
FOR ENGINEERS ANO ENGINEERING MANAGERS 

Stay on guard with pa.nel meters. 
Whether you choose analog or 
digital, problems are sure to rise. 
Though the analog has had 80 
years of refinement, pointers still 
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bend, meters still drift. The more 
complex and younger digital unit 
brings new troubles: unreliable 
meters and ones that overheat 
and die. To sort it out, start on p. 60. 





YOU HUM THC TUii£, 
CXAR PLL WILL SlllQ IT 

XR-2567 

XR-567 

We have the broadest chorus line of Phase Lock Loop 
circuits available today. Take a brief look at our ever­
expanding PLL line: 

The XR-210 is designed for FSK Modulation and De­
modulation and features a self-contained output logic 
driver, compatible with RS-232C requirements. 

Use the XR-215 for FM or FSK demodulation, frequency 
synthesis and filter tracking . It has a 5V to 26V supply 
range and 0.5 Hz to 35 MHz frequency bandwidth . Whats­
more, it's bipolar logic compatible. 

The XR-S200 is a do-it-yourself building block. With 
this you design your own PLL circuits by selecting ex­
ternal connections and components. You get instant pro-

XR-210 

Exar PLL 

totypes with minimum fuss and costs. 
Moving right along . . . the XR-567 PLL is designed for 

tone and frequency decoding. It has a bandwidth adjust­
able from 0 to 14% , sinks up to 100 mA of load current 
and has a logic compatible output. Our dual version , the 
XR-2567, is a real hummer with even better temperature 
tracking and matching cl:laracteristics. Power supply re­
jection is improved by an order of magnitude over the 
single version . The dual outputs can switch up to 100 mA 
at 26 volts. 

All together now. We would like to send you the com­
plete musical score on our PLL products. Our data sheets 
are good and they're filled with applications data. Write 
now, write. 

EXAR SPEAKS YOUR LANGUAGE 

R-OHM CORPORATION 
EXARINTEGRATEDSYSTEMS 
P.O. Box 4455 
Irvine, CA 92664 
Telephone: (714) 546-8780 
TWX : 910-595-1721 

R.1111111 
DUALITY · RELIABILITY 

R-OHM ELECTRONICS GMBH 
EXARINTEGRATEDSYSTEMS 

MuhlenstraBe 70 
4051 K orschenbroich 

Telefon (02161) 298 05 
Telex 852330 rohm d 

MEMBERS OF THE INTERNATIONAL R-OHM GROUP 
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Thinking 
wirewound? 

For optimum cost/performance ratios, 
see TRW /IRC-at the design stage. 

Why? Because we offer just about every type wire­
wound that's commercially feasible. So we can help 
you find the most for your money. Or more for less 
money. For example: 

Watts/Inch consumer types. For appliance, auto­
motive, heater circuitry. To 6 w/in. Terminal options. 

Machine lnsertable mol\jed units. Often a carbon 
comp. replacement. Offer smaller size, lower resist­
ance range, lower cost. 

Ceramic Insulated power. The standard for general 
purpose power-2 to 50 w. Fusing capabilities, 
special TC's available. 

Fusible/flameproof units. Rated at 2 w., but won't 
burn or burn board under faults of 4x to 1 OOOx 
rated power (or 1000 v, whichever is smaller). 
Special fusing characteristics if you wish. 

Axlal and radlal power.% to 250 w., fixed or adjust­
able. Unmatched for power density/precision. 
Broad special design capability here. 

Complete resistor choice. Understand, TRW isn't 
locked in to wirewounds. If we think your design will 
fly better with , say, precision film, we'll suggest it. In 
fact, TRW offers a total resistor capability-carbon 
comp., thin-film, Metal Glaze™, wirewound, networks. 

For specs and application data on wirewounds, contact 
your local TRW sales representative. Or write TRW I IRC 
Resistors, an Electronic Components Division of TRW, 
Inc., 401 N. Broad St., Philadelphia, Pa. 19108. 

