Haselwood describes it this way: 

"In the system we have installed in New York, 
we have a transponder at the home. It accepts 
digital signals from the wafer switch, codes 
them and also accepts digital signals sent by our 
central computer. The computer periodically 
scans the homes on the system by polling them." 

The Nielson system presently uses lines leased 
from the telephone company. 

Robert Beamon, vice president of engineering 
with H & B American, points to one of the most 
difficult problems in designing the black box. A 
TV set at best matcheg only the channel it's 
tuned to, Beamon say111. The get's tuner can be as 
badly matched as a short or an open to the 
channelg it i2 not tuned to. This, he notes, can 
cause tremendous problems with the directional 
couplers. "Precige and careful matching always 
pays. Lack of good matching re8ults in disas­
trous cross-talk in the system." 

In the final analysis, the future of the cable 
TV industry rests largely in the hands of the de­
sign engineer. As Kahn of Teleprompter puts it: 

"Cable has opened up for the design engineer 
a whole new roadway. Where he is challenged is 
that he now must come up with things that are 
not only pretty but are economically feasible." • • 
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Panel design ideas 
from Dialight 

Many different push button cap and bezel options permit 
custom panel designing with standard switches and match­
ing indicators. Designers and engineers are welcoming 
these low-profile, snap-in-mounting push button switches 
that are interchangeable with most 4-lamp and 2-lamp dis-

plays. Units available in%" x l" 
rectangular, %" square, %" 

• 

round and %" square designs. 
I Bezels with or without barriers 

in black, gray, dark gray or 
white. Legends are positive or 
negative-either visible or hid­
den when "off." Switches are 

f O RW ARO momentary or alternate action 
and low level to 125V at 5A, 
resistive. 
CIRCLE READER CARD NO 221. 

Snap-in bezel simplifies 
mounting. Fingertip 
grip permits easy cap re­
moval. These switches 
and indicators are easily 
slipped into mounting 
cutout for a snug fit. No 

tools are needed. Fingertip 
grip makes push button cap 
installation or removal an 
easy job. Caps come in a full 
range of colors or with under­
lying color filters. Each cap 
has a metal insert that 
receives T-1% bulb with 

midget flanged base. Mounting cutouts 
may be made for individual units or for 
groupings of two or more units in hori­
zontal or vertical panel configurations so 
that many different arrangements are 
possible. 
CIRCLE READER CARD NO 221. 

Reliable readouts for high ambient lighting con­
ditions-6V AC-DC, lOV AC-DC, 14-16V AC-DC, 
24-28V AC-DC, 150-160V DC or 110-125V AC. 

You can read these readouts in a bright room from any viewing 
angle up to 30 feet away. Sharp seven segmented characters 
are formed by patented light-gathering cells (U .S. Pat. No. 
3,210,876). They're designed for use with high-reliability neon 
or incandescent lamps to meet a variety of circuit voltage re­
quirements. Separate BCD to 7-line translator driver. PC boards 
also available. Modules directly compatible with integrated 
circuit decoder drivers now universa lly available. 
CIRCLE READER CARD NO. 222. 

Wide selection of Datalites® and subminia­
ture indicators are among 1,500,000 visual 
indicators available to designers. It's now 
easier than ever to select the units that meet 
your panel and circuit requirements from the 
many thousands of Datalites and subminiature indicator lights available from Dialight. 
Variety of lens shapes, colors and finishes . Many different positive or negative legends. 
Incandescent l.35-120V; neon- high brightness at 110-125V AC and standard brightness 
at 105-125V AC-DC. For clearance holes from %2" to I%2". 

CIRCLE READER CARD NO. 223. 
New 56-page Product Selector Guide provides data on 1,500,000 readouts, switches and 
indicator lights. Get your copy today. 
CIRCLE READER CARD NO. 224. 

/JIALIGl-IT~ 
Dialight Corp., A North American Philips Company • 60 Stewart Ave ., Brooklyn, N.Y. 11237 • (212) 497-7600 
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Yes, we know ... we used to recommend 
Beldfoil Shielded Cable only for fixed applica­
tions. We were too modest. Extended testing 
proves Beldfoil, even after repeated flexing, 
provides more physical shield coverage than 
braided wire or spiral wrap ed (served 
s ie ds. An greater shield effectiveness. 0 
Beldfoil is a layer of aluminum foil bonded to 
a tough polyester film (for insulation and 
added strength). A Belden invention. We apply 
it in different ways for different applications. 
We can even form a unique shield that's like 
a continuous aluminum tube. This we call 
ISO-Shield™. 0 When new (or in fixed appli­
cations) Beldfoil ISO-Shield is extremely 
effective in limiting crosstalk or interference 
.•. whether from outside sources or between 
shielded elements in the same cable. D Under 
frequent flexing minor separations may occur 
in the foil. But special Beldfoil construction 
features prevent performance from becoming 
seriously affected. We do, however, recom­
mend .that you tell us if cable flexing is to 
bl extreme. We have special designs available 
to meet severe flexing requirements. 0 
Beldfoil makes possible a small, lightweight 
cable that terminates easily and is modest in 

price. Your Belden distributor stocks or can 
quickly obtain just about any size or type you 
need . . . from single conductor audio and 
sound cable up to data cable having 27 in­
dividually shielded pairs (more pairs available 
on special order). Ask him for the latest 
"Belden Electronic Wire and Cable Catalog." 
Or for technical information, contact Belden 
Corporation, P. 0. Box 5070-A, Chicago, 
Illinois 60680; phone (312) 378-1000. 

Metal (shield) foll, 
folded to assure 
metal-to-metal 
contact. 

Insulated conductors 

Polyester insulation 
layer folded to pro· 
vide bonu5 insulation 
between conductors 
and shield. 

Insulated conductors 
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Beldfoir Shielded Cable 
- shield effectiveness remains outstanding 

' ' 

: I 

8·5·9 A new ideas for moving electrical energy 

INFORMATION RETRIEVAL NUMBER 61 
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An Electronic Design 
practical guide for 

synchro-to-digital 
converters 

Written by: Hermann Schmid, Senior Engineer, General Electric Co., Binghamton, N. Y. 

Edited by: Don Mennie, Circuits Edita( 

Part 3: Type Ill converter provides easily realizable design 

There is a class of synchro/ resolver-to-digital 
angle converters that is easily realized with 
readily available hardware. These converters are 
referred to as Type III. 

The digital output, Xo, of any a / d converter 
is proportional to the ratio V 8/ V R• where Vs and 
V R are the signal and reference input voltages. 
For example, connecting the outputs, V x and V v, 
of a resolver selected for the proper octant, to 
the signal and reference inputs of a conventional 
a / d converter (so that Vs = Vv and VR = Vx) 
produces the digital output signal Xo, where 

Xo = Vs/ VR = Vv/ Vx =~" sin: = Ktan(J. (53) 
x cos 

When Kx is equal to Kv, K becomes 1, and the 
digital output signal is equal to the tangent of 
the resolver shaft angular position. 

Often Xo = tan() can be used directly for fur­
ther processing. When just the angle () is re­
quired, an arc-tangent function generator must 
be employed to recover the angular information. 
(This is a theoretical example; practical arc­
tangent function generators are not available.) 

The most practical method of converting tan() 
to () is to use a linear-segment function genera­
tor.19·20 Less than 16 segments are needed to ob­
tain good accuracy. 

The Type III converters described here are 
broken down into three categories: the general, 
the low-speed and the high-speed. The convert-

'Adapted from ELECTRONIC ANALOG/ DIGITAL 
CONVERSION by Hermann Schmid, Copyright @ 
1970 by Van Nostrand Reinhold Company, by per­
mission of Van Nostrand Reinhold Company. 
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er's major internal subdivisions are identified in 
the general version. Then the low-speed system, 
with 1000-per-second conversion rate, and the 
high-speed system, with 10,000-per-second con­
.version rate, are detailed. 

General version 

The general design of Type III resolver-to­
digital-angle converters consists of an octant 
selector, two ac-to-dc converters, a conventional 
de encoder, and an arc-tangent function genera­
tor (Fig. 22). The octant selector, with two ac­
to-dc converters, connects voltages between zero 
and + 0. 707 of fu 11 scale to the signal input V v' 
and voltages between - 0.707 of full scale and 
minus full scale to the reference input V x'. It 
also generates the three most significant bits of (). 

The a / d converter output (Xo) is proportional 
to the tangent of resolver angle (). The linear­
segment function generator converts this to an 
(n-3)-bit number representing {) between zero 
and 45 degrees. The type of function generator 
used depends on the a/ d converter speed. The 
digital output signal is composed of the octant 
selector and the function-generator outputs. 

Low-speed version 

Figure 23 illustrates a Type III resolver-to­
digital-angle converter circuit (ac-to-dc demodu­
lators and octant selection are not shown) which 
employs an Up/ Down integration pulse-width 
modulator and a low-speed linear-segment func­
tion generator.19• The pulse-width modulator out­
put t . operates switch S1, which in turn connects 
the pulse rate, Ri (t), to the integrating counter. 
The counter content will increase according to' 
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22. The Type Ill converter's de-to-digital output is proportional to the tangent of resolver angle (}. 
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23. Low-speed Type Ill converter has a 1000-per-second conversion rate and ±0.05% accuracy. 

the magnitude of pulse rate R1 (t). If the R i (t) 
magnitude is made to approximate the arc­
tangent function derivative (Fig. 24) , then the 
counter content increases with time like the arc 
tangent. At the end of pulse-width period tx the 
content of the counter is 

~ ~ t 
Z = j R (t) dt = J d [tan-1 (t)] dt = [tan-1 (t)] x 

0 
0 0 

(54) 
and since 

t x = Vx/ Vy = K cos(}/ K sin(} = tane. (55). 

The content of the counter becomes 

z = tan·1 (tan(}) = e. (56) 

The rate generator that produces R (t) is 
comprised of a master counter, a Read-Only-

ELECTRONIC D ESIGN 8, April 12, 1970 

Memory (ROM) and some gating. logic. The 11-
bit master counter generates the 10 fixed pulse 
frequencies (f0 / 2, f 0 / 4, f 0 / 8 · · ·to f 0 / 210

) and the 
timing signals, T i and T2, for the pulse-width 
modulator. 

The three most-significant outputs of the 
master counter define the eight segments of the 
desired function and are used to select the eight 
10-bit words, which represent the slope f' ((}) 
of one specific segment. For each ONE in f' ((}), 
a fixed pulse rate is connected to the OR gate by 
enabling the appropriate AND gate. Any desired 
frequency can be generated by selecting and com­
bining the various fixed frequencies. For exam­
ple, if f c has 1024 pulses per ms, then fc/ 2 has 
512, f 0 / 4 has 256 and so on. A pulse rate of 586 
pulses per ms can thus be generated by selecting 
612 + 64 + 8 + 2. 
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24. Simulated arc-tangent derivative 
(a) is switched to integrating 
counter by pulse-width modulator signal 
(b). Counter content 
(c) approximates arc-tangent 
function over period tx. 
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25. High-speed Type Ill converter has a 10,000-per-second conversion rate and 0.025% accuracy. 

26. Nondestructive, permanent information 
storage is provided by 

a Read-Only Memory in this 
high-speed linear-segment 

function generator. 

x 
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2·2 
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Before gating and combining the various pulse 
frequencies, the master counter outputs must 
be differentiated by analog or digital means. 

Swith S1 can be implemented with almost any 
logic gate. A 10-bit unidirectional ripple counter 
will suffice as integrating counter, because there 
is plenty of time for data read-out during the 
period T1 (Fig. 24). The integrating counter out­
puts are labeled 2-4, 2-s,. · ·2-13, because they repre­
sent the 10 least-significant bits. The three most­
significant bits-2-1, 2-2 , and 2-3- are generated 
in the octant selection circuit. 

Experience with the Up/ Down integration 
pulse width modulator and the linear-segment 
function generator indicates that this resolver-to­
digital angle converter can have high accuracy­
±0.05 % or better with temperature. With a 2-
MHz clock frequency, a conversion rate of about 
1000-per-second results. (Ten circuits each pro­
viding a 100-per-second conversion rate). 

High-speed version 

Using a high-speed de-to-digital converter, this 
Type III resolver-to-digital-angle converter quan­
tizes a pair of resolver output signals in a frac­
tion of an ac signal cycle ( 400 Hz). The resolver 
output signals, V x and Vy, are connected to the 
octant selection circuit by two analog voltage 
switches, S1 and S2, which are operated by the 
peak detector output, V c (Fig. 25). These switch­
es and the peak detector are part of the octant 
selector (Fig. 8b, see p. 183, ED 6). They illus­
trate that the octant-selected signals V x' and V / 
are pulsed de voltages. Therefore, V x' can be 
connected directly to the signal input and Vy' 
directly to the de-to-digital converter. 

For proper a / d converter operation, the V x' 
magnitude should lie between zero and +0.707 
of full scale and the Vy' magnitude should lie be­
tween - 0.707 of full scale and minus full scale. 
Control signal V c synchronizes the de-to-digital 
converter operation with the ac signal. 

As with the single-phase encoder (Fig. 2, see 
p. 179, ED 6) variation in the V x' and V / ampli­
tude will not affect the a / d converter output 
(Fig. 25) provided change occurs proportionally 
on both signals. The proposed resolver-to-digital­
angle converter is also insensitive to noise ap­
pearing simultaneously and proportionally on 
Vx' and V/ . 

A high-speed linear-segment function gener­
ator is required for the arc-tangent operation. 
An intermediate storage register should be pro­
vided at the successive-approximation a/ d con­
verter output or at the function generator input, 
thus giving a permanent output for the n-3 
least-significant bits. 

A multi-channel resolver-to-digital-angle con­
verter (Fig. 25) without the arc-tangent func-
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tion generator at the output was developed by 
the Gordon Engineering Co.21 Converter accu­
racy is ± 0.025 % of full scale across the mili­
tary temperature range with a conversion rate 
exceeding 10,000 per second. 

A high-speed linear-segment function gener­
ator, comprised of a Read-Only-Memory, one 
10-bit parallel-binary adder and a 3-bit by 4-bit 
multiplier are shown in Fig. 26. The function 
generator's input X is divided into: (a) seven 
most-significant bits, Xii which, when decoded, 
define the 128 break points of the function, and 
(b) the three least-significant bits representing 
the increment D.X. The seven most-significant 
bits (2-1 to 2-1

) select one value for f (Xi) and one 
value for f' (Xi). Selected values are permanently 
stored in the ROM. Both f (Xi) and f' (X i) may 
have 128 distinct levels. 

The ROM is a circuit where information is 
permanently and nondestructively held. Stored 
information can be read out as often as desired. 
Stored-information adjustments, when possible, 
require rewiring. Diodes, capacitors and rope 
cores have been used for ROM, but memories 
with those components become large and expen­
sive when many bits are stored. Significant size 
and cost reduction came with MOS-FET-ROMs, 
now widely available. 

The parallel adder sums the two parallel binary 
numbers at its input quickly. Carry-ripple propa­
gation through 10 stages provides the only delay. 

The 128 values of f (Xi) and f' (X i) are stored 
in a 2048-bit ROM, where f (X i) is represented 
with 10-bit words and f' (X i) with 4-bit words. 
The 4-bit f' (Xi) words are then multiplied with 
the 3-bit D.X words in another ROM by selecting 
one of 128 (8-bit) words for the · product: 
[ L:-, X] [ (f'X,)]. The parallel adder sums the 
f (Xi) magnitude with the [D.X] [f' (X i)] magni­
tude to form the output signal f (X) according 
to Eq. 33, see p. 56, ED 7) •• 

References: 

19. Schmid, H., "An Operational Hybrid Computing 
System Provides Analog Type Computations with Digital 
Elements," IEEE Transactions on Electronic Computers, 
Dec., 1963, pp. 715-732. 

20. Kollatay, J. H., "Linearizing Sensor Signals 
Digitally," Electronics, March 4, 1968, pp. 112-121. 

21. "Subsystem Test Results, ILAAS CDAU A I D 
Module," Gordon Engineering Co., Waltham Mass., April, 
1967. 

Watch for Part 4 
The fourth section of this Practical Guide 

for Synchro-to-Digital Converters will ap­
pear in our next issue, ED 9, April 26, 1970. 
This portion will describe the Type IV 
converter, a design requiring no linear­
segment generator and the Type V con­
verter utilizing a harmonic oscillator. 
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What do you 
need in 
Multi-Conductor 
Cable? 

will make it. 
Get exactly what you need in multi­
conductor cable. We' ll design and 
produce multi-conductor cable to 
meet just about any individual 
requirement. 

We have the plant, the equip­
ment, the personnel and the know­
how to solve your particular 
problem. 

INFORMATION RETRIEVAL NUMBER 62 

See GRC at the DESIGN ENG. SHOW. Booth # 964 

Helped 
WESTINGHOUSE 
get "impos 
tiny die-ca 
for new 
meter 

ible" 
g 

A 1/300 ounce die costing, with the smallest 
hole ever cost (0.009-in .), anchors extremely 
line metal ribbon in their new tout band 
meters. 

THE BIG DIFFERENCE in GRC techniques, skills ond machines mode it 
possible to solve this problem for Westinghouse-and those of hundreds 
of companies. Intricate, tiny, zinc alloy die costings by GRC were the 
optimum solution. Products ... profits benefit when you specify GRC. 
let us help solve your small parts problem. 

NO MINIMUM SIZE. Maximum: Zinc olloy-2" long; y, oz. 

Write today for full information, demonstration samples. c n I f s lru 
GRIES REPRODUCER co. _____ rllitlllfm_-. 

f)j 1·i \inu n( c0,1 1 ~ t~ C1u rk Inc. world's foremost producer of small 
die castings &. plastic moldings 

40 Second Street, New Rochelle, New York 10802 • (914) 633-8600 
Plants In: New Rochelle, N. Y.; Warren, R. I.; Toccoa, Ga. 

007 

In Canada: Gries Div., Oynacast ltd., Lachino, Que. 

INFORMATION RETRIEVAL NUMBER 63 

THE SCHIZOPHRENIC. 

I'm a_temperature test chamber. No, I'm a temperature­
humidity test chamber. No, I'm both, in one compact unit. 
My Dr. Jekyll side has a dry bulb temperature testing 
range of-100°F to +350°F. My Mr. Hyde personality 
combines temperature testing with a humidity range of 
20% to 95%. I'm a five cubic foot automated test chamber 
with 2° control tolerances, but I have bigger brothers 
up to 64 cu. ft. (with other features) who can also 
help you. For full information write my keepers, 
Tenney Engineering, Inc. · 

~'!i!!¥.f!.V ~· I 
1090 Sprlnglleld Rd., Union, New Jeraey 07083 • (201) 686-7870 

Western Division : 15721 Texaco St. . Paramount, Calif . 90723 

INFORMATION RETRIEVAL NUMBER 64 

FOR LEACH CORPORATION, CIRCLE INFORMATION RETRIE.VAL NUMBER 123 .... 
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ID. 
"Scissors draft" your way 
to increased production 
with KODAGRAPH 
Films and Papers. 

Why retrace an entire drawing 
needing only revision? Instead, copy 
your original photographically on 
KODAGRAPH Film or Paper. Cut out 
the unchanged portions (often much 
of your drawing), mount them on a 
new drawing form , have a second 
original made on KODAGRAPH Film, 
and make your revisions on that. 

For more on "scissors drafting" 
and other time-saving techniques , 
contact your Kodak Technical 
Sales Representative, or write 
Eastman Kodak Company, 
Business Systems Markets Division, 
Dept. DP730, Rochester, N.Y. 14650 

DRAWING REPRODUCTION 
SYSTEMS BY KODAK 

INFORMATION RETRIEVAL NUMBER 65 
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Varactor tuning can be tricky in high-power 
circuits. High modulation sensitivity means reduced power 
and possible diode burnout. Here are the tradeoffs. 

The more tightly a varactor (variable-capaci­
tance) diode is coupled to an oscillator, the 
greater the oscillator's modulation sensitivity 
(frequency deviation per volt of modulation) 
will be. Tight coupling also means greater load­
ing of the oscillator circuit by the diode. 

In low-power circuits this is no problem. In 
high-power oscillators, however, the power ab­
sorbed by the diode may be sorely missed at 
the output. And it may burn out the diode as 
well. 

There are no easy solutions to this problem, 
but by developing expressions for the modulation 
sensitivity and diode loading of the circuit, the 
designer can intelligently examine the tradeoffs 
between the two effects. Let's start with the 
modulation sensitivity. 

Finding the modulation sensitivity 

A typical tank circuit employing a varactor 
for frequency modulation (Fig. 1) connects the 
varactor, designated C2 for convenience, to the 
circuit through a coupling capacitor, C,. All other 
capacitances in the circuit are lumped together 
and represented by C:i· C3 includes transistor (or 
tube) capacitance, tuning or trimmer capaci­
tance and lead-coupling, distributed and stray 
capacitances. 

Inductance L can be a lumped inductor, as in 
low frequency circuits; or it may be a length of 
transmission line, as at higher frequencies. 

Resistor R is an isolating resistor that keeps 
the modulating-voltage source, Ve, from loading 
the circuit. CRr is an rf bypass capacitor. Neither 
R nor CBr enters the rf analysis of the circuit. 

The total capacitance of the circuit-which 
will resonate with L to set the oscillator fre­
quency-is given by 

C = C3 + C1C2/ (C1 + C2). (1) 
This results in an oscillating frequency 

f = l/27T (LC) 112 • (2) 

Norman G. Rhinehart, Senior Engineer, Microdot, Inc., 
South Pasadena, Calif. 
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The modulation sensitivity of the circuit, 
df/ dVc, is the product of three derivatives: 
df/ dC, dC/ dC2 and dC2/ dV0 • Differentiating 
Eq. 1 with respect to C2 gives dC/ dC2, and 
differentiating Eq. 2 with respect to C yields 
df dC. 

The capacitance of the varactor is given by 

C2 = Co / (1 + (V ./ Ve) ]"Y (3) 
where C0 is the capacitance at zero bias, V0 is the 
bias (modulating) voltage, Ve is the barrier po­
tential, a characteristic of the diode, and y is a 
dimensionless diode constant. V 8 typically ranges 
from 0.5 V to 0.6 V. Typical values of y are 0.33 
for diffused junctions and 0.5 for abrupt junc­
tions. 

Differentiating Eq. 3 with respect to C2 gives 
dCj dV,.-the final factor needed to find the 
modulation sensitivity. Multiplying the three de­
rivatives together yields: 

df ( 1 ) ( C, )
2 

( -yC0 ) 

dv: = 41T"L1 12C312 C, + C2 v 8 (1 + v .;v e) -y + I 

(4) 
The expression can be rewritten in terms of a 
particular center frequency by substituting 

v 12 = 1/ (27TfQCQ1 l 2
) (5) 

where the subscript Q denotes a center-frequency 
value. Making this substitution, Eq. 4 becomes 

df ( fQ ) ( C, )
2 

( -yC0 ) 

dV c = 2CQ C, + C2Q Ve (1 + V 0 / V e) "Y+1 
(
6) 

Note that Eq. 6 treats C2 as a constant and hence 
is valid only for small changes in f about fQ. 

Despite the large number of factors in Eq. 6, 
the only one that the designer can really choose 
at will to determine df/ dVc is C1. CQ is pretty 
much fixed by fq and the basic oscillator design. 
At vhf and above, CQ would be made as small as 
possible. C0 , V 8 and 'Y are diode constants. (Gen­
erally, diodes with y = 0.5 seem to provide the 
best over-all linearity and sensitivity for a given 
amount of oscillator loading.) 

Varactor diodes that provide maximum C2 
values between about 1 and 100 pF are available. 
Thus, only C1 can vary widely in design value 
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C3 

1. The modulation sensitivity of this fm oscillato r 
tank circuit is most easily adjusted by changing 
the size of capacitor C,. R should present an im ­
pedance many times larger than that of the var­
actor (CJ if it is to be omitted from the rf analysis 
of the circuit. 

Re R ' ~ RL *c' L • 1 

3 . Power output suffers as R/ is decreased. The 
primes indicate parallel-equivalent 
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Re C3 L 

Rs 

2. The effective series resistance, R", of the diode 
should not be neglected when analyzing the loaded 
tank circuit . Rr is the effective shunt resistance of 
the transistor, R 1. is the load and C,_ couples the 
load to the oscillator. Only rt components are 

BIAS 
POINT 

DI DE 
VOLTAGE 

4 . Both forward and reverse currents can flow con ­
currently if the p-p rt voltage swing exceeds V1<1t· 
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and be used for adjusting the modulation sensi­
tivity of the circuit. 

Tight coupling wastes power 

As Eq. 6 shows, the way to increase modula­
tion sensitivity is to increase C1 • But this also in­
creases the loading of the circuit by the effective 
series resistance of the diode (Fig. 2). 

The series combination of RL and CK can be 
represented, at a particular frequency, by a 
parallel equivalent: RL' and CK'· CK is usually 
chosen so that RL' = R0 , for maximum power 
transfer. It may also be chosen to make RL' > > 
R o for high efticiency. At vhf and above, circuit 
losses usually make maximum efficiency coinci­
dent with maximum power into the load. 

The transformed value of RL is approximately 
given by 

RL' = (1/wCK) 2/ RL (7) 
so long as the impedance of CK is substantially 
larger than RL. The same transformation can be 
applied to the series combination Ci, C2 and R •. 
The parallel equivalent of R. is then given by 

Rs' = [ (l / wC1) + (l/ wC2 ) ]2/ R.. (8) 
If both of these series-to-parallel transforma­

tions are made on the circuit of Fig. 2, the circuit 
of Fig. 3 results. Capacitance C' represents the 
combined effective capacitance of C1, C2, C3 and 
CK. 

It is clear from Fig. 3 that the total developed 
rf power is distributed between Re, Rs' and RL' 
in inverse proportion to their values. Thus in­
creasing C1 increases the amount of power dis­
sipated in the diode, by decreasing Rs'. Up to the 
point where the diode only begins to significantly 
load the circuit, increased modulation sensitivity 
is obtained with no reduction in power. Beyond 
that, a tradeoff begins. 

Note that transistor oscillators lend themselves 
more favorably to varactor modulation than do 
tube oscillators because they have . lower values 
of Re. This means that R.' can be lower for 
transistor circuits without affecting the output 
power. Significant cost reductions can be real­
ized by using diodes with higher values of R. 
(lower Rs' ) because diode costs go up with 
diode Q. 

Don't burn out the diode 

Besides reducing the power output, heavy load­
ing of the circuit by the diode can burn it out. 
Burn-out can be caused by excessive forward 
current or excessive reverse voltage, and it's not 
always easy to tell which was responsible in a 
given situation. 

The instantaneous voltage across the diode is 
the sum of the reverse bias voltage and a por­
tion of the rf tank voltage determined by the 
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division ratio of C1 and C2 • If a modulation signal 
is present, it must also be added in. The rf volt­
age across the varactor can cause the diode to 
go into forward conduction on one voltage peak, 
or into reverse breakdown on the other peak, or 
both. 

This can be observed experimentally by vary­
ing the bias level and monitoring the diode cur­
rent. If the peak-to-peak rf voltage is less than 
the diode's breakdown voltage, V B R• the bias can 
be adjusted to yield zero current. The bias level 
can then be reduced until forward current flows, 
or raised until reverse current flows (Fig. 4). 

Now, if the bias is set close to (1 / 2) V BR and 
the rf voltage is increased to the point where 
its peak-to-peak value exceeds V BR• then both 
types of current will flow concurrently. This is 
made evident by observing that, as the bias is 
varied, the diode current meter indicates for­
ward current up to a certain value of bias and 
reverse current at a greater value of bias. At 
the single point where zero current is indicated, 
one could be misled into the false security of 
thinking that no current is flowing. Actually, 
the positive and negative current flows are 
merely averaging out to zero. 

Performance is surprisingly good 

An amazing feature of varactor modulation is 
the excellent linearity it provides. (Linearity is 
measured by applying progressively larger volt­
age swings to the varactor and measuring the 
peak-to-peak frequency deviation that results. 
Ideally, deviation is exactly proportional to the 
voltage.) Although the formulas describing fre­
quency versus Ve look hopelessly nonlinear, com­
puter calculations and experimental results in­
dicate that excellent linearity can be obtained. 

For example, an experimental 800-MHz oscil­
lator built around a Motorola MV1864B diode, 
showed only 0.3 % deviation from perfect linear­
ity for frequency deviations up to 823.5 kHz. •• 

Test your retention 

Here are questions based on the main 
points of this article. Their purpose is to 
help you make sure you have not overlooked 
any important ideas. You'll find the answers 
{n the article. 

1. How are modulation sensitivity and cir­
cuit loading (by the varactor) related? 
Why? 

2. Why are transistor oscillators more toler­
ant of low-Q diodes than vacuum-tube os­
cillators? 
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Tri-state Bus-line 
There's a third state in a TTL databus with our DM8551. 
Conventional low impedance logical 1, logical 0 and a high 
impedance state you can use as a logical "neutral." The 8551 
gives you the high impedance characteristics of an open collec­
tor output with the high drive of TTL. It makes it possible to 
design mini-computers as bus-organized systems totally TTL. 
Direct coupling. Shorter lines. TTL all the way. 

DM8551- Bus-OR'd Quad D - operates synchronously from 
a common clock. This element has the further advantage of 
input data acceptance without controlling the clock. Specifi­
cally designed for use in bit serial and bit parallel applica­
tions. Controlling the third state makes it possible to connect 
the output of the 8551 directly to the output of other 855ls. 
You can impede the output of all devices except the one 
you select, logically. 

Take it from National. The 8551 is a new concept in TTL and 
something else in a databus. TTL/ MSI, logically from 
National Semiconductor. Write for App Notes and specs. 
2900 Semiconductor Drive, Santa Clara, California 95051. 
(408) 732-5000. Telex: 346-353 Cables: NATSEMICON. 

National/TTL MSI 
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An indispensable design tool ... 

the inaugural volume in the Hayden Series in 
Materials for Electrical and Electronics Design! 

MATERIALS FOR CONDUCTIVE 
AND RESISTIVE FUNCTIONS 

G. W. A. DUMMER, Formerly Superintendent Applied Physics 
Royal Radar Establishment, British Ministry of Technology 

Written by an internationally recognized authority, this volume satisfies the need for a 
comprehensive, applications-oriented reference on conductive, superconductive, con­
tacting, and resistive functions. It is exceptionally broad and detailed in coverage, 
setting forth the basic phenomena for each specific function, describing how the ma­
terials for each are used in component parts, and providing sufficient basic data to 
prepare the reader for problems which may be met in specific applications. 

In cases where combined materials are part of the design, such as cables and wires, 
brief data is given of dielectrics, etc. in order that reasonably complete coverage is 
available. More than one-hundred-forty charts, t ables, and diagrams provide rapid 
access to properties of materials for a specific requirement. Extensive references are 
included to facilitate further study. 

Thorough descriptive coverage ... more than 140 charts, tables, and diagrams. 
Conductive Functions. Introduction to the Principles of Conduction in Low- and High­
Resistivity Metals. Tables of Physical Properties of Condu cting Materials. Materi als, 
Applications, and Characterist ics of Hook-up Wires, Covered Wi res, Bus Bars, Transmis­
sion Cable, and Microwires. Materials, Applicat ions, and Characteristics of Magnet 
Wires. Material s, Appl ications, and Characterist ics of RF Cables, Materials Applications, 
and Characteristics of Pr inted Wiring Conductors. Materials, Appli cations, and Ch ar­
acteristics of Integ rated Circu it Condu ctors. Superconductive Functions. Phenomena and 
Env ironments Associated with Superconductiv ity. Superconducting Switching Devices. 
Materials with High Field Superconducting Capabilities. Contacting functions. Contact 
Functions and the Physics of Contact Phenomena. Contact Material s, Appl ications, and 
Tables of Properties. Basic Connection Methods in Electronics . Make and Break Contacts, 
Plug and Socket Functions, Switching Functions. Relay Functions. Slid ing Contacts, Wear, 
and Noise Phenomena. Resistive Functions. Conductivity, Resistivity, Resistance, and 
Temperature Coefficient of Res istance. Materials, Applications, and Characterist ics of 
Fixed and Variable Resistors. Materials, Applications, and Characte ri stics of Resistive 
Films. Index. 

G. W. A. Dummer, author and co-author of scores of books on all aspects of electronics, 
presently devotes all his t ime to writing and consulting activities. A pioneer in reliability, 
thin -film circuits, and semiconductor integrated circuits, he in itiated much of the British 
Government's research in microelectronics. His earlier contribution to the development 
of radar and radar synthetic trainers earned him Britain's award, Member of the British 
Empire, and America's Medal of Freedom. Mr. Dummer is a Fellow of the I. E. E. E. , the 
I. E. E., and the I. E. R. E. 

Subscribe at 15% savings, or order individual volumes 
on 15-day free examination .•• mail this coupon today! 

• 
• 

• 
• 

326 pages , 

6" x 9", illustrated, 

clothbound, # 5636, $13.95 

Save 15% on this volume! 
Enter your subscription to this 

valuable new series today! 

Hayden Series in Materials for Electrical 
and Electronics Design Alex E. Javitz, Editor-in-Chief 

A series of integrated engineering books designed to 
meet the practical needs of all who design electrical 

and electronic components, devices, equipment, and 

systems. Offering a unified approach which treats ma­

terials according to functiona l classes, the books pro­

vide an essential background in fundamental principles, 

combined with immediately workable data and tech­

niques for both conventional and advanced applications . 
Each volume also discusses the relationship between 

the fundamental nature of materials (microscopic prop­

erties) and their functional performance (macroscopic 

properties). 

Forthcoming volumes in the series: 

Materials for Semiconductor Functions, # 5638, 
E. G. Bylander 

Materials for Structural and Mechanical Functions, 
#5637, G. Koves 

Materials for Magnetic Functions, #5635, F. N. Bradley 
Materials for Electrical Insulating and Dielectric 

Functions, # 5634, H. L. Saums and W. W. Pendleton 

r- - -- - - - - -- - - -- - - -- - - ----- - - - - Materials for Combined Functions, #5639, E. Scala 
D Subscription terms: Please enter my sub- An interdisciplinary volume in the series, Materials 
scription to the Hayden Series in Materials for Name_____________ Science and Technology for Design Engineers, # 5640, 
Electrical and Electronics Design. Each title Firm.______________ edited by Alex. E. Jav1"tz, prov1"des an advanced expos1·-
will be automatically shipped as publ ished , 
and billed at 15% discount. Thi s subscript ion Address,___ __________ tion of the bas ic structure and molecular behavior of 
may be cancelled at any time. all relevant materials. Approximate price of each forth-
0 Single volume order: 15-day Free Examina- City ______ State ___ Zip__ coming volume, $18.00. 
lion. Please send #5636, Materials for Con- ED-1 
ductive and Resistive Functions, $13.95, on a 15-day Free Examination basis. At the end of that Alex. E. Javitz, Editor-in-Chief of this series, is currently 
time 1 will remit payment, plus postage, or return the book without further obligation . Payment a technical consultant to industry. Formerly an editor 
enclosed. (Hayden pays postage with same return guarantee). of electrical and electronics magazines, Mr. Javitz is 

D Ship and bill as published those checked: widely known in materials and related fields. 
D # 5638 D # 5635 D #5639 D #5637 D # 5634 D #5640 

o send further information on the series. Add these valuable references to 

,_ [J] HAYDE°N 8
1

ooifcoM·PANY;~~!1£~ ~~·~~!!: N_! ~~~ _ .__~-~-~-~r_
1

~-·~_r:_;_~_:_;_:c_0:"_;P_at_~~-c:_1t_1~_d-_a_Y·_' __ __J 
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Boost your DTL efficiency with wired-OR 
You can often replace a DTL NANO gate with a 
simple piece of jumper wire. 

Many designers make do with DTL N AND 
gates where they would like to have AND, OR, or 
NOR functions, because only NANDs are widely 
available. They use a pair of cascaded NAND 
gates, for instance, to perform the AND function, 
and accept the increased gate count as inevitable. 
But a very useful design trick can mean great 
ilavings. 

Wired-OR DTL design offers a marked reduc­
tion in gate count, an opportunity to perform 
many simple functions in only one stage of logic, 
and a decreased propagation delay. And all it 
~osts is a decreased fan-out capability. 

Consider the function shown in Fig. la. Does 
it really require three logic elements? Or are only 
two required? 

Impossible, you say, to build it with two gates: 
the Karnaugh Map1 indicates three gates (Fig. 
lb). You're wrong. It can be built with two gates. 
And the answer to the paradox lies in a concept 
of logic developed for the DTL 930 series IC line­
the wired-OR. 

Jumper wire is an OR gate 

The equivalent of the circuit of Fig. la using 
the wired-OR logic is shown in Fig. le. The third 
gate has become nothing more than a "jumper 
wire," and all that it cost was the inversion of the 
inputs. The circuitry of the DTL N AND gate 
makes the wired-OR possible. 

The circuit of the basic 930 DTL N AND gate 
is shown in Fig. 2a, and the wired-OR connection 
that performs the logic function of Fig. le is 
shown in Fig. 2b. Since each gate performs the 
basic N AND function, the output, f, of the circuit 
of Fig. 2b will be at ground potential when either 
A = ONE or B = C = ONE. Thus the circuit may 
be described by the Boolean 1 equation 

f = (A + BC). (1) 
The output will be a logic ONE when neither 

A nor BC is a ONE. 
Equation 1 also describes the operation of the 

Gilbert I. Starr, Systems Analyst, QED Systems, Inc., 
Pleasantville, N.Y. 
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AND/ NOR logic structure, a form generally un­
familiar to the logic designer. And this makes 
design with NAND/ wired-OR very much easier. 

No longer is it necessary to "cut-and-try" 
wired..iOR circuits: To come up with a wired-OR 
logic implementation, all we need to do is express 
the function in Boolean algebra, manipulate the 
algebra to a form suited to AND/ NOR imple­
mentation, and draw the logic diagram. Then we 
substitute N AND gates for the AND gates and 
the wired-OR connection for the NOR gate in the 
diagram, and we have the equivalent NAND/ 
wired-OR circuit. 

The AND/ NOR logic form 

To use the AND/ NOR logic form we must first 
express the function in the minimum product1 
form, and then manipulate the expression into the 
proper form to be easily implemented. 

Consider the circuit for the function 
f = AC+AC + B. (2) 

The equivalent minimum product form of this 
expression is 

f = (A+B+C) (A+B+C), (3) 
and this may then be manipulated into the 

KARNAUGH DIAGRAM A 

,-A---.. 

I : I I l)c 
0 F•AB+AC~ 8 

ii 
NANO TRUTH TABLE 

A B x WIRED 

0 0 I 

0 I I 

~- ----~y 

.. J_ • -·" 
I 0 I 

I I 0 

1. The wired-OR connections can eliminate gates 
in a DTL logic design. The three NAND gates (a), 
which perform the function f = AB + AC (b), for 
instance, can be replaced by two identical NAND 
gates with their outputs jumpered (c) . 
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2. The basic 930 DTL NANO gate (a) gives a LOW 
output only if all inputs are HIGH. A simple con· 
nection of the output leads of two of these gates 
(b) results in an additional OR function; the com· 
bined outputs is LOW if either output is LOW. 
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3. AND/NOR (a) and NANO/wired-OR (b) gates 
perform equivalent functions if connected in simi­
lar patterns. The designer performs Boolean 
calculations to minimize the gates in an AND/NOR 
system; then he replaces AND gates with NANO 
gates, NOR gates with the wired-OR connection. 
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4. Significant savings in gate count result for some 
logic functions (a). In this case a simple NANO 
circuit requires five gates (b), but a simplified 
AND/NOR circuit uses three gates and a NANO/ 
wired-OR equivalent uses only two gates. 
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5. An exclusive-OR function at a one-gate saving 
(a), and a two-input coincidence detector, also at 
a one-gate saving (Q), from NANO/wire-OR. 
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6. NANO/wired-OR is not always best, and the 
designer must be cautious. For some functions (a), 
the same number of gates is required after Boo-

lean simplification (b), and for others (c) attempts 
at simplification result in an actual increase in the 
number of gates required (d). 
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proper form 
f = (A + B + C) (A + B +C), 

<ABC> <ABC>, 
(AB C + A B C) . ( 4) 

This result allows us to readily build the func­
tion with AND/ NOR construction (Fig. 3a), and 
the AND/ NOR is easily translated to the wired­
OR configuration. Note that the wired-OR requires 
only two gates, whereas the formal Boolean real­
ization requires three. 

The possible savings in using this approach are 
immediately evident when we implement the func­
tion shown in the Karnaugh map of Fig. 4a. The 
straightforward AND / OR or NA TD / N AND 
forms result in the following equation and struc­
ture (Fig. 4b) : 

f = AC+AB + CD + AC. (5) 
The equivalent, simplified AND/ NOR struc­

ture and the wired-OR equivalent are shown in 
Fig. 4c. The equation is 

f = (A+ B + C) (A + C + D) 
= (ABC + A CD). (6) 

The saving through simplification is three gates 
or 60 % ! 

A most attractive aspect of the wired-OR logic 
structure is that it reduces many two-stage logic 
circuits to one stage. And one-stage logic is 
extremely attractive where high-speed operation 
and low propagation delays are required. 

Some very common circuits suddenly take on 
very odd appearances when built with wired-OR 
logic. The common N AND element "exclusive OR" 
function of Fig. 5a is easily built-at a one-gate 
saving. The two-input coincidence detector is 
shown similarly in Fig. 5b- also built with wired­
OR at a one-gate saving. 

Any circuit implemented with NAND/ NAND 
structure, of course, has an equivalent AND/ 
NOR and hence wired-OR configuration. 

Wired-OR not always best 

A word of caution : Before the logic designer 
rushes to change his circuits to the wired-OR, he 
must first check to see that he will indeed reduce 
the number of elements required. This will uot 
always occur. 

The function illustrated in Fig. 6a results in 
two circuits that require the same number of gates 
(Fig. 6b). There is no way to predict this before 
working out the logic equations and the dia­
grams. 

It should also be noted that the wired-OR 
decreases the fan-out capabilities of the gate used, 
and so a multiple wired-OR connection could con­
ceivably decrease the circuit's fan-out to one. • • 
tiefercnce 

1. M a~· l ey , Ir. and Earle, J. , Til e L nr; ic Desir;n of Trnns i1;­
t"r f)i r;ital Com puters, Prenti ce-Ha ll, Inc., 1963. 
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MINIATURE 
POWER 
RESISTORS 

CHASSIS-MOUNT TYPE • NEW LAMINAR DESIGN • LOW 

PROFILE • 50% REDUCTION IN SIZE AND WEIGHT • 

COMPLETELY NON-INDUCTIVE • T.C.: 50 PPM/° C • 

RESISTANCE TOLERANCE: ±1% 

Model Power Max. Diel. High Resistance Terminals 
No. Rating! Voltage Str. Temp.TC I Range 

MP311 15 Watts 300 600 50 501l·200K 12" Min Teflon L•ads 
26AWG 7x34 

MP312 15 Watts 300 600 50 101l·200K Gold Plated Solder Lugs 

tPower rating based on chassis mounting - MP311 and MP312 on 6"x4"x2 " x.040 
aluminum chassis 

HC·50ppm / ° C Referenced to 25 ° C, t.R taken at + 150 ° C and + 275 ° C. (Low temp. 
TC will be nominally - 85ppmj° C at - 55 ° C. See typical R-T curve.) 

Resistance Tolerance: ± 1 % standard (Other tolerances on special order.) 
Insulation Resistance: 10,000 Megohms, dry. Method - Mil -R-185460 , para. 4 .6.8 . 
Solderability: Per Mil-R -185460, para. 3.7 , para . 4.6 .4 . 
Terminal Strength: Per Mil -Std -202, Method 211 , Cond. A (Pull Test) , 5 lbs., and 
Cond . B (Bend Test). Max. t.R, .2 % or .2Q, whichever is greater. 
Thermal Shock: Per Mil-R -185460, para . 4.6.9 , max. t.R, .5% or .2Q, whichever is 
greater. 
Mo.mentary Overload: 2 times rated power or 1.5 times max. allowable working voltage , 
whichever gives the lower power, for 5 seconds. Max. t.R, .5% or .2Q, whichever is 
greater. 
Moisture Resistance: Mil -Std -202 , Method 106B, less steps 7a and 7b, max. t.R, .5% 
or .2Q, whichever is greater. 
Lile: Per Mil -R-185460 , para . 4.6.12 , 1,000 hrs. Max. t.R, . 1% or .2Q, whichever is 
greater. 
Shock, Medium Impact: 50G, per Mil -Std -202, Method 205 , Cond . C. 
Vibration, High frequency: Per Mil-Std -202, Method 204, Cond. B, Max. t.R, .2% or 
.2Q, whichever is greater, through shock and vibration sequence. 

DERATING CURVE TYPICAL R·T CURVE 

25 50 75 100 125 ISO 175 200 225 2SO 275 50 100 150 200 250 

• AMBIENT TEMPERATURE , •c TEMPERATURE, C 

3127 Chicago Ave., Riverside, Calif. 92507 •Telephone: (714) 683-5361 
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MOO" 
Delivering 

nsistors. 
• • n°"' 1n quantity. 

The Kokomoans' new 
DTS 802 and 804 NPN triple 
diffused silicon high energy tran­
sistors are here. You can order 
them from your Delco Radio 
distributors now in sample or 
production quantities. They were 
specially designed for high volt: 
age inductive switching from 
rectified 3 phase 220 line, and 
magnetic deflection circuits in 
large screen color TV receivers. 

They've been application­
tested from production lots by 

SQUARE PULSES OF THE 
SPECIFIED LENGTH AT A 
REPETITION RATE OF 4 

0.tr== PULSES PEA SECOND. 

prospective users with stringent 
reliability requirements. They 
do the job. And their energy 
handling capability is verified by 
Delco Pulse Energy Testing. 

The high energy relia -
bility of Delco silicon power 
transistors has earned them a 
reputation for survival in the 
toughest switching jobs. It's a 
built-in advantage, vitally im­
portant where circuits are sub­
ject to transients or fault 
conditions. 

Now you can simplify the 
design of high energy circuits 
with reduced size, weight, and 
component cost. Convert HV 
tube circuits to solid state reli­
ability without the complexity 
associated with high current, low 
voltage devices. And fewer com-

'ponents mean higher reliability. 
For prices and delivery or 

additional data on Delco's new 
DTS 802 and 804 contact us or 
your nearest Delco Radio 
distributor. 

Collector to emitter voltage (VcEx) . . 1200V max. 1400V max. 
Collector to emitter voltage (VcEo) . . lOOOV max. lOOOV max. 
Sustaining voltage (VcEO sus) .. 7SOV min. BOOV min. 
Emitter to base voltage (VEBO).. .... SV max. 
Collector current (le) continuous . . . SA max. 
hFE. le = 3.SA, VcE = SV . . . . . . . . 2.2 min. 
*P.E.T. ; le = 7A, VcE = 200V, 

tp = 300 u sec, duty cycle <4 % .. 420 mJ min. 

*Pulse Energy Test 
Available in solid copper JEDEC T0-3 package. 

0.03 .___..._...._..__.........,_~~-.L--'-.L-'-'..aL.LI. 
10 100 DTS·S02--1t 1000 

VcE {volts) DTS·804~ 

SAFE OPERATING CURVES 
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From these Delco Semicondudor distnnutors. 
ALA., BIRMINGHAM • Forbes 

Distributing Co., Inc. (205)-251-4104 
ARIZ., PHOENIX • Sterling 

Electronics, Inc. (602)-258-4531 
•Hyer/Cramer Electronics, Inc. 

(602)-263-1112 
CAL., LOS ANGELES • Kierulff 

Electronics, Inc. (213)-685-5511 
• Radio Products Sales, Inc. 

(213)-748-1271 
CAL., PALO ALTO• Kierulff 

Electronics, Inc. (415)-968-6292 
CAL., SAN DIEGO • Milo of 

Califo111ia, Inc. (714)-232-8951 
COLO., COLORADO SPRINGS 

• L. B. Walker Radio Co. 
(303)-636-1661 

COLO., DENVER • L. B. Walker 
Radio Co. (303)-935-2406 

•Hyer/Cramer Electronics Inc. 
(303)-758-2100 

FLA., MIAMI • Mountain 
Electronics, Subsidiary of Avnet, 
Inc., (305)-634-4556 

FLA., WEST PALM BEACH 
• Mountain Electronics, Subsidiary 

of Avnet, Inc., (305)-833-5701 
ILL., ROSEMONT• F-J-R/Midwest, 

Inc. (312)-678-8560 
ILL., SKOKIE • Merquip Electronics, 

Inc. (312)-282-5400 
IND., INDIANAPOLIS • Graham 

Electronics Supply, Inc. 
(317)-634-8486 

MD., BALTIMORE • Radio Electric 
Service Co. (301)-823-0070 

MASS., NEWTON • The Greene 
Shaw Co., Inc. (617)-969-8900 

MICH., KALAMAZOO • Electronic 
Supply Corp. (616)-381-4624 

MICH., ROMULUS (Detroit) 
• Harvey Radio Co. (313)-729-5500 

MINN., MINNEAPOLIS • Stark 
Electronics Supply Co. (612)-332-1325 

MO., KANSAS CITY • Walters 
Radio Supply, Inc. (816)-531-7015 

MO., NO. KANSAS CITY • ECI 
Semiconductors, Inc. (816)-221-2400 

MO., ST. LOUIS • Electronic 
Components for Industry Co. 

(314)-647-5505 
N.J., CLIFTON• Eastern Radio 

Corporation (201)-4-71-6600 
N.M., ALBUQUERQUE 

•Hyer/ Cramer Electronics Inc. 
(505)-265-5767 

• Sterling Electronics Inc. 
(505)-247-2486 

N.Y., BINGHAMTON• Federal 
Electronics, Inc. (607)-748-8211 

N.Y., NEW YORK • Harvey Radio 
Co., Inc. (212)-582-2590 

N.Y., WOODBURY, L.I. •Harvey 
Radio Company, Inc. (516)-921-8700 

OHIO, CINCINNATI • United 
Radio, Inc. (513)-761-4030 

OHIO, CLEVELAND • The W. M. 
Pattison Supply Co., Industrial 

Electronics Division (216)-441-3000 
OHIO, DAYTON• F-J-R/Ohio, Inc. 

(513)-278-9411 
OKLA., OKLAHOMA CITY 

•Radio, Inc. (405)-235-1551 
OKLA., TULSA • Radio, 
Inc. (918)-587-9123 

MARK OF EXCELLENCE 

PENN., PHILADELPHIA • Almo 
Electronics, Division of Sterling 

Electronics (215)-676-6000 
PENN., PITTSBURGH• RPC 

Electronics (412)-782-3770 
S.C., COLUMBIA• Dixie Radio 

Supply Co., Inc. (803)-253-5333 
TEXAS, DALLAS • Adleta 

Electronics Company (214)-742-8257 
TEXAS, FORT WORTH • Adleta 

Electronics Co. (817)-336-7446 
TEXAS, HOUSTON • Harrison 

Equipment Co., Inc. (713)-224-9131 
UTAH, SALT LAKE CITY 

• Hyer/Cramer Electronics Inc. 
(801)-487-3681 

VA., RICHMOND • Meridian 
Electronics, Inc., a Sterling 

Electronics Company (703)-353-6648 
WASH., SEATTLE • Kierulff 

Electronics, Inc. (206)-763-1550 
WASH., TACOMA • C & G 

Electronics Co. (206)-272-3181 
CANADA, ONT., SCARBOROUGH 

• Lake Engineering Co., Ltd. 
(416)-751-5980 

Kokomoan's Regional 
Headquarters. Union, New 

Jersey• 07083, Box 1018 
Chestnut Station, (201) 
687-3770 • Santa Monica, 

Calif.• 90401, 726 Santa 
Monica Blvd., (213) 870-

8807 • Chicago, Illinois• 
60656, 5151 N. Harlem Ave­

nue, (312) 775-5411 •Kokomo, 
Ind. 46901, 700 E. Firmin, (317) 
459-2175 Home Office• *Office 

includes field lab and resident 
enAineer for application assis­

tance. 

THE KOICOlt/IOANS 

DELCO RADIO 
lON OF GENERAL MOTORS 

KOKOMO,INDIANA 
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Wired for the 'electric' generation? 
Managers intent on employing top talent attend this seminar 
to learn how to attract and manage an anti-business youth. 

Richard L. Turmail , Management Editor 

Because methods of technical management 
change almost as often as technology itself, 
w e believe our readership is interested in know­
ing about current projected managerial trends. 
We explore the problem in a three-part series on 
the management of change in technology, cover­
ing (1) challges in managem ent style (2) manag­
illg the generation gap (3) exploring the man­
agement of technology. This article is second 
in the series. 

Ever since the "electric" generation started 
hanging the establishment in effigy, conscientious 
recruiters of the business community have been 
trying to fi nd a way to persuade top young 
talent to share in its company's employee stock 
option plan. Bridging the gap between those with 
mortgages and those who emblazon the scenery 
with contemporary graffiti such as "Stamp out 
virginity" and "I was curious," was the subject 
of a recent seminar conducted by the Bureau of 
Industrial Relations at the University of Michi­
gan. 

The conference, titled, "Managing the Genera­
tion Gap," was originated and chaired by Dr. 
Eugene Koprowski, associate dean of the Uni­
versity of Colorado Business School at the Denver 
Center, and associate professor of management 
and organization. Present were about 25 man­
agers, one-third of whom represented electronics 
companies. They hoped to discover a way to 
change the opinion reportedly held by many 
young people that the business establishment is 
narrow, short-sighted, and uninspiring. 

The "safety-valve" generation 

What are the different generations? Why the 
gap? And how to manage it? These were some 
of the questions asked by the managers at the 
conference. They also asked more specifically : 

• How do I attract bright, creative young 
people to my company? 

• How do I turn them on'! 
• What strategies are available to accomplish 

these aims? 
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In answer to these almost desperate inquiries, 
Dr. Koprowski first explained why attitudes and 
values vary between those under and over 30. 

"People," he said, "look at the world in very 
different ways. When you realize that someone 
is looking at the world unlike you, you figure 
that one of you must be wrong, and it can't be 
you." 

He pointed out that most people view the world 
and their place in it by the criterion of a critical 
time in their lives-perhaps the time they got 
their first job. Those who are 60 years and older 
were first employed during a time when work 
was difficult to get, and so their approach to a 
job is that work is good for its own sake. They 
are conditioned by the way the world was then­
which makes them part of the depression genera­
tion. 

The next generation, Koprowski says, was one 
in which the young men were taken from the 
security of home and school and thrust into a 
mobile war. And when the war was over, their 
primary objective was to master a profession, 
marry, and establish a secure home life. These 
escapists from anxiety are members of the war 
generation. 

These two older generations have basic values 
in common, but the younger generation has heard 
quite a a different drummer. For one thing, to­
day's young people have never had to worry 
seriously about economic security. They could be 
called the "safety valve" generation because, if 
they get into deep water financially, their families 
are usually able and willing to bail them out. 
This financial freedom (or safety valve) has 
given a knowledgeable generation time to be con­
scious about social ills. 

Value systems have changed 

These young people are also aware of their 
market value. Koprowski cited the case of a 
usually well-mannered senior engineering stu­
dent, who, after experiencing successful inter­
views with seven expectant companies, plopped 
his size 13's on Koprowski's desk and asked, 
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Seminar leaders make their point in a casual atmosphere at Bl R-sponsored conferences. 

"What job should I take, Gene, baby?" He is, of 
course, a member in good standing of the electric 
generation. 

According to data compiled by Koprowski, the 
electric generation is further divided into three 
different groups of youths: 

• Those who are vocal. They account for about 
10 % of the generation and are articulate lead­
ers of the youth movement. They want to change 
the world, but not through the establishment. 

The two branches of this type are the political 
wing (the new left), and the life-style group that 
does its own thing-long hair; drugs; beards; 
bizarre clothing. 

• Those who aren't happy with the world. 
However, they are easily mobilized and willing 
to try to straighten things out via the establish­
ment. They account for 50 % to 60 % of the total 
generation. 

• Those who have been well conditioned by 
society. They aren't too different from those of 
the depression generation. 

"The value systems," Koprowski said, "be­
tween the depression and war generations and 
the electric generation are different because of 
the way the world is different." 

What is it that separates us? 

The threadbare school of thought that says, 
"Once kids have to face the facts of life, they'll 
grow up," only helps to keep the generations 
separated. 

In an exercise designed to wedge open our 
understanding of youthful attitudes, we were 
confronted at the seminar by a few students of 
the University of Michigan. One of them was 
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an engineering major. His future plans include 
working in municipal government. He is inter­
ested in the marketing aspects of engineering, 
and he enrolled in engineering because, as he 
said, "It teaches me logical sequence." Then, with 
a smile, he added, "And perhaps because I was 
afraid I couldn't pass a language"-a fear, he 
said, that influenced quite a few of his fellow 
students when they decided to enroll in the col­
lege of engineering. 

He explained that the generation gap is real 
to him because, "We have lost sight of what 
priorities are really important for our country. 
We need to change both the priorities and those 
who make them." He would give top priority to 
fighting pollution, for example. 

An English Literature major put it in a dif­
ferent way: "A gap exists because there's little 
communication between the younger generation 
and those in power who are more interested in 
national security than they are in individual 
enterprise. We need more opportunities for per­
sonal involvement." 

Another opinion came from a business eco­
nomics major, who complained, "It's impossible 
for me to understand a government that taxes 
me to pay farmers not to grow food when people 
in this country are starving. Those with economic 
power have no right to use that power to control 
others." 

And then one of the managers asked: "What 
is it you don't like about us?" 

The students gave various reasons why com­
panies aren't able to hire many of the top gradu­
ates. They include: 

1. The business community emphasizes the 
importance of money, rather than purpose. 
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The engineer as student and job seeker 
To explore the attitudes and aspirations of 

this year's upcoming crop of engineering gradu­
ates, E LECTRONIC DESIGN recently interviewed 
Prof. John G. Young, director of engineering 
placement, College of Engineering, University 
of Michigan, and- asked these questions: 
What do forthcoming engineering graduates 
here at Michigan look for during their job 
interviews with prospective employers ? 

Mostly, they look for t he kind of research 
work they've done here in school. Most engi­
neering assignments in college are research­
oriented . Students don't really know too much 
about industrial engineering. If they're inter­
ested in an industry job, t hey concern them­
selves wit h the potential growth of the company 
and equate their own growth with that. Beyond 
that they seek employment in aerospace, new 
communications, and new devices. 
What do employers look for in engineering 
students? 

Employers in t he market for research engi­
neer s, usually look for t hose with t he best 
scholastic record . E mployers in industry, on the 
other hand, usually want those with manage­
ment potential-those who can take responsi­
bility and make decisions. These employers don't 
care much if the student has no engineering 
specialty. You may find it interesting t hat al­
though 80% of our students are managerially 
inclined, the percentage of electronics engineer­
ing students in this category is somewhat less 
because they are more scientifically oriented. 
What is the aver age education for an engineer­
ing student her e at Michigan? 

About half of our students obtain a master's 
degree, and 11 % of those earn a doctor's degree. 
These percentages may have dropped now since 
the students who are considering postgraduate 
work no longer receive a draft deferment . 

(According to a nationwide survey of the 
1969 graduating class just completed by the 
Engineering Manpower Commission, only 16% 
of this year's engineering graduates plan to 
study for a master's · or doctor's degree. In the 
years 1965-67, about 25% of all new engineers 
pursued a higher education. The graduate today 
appears to be seeking an occupational def er­
ment, since the graduate deferment is no longer 
open to him.) 
Does the course of study requir ed for a mas­
ter' s degree in engineering prepare the student 
for t he respons ibilities of management ? 

The course doesn't really broaden the engi­
neering student's knowledge of business adminis­
tration methods. Students pursue master's de­
grees because they know t hey will be more 
competitive in the job market having proved 
that they can handle master's work. To learn 

methods of management, a student must take 
courses designed specifically for that purpose . 
What k ind of engineer ing work do t he senior 
students want? 

They don't want a routine job. Grads are 
looking for job freedom-that is, an opportunity 
to innovate technically and/or managerially. 
They're also seeking social and environmental 
improvement. 
Is the number of s tudents enrolling in engi­
neering at Michigan increas ing or decreasing 
compared to say, five or ten years ago? 

There has been a yearly increase in enroll­
ments-at a decreasing rate. I used to think 
that the reason for the decrease was eit her that 
engineering was moving more from the manual 
to the techn ical, or that science instead of 
engineering was getting all the credit for tech­
nica,J accomplishments. However, what has hap­
pened, I think, is that among the students there 
is an increasing emphasis on individualism. 
,They're turned off by organizational jobs. 

There has been an enrollment increase in t he 
English Literature School here because, I think, 
an increasing number of students believe they 
can find themselves in a course of study t hat is 
more subject to interpretation, that allows more 
freedom of expression than they think engineer­
ing does . Also, students with managerial ability 
are inclined to enroll in a school of business 
administration, instead of engineering school. 
Do many engineering students at Michigan 
attend liberal arts classes? 

Very few. T o graduate at Michigan, the engi­
neering student must accumulate a minimum of 
128 credits. Of that number, only 24 are elec­
tives and many undergraduates spend those in 
economics courses. They could broaden them­
selves a little better, perhaps, if they took 
courses in the behavioral sciences, language, 
sociology, and psychology. 
Officials of electronics companies have com­
plained that they have t o r et rain an engineer­
ing graduate before he's capable of making a 
worthwhi1e cont ribution to th e company. Why ? 

We can only school the student in the funda­
mentals of engineering. If we attempted to train 
him in depth in one field, he would be sadly 
lacking in others. He must learn to adapt him­
self to the company situation. 
What is t he best way to manage t oday's engi­
neering student? 

Brief him face to face on how the company's 
function depends on engineering, on him, and 
how the many corporate decisions are governed 
by technical cons iderations. Also give him the 
group concept: let him see what he can accom­
plish with others t hat he couldn't hope to ac­
complish by himself. 
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2. Some of the graduate talent, including 
many engineers, is spurning business in favor 
of government in hopes of changing social ills. 

3. The narrow-mindedness of business is a 
real barrier to young innovators who have fresh 
ideas to unload. 

The engineering student summed it up this 
way: "The member of the establishment that I 
respect is a 72-year-old engineering dean, who, 
despite the fact that he's a very conservative 
gentleman, has always attempted to give a new 
idea a chance. A company's life depends on new 
ideas to keep up with the times. A forward-look­
ing image is crucial for any company hoping 
to place creative college graduates on its payroll. 

"I must work for a company that feels its 
own significance; that is socially conscious; that, 
for example, helps the community with its pol-
1 ution problem; that is open to change and is 
constantly updating its operating techniques." 

Tapping the fountain of youth 

The door had barely closed behind the 
last departing student before more than one 
manager was asking the obvious question: "How 
do we bridge the gap that separates us?" 

Guest speaker James R. Shultz, director of 
personnel planning for Kaiser Aluminum listed 
the following ways that company has tried to 
reach the electric generation: 

• Set up a program in Oakland, Calif., to ac­
quaint ghetto children with the law. 

• Revamped its employee selection process be­
cause tests proved it to have no correlation with 
job accomplishment because highly competent 
employees were becoming bored with their work. 

• Placed talented youths in positions where 

Professor John G. Young 
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they can do what they do best as quickly as 
possible. 

Another area where companies can look for 
improvement, Schultz says, is in the investigation 
of the company's organization chart to find out 
if there are any jobs that may be obsolete. Still 
another approach is putting youth to work on 
task forces that deal with problem-solving and 
goal-setting. "These jobs will weed out the 
phonies," Shultz said, "because they come to grips 
with the problems immediately." 

Shultz said further, "A title doesn't make it 
with the younger set. The better management is 
the one with less supervision-the one with more 
mutual respect. For that reason, more and more 
people at our company report to only one super­
visor." 

In conclusion, Shultz said that company man­
agers shouldn't be afraid to pay young employees 
what they're worth, even if it's more than older 
employees are making. Educated youth is the 
most valuable investment any company can 
make. 

Seminar leader Koprowski then offered his 
own list of suggestions to managers who are 
interested in attracting talented young people 
for their companies: 

1. Be prepared to take risks to keep your 
company young and vital. 

2. Get to know your new employee on a face­
to-face basis. 

3. Level with him about his future and the 
company goals. 

4. Involve him in decision-making, and give 
him work that has a purpose. 

5. Develop a climate of trust. 

6. Help him grow at his own pace. 

What's the real difference? 

Capping the two-day conference was a 
dramatization designed to confront the managers 
with the problem of blending the young, noncon­
forming employee with the company image. 

One participant was Mark, a brilliant engi­
neer, Jong-haired, bearded, weirdly dressed-and 
who keeps a pet cricket in a sterling silver cage 
at work. He was pitted against a manager, Ken, 
who was a former honor student and a wing 
commander in the Air Force during World 
War II. 

As the conversation between the two charac­
ters unfolded, most of us realized that because 
two people differ from each other, one isn't 
necessarily right and the other wrong. Both can 
be right, and management can benefit from the 
lesson. •• 
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From CRT display 
to hardcopy printout. 

In seconds! 
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A plotter takes 30 minutes. A dry-silver 
photographic process makes muddy copies. 

But at Adage, Inc. the Gould 4800 
Electrostatic Printer puts out clean 

hard copy in seconds. No wait. 
No wonder the 4800 is now a 

catalogued item for Adage lnc.'s award­
winning Graphics Terminal. 

The Graphics Terminal is a CRT 
display computer system with infinite potential 

for interractive graphics applications in 
science and engineering. To name a few, 

cockpit design, mathematical equations 
and printed circuit cards. 

Having the 4800 Electrostatic 
Printer on line the user can alter his design 

equation with a light pen and have clean 
hard copy of any stage within seconds. 

Adage officials say their system is 
further enhanced by the economy of the 

4800. It doubles as a printer by putting out both 
alphanumerics and graphics. It has few~r 

moving parts to maintain than conventional 
equipment. And Adage interfaced the 

4800 in a matter of days ... at 
surprisingly low cost. 
More 4800 facts: 
At 412,000 characters per minute, 
the Gould 4800 breaks the old printout 
bottleneck on your computer. It reproduces 
signals from any source of digital input or data 
transmission by telemetry, radio microwave 
and/or land line, quickly, quietly, 
accurately and economically. 
4800 can probably recap the same 
benefits for your system as it does for Adage's 
Graphics Terminal. Write us to see. Don't 
wait. Graphics Division, Gould Inc., 3631 
Perkins Avenue, Cleveland, Ohio 44114. 

GOULD c LEVITE 
Gould 4800. The next generation 
of high-speed printers. 

See t he Gould 4800 
at the S.J.C.C. - Atlantic City, May 5, 6, 7. 
Booths 49008 & 49009. 

INFORMATION RETRIEVAL NUMBER 71 
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Oak 
Versatility 

Stepping Switches 
for almost any remote switching job 

Remote contro l-rugged and re liable-is the so le 
function of any Oak Stepping Switch . Switchi ng or 
other ope rations (master-slave circuits, sequential 
timing circuits, counting applications) at relative ly 
inaccessible or distant locations are no longer a 
problem. There's a standard Oak Solenoid o r Step­
ping Switch for almost any circuit design-or we' ll 
develop a special one. 

Oak Ste~r. i ng Switch units are precisely engi­
neered, comb ining the quality and capab ilities of 
Oak rotary switches with the remote control uti l­
ity of Oak Solenoids. Th is team readi ly perfo rms 
mu ltip le swi tch ing funct ions in l imited space 
under severe operating and environmenta l con­
ditions. 

For full details on the complete line of versati le 
Oak solenoids and stepping switches, w rite today 
for Bulletin SP-288. 

OAK MANUF A CTU RING CO. 
, ---..., A Division of OAK ELECTRO/NETIC S co~P 
-....____...... Crystal Lake, llhnois 60014 

Phone: 8 15- 459- 5000 T\NX: 910-634- 3353 

INFORMATION RETRIEVAL NUMBER 72 

Is Your 
Blood Pressure 

HIGH? 
Most cases of high 
blood pressure, 
leading cause of 
heart attack and 
stroke, can now be 
controlled. 

Protect yourself 
two ways: visit your 
doctor, and support 
your Heart Associa­
tion's lifesaving pro­
gram of research 
education and com­
munity service. 

.GIVE ... 
so more will live 

HEART FUND 
ELECTRONIC D ESIGN 8, April 12, 1970 



The IBM Modem. 
Only the price will surprise you. 

If you're sending 

data over telephone 
lines, our new modem can 

give you speed and reliability. And a new 

low cost. 
The IBM 4872 Modem is a 4800 bps 

data set which operates over C2-condi­

tioned telephone lines. 
And which not only gives you built-in 

test equipment. 
But also gives you manual equaliza­

tion so you can easily adjust it to line 
characteristics. 

The economy of multipoint capability. 

And the same kind of dependable 

maintenance that's available with any of 

our IBM products. 

And the purchase price will surprise 

you. $4460 for point-to-point. And $4850 

for multipoint. 
And for another pleasant surprise call 

your nearest IBM representative about our 

fast delivery schedule. 

Or mail the coupon below. 

IBM f\Aarketing Information, 18100 Frederick Pike, 
Gaithersburg, Maryland 20760 

D Please rush me more facts about the IBM 4872 

modem. 

D Please have a marketing representative ca II on me. 

Name ____ __, _______ _ 
please print 

Title. _____________ _ 

Company ___________ _ 

Add res~------------

Cty 
I P201206 

State. ____ .._,ip __ 

INFORMATION RETRIEVAL NUMBER 74 
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HERE'S WHY: • ± 0.01 % line & load regulation 
• ± 0.5% preset output voltage 
•Short-circuit proof 
• MIL-STD-883 hermetic package 
• $40 (1-9 quantity) 
• Model 828 (plus) and Model 838 (minus) 

from stock 
•Many other outstanding features ; 

contact your local Helipot representative. 

Beckman· 

HELIPOT DIVISION 
FULLERTON. CALIFORNIA• 9263' 

INTERNATIONAL SUBSIDIARIES : A~STEROAM . CAPE TOWN GENEVA; GLENROTHES 

SCOTLAND: LONDON , MEXICO CITY MUNICH : PARIS : STOCKHOLM: TOKYO : VIENf'Jo\ 



Ideas For Design 

Feedback and clamping circuits 
improve comparator one-shot 

One-shot multivibrator designs using IC com­
parators or operational amplifiers have several 
disadvantages. These are described, and improve­
ments are suggested. 

One problem is pulse width variation which 
results if the input signal continues after the 
one-shot is triggered on. Since pulse duration is 
controlled by the timing capacitor charging above 
the input voltage, variations in the input voltage 
cause variations in the pulse duration. The new 
approach uses a feedback technique to fix the 
input to a constant voltage while the one-shot 
is on. 

Another problem is the long recovery time re­
quired before many one-shots can be retriggered 

TRIGGER 

LEVEL. " 0.1!5µF 
IOOk 
R2 

by the proper voltage. Since turn-on occurs 
whenever the input signal exceeds the reference, 
any excess reference voltage will raise the trig­
ger point. Normally, capacitor feedback causes 
the reference to increase at turn-off. 