TRK! /RC RESISTORS 
INFORMATION RETRIEVAL NUMBER 3 

ELECTRONIC DESIGN I 6, August 2. 197 4 



NEWS 
33 News Scope 
36 Silicon-on-sapphire devices: They're not yet making it in 

LSI circuits ... but wait till next year. 
42 Study of internal laser damage may lead to smaller devices. 
44 Nuclear ILS for aircraft proves safe and sound in feasibility tests. 
46 And now, liquid magnetic bubbles for displays. 
55 Washington Report 

TECHNOLOGY 
60 FOCUS on panel meters: Covers both analog and digital meters and zeros in on 

the problems a designer faces when he must select an APM or DPM. 
76 Which LCD is best? With a choice among dynamic-scattering and field-effect types, 

operating in reflective or transmissive modes, the designer must know the 
tradeoffs. 

84 For tough measurements, try IAs. Instrumentation amplifiers offer three 
big advantages over simple, multiple op-amp instrumentation circuits. 

90 Are your humidity readings valid? Most test chambers are so poorly instrumented 
and serviced that major errors occur and engineers aren't aware of them. 

96 Get notch Qs in the hundreds with a switched RC filter and a few op amps. 
A single resistor varies Q without effect on center frequency. 

104 Learning to wear two hats on the job: the designer's and the project engineer's. 
Section manager tells why it's necessary in small companies. 

110 Ideas for Design: Start a logic circuit in the proper mode when power is 
turned on or interrupted ... Biphase waveforms generated by shift-register 
circuits ... Frequency doubler covers wide frequency range for asymmetric 
square waves. 

118 Design Decision: 16-bit d/a converters don't need thermal matching of critical 
components. 

120 International Technology 

PRODUCTS 
123 Instrumentation: Autoranging 80-MHz counter is industry's least expensive. 
128 Integrated Circuits: Quad IC timers squeezed into a 16-pin plastic DIP. 
132 Data Processing: 5-MHz bandwidth attained with CRT deflection system. 
150 Discrete Semiconductors: LED panel lamps match incandescents at 

less current. 
141 Modules & Subassemblies 154 Power Sources 
144 Packaging & Materials 156 Components 

Departments 
59 Editorial: The good boss 
7 Across the Desk 
158 Evaluation Samples 
158 Application Notes 
160 New Literature 

165 Bulletin Board 
170 Advertisers' Index 
172 Product Index 
174 Information Retrieval Card' 

Cover: Photo by Joe Petrovic, courtesy of Western Instruments, Inc. 

ELECTRONIC DESIGN is published biweekly by Hayden Publishing Compa~y, Inc., 50 Essex St., ~ochelle Park, 
N. J. 07662. James S. Mulholland Jr., President. Printed at Brown Printing Co., Inc., Waseca, Minn. Controlled 
circulation postage paid at Waseca, Minn., and New York, N. Y., postage pending Rochelle Park, N. J. Copy· 
right © 1974, Hayden Publishing Company, Inc. 84,392 copies this Issue. 

ELECTRONIC DESIGN 16, August 2, 1974 3 



4 

• 1crocom 
Intel's new 8080 n-channel microcomputer is here­

incredibly easy to interface, simple to program and with up 
to 100 times the performance of p-channel 

MOS microcomputers. 
Best of all, the 8080 is real-in production 

at Intel and available in volume quantities, 
today It's also available through distributors 

along with a growing line of peripheral 
circuits and a new version of the 
Intellec 8, a program and hard­
ware development 

system for the 8080, 
all supported with software 
packages, design documenta­
tion and manuals, and backed 
by more than 100 man years 
of microcomputer expertise. 

The 8080 is the inevitable 
successor to complex custom 
MOS and many large discrete 
logic subsystems. It is the 
industry's first general purpose 
n-channel microcomputer and 
the first high performance 
single-chip CPU, with extremely 
simple interface requirements and 
straightforward programming. It runs a 
full instruction cycle in 2 microseconds. 

As such, the 8080 extends the economic 
benefits of Intel's p-channel microcom­
puters to a new universe of systems that need 
fast, multi-port controllers and processors. These 
systems include intelligent terminals, point of sale 
systems, process and numeric controllers, advanced 
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to so tware, t e 
• puterIS 

calculators, word processors, self-calibrating instruments, data loggers, communica­
tions controllers, and many more. 