As shown in the figure, the improved circuit 
uses an operational amplifier with feedback and 
clamping features. A diode (CR2 ) has been in­
serted to clamp the excess voltage and decrease 
the recovery time. The operational amplifier is 
normally in the positive state, one diode voltage 
below the zener (V Rer ) voltage. When triggered, 
the output swings to its negative state ( - 12 V), 
and C1 causes V R 4 to drop the same differential 
voltage. At the same time, CR2 is forward-biased, 

IN914 
CR2 

+1!5V 

R6 
24k 

~ I\ I \ A /\ri I\ ~2 o v11vv, ~1---r--'VV\ ________ ___ 

INPUT 

VR4 

RI 
I Ok 

R3 
IOOk 

R4 
IOk 

+1!5V -1!5V 

<:> 

CRI 
IN914 

R!5 
2k 

Cl 
lµF 

OUTPUT 

Improved circuit combines feedback and clamping to enhance the performance of a comparator one· shot. 

~ INFORMATION RETRIEVAL NUMBER 75 103 



*Section D18T-1 



IDEAS FOR DESIGN 

clamping pin 2 to a constant negative voltage, 
thus preventing this point from following input 
voltage variations. 

Gradually C1 charges, and when Vpin a exceeds 
Vpin" the operational amplifier starts switching 
to the positive state. As the voltage increases at 
pin 6, the differential voltage is coupled to pin 3. 
At the same time an attenuated portion of this 
differential voltage appears at pin 2. This addi­
tional positive feedb~ck assures switching to the 
positive state. As the output voltage completes 
its positive swing, CR1 conducts and discharges 
the excess voltage that C1 developed across R4. 
This sets up the one-shot for another triggering 
signal. 

Built-in diode protection prevents large input 
voltage swings from damaging the amplifier. 
However, these diodes do allow a small de voltage 
to develop across Ri and the R4-Cl combination. 

Diode protects power supply 
from short circuits 

Power-supply protection is a perennial problem 
and the circuit shown offers a simple and eco­
nomical solution. 

Under normal conditions, CR1 is reverse­
biased by the voltage drop across Ra and thus 
does not affect the operation of the stabilizer. 
However, when the output is shorted, CR, turns 
on, drawing current through R, and causing the 
zener diode (CR2) reference voltage to collapse. 
Because CR1 is a germanium diode, it holds Qi 
off, thus turning off Q3 and Q •. When the short 
is removed, the circuit resumes normal operation. 

Damer E. O'N Waddington, Design Engineer, 
Mulgrave, St. Albans, Herts., England 

VOTE FOR 312 

Thus the trigger voltage is: 
V Tri gge r = V Re! + V Rl + VtH 
Diodes are used from pin 5 to ground to pre­

vent a supersaturation condition in the op amp 
from affecting the trigger point. They also limit 
the output voltages and help set the pulse dura­
tion (t), which is 5 ms for this circuit. Pulse 
duration is primarily determined by C1 from the 
equation 

t = - R4C1ln (Vpin 2/6.Vpin s) 
where 

v pin 2 = the voltage at pin 2 when the ouput 
is negative 

ii v pin 6 = the transition of voltage at the out­
put. 

Paul B. Weil, Member of the Technical Staff, 
Hughes Aircraft Co., Culver City, Calif. 

VOTE FOR 311 

INPUT 

Diode CR 1 is reverse-biased unless output is short­
ed. Forward bias during short circuit protects power 
supply. 

DTL circuit triggers multivibrator and insures starting 
An astable multibrator circuit driving a lamp 

makes a simple and convenient visual warning 
indicator system for many applications. 

The control of the multivibrator from a digital 
integrated logic gate poses several problems. One 
way in which the required function might be 
achieved is shown in Fig. 1. A saturating lamp 

ELECTRON IC D ESIGN 8, April 12, 1970 

transistor, Q3 , can be switched across the collec­
tor-emitter circuit of Q1 to inhibit oscillation. For 
the condition where Q3 is cut off, the multivibra­
tor functions normally. But there is no guarantee 
that the multivibrator will start. Switching Qa 
off may leave both Q1 and Qz simultaneously 
saturated and the circuit with insufficient loop 
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Requiring only 0.625 sq. in. of panel space 11.250" x 
0.500"), Triplett's Model 0.5-E is the smallest of a line 
of panel meters specifically designed to fit in less than 
half the panel space required for a conventional meter 
of comparable scale length and accuracy. 

meters are available, Triplett offers over 700 different 
edgewise meters. Accuracy of the AC iron vane, DC 
and RF movements is 2% ... 3% for the AC rectifier 
types. 

The Triplett E-Series meter line is available right 
now at your local Triplett distributor or sales/ service/ 
modification center. For more information, including 
the availability of special scales and ranges, contact 
one of them or your Triplett sales representative. 
Triplett Corporation, Bluffton, Ohio 45817. 

Called the Triplett E-Series and available in 112, 1112, 
31/2 and 41/2" sizes, this line includes AC, DC and RF 
ammeters and milliammeters, AC and DC voltmeters 
and DC millivoltmeters and microammeters. Count­
ing all the sizes, types and ranges in which the E-Series 

-TRIPLETT 
Manufacturers of the World's most complete line of V-0-Ms 
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IDEAS FOR DESIGN 

c c 

11\f>UT 
Q3 Q2 

1. Saturating clamp (Q") inhibits oscillation but 
may leave Q, and Q, saturated. 

gain to commence oscillation. The multivibrator 
may be made self-starting, but this requires more 
components, plus an undesirable power dissipa­
tion during the standby condition. 

These problems are overcome by the circuit 
shown in Fig. 2. When Qa' (DTL output) is 
switched off, the current in R1 is only a few nA 
and Q4 is effectively off. R2 is chosen so that 
when Q3' saturates, Q,, saturates and its collector 
voltage is approximately E ,, thus permitting the 
multivibrator to function. D1 and D2 are included 
to prevent base-emitter breakdown in Q,' and 
,Q/ for large values of E ,. C1 is a small capacitor 

Level-shifting circuit uses 
analog and digital design 

When de level shifting must be compatible with 
both digital and analog circuits, the following 
design provides the required interface. The cir­
cuit shown (Fig. 1) provides three de levels, 
sequenced as illustrated by the timing diagram 
(Fig. 2). 

Upon application of a reset pulse, V Ft is ob­
tained at the output. An enable pulse changes 
the output from V Fi to V F2· After a fixed delay 
(T), the output again changes and remains set 
to level V Fa until the next reset pulse. The three 
output levels are related to each other by the 
equation 

ELECTRONIC DESIGN 8, April 12, 1970 

TRANS. 
FERRANTI 
ZTX 500 

DTL 

INPUT 

..-------------"" +E1 
RI , lk \5V RAIL) 

Q4 

2. Improved circuit uses no power in standby con ­
dition and insures multivibrat ing sta rting. 

(about 100 pF) included to make the collector 
circuits of Qi' and Q2' dissimilar: this ensures 
that the multivibrator will not block. Convention­
al design consideration governs the choice of C, 
Rr, and RB. Power dissipation is zero in the 
standby state. 

The circuit functions just as well if R2 is omit­
ted and the base of Q. is driven from a high im­
pedance source (for example: the collector of a 
current-mode switch). 

B. L. Hart, West Ham CoUege of T echnology, 
London, England. 

VOTE FOR 313 

VF = [R.,/ (Ra+ R ,)] E 2 [l + (R 2/ R1)] 
- E , (Rj R,). (1) 

The ZERO level of input NAND gates ICA and 
ICB is approximately zero volts. The ONE level 
voltages are all equal, and Eq. 1 reduces to 

VF1 = [R. / (Ra+ R, )J E [1+ (R2/ R1)] (2)'. 
v F2 = - E (R2/ R1) (3) 
v F3 = v Fl - v F2 ( 4) 

where E is the ONE level input voltage of the 
particular NAND gate used (3.5 V to 4.0 V). 
The loads on ICA and ICB must be the same to 
insure that the ONE level NAND gate output 
voltages are equal. (Both NAND gates should be 
on the same chip.) 

The RS (reset-set) latch ff1 provides either 
A and B or B and A to the summing junctions 
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We call it INCONECT®. Our new Molex 
modular system that provides five ways 

of interconnecting electrical-electronic 
printed circuit assemblies: Two ways to 
connect circuit boards to chassis, three 
ways to interconnect printed circuit boards. 
It's a giant step forward in helping speed 
production and assembly techniques in the 

area of printed circuits. Unique flexibility 
enables you to tailor connector compo-

nents to your specific product needs. 
Easily. Simplifies assembly, testing, servic­
ing and model change requirements. It's 
another example of the Molex creative approach 

to circuitry problems. One that demonstrates 
just how reliable and economical ~ 

printed circuit connections r _ ' 
can really be. But see for I 

yourself. Write for details. 'l10 ~X 
Or you can make connec- ~ 

tions by calling 
(312) 969-4550. l 

• 



ENABLE 

RESET 5k 

+5V 

DELAY (T) 

(ONE-SHOT 
MULTIVI BRATORl 

20 k 

R2 

5k 

* 01,02 OPTIONAL 

1. Combined analog/digital circuit provides three de output levels. 

+IOV VF1 
VF3 

VF 0 

~ 
I I 

-IOV 

:-r--1 
+ sv I 

I 
ENABLE I 

0 I 
I 
I 

+sv µ RESET 
0 

2. Timing diagram illustrates the delay (T) provid· 
ed by the one-shot multivibrator. 

VOTE! Go through all Idea-for-Design entries, select the 
best, and circle the appropriate number on the Reader­
Service-Card. 

SEND US YOUR IDEAS FOR DESIGN. You may win a 
grand total of $1050 (cash)! Here's how. Submit your 
IFD describing a new or important circuit or design 
technique, the clever use of a new component or test 
equipment, packaging tips, cost-saving ideas to our 
Ideas-for-Design editor. You will receive $20 for each 
accepted idea, $30 more if it is voted best-of-issue by 
our readers. The best-of·issue winners become eligible 
for the Idea Of the Year award of $1000. 

..... INFORMATION RETRIEVAL NUMBER 78 

of the op-amp. Output C of RS latch ff2 is normal­
ly high once reset has occurred. This allows the 
input voltages E 1 and E z to assume the logic level 
of their respective NAND gates governed by the 
inputs AC and BC, according to the truth table. 

TRUTH TABLE 
Mode A B C E i E 2 Output 

Reset 1 0 1 0 1 V r1 
Enable 0 1 1 1 0 V 12 

Enable + Time Delay 0 1 0 1 1 V ra 
The delay circuit used can be any one-shot multi­
vibrator. For the circuit shown, a discrete com­
ponent one-shot was used due to the long delay 
required. 

The response time of this circuit is equal to 
the longest path length through the logic, plus 
the op-amp slew rate. Since the gates need less 
than 50 ns each to operate, the circuit response 
time can be considered equivalent to that of the 
operational amplifier used. An extension of this 
concept is summing more than two voltages at 
the op-amp input. This would result in a very 
elaborate analog output signal. This analog signal 
can be generated easily, demonstrating the useful­
ness of combined digital and analog techniques. 

Wayne T. Armstrong, Design Engineer, Hugh­
es Aircraft Co., Canoga Park, Calif. 

VOTE FOR 314 
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WE WANT OUR NAME ON THE TIP OF YOUR TONGUE! 

~A~g!c~~P.~r 300 
INFORMATION RETRIEVAL NUMBER 79 

new micro-miniature inductors 
break price and space barrier 
For the first time, ultra-miniaturization hasn't resulted in price 
escalation. In fact, the new Cambion micro-miniature inductors are 
competitive with much larger conventional units in terms of price. 
In terms of size, there's no comparison. 
Designed to keep pace with the shrinking area of modern electronic 
(thick and thin film) circuitry, Cambion 's new micro size inductors span 
the range of values from .06 to 10,000 uH, have excellent Q readings for 
such tiny packages, and come either fixed or variable. 
And, best of all, they 're available as standards (as are all Cambion 
inductors)-you can get more of the same, with known operating 
characteristics, fast (they're stock items). We've devoted one whole 
issue of our Product News to describing them. We'll send you a copy, if 
you'll send us your name. Cambridge Thermionic Corporation, 
445 Concord Avenue, Cambridge, Mass. 02138. 

Standardize on 

The Guaranteed Electronic Components 

INFORMATION RETRIEVAL NUMBER 80 
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Where's the excitement 
in digital IC's today? 

RCMs expanding 
COS/MOS line. 

Flat Pack DIC Flat Pack DIC 
Circuit designers and component engineers, in in­
creasing number, are taking advantage of the unique 
performance features of RCA COS/MOS IC's. They 
are attracted by the immediate availability of pro­
duction quantities and the economics of these de­
vices; and RCA's continued leadership in expanding 
the number of circuit types in this exciting line. 
Today, there are COS/MOS IC's to satisfy most of 
your commercial, industrial, aerospace and military 
logic-system design requirements. 

Type No. Type No. Description Price-Each Price-Each 

Look at these COS/ MOS IC 
advantages: 

D Extremely low quiescent power dissipation 
gates-Pr= 10 nW/pkg (typ) @ Voo= 10 V 
MSI circuits-Pr= 5 µ.W (typ) @ Voo= 10 V 

D Speed 
gates-propagation delay (tpd) = 50 ns 
(typ) @ Voo= 10 V, C,= 15 pF 
MSI circuits-clock pulse frequency (fee)= 
2.5 MHz (typ) @ Voo= 10 V 

D Excellent de and dynamic noise immunity-
4.5 V (typ) @ Voo = 10 V 

D High de fanout (e.g. > 50) 

D Simple circuit and subsystem design 

D Compatible gate level and MSI functions 

D Operation from one unregulated power supply-
6to15 V 

D Full military operating-temperature range­
-55 0C to + 125°C 

D Stable performance over wide ranges of supply 
voltage and temperature 

They all add up to a big plus for circuit engineers: 
lower system design and production costs. 

Gates 
CD4000 CD4000D Dual 3-input NOR 

plus inverter 

CD4001 CD4001D Quad 2-input NOR 

CD4002 CD4002D Dual 4-input NOR 

CD4007 CD4007D Dual complementary pair 
plus inverter 

CD4011 CD4011D Quad 2-ineut NANO 

CD4012 CD4012D Dual 4-input NANO 

Flip-Flops 

CD4013 CD4013D Dual-D with set/reset 
capability 

Hex Buffers/Logic-Level Converters 

CD4009D Inverting 

CD4010D Non-inverting 

Men:iories- MSI 

CD4005 CD4005D 16-bit NDRO 

Static-Shift Registers- MSI 
CD4006 CD4006D 18-stage 

CD4014D 8-stage synchronous 
parallel-input/serial-
output 

CD4015D Dual 4-stage serial-input/ 
parallel-output 

Counters-MS! 

CD4004 7-stage ripple counter/ 
*CD4004T freq. divider 

Adders-MS! 

CD4008D 4-bit full adder with 
parallel carry out 

*T0-5 package 

(1000 or more quantities) 

$ 5.00 $ 4.00 

5.75 4.75 

5.50 4.50 

4.00 3.00 

5.75 4.75 

5.50 4.50 

9.00 8.00 

7.00 

7.00 

11 .00 10.00 

18.25 17.25 

13.60 

13.60 

11 .00 
10.00 

16.00 

For further information on COS/MOS integrated cir­
cuits, see your local RCA Representative or RCA 
Distributor. Ask for the following COS/MOS applica­
tion information : "Counters and Registers " , ST 
4166 ; "Noise Immunity", ICAN 6176; "Astable and 
Monostable Oscillator Designs" , ICAN 6267; "COS/ 
MOS Reliability", RIC 101 . Or write: RCA Electronic 
Components, Commercial Engineering, Sec. ICG4-2 
/ CD34, Harrison, N. J . 07029. In Europe : RCA Inter­
national Marketing S.A., 2-4 rue du Lievre,1227Gen­
eva, Switzerland. 

(COS/MOS IC's listed in bold-face type are recent additions to the line.) 

ncll ln_teg~ated C1rcu1ts 
INFORMATION RETRIEVAL NUMBER 82 
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Custom Power Supplies vs. Standar 
Custom power supplies offer you precise performance, precise 
interface and high efficiency. Added up, that means total guar­
anteed system reliability with discs, drums, logic, displays, 
etc. for computers, printers, data terminals and all the other 
peripherals we've designed supplies for. It can also mean 
special size, weight and integrated shape, to fit within the 
available space. 

Custom supplies !Ileana lower price, too, compared to off­
the-shelf modular units, and you can have features like auto­
matic sequencing, AC failure sensing, reverse temperature 
compensation, and under and over-voltage sensing, among 
others, that are not available with the "standard" supplies. 

With Hi-G's in-house hybrid I.C. regulators, transformers 
and plug-in Printed Circuit Boards providing "standardized cir­
cuits", we've beaten the high-cost, long-lead-time prototype 
battle as well. Let us apply our Systems-Application approach 
for you. It'll provide you with a "prototype" in 'ii the time 
at % normal costs. 

The irrefutable evidence leads to an "aye" vote for Hi-G 
Custom Power Supplies. But on the other hand: when the de­
mand is widespread for Hi-G Custom Power Supplies, they 
become "the standard." All those in favor . . . return the 

attached card. H • Hi-G Incorporated 
J. Electronic Products Division 

Ci SpringSt.&Route75 
Windsor Locks, Conn. 06096 

INFORMATION RETRIEVAL NUMBER 83 
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Product source 
Directory 

AC Power Supplies and 
Special Purpose DC Power Supplies 

This Product Source Directory covers AC 
Power Supplies and Special Purpose DC Power 
Supplies. Special purpose power supplies are in 
two categories, Voltage Reference and Klystron. 
It contains products frequently purchased by 
design engineers. 

For each table, the instruments are listed in 
ascending order of one major parameter. The 

AC Power Supplies 
Reader 
Service 

Abbrev. Company No. 

Behl-I nvar Behl man Division 
California Instrument Corp . 
3511 Midway Dr. 439 
San Diego, Calif. 92110 
(714) 224-3241 

CML CML Inc. 
Sub. Tenney Engineering 
350 Leland Ave. 440 
Plainf ield, N.J. 07062 
(201) 754-5502 

EOC Electronic Development Corp. 
11 Hamlin St. 441 Boston, Mass. 02127 
(617) 268-9696 

Elgar Elgar Corp. 
8159 Engineer Rd . 442 San Diego, Calif. 92111 
(714) 279-0800 

ERA Electronic Research Associates 
67 Sand Park Rd. 443 
Cedar Grove, N .J. 07009 
(201) 239-3000 

GE General Electric Co . 
Specialty Transformer Dept. 444 
Fort Wayne, Ind . 
(219) 743-7431 

Ind Test Industrial Test Equipment Co. 
20 Beechwood Ave. 445 
Port Washington. N.Y. 11050 
(516) 767-5253 

Lambda Lambda Electronics 
515 Broad Hollow Rd . 446 
Melville, N.Y. 11746 
(5 16) MY 4-4200 

114 

column containing this parameter is color-coded 
white. An index of models by manufacturer is 
included at the end of each t able. Manufacturers 
are identified by abbreviation. The complet e name 
of each manufacturer can be found in the Master 
Cross Index below. 

An Addendum to de power supplies is located 
on p. 131. 

Reader 
Service 

Abbrev. Company No. 

NJE NJE Corp. 
20 Boright Ave. 447 Kenilworth, N.J. 07033 
( 201) 272-6000 

North Hills North Hills Electronics 
Alexander Pl. 448 Glen Cove, N.Y. 11542 
(516) 671-5700 

Princeton Princeton Applied Research Corp . 
P.O. Box 565 449 
Princeton, N .J. 08549 
(609) 924-6835 

RFL RF L Industries. Inc. 
Communications Div. 
Powerville Rd . 450 
Boonton, N.J . 07005 
( 201) 334-31 00 

Sola Sola Electric Div. 
Sola Basic Industries 
1717 Busse Rd . 451 
El k Grove Village, Ill. 60007 
(312) H~ 9-2800 

Sorensen Sorensen Operation 
Raytheon Co. 
Richards Ave. 452 
Norwalk, Conn. 06856 
(203) 838-6571 

Superior Superior Electric Co. 
383 Middle St. 453 
Bristol, Conn. 06010 
(203) 582-956 1 

Tel -Inst Tel -Instrument Electronics Group 
728 Garden St. 454 
Carlstadt, N.J. 07072 
(201) 933-1600 

INFORMATION RETRIEVAL NUMBER 84 ... 



Mallory 
designed this 

DURACELi:. 
for Bell & Howell 

We met their battery needs.What can we do for you? 
When Bell & Howell needed a "smaller but better" power source 

to operate their famous home movie cameras, they naturally 
turned to Mallory, makers of DURACELL, 

the amazing long distance power cell that far outlasts ordinary batteries. 
The result is our exclusive new HRA-2401, an improved High Rate 

Alkaline battery designed to withstand high drains for longer 
periods and to perform better at temperature extremes. The 

HRA-2401 is ideal also for powering the electric film drive on 
Bell & Howell's instant loading still cameras, another high drain use. 

Shown here is a typical performance curve of the HRA type. 
VOLTAGE DISCHARGE CURVES ""''"'"""' RESISTANC£YALUESA>~EOUIVALEHT 

15 CURREHTORAINSATl1SVOUS 
OHMS MILLIAMPERES 

8 155 
10 125 
15 83 
25 50 

13 ~..----+---+-----! 

~ '' ~"""'" ~ 11 f-'~~~~~ "" ..,,---+---+---+----I 
> ,. ~ ............. 

°' t=~:::'.~~$~;:::s~;;ti...::::::~;;~==j 08 ~ "-....J 
SD 100 150 250 .,,___--+----+----+---t----t 
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HOURS OF SERVICE AT 70• F 

•Registered tra demark of P. R. Mallory & Co. Inc. 

As a completely reliable and versatile battery, it very likely 
could be adaptable to your special needs. 

In fact, we have many batteries that might be adaptable for you. 
Either among our 1000-plus existing types of alkaline and mercury 

power cells. Or among our new, rechargeable alkaline 
series in D, C and AA, designed for selected applications. 

If we don't have a battery for you, we'll design one. As we did for 
· Bell & Howell. · 

For more information, write Technical Sales Department, 
Mallory Battery Company, a division of P. R. Mallory & Co. Inc., South 

Broadway, Tarrytown, New York 10591. Telephone: 914-591-7000. 
(In Canada: Mallory Battery Company of Canada Limited, 

Sheridan Park, Ontario.) 
It's good business to do business with Mallory 

MALLORY 
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more than a power supply 
You get more than a power supply when you specify this or any Hewlett Packard 
power supply. An international network of 220 sales/service offices are at your 
disposal .. . the most comprehensive service manuals detailing every aspect 
of the supply from theory and operation to troubleshooting .. . protection 
circuitry including an internal overvoltage " crowbar" to safeguard delicate 
loads, standard on this Low Voltage Rack (LVR) Series. OUTPUTS: 1 OV @ 20, 50, 
or 1 OOA; 20V @ 10, 20, or 50A; 40V @ 3, 5, 10, 30, or 50A; 60V @ 3 or 15A. 
RIPPLE AND NOISE: typically 2001.tV rms, 10mV p-p. Remote Programming and 
lots more. Prices start at $350. 

and vou can customize it with these options ... 
• 10-Turn Output Voltage and Current Controls • Chassis Slides 
• 3-Digit Graduated Decadial for Voltage or Current • 115V, 208V, 
or 230Vac Inputs • 50Hz Input. 

• LINE 
ON 

..----vOLfAG£---;;?l 
COAH( 

• • • 
HEWLETT~ PACKARD 

POWER SUPPLIES 
Over 100 power suppl ies are described in the 
1970 HP Electronics Catalog. Write for your copy. 

See us at IEEE 

100 Locust Avenue, Berkeley Heights, New Jersey 07922 (201) 464-1234 



DC POWER 
From 10µ,V to 4000V 
From 1 µ,A to 2000A 
From $90 to $3,500 
From manual to computer controlled. 

-
,·~-~ ~ 

.. -........ 
-· .,_,_ _ .. I -

----· -
~ 0 .. .. " 

LOW COST SUPPLIES 
Compact laboratory power sup­
plies can be stacked or rack 
mounted. Choose from 6. well-
regulated models: 10V @ 1A; 2SV 

@ .4A; SOV @ .2A. Three Constant Voltage/Current 
limiting models - $90. Three Constant Voltage/Constant 
Current models - $11S. 

Constant Voltage/Constant Current with Automatic 
Crossover, Remote Programming, Remote Sens­
ing, Auto-Series or Parallel, Optional Internal Over­
voltage "Crowbar" 

ot::J -~:~ MEDIUM POWER I - ~ ~ .:: 
TRANSISTOR - • - 0 

REGULATED 
Precisely regulated. Programming speeds as fast as 
SOOµs. 20 models : 7.SV @ 3 or SA; 10V @ 10A; 20V 
@ 1.S, 3, S, or 10A; 30V @ 1A; 40V @ .7S, 1.S, 3, or SA; 
60V @ 1 or 3A; 100V @ .7SA; 160V @ .2A; 320V @ .1A. 
$144 to $39S. 

MEDIUM POWER I SCR REGULATED 
8 models: 20V @ 1S or 4SA, 40V @ 10 or 2SA ; 60V 
@ 5 or 15A, 120V @ 2.SA; 600V @ 1.SA. $360 to $SSO. 

HIGH POWER/SCR REGULATED 
12 Models: 4V @ 2000A; SV @ 1000A; 
18V @ SOOA ; 36V @ 300A; 64V @ 
150A; 110V @ 100A; 220V @ SOA ; 300V 
@ 35A; 600V @ 1SA. $127S to $3SOO. 

...,I. D 
~ 0 Q 

Special Purpose Power Supplies 

Reader 
Service 

Abbrev. Company No. 

EDC Electronic Development Corp. 
11 Hamlin St. 455 Boston, Mass. 02127 
(6 17) 268-9696 

ERA Electronic Research Assoc . 
67 Sand Park Rd . 456 Cedar Grove, N.J. 
(201) 239-3000 

EPSCO EPSCO Inc. 
411 Providence Highway 457 Westwood , Mass. 02090 
(617) 329-1500 

Flu ke John Fluke Mfg. Co . 
Box 7428 458 Seattle, Wash . 98133 
(206) 774-2211 

H-P Hewlett Packard Co. 
110 Locust Ave. 459 Berkeley Heights, N.J. 07922 
(201) 464-1234 

Keithley Keithley Instrument Corp. 
28775 Aurora Rd . 460 Cleveland, Ohio 44139 
(216) 248-0400 

Micro-Power Micro-Power Inc. 
25-14 Broadway 461 Long Island City, N.Y. 11106 
(212) 726-4060 

Narda Narda Microwave Corp . 
Commercial St. 462 Plainview, N .Y. 11803 
(516) 433-9000 

North Hills North Hills Electronics 
Alexander Pl. 463 Glen Cove. N.Y. 11542 
(516) 671-5700 

PDP Power Designs Pacific 
Miranda Ave. 464 Palo Alto, Calif. 
(415) 321-6 111 

PRO PRO Electronics, Inc. 
6801 Jericho T p ke. 465 Syosset, N.Y. 11791 
(516) 364-0400 

Power Des Power Design 
1700 Shames Dr. 466· Westbury, N.Y. 11590 
(516) 333-6200 

RFL RF L Industr ies Inc. 
Communications Div . 
Powerville Rd . 467 
Boonton, N.J. 07005 
( 201) 334-31 00 

Singer The Singer Co. 
Ballantine Operation 
Box 97 . 468 
Boonton, N.J. 07005 
(201) 334-1432 

Sorensen Sorensen Opera tion 
Raytheon Co. 
Richards Ave. 469 
Norwal k, Conn. 06856 
(203) 838-6571 

Weston-Lex Weston-Lexington 
Div. of Daystrom Inc. 
17 Hartwell Ave. 470 
Lexington, Mass. 02173 
(617) 861 -9000 
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AC Power Supplies (Frequency Regulated, Fixed ·Frequency) 67 
FREQUENCY OUTPUT 

REGULATION 

Min. Max. Accuracy Stability Min . Max. Power Line Load Distortion Response Misc Price 

Manufacturer Madel Hz Hz % % Volts Volts VA % % % Time Features $ 

CML NS570-1A 50 50 ina ±0.25 0 125 70 ±0. 5 ±0.5 3 50 µs reg 

CML NS120-1A 50 50 ina ±0.25 0 125 120 ±0.5 ±0.·5 3 50 µs reg 

CML T150A/SG-31A 50 50 ina ±0.25 0 217 150 ±0. 5 ±0.5 3 50 µs reg 

CML NS175-lli 50 50 ina ±0.25 0 125 175 ±0.5 ±0.5 3 50 µs reg 
F CML T300B/ SG-31A 50 50 ina ±0.25 0 217 300 ±0. 5 ±0. 5 3 50 µs 
F 

reg 

CML NS350-1A 50 50 ina ±0.25 0 125 350 ±0.5 ±0.5 3 50 µs reg 
1 CML T500B/ SG-31A 50 50 ina ±0.25 0 217 500 ±0.5 ±0.5 3 50 µs reg 

CML N500A/ SG-11A 50 50 ina ±0.25 0 125 500 ±0.5 ±0.5 3 50 µs reg 

CML T750A/SG-31A 50 50 ina ±0.25 0 217 750 ±0. 5 ±0.5 3 50 µs reg 

CML N750B/ SG-11A 50 50 ina ±0.25 0 125 750 ±0.5 ±0.5 3 50 µs reg 

CML N750A/ SG- l 1 A 50 50 ino ±0.25 0 125 750 ±0.5 ±0.5 3 50 µs reg 

CML N lOOOA/ SG-1 lA 50 50 inc ±0.25 0 125 1000 ±0.5 ±0.5 3 50 µs reg 

CML T1200A/SG-31A 50 50 ina ±0.25 0 217 1200 ±0.5 ±0.5 3 50 µs reg 

F 
CML N 1500A/ SG-11A 50 50 ina ±0.25 0 125 1500 ±0.5 ±0.5 3 50 µs reg 

F 
CML T 1750A/ SG-31 A 50 50 ina ±0.25 0 217 1750 ±0.5 ±0.5 3 50 µs reg 

2 
CML N2000A/ SG-11A 50 50 ino ±0.25 0 125 2000 ±0.5 ±0.5 3 50 µs reg 

CML T2500A/SG-31A 50 50 ina ±0.25 0 217 2500 ±0.5 ±0.5 3 50 µs reg 

CML N5000A/ SG-11A 50 50 ina ±0.25 0 125 5000 ±0.5 ±0.5 3 50 µs reg 

CML T5000A/ SG-31A 50 50 inc ±0.25 0 217 5000 ±0.5 ±0.5 3 50 µs reg 

CML N570-2A 60 60 ina ±0.25 0 125 70 ±0.5 ±0.5 3 50 µs reg 

Ind Test 805-1-B 60 60 0. 1 o. 1 0 260 80 o. 1 0.5 0.3 50 µs v reg 

CML NS120-2A 60 60 ina ±0.25 0 125 120 ±0.5 ±0.5 3 50 µs reg 

CML T150A/SG-32A 60 60 ina ±0.25 0 217 150 ±0.5 ±0.5 3 50 µs reg 

F 
CML NS175-2A 60 60 ina ±0.25 0 125 175 ±0.5 ±0.5 3 50 µs reg 

F 
Ind Test 2505-1-B 60 60 o. 1 o. 1 0 260 250 o. 1 0.5 0.2 50 µs v reg 

3 
CML T300B/ SG-32A 60 60 ina ±0.25 0 217 300 ±0.5 ±0.5 3 50 µs reg 

CML NS350-2A 60 60 ina ±0.25 0 125 350 ±0.5 ±0. 5 3 50 µs reg 

CML T500B/ SG-32A 60 60 ina ±0.25 0 217 500 ±0.5 ±0.5 3 50 µs reg 

CML N500A/SG-12A 60 60 ina ±0.25 0 125 500 ±0.5 ±0.5 3 50 µs reg 

CML T750A/5G-32A 60 60 ina ±0.25 0 217 750 ±0.5 ±0.5 3 50 µs reg 

CML N750A/ SG-12A 60 60 ina ±0. 25 0 125 750 ±0.5 ±0.5 3 50 µs reg 
CML N750B/ SG-12A 60 60 ina ±0.25 0 125 750 ±0.5 ±0.5 3 50 µs reg 
Ind Test 10005-1-B 60 60 o. 1 o. 1 0 300 1000 o. 1 0.5 0.4 50 µs v reg 

F 
CML N 1000A/ SG-12A 60 60 ina ±0.25 0 125 1000 ±0.5 ±0.5 3 50 µs reg 

F 
CML T1200A/ SG-32A 60 60 ina ±0.25 0 217 1200 ±0.5 ±0.5 3 50 µs reg 

4 
Ind Test 15005-1-B 60 60 o. 1 o. 1 0 300 1500 o. 1 0.5 0.4 50 µs v reg 
CML N 1500A/ SG-12A 60 60 ina ±0.25 0 125 1500 ±0.5 ±0.5 3 50 µs reg 
CML T1750A/ SG-32A 60 60 ina ±0.25 0 217 1750 ±0.5 ±0.5 3 50 µs reg 
CML N2000A/ SG-12A 60 60 ina ±0.25 0 125 2000 ±0.5 ±0.5 3 50 µs reg 
CML T2500A/ SG-32A 60 60 ina ±0.25 0 217 2500 ±0.5 ±0.5 3 50 µs reg 

CML T5000A/SG-32A 60 60 inc ±0.25 0 217 5000 ±0.5 ±0.5 3 50 µs reg 

CML N5000A/SG-12A 60 60 ina ±0.25 0 125 5000 ±0.5 ±0.5 3 50 µs reg 

ERA IT256RS 57 62 1 1 105 135 50 ± 1 ± 1 6 50 µs b 235 

F 
ERA IT2106R5 57 62 1 1 105 135 100 ± 1 ± 1 6 50 µs b 260 

F 
ERA IT2256RS 57 62 1 1 105 135 250 ± 1 ±1 6 50 µs b 340 

5 
CML LRS-250A 57 63 ina ±0.5 105 125 250 ±0.5 ±0.5 .3 ina reg 

CML LRS-500A 57 63 ina ±0. 5 105 125 500 ±0.5 ±0.5 3 ina reg 
CML LRS-lOOOA 57 63 ina ±0. 5 105 125 1000 ±0.5 ±0. 5 3 ina reg 
Behl-lnvar 1503T 45 400 o. 1 0.001 0 130 120 ±0.5 1 1 ina a reg 
Behl-lnvar 123A 45 400 o. 1 0.001 0 130 120 ±0.5 1 1 ina a reg 

Behl-lnvar 161A 45 400 o. 1 0.001 0 130 120 ±0.5 1 1 ino a reg 
Behl-lnvar 753T 45 400 o. 1 0.001 0 130 120 ±0.5 1 1 inc a reg 
Behl-lnvar 251T 45 400 o. 1 0.001 0 130 250 ±0.05 1 1 ina a reg 

F Behl-lnvar 503A 45 400 0.1 0.001 0 130 500 ±0.5 1 1 ina a reg 

F 
Behl-lnvar 351A 45 400 o. 1 0.001 0 130 500 ±0.5 1 1 ina a reg 

6 
Behl-lnvar 501T 45 400 o. 1 0.001 0 130 500 ±0.05 1 1 ina a reg 
Behl-lnvar 751A 45 400 o. 1 0.001 0 130 750 ±0.5 1 1 ina a reg 
Behl-lnvar 1501A 45 400 0.0 0.001 0 130 1500 ±0.5 1 1 ina a reg 
Behl-lnvar 2253B 45 400 o. 1 0.001 0 130 2250 ±0.5 1 1 inc a reg 
Behl-lnvar 5001A 45 400 o. 1 0.001 0 1300 5000 ±0.5 1 1 ina a reg 

CML N570-4A 400 400 inc ±0.25 0 125 70 ±0.5 ±0.5 1 50 µs reg 
Ind Test 805-1-A 400 400 o. 1 o. 1 0 260 80 o. 1 0.5 0. 3 50 µs v reg 
CML N5120-4A 400 400 ioo ±0.25 0 125 120 ±0.5 ±0.5 1 50 µs reg 

F 
CML T150A/ 5G-34A 400 400 ina ±0.25 0 217 150 ±0.5 ±0.5 1 50 µs reg 

F CML N5175-4A 400 400 ina ±0.25 0 125 175 ±0.5 ±0.5 1 50 µs reg 

7 
Ind Test 2505-1-A 400 400 o. 1 o. 1 0 260 250 0. 1 0.5 0.2 50 µs v reg 
CML T300B/ 5G-34A 400 400 ina ±0.25 0 217 300 ±0.5 ±0.5 1 50 µs reg 
CML NS350-4A 400 400 ina ±0.25 0 125 350 ±0.5 ±0.5 1 50 µs reg 
CML T500B/ 5G-34A 400 400 ina ±0.25 0 217 500 ±0.5 ±0.5 1 50 µs reg 
CML N500A/5G-14A 400 400 inc ±0.25 0 125 500 ±0.5 ±0.5 1 50 µs reg 

F CML T750A/ SG-34A 400 400 ino ±0.25 0 217 750 ±0.5 ±0.5 1 50 µs reg 

F CML N750A/5G-14A 400 400 ina ±0.25 0 125 750 ±0.5 ±0.5 1 50 µs reg 

8 CML N750B/ SG-14A 400 400 ino ±0.25 0 125 750 ±0.5 ±0.5 1 50 µs reg 
Ind Test 10005-1-A 400 400 o. 1 o. 1 0 300 1000 o. 1 0.5 0.4 50 µs v reg 
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AC Power Supplies (Frequency Regulated, Fixed Frequency) 68 
FREQUENCY OUTPUT 

REGULATION 

Min. Max. Accuracy Stability Min . Max . Power Line Load Distortion Response Misc Price 
Manufacturer Madel Hz Hz % % Volts Volts VA % % % Time Features $ 

CML N 1000A/SG-14A 400 400 ina ±0. 25 0 125 1000 ±0.5 ±0.5 1 50 µs reg 
CML T1200A/SG-34A 400 400 ina ±0.25 0 217 1200 ±0.5 ±0.5 1 50 µs reg 
Ind Test 15005-1-A 400 400 o. 1 o. 1 0 300 1500 o. 1 0.5 0.4 50 µs v reg 
CML N 1500A/ SG-14A 400 400 ina ±0.25 0 125 1500 ±0.5 ±0. 5 1 50 µs reg F 
CML T1750A/SG-34A 400 400 ina ±0.25 0 217 1750 ±0.5 ±0;5 1 50 µs reg F 
CML N2000A/ SG-14A 400 400 ina ±0.25 0 125 2000 ±0.5 ±0.5 1 50 µs reg 9 
CML T2500A/SG-34A 400 400 ino ±0.25 0 217 2500 ±0.5 ±0. 5 1 50 µs reg 
CML T5000A/ SG-34A 400 400 ino ±0. 25 0 217 5000 ±0.5 ±0.5 1 50 µs reg 
CML N5000A/ SG-14A 400 400 ina ±0.25 0 125 5000 ±0.5 ±0.5 1 50 µs reg 
CML T15000A/ SG-34A 400 400 ina ±0.25 0 217 15K ±0.5 ±0.5 1 50 µs reg 

CML N 15000A/SG-14A 400 400 ino ±0.25 0 125 15K ±0.5 ±0.5 1 50 µs reg 
CML T20000A/ SG-34A 400 400 inc ±0.25 0 217 20K ±0.5 ±0.5 1 50 µs reg 
CML CRS-50A 380 420 ina ±0.5 105 125 50 ±0.5 ±0.5 1 ina reg 
ERA IT259RS 380 420 1 1 105 135 50 ±1 ± 1 6 50 µs b 240 F 
CML CRS-lOOA 380 420 ina ±0.5 105 125 100 ±0.5 ±0.5 1 ina reg F 
ERA IT2104RS 380 420 1 1 105 135 100 ±1 ±1 6 50 µs b 275 10 
CML CRS-150A 380 420 ina ±0.5 105 125 150 ±0.5 ±0.5 1 ina reg 
ERA IT2254RS 380 420 1 1 105 135 250 ±1 ±1 6 50 µs b 365 
CML CRS-250A 380 420 ina ±0.5 105 125 250 ±0. 5 ±0. 5 1 ina reg 
CML CRS-500A 380 420 ina ±0.5 105 125 500 ±0. 5 ±0.5 1 ina reg 

CML CRS-lOOOA 380 420 ina ±0.5 105 125 1000 ±0.5 ±0.5 1 ina reg 
CML CRS-2000A 380 420 ina ±0.5 105 125 2000 ±0.5 ±0.5 1 ina reg 
CML NS70-8A 800 800 inc ±0.25 0 125 70 ±0.5 ±0.5 1 50 µs reg 

F 
CML NS120-8A 800 800 ino ±0.25 0 125 120 ±0.5 ±0.5 1 50 µs reg 

F CML T150A/SG-38A 800 800 ina ±0.25 0 217 150 ±0.5 ±0.5 1 50 µs reg 
11 CML NS175-8A 800 800 ino ±0.25 0 125 175 ±0.5 ±0.5 1 50 µs reg 

CML T300B/ SG-38A 800 800 ina ±0.25 0 217 300 ±0.5 ±0.5 1 50 µs reg 
CML NS350-8A 800 800 ina ±0.25 0 125 350 ±0.5 ±0.5 1 50 µs reg 
CML T500B/ SG-38A 800 800 ina ±0.25 0 217 500 ±0.5 ±0.5 1 50 µs reg 
CML N500A/SG-18A 800 800 ina ±0.25 0 125 500 ±0.5 ±0.5 1 50 µs reg 

CML T750A/SG-38A 800 800 ina ±0.25 0 217 750 ±0.5 ±0.5 1 50 µs reg 
CML N750A/SG-18A 800 800 ina ±0.25 0 125 750 ±0.5 ±0.5 1 50 µs reg 
CML N750B/ SG-18A 800 800 ina ±0.25 0 125 750 ±0.5 ±0.5 1 50 µs reg 

F CML N 1000A/SG-18A 800 800 ina ±0.25 0 125 1000 ±0.5 ±0.5 1 50 µs reg 
F CML T1200A/ SG-38A 800 800 ina ±0.25 0 217 1200 ±0.5 ±0.5 1 50 µs reg 
12 CML N 1500A/SG-18A 800 800 ina ±0.25 0 125 1500 ±0.5 ±0.5 1 50 µs reg 

CML T 1750A/SG-38A 800 800 ina ±0.25 0 217 1750 ±0.5 ±0.5 1 50 µs reg 
CML N2000A/ SG-18A 800 800 ina ±0.25 0 125 2000 ±0.5 ±0.5 1 50 µs reg 
CML T2500A/ SG-38A 800 800 inc ±0.25 0 217 2500 ±0.5 ±0.5 1 "50 µs reg 
CML T5000A/SG-38A 800 800 ina ±0.25 0 217 5000 ±0.5 ±0.5 1 50 µs reg 

CML N5000A/ SG-18A 800 800 ina ±0.25 0 125 5000 ±0.5 ±0.5 1 50 µs reg 
CML N 15000A/SG-18A 800 800 ina ±0. 25 0 125 15K ±0.5 ±0.5 1 50 µs reg 
RFL 829G 50 1000 5 1 0 1000 30W 0.05 n/a 0.04 n/a 3100 

F 
Tel-Inst 4030A-3 50 4000 0.001 0.001 90 130 100 0.5 o. 1 1 ino awx reg 

F 
Tel-Inst 40258-1 50 4000 0.001 0.001 90 130 250 0.5 o. 1 1 ina awx reg 

13 
Tel-Inst 4050-1 50 4000 0.001 0.001 90 130 500 0.5 o. 1 1 ina awx reg 
Tel-Inst 4100-1 50 4000 0.001 0.001 90 130 1000 0.5 o. 1 1 ina awx reg 
Tel-Inst 4250-1 50 4000 0.001 0.001 90 130 2500 0.5 o. 1 1 inc a wx reg 
Tel-Inst 4500-1 50 4000 0.001 0.001 90 130 5000 0.5 0.1 1 inc awx reg 
Elgor 600-3 45 5000 0. 1 0.025 0 260 200 0.25 0.25 0.5 50 µs a 1820 
Elgor 400-1 45 5000 o. 1 0.025 0 520 400 0.25 0.25 0.5 50 µs ar 1205 
Elgor 1503 45 5000 o. 1 0.025 0 130 500 0.25 0.25 0.5 50 µs a 3050 
Elgar 501 45 5000 o. 1 0.025 0 260 500 0.25 0.25 0.5 50 µs a 1380 

F 
Elgor 1500-3 45 5000 0. 1 0.025 0 260 500 0. 25 0.25 0. 5 50 µs a 4190 

F 
Elgor 751 45 5000 o. 1 0.025 0 260 750 0.25 0.25 0.5 50 µs a 1800 

14 
Elgor 2250-3 45 5000 o. 1 0.025 0 260 750 0.25 0.25 0.5 50 µs a 5450 
Elgar 1000-1 45 5000 o. 1 0.025 0 520 1000 0.25 0.25 0. 5 50 µs ar 2875 
Elgar 1001 45 5000 o. 1 0.025 0 260 1000 0.25 0. 25 0. 5 50 µs a 2250 
Elgar 3000-3 45 5000 o. 1 0.025 0 260 1000 0.25 0.25 0.5 50 µs a 6800 
Elgar 1500-1 45 5000 o. 1 0.025 0 520 1500 0.25 0.25 0. 5 50 µs ar 3625 
Elgar 1501 45 5000 o. 1 0.025 0 260 1500 0.25 0.25 0.5 50 µs a 3050 
Elgar 4500-3 45 5000 o. 1 0.025 0 260 1500 0.25 0.25 0.5 50 µs a 8975 
Elgor 2000-1 45 5000 o. 1 0.025 0 520 2000 0.25 0.25 0.5 50 µs ar 4525 

F Elgor 6000-3 45 5000 o. 1 0.025 0 260 2000 0.25 0.25 0.5 50 µs a 13600 
F 

Elgar 9000-3 45 5000 o. 1 0.025 0 260 3000 0.25 0.25 0.5 50 µs a 16625 
15 

Elgar 3000-1 45 5000 o. 1 0.025 0 520 3000 0.25 0.25 0. 5 50 µs ar 6125 
Elgar 153 350 lOK o. 1 0.025 0 520 150 0.25 0.25 0.5 50 µs ar 1050 
Elgar 201 45 10K o. 1 0.025 0 260 200 0.25 0.25 0. 5 50 µs a 590 
Ind Test 805-1-C 10 20K 0. 1 o. 1 0 260 80 o. 1 0.5 0.3 50 µs av reg 
Ind Test 805-1-D 10 20K 0.01 0.001 0 260 80 o. 1 0.5 0. 3 50 µs av reg 

F Ind Test 805-1-E 10 20K 0.001 0.0001 0 260 80 o. 1 0. 5 0. 3 50 µs av reg 
F Ind Test 2505-1-E 10 20K 0.001 0.0001 0 260 250 o. 1 0. 5 0.2 50 µs av reg 
16 Ind Test 2505-1-D 10 20K 0.01 0.001 0 260 250 o. 1 0.5 0.2 50 µs av reg 

Ind Test 2505-1-C 10 20K o. 1 o. 1 0 260 250 o. 1 0.5 0.2 50 µs av reg 
Ind Test 10005-1-E 10 20K 0.001 0.0001 0 300 1000 o. 1 0. 5 0.4 50 µs a v reg 

F Ind Test 10005-1-D 10 20K 0.01 0.001 0 300 1000 o. 1 0.5 0.4 50 µs av reg 
F Ind Test 10005-1-C 10 20K o. 1 o. 1 0 300 1000 o. 1 0.5 0.4 50 µs av reg 
17 Ind Test 15005-1-D 10 20K 0. 01 0.001 0 300 1500 o. 1 0.5 0.5 50 µs av reg Ind Test 15005-1-C 10 20K o. 1 o. 1 0 300 1500 o. 1 0.5 0.4 50 µs av reg Ind Test 15005-1-E 10 20K 0.001 0.0001 0 300 1500 o. 1 0.5 0.4 50 µs av reg 



AC Power Supplies (Freq. Regulated, Adjustable Frequency) 69 
FREQUENCY OUTPUT 

REGULATION 

Min. Max. Accuracy Stability Min. Max. Power Line Load Distortion Response Misc Price 

Manufacturer Madel Hz Hz % % Volts Volts VA % % % Time Features $ 

Behl-Inver 123A 45 60 o. 1 0.05 0 130 120 ±0.5 1 1 ino reg 
Behl-Inver 161A 45 60 o. 1 0.05 0 130 120 ±0.5 1 1 ina reg 
Behl-Inver 351A 45 60 o. 1 0.05 0 130 350 ±0.5 1 1 ina reg 
Behl-Inver 503A 45 60 o. 1 0.05 0 130 500 ±0.5 1 1 ina reg 

A Behl-Inver 751A 45 60 o. 1 0.05 0 130 750 ±0.5 1 1 ina reg 
F Behl-Inver 1501A 45 60 o. l 0.05 0 130 1500 ±0.5 1 1 ina reg 
1 Behl-Inver 2253B 45 60 o. 1 0.05 0 130 2250 ±0.5 1 1 ina reg 

Behl-Inver 5001A 45 60 o. 1 0.05 0 1300 5000 ±0.5 1 1 ina reg 
Behl-Inver 2511 45 65 o. 1 0.05 0 130 250 ±0.05 1 1 ina reg 
Behl-Inver 5011 45 65 o. 1 0.05 0 130 500 ±0.05 1 1 ina reg 

CML T500B/ SG-33A 47 65 ina ±0.25 0 217 500 ±0.5 ±0.5 3 50 µs reg 
Behl-Inver 753T 45 65 o. 1 0.05 0 130 750 0.05 1 1 ina reg 
Behl-Inver 1503T 45 65 o. 1 0.05 0 130 1500 0.05 1 1 inc reg 
CML NS70-3A 45 70 ina ±0.25 0 125 70 ±0.5 ±0.5 3 50 µs reg 

A CML NS120-3A 45 70 ina ±0.25 0 125 120 ±0.5 ±0.5 3 50 µs reg 
F CML T150A/ SG-33A 45 70 ina ±0.25 0 217 150 ±0.5 ±0.5 3 50 µs reg 
2 CML NS175-3A 45 70 ina ±0.25 0 125 175 ±0.5 ±0.5 3 50 µs reg 

CML T300B/ SG-33A 45 70 ina ±0.25 0 217 300 ±0.5 ±0.5 3 50 µs reg 
CML NS350-3A 45 70 ino ±0.25 0 125 350 ±0.5 ±0.5 3 50 µs reg 
CML N500A/ SG-13A 45 70 ina ±0.25 0 125 500 ±0.5 ±0.5 3 50 µs reg 

CML T750A/ SG-33A 45 70 ina ±0. 25 0 217 750 ±0.5 ±0.5 3 50 µs reg 
CML N750B/ SG-13A 45 70 ina ±0.25 0 125 750 ±0.5 ±0.5 3 50 µs reg 
CML N750A/SG-13A 45 70 ina ±0.25 0 125 750 ±0.5 ±0.5 3 50 µs reg 
CML N1000A/ SG-13A 45 70 inc ±0.25 0 125 1000 ±0.5 ±0. 5 3 50 µs reg 

A CML Tl200A/ SG-33A 45 70 ina ±0.25 0 217 1200 ±0.5 ±0. 5 3 50 µs reg 
F CML N1500A/ SG-13A 45 70 ina ±0. 25 0 125 1500 ±0.5 ±0.5 3 50 µs reg 
3 CML Tl750A/ SG-33A 45 70 ina ±0. 25 0 217 1750 ±0.5 ±0.5 3 50 µs reg 

CML N2000A/ SG-13A 45 70 ina ±0.25 0 125 2000 ±0.5 ±0.5 3 50 µs reg 
CML T2500A/SG-33A 45 70 ino ±0.25 0 217 2500 ±0. 5 ±0.5 3 50 µs reg 
CML T5000A/ SG-33A 45 70 ina ±0.25 0 217 5000 ±0. 5 ±0.5 3 50 µs reg 

CML N5000A/ SG-13A 45 70 ina ±0.25 0 125 5000 ±0.5 ±0.5 3 50 µs reg 
Ind Test 805-1-L 10 100 1 0.2 0 260 80 o. 1 0.5 0.3 50 µs v reg 
Ind Test 2505-1-L 10 100 1 0.2 0 260 250 o. 1 0.5 0.3 50 µs v reg 

A Ind Test 10005-1-L 10 100 l 0.2 0 300 1000 0. 1 0.5 0.5 50 µs v reg 
Ind Test 15005-1-L 10 100 1 0.2 0 300 1500 o. 1 0.5 0,5 50 µs v reg 

F Behl-Inver 1503T 45 400 o. 1 ±0.05 0 130 120 ±0.5 1 1 ina reg 
4 Behl-Inver 753T 45 400 o. 1 ±0.05 0 130 120 ±0.5 1 1 ina reg 

Behl-Inver 161A 45 400 o. 1 0.05 0 130 120 ±0.5 1 1 ina reg 
Behl-Inver 123A 45 400 o. 1 0.05 0 130 120 ±0.5 1 1 ina reg 
Behl-Inver 2511 45 400 o. 1 0.05 0 130 250 ±0.05 1 l ina reg 

Behl-Inver 351A 45 400 o. 1 0.05 0 130 500 ±0.5 l 1 ina reg 
Behl-Inver 503A 45 400 o. 1 0.05 0 130 500 ±0.5 l 1 ina reg 

A Behl-Inver 5011 45 400 o. l 0.05 0 130 500 ±0.05 1 1 ina reg 
F Behl-Inver 751A 45 400 o. 1 0.05 0 130 750 ±0.5 1 1 ina reg 
5 Behl-Inver 1501A 45 400 o. 1 0.05 0 130 1500 ±0.5 1 1 ina reg 

Behl-Inver 2253B 45 400 o. 1 0.05 0 130 2250 ±0. 5 1 l ina reg 
Behl-Inver 5001A 45 400 o. 1 0.05 0 1300 5000 ±0. 5 l 1 inc reg 
NJE TFC-26-100 380 420 ±0.5 0.2 24 30 100 ±0.5 ±4 5 30 ms 420 
NJE TFC-115-100 380 420 ±0.5 0.2 105 130 100 ±0.5 ±1 5 30 ms 410 
NJE TFC-26-200 380 420 ±0.5 0.2 24 30 200 ±0.5 ±4 5 30 ms 640 

NJE TFC-115-200 380 420 ±0.5 0.2 105 130 200 ±0.5 ±1 5 30 ms 630 
NJE FC-26-500 380 420 ±0.25 0.2 24 30 500 ±0.5 ±4 5 100 ms 1180 
NJE FC-115-500 380 420 ±0.25 0.2 95 135 500 ±0.5 ±1 5 100 ms 1120 

A NJE FC-115-1000 380 420 ±0.25 0.2 95 135 1000 ±0.5 ± 1 5 100 ms 1920 

F CML NS70-5A 350 450 ina ±0.25 0 125 70 ±0.5 ±0.5 l 50 µs reg 

6 
Ind Test 805-1-N 350 450 0.25 o. 1 0 260 80 o. 1 0.5 o. 1 50 µs v reg 
CML NS120-5A 350 450 ina ±0.25 0 125 120 ±0.5 ±0.5 1 50 µs reg 
CML T150A/SG-35A 350 450 inc ±0.25 0 217 150 ±0.5 ±0.5 1 50 µs reg 
CML NS175-5A 350 450 ina ±0.25 0 125 175 ±0.5 ±0.5 1 50 µs reg 
Ind Test 2505-1-N 350 450 0. 25 o. 1 0 260 250 o. 1 0.5 0.2 50 µs v reg 

CML T300B/ SG-35A 350 450 inc ±0.25 0 217 300 ±0. 5 ±0.5 1 50 µs reg 
CML NS350-5A 350 450 ina ±0.25 0 125 350 ±0.5 ±0.5 1 50 µs reg 
CML T500B/ SG-35A 350 450 ina ±0. 25 0 217 500 ±0.5 ±0.5 1 50 µs reg 

A CML N500A/ SG-15A 350 450 ina ±0.25 0 125 500 ±0.5 ±0.5 1 50 µs reg 

F CML N750B/ SG-15A 350 450 ina ±0.25 0 125 750 ±0.5 ±0.5 1 50 µs reg 

7 CML T750A/ SG-35A 350 450 inc ±0.25 0 217 750 ±0.5 ±0.5 1 50 µs reg 
CML N750A/SG-15A 350 450 ina ±0.25 0 125 750 ±0.5 ±0.5 1 50 µs reg 
Ind Test 10005-1-N 350 450 0.25 o. 1 0 300 1000 o. 1 0.5 0.4 50 µs v reg 
CML N 1000A/ SG-15A 350 450 ina ±0.25 0 125 1000 ±0.5 ±0.5 1 50 µs reg 
CML T 1200A/ SG-35A 350 450 inc ±0.25 0 217 1200 ±0.5 ±0.5 1 50 µs reg 

A Ind Test 15005-1-N 350 450 0.25 o. 1 0 300 1500 o. 1 0.5 0.4 50 µs v reg 
F CML N 1500A/SG-15A 350 450 ina ±0.25 0 125 1500 ±0.5 ±0.5 1 50 µs reg 
8 CML T1750A/ SG-35A 350 450 inc ±0.25 0 217 1750 ±0.5 ±0.5 1 50 µs reg 
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AC Power Supplies (Freq. Regulated, Adjustable Frequency) 70 
FREQUENCY OUTPUT 

REGULATION 

Min. Max. Accuracy Stability Min. Max. Power Line Laad Distortion Response Misc Price 
Manufacturer Model Hz Hz % % Volts Volts VA % % % Time Features $ 

CML N2000A/SG-15A 350 450 ina ±0.25 0 125 2000 ±0.5 ±0.5 1 50 f'S reg 
CML T2500A/SG-35A 350 450 ina ±0.25 0 217 2500 ±0.5 ±0.5 1 50 f'S reg 
CML T5000A/SG-35A 350 450 ina ±0.25 0 217 5000 ±0.5 ±0.5 1 50 f'S reg 
CML N5000A/SG-15A 350 450 ino ±0.25 0 125 5000 ±0.5 ±0.5 1 50 f'S reg 

A CML T15000A/SG-35A 350 450 ina ±0.25 0 217 15K ±0.5 ±0.5 1 50 f'S reg 
F CML N 15000A/SG-15A 350 450 ino ±0.25 0 125 15K ±0.5 ±0.5 1 50 f'S reg 9 CML T20000A/SG-35A 350 450 ino ±0.25 0 217 20K ±0.5 ±0.5 1 50 f'S reg 

Ind Test 805-1-P 300 500 0.25 o. 1 0 260 80 o. 1 0.5 o. 1 50 f'S v reg 
Ind Test 2505-1-P 300 500 0.25 o. 1 0 260 250 0.1 0.5 0.2 50 f'S v reg 
Ind Test 10005-1-P 300 500 0.25 o. 1 0 300 1000 o. 1 0.5 0.4 50 f'S v reg 

Ind Test 15005-1-P 300 500 0.25 o. 1 0 300 1500 o. 1 0.5 0.4 50 f'S v reg 
RFL 829G 50 1000 5 1 0 1000 30W 0.05 n/ a 0.04 n/a 3100 
Ind Test 805-1-M 100 1000 1 0.2 0 260 80 o. 1 0.5 0.3 50 f'S v reg 
Ind Test 2505-1-M 100 1000 1 0.2 0 260 250 o. 1 0.5 0.3 50 f'S v reg A 
Ind Test 10005-1-M 100 1000 1 0.2 0 300 1000 o. 1 0.5 0.5 50 f'S v reg F 
Ind Test 15005-1-M 100 1000 1 0.2 0 300 1500 o. 1 0.5 0.5 50 f'S v reg 10 
CML NS70-6A 300 2000 ina ±0.25 0 125 70 ±0.5 ±0.5 2 50 f'S reg 
CML NS120-6A 300 2000 ina ±0.25 0 125 120 ±0.5 ±0.5 2 50 f'S reg 
CML T150A/SG-36A 300 2000 ina ±0.25 0 217 150 ±0.5 ±0.5 2 50 f'S reg 
CML NS175-6A 300 2000 ina ±0.25 0 125 175 ±0.5 ±0.5 2 50 f'S reg 
CML T300B/SG-36A 300 2000 ina ±0.25 0 217 300 ±0.5 ±0.5 2 50 f'S reg 

CML NS350-6A 300 2000 ina ±0.25 0 125 350 ±0.5 ±0.5 2 50 f'S reg 
CML N500A/SG-16A 300 2000 ina ±0.25 0 125 500 ±0.5 ±0.5 2 50 f'S reg 
CML T500B/S G-36A 300 2000 ino ±0.25 0 217 500 ±0.5 ±0.5 1 50 f'S reg 

A CML N750A/SG-16A 300 2000 ina ±0.25 0 125 750 ±0.5 ±0.5 2 50 f'S reg 

F CML N750B/SG-16A 300 2000 ina ±0.25 0 125 750 ±0.5 ±0.5 2 50 f'S reg 

11 CML T750A/SG-36A 300 2000 ina ±0. 25 0 217 750 ±0.5 ±0.5 2 50 f'S reg 
CML N 1000A/SG-16A 300 2000 ino ±0.25 ina 125 1000 ±0.5 ±0.5 2 50 f'S reg 
CML T1200A/SG-36A 300 2000 ina ±0.25 0 217 1200 ±0.5 ±0.5 2 50 f'S reg 
CML N 1500A/SG-16A 300 2000 ina ±0.25 0 125 1500 ±0.5 ±0.5 2 50 µs reg 
CML T 1750A/SG-36A 300 2000 inc ±0.25 0 217 1750 ±0.5 ±0.5 2 50 f'S reg 

CML N2000A/SG-16A 300 2000 ina ±0.25 0 125 2000 ±0.5 ±0.5 2 50 f'S reg 
CML T2500A/SG-36A 300 2000 ina ±0.25 0 217 2500 ±0.5 ±0.5 2 50 f'S reg 
CML N5000A/SG-16A 300 2000 inc ±0.25 0 125 5000 ±0.5 ±0.5 2 50 f'S reg 

A CML T5000A/SG-36A 300 2000 ina ±0.25 0 217 5000 ±0.5 ±0.5 2 50 f'S reg 

F CML N 15000A/SG-16A 300 2000 ina ±0.25 0 125 15K ±0.5 ±0.5 2 50 f'S reg 

12 Tel-Inst 4010A-1 50 4000 1 1 90 130 100 0.5 o. 1 1 ina wx reg 
Tel-Inst 40258-1 50 4000 1 1 90 130 250 0.5 o. 1 1 inc wx reg 
Tel-Inst 4050-1 50 4000 1 1 90 130 500 0.5 o. 1 1 ina wx reg 
Tel-Inst 4100-1 50 4000 1 1 90 130 1000 0.5 0.1 1 ina wx reg 
Tel-Inst 4250-1 50 4000 1 1 90 130 2500 0.5 o. 1 1 ina wx reg 

Tel-Inst 4500-1 50 4000 1 1 90 130 5000 0.5 0.1 1 ina wx reg 
EDC AC-1000 45 5000 1 0.05 10 fJv 1000 50 0.005 0. 0025 0. 5 O. ls c+rmeter 2965 
Elgar 201 45 5000 1 0.025 0 260 200 0. 25 1 1 50 f'S m 590 

A Elgar 600-3 45 5000 1 0.025 0 230 200 0.25 1 1 50 f'S ms 1820 
F Elgar 400-1 45 5000 1 0.025 0 520 400 0.25 1 1 50 f'S m 1205 
13 Elgar 1503 45 5000 1 0.025 0 130 500 0.25 1 1 50 f'S ms 3150 

Elgar 1500-3 45 5000 1 0.025 0 230 500 0.25 1 1 50 f'S ms 4190 
Elgar 501 45 5000 1 0.025 0 260 500 0.25 1 1 50 f'S m 1380 
Elgar 2250-3 45 5000 1 0.025 0 260 750 0.25 1 1 50 f'S ms 5450 
Elgar 751 45 5000 1 0.025 0 260 750 0.25 1 1 50 f'S m 1800 

Elgar 3000-3 45 5000 1 0.025 0 260 1000 0.25 1 1 50 f'S ms 6800 
Elgar 1001 45 5000 1 0.025 0 260 1000 0.25 1 1 50 f'S m 2250 
Elgar 1000-1 45 5000 1 0.025 0 520 1000 0.25 1 1 50 f'S mr 2785 

A Elgar 4500-3 45 5000 1 0.025 0 260 1500 0.25 1 1 50 f'S ms 8975 
F Elgar 1501 45 5000 1 0.025 0 260 1500 0.25 1 1 50 f'S m 3050 
14 Elgar 1500-1 45 5000 1 0.025 0 520 1500 0.25 1 1 50 f'S mr 3625 

Elgar 6000-3 45 5000 1 0.025 0 260 2000 0.25 1 1 50 f'S ms 13600 
Elgar 2000-1 45 5000 1 0.025 0 520 2000 0.25 1 1 50 f'S mr 4525 
Elgar 9000-3 45 5000 1 0.025 0 260 3000 .0.25 1 1 50 f'S ms 16625 
Elgar 3000-1 45 5000 1 0.025 0 520 3000 0.25 1 1 50 f'S mr 6125 

CML NS70-7A 45 6000 inc ±0.25 0 125 70 ±0.5 ±0.5 3 50 f'S reg 
CML NS120-7A 45 6000 inc ±0.25 0 125 120 ±0.5 ±0.5 3 50 f'S reg 
CML T150A/SG-37A 45 6000 ina ±0.25 0 217 150 ±0.5 ±0.5 3 50 f'S reg 

A CML NS175-7A 45 6000 inc ±0.25 0 125 175 ±0.5 ±0.5 3 50 f'S reg 
F CML T300B/SG-37A 45 6000 inc ±0.25 0 217 300 ±0.5 ±0.5 3 50 f'S reg 
15 CML NS350-7A 45 6000 inc ±0.25 0 125 350 :1:0.5 ±0.5 3 50 f'S reg 

CML N500A/SG-17A 45 6000 inc ±0.25 0 125 500 :1:0.5 ±0.5 3 50 f'S reg 
CML TSOOB/SG-37A 45 6000 inc :1:0.25 0 217 500 :1:0.5 ±0.5 3 50 f'S reg 
CML N750B/SG-17 A 45 6000 inc ±0.25 0 125 750 ±0.5 ±0.5 3 50 f'S reg 
CML N750A/SG-17 A 45 6000 ina ±0.25 0 125 750 :1:0.5 ±0.5 3 50 f'S reg 
CML T750A/SG-37A 45 6000 ino :1:0.25 0 217 750 ±0.5 ±0.5 3 50 f'S reg 

A CML N1000A/SG-17A 45 6000 inc ±0.25 0 125 1000 ±0.5 ±0.5 3 50 f'S reg 
F CML T1200A/SG-37A 45 6000 ina ±0.25 0 217 1200 :1:0.5 ±0.5 3 50 f'S reg 
16 CML Nl500A/SG-17A 45 6000 inc ±0.25 0 125 1500 ±0.5 ±0.5 3 50 f'S reg 



AC Power Supplies {Freq. Regulated, Adjustable Frequency) 7 1 
FREQUENCY OUTPUT 

REGULATION 

Min. Max. Accuracy Stability Min. Max. Power Line Load Distortion Response Misc Price 
Manufacturer Model Hz Hz % % Volts Volts VA % % % Time Features $ 

CML Tl750A/SG-37A 45 6000 ina ±0.25 0 217 1750 ±0.5 ±0.5 3 50 f.IS reg 

CML N2000A/SG-17A 45 6000 ino ±0.25 0 125 2000 ±0.5 ±0.5 3 50 f.IS reg 

CML T2500A/SG-37A 45 6000 ino ±0. 25 0 217 2500 ±0.5 ±0.5 3 50 f.15 reg 

CML N5000A/SG-17 A 45 6000 ina ±0.25 0 125 5000 ±0.5 ±0.5 3 50 f.15 reg 
A 

CML T5000A/ SG-37A 45 6000 ina ±0. 25 0 217 5000 ±0. 5 ±0.5 3 50 f.IS reg 
F CML N 15000A/ SA-2 200 6000 ina ±0. 25 0 125 15K ±0.5 ±0.5 3 50 f.15 
17 

reg 

Ind Test 805-1-K 10 lOK 1 0.2 0 260 80 o. 1 0.5 0.3 50 f.IS v reg 

Ind Test 2505-1-K 10 lOK 1 0.2 0 260 250 o. 1 0.5 0.3 50 f.IS v reg 

Ind Test 10005-1-K 10 lOK 1 0.2 0 300 1000 o. 1 0.5 0.5 50 f.15 v reg 

Ind Test 15005-1-K 10 lOK 1 0.2 0 300 1500 o. 1 0.5 0.5 50 fl • v reg 

A Elgar 153 350 lOK 1 0.025 0 520 150 0 .25 1 1 50 f.IS mr 1050 

F EDC AC-200 45 20K 1 0.05 10 flV 200 25 0 . 005 0.0025 0.5 0. ls 2765 

18 

AC Power Supplies {Amplitude Regulated) 7 2 
OUTPUT INPUT RE GULATION 

Min. Mo x. Max. Power Min. Max. Line Load Response Misc Price 

Manufacturer Model Volts Volts Amps kVA Volts Vo lts % % Thne Features $ 

Princeton 214 -20 +20 1 0.02 ina ina 0.2 0.2 0.2 f.1 5 p 825 

Princeton 200 ±12 ±24 1,2 0.096 ino ina 0.05 0.05 100 f.IS reg 

Princeton 281 -24 +24 1 0.024 ina ino 0.005 0.005 50 f.IS 390 

A North Hills VS78 1 50 0.5 0.025 105 125 o. 1 o. 1 ino 2995 

R North Hills VS66 5 50 0.6 0 . 025 105 125 o. 1 o. 1 ina 2995 

1 Sorensen FR1016A 115 115 8 . 7 1 95 135 0.025 0.025 50 ms 1500 

Sorensen FR1014A 115 115 8.7 1 95 135 0.025 0.025 50 ms 1650 

GE 9T92A 100 115 115 7.5 0.86 95 135 ± 1 ina f cdf reg 

Sorensen FR2516A 115 115 21. 74 2.5 95 135 0.025 0.025 50 ms 3425 
Sorensen FR5015A 115 11 5 43.48 5 95 135 0 .025 0.025 50 ms 6800 

GE 9T92A 101 115 115 10 1. 15 95 135 ± 1 ina f cdf reg 

Sorensen VR6110 115 115 o. 13 0.015 95 130 ±0.5 ±5 25 ms 25 

Sorensen VR6113 115 115 1.04 1. 2 95 130 ±0.5 ±5 25 ms 43 

A 
GE 9T92A 102 115 11 5 14.8 1.7 95 135 ± 1 ino f cdfg reg 
Sorensen FR1015A 115 115 8 . 7 1 95 135 0.025 0.025 50 ms 1500 