You can use 256 input and 256 
output channels, handle almost 
unlimited interrupt levels, directly 
access 64 kilobytes of memory; 
and put many satellite 8080 proc­
essors around a single memory 

Interfacing is minimal and 
design is easy with the 8080 
because all controls are fully 
decoded on the CPU chip 
itself and inputs and outputs are TTL 
compatible. There are separate data, 
address and control buses. 

The 8080 microcomputer has 
78 basic instructions, including the 

8205 
8210 
8212 
8216 
8201 

INTEL 8080 PRODUCT FAMILY 

AVL: NOW 
AVL: NOW 
AVL: NOW 
AVL: 3AD Q 
AVL: 4TH Q 

8008 set plus new ones that make possible such features as vectored multi-level 
interrupt, unlimited subroutine nesting and very fast decimal and binary 
arithmetic. 

Program development for the 8080 can be done either on a large 
computer using the Intel software cross products (PL/ M systems language 

compiler, macro-assembler and simulator), or on an Intellec 8 development 
system with a resident monitor, text editor and macro- assembler 

The new 8080 product family includes performance matched peripheral and 
memory circuits configured to minimize design effort and maximize system 
performance. Large, low cost RAMs, ROMs, PROMs and I/O devices are available 
now and we will soon announce other 8080 LSI support circuits. 

The 8080 is easier to use and more economical than any high performance 
microcomputer in sight. It's here now, in volume, from the inventors.of the micro­
computer and the people who lead the industry in production and design support. 

Intel Corporation, 3065 Bowers Avenue, Santa Clara, California 95051. 
(408) 246-7501. 

inter Microcomputers. First from the beginning. 
INFORMATION RETRIEVAL NUMBER 4 
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FLAT INTERCONNECTS 
YOUR COMPLETE SOURCE 

Ribbon Cable I IC Interconnects I Custom Harnesses 

You 're sold on flat cable , now buy it at its best. 
Precise, compact cable packages to fit your specifi­
cations perfectly, computer-loomed for unmatched 
versatility by Woven Electronics. 

Handling ease of independent non-bonded leads 
speeds production, cuts cost, while technical charac­
teristics outrank other flat cable forms. 

Make Woven your source for jumpers, continuous 
rolls, special harnesses, all your interconnect needs. 

WOUED ELEtTRODHS 
P.O. Box 189 Mauldin, South Carolina 29622 

803/963-5131 
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(across the desk) 

High-level languages 
not always the best 

The remarks of Hewlett-Pack­
ard's Van Diehl concerning the vir­
tues of higher-level languages may 
apply to an end-user, but aren't as 
applicable to the turnkey system 
builder (see "Take-Your-Pick Soft­
ware is Making the Mini Mighty, 
but Watch Out-It Costs," ED No. 
9, April 26, 1974, p. 79 ) . The cost 
of a sophisticated programmer is 
a one-shot cost at system develop­
ment time. That "few thousand 
dollars" of course will be multiplied 
in every unit sold ( unless the total 
projected market is one unit) . 

Self-assemblers that run on very 
small computers can negate the 
need for time-sharing compilers in 
businesses that have no other com­
puter requirements. Although the 
usefulness of compilers increases 
as system size grows, as memory 
shrinks and processors become less 
powerful as they approach the low 
end of the spectrum, the assem­
bler's compact and fast code is 
increasingly necessary. 

Rich Herzog 
Software Designer 

Continental Design 
7723 Convoy Ct. 
San Diego, Calif. 92111 

He'd give atom waste 
a place in the sun 

With reference to the contro­
versy on how to dispose of nuclear 
waste: Surely the safest and most 
obvious solution is to send it via 

rocket to the sun. In fact, it might 
be useful for the Atomic Energy 
Commission to require a commit­
ment and funding for such disposal 
by companies that apply for a li­
cense to produce commercial nu­
clear fuels. The waste would be 
packaged in cement or other appro­
priate container for the nose cone 
of a rocket that would be aimed at 
the sun's orbit-thereby assuring 
that our biosphere would not be 
contaminated over many years 
with materials having half-lives 
of thousands of years. 

These views are my own and do 
not reflect any policy of the com­
pany for which I work. 