R 
Sorensen VR6114 115 11 5 2. 17 2.5 95 130 ±0.5 ±5 25 ms 76 

2 
Sorensen VR6111 115 115 26 0.03 95 130 ±0.5 ±5 25 ms 30 

GE 9T92A 103 115 115 20 2.3 95 135 ± 1 ina f cdfg reg 

Sorensen FR2515A 115 11 5 21.74 2.5 95 135 0.025 0.025 50 ms 3425 
GE 9T92A 134 115 115 150 17.2 95 135 ± 1 ina i cdi reg 

Sorensen VR6112 115 11 5 0.52 0.06 95 130 ±0.5 ±5 25 ms 36 
Sorensen VR6115 115 11 5 4.35 5 95 130 ±0.5 ±5 25 ms 100 

GE 9T92A 132 115 115 50 5.75 95 135 ± 1 ina i cdi reg 

A Sorensen FR5016A 115 11 5 43 . 48 5 95 135 0.025 0.025 50 ms 6800 

R 
Sorensen FR2514A 115 115 21.74 2. 5 95 135 0.025 0.025 50 ms 3525 

3 
Sorensen FR516A 115 115 4.35 0.5 95 135 0.05 0.05 50 ms 925 
GE 9T92A 133 115 11 5 100 11.5 95 135 ± 1 ina i cdi reg 
GE 9T91Y4070 118 118 ina 0.015 95 130 ± 1 ina 5 Hz c reg 
GE 9T91Y4090 118 118 ina 0.03 95 130 ± 1 ina 5 Hz c reg 

GE 9T91Y4110 118 118 ino 0.06 95 130 ± 1 ina 5 Hz c reg 
GE 9T91Y4130 118 118 ina o. 12 95 130 ±1 ina 5 Hz c reg 
GE 9T91Y4140 118 118 ino 0.25 95 130 ±1 ina 5 Hz c reg 

A 
GE 9T91Y4150 118 118 ino 0.5 95 130 ± 1 ina 5 Hz c reg 

R 
GE 9T9 1Y302 1 118 118 ina 0.5 95 130 ±1 ino 8 Hz de reg 

4 
GE 9T91Y4170 118 118 ino 1 95 130 ±1 ina 5 Hz c reg 
GE 9T91Y3022 118 118 inc 1 95 130 ± 1 ina 8 Hz cdg reg 
GE 9T91Y4183 118 118 ino 2 95 130 ± 1 ina 5 Hz ch reg 
GE 9T91Y3023 118 118 ino 2 95 130 ±1 ina 8 Hz cd reg 
GE 9T91Y4193 118 118 inc 3 95 130 ± 1 ina 5 Hz cg reg 

GE 9T91Y4203 118 118 ina 5 95 130 ± 1 inc 5 Hz cg reg 
GE 9T91Y3027 118 118 inc 5 95 130 ± 1 ina 8 Hz cg reg 
GE 9T91Y4213 118 118 ina 7.5 95 130 ± 1 ina 5 Hz cg reg 
Superior IES91005 110 120 4.4 0.5 95 135 100 mV 100 mV 30 ms reg 

A Sorensen ACR2000 110 120 18. 18 2 95 130 ±0. 1 ±0. 1 30 ms 475 
R Sorensen ACR7500 110 120 68. 18 7.5 95 130 ±0. 15 ±0. 15 30 ms 875 
5 Sorensen ACR15,000 110 120 136.36 15 95 130 ±0. 15 ±0. 15 30 ms 1575 

Superior 1ES9106 110 120 52.2 6 95 135 100 mV 100 mV 30 ms reg 
Sorensen ACR3000 110 120 27.27 3 95 130 ±0, 1 ±0. 1 30 ms 575 
Sorensen ACR500 110 120 4. 55 0. 5 95 130 ±0, 1 ±0. 1 30 ms 330 
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AC Power Supplies (Amplitude Regulated) 73 
OUTPUT INPUT REGULATION 

Min. Max. Max. Power Min. Max. Line Load Response Misc Price 
Manufacturer Model Volts Volts Amps kVA Volts Volts o/o o/o Time Features s-
Sorensen ACR5000 110 120 45.45 5 95 130 ±0 •. 15 ±0. 15 30 ms 765 
Sorensen ACRlOOO 110 120 9.09 1 95 130 ±0.1 ±0. 1 30 ms 375 
Superior IES9103 110 120 26. 1 3 95 135 100 mV 100 mV 30 ms reg 

A 
Sorensen ACRl0,000 110 120 90.9 10 95 130 ±0. 15 ±0. 15 30 ms 1270 

R 
Superior IES9110 110 120 87 10 95 135 100 mV 100 mV 30 ms reg 

6 
Superior IES9115 110 120 130 15 95 135 100 mV 100 mV 30 ms reg 
Superior EMT4102B 110 120 20 2.3 95 135 ±0.75 ±0.75 0.075 q reg 
Superior EMT4104B 110 120 35 4.2 100 137 ±0.75 ±0.75 o. 1 q reg 
Superior EMT4106C 110 120 57 6.6 95 135 ±0.75 ±0.75 0.075 q reg 
Superior IES9101 110 120 8.7 1 95 135 100 mV 100 mV 30 ms reg 

Lambda LD-801 110 120 ino 0.25 100 132 1 1 50 ms bjk 140 
A Lambda LD-811 110 120 ino 0.5 100 132 1 1 50 ms bjk 150 
R Lambda LD-831 110 120 ino 1 100 132 1 1 50 ms bjk 230 

A Superior EMT4112B 110 120 114 13 105 125 ±0.75 ±0.75 o. 15 q reg 

R 
Superior EMT4115B 110 120 144 13 105 125 ±0.75 ±0.75 o. 125 q reg 

7 
Elgar 1503 0 130 8 0.5 210 250 0.25 1 50 µs mst 3150 
ERA RT250 105 130 ina 0.25 105 130 ±0. 1 0.2 16 ms b 130 
ERA RT500 105 130 ina 0.5 105 130 ±0. 1 0.2 16 ms b 175 
ERA RTlOOO 105 130 inc 1 105 130 ±0. 1 0.2 16 ms b 235 
Lambda LD-802 100 132 inc 0.225 100 132 1 1 50 ms bjkm 200 

A Lambda LD-812 100 132 ina 0.45 100 132 1 1 50 ms bjkm 225 

R Lambda LD-832 100 132 ina 0.9 100 132 1 1 50 ms bjkm 275 

8 Sola 33-16-1 50 108 132 4.6 0.5 120 120 0.5 1 150 ms y reg 
Sola 39-09-315 108 132 ina 15 120/208 120/200 0. 5 1 150 ms 0 reg 

EDC AC-200 10 µV 200 1 0.025 115 115 0. 005 0.0025 o. 1 s 2765 
Lambda LD-803 200 220 ino 0.2 180 235 1 1 50 ms bjn 200 
Lambda LD-813 200 220 inc 0.4 180 235 1 1 50 ms bjn 225 
Lambda LD-833 200 220 ino 0.8 180 235 1 1 50 ms bjn 275 

A Elgar 1501 0 230 55 1.5 210 250 0.25 1 50 µs mt 3050 
R Sorensen FR5025A 230 230 21.74 5 190 270 0.025 0.025 50 ms 7025 
9 Sorensen FR1025A 230 230 4.35 1 190 270 0.025 0.025 50 ms 1650 

Sorensen FR5026A 230 230 43.48 5 190 270 0.025 0.025 50 ms 7025 
Sorensen FR2525A 230 230 10.87 2.5 190 270 0.025 0.025 50 ms 3650 
Sorensen FR1026A 230 230 4.35 1 190 270 0. 025 0.025 50 ms 1650 

Sorensen FR2526A 230 230 10.87 2. 5 190 270 0. 025 0.025 50 ms 3650 
Superior IES9215 220 240 65 15 195 255 100 mV 100 mV 30 ms reg 
Superior IE S9210 220 240 43.5 10 195 255 100 mV 100 mV 30 ms reg 
Superior IE S9206 220 240 26. 1 6 195 255 100 mV 100 mV 30 ms reg A Superior IES9203 220 240 13 3 195 255 100 mV 100 mV 30 ms reg R Superior EMT6210YB 220 240 33 13. 1 195 255 ±0.75 ±0. 75 0.083 q reg 

10 Superior EMT6215YB 220 240 48 19. 1 195 255 ±0.75 ±0. 75 0.083 q reg 
Superior EMT6220YB 220 240 63 25. 1 195 255 ±0.75 ±0.75 0.083 q reg 
Superior EMT6245YB 220 240 145 57.8 195 255 ±0.75 ±0. 75 0.25 q reg 
Superior EMT6270DB 220 240 188 74 . 9 195 255 ±0. 75 ±0. 75 0.25 q reg 

Superior EMT4207B 220 240 36 8. 3 195 235 ±0.75 ±0. 75 0.003 q reg 
Superior EMT4220 220 240 93 21.4 195 255 ±0.75 ±0. 75 0.083 q reg 
Superior EMT4228C 220 - 240 130 29.9 205 250 ±0.75 ±0. 75 o. 111 q reg 
Sola 39-09-313 188 228 69 13 200 208 0.5 1 150 ms z reg A Superior EMT4104B 220 240 35 8.4 228 256 ±0.75 ±0. 75 o. 1 q reg R Lambda LD-803V 220 240 ina 0.2 200 265 1 1 50 ms bjn 200 11 Lambda LD-813V 220 240 ina 0.4 200 265 1 1 50 ms bjn 225 
Lambda LD-833-V 220 240 ina 0.8 200 265 1 1 50 ms bjn 275 
Elgar 4500-3 0 260 55 1.5 210 250 0. 25 1 50 µs mst 8975 
Elgar 3000-3 0 260 37 1 105 125 0. 25 1 50 µs mst 6800 

Elgar 2250-3 0 260 28 0.75 105 125 0.25 1 50 µs mst 5450 
Elgar 1500-3 0 260 18.5 0.5 105 125 0.25 1 50 µs mst 4190 
Elgar 600-3 0 260 7.4 0.2 105 125 0.25 1 50 µs mst 1820 
Elgar 1001 0 260 37 1 105 125 0.25 1 50 µs mt 2250 

A Elgar 751 0 260 28 0.75 105 125 0.25 1 50 µs mt 1800 R Elgar 501 0 260 18.5 0.5 105 125 0.25 1 50 µs mt 1380 12 Elgar 201 0 260 7.4 0.2 105 125 0.25 1 50 µs mt 590 
S"uperior EMT4418B 440 480 45 20. 7 400 520 ±0.75 ±0.75 0.041 q reg 
Superior EMT4407B 440 480 45 9.2 400 520 ±0.75 ±0. 75 0.041 q reg 
Superior EMT6450YB 440 480 75 59.8 400 520 ±0.75 ±0.75 o. 125 q reg 

Superior EMT6425YB 440 480 35 27.9 400 520 ±0.75 ±0.75 0.041 q reg 
Superior EMT6417YB 440 480 24 19. 1 400 520 ±0.75 ±0. 75 0.041 q reg 
Superior EMT6412YB 440 480 18 14.3 400 520 ±0.75 ±0.75 0.041 q reg 

A 
Superia EMT64100YB 440 480 148 118 420 500 ±0.75 ±0.75 o. 188 q reg 

R 
Elgar 153 0 520 2.8 o. 15 105 125 0.25 1 50 µs mrt 1050 

13 
Elgar 400-1 0 520 3.6 0.4 105 125 0.25 1 1 mrt 1205 
Elgar 1000-1 0 520 9 1 105 125 0.25 1 50 µs mrt 2785 
Elgar 1500-1 0 520 13.5 1.5 105 125 0.25 1 50 µs mrt 3625 
Elgar 2000-1 0 520 18 2 105 125 0.25 1 50 µs mrt 4525 
Elgar 3000-1 0 520 27 3 210 250 0.25 1 50 µs mrt 6125 

Elgar 6000-3 0 520 18 2 210 250 0.25 1 50 µs mst 13600 
A Elgar 9000-3 0 520 27 3 210 250 0.25 1 50 µs mst 16625 
R RFL 829G 0 1000 10 30W 110 130 0.05 n/ a n/ a 3100 
14 EDC AC-1000 10 µV 1000 2 0.05 115 115 0.005 0.0025 O. ls 2965 

Princeton 280 -200 -2000 0.005 0.01 0 10 0.001 0.001 50 µs m 525 
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Prices even 
lower. 
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175 VA-$565 
350 VA-$1120 

CML has been making the 
best low power AC sources 
around. For years. Now low 
power hits a new low in 
price. All with interchange­
able oscillator modules for 
fixed or adjustable output 
frequencies from 45 to 
6000 Hz. All feature excel­
lent frequency stability 
and load regulation, low 
distortion, and lightning-fast 
response. Write or call 
today. 

ModelNS175 Model NS350 
(175 VA) (350 VA) 

With fixed 
400 Hz osci Ila tor $565 

Adjustable 
350-450 Hz 685 

Adjustable 
45-6000 Hz 785 

CML, Inc. 
A Subsidiary of 
Tenney Engineering, Inc. 

166 National Road 
Edison, N. J. 08817 

$1120 

1225 

1385 

(201) 287-2810 • TWX 710-998-0560 

••• 
INFORMATION RETRIEVAL NUMBER 116 

a. Any one fixed frequency in this range. 
b. Modular. 
c. Input voltage available, 190/260V, 380/ 520V single 

phase; 200/ 260V, three phase, specify. 
d. Output voltage is adjustable ±4%. 
e. Input voltage 95/ 130V and l 10/ 260V. 
f, Correction rote SV/second for maximum Input vo ltage 

excursion . 
g. Unit moy be adjusted by user to an input range 75% 

of that shown with a 20% increose in load current 
and 50% of response time (note f). 

h. Output voltage 118/ 236V. 
i. Correction rote I0.4V/ second for maximum input 

vo ltage excursion. 

i· Output power varies with ambient temperature, 
check with manufacturer. 

k. Input voltage models LD801, 802, 811, 812, 831, 
832, resistive load 100-132Voc, inductive load 
105-132Vac, 57-63 Hz. 
Remote programming. 

n. Input vo ltage models LD803, 813, 833, 180-235Vac, 

Index by Moder 
Name Model Code 

Behl-lnvar 123A FF5, AFl, AF4 
Behl man- 161A FF6, AFl, AF4 

lnvar 251T FF6, AFl, AF4 
351A FF6, AFl, AF5 
501T FF6, AFl, AF5 
503A FF6, AFl, AF5 
751A FF6, AFl, AF5 
753T FF6, AF2, AF4 
1501A FF6, AFl , AF5 
1503T FF5, AF2, AF4 
22538 FF6, AFl, AF5 
5001A FF6, AFl, AF5 

CML CRS-50A FFlO 
CML, Inc. CRS-lOOA FFlO 

Subsidiary CRS-150A FFlO 
of Tenney CRS-250A FFlO 
Engineering, CRS-500A FFlO 
Inc. CRS-lOOOA FFll 

CRS-2000A FFll 
LRS-250A FF5 
LRS-500A FF5 
LRS-lOOOA FF5 
N500A/SG-l 1A FFl 
N500A/SG-12A FF3 
N500A/SG-13A AF2 
N500A/SG-14A FF7 
N500A/SG-15A AF7 
N500A/SG-16A AFll 
N500A/SG-17A AF15 
N500A/SG-18A FFll 
N750A/SG-11A FF2 
N750A/SG-12A FF4 
N750A/SG-13A AF3 
N750A/SG-14A FF8 
N750A/SG-l 5A AF7 
N750A/SG-16A AFll 
N750A/SG-l 7 A AF15 
N750A/SG-18A FF12 
N750B/SG-1 1A FFl 
N7508/SG-12A FF4 
N750B/SG-13A AF3 
N7508/SG-14A FF8 
N750B/SG-15A AF7 
N7508/SG-16A AFll 
N750B/SG-l 7A AF15 
N750B/SG-18A FF12 
NlOOOA/SG-llA FF2 
Nl000A/SG-12A FF4 
N 1000A/SG-13A AF3 
N 1000A/SG-14A FF9 
N lOOOA/ SG- l 5A AF7 
Nl000A/SG-16A AFll 
Nl000A/SG.17A AF16 
Nl000A/SG-18A FF12 
Nl500A/SG-11A FF2 
Nl500A/SG-12A FF4 

57-63 Hz; 200-265Vac, 47-53 Hz resistive load; 
190-235Vac, 57-63Vac, 210-265Vac, 47-53Vac 
inductive load. 

o. This model is typical of a family of units ranging from 
1.5-500 kVA in Wye connected three phase. Input 
voltage is -20% to + 10% of figure shown. 

P· Also wideband amplifier to l MHz. 
q. Response time in seconds/ volt. 

Provides full power at l, 2 or 3 phose output. 
s. Three phase output, specifications ore per phase. 
t. All prices ore less oscillator. 

Two and three phase outputs available, check with 
manufacturer. 
Accuracy and stability available to 0.001%. 

x . Single phase output. Three phose outputs available. 

Y• This model is typical of o family of units ranging from 
0.5-150 kVA in single phase. Input voltage is 
-2C1% to + 10% of figure shown. 

z, This model is typical of o family of units ranging 
from 1.7-65 kVA in delta three phase . Input voltage 
is -20% to +100..b of figure shown. 

Number (AC) 
Name Model Code 

Nl500A/SG-13A AF3 
Nl500A/SG-14A FF9 
Nl500A/SG-15A AF8 
Nl500A/SG-16A AFll 
Nl500A/SG-l 7A AF16 
Nl500A/SG-18A FF12 
N2000A/SG-l 1A FF2 
N2000A/SG-12A FF4 
N2000A/SG-13A AF3 
N2000A/SG-14A FF9 
N2000A/SG-l 5A AF9 
N2000A/SG-16A AF12 
N2000A/SG-l 7A AF17 
N2000A/SG-18A FF12 
N5000A/SG-11A FF2 
N5000A/SG-12A FF5 
N5000A/SG-13A AF4 
N5000A/SG-14A FF9 
N5000A/SG-l 5A AF9 
N5000A/SG-16A AF12 
N5000A/SG-l 7A AF17 
N5000A/SG-18A FF13 
Nl500A/SA-2 AF17 
N 1500A/SG-14A FFlO 
Nl500A/SG-15A AF9 
Nl500A/SG-16A AF12 
N l 500A/SG-18A FF13 
NS70-1A FFl 
NS70-2A FF2 
NS70-3A AF2 
NS70-4A FF7 
NS70-5A AF6 
NS70-6A AFlO 
NS70-7A AF15 
NS70-8A FFll 
NS120-1A FFl 
NS120-2A FF3 
NS120-3A AF2 
NS120-4A FF7 
NS120-5A AF6 
NS120-6A AFlO 
NS120-7A AF15 
NS120-8A FFll 
NS175-1A FFl 
NS175-2A FF3 
NS175-3A AF2 
NS175-4A FF7 
NS175-5A AF6 
NS175-6A AFlO 
NS175-7A AF15 
NS175-8A FFll 
NS350-1A FFl 
NS350-2A FF3 
NS350-3A AF2 
NS350-4A FF7 
NS350-5A AF7 
NS350-6A AFll 
NS350-7A AF15 
NS350-8A FFll 
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Nam~ Model Code Name Model Code 

T150A/SG-31A FFl Research IT2104RS FFlO 
T150A/SG-32A FF3 Assoc. IT2106RS FF5 
T150A/SG-33A AF2 IT2254RS FFlO 
T150A/SG-34A FF7 IT2256RS FF5 
T150A/SG-35A AF6 RT250 AR7 
T150A/SG-36A AFlO RT500 AR7 
T150A/SG-37A AF15 RTlOOO AR7 
T150A/SG-38A FFll Elgar 153 FF15, 
T300B/SG-31A FFl Elgar Corp. AF18, 
T300B/SG-32A FF3 AR13 
T300B/SG-33A AF2 201 FF15 
T300B/SG-34A FF7 AF13 , 
T300B/SG-35A AF7 AR12 
T300B/SG-36A AFlO 400-1' FF14, 
T300B/SG-37 A AF15 AF13 , 
T300B I SG-38A FFll AR13 
T500B/SG-31A FFl 501 FF14, 
T500B/SG-32A FF3 AF13 , 
T500B/SG-33A AF2 AR12 
T500B/SG-34A FF7 600-3 FF13, 
T500B/SG-35A AF7 AF13 , 
T500B/SG-36A AFll AR12 
T500B/SG-37A AF15 751 FF14, 
T500B/SG-38A FFll AF13, 
T750A/SG-31A FFl AR12 
T750A/SG-32A FF3 1000-1 FF14, 
T750A/SG-33A AF3 AF14, 
T750A/SG-34A FF8 AR13 
T750A/SG-35A AF7 1001 FF14, 
T750A/SG-36A AFll AF14, 
T750A/SG-37A AF15 AR12 
T750A/SG-38A FF12 1500-1 FF14, 
T1200A/SG-31 A FF2 AF14, 
T1200A/SG-32A FF4 AR13 
T1200A/SG-33A AF3 1500-3 FF14, 
T1200A/SG-34A FF9 AF13 , 
T1200A/SG-35A AF7 AR12 
T1200A/SG-36A AFll 1501 FF15, 
T1200A/SG-37A AF16 AF14, Around here, it's affectionately 
T1200A/SG-38A FF12 AR9 called just that. But you can 
Tl 750A/SG-31A FF2 1503 FF14, simply refer to our newest 
Tl 750A/SG-32A FF4 AF13 , creation as the CML Model 
Tl 750A/SG-33A AF3 AR7 CRS-2000A Frequency 
Tl 750A/SG-34A FF9 2000-1 FF15, Converter until you get used to Tl 750A/SG-35A AF8 AF14, the idea of a Bippy hanging Tl 750A/SG-36A AFll AR13 
Tl 750A/SG-37 A AF17 3000-1 FF15, around. It features low 
Tl 750A/SG-38A FF12 AF14, distortion sine wave output 
T2500A/SG-31A FF2 AR13 and excellent regulation ... 
T2500A/SG-32A FF4 3000-3 FF14, less than 1 % voltage regula-
T2500A/SG-33A AF3 AF14, tion, less than 0.5% frequency 
T2500A/ SG-34A FF9 ARll regulation . Full power is 
T2500A/SG-35A AF9 4500-3 FF15, available into leading and 
T2500A/SG-36A AF12 AF14, lagging power factor loads. T2500A/SG-37 A AF17 ARll 
T2500A/SG-38A FF12 6000-3 FF15, The Bippy is solidly built 
T5000A/SG-31A FF2 AF14, (as all Bippys are}, air cooled, 
T5000A/SG-32A FF5 AR14 and extremely quiet (as all 
T5000A/SG-33A AF3 9000-3 FF15, Bippys are not) .. . measures 
T5000A/ SG-34A FF9 AF14, 19" x 261/4" x 20". Ideal for 
T5000A/SG-35A AF9 AR14 marine and ground support 
T5000A/SG-36A AF12 GE 9T91Y3021 AR4 installation, portable shelters, 
T5000A/SG-37 A AF17 General 9T91Y3022 AR4 communications vans, radar T5000A/SG-38A FF12 Electric 9T91Y3023 AR4 
Tl 5000A/SG-34A FF9 Co. 9T91Y3027 AR5 systems, aircraft maintenance 
T15000A/SG-35A AF9 9T91Y4070 AR3 depots. This truly is the 
T20000A/ SG-34A FFlO 9T91Y4090 AR3 Bippy you can bet on. It socks 
T20000A/SG-35A AF9 9T91Y4110 AR4 the power to you! 

9T91Y4130 AR4 
9T91Y4140 AR4 CML, Inc. 

~ 
EDC AC-200 AF18, 9T91Y4150 AR4 
Electronic AR9 9T91Y4170 AR4 A Subsidiary of 

Develop- AC-1000 AF13 , 9T91Y4183 AR4 Tenney Engineering, Inc. 

ment AR14 9T91Y4193 AR4 166 National Road 
Corp. 9T91Y4203 AR5 Edison, N. J. 08817 

ERA IT256RS FF5 9T91Y4213 AR5 (201) 287-2810 • TWX 710-998-0560 

Electronic IT259RS FFlO 9T92Al00 ARI ••• 
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ERA supplies it 
off the shelf! 

ERA CERTIFIED MIL SPEC POWER 
MODULES FULLY MEET OR EXCEED: 

MIL·E-4158, MIL·E-5400, MIL·E-16400, 
MIL·E-5272, MIL·T-21200, MIL·E-4158 

• no engineering or prototype costs 
• checked, approved and certified 
• minimum cost for single or 

quantity orders 
• fast delivery 
• 77 proven and tested models 
• repairable 75°C silicon types 
• encapsulated types 
• hundreds of variations in each group 

Satisfy your most exacting 
military requirements with off­
the-shelf certified ERA Mil Spec 
DC power modules. Choose from 
77 stock models. Proven designs 
... no engineering or prototype 
costs AND, you get certification 
from one of America's leading 
independent testing laboratories. 

Write for free 
Informative booklet describing 

tests and results along 
with the ERA catalog. 

• ELECTRONIC RESEARCH 
ASSOCIATES, INC. 

67 Sand Park Road, Cedar Grove. N.J. 07009 • (201) 239-3000 

SUBSIDIARIES: 
ERA Acoustics Corp. • ERA Dynamics Corp. 

Astrocom Inc. • The Magitran Company 
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Nam~ 

Ind Test 
Industrial 

Test 
Equipment 
Co, 

Lambda 
Lambda 

Electronics 

NJE 
NJE Corp, 

North Hills 
North Hills 

Electronics 
Princeton 
Princeton 

Applied 
Research 
Corp, 

RFL 
RFL 

Industries 
Inc. 

Model 

9T92Al01 
9T92A102 
9T92A103 
9T92A132 
9T92A133 
9T92Al34 
80S-1-A 
80S·l-B 
80S-1-C 
80S-l ·D 
80S-1-E 
80S-1-K 
80S-1-L 
80S-l·M 
80S-1-N 
80S-1-P 
250S-1-A 
250S· l-B 
250S-1-C 
250S-1-D 
250S-l·E 
250S-1-K 
250S-l·L 
250S-1 -M 
250S-1-N 
250S-1 -P 
lOOOS-1-A 
lOOOS-1-8 
lOOOS-1 -C 
lOOOS-1-D 
lOOOS-l ·E 
lOOOS-1 -K 
lOOOS-1 -L 
lOOOS·l -M 
lOOOS-1-N 
lOOOS-1-P 
1500S-l ·A 
1500S-I ·B 
I500S-1-C 
I500S·I-D 
I500S-I-E 
I500S-l·K 
I500S-1-L 
I500S· l -M 
I500S-1-N 
1500S-l-P 
LD-801 
LD-802 
LD-803 
LD-803V 
LD-8I 1 
LD-8I2 
LD-8 I3 
LD-813V 
LD-83I 
LD-832 
LD-833 
LD-833V 
FC-26-500 
FC-115-500 
FC-115-IOOO 
TFC-26-IOO 
TFC-26-200 
TFC-II5-100 
TFC-1 I5-200 
VS66 
VS78 

200 
2I4 
280 
28I 

829G 

Code 

AR2 
AR2 
AR2 
AR3 
AR3 
AR2 
FF? 
FF3 
FF15 
FFI5 
FFI6 
AF17 
AF4 
AFlO 
AF6 
AF9 
FF? 
FF3 
FF17 
FF16 
FFI6 
AF17 
AF4 
AFIO 
AF6 
AF9 
FF8 
FF4 

FFI7 
FFI7 
FF17 
AF17 

AF4 
AFlO 
AF? 
AF9 
FF9 
FF4 
FFI7 
FF17 
FFI7 
AF17 
AF4 
AFIO 
AF8 
AFlO 
AR? 
AR? 
AR9 
ARll 
AR? 
AR8 
AR9 
ARll 
AR? 
AR8 
AR9 
ARll 
AF6 
AF6 
AF6 
AF5 
AF5 
AF5 
AF6 
ARl 
ARI 

ARI 
ARl 
AR14 
ARI 

FFI3 , 
AFIO, 
ARI4 
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Name Model 

Sola 33 -16-150 
Sola 39-09-313 

Electric 39-09-315 
Sorensen ACR500 
Sorensen ACRlOOO 

Operation, ACR2000 
Raytheon ACR3000 
Co. ACR5000 

ACR7500 
ACRl0,000 
ACR15,000 
FR516A 
FR1014A 
FR1015A 
FR1016A 
FR1025A 
FR1026A 
FR2514A 
FR2515A 
FR2516A 
FR2525A 
FR2526A 
FR5015A 
FR5016A 
FR5025A 
FR5026A 
VR6ll0 
VR61 ll 
VR6ll2 
VR6113 
VR6114 
VR6ll5 

Superior EMT41028 
Superior EMT41048 

Electric 
EMT4106C 
EMT4ll2B 
EMT4ll58 
EMT4207B 
EMT4220 
EMT4228C 
EMT44078 
EMT44188 
EMT6210YB 
EMT6215YB 
EMT6220YB 
EMT6245YB 
EMT6270DB 
EMT6412YB 
EMT6417YB 
EMT6425YB 
EMT6450YB 
EMT64100YB 
IES9101 
IES9103 
IES9106 
IES9110 
IES9115 
IES9203 
IES9206 
IES9210 
IES9215 
IES91005 

Tel-Inst 4010A-l 
Tel-Instrument 40258-1 

Electronics 
4030A-3 
4050-1 

4100-1 

4250-1 

4500-1 

ELECTRON IC D ES IGN 8, April 

Code 

AR8 
ARll 
AR8 
AR5 
AR6 
AR5 
AR5 
AR6 
AR5 
AR6 
AR5 
AR3 
ARl 
AR2 
ARl 
AR9 
AR9 
AR3 
AR2 
ARl 
AR9 
ARlO 
ARl 
AR3 
AR9 
AR9 
AR2 
AR2 
AR3 
AR2 
AR2 
AR3 

AR6 
AR6, 
ARll 
AR6 
AR7 
AR7 
ARll 
ARll 
ARll 
AR12 
AR12 
ARlO 
ARlO 
ARlO 
ARlO 
ARlO 
AR13 
AR13 
AR13 
AR12 
AR13 
AR6 
AR6 
AR5 
AR6 
AR6 
ARlO 
ARlO 
ARlO 
ARlO 
AR5 
AF12 
FF13, 
AF12, 
FF13 , 
FF13 , 
AF12 
FF13, 
AF12 
FF13 , 
AF12 
FF13, 
AF13 

12, l970 

IM C's 
newest 

vanerudal 
catalog 

Prepared especially for designers 
who need information on vaneaxials, 
the most efficient and sophisticated 
of all airmovers. Versatile in applica­
tion-for cooling electronic enclo­
sures, ECM, klystrons, high-power 
tubes, and also for inflating shelters, 
dispensing chaff, refrigeration equip­
ment, dust precipitators, and many 
others. 

The 32-page catalog presents 40 
different vaneaxial airmovers rang­
ing in size from one to 15 inches in 
diameter, from 6.5 to 3450 cfm in 
output. Ample technical notes pre­
cede the detailed presentation of per­
formance parameters, dimensions, 
and other specifications. 

r;::i(Jj=--. .. i;"",""'1.,3"" 1MC Magnetics Corp., Eastern Di­
vision , 570 Main St., Westbury, N.Y. 
11591, (516) 334-7070, TWX 510-222-
4469. 
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Voltage Reference DC Power Supplies 74 
OUTPUT CALl8RA Tl ON 

Min. Max. Current 
Impedance 

Accuracy Stability Misc Price 
Manufacturer Madel Volts Volts mA n de n ac Volts % Resolution Short Term .Features $ 

Keithley 261 10-10 1.11 ina ina ino ina 0.5 t 0.5% t 565 
H-P 6113A 0 10 2000 0.002 0.002 inc o. 1 20 µV 100 ppm r 375 
Singer 420 0.001 10 ino 450-4500 0.2-13 10 0. 5 0.01% 0.05% a 460 

v EDC VSll 0 11 50 0.02 n/ a ina 0.005 100 µV 0.001% 670 

F EDC MV106 0 11 50 0.02 n/ a ina 0.005 10 µV 0.001% f 950 

1 EDC MV105 0 11 50 0.02 n/ a ina 0.005 100 µV 0.001% e 775 
EDC MVlOO 0 11 50 0.02 n/ a ina 0.005 100 µV 0.001% d 770 
EPSCO VRS611 0 11. 112 100 50 mn n/ a 250 µV 0.025 ina ina reg 
Sorenser< QHS20-1.0 0 20 1000 0.006 ino 20 o. 1 11 µV 0.001% w 345 
Sorensen QHS20-1.0L 0 20 1000 0.006 ina 20 n/ a 500 µV 0.005% 265 

H-P 6111A 0 20 1000 0.002 0.002 ina o. 1 200 µV 100 ppm r 375 
North Hills VS36 0.0001 21. 1 1000 ina ina ina 0.01 100 µV 25 ppm u 1450 
Sorensen QHS40-.5 0 40 500 0.027 ina 40 o. 1 11 µV 0.001% w 345 
Sorensen QHS40-. 5L 0 40 500 0.027 ina 40 n/ a 500 µV 0.005% 265 

v H-P 6112A 0 40 500 0.002 0.002 ina o. 1 200 µV 100 ppm r 375 
F Fluke 382A 0 50 0.002 0.005 n/a inc ±0.01 10 µV ±0.005% 1595 
2 EDC 2900 0 100 100 0.03 n/ a ina 0.003 100 µV 0.0001% g 1190 

Sorensen QHSl00-.2 0 100 200 0.025 ina 100 o. 1 11 µV 0.001% w 345 
Sorensen QHS100-.2L 0 100 200 0.025 ina 100 n/ a 500 µV 0.005% 265 
H-P 6116A 0 100 200 0.002 0.002 ina o. 1 200 µV 100 ppm r 375 

EDC VS111/8 0 111 50 o. 1 n/ a ina 0.005 100 µV 0.001% 870 
Singer 421A 0.0001 111 ina 0.2-1000 0.4-1000 110 o. 1 0.01% 0.01% b 775 
North Hills VS35 0.0001 111.1 100 0.025 ino ino 0.01 100 µV 25 ppm u 1250 
EPSCO VR607 0 111 . 112 15 6 mn n/ a 500 µV ±0.01 ino ina reg v EPSCO VRS617 1 mV 111. 112 50 100 mn n/a 150 µV 0.015 ina ina reg 

F Singer 4218 0.0001 300 ina 0.2:!-1000 0.4-1000 110 o. 1 0.01% 0.01% be 1225 
3 Fluke 407D 0 555 300 0.5 n/ a 555 0.5 0.2 mV 0.05% 450 

Keithley 241 0 1000 20 ina inc ina 0.05 100 µV 0.005% s 930 
Weston 166 lµV 1000 20 ina inc n/ a 0.075 ina ino 4195 
Weston 166S lµV 1000 20 ina ina n/ a 0.03 ina ina 4720 

RFL 829G inc 1000 500 n/ a n/ a ina 0.05 0.01% ina v 3100 
H-P 69208 0.01 1000 0.01-5A 0.0005 0.001 inc 0.2 + 1 dig inc ina p 695 
EDC vs 1000 0 1111 10 o. 1 n/ a ino 0.007 1 mV 0.001% 1250 
Fluke 341A 0 1111. 110 25 ina ino 1000 ±0.01 1 ppm ±0.003 i 1195 v Fluke 343A 0 1111.1 1 r 25 ina inc 1000 ±0.003 0. 1 ppm ±0.0015% i 1795 

F Fluke 3328 0 1111.111 50 0.0005 n/ a 1000 ±0.002 O. 1 ppm 0.001% h 2445 
4 Fluke 3330A 0 1111.111 100 ina ina 10-1000 0.005 ina 5 ppm k 2995 

Keithley 240A 0 1200 10 ina ino ina 1 5 mV 0.02% 360 
Power Des 2K10 1 2012 10 ino ina 2012 ±0.25 10 mV 0.005% 299 
Power Des 1565 1 2012 15 ina ina 2012 o. 15 10 mV 0.005% 415 

Keithley 245 0 2100 10 ina ina ino 1 50 mV 0.01% 425 
Fluke 4128 0 2100 30 ina ina 2100 ±0.25 5 mV 0.005% 410 
H-P 61 lOA 0 3000 6 ino q ina o. 1 20 mV 100 ppm q 495 

v Fluke 423A 0 3000 10 ina ino ina 0.25 100 mV 0.01 % m 460 
Power Des 1544 1 3012 20 inc ino 3012 0.25 10 mV 0.005% 520 

F Power Des 1547 1 3012 40 ino ina 3012 0.25 10 mV 0.005% 575 
5 Keithley 246 0 3100 10 ina inc inc 1 50 mV 0.01% 475 

Fluke 4158 0 3100 30 inc ino 3100 ±0.25 5 mV 0.002% 575 
Fluke 4150A 0 3400 50 ino inc ina ±0.25 100 mV ±0.02% n 2495 
Fluke 4088 0 6000 20 ina ino 6000 ±0.25 5 mV 0.005% 700 

v Power Des 1556A 10 6021 20 inc inc 6021 ±0.25 10 mV 0.005% 625 
F Fluke 4108 0 10000 10 inc inc 10000 ±0.25 5 mV 0. 005% 975 
6 

LA TE ARRIVALS 

PDP AEC-315A ±50 ±3000 0-10 ina inc ina 0.25 25 mV 0.01% y 460 
v PDP 3K10 ±50 ±3000 .Q-10 inc inc ina 0.25 25 mV 0.01% 390 
F PDP 1584R ±lkV ±20 kV 0-3 inc ina inc ±0.25 500 mV 0.01% 2200 
7 PDP 1584M2 -1 kV -20 kV 0-5 inc inc ina ±0.25 500 mV 0.01% 2350 

PDP 1584PM3 1 kV 20 kV 0-5 inc ina ina ±0.25 500 mV 0.01% 2860 
PDP 1584 1 kV 20 kV 0-3 inc inc inc ±0.25 500 mV 0.01% 1875 
PDP 1579 10 kV 30 kV 0-1 ±0.25 500 mV 0.01% 2250 
PDP 1579R ±JO kV ±30 kV 0-1 inc ina ina 0. 25 500 mV 0.01 % 2575 
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Our 
new 

m1cropower 
op amp 

runs 
off +Iv 

with20~W 
power 

consumption. 