Ralph S. Gobel 
Senior T echnical Writer 

Atlantic Research Corp. 
Alexandria, Va. 22314 

Class-D amplifier: 
How does it work? 

The operation described for the 
pulse-width modulator in "Boost 
Audio-amplifier Efficiencies" (ED 
No. 8, April 12, 1974, p . 96 ) is in 
error. So, too, are the waveforms 
in Fig. 2 of the article. 

The UJT, in conjunction with 
current source Q6 and C2 , produces 
a saw tooth with a linear ramp. 
This is injected at the inverting 
port of the comparator (A2 ). Com­
parison of this ramp to the audio 
input (A1 ) yields a PWM output 
from the comparator by shifting 
the leading edge of the pulse with-

(continued on page 8) 

Electronic Design welcomes the opinions of its readers on the issues raised 
in the magazine's editorial columns. Address letters to Managing Editor, Elec­
tronic Design, 50 Essex St. Rochelle Park, N.J. 07662. Try to keep letters 
under 200 words. Letters must be signed. Names will be withheld on request. 
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Thin-Trim® 
capacitors 

· Tucked in the corner of this 
Pulsar Watch is a miniature 

capacitor which is used to trim the crystal. 
This Thin-Trim capacitor is one of our 
941 0 series, has an adj ustment range of 7 
to 45 pf., and is .200" x .200" x .050" thick. 
The Thin-Trim concept provides a variable 
device to replace fixed tun ing techniques 
and cut-and-try methods of adjustment. 
Thin-Trim capacitors are avai lable in a 
variety of lead configurations making 
them very easy to mount. 

A smaller version of the 9410 is 
the 9402 series with a maximum 

capacitance value of 25 pf. These are per­
fect for applications in sub-miniature cir­
cuits such as ladies electronic wrist 
watches and phased array MIC's. 

Johanson Manufacturing Corporation, 
Rockaway Valley Road., Boonton, N.J. 
07005. Phone (201) 334-2676, TWX 710-
987-8367. 

MANUFACTURING CORPORATION 



ACROSS THE DESK 

( continued from page 7) 

in a cycle while maintaining a fixed 
position for the trailing edge. Re­
vised waveforms for Fig. 2 are 
shown; the output B3 was correct., 
The linearity of the oscillator ramp 
is important to minimize distor­
tion. 

Also, the long-term thermal 
stability of the circuitry, as shown, 
is questionable. When output-pow­
er losses and efficiencies are con­
sidered, it should be pointed out 
that the 50 % duty cycle referred 
to occurs only under no-signal con­
ditions, though the results of the 
calculations appear reasonable. 

A. F. Eberts 
Engineering Lea,der 

11 Flintlock Dr. 
Long Valley, N .J. 07853 

AUDIO AT Al 
INVERTING 
TERMINAL 

PWM AT BI (ALSO 92,AT HIGHER POWER LEVE4 

A2 

SAWTOOTH 

-12V 

The author replies 

Al 

A2 

Bl 

82 

In the original article I didn't 
emphasize the waveforms of A1 

and A2 of the op amp. Apparently 
the description was too vague. 

8 

As shown here in the waveform 
diagram, the op-amp saturates at 
its positive extreme when the audio 
signal (A, ) at the noninverting 
terminal is more positive than the 
ramp signal (A2 ) at the inverting 
terminal. Conversely, if A2 is more 
positive than A11 the op amp satu­
rates in the negative direction. 
Thus, as shown, the leading edge 
of the pulse train at B, is always 
fixed, while the trailing edge varies 
as a function of the audio ampli­
tude. 

Note that the PWM wave has 
the inverse relationship to that 
predicted by Mr. Eberts. Note also 
that in Fig. 2 of the article the 
waveform B1 was shown with a 
50 % duty cycle (zer-0 audio :sig­
nal ) but the saw tooth was not. 
It isn't the comparison of B1 and 
A 1 that produces B2 , but rather the 
comparison of A1 and A2 that pro­
duces B,. This, in turn, produces 
B2 • Except for their power levels, 
B1 and B2 have identical wave­
forms. There was, however, an 
error in the caption, which said: 
"Without the input signal, f 0 con­
sists of a 50 % duty-cycle square 
wave (point B2 ) ." The point re­
ferred to is B1 • Furthermore, with 
an input signal, both waveforms 
should have been the same as that 
shown for B2 • I apologize for this 
slip; I should have caught it when 
I checked the article prior to pub­
lication. 

It may be possible to improve 
the circuit's thermal stability by 
adding diodes, as indicat~d in the 
accompanying partial schematic. 
However, I'm still evaluating this 
technique. 

W. V. Subbarao 
Assistant Professor 

North Dakota State University 
College of Engineering and 

Architecture 
Fargo, N.D. 58102 

Swap those charts 
One of our authors, Petre Sturzu 

of Fairchild Semiconducto·r, has 
pointed out some errors that crept 
into his recent article "Use CAD 
to Optimize Broadband Amp De­
sign," (ED No. 10, May 10, 1974, 
pp. 92-99 ) . The Smith chart shown 
as Fig. lOb in the article should 
have been Fig. 9b. The corrected 
version of Fig. lOb is shown below. 
Also two of the schematic dia-

grams were incorrectly drawn. Fig. 
3a and Fig. 4a should have been 
drawn as shown here. 

400 460 

12/9mA 
RF1N 2000 

~000 b 
FMT4575 

RF our 

r "" 0 .0 

J' J' 
BASE BIAS 

FIG. 3a 

400 .. 460 

1219 mA 

RFIN 

~= 
15nH 2000 

b 
RF our 

FMT4575 

1· 0 .0 r· 
BASE BIAS 

FIG . 4o 

Some handy antidotes 
to fires in the home 

In reply to Kenneth Willoughby's 
letter in the May 24 issue ("Is 
There a Solution to Fires in TV 
Sets?" ) I would like to say thanks 
for the information. Further I 
would like to reply to his invitation 
to readers to submit their ideas on 
prevention of fires. Here are mine: 

1. Fire in the wall switch: 
Switch to mercury switches. The 
"little fire" or spark is contained 
in a small hermetically sealed bulb. 

2. Fire in a wall plug: Change 
to molded plugs. 

3. Fire in a TV set: Use tran­
sistor TV sets only and clean dust 
out periodically. And purchase an 
electrostatic precipa tor (electronic 
filter ) . This is expensive-$200-

( continued on page 26) 
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innovations from Hewlett-Pockord 

MEASUREMENrEf;OMPUTATION: NEWS 

. AUGUST, 1974 

New minicomputers combine 
MOS memory with user 
microprogrammability 
This enlarged mask shows all the circuitry 
packed into HP's tiny 4K memory module, only 
1 in. by 0.5 in. 

HP introduces a totally new mini­
computer family, 21 MX, featuring MOS 
semiconductor memory systems and 
user-microprogrammability. Using 4K 
random access memory (RAM) com­
ponents, up to 16K words of memory 
are provided on a single 8 in. (20 cm) 
square module. When combined into 
memory systems, these modules are fas­
ter, cost less, weigh less, consume less 
power, and are more reliable. For ex­
ample, the mean time between failures 
is estimated to be 2 to 15 times better 
than that of conventional core 
memories. 

Transcending the limitations of con­
ventional hardware logic, the 21 MX is 
fully microprogrammable, giving you 
greater control over the processor and 

(continued on page 3) 



Compact bench x-ray finds "hidden" 
circuit defects 

Now, you can look inside circuits to 
detect problems such as registration, 
porosity, broken wire, and weak welds. 
HP's automatic, compact 43805A x-ray 
unit fits right on your workbench and 
makes these problems immediately 
visible. It's radiation-shielded for opera­
tion in populated areas. 

This test device is easy to use. The 
machine itself tells you what voltage 
to set and shuts itself off automatically. 
The unit has an adjustable output vol­
tage from 10 to 110 kVp wid11 3 mA cur­
rent, ensuring good contrast over a 
range of object thicknesses and den­
sities. High definition prints can be 

produced in seconds using Polaroid or 
standard wet film. 

Use x-rays to pinpoint defects in 
welds, castings, and small intricate 
devices. You can quickly view mis­
alignment, inclusions, missing elements 
and poor fabrication in printed circuits, 
micro- logic elements, contacts, relays, 
resistors, encapsulated components and 
connectors. Quality control, batch 
inspection and production studies are 
available from HP. 