Thats all. 
Solitron's UC4250 micropower op amp uses 
so little power that its batteries will last as long 
as their shelf life. It needs so little voltage that 
only two single cells are needed. (Although it 
can handle up to ± 18v.) 

tu re drift of zero nanoamps per degree C. 100 
db gain into a 1 OK load. And it's available 
now. From (who else?) Solitron . 

Solitron Devices, Inc. , P.O. Box 1416, 
San Diego, California 92112. 

The other specifications aren't so bad either. 
3 nanoamps input bias current with tempera-

l~olitron 

Telephone 714 /278-8780. 
TWX 910-335-1221. 

DEVICES, INC. 
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Klystron Power Supplies 

K 
s 
l 

K 
s 
2 

a. 
b. 

c. 

d. 

e. 

f. 

g. 

h. 

i. 

OUTPUT 

Min. Max. 
Ma nufacturer Madel Supply Volts Volts 

Micro-Power EM Beam 0 400 
cs Refl 50 1000 
FD Fila 

H-P 715A B~am 250 400 
Refl 0 900 

Micro -Power DX12 Beam 400 600 
CV Refl 50 1000 
FD Fila 

PRD 809-A Beam 250 600 
Ref I 0 -900 

Micro-Power DX34 Beam 600 800 
CV Refl 50 1000 
FD Fila 

H-P 716B Beam 250 800 
Ref I 0 800 
Grid 5 9 

Micro-Power BV Beam 75 1500 
CV Refl 50 1000 
EM Grid 0 400 
FD Fila 

Micro-Power BW Beam 500 1700 
cs Refl 50 1000 
EM Grid 0 400 
FD Fila 

Micro-Power AV Beam 125 2500 
CV Refl 50 1000 
EM Grid 0 400 
FD Fila 

PRD 819-A Beam 200 3600 
Refl 0 1000 
Grid+ 0 +150 
Grid - 0 -300 

Nardo 62AlA Beam -200 -4000 
Refl 0 -1000 
Grid l 0 +150 
Grid 2 0 +300 

ERA HV15 Beam 0 5000 
KM Refl 0 5000 

Grid 0 5000 

Outputs available, p-p, rms. 
Outputs avail ab I e, 0. ODO 1-1100 Voe, p-p & rms. 
Rms and p-p can be either 400 Hz or 1000 Hz, De can 
be either positive or negative. 
Unit incorporates built-in error computer which can 
determine the absolute error of de or ac responding 
device under test or tracking error in the presence 
of range error. 
Also 0-111 mV output at 20Q impedance, l µV resolu­
tion. 
Also 0-111 mV output at 2Q impedance, l µV resolu­
tion. 
Also 0-111 mV output at lOQ, l µV resolution, 0-11 
mV output at lOQ, 0.01% accuracy, 0. l µV resolu­
tion. 
Also 0- lOV, 10 µV resolution, 0- lV at lOQ; l µV re­
solution, 0-0. lV at lOQ, 100 mV resolution. 
Calibration: lOV, ±0.002%, +10 µV; lOOV, ±0.002% 
+20 µV; lOOOV, ±0.002% +40 µV. 
Settling time within 50 ppm of final output, 5 seconds. 

REGULATION MODULATION 

Current Line Load Ripple Square Other 
mA % % mV Hz Hz 

0-60 0.002 20 mV l ina ino 
0-15 20 mV 50 mV 10 

50 l l 7 
.01 l ina ina 1000 line freq 
0-100 10 mV 25 mV l n/a n/a 
0-15 20 mV 50 mV l 

65 ina ±1 5 400- sawtooth 
0.05 ina ±0. l l 2000 60 
0-100 14 mV 35 mV l n/a n/a 
0-15 20 mV 50 mV l 

100 o. l 0.05 l 
ina 0.05 ina 0.0005 yes sawtooth 
2000 l ina 2 
0-50 30 mV 75 mV 1.5 ina ina 
0-15 20 mV 50 mV l 
0-60 0.002 20 mV l 

0-50 34 mV 85 mV 1.7 ina ina 
0-15 20 mV 50 mV 10 
0-60 0.002 20 mV l 

0-25 50 mV . 125 v 2.5 ina ina 
0-15 20 mV 50 mV l 
0-60 0.002 20 mV l 

100 ±0.0l 0.05 20 200 sawtooth 
0.5 ina 0.005 20 ta 
5 ina 0.005 30 2000 
l ina 0.005 30 40-400 

0-150 0.01 ina 3 200- Sine 

ina 
5 
5 
15 
15 
15 

0.01 ina 3 2000 60 Hz 
0.01 ina 5 saw 
0.01 ina 5 200-2000 
0.01 0.01 5 n/a n/a 
0.01 0.01 5 
0.01 0.01 5 

j. Settling time within 25 ppm of final output, 5 seconds. 
k. DTL-TTL logic compatible program inputs. 
m. External programming available. 
n. Fully programmable. 
p. Four outputs available 0.01-lV, 5A; 0. 1-lOV, lA; 

1-lOOV, 100 mA; 10-lOOOV, 10 mA. AC/DC cali­
brator, constant current capable. 

q. Output impedance, 0-1000 Hz, 50Q. 
r. Output impedance, dc-100 Hz. 
s. Floats 500V off ground. 
t. Thre e significant figures. 
u. Six decimal digital readout, solid state. 
v. Digital readout. 
w. Five decade thumb-wheel switch plus pot. · 
x. Also available 62Dl dual klystron adapter at $250, 

drives two klystrons simultaneously when used with 
62A lA. The 62A2 filament supply at $375 extends 
the 62A lA capability with o variable heater voltage 
2. 5- lOV at 2A regulated. 

External 

ina 

yes 
n/a 

yes 

n/a 

yes 

yes 

yes 

yes 

yes 

any 

n/a 

HEATERS 

Volts Amps 

6.3 0-2 
6.3 1.5 

6.3 2 
6.3 2 

6.3 2 

6.3 0. 15 

6.3 2.0 

6.3 0.2 

6.3 0.2 
2.4- 2 
7.2 

6.3 4 

n/a n/a 

Index by Model Number (Special Purpose) 

Name Model Code Name Model Code Name Model 
EDC 2900 VF2 VRS617 VF3 Hewlett- 7168 
Electronic MVlOO VFl Fluke 3328 VF4 Packard Co.6110A 

Develop· MV105 VFl John Fluke 341A VF4 6111A 
ment MV106 VFl Manufactur· 343A VF4 6112A 
Corp. VSll VFl ing Co., 382A VF2 6113A 

VSl 11/8 VF3 Inc. 4070 VF3 6116A 
VSlOOO VF4 4088 VF5 69208 

4108 VF6 Keithley 240A 
ERA HV15 KS2 4128 VF5 Keithley 241 
Electronic KM KS2 4158 VF5 Instrument 245 

Research 423A VF5 Corp. 246 
Assoc. 3330A VF4 261 

EPSCO VR607 VF3 4150A VF5 Micro· Power AV 
EPSCO, Inc. VRS611 VFl H-P 715A KSl Micro-Power, 8V 

75 
Misc Price 

Features $ 

375 
570 
305 
400 

490 
570 
305 
570 

490 
570 
305 

925 

875 
570 
375 
305 
875 
570 
375 
305 
860 
570 
375 
305 
2795 

x 1995 

435 

Code 
KSl 
VFl 
VF2 
VF2 
VFl 
VF2 
VF4 
VF4 
VF3 
VF5 
VF5 
VFl 
KSl 
KSl 
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Modular Power Supplies Addendum 60a 
OUTPUT REGULATION OUTPUT REGULATION 

Range Mox Line Load Ripple Price Range Mox Line Load Ripple Price 
Mfr Model Volts Amps % % mV Notes $ Mfr Model Volts Amps % % mV Notes $ 

Trio SP607 3 20 0.3 0.3 10 b 400 Trio SP610 12 9 0.3 0.3 10 b 400 
CP PM444 3.6 0.25 ±0.05 ±0.05 0.5 a 47 Date I BPM-15/50 ±15 ±0.05 ±0.05 ±0.05 1 reg 
Trio SP608 4 20 0.3 0.3 10 b 400 Date I BPM-15/150 ±15 ±0. 15 ±0.05 ±0.05 1 reg 
CP PM429 5 0.25 ±0.05 ±0.05 0.5 a 47 CP PM476 15 o. 1 ±0.02 ±0.02 0.5 a 38 

M 
Date I UPM-5/300 5 0.3 ±0.05 ±0.05 2 59 Trio SP613 ±15 3.5 0.3 0.3 10 b 400 

1 
Date I UPM-5/lA 5 1 ±0.05 ±0.05 2 reg Trio SP604 15 7 0.3 0.3 10 b 400 
Trio SP601 5 20 0.3 0.3 10 b 400 CP PM460 18 0.065 ±0.02 ±0.02 1 a 40 
CP PM422 6 0.2 ±0.05 ±0.05 0.5 a 47 CP PM474 20 0.06 ±0.02 ±0.02 1 a 40 
Trio SP602 6 17 0.3 0.3 10 b 400 Trio SP614 ±22 2.5 0.3 0.3 10 b 400 
Trio SP611 ±7 7.5 0.3 0.3 10 b 400 Trio SP605 22 5 0.3 0.3 10 b 400 

Trio SP609 7 15 0.3 0.3 10 b 400 CP PM485 24 0.05 ±0.02 ±0.02 1 a 40 
CP PM4B7 10 o. 12 ±0.02 ±0. 02 0.5 a 40 CP PM462 28 0.04 ±0. 02 ±0.02 1 a 40 

M Trio SP612 ±10 5 0.3 0.3 10 b 400 Trio SP606 30 4 0.03 0.3 10 b 400 
2 Trio SP603 10 10 0.3 0.3 10 b 400 CP PM419 170 0.01 ±1 ±1 15 a 50 

CP PM463 12 o. 1 ±0.02 ±0.02 0.5 a 40 CP PM420 180 0.01 ±1 ±1 15 a 50 
Trio SP615 ±12 4.5 0.3 0.3 10 b 400 

High Voltage Power Supplies Addendum 46a 
OUTPUT REGULATION OUTPUT REGULATION 

Range Mox Line Load Ripple Price Range Max Line Load Ripple Price 

Mfr Model Volts Amps % % 

HVl Velonex 150 500-2500 0.01 0.001 0. 001 

a. Available in different sizes, bench type, PM4 series; 
PC mount type, PMS SE!f"ies; octal base type, PM6 
series. Dual op-omp supplies avoilable. Operating 
temperature 0-70°C . 

b. Unit incorporates switching regulators. Remote sensing 
provided. All output voltages are adjustable± 10%. 

DC Power Supply Addendum 

Abbrev. Company 

CP Computer Products 
2709 N. Dixie Highway 
P.O. Box 23849 
Ft. Lauderdale, Fla. 33307 
(305) 565-9565 

Datel Datel Corp. 
943 Turnpike St. 
Canton, Mass. 02021 
(617) 828-1890 

Name Model Code 
Inc. BW KSl 

cs KSl 
CV KSl 
DX12 KSl 
DX34 KSl 
EM KSl 
FD KSl 

Narda 62A1A KS2 
Nard a 

Microwave 
Corp. 

North Hills VS35 VF3 
North Hills VS36 VF2 

Electronics 
PDP 3K10 VF7 
Power Designs 1579 VF7 

Eu CTRONIC D ESIGN 8, April 12, 1970 

mV Notes s Mfr Model Volts Amps % % 

5 c 480 Velonex NIMPAC103 500-3000 0.01 0 . 001 0.001 

Dual output supplies available. Operating temperature 
-20°C to +71°C, no derating or heat sink required. 

c. Output voltage selected by four front pcnel controls, 
500-2500V, 0-400V, 0-80V, 0-25V {continuously 
adjustable). 

Reader 
Service 

No. Abbrev. Company 

Trio Trio Labs 
80 DuPont St. 

471 
Plainview, N.Y. 11803 
(516) 681-0400 

Velonex Velonex Division 
Pulse Engineering Inc. 

472 560 Robert Ave. 
Santa Clara, Cal if. 95050 
(408) 244-7370 

Name Model Code Name Model 
Pacific Inc. 1579R VF7 RFL 829G 

1584 VF7 RFL 
1584M2 VF7 Industries 
1584PM3 VF7 Singer 420 
1584R VF7 Singer Co., 421A 
AEC-315A VF7 Ballantine 4218 

PRO 809-A KSl Operation 
Sorensen QHS20-l.O 

mV 

10 

PRO 819-A KSl 
Electronics Sorensen QHS20-l.OL 

Inc. Operation, QHS40-.5 
Raytheon QHS40-.5L 

Power Des 2K10 VF4 Co. QHSl00-.2 
Power Designs 1544 VF5 QHS100-.2L 

Inc. 1547 VF5 Weston 166 
1556A VF6 Weston- 166S 
1565 VF4 Lexington 

Notes $ 

455 

Reader 
Service 

No. 

473 

474 

Code 
VF4 

VFl 
VF3 
VF3 

VFl 
VFl 
VF2 
VF2 
VF2 
VF2 
VF3 
VF3 
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WE WANT OUR NAME ON THE TIP OF YOUR TONGUE! 

~A~g~E~!Jp~r 300 
INFORMATION RETRIEVAL NUMBER 95 

We sell more than amplifiers 
. Sure .. . we can provide you with our 

DC servo power amplifiers ranging from 25 
to 1,500 watts output. But complete system 
design is our forte. Working with our sister 
divisions that manufacture motors and tachs, 
we can coordinate the design of your system 
from command signal to primary driver and 
eliminate interface problems. 

A constant amplitude light source is 
an example. Let us show you how we debug A o 1 v , s , o N 0 F 

your application before the bugs get in. KOLLMORGEN 

Inland Controls. Inc. 250 Alpha Drive, Pittsburgh, Pa . 15238 Tel: 412-782-3516 TWX 710-664-2082 

INFORMATION RETRIEVAL NUMBER 96 
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New Products 

Alterable read-only core memory 
uses plug-in fixed-program boards 
11arian Data Machines, 2722 Mich­
elson Dr. , Irvine, Calif. Phone: 
(714) 833-2400. P&A: 2.5¢/bit; 
45 to 60 days. 

Able to have its program altered 
without being returned to its man­
ufacturer, a new read-only core 
memory offers capacities to 20,480 
bits at a cost of only 2.5¢ per bit. 
The VROM is a mechanically al­
terable random-access system with 
a full-cycle time of 350 ns and an 
access time of 200 ns. 

Users can now maintain a li­
brary of fixed-program tables 
since the VROM has a mechani­
cally interchangeable braid and 
diode board. The braid or infor­
mation board is mated with a uni­
versal logic board through connec­
tors. This reduces program 
changes to a s imple matter of 
switching a plu g-in printed circuit 
board. 

Easy maintenance is another 
feature of the new read-only mem­
ory. In the past, the breakage of 

U cores and I bars meant long re­
pair times because both of these 
are held captive to a PC board by 
the same sense winding. 

The VROM reduces memory 
downtime through the use of plas­
t ic U-core holders and I-bar re-

tainers. These housings, instead 
of the components themselves, are 
wrapped with the sense winding, 
making the components easy to re­
move and replace. 

Maximum current is 900 mA. 

CIRCLE NO. 250 

Mechanically alterable read-only memory puts its fixed ­
program format on plug-in PC boards. In addition , mem­
ory downtime is minimized because of easily replace -

able U cores and I bars. The retainers for these 
components are plastic so that the retainers, instead of 
the components , are wrapped with the sense winding. 
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can a 
mercury relay 

qperate 
ID agy 

position? 

Yes ... if it's a 

LOOCEL[ 
Mercury Film Relay 

Logcell Relays offer all the advan­
tages of conventional mercury wet­
ted relays such as very long life 
and no contact bounce. But they 
are much smaller (only 0.06 cu. 
in.), operate in any mounting plane, 
and resist shock and vibration. 
Logcell Relays also feature fast 
operating time (2.5 ms), no meas­
urable AC contact noise, thermal 
noise of less than 1.0 µV and Form 
C SPDT contacts. And now you can 
choose from our red, white and 
blue specifications . .. three grades 
designed to match performance and 
cost to your applicat ion: 

GRADE LIFE (MCFF @ 90%CL) 

Premium BLUE 250 x 106 with factory 
burn-in under load of 
5 x 106 cycles 

Standard RED 50 x 106 

Industrial WHITE 5 x 106 --
For complete information on Logcell 
Relays-and Switches-write Fifth 
Dimension Inc., Box 483, Princeton, 
N.J. 08540 or call (609) 924-5990. 

:t@-
FIFTH DIMENSION I NC. 

INFORMATION RETRIEVAL NUMBER 97 
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DATA PROCESSING 

A/d 12-bit converter 
performs at 100 kHz 

::'J 
.'11'1111 

~1111.~ . .. •••• ... ................. 
Raytheon Computer, 2700 S. Fair­
vi"ew St., Santa Ana, Calif. Phone: 
( 714 ) 546-7160. P1·ice: $1950. 

The l\Iod F l\Iiniverter is a data 
acquisition instrument with a 
throughput rate of 100 kHz, with 
sample-and-hold capabi li ty, and 16 
channels of multiplexing. Basically 
a 12-bit analog-to-digital convert­
ter, the unit has controls for inter­
facing with digital processors or 
control systems. Throughput rate 
can be varied manually or by com­
puter control. 

CIRCLE NO. 251 

Low-cost memories 
sto~e 4k x 8 bits 

!] 

Standard Logic Inc., 1630 S . Lyon 
St., Santa Ana, Calif. Phone: 
( 714) 835-5466. Price: $695 or 
$1175. 

Designed for high-speed ran­
dom/ sequential information stor­
age and retrieval applications, two 
new low-cost IC core memor y sys­
tems feature a capacity of 1024 or 
4096 words with 8 or 9-bit lengths. 
F lat-Store units are complete 
memory systems with a data reg­
ister, single rai l address, timing 
and control, sense amplifiers, in­
hibit driYers, decoder drivers and 
a core stack. 

CIRCLE NO. 252 

Pushbutton coupler 
varies operating mode 

Prentice Electronics Corp., 795 
San Antonio Rd., Palo Alto, Calif. 
P&A: $298; stock. 

In a compact plastic case, a new 
universal data coupler offers push­
button selection of a variety of 
operating modes : originate or 
send ( terminal to terminal ) , fu ll 
or half duplex, acoustic, and mag­
netic or direct ( DAA ) coupling 
modes. The DC-22 also provides an 
appropriate interface for Teletype 
or EIA terminals. In addition, the 
unit has DAA level adjustments. 

CIRCLE NO. 253 

Cartridge disk drives 
store 12 x 106 bits 

Diablo Syst ems, Inc., 23950 Clciil'­
iter Rd., H[Lyward, Calif. Price: 
$4950. 

Intended to simplify mainte­
nance and enhance reliabi lity. 
series 30 removable-cartridge 
(single or dual) disk drives pro­
vide a fi le capacity of 12,000,000 
bits per cartridge. Includ ing set­
t ling time, the units have a track­
to-track pos itioning time of 15 ms 
and an average t ime of 70 ms. 
Average power consumption is un­
der 100 W. Photocells, potentiom­
eters and mechanical detents are 
not used. 

CIRCLE NO. 254 
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Minicomputer console 
prints and records 

Computer Devices Inc., 167 Albany 
St., Cambridge, Mass. Phone: 
(617) 492-4455. Price: $3900. 

Designed to satisfy most data 
handling needs, a new minicom­
puter console combines the key­
board and printer functions of 
equipment like the Teletype model 
33 with the recording and storage 
functions of a magnetic tape cas­
sette. Model 3810's keyboard, 
printer, tape cassette and comput­
er can be connected together in 
nine different on-line and off-line 
configurations. 

CIRCLE NO. 255 

Acoustic data coupler 
plugs into Teletypes 

Digital Techniques Corp ., 4248 
Delemere Court, Royal Oak, Mich. 

Quickly installed on Model 33 
Teletypes with direct plug-in con­
nections, a self-contained modular 
acoustic data coupler permits er­
ror-free transmission between 
computers and remote terminals 
via telephone handsets. Model 3300 
is intended for permanent installa­
tion on the Teletype machine in 
place of the normal cover plate. 
It can be installed in less than five 
minutes; no Teletype modification 
is required. 

CIRCLE NO. 256 
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THE COCl<Y 
LITTLE 
TRANSIENT 
QUENCHER 
FROM JOSLYN 

.. Transients have never been able to knock off 
• solid-state electronics when Joslyn precision pro­

tection devices are on guard duty. ':' Never! They quick­
ly extinguish damaging transients with extreme accur­
acy, nano-second response, and high repeatability over 
an unequaled period of time. Ideal for protecting AC 
and DC input lines, RF systems (transmitting or re­
ceiving), balanced and unbalanced transmission lines, 
radar modulators, traveling wave tubes, and cathode 
ray tubes. Contact Joslyn today for full information 
and delivery from stock for the field-proven cocky 
little spark gap that will solve your particular protec­
tion problem. Full line includes surge protectors and 
lightning arresters. *when properly selected and connected 

JOSlYD 
ELECTRONIC SYSTEMS 

Joslyn Electronic Systems D Santa Barbara Research Park D 
P.O. Box 817 D Goleta, Calif. 93017 D Tel. (805) 968-3551 

181 3 

INFORMATION RETRIEVAL NUMBER 98 

135 



INFORMATION RETRIEVAL NUMBER 99 

136 

ICs & SEMICONDUCTORS 

Plastic transistors 
carry 3 A at 60 V 

Solitron Devices, Inc., 256 Oak 
Tree Rd., Tappan, N. Y. Phone: 
(9 14) 359-5050. Price: 90¢ typical. 

Series B5000 plastic power sili­
con npn transistors can handle 
collector currents of 3 A maximum 
when collector-emitter voltages are 
as high as 60 V. The new devices 
are able to deliver shorl-circuit de 
forward current gains as large as 
250. Their primary applications in­
clude hybrid circuits, power sup­
plies, amplifiers, and industrial 
driver circuits. 

CIRCLE NO. 257 

Light-emitting diode 
mounts on PC boards 

Optron, Inc., 1201 Tappan Ci?'cle, 
Carrollton, T ex. Phone : (214 ) 
242-6571. P&A: $6.60; stock. 

A new gallium-arsenide light­
emitting diode, model OP-100, is 
especially suited for mounting 
directly on printed circuit boards 
for light-emitter arrays. This 
miniature component is housed in 
a glass-to-metal hermetically sealed 
package. Maximum forward cur­
rent is 50 mA, and maximum 
reverse voltage is 2 V. Peak emis­
sion is at 9100 A. 

CIRCLE NO. 258 
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Thin-film regulators 
drift just 0.001%/°C 

-.... ,. .. 
·7j··~~ -'~ ·"'~'~ ... 'i ----: ·-;~ ~' 
~----':.l~ ~-u -.-,.....---.--..--.-... 

Micro Networks Corp., 5 Barbara 
Lane, Wo1·cester, Mass. Phone : 
( 617) 756-4635. P&A: $23.40 to 
$39; stock. 

Three thin-film fiatpack hybrid 
voltage regulators feature a typi­
cal temperature coefficient as low 
as 0.001 %/° C, a load regulation of 
0.001 %/mA and a line regulation 
of 0.005 %/V. Models MN210 
($39) , l\IN211 ($31.50) and MN-
212 ($26.25) offer maximum tem­
perature coefficients of 0.002% /°C, 
0.005 %/°C and 0.01% /° C, respec­
tively. 

CIRCLE NO. 259 

Power zener diodes 
trim size by 75% 
Components, Inc., Semcor Div., 
Bidclef ord, Maine. 

One quarter the size of com­
parable units, new glass power 
zeners are now avai lable in 1.5-W 
(1N4461 to 1N4496), 3-W (lN-
5063 to 1N5104) and 5-W ( 1N4954 
to lN 4998) ratings. These minia­
ture units offer voltages from 6.8 
to 200 V, and operating tempera­
tures of - 65 to +200°C. 

CIRCLE NO. 260 

Double-plug zeners 
cover 6.2 to 47 V 
American Power Devices, Inc., 7 
Andover St., Andover, Mass. 
Phone: (617) 475-4074-5. 

Supplied in a double-plug D0-35 
package, a new line of zener diodes 
offers voltage ratings from 6.2 to 
47 V. Types 1N71 O through 1N730, 
1N754 through 1N759, and 1N957 
through 1N977 have voltage tol­
erances of 5, 10 and 20 % . 

CIRCLE NO. 26 1 
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Voltage comparator 
needs but 5-pA bias 

lntersil Inc., 10900 N. 
Ave., Cupertino, Calif. 
( 408) 257-5450. P&A: 
stock. 

Tantau 
Phone: 
$22.50; 

By using a pair of matched FET 
devices at its input, the model 
ICB-8000C low-power voltage com­
parator achieves an input bias cur­
rent of 5 pA and an input imped­
ance of 1011 n. Power dissipation 
is 30 mW, voltage gain is 60,000, 
and common-mode rejection is 70 
dB. The unit has a response time 
of only 200 ns. 

CIRCLE lljO . 262 

Programmable UJTs 
are hermetic units 
Solid State Products, Div., Uni­
trode Corp., One Pingree St., Sa­
lem, Mass. Phone: (617) 745-
2900. P&A: 90¢; 4 to 6 wks. 

Packaged in a T0-18 hermeti­
cally sealed metal case, two new 
programmable unijunction transis­
tors ( types ZClOOl and ZC1002 ) 
are 40-V devices that can carry 
forward currents of 150 mA at 
case temperatures of 75 ° C. 

CIRCLE NO. 263 

Dual shift registers 
interface TTL or MOS 
General Instrument Corp ., 600 W. 
John St., Hicksville, N.Y. Phone: 
(516) 733-3333. Price: $13 or 
$16.75. 

Able to interface directly with 
TTL/ DTL or MOS circuits, two 
new dual static shift registers, a 
50-bit (SL-6-2050) and a 64-bit 
( SL-2064) unit, feature a typical 
current consumption of only 7 mA. 

CIRCLE NO. 264 

Utilizes reliable reed 
switches. Mechanical 
lockout feature allows 
simplified circuitry. 11 
keys 0-9 and period. 
SB-033 

Check 133 

ELFIN® Readout 
Neon Indicator 
Single plane 9-segment neon 
for brighter, wider viewing. 
0.41" dia. Has mount for PC 
wiring. Displays 0-9 , +. - , 
some alpha & decimal. Long­
life operation. MG-1 9. $4.95 

2.99 each, in 1000 lots 

Check 134 

Transistorized 
Neon Logilite 

Neon pilot operates from low­
voltage 5VDC supply. Self-con­
tai ned transistorized generator 
provides hi-voltage to excite 
neon. Bushing '% ". LYN-ML. 

Check 135 

Terminal 
Strip Kit 

10.95 * 
6x6" perforated board 
provides the base for 
experimental designs. 
Kit includes board & 16 
ceramic plug-in strips . 
CB-2. 

For safe , shock­
free remote control 
circuit operation. 
Compact plastic 
case. 115 VAC input 
SA capability. 
FR-1 01. 3.85 * 

Check 137 

High lustre , machined 
aluminum knobs with 
smooth , precision 
serrations . Natural 
satin finish . KN 
Series. Y2" dia 55¢, 
1" dia. 70¢ ea. 
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INSTRUMENTATION 

Digital clocks 
are self-contained 

Systron-Donner Corp., Datapulse 
Div., 10150 W. Jefferson Blvd, 
Culver City, Calif. Phone: (213) 
871-0410. P&A: $395 or $995; 30 
or 60 days. 

Two new function generators 
sound a happy note on cost-per­
formance trade-off. The half-rack 
model 401 for $495 generates sine, 

· triangular and square waves from 
0.02 Hz to 2 MHz. The $995 model 
410 generates sine, square, tri­
angular, sawtoo·th, and swept wave­
forms from 200 µ,Hz to 2 MHz. 

CIRCLE NO. 266 

Four-digit panel meter 
is accurate to 0.05% 

--

.--. . .·-~ q c : ... ~ ~ ('. ;, t 

' . 

Vl200 

Sangamo Electric Co., P.O. Box 
3347, Springfield, Ill. Phone: (217 / 
544-6411. Price: $7500. 

Utilizing a proprietary special­
purpose computer, the Comp 200 
digital logic circuit tester requires 
no programming since it generates 
input word stimuli to a reference 
logic circuit and the logic circuit 
under test. The outputs of these 
two circuits a:r.e functionally com­
pared with the final fault detection 
isolated to an output pin. The test­
er is DTL/TTL compatible. 

CIRCLE NO. 268 

138 

Starmark Electronics, 3710 Main 
St., Kansas City, Mo . 

Available in both 12 and 24-
hour models, series 400 digital 
clocks are completely self-contain­
ed and come equipped with the re­
mote control features necessary for 
systems use. There are three pos­
sible time references : the 60-Hz 
power line, an internal precision 
oscillator, or input pulses from an 
external reference. Standard fea­
tures include presetting from the 
front panel and a BCD output. 

CIRCLE NO. 265 

Low-cost generators 
give performance plus 

Dixson, Inc., P.O. Box 1449, Grand 
Junction, Colo. Phone: (303) 242-
8863 . P&A: $330; stock. 

Offering either 10-µ, V or 10-nA 
resolution, a new digital panel 
meter features an accuracy of 
0.05 % of reading ( ±0.05% of full 
scale ) over the ranges of 100 m V 
or 100 µ,A. The VT 200 is a full 
4-digit meter with a non-blinking 
display. It also has automatic 
polarity, BCD logic output, and an 
end-of-measurement signal output: 

CIRCLE NO. 267 

Logic circuit tester 
eliminates programming 

Signal source for $595 
delivers 9 functions 

Interstate Electronics Corp., P.O . 
Box 3117, Anaheim, Calif. Price : 
$595 . 

Operating at an eleven-decade 
frequency spectrum of 0.0005 Hz 
to 10 MHz, the model F51 function 
generator is a universal signal . 
source selling for ony $595. This 
instrument can produce: variable­
width p u 1 s es ; standard sine, 
square and triangle waveforms; 
plus and minus ramps; plus and 
minus fixed-width pulse wave­
forms; and sync signals. The out­
put is adjustable. 

CIRCLE NO. 269 

Four-mode generator 
customizes pulses 

Tektronix , Inc., P.O. Box 500, 
Beaverton, Ore. Phone: (503 ) 644-
0161. P&A: $700; second quarter, 
1970. 

A new ·25-MHz 10-V general-pur­
pose pulse generator offers sepa~ 

rately variable period, duration, 
delay, amplitude and baseline off­
set. Model 2101 has four operating 
modes: undelayed pulses, delayed 
pulses, paired pulses and a de out­
put. Rise and fall times are 5 ns; 
pulse duration can range from 20 
ns to 400 ms, or to 4 s with an 
external trigger. 

CIRCLE NO. 270 
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MICROWAVES & LASERS 

Low-cost 0.5-W impatts 
keep cool at X band 

Hewlett-Packard Co., 1501 Page 
Mill Rd., Palo Alto, Calif. Phone: 
( 415) 326-7000 . P&A: $150; stock. 

Generating 500 mW at X band 
at over 5 % efficiency, two impatt 
diodes with improved heat flow 
cost only $150 each. Types 5082-
0400 (8 to 10 GHz) and 5082-0401 
( 10 to 12.4 GHz ) allow high out­
put power at cool junction tem­
peratures . For example, at a power 
level of 1/ 2 W and a diode case 
temperature of 25 °C, the junction 
temperature is less than 200 °C. 

CIRCLE NO. 271 

Flat attenuator chips 
dissipate 1/2 to 5 watts 

EMC T echnology, Inc., 1300 A?·ch 
Strnet, Philadelphia, Pa. Phone: 
(215) 563-1340. Price: $7.75 to 
$20. 

A new line of flat stripline chip 
attenuators dissipate from 1/ 2 to 
5 W of power. Attenuations of 1 
to 20 dB and tolerances of 10 % or 
1/ 2 dB are possible. A VSWR of 
less than 1.2 and a frequency limit 
of 4 GHz are featured. The chips 
are used in circuits where the 
ground must float a de voltage at 
other than chassis ground. 

CIRCLE NO. 272 
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Victoreen' s rare 
specimen! 

Our MOX- I 125. A rare specimen made only by Victoreen. With 
rare qualities in the 1-10,000 Megohm range. Rated at I .OOW 
@70°C. 5,000 volts maximum. Yet it's just .130" in diameter by 
1.175" long. 

It's one of Victoreen's Mastermox metal oxide glaze resistors. About 
one-half the size of competitive resistors of similar power handling 
capacity. 

All Mastermox resistors are rare performers. Excellent stability: As 
little as I <y0 drift under full load in 2000 hours - with more than 40 
watts power dissipation per cubic inch. ± 0.5% tolerance. I OK ohms 
to I 0,000 Megohms resistance range. Voltage and temperature 
cycling leaves no permanent effect. And Mastermox stays potent 
on the shelf - less than 0.1 % drift per year. 

Get Mastermox. Rare resistor performance. 