To learn more, check the HP Reply 
Card. 

Smaller than .001 in., these broken wires (upper corner) in an integrated circuit are shown by x-rays. 

New low-cost card reader 
enhances HP calculators 

Need a low-cost card reader for your 
HP 9800 series calculator? The new 
compact, hand-fed 9870A card reader 

The 9870A is a simple, inexpensive way to add 
card-reading capability to your HP desktop 
calculator. 

is designed specifically for such data or 
program input. It reads standard 96-
character Hollerith code on either pen­
ci I-marked or punched cards. Cards 
may also be custom-designed to suit 
various applications. 

The 9870A weighs just 18 oz. (0.5 
kg). It's small and quiet enough for desk­
top use in any business environment. 
The power required for operation is 
supplied from the calculator. 

Cards may be used to input patient 
histories, shipping and receiving orders, 
field research data, and any statistical 
analysis. 

For details, check the HP Reply Card. 

Train and gain with 
HP's logic lab 

No grueling soldering or unsoldering-the 
plug-in breadboard uses solderless con­
nection techniques. 

Here's a simple way to upgrade your­
self or your technicians to the new digi­
tal technology. Designed for hand5-on 
learning, the 5035T logic lab is a com­
plete self-paced or classroom course in 
digital electronics with a textbook, lab 
workbook, fully equipped portable 
laboratory, and proven digital test in­
struments. You learn to assemble func­
tioning digital circuits using the bread­
board, components, and interconnec­
ting wiring-all supplied with the logic 
lab. 

Simply place the breadboard in the 
lab station mainframe. All essentials 
needed to stimulate the circuits are 
built-in: power supply, logic state indi­
cators and programmers, and pulse 
sources. You can verify circuit opera­
tion using professional digital test in­
struments-the HP logic probe, logic 
pulser and logic clip. You notonlylearn 
how to troubleshoot, but also see visual 
evidence of circuit behavior so that you 
can make sense of interactions. If you 
stop in the middle of assembling or 
testing, the logic lab is always ready for 
the next user. You can easily rEonove a 
breadboard and replace it with another 
without disturbing the circuits. 

Simply check the HP Reply Card for 
more information . 

MEASUREMEN'fECOMPUTA TION: NEWS 



Three new sensors 
increase RF power level 
measurements 

Three new thermocouple power. sen­
sors extend the capability of HP's pre­
cision 435A microwave power meter to 
higher power levels, lower frequency 
ranges, and 750 system measurements. 
• For higher power levels in the 
10 MHz-18 GHz frequency range, use 
the new 8481 A opt H01 sensor whose 
power range is 30 µ,W to 3W. Its SWR 
is impressive: <1 .2 to 8 GHz, <1.3 
for 8 to 12.4 GHz, and <1.5 over 12.4 
to 18 GHz. 
• For power measurements at lower 
frequencies, the new 8482A sensor 
covers 100 kHz to 4 GHz. SWR is 
<1.18 from 300 kHz to 2 GHz, and 
<1.3 from 2 to 4 GHz. Power range is 
0.3 µ,W to 100 mW (-35 to + 20 dBm). 

• Measurements in 750 systems 
are no problem for the new 8483A sen­
sor. Power range is -35 to +20 dBm, 
over a frequency range of 100 kHz to 
2 GHz. Above 600 kHz, SWR is < 1 .18. 

• For general purpose use, the 
popular 8481 A sensor covers 10 MHz 
to 18 GHz in frequency, and 0.3 µ,W to 
100 mW (-35 to +20 dBm) in power. 
Its SWR is <1 .18 at 30 MHz to 12.4 
GHz, and <1.28 from 12.4 to 18 GHz. 

Need a power meter for field tests? 
The 435A options include an internal 
rechargeable battery pack and long 
cables to operate any of the above sen­
sors up to 200 feet from the meter. 

For details, check the HP Reply Card. 

Each sensor has very low SWR which means 
reduced mismatch error-hence, better overall 
measurement accuracy. 