Power *Mox . 
Resistance Rating Oper. Length Diameter 

Model Range @70°C Volts Inches Inches 
MOX-400 I · 2SOO megs .2SW 1,000V .420± .0SO .130±.010 
MOX-7SO I - SOOO megs .SOW 2,000V .790±.0SO .130±.010 
MOX-112S I - IOOOOmegs 1.00W S,OOOV l.17S±.060 .130±.010 
MOX-I IOK . SOO megs 2.SOW 7.SOOV 1.062±.060 .284 ±.0 10 
MOX-2 20K . 1000 megs S.OOW IS ,OOOV 2.062±.060 .284 ±.010 
MOX-3 30K. ISOO megs 7.SOW 22 ,SOOV 3.062± .060 .284±.010 
MOX-4 40K . 2000 megs 10.00W 30 .000V 4.062±.060 .284±.010 
MOX-S SOK - 2SOO megs 12.SOW 37 ,SOOV S.062±.060 .284±.010 
•Applicable above critical resistance. Maximum operating temperature , 220°C. Encapsulat ion: Si Con­
formal. Additional technical data in fo lder form available upo n request. Or telephone: (216) 79S-8200. 

'I . 
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VICTOREEN INSTRUMENT DIVISION 
10101 WOODLAND AVENUE • CLEVELAND, OHIO 44104 
EUROPE , ARNOALE HOUSE. THE PRECINCT. EGHAM. SURREY. ENGLAND• TEL , EGHAM 4887 VICTOREEN 
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The things we do to stay in front! 

Because we're No. 1 in control knobs ... 

and because we're Rogan 
Our reputation means a lot to us. 
So much in fact that 
the knobs we make are quality knobs ... 
knobs that are "out in front" with 
"real design appeal" 
-yet priced right to fit your budget. 
Write today for free New color catalog 

F;!.cJ 9es1,...... 
BROTHERS, INC. 

8031 N. MONTICELLO AVE. 
SKOKIE. ILLINOIS 60076 

(3121675~ 234 

INFORMATION RETRIEVAL NUMBER 103 

Comfortable Anyplace! 
A MULTIPLE POSITION COAXIAL SWITCH - SEALED, RUGGED, 

SMA CONNECTORS (18 GHz). WILL WORK 

IN ANY ENVIRONMENT. 

Write for specifications and application data. 

Transco Products, Inc., 4241 Glencoe Ave., Venice, Calif. 90291 

INFORMATION RETRIEVAL NUMBER 104 

MICROWAVES & LASERS 

Three power transistors 
span 3-to-25 Watts 

United Aircraft Electronic Compo­
nents Div., Trevose, Pa. Phone :' 
(215) 355-5000. P&A: $7, $14, 
$24; stock. 

Three new silicon vhf power 
transistors, 2N5589, 2N5590 and 
2N5591, provide outputs of 3, 10 
and 25 W, respectively. They oper­
ate at 13.6 V and feature tantalum 
nitride emitter-ballasting resistors. 
High-tolerance resistors used pro­
vide protection against hot spots 
and premature failure. Strip-line 
packaging in T0-71 and T0-72 
cases ensure low inductances. 

CIRCLE NO. 273 

Flatpack film couplers 
cover 30 MHz to 2 GHz 

Merrimac R esearch and Develop­
m ent, Inc., 41 Fairfield Pl., W. 
Caldwell, N.J. Phone: (201) 652-
7200. P&A: $40; 30 days. 

Exhibiting octave bandwidths, 
Filmbird series of film hybrid 
quadrature couplers can parallel 
transistor power amplifiers from 
30 MHz to 2 GHz. One coupler in 
the series, the QHF-2-.312G, spans 
the frequency range of 225 to 400 
MHz at -3-dB coupling. It fea­
tures amplitude balance of ± 0.4 
dB and a phase quadrature of 90 
± 2 degrees. 

CIRCLE NO. 274 
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COMPONENTS 

Tiny keyboard switch 
has 5/8-in. centers 

Gordos Corp., 250 Glenwood Ave., 
Bloomfield, N.J. Phone: (201) 
743-6800 . P1·ice : $2.40. 

Measuring only 1.6-in. long and 
0.62-in. in diameter, a new key­
board push-button reed switch re­
duces keyboard size by mounting 
on 5/8-in. centers. The Feather­
touch uses a pick magnet for 
switch actuation to eliminate mag­
netic interaction between closely­
spaced switches. Contact resist­
ance is 200 mn at 6 V de and 100 
mA, and maximum current is 0.25 
A. 

CIRCLE NO. 275 

PC rotary switch 
adjusts two ways 

Beckman Instruments, Inc., Heli­
pot Div., 2500 Harbor Blvd., Ful­
lenton, Calif. Phone: (714) 871-
4848 . P1·ice : $2.75, $3. 

Available in two versions, a new 
one-pole six-position rotary cermet 
switch is adjustable by a screw­
driver slot (model 374) or a 
thumbwheel control (model 374H) . 
It is designed for PC-board mount­
ing and measures 1/4 in. in diam­
eter. It includes a precious-metal 
wiper and a positive-action detent. 
Current rating is 100 mA at 28 
V de. 

CIRCLE NO. 276 
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PC thumbwheel switches 
assemble part by part 

Electronic Engineering Co. of 
California, 1441 E. Chestnut Ave., 
Santa Ana, Calif. Phone: (714) 
547-5651 

Requiring no soldering or wire 
leads, the series 8000 thumbwheel 
switches mount directly to printed­
circuit cards and become an in­
tegral part of the cards. They are 
shipped in component parts and 
mount in seconds. The user in­
corporates the switch stator pat­
tern on the mother board. Mount­
ing can be on any edge of the PC 
board. 

CIRCLE NO. 278 

Low-capacitance chips 
range over 1 to 9.1 pF 

V 0805A4R7D 

Capac. I 

Toi.~ 
Term. t • 
Materials t:·-'---' 

Vitramon, Inc ., Box 544, Bridge­
port, Conn. Phone: (203) 268-
6261. 

Developed for requirements of 
low-value and high-stability capaci­
tance are new NPO ceramic chips 
with values from 1 to 9.1 pF. 
They are available in standard 
decade values and measure 0.8 x 
0.05 x 0.01 in. They feature a tol­
erance of ± 0.5 % with a tempera­
ture characteristic of 0 ± 30 
ppm/°C. Operating temperature 
range is - 55 to + 125 ° C and dis­
sipation factor is 0.1 %. 

CIRCLE NO. 277 
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Ol(('new 
is cornpatt 

chip bo 
techniques 

microcircuit an 
strip line 

applications ... and 
they're trimmable 

in ranges from .1 to 
100 pF! 

But trimrnability is 
only one of the plus 

advantages of this 
new series, they 

feature high Q (self· 
resonant into X 
band), 6. C's of 

1to15 pF, and low 
temperature 
coefficients 

(0 ± 20PPM/°C). 
When your 

application calls for 
high Q chips, be 

sure to check the 
505 series, they do 

everything a chip 
does - plus. Send 

today for full details. 

MANUFACTURING CORPORATION 

400 Rockaway Valley Road, Boonton, N.J. 07005 
(201) 334-2676 TELEX: 13-6432 
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1o/o TOLERANCE 

SCHAUER 
1-WATT ZENERS 

A $54.57 value, just 

$2450 
Kit contains a 51-piece assortment 
of SCHAUER 1% tolerance 1-watt 
zeners covering the voltage range 
of 2.7 to 16.0. Three diodes of each 
voltage ... packaged in resusable 
poly bags. Stored in a handy file 
box. Rating data sheet included. 
Use these Schauer zeners over and 
over in laboratory prototypes as 
well as in precision test equipment. 
Contact your distributor or order 
direct. Schauer is #2 in the plastic 
encapsulated diode field, highest 
quality, the industry's lowest prices! 

Semiconductor Division 

SCHAUER 
MANUFACTURING CORP. 

4511 Alpine Ave., Cincinnati, Ohio 45242 
Telephone: 513/791-3030 

INFORMATION RETRIEVAL NUMBER 106 
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COMPONENTS 

Miniature reed switch 
shrinks dia to 0.07 in. 

/ 

Monolithic Dielectrics, Inc ., Box 
647, Burbank, Calif. Phone: (213) 
848-4465. P&A: from 10¢; stock 
to 4 wks . 

Offering a high capacitance-to­
volume ratio, a new line of NPO 
ceramic chip capacitors includes 
values up to 1800 pF in a chip 
size of 0.15 x 0.05 X 0.05 in. 
Specifications include a dissipation 
factor of 0.01 % and a temperature 
coefficient of ±20 ppm. Insulation 
resistance is greater than 10 12 O 
at 25°C and 5 x 1010 n at 125°C. 

CIRCLE NO. 282 

Tiny fast blower 
cools on-the-spot 

GPS Instrument Co., Inc., 14 Burr 
St., Framingham, Mass. Phone: 
(617 ) 875-0607. P&A: $105; stock 
to 1 wk. 

Requiring no external amplifiers, 
a new encapsulated hybrid linear 
divider measures only 1.12 x 1.12 
x 0.4 in. The D 5030 has a - 3-dB 
small-signal bandwidth of 1 MHz 
and a full-power bandwidth of 150 
kHz. Full-scale accuracy is 1 % for 
an X input of ±10 Vanda Yin­
put from 0 to - 10 V. It includes 
automatic gain control and low­
level modulation. 

CIRCLE NO. 284 

Gordos Corp., 250 Glenwood Ave., 
Bloomfield, N.J. Phone: (201 ) 
743-6800: Price: $1.20 . 

Tiny Tina is a new miniature 
reed switch that features a tiny 
size of only 0.07-in. in diameter 
by 0.5-in. long. Its operating time, 
including bounce, is 250 µ,s, and 
it consumes less than 50 mW of 
power while switching. Its leads, 
which are 0.02-in. in diameter, are 
easily manipulated. The switch 
was developed to meet the require­
ments of dual-in-line reed relays. 

CIRCLE NO. 281 

High-capacitance chips 
up value-to-size ratio 

Horizons International, E. Fuller 
at Middlefi eld, R edwood City, 
Calif. Phone: ( 415) 369-7900. 
Availability: stock to 2 wks. 

Localized hot-spot cooling of any 
point-source of heat is now pos­
sible with the new tiny Micro­
Kool blower that measures only 
15/ 16-in. in diameter and operates 
at 1 cubic foot / minute. It is 
1-3 / 16-in. long and is available 
with either printed-circuit end / 
side leg mountings or a bulkhead 
side mounting. 

CIRCLE NO 283 

Hybrid 1-MHz divider 
sizes up to 0.5 in.3 

ELECTRONIC DESIGN 8, April 12. 1970 



Tiny time-delay units 
span 10 ms to 100 s 

Product Designs Inc., 111 Carde­
nas, N.E., Albuquerque, N.M. 
Phone: (505) 265-3551. P&A: 
from $35; stock. 

Occupying less than 0.5 cubic 
in. are new time-delay modules 
with delays from 10 ms to 100 s. 
Overall accuracy is ± 5 % and re­
peat accuracy is better than 
±0.5 % . Operating voltage may be 
selected in a range of 5 to 50 V 
de. Load currents up to 500 mA 
are provided and only 10 mA of 
idling current is used. 

CIRCLE NO. 285 

Solid-state modules 
ban switching bounce 

. ~ 

Holiday Engineering, 2540 Tere­
sina Dr., Hacienda Heights, Calif. 
Phone: (213) 336-0821 . P&A: 
$8.95, $14.50, $11.95; stock to 30 
days. 

The series 100 solid-state mod­
ules use conditioning circuitry for 
bounce-free switching. Each has 
complementary outputs and drives 
20 5-V TTL or DTL loads. Model 
105 has a standard pushbutton. 
Model 106 has soft-touch push­
button with an optional colored 
cap. The model 107 uses a toggle 
switch. 

CIRCLE NO. 286 
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DIP 8-pin reed relays 
reduce price to $1.90 

.-:-:~''' 
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Grigsby Barton, Inc ., 107 N. Hick­
ory Ave., Arlington H eights, Ill. 
Phone: (312) 392-5900. P&A: 
$1.90; 4 wks . 

The GB814 series relays are 
miniature eight-pin low-cost dual­
in-line reed units selling for $1.90 
each, in quantities of 1000. They 
are compatible with all DIP IC de­
vices and fit into 14-pin DIP re­
ceptacles. They are designed for 
spst dry-reed switching and in­
clude coils for IC drivers at 10 
mA and 40 mA at 5 V. 

CIRCLE NO. 287 

Wafer-type resistors 
dissipate up to 50 W 

/~ 
/ 

~ ... 
# 

~ 

One of the -
unique qualities 

of Electro Cube 

is to produce 

non-standard Charles T. Gamble Industries, 
Fairview St. & New Jersey Ave., 
Riverside, N. J. Phone: (609) 461-
1900. 

Featuring wafer construction, a 
new line of fiat heat-sink power 
resistors dissipate up to 50 W of 
power. They span the resistance 
range of 0.003 to 25 n and exhibit 

i · packages readily 

a low temperature coefficient of 
± 5 ppm. Standard tolerances are 
±5 % and extend to ±0.05 % (with 
four-wire construction or at speci­
fi ed termination points ) . They are 1 

non-inductive and can be chassis­
mounted. 

CIRCLE NO. 288 
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electro cube 
t capacitors 

We also make 4,000 or more standard capaci­

tors with wound dielectrics. If case style is a 

problem, ask . We'll help. Electro Cube, Inc., 

1710 South Del Mar Road, San Gabriel, Cali­
fornia 91776. (213) 283-0511 



WE'VE GOT A BETTER 
WAY TO MAKE 
PRINTED CIRCUITS! 

New techniques developed to malce 
circuit boards more reliable. 

The Printed Circuits Operation of CDC used a unique etch-back technique for 
producing reliable multi-layer circuitry for the Mercury project. Its success is indicated 
by the fact that the same techniques were used in the Gemini and Apollo projects 
without design change ... millions of inter-facial connections with no known failures. 

Designs ranged from double-sided circuitry to complex 15-layer circuit boards ... 
using sequential laminating, extra fine line width and spacing, and plated slots and 
edges . . . and were used for systems control telemetry, hi and low level multiplexer, 
command module telemetry , LEM flight control system, and the seismograph 
experiment. 

The Mercury-Gemini-Apollo program demonstrates our capability for the design 
and production of high quality circuit boards. Hundreds of other projects use our 
circuit boards in many phases of civilian and military equipment. We've got a better 
way to make printed circuitry. 

Reliable circuit boards in high 
volume at low cost were pro­
duced for this project. 

This design and production experience can 
work for you ... CALL US NOW. 

144 

CONTROL DATA 
CORPORATION 

CONTROL DATA CORPORATION 
PRINTED CIRCUITS O PERATION 

7800 COMPUTER AVENUE 
MINNEAPOLIS, MINN. 55435 

PHONE : (612) 927-5681 

INFORMATION RETRIEVAL NUMBER 108 

MODULES & SUBASSEMBLIES 

Ten-bit d I a converter 
retails for only $75 

Analog Devices, Inc ., Pastoriza 
Div., 221 5th St., Cambridge, Mass. 
Phone: (617) 492-6000. P&A:: 
$75; stock. 

Including a built-in reference, 
ladder network switching circuits 
and an output amplifier, a new 10-
bit d/ a converter lists for only $75. 
The DAC-lOH has a settling time 
of 20 µ,s to 0.05 % of output, and 
an output of 10 V full scale at 5 
mA. Linearity is ± 1/ 2 the least 
significant bit, and temperature 
coefficient is ± 70 ppm/° C. Oper­
ating power is ± 15 V at 25 mA. 