MEASUREMENrEC;OMPUTAT/ON' NEWS 

New amplitude/delay distortion 
analyzer meets CCITT specs 

With increasing use of audio chan­
nels for transmission of non-voice traf­
fic (such as data or facsimile), parame­
ters like attenuation and delay distortion 
acquire a new significance, While voice 
traffic is relatively immune to these dis­
tortions, they can cause errors in data 
transmission. 

The International Telegraph and 
Telephone Consultative Committee 
(CCITT) has specified an instrument for 

(continued from page 1) 

processing speeds. Fi-rmware micro­
programs such as HP's Fast FORTRAN 
Processor enable programs to run 2 to 
30 times faster than possible with con­
ventional programming techniques. 

The new minicomputer family is 
modular so you can design a system to 
fit your needs. Choose one of two HP 
21-M microprogrammable processors, 
then select from two HP 21-X memory 
systems: 
• The M/10 processor is only 5% in. 
(13.3 cm) high, can contain 32K 17-bit 
words of memory, and has 4 powered 
1/0 channels within its mainframe. 
• The M/20 processor is 8314 in . (22.2 
cm) high, will be expandable to 64K 
later this year, and has 9 powered 1/0 
channels in the mainframe. 

Floating point firmware, memory 
parity, extended arithmetic unit (EAU), 
and power fail detection are standard . 
Both processors have control store ad­
dressing space for 4096 24-bit words, 
four times greater than the 1024 of 
earlier core units. As for compatibility, 
any program written for the earlier HP 
2100 systems will run on the new HP 
21 MX series. All 2100 peripherals and 

the measurement of envelope delay 
distortion and attenuation distortion on 
audio channels, and HP's new 3770A 
portable amplitude/delay distortion 
analyzer meets these requirements. 

The 3770A measures envelope delay 
distortion (± 10 mS), attenuation dis­
tortion (±40 dB), and absolute level 
(+10 dBm to -50 dBm) over the fre­
quency range 200 Hz to 20 kHz . It's 
easy to use, highly accurate, and en­
sures repeatability of resu Its. The sender 
and receiver are contained in a single 
portable unit. The sender provides both 
manual adjustment of the measurement 
frequency and single or continuous 
sweep, within digitally set sweep limits. 
The sender output level is calibrated to 
permit measurements of channel loss. 
A telephone/monitor facility is provided 
to allow communication in 2 or 4 wire 
modes over the channel under test. 

For more information, check the HP 
Reply Card. 

interfaces are compatible as well. 
MOS memory technology enables 

HP to offer semiconductor memories 
with 650 ns cycle time: 
• The HP 21-X/1 is a high-density 
memory that comes in 8K and 16K 17-
bit word modules. 
• The HP 21-X/2 is a medium­
density memory system that you can 
purchase in 4K and 8K 17-bit word 
modules. 

The unique 21 MX power system 
functions even in substandard electrical 
conditions. Line voltage can fluctuate 
up or down 20% without danger. In the 
event of a total line failure, the power 
fail recovery system will sustain the 
integrity of a 32K memory system for at 
least two hours. 

At the moment, availability is re­
stricted to purchasers ordering 5 or 
more processors. 

To learn more, check the HP Reply 
Card. 



New high-speed plotter augments 
HP time-share systems 

Now, you can plot up to 7 vectors per 
second in any direction with HP's new 
high-speed digital plotter. This new 
7203A x-y plotter works with an HP 
2000C or 2000F time-share system and 
operates in parallel with your terminal 
so you get both graphs and printouts. 
The new plotter accepts bit-serial ASCII 
data at the rate of 10 or 30 characters 
per second. 

You can plot graphs on any size paper 
up to 11 by 17 in. (28 by 43 cm) . Un­
like the "staircase" drawings from in­
cremental plotters, the 7203A draws a 

New super-fast CRTs 
increase display area 

Two new large-screen CRT displays 
maintain crisp, sharp traces regardless 
of position on the screen, changes in 
writing speed, or z-axis modulation. 
Linear writing speed is a super-fast 10. 
in/µ.s (25 .5 cm/µ.s). More than 4096 

With point plotting time of < 200 ns per 
point, the new 1317A produces a graph 
like this, in sharp focus, within 
ml Iii seconds. 