CIRCLE NO. 289 

Readout decoder Id river 
includes storage unit 

. "' 
~~~b 

"~~~~» lliio":! 
EDP Corp., Box 6485, Orlando 
B each, Fla. 

Driving seven-segment readouts, 
the series 100 decoder/ driver unit 
includes a new storage module 
(number lOOAOlO. ) It is compati­
ble with standard DTL and TTL 
levels and features a small s ize of 
only 2 x 1.34 x 0.69 in. Included 
are a brightness control, a lamp­
test capabi lity, zero blanking and a 
memory. Applications for this 
modular and compact device in­
clude data displays, instrumenta­
tion, clocks and counters. 

CIRCLE NO. 290 
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CRT display monitor 
brings cost under $80 

Killian Engineering Corp., 281 
Wood Rd., Braintree, Mass. P&A: 
under $80; 60 days. 

A low-cost (under $80 in quanti­
ty ) video display monitor combines 
high reliability and simplicity with 
a size of 10-1 / 2 x 11-1/ 2 x 11 in. 
Using a 12-in. diagonal CRT, it 
accepts a standard composite video 
input and displays information 
with a 500-line resolution. It oper­
ates from 12 V de or 120 V ac 
50/ 60 Hz. Warm-up time is negli­
:gible since it is all solid state. 

CIRCLE NO. 291 

Clock oscillators 
are 14-pin DIPs 

Spectrum T echnology, Inc., Box 
318, Goleta, Calif. Phone: (805) 
964-7791. 

Featuring small size and low 
power consumption, the series 7004 
crystal oscillators/ IC logic clocks 
plug into standard 14-pin dual-in­
line sockets. They measure only 
1/ 3 in. 3 and span the frequency 
range of 1 to 100 MHz. Their rated 
accuracy at 25 °C is ± 10 ppm and 
operating temperature range is 
- 55 to +105 °C. Stabili ty versus 
temperature is ± 0.005 % . 

CIRCLE NO. 292 
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Gated hybrid driver 
handles loads to 1 A 
Sylvcinia Electric Products Inc., 
730 3rd Ave., N ew York, N.Y . 
Price: $8.50, $17 .90. 

Available in two versions, a new 
gated hybrid high-power driver in 
a T0-100 case drives loads up to 
1 A. The industrial version 
(MS401) operates from 0 to 70 °C, 
and the military version (MS-
401M) operates from 55 to 125 °C. 
Both units interface between logic 
level inputs and high-power loads. 
The output can accommodate volt­
age tunings at the load of up to 
.65 V. 

CIRCLE NO. 293 

Miniature dual supplies 
measure 2 x 2 x 0.4 in. 
Datel Systems Corp., 943 Turnpike 
St., Canton, Mass. Phone: (617) 
828-1 890 . P&A: $79; 2 wks. 

Measuring only 2 x 2 x 0.4 in., 
two new de supplies power MOS/ 
LSI ICs with dual outputs of -28 
V de at 100 mA and - 14 V de at 
150 mA. Models BPM 28/ 14 ( 115-
V-ac input ) and BPM 28/ 14D (5-
V-dc input) have input isolation 
transformers and regulate for line 
and load at ±0.05 % . Transient re­
sponse from no load to full load is 
50 µ,s. Both mount on PC boards. 

CIRCLE NO. 294 

Op amp with 5-pA offset 
lowers cost to $14.50 
Polytron Devices, Inc., 844 E. 25th 
St., Patterson, N.J. Phone: (201 ) 
523-5000. Price: $14 .50. 

With an offset current of 5 pA 
and voltage drift of 35 µ, V /° C, a 
new FET operational amplifier 
retails at only $14.50. The P20107 
has an input impedance of 10 1 ~ O 
and voltage gain of 250,000. Out­
put voltage is ± 11 V at ± 5.5 mA. 

CIRCLE NO. 295 
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High Voltage 
Silicon 
Rectifiers 
Available in production quantities now! 

HIGH VOLTAGE RECTIFIERS 0 

lOOOV lo 1-99 7000V lo 1-99 

VA 10 50mA 1.36 vc 70 l.5A 6.82 
VB 10 lOOmA 1.41 VF 5-7 5 mA 1. 71 

VF 10 -7 lOmA 1.89 
1500V VF 25-7 25 mA 2.08 
VA 15 50mA 1.44 8000V 
VB 15 lOOmA 1.51 VC 80 l A 7.15 

2000V 10,000V 

VA 20 50mA 1.55 VF 5-10 5 mA 1.96 
VB 20 lOOmA 1.59 VF 10-10 lO mA 2.16 
vc 20 2 A 5.20 VF 25-10 25 mA 2.38 

2500V 12,000V 

VA 25 50mA 1.66 
VF 5-12 5 mA 2.22 

VB 25 lOOmA 1.72 
VF 10-12 lO mA 2.44 
VF 25-12 25 mA 2.68 

3000V 15,000V 

VA 30 25 mA 1.93 VF 5·15 5 mA 2.30 
VB 30 50 mA 1.88 VF 10-15 lO mA 2.54 
vc 30 2A 5.52 VF 25-15 25 mA 2.80 

3500V 20,000V 

VA 35 25 mA 2.70 VF 5-20 5 mA 2.97 
VF 10-20 lOmA 3.27 

4000V VF 25-20 25 mA 3.60 

VB 40 50 mA 2.05 25,000V 

vc 40 2A 5.85 VF 5-25 5 mA 13.12 

5000V 
VF 10-25 lO mA 4.09 
VF 25·25 25 mA 4.51 

VB 50 50mA 2.40 30,000V 
vc 50 l.5A 6. 18 
VF 5-5 5 mA 1.60 VF 5-30 5 mA 4.46 

VF 10-5 l OA 1.77 VF 10-30 lO mA 4.91 

VF 25-5 25 mA 1.95 VF 25-30 25 mA 5.39 

40,000V 
6000V 

VF 5-40 5mA 5.95 
VB 60 50mA 2.62 VF 10-40 lO mA 6.54 
vc 60 l.5A 6.50 VF 25-40 25 mA 7.20 

~ 
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VC SERIES VB SERIES 

0 Available with fast recovery characteristic. 

VARO 

SEMICONDUCTOR DIVISION, 1000 N. SHILOH 
ROAD, GARLAND, TEXAS 75040 (214) 272-4551 
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PACKAGI NG & MATERIALS 

Prefabricated cases 
adjust card racks 

G. C. Electronics Inc., 2126 Hur­
fus, Houston, Tex. Phune: (713) 
622-9983. Price: from $62.50. 

Available in full or half-rack 
sizes for bench or rack designs, 
prefabricated instrument cases 
feature pre-punched adj us table 
card racks with molded PC-board 
guides. The cases, which are 5-1/ 2 
in. high, use metal trim of clear 
anodized aluminum for a profes­
sional appearance. Special inter­
locking feet permit stacking with 
perfect case alignment. 

CIRCLE NO. 296 

Microcircuit retainer 
fits 0.65 x 1-in. units 
International Electronic R esearch 
Corp., 135 W. Magnolia Blvd., 
Burbank, Calif. Phone: (213) 849-
2481. P&A: $1.02; stock. 

Featuring a staggered-finger de­
sign for efficient heat dissipation, 
a microcircuit dissipator/ retainer 
accommodates packages that meas­
ure 0.65 x 1 in. The retainer­
clip ( DC065100B) may also be 
used alone. 

'C IRCLE NO. 297 

Clear epoxy coating 
goes up to 500°F 
Emerson & Cuming, Inc., Dielec­
t1·ic Materials Div., Canton, Mass. 
Phone: (617) 828-3300. Price: 
$36 .40/ kit. 

Eccocoat C-26 is a clear two-part 
epoxy coating that maintains a 
surface resistivity of 1014 ohms 
per square at temperatures as high 
as 500 °F. Intermittent use above 
500 °F is also possible. 

CIRCLE NO. 298 

Epoxy pellets 
change shape 

Amicon Corp., Polymer Prnducts 
Div., 25 Hartwell Ave., Lexington, 
Mass. 

A new line of fast-curing epoxy 
pellets can be supplied in a variety 
of shapes such as cylinders, discs, 
or squares with one or more holes. 
They offer a convenient method of 
applying a given amount of epoxy 
to a specific area. In addition, the 
pellets do not require mixing and 
cure at 200 °F. They can be used 
to join dissimilar materials . 

Flexible foam 
cures in room 

CIRCLE NO. 299 

Adhesive Products Corp., Polyure­
thane Div., 1660 Boone Ave., 
Bronx, N.Y. Phone : (212 ) 542-
4600. 

Called Foamart, a flexib le poly­
urethane foam cures at room tem­
perature, thus eliminating the need 
for heated molds or curing ovens. 
This easy-to-use two-component 
material only requires mixing in 
equal parts. 

CIRCLE NO. 340 

Cryogenic epoxy 
withstands -400° F 
Thermalloy Co., 8717 Diplomacy 
Row, Dallas, Tex. Phone : (214 J 
637-3333. 

Intended for cryogenic applica­
tions, Thermabond thermally con­
ductive epoxy can operate at tem­
peratures as low as - 400 °F. It 
bonds equally well to porous and 
non-porous materials. l\Iinimum 
dielectric strength is 500 V / mil. 

CIRCLE NO. 34 1 
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TOOLS & ENGINEERING AIDS 

Drafting lead pointer 
sharpens electrically 

i:4 
"l 

Pierce Corp., Instrument 
River Falls, Wis. Phone: 
425-6761. 

Div., 
(715) 

A lead pointer attachment for 
several electric erasers puts a 
strong perfectly tapered point on 
drawing leads in less than one sec­
ond. Pointer 1001 slides easily in­
to the rear of the eraser power­
shaft with no tools required. A 
special gasket seals in graphite 
dust and also wipes the point clean 
as the lead is withdrawn. The unit 
has carbide blades and a free float­
ing cutter assembly. 

CIRCLE NO. 342 

Lead shear cutter 
varies pin length 

T echni-Tool, Inc., 1216 Arch St., 
Philcidelphia, Pa. Phone: (215) 
568-4457. 

Able to cut all three semicon­
ductor leads at the same time, a 
new lead shear cutter has an ad­
justable wire stop that can vary 
lead length from 1/ 8 to 7 /8. The 
20245 tool will cut three burr­
free leads in T0-92, T0-5, T0-18 
and T0-52 packages. The device 
pins can be on a 0.1 or 0.2 in. 
.diameter. Center in-line patterns 
of 0.05 or 0.1 in. can also be ac­
commodated. 

CIRCLE NO. 343 
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Vacuum solder pickup 
has reusable filter 

Lectro Precision Tools, Inc ., 
Box 1360, Minneapolis, Minn. 

Designed to remove excess sold­
er from printed circuit connec­
tions, a new vacuum solder pickup 
features a Teflon tip, a cleanable 
reusable filter, and an unbreak­
able nylon body. The VSP's tip is 
adjustable, and may be trimmed 
and shaped to fit the smallest cir­
cuit job. There are three tips sup­
plied with each tool. Tip sizes can 
be 1/ 8, 3/32 or 1/ 16 in. Two dif­
ferent body sizes are also avail­
able. 

CIRCLE NO. 344 

Fiberglass pen brush 
cleans without marring 

Sales Co., Wybar Elec­
tronics Co., Inc., P.O. Box 81, 
Brielle, N.J . Phone: (201) 223-
3862. 

A fiberglass-fi lament pen brush 
can clean delicate terminals and 
contacts without damage to the 
precious metal plating. Ideal for 
recapturing, improving or pin­
pointing corrective areas, the new 
pen brush eliminates the need for 
stencil knives by using very fine 
fiberglass filaments as the clean­
ing element. Because fiberglass 
can wear away, the area being 
corrected can never be harmed. 

CIRCLE NO. 345 
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iT'5 WHAT'S 
INSIDE lRAT 
COU~TS! 

ss120~ 

DM627 DECIMAL 
COUNTING UNIT 

A compact (2.5"H x 2.45"0 x .95"W) 
decimal display with IC decoder/ 
driver and decade counter, the DM627 
has TTL and DTL compatible inputs 
and outputs. BCD counter output and 
reset input are available externally. 
Indicator tube is the RCA NUMITRON 
(7 -segment), which provides sign and 
numerical readout 0 through 9, with 
decimal point. 

Need mounting hardware? The DDP900 
Series with 1 to 6 digit bezels and 
mounting assemblies are available now. 
Add our 5 volt poy;er supplies and 
turn on ... with economy YOU can 
count on! 

Price : 1-3 $43.90, *100 $31.20 

3 DAY SHIPMENT . .. CALL TODAY 

Computer Products, Inc. 
P .0. Box 23849 

Fort Lauderdale, Florida 33307 
Phone : 305/ 933-5561 

INFORMATION RETRIEVAL NUMBER 112 

Evaluation 
samples 

Solder puller 
The Soldavac is a new desolder­

ing tool that normally retails for 
$2.95 but is available free of 
charge to readers of ELECTRONIC 
DESIGN on a limited-quantity 
basis. To use it, simply push its 
spring-loaded plunger forward un­
til it latches . After a soldered con­
nection is reheated, press a lever 
on the side and solder will be pull­
ed up instantly and cleanly. The 
Soldavac can be easily taken apart 
for cleaning. Edsyn, Inc. 

CIRCLE NO. 346 

Colored marking discs 
Bright ly colored and immediate­

ly recognizable, new pressure-sen­
sitive colored marking discs can be 
used for color coding, identifica­
tion, pncmg, chartmaking and 
decorating. The surfaces of these 
discs can be labeled since their 
finish will accommodate almost a ll 
commonly used marking or writ­
ing implements. Individually die 
cut, the discs are avai lable in five 
sizes: 1/ 8, 1/ 4, 3/ 8, 1/ 2 and 3/ 4 
in. They are packaged in rolls or 
on an easy-release backing paper. 
Paper-marking discs come iri a 
choice of six standard and four 
fluorescent colors; vinyl discs are 
offered in six colors. Free evalua­
tion samples are available. By­
Buk Co. 

CIRCLE NO. 347 

PC-board laminate 
A new printed-circuit board ma­

terial known as Insultruc is avail­
able as a free evaluation sample. 
It is a copper-clad glass polyester 
laminate that is useful in applica­
tions requiring superior toughness 
at low costs . Its Izod impact 
strength is 1 ft-lb and its solder 
dip resistance is 20 seconds. It is 
available in standard sheets of 30 
x 48 in. Cut panels can be fur­
nished on special order. Cincinnati 
Development & Manufacturing Co. 

CIRCLE NO. 348 

Chip capacitors 
A free sample packet of new 

low-value chip capacitors is avail­
able. These NPO ceramic chips 
span the capacitance value range 
of 1 to 9.1 pF in standard decade 
values. Tolerance is ± 0.5 pF and 
temperature characteristic is 0 
± 30 ppm/° C. The operating tem­
perature range is -55 to + 125°C 
and dissipation factor is a maxi­
mum 0.1 %. Dimensions are 0.08 
x 0.01 x 0.05 in. Vitramon, Inc. 

CIRCLE NO. 349 

Self-adhesive labels 
Brushed Metallic are new labels 

that use a silver-coated polyester 
film to give the appearance of 
brushed aluminum. They are avai l­
able in a glossy or matte finish 
with four-color printing. Five col­
ors can be achieved with a pre­
tint process. Uses include electron­
ic instruments, home appliances, 
office and automotive equipment 
plus many other items. Free evalu­
ation samples are available. A very 
Label Co. 

CIRCLE NO. 350 
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Design Aids 
·­---
. . . . . .. ... ,. 
... ··-,_._.. 
,. 

System/frequency card 
P inpointing various Army-Navy 

system designations, a new wallet­
size card describes t he method 
used for classif ication of Army 
and Navy systems . On t he back 
s ide of the card is a complete table 
of freq uency bands-P b a n d 
t hrough V band. This chart lists 
the frequency ranges as well as 
the wavelength for each of the 
bands. E lectronic Resources . 

CIRCLE NO. 351 

A pocket-size booklet provides 
designer s with a handy reference 
guide on surface texture. Com­
prised of fo ur pages, it lists the 
characteristic properties of sur ­
face textures and expla ins t heir 
relationship to each other. It also 
shows t he methods recommended 
by American Standard ASA B46.l 
for specifying surface finish on 
drawings. Also given are examples 
of various lay patterns and the 
symbols used to designate them. 
In addition, there is a table show­
ing the effects of different ma­
chining methods on surface tex­
ture. Bendix Automotive & Auto­
mation Co., Industrial Metrology 
Div. 

CIRCLE NO. 352 
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New SOLID-STATE FET-INPUT 
MULTIMETER 

• 68 Switch Selectable Functions: 

from 
SIMPSON 
of course 

13 AC and DC Voltage Ranges (as low as 1 MV, 
full scale) 
14 AC and DC Current Ranges (as low as 1 µ.A, 
full scale) 
6 low power (IC compatible) Resistance Ranges 
6 completely self-contained Capacitance Ranges 

• Plus 12 Output Ranges 
• Circuit Breaker Overload Protection 
• High FET-Input Impedance 
• ± 1 % Accuracy for AC and DC 
• Negligible Voltage Drop 
• Simple, Stra ight-Forward Operation 
• Size: 8.07" High, 5.04" Wide, 3.94" Deep. Only 

3.3 lbs. 

2795 MULTIMETER supplied complete $23000 
with batteries, test leads and operator's · 
manual. Complete accessories available. 

WRITE FOR BULLETIN L-1010 . .. OR CONTACT 
YOUR SIMPSON INSTRUMENTATION PRODUCTS 
DISTRIBUTOR FOR OFF -THE -SHELF DELIVERY 

DIVIS I ON 

SIMPSON ELECTRIC COMPANY 
5200 W. Kinzie Street, Chicago, Illinois 60644 

Phone (312) 379-1121 
EXPORT DEPT.: 400 W. Madison St , Chicago, Ill 60606. Cable Simelco 
IN CANADA : Bach-Simpson Ltd., London, Ontario 
IN INDIA : Ruttonsha-Simpson Private Ltd., International House, 

Bombay-Agra Road, Vikhroli, Bombay 

INFORMATION RETRIEVAL NUMBER 113 
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Annual 
Reoorts 

Stepping motors for control 
processes, electronic trans lators 
and indexers, numerical-position­
ing tables and computer software 
are the many products of the 
Superior E lectric Co., of Bristol, 

Aerospace Corp., 2350 El Segundo 
Blvd., El Segundo, Calif. 

Systems engineering and re­
search for aerospace vehicles, 
missiles and solar systems. 

1969: income from contracts 
including fees, $76,318,801. 

1968: income from contracts 
including fees, $75,092,122. 

CIRCLE NO. 3 54 

Ana log Devices, Inc., 221 Fifth 
St., Cambridge, Mass. 

Operational amplifiers, com­
parators, analog-to-digital and 
cl igita l-to-analog converters. 

196!): net sales, $8,764,933; net 
income, $615,692. 

1968: net sales, $5,749,590; net 
income, $500,!103. 

CIRCLE NO. 35 5 

Baird -Atom ic, Inc., 125 Middle­
sex Turnpike, Bedford, Mass. 

Spectrochemical equipment, nu­
clear medical instruments, optics 
and electro-optics. 

1969 : net sales, $14,368,384; net 
income, $781,316. 

1968: net sales, $11,911,152; net 
income, $1,343,625 . 

CIRCLE NO. 35 6 
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Cunn. Its net sales for 1969 were 
$24,958,963 and net earnings were 
$1,702,863 . For 1968, net sales 
were $19,462,940 and net earnings 
were $706,894. 

CIRCLE NO. 353 

Dig it ronics Corp., 1 Albertson 
Ave ., Al!Jerison, N.Y. 

Tape and printer readers, 
terminals, handlers and record­
ers, keyboards, indicator lights. 

1969: sales, $13,583,754; net 
income, $1,030,666. 

1968: sales, $11,176,218; net in­
come, $183,591. 

CIRCLE NO. 357 

Dyansil Corporation of America, 
P .O. Box D, Berlin, N.J. 

High-purity synthetic fused 
silica for laser optics and optical 
instrumentation. 

1969: net sales, $292,075; net 
income, $66,605. 

1968: net sales, $220,915; net 
income (loss), ($51,247). 

CIRCLE NO. 358 

Graphic Sciences, Inc., Corporate 
Dr., Danbury, Conn. 

Graphic transmission systems 
for automatic answering and un­
attended reception, data modems. 

1969: revenues, $3,397,864; net 
income (loss ) , ($2,209,168). 

1968: revenues, $341,333; net 
income, $26,993. 

CIRCLE NO. 359 

Hewlett-Packard, 1501 Page Mill 
Rd., Palo Alto, Calif. 

Instrume n ts for electronics, 
medicine, biology, and chemistr y. 

1969: total income, $326,542,-
000; net income, $25,585,000. 

1968 : total income, $272, 416,-
000; net income, $20,825,000. 

CIRCLE NO. 360 

Lundy Electronics & Systems, 
Inc., Glen Head, N.Y. 

Computer per ipherals, marine 
poll ution control and defense. 

1969: net sales, $15,646,556; net 
earnings, $107,482. 

1968: net sales, $15,363,611 ; 
net earnings, $544,616. 

CIRCLE NO. 361 

Ohmart Corp., 4241 Allendorf Dr., 
Cincinnati, Ohio. 

E lectronic controls and sys­
tems and density gauges fo r pollu­
tion control systems. 

1969: net revenues, $3,231,585; 
net earnings, $107,251. 

1968: net revenues, $2,814,967 ; 
net earnings, $75,485. 

CIRCLE NO. 362 

Perkin-Elmer Corp., Main Ave., 
Norwalk, Conn . 

Analytical instruments, optics 
and electro-optics, av ion ic control 
and nav igation systems. 

1969: net sales, $199,446,000; 
net income, $7,571,000. 

1968: net sales, $151,159,000; 
net income, $5,946,000. 

CIRCLE NO. 363 

Worldwide Computer Serv ices, 
Inc., 280 N. Central Park Ave., 
Hartsdale, N.Y. 

Computer software for educa­
tion and commun ications. 

1969: net sales, $126,969; net 
income, $9,804. 

1968: net sa les, $92,570; net in­
come, $5,677. 

CIRCLE NO. 364 
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APPllCatlon 
Notes 

Unijunction transistors 
Starting off with a look at a ba­

sic unijunction transistor (UJT), 
including equivalent circuits, a 10-
page application note goes on to 
explain the dependence of UJTs on 
temperature. Another topic is the 
programmable UJT. There are al­
so examples of how to use these 
devices efficiently. Illustrated ap­
plications include pulse generators, 
thyristor firing circuits, and tim­
ing circuits. Telefunken Sales 
Corp. 

CIRCLE NO. 365 

Electro-optics 
"Advances in Optical Technol­

ogy and Electro-Optical Systems 
for Space" is a 76-page illustrated 
collection of selected talks pre­
sented at the 1969 Electro-Optical 
Design Conference. Articles in­
clude beryllium mirror technology, 
low-light-level lenses, X-ray tele­
scopes, membrane optics, holo­
graphy, and laser space communi­
cation. Optical Operations Div., 
Perkin-Elmer Corp. 

CIRCLE NO. 366 

Strain gauge handbook 
Consisting of eight information­

packed sections, a semiconductor 
strain gauge handbook covers 
theory, data reduction, n-type self­
compensating gauges, applications, 
transducers, gauge selection and 
strain measurement. The last and 
newest section on computer data 
reduction describes the basic prob­
lems involved, the availability and 
applicability of time-share comput­
ers for data reduction, guidelines 
for computer analysis programs, 
and five appropriate programs, 
each with its own typical data run. 
BLH Electronics, Inc. 

CIRCLE NO. 367 
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Computer software 
The pros and cons of develop­

ing your own computer software 
versus purchasing existing soft­
ware packages are discussed in a 
new booklet. It outlines the area 
that should be considered when 
estimating in-house costs of soft­
ware development. It also shows 
what to look for in procuring soft­
ware packages that have already 
been developed. Computing Corp. 
of America, Inc. 

CIRCLE NO. 368 

Microwave devices 
A revised 16-page technical bro­

chure on microwave devices de­
scribes performance and typical 
applications of a new generation 
of microwave gridded vacuum 
tubes and microwave circuit mod­
ules. The microwave gridded vac­
uum tube is considered as a planar 
triode in terms of modern elec­
tronic system needs. Also dis­
cussed are applications and the 
general performance and feature 
comparisons of various microwave 
devices. Tube Dept., General Elec­
tric Co. 

CIRCLE NO. 369 

Insulating resins 
Two new publications describe 

different aspects of silicone resins 
for electrical insulation. One pub­
lication provides a summary of the 
properties and applications of si li­
cone resins for electrical insula­
tion. Graphs, tab les, general infor­
mation and applications data are 
included. The other publication 
serves as a detailed guide to vari­
ous products for applications in 
si licone varnished flexible insula­
tion, si licone resin-bonded rigid 
insu lation, si lastomer flexible in­
su lation and other silicone insu­
lants. Midsil Corp. 

CIRCLE NO. 370 

with guaranteed 
3-day shipment 

In the design of MIL-spec equipment, 
you want power supplies that meet 
MIL-specs-and you probably want 
them in a hurry. Acopian can help 
on both counts. 

Acopian offers over 4,000 AC to 
DC power modules that meet re­
quirements of MIL-STD-8108, MIL-E-
5272C and MIL-l-6181D. You'll find 
full details in our catalog. 

And you can depend on Acopian for 
quick availabil ity, too. Like all Aco­
pian power supplies, your MIL-spec 
units wi II be on the ir way to you 
3 days after receipt of your order. 
We guarantee it. 

Do you have the latest Acopian cata­
log? To get your copy, write Acopian 
Corp., Easton, Pa. 18042 or call 
(215) 258-5441. And remember, every 
Acopian power module is shipped 
with this tag ... 

INFORMATION RETRIEVAL NUMBER 114 
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industry's first circular 
miniature multi coaxial 

connector offering 4 coax, 3 coax 1 
power pin, 2 coax 2 power pin, all 
for RG 196/U cable, 1 coax 3 power 
pin for RG196/U or RG188/U ver­
sions; all in 1/2" maximum diam­
eter shell size. Five key polariza­
tion, contacts and shell gold over 
nickel plating, female contacts 
closed entry design. Power contact 
solder pots accept maximum No. 
20 wire, connectors are 7/16-28 
threaded or 3 pin bayonet coupling 
design. A wide choice of receptacle 
mounting configurations are avail­
able to best accommodate your 
own design requirements. Include 
the Navajo Series in your next 
design where miniaturization and 
reliability are requirements. Ted 
Manufacturing Corporation manu­
factures the broadest possible line 
of coaxial cable connectors in all 
popular mating characteristics and 
specializes in prompt engineering 
modification to suit your individual 
design requirements. 

MANUFACTURING CORPORATION 
11415 Johnson Drive 

Shawnee Mission Kansas 66203 
Phone-913 631-6211 

INFORMATION RETRIEVAL NUMBER 115 

New 
Literature 

MSI pocket guide 
The "MSI Pocket Guide" is a 

new 100-page reference source that 
is available to those who seek ba­
sic information about l\ISI (me­
dium scale integration) products. 
It provides easy-to-find data on 
MSI circuit function, pin-out and 
loading rules, thereby eliminating 
the time-consuming task of ex­
tracting this information from 
data sheets. A basic description of 
many simple bipolar integrated 
circu its commonly used with de­
vices in the MSI family is also 
given . Fairchild Semiconductor. 

CIRCLE NO. 371 

Digital instruments 
Digital voltmeters, panel me­

ters, thermometers, data acquisi­
tion systems and calibrators are 
described in a 35-page catalog. It 
contains discussions, general spec­
ifications and illustration of these 
instruments. It also includes ap­
plications information and dimen­
sional outlines. Digitec Div. of 
United Systems Corp. 

CIRCLE NO. 322 

Terminal blocks 
Catalog C-106 is a 36-page pub­

lication listing a wide variety of 
terminal blocks, connectors, cable 
fittings and crimping tools. It in­
cludes all pertinent specifications, 
descriptions, dimensions and illus­
trations. Also included is the neces­
sary ordering information. Buch­
anan Electrical Products Corp . 

CIRCLE NO. 373 

Switches 
Several types of switches are 

fully described in a new 44-page 
catalog. It details 21 series of 
switches with specifications and 
descriptions, including rotary, se­
lector, snap-action, low-energy con­
tact, push-button and subminiature 
types. A separate page includes a 
switch selector-locator table to as­
sist in choos ing the right switch. 
Another page defines and illustrates 
some common snap-action switch 
terms. Cherry Electrical Products 
Corp. 

CIRCLE NO. 374 

Connectors 
Detailed information on two 

seri es of rack-and-panel connectors 
is conta ined in a 12-page illustrat­
ed catalog. The connectors listed 
include one series of connectors 
with 8 to 32 contacts and another 
seri es of connectors with 14 tu 50 
contacts. The catalog includes com­
plete mechanical and electri cal 
specifications, performance char­
acteristics and available hardware 
and accessories. Data for ordering 
Yariations of stock units to meet 
specific requirements is also in­
cluded. Cinch l\Ianufacturing Co., 
Div. of United-Carr Inc. 

CIRCLE NO. 375 

HV power supplies 
A six-page brochure describes 

high-voltage de power supplies and 
the design of ion optical systems. 
The power supplies are extremely 
compact with maximum de volt­
ages from 100 kV up to several 
million volts and current capabi li­
ties of tens of milliamperes. Their 
ripple is lower than conventional 
capacitor-rectifier voltage multi­
pliers, and they stabilize to a few 
parts per million. High voltage is 
generated by a series of independ­
ent, identical 40-kV decks placed 
adjacent to one another in a man­
ner analogous to the stacking of 
flashlight batteries. Deltaray Corp . 

CIRCLE NO. 376 

Eu CTRON IC D ES IGN 8. April 12. 1970 



"DRAFTING & ENGINEERING 
MATERIALS & SUPPLIES 

Drafting supplies 
A wide selection of drafting, 

drawing and engineering supplies 
a re covered in a new 72-page cata­
log. It includes such items as 
drawing sets, compasses, scales, 
lettering pens, cleaning med iums, 
slide rules, T-squares and tri­
angles. Also included are irregular 
curves, lead holders and pointers, 
drawing leads, erasers, dust 
brushes, templates, visual aids, 
displays and drawing paper. Alvin 
& Co. Inc. 

CIRCLE NO. 377 

Process instrumentation 
A variety of publications on the 

subject of process instrumentation 
are described in a 24-page booklet. 
It lists textbooks written by ex­
perts in t heir field, as well as 
handbooks, article reprints, and 
product and application bulletins. 
Each publication listed is describ­
ed with a short summary. The 
Foxboro Co. 

CIRCLE NO. 378 

Screen inks and resists 
Screen inks and resists for 

printed-c ircuit applications are 
described in a new twelve-page 
reference brochure. Included are 
app lications characteristics and de­
tai led instructions for u ing alkali 
removable etch resists, plating re-
ists and board-marking in)<s. Also 

included are instructions for per­
manent and removable-type masks. 
Colonial Printing Ink Co. 

CIRCLE NO. 379 
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':::Y The New RCA WO-SOSA Solid-State Oscilloscope 

•1nexp1n1lv1 Quality 

tOptlonal Distributor 
Resale Price 

The best you need is the new S-inch RCA WO-SOSA, all 
solid-state oscilloscope. It makes yesterday's general­
purpose 'scopes look old-fashioned. 

At just $298.SOt the WO-SOSA offers an unmatched list of 
features usually found only in more expensive, laboratory 
type instruments. For example there's the all solid-state 
circuitry . .. an illuminated graph screen calibrated directly 
in volts, and a deep-lip bezel for exceptional clarity. The 
regulated power supply minimizes trace bounce and pro­
vides excellent stability. And the camera mounting studs 
offer still more evidence of the functional value built into 
the new WO-SOSA. 

But you've got to see this new RCA 'scope in operation­
see the sharp, clean trace it provides-to appreciate it. 
Some statistics: 
• High-frequency response, usable to 8 MHz. 
• High Sensitivity (.OS V p-p range). 
• DC vertical amplifier; DC/ AC input. 
• Return trace blanking ... Trace polarity reversal switch .•• 

Phase control. 
• High-frequency horizontal sweep ; solid lock-in on S MHz. 
• Preset TV " V" and " H" frequencies for instant lock-in. 
• Bui lt-i n square-wave signal for calibrating P-P voltage 

measurements. 
• Provision for connection to vertical deflection plates of 

CRT. 
Some statistics! For complete details, contact your 
RCA Distributor. 

RCA I Electronic Components I Harrison, N. J. 07029 
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DIP IC 
BREADBOARDS 

TRIPLE FAN OUT 
TIN COATED 

CIRCUITRY 

A new low cost technique for testing 
operational characteristics of sub­
systems at the test bench level. .,., ••• 
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303 Child St.. Rochester, N. Y. 14611 

INFORMATION RETRIEVAL NUMBER 117 

THIS SPACE CONTRIBUTED BY THE PUBLISHER 

A mouse has 
a~ been saved 

froni leukemia. 
Help us save a man. 

For years, you've been 
giving people with leukemia 
your sympathy. But sympathy 
can't cure leukemia. Money 
can. Give us enough of that, 
and maybe we'll be able to 
do for a man what has already 
been done for a mouse. 

Ame<lca• Cance< Sndety~0 

NEW LITERATURE 

E-H RESEARCH LABORATORIES, INC. 

Instruments and systems 
A new four-color catalog con­

tains information on instruments, 
components and systems in three 
sections. One section shows pulse 
generators, oscillators and acces­
sories. A second section contains 
data on analysis, stimulus and 
control modules. The last section 
describes automatic test systems 
for semiconductors and magnetic 
memories. E-H Research Labora­
tories, Inc. 

CIRCLE NO. 380 

PC-card enclosures 
A 16-page guide describes and 

illustrates a complete line of alu­
minum PC-card enclosures. They 
are equipped with connectors and 
wire-wrapped interconnections and 
can be supplied as complete pack­
aging systems. They are available 
in 32 standard models and accom­
modate special packaging require­
ments at little or no tooling cost. 
Elco Corp. 

CIRCLE NO. 381 

Silicones 
A complete line of si li cone in­

dustrial products is cataloged in 
a new 44-page book. It is divided 
into four sections-RTV silicone 
rubber, greases and compounds, 
fluids, and insulating varnishes. 
Each section contains a product 
and· property li sting, application 
techniques and recommended han­
dling procedures. General Electric 
Silicone Products Dept. 

CIRCLE NO. 382 

Data sets 
The general operating features 

of a line of low-speed compatible 
data sets are described in a 24-
page technical booklet. They pro­
vide full duplex FM transmission 
of synchronous serial binary 
data. Speeds range from 0 to 300 
bits-per-second over a switched 
or direct-dial telephone network. 
Block diagrams, illustrations and 
curves fortify the booklet's notes. 
Vadic Corp. 

CIRCLE NO. 383 

Automatic counters 
Eight series 8100 automatic 

counter models are described in a 
new eight-page brochure. The 
counters range in capabilities from 
a 50-MHz model to a 100-ns time­
interval resolution unit and include 
frequency measurements to 500 
MHz with 500-µ, V sensitivity. Four 
of the counter models provide a 
complete TTL-interface system. 
Dana Laboratories, Inc. 

rM' -\; ...... _fL p~ 
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CIRCLE NO. 384 

All Solid State 
Amplifiers· Oscillators 
Front-End Assemblies 

Microwave devices 
Solid-state amplifiers, oscilla­

tors, and front-end assemblies are 
featured in a new catalog. The 
catalog includes an expanded prod­
uct line of microwave devices with 
reduced prices. These include such 
devices as low-noise pre-amplifiers 
and post-amplifiers. Sage Labora­
tories, Inc. 

CIRCLE NO. 385 
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Software packages 
A new software applications bro­

chure offers a wide range of soft­
ware packages just right for to­
day's digital computers. These 
FORTRAN-IV-written programs 
were based on years of exper ience 
in scientific studies . They include 
such programs as KDA, OPRAN, 
HEATRON,GEOPOL, PARTRAN 
and DYDAT. Each of the six 
packages is described in terms of 
application, operation and capa­
bi lity. Electronic Associates, Inc. 

CIRCLE NO. 386 

Film hybrids 

Several data sheets on film hy­
brid devices describe high-gain 
video amplifi er s, memory drivers 
a nd clock and i-f amplifiers. The 
data sheets contain electrical data, 
phys ica l and function al descrip­
tions, characteristic operating 
cu r\"es and device ci r cu it diagrams. 
Also included are dimensional in­
for mation and temperature cu rves . 
Sylvania Electric Products Inc. 

CIRCLE NO. 387 

Connectors 

An expanded line of microminia­
tu re rectangular connectors are 
included in a new 16-page catalog. 
They feature fixed or wire crimp­
removable contacts in s izes from 
5 to 200 contacts. Five groups are 
included: four with removable and 
one with fixed contacts . Hand tools 
fo r r emovable contacts, aluminum 
hoods, cable brackets and contacts 
are outlined in detail. Continental 
Connector Corp. 

CIRCLE NO. 388 

Broadband transformers 

New miniature broadband trans­
fo rmers featuring transmission 
line techniques are described in a 
four-page brochure. Offering un­
usual flexibility in both applica­
tion a nd packaging, these broad­
band balanced and unbalanced 
units feature frequency ranges up 
to 500 lVIHz. Frequency-response 
curves are included. Vanguard 
Elecronics, A. Wyle Co. 

CIRCLE NO. 389 
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11,,!/11J ar, square, 

Moorlee has the long and short of it 
in the box and cover business 

You can figure on getting what you ble with the right price and with the 

want from Moorlee. We have cata- right delivery. With no tooling around. 

loged more tooled sizes and shapes We have complete facilities, too, 

in aluminum boxes and covers than for all secondary operations as well 

anyone else in the business. Anyone! as for custom tooling . Plus over 25 

Over 200 more sizes in 

rectangular or square 

boxes and covers than 

the manufacturer with 

the next largest selec­

tion . Over 250 more 

years experience. 

Get hold of our new 

Catalog. It 's all ar­

ranged so you car:i find 

the right size and shape 

fast. Send tor your free 

sizes in round boxes copy and smile. 

and covers. All availa- Moorlee can fit you . 

Moorlee Manufacturing Company 
120 WEST SLAUSON AVE .• LOS ANGELES. CALIFORNIA 90003 
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Electronic Design 
ELECTRONIC DESIGN'S function is: 

• To aid progress in the electronics 
manufacturing industry by promoting 
good design. 

• To give the electronic design engi­
neer concepts and ideas that make his 
job easier and more productive. 

• To provide a central source of timely 
electronics information. 

• To promote two-way communication 
between manufacturer and engineer. 

Want a subscription? ELECTRONIC DE­
SIGN is sent free to qualified engineers 
and engineering managers doing de­
sign work, supervising design or set­
ting standards in the United States 
and Western ·Europe. For a free sub­
scription, use the postfree application 
form inside the back cover. If none is 
included, write to us direct for an ap­
plication form. 

If you do not qualify, you may take 
out a paid subscription for $25 a year 
in the U.S.A., $35 a year elsewhere. 
Single copies are $1.50 each. 

If you change your address, send us an 
old mailing label and your new ad­
dress; there is generally a prepaid 
postcard for this inside the back cover. 
You will have to requalify to continue 
receiving ELECTRONIC DESIGN free. 

The accuracy policy of ELECTRONIC 
DESIGN is: 

• To make reasonable efforts to·ensure 
the accuracy of editorial matter. 

• To publish prompt corrections when­
ever inaccuracies are brought to our 
attention. Corrections appear at the 
end of the Letters column. 

• To refuse any advertisement deemed 
to be misleading or fraudulent. 

Microfilm copies a re avail able of 
complete volumes of ELECTRON IC DE­
SIGN at $19.00 per volume, beginning 
wit h Volume 9, 1961. Wor k is now 
in process to complete the microfilm 
edition of Volumes 1-8. Reprints of 
individua l articles may be obtained 
for $2.00 each, prepaid ( $.50 for 
each additi onal copy of the same 
article ) no matter how long the 
a rticle. F or further det a ils and to 
place order s, contact the Cust omer 
Services Department, U niver sity Mi­
cr ofilms, 300 North Zeeb Road, Ann 
Arbor , Michigan 48106; telephone 
( 313) 761-4700. 

Want to contact us? If you have any 
comments or wish to submit a manu­
script or article outline, address your 
correspondence to: 
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Editor, 
ELECTRONIC DESIGN, 
850 Third Avenue, 

New York, N.Y. 10022. 

Design Data from 

Free Catalog: New DC Lab Power Supplies 

Power /Mate Corp. has introduced its new line of 
23 current and voltage regulated laboratory and 
bench supplies - now described in this 4-page 
brochure. These 23 UniPower models collectively 
cover form 0 to 60 volts and currents up to 15 
amps. They feature adjustable current limiting, 
low cost , high performance and Power /Mate's 
full five year warranty. The brochure covers com · 
plete specifications, model numbers, sizes , and 
prices. Write or call for your free copy. 

Power/Mate Corporation 
514 South River Street 

Hackensack, New Jersey 07601 
(201) 343-6294 174 

Clamp or Tie Wire Bundles 
In Secondsl 

Six-page catalog contains complete ordering infor­
mation for CAB-L-TITE® clamps and BUND-L-TITE® 
straps, devices which provide a fast and reliable 
means of securing wires and wire bundles. Units 
withstand loadings greater than 50 G's, are remov­
able in seconds for re-routing wires, and are self­
locking-no tying, no knots, no hitches to come 
loose. Lightweight Du Pont Zytel meets MIL-P-17091 
and MIL-P-20693. Proved in aircraft and missiles. 
Photos, dimensional drawings, tables, physical 
properties, specifications, price list. Request cata­
log A. 

Dakota Engineering, Inc. 
4315 Sepulveda Blvd. 17 5 

Culver City, California 90230 

New Super Boxer Axial Fan 

• 

For efficient cooling in space critical systems 
enclosures, the new Super Boxer provides excep­
tional output at high back pressure . . . 88 cfm 
at .15 inches H20 , 102 cfm at .1 inch , 117 cfm 
in free air. Both ball and sleeve bearing models 
are available. Compact (4.687-in. sq .) , slim pro­
file (l.5-in. dp.) styling facilitates mounting in­
side or outside the equipment to be cooled . 
For complete specifications, send for your free 
copy of bulletin NT8. 

IMC Magnetics Corp. 
New Hampshire Division 

Route 168 
Rochester, N. H. 03867 176 
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Manufacturers 
Adverti sements of booklets, brochures, catalogs and data sheets. To order use Reader-ServiceCard. 

(Advertisement) 

1970 Electronic Components Drafting Aids Catalog 
Free Catalog! Free Samples! Exciting innovations 
in pressure-sensitive electronic component draft­
ing aids and methods are detailed in the new 
1970 edition of the combined Bishop Technical 
Manual and Catalog 104A. 
68 illustrated pages of over 15,000 multi-pad 
configurations, symbols, tapes, sequential refer­
ence designations plus hundreds of time-and­
money-saving hints in making artwork for PC 
boards. Includes instructions for using the in­
dustry's only red and blue tape system for mak­
ing two-sided boards in perfect registration. 
Send now for free Catalog 104A and fre~ samples. 

Bishop Graphics, Inc. 
7300 Radford Avenue 

177 North Hollywood, California 91605 
(213) 982-2000 Telex: 674672 

Quality Fasteners For All Designs 

·"tr ,. ·. 

This 8-page catalog provides design data on the 
complete group of DZUS 1/4-turn self-locking 
fasteners for standard, high speed and panel ap­
plications, as well as universal high strength 
multiple thread fasteners for high tensile and 
shear stresses. Dzus stud assemblies, wire forms 
and receptacles offer an exceptional, wide variety 
of combinations from stock to fit specific fasten­
ing requirements. Diagrams and tables give full 
details for rapid, unlimited design selection. Con­
densed or complete Catalog available on request. 

ft:z-.:~~· . 
°'i'tF 

Dzus Fastener Co., Inc. 
425 Union Boulevard 

West Islip, L. I., N. Y. 11795 178 
FUNDAMENTALS OF INTEGRATED CIRCUITS 

A practical guide to integrated circuits, their 
theory, manufacture, and applications. This new 
guide by Lothar Stern offers compete, highly 
readable coverage of the various techniques of 
circuit fabrication, and their effect on circuit de­
sign and performance. As to marketing con­
siderations, it compares the characteristics of the 
numerous IC structures devised to date in terms 
of economics and logistics. A volume in the 
Motorola Series in Solid-State Electronics. 198 
pages, 7 x 10, illustrated. $8.95, clothbound. 
Circle the reader-service number below for 15-
day examination copies. 

Hayden Book Company, Inc. 
179 116 West 14th Street 

New York, N.Y. 10011 
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Ultimeter! 
TM 

Anevv 
building block 

for 
electronic 
derring-do (it's not a meter-relay) 

158 

The Ultimeter helps you make 
the most of the latest integrated 
circuit techniques in control, 
test, or monitoring apparatus. 
It is the best and least expensive 
approach yet known for meld­
ing human engineering features 
-signal indication, easy set 
point adjustment-with state­
of-the-art electronics. 

The Ultimeter contains a 1 
per cent linear meter 
movement and a 0.5 
per cent linear poten­
tiometer, both pre­
cisely calibrated to the 
same meter dial. Red 
set pointers actually 
operate the potentio­
meter contact wipers. 
You can readily team 
the Ultimeter with IC 
op amps, IC compar­
ators, Schmitt triggers, 
Darlingtons, SCR's or 

amplifiers . They can drive 
lamps, alarms, relays, motors, 
valves, power SCR's, etc. 

These combinations are 
suitable for proportional con­
trollers, indicating solid-state 
relays, simple panel loaders, 
component testing bridges, or 
any other application your 
imagination comes up with. 

Ask for the full story in Bulletin 64. 

.... 
ii p I INSTRUMENTS CO. 

Chesterland, Ohio 44026 I (216) 729-1611 
Incidentally, if all you need is simple On/ Off control, AP/ has pre­
packaged relay output circuitry to go with the U/timeter. This cir­
cuitry comes in an integral controller called Compack IV. 
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NOW ... 
YOU CAN 
PUT THEM 
TO WORK IN 
MORE 
PLACES 

DELTAFILM® LP88 
POLYCARBONATE 

CAPACITORS 
now available with capacitance values up to 9 times higher! 

get the big advantages of met­
allized polycarbonate-film 
in smaller capacitors! 

• EXCEPTIONAL PERFORMANCE: Ex­
tended life characteristics. Very low 
temperature coefficient. High insulation 
resistance. Low dissipation factor (high 
Q). Excellent resistance to shock and 
vibration. 

• FUZ-ION SEALED*: Heat-shrinkable 
plastic case is fused to epoxy for 

maximum seal efficiency. Casing is 
nonconductive, fungus-proof, corrosion­
pr_oof, and humidity resistant. 

•OPERATING TEMPERATURE RANGE: 
-55 C to +125 C 

•CAPACITANCE VALUES: from .027 
to 50 µF. 

•VOLTAGE RATINGS: 50, 75, 100, 
150, and 200 voe. 
• IDEAL FOR A-C AND D-C APPLI­
CATIONS 

*Trademark For complete technical data, request Engi­
neering Bulletin 154A by writing to Dearborn 
Electronics, Inc., Box 530, Orlando, Fla. 32802. 

Electronics, 
(a subsidiary of tlie Sprague El ectric Company) 

Inc . 

FOREMOST IN FILM CAPACITORS 
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Product Index 
Information Retrieval Service. New Products, Evaluation Samples (ES), Design Aids 
(DA), Application Notes (AN) , and New Literature (NL) in this issue are listed 
here with page and Information Retrieval numbers. Reader requests will be 
promptly processed by computer and mailed to the manufacturer within three days. 

Category Page IRN Category Page IRN Category Page IRN 

Components UJTs (AN) 151 365 resists, PC (NL) 153 379 
attenuators, chip 139 272 silicones (NL) 154 382 
blower, subminiature 142 283 Instrumentation terminal blocks (NL) 152 373 
capacitors, chip 142 282 clocks, digital 138 265 texture guide (DA) 149 352 
capacitors , chip 141 278 counters (NL) 154 384 
capacitors , chip (ES) 148 349 DPM, 4 -digit 138 267 Tools & Engineering Aids 
comparator, voltage 137 262 electro-optics (AN)' 151 366 brush, pen 147 345 
connectors (NL) 155 388 generator, function 138 269 cutter, lead 147 343 
connectors (NL). 152 375 generator, pulse 138 270 discs, marking (ES) 148 347 
converter, a/d 134 251 generators, function 138 266 drafting supplies (NL) 153 377 
diodes , zener 137 260 instrumentation (NL) 153 378 lead pointer 147 342 
diodes, zener 137 261 instruments (NL) 154 380 solder pickup 147 344 
discs, marking (ES) 148 347 instruments (NL) 152 372 solder puller (ES) 148 346 
divider, linear 142 284 logic circuit tester 138 268 text\,Jre guide (DJ..\) 149 352 
electro-optics (AN) 151 366 strain gauges (AN) 151 367 
hybrids, film (NL) 155 387 supplies, HV (NL) 152 376 
LED, PC-board 136 258 
labels (ES) 148 350 Microwaves & Lasers New Literature MSI guide (NL) 152 371 attenuators, chip 139 272 
microwave devices (AN) 151 369 components (AN) 151 369 connectors 152 375 
microwave devices (NL) 154 385 components (NL) 154 385 connectors 155 388 
PC board (ES) 148 348 counters (NL) 154 384 counters 154 384 
registers , shift 137 264 cou piers, hybrid 140 274 data sets 154 383 
regulators, voltage 137 259 diodes, impatt 139 271 drafting supplies 153 377 
relays , reed 143 287 electro-optics (AN) 151 366 enclosures, ca rd 154 381 
resistors, wafer power 143 288 frequency guide (DA) 149 351 hybrids, film 155 387 
strain gauges (AN) 151 367 supplies, HV (NL) 152 376 instrumentation 153 378 
supplies , HV(NL) 152 376 transistors, power 140 273 instruments 154 380 
switch , keyboard 141 275 instruments, digital 152 372 
switch modules 143 286 Modules & Subassemblies microwave devices 154 385 
switch, PC rotary 141 276 clocks, digital 138 265 MSI guide 152 371 
switch, reed 142 281 converter, a Id 134 251 resists, PC 153 379 
switches (NL) 152 374 converter, d/a 10-bit 144 289 silicones 154 382 
switches, PC decoder/ driver. 144 290 software packages 155 386 

thumbwheel 141 277 divider, linear 142 284 supplies, HV 152 376 
terminal blocks (NL) 152 373 driver, hybrid 145 293 switches 152 374 
time-delay modules 143 285 hybrids, film (NL) 155 387 terminal blocks 152 373 
transformers (NL) 155 389 memories, core 134 252 transformers 155 389 
transistors, power 136 257 memory, read-only 133 250 
UJTs (AN) 151 365 microwave devices (AN) 151 369 
UJTs 137 263 microwave devices (NL) 154 385 

monitor, video display 145 291 APPiication Notes Data Processing op amp, FET 145 295 
converter, a/ d 134 251 oscillator, clock 145 292 electro-optics 151 366 
coupler, acoustic 135 256 power supplies, dual de 145 294 metal , high -temp 151 370 
coupler, universal 134 253 registers, shift 137 264 microwave devices 151 369 
data sets (NL) 154 383 supplies, HV (NL) 152 376 software guide 151 368 
disk drive 134 254 switch modules 143 286 strain gauges 151 367 
memories, core 134 252 switch, keyboard 141 275 UJTs '151 365 
memory, read -only 133 250 switch, rotary 141 276 
minicomputer console 135 255 switches, thumbwheel 141 277 
software guide (AN) 151 368 time-delay modules 143 285 
software packages (NL) 155 386 

Packaging & Materials oasian Aids 
ICs & Semiconductors cases, instrument 146 296 

frequency guide 149 351 attenuators, chip 139 272 connectors (NL) 152 375 
capacitors , chip 142 282 connectors (NL) 155 388 texture guide 149 352 
capacitors , chip 141 278 discs, marking (ES) 148 347 
comparator, voltage 137 262 dissipator /retainer 146 297 
diodes, zener 137 260 drafting supplies (NL) 153 377 
diodes, zener 137 261 epoxy, cryogenic 146 341 Evaluation samples LED, PC-board 136 258 epoxy, high-temp 146 298 
MSI guide (NLJ 152 371 epoxy pellets 146 299 capacitors, chip 148 349 
registers, shift 137 264 foam material 146 340 discs, marking 148 347 
regulators, voltage 137 259 labels (ES) 148 350 labels 148 350 
transistors, power 136 257 PC board (ES)' 148 348 PC board 148 348 
transistors, unijunction 137 263 resins, insulating (AN) 151 370 solder puller 148 346 
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Dale connector 
- - - ~ 

li-n·e_. grovvs·with-new 
_·SHR~4(l ri-lodtilar Style· 

Make· sure yo-u ·have Dae on your list of con- supply, see below. -Then make sur~ you have our new con-
f · ~ nector so.ureas. Describe Dale's connector line nector catalog. It lists .complete details- on- t~ese:sty(es : 

· as:· "Small,· but growing ~ .. a67e to supply vol- ··~ PRINTED CIRCUIT. Direct card edgeboar9s as weU as 
: ume quantities of.all items jn ILne._. .capable of two-piece right angle-an'!_ strarght-thru types. ~ · 

_ meeting special de~ign requirements." --· TEST PJ)INTS •Printed Circuit-Jacks or Poinfs • 
- : ~ Jtmong the new mod~ls now -being produced RACK & PANEL (Rectangular) .. -

_ ;:--_ • · · by Dale is ·tbe _SHP-40. This NAFI del;!ign con- •· Miniature, Subminiature and Microminiatur.e· 
. ::: ; "forms to "BUWEPS 63A49F100 and gives us a -. • Shelled versions of Rack & Panel - ·' 

•• . : · ....: • • strong ent,Y ~nto the mqd_ula_r field. F~r a quick ._ UMBILICAL• Missile & Avionics Models • Shorting Plugs 
- look at some. of the popular models w~ . can NAF--1 • 40 pln · - -

- ~ Write. today" for your Gatalog.,Bbone ·402-564-3t31 for price-& aeliv.ec-y_ifljo(lyiatioir: . . 
... w ,.. i ·.. ~ . -

DALE E(E&TRONICS, iNC. 1300 28th Ave., Columbus: Nebr. 68601 
In Canad.a': ·oaie' Electronics Ca~_ada , Ltd. • A subsidiary. of T_he Lionel Corporation .. ... .. -- .. .. 



Take advantage of 
RCA's ability 
to supply superior 
SCR's and Triacs ... 
when you need them. 
Ask our solid-state specialists why RCA's broad line of indus­
trial SCR's and triacs excel in quality, reliability , and perform­
ance. They'll tell you that RCA thyristors are subjected to some 
of the toughest quality assurance tests in the industry. Thus, 
they save design dollars by virtue of superior performance in 
critical applications. 

Ask users of industrial thyristors why RCA is a key supplier 
and they ' ll tell you RCA services the industry! Whatever the 
application-area lighting to avionics, regulators to inverters, 
or power supplies to modulators-RCA has SCR's and triacs to 
meet your application requirements. 

Use these SCR's and triacs in your contro l app lications : 

SCR Triac 
Family Rating Family Rating 

IT(RMS) Vo ROM IT(RMS) Vo ROM 

40740 10 A 600 v 2N5568 10 A 400 v 
40752 20 A 600 v 2N5572 15 A 400 v 
2N690 25 A 600 v 40671 30 A 600 v 
2N3899 35 A 600 v 2N5543 40 A 600 v 

NOTE : SCA ratings of 100, 200, & 400 volts and triac ratings of 
200 & 400 volts are available in each family. Stud packages & 
isolated-stud packages are also available in each rating . 

For further details and your copy of the latest thyristor cata­
log, THC-500, see your local RCA Representative or your RCA 
Distributor. Or write RCA Electronic Components, Commercial 
Engineering.Sec. RD18 -2/ UR6 , Harrison, N. J . 07029. In Europe : 
RCA International Marketing S.A., 2-4 rue du Lievre, 1227 
Geneva, Switzerland. 

RCll 
Thyristors 