Now, you can quickly view a graphical solu­
tion to your problem instead of interpreting 
long lists of numbers or wrestling with bulky 
printouts. 

clean, smooth , continuous line. If there 
is an error in data transmission, that 
point is omitted and the next correct 
point is plotted . Four colors of ink are 
available, and the pens are disposable 
for convenience. Simply snap out an 
empty pen, and snap in a new one. 

A picture may well be worth a thou­
sand numbers. 

To learn more, check the HP Reply 
Card. 

characters can be refreshed on the 
screen in less than 5 ms. Yet power con­
sumption is extremely low-only 100 W, 
compared to 500 W or more on older 
style displays. 

Model 1317 A is the largest CRT dis­
play that can be mounted horizontally 
in a standard 19 in. (48.3 cm) equip­
ment rack. Ideal for instrument systems, 
it fits flush with the front panel yet gives 
you up to 65 % more display area than 
commonly used CRTs. The other new 
model, 1321A, is even larger, a 21 in. 
(53.3 cm) diagonal display that's es­
pecially useful for highly detailed com­
puter graphics. Several options, in-
cl uding different phosphors and con­
trast filters, are available. 

Simply check the HP Reply Card for 
more information . 

Now, measure microwave 
pulses automatically 

The new 5354A automatic frequency 
converter for HP's 5345A counter 
brings innovations to pulsed carrier fre­
quency measurements in DME and 
ATC navigation and identification sys­
tems, surveillance radar, ECM and even 
microwave ovens. It's accurate and 
automatic; no external equipment is 
needed. For example, measure a clean 
1 µ.s wide pulse to 4 digits simply by 
applying the signal to the input. 

External gating helps position the 
measurement so that you can measure 
the entire pulse except leading and 
trailing edges that may contain anoma­
lies. Thus, maximum useful resolution 
is achieved. Or, the external gate can be 
narrowed to 20 ns and positioned with­
in the pulse to measure frequency pro­
files, such as within a chirp radar signal. 

Another innovation, frequency 
averaging, increases resolution for re­
petitious pulse trains by averaging 
separate measurements made over 
many pulses. Blind spots are eliminated, 
and true averages are guaranteed. 

You can also obtain external gating 
and frequency averaging above 4 GHz 
with the 5345A counter by using the 
10590 plug-in adapter and existing 
HP 5245L counter plug-ins. 

For details, check the HP Reply 
Card. 

The 5354A frequency converter brings the 
accuracy and convenience of automation to 
microwave pulse measurements. 
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Two new options extend 
pulse generator applications 
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Two new options expand use of the 
versatile 8015A pulse generator: one 
option lets you use the 8015A with 
another generator to achieve higher out­
put voltages, and the other option pro­
vides a third output that delivers TTL­
compatible pulses. 

The 8015A is a dual-output generator 
capable of testing CMOS, low-threshold 
MOS and most high-threshold MOS 
logic, as well as TTL, HTL and discrete 
circuits. Each output produces pulses 
as strong as 16V, or you can combine 
outputs for a 30V range, from -15 to 
+15V. 

Option HOl lets the 8015A outputs 
be used as linear amplifiers, from de 

By adding the output of the pulse generator 
and output of the function generator In A+B 
mode, you can generate very complex 
waveforms. 

to 60 MHz ( + 1 to -3 dB). With separate 
access to each output amplifier, you can 
use one as the normal pulse generator 
output and connect the other to any 
external signal generator. 

Option H04 provides a third output 
that delivers fixed TTL-compatible 4.6V 
pulses while you can vary all other 
pulse parameters from the front panel 
controls. This option adds greater 
operating convenience and prevents 
TTL circuit damage by accidental 
changes of output amplitude. 

For more information, check the HP 
Reply Card. 

New meter measures high 
capacitance automatically 

Measuring high capacitances of elec­
trolytics and tantulum capacitors is 
faster and easier with the new 4282A 
digital high capacitance meter. Ideal for 
inspection and manufacturing, it mea­
sures capacitance from 10 nF to 1 F, 
dissipation from 1 .0 to 10 with 0.001 re­
solution, and the product of capaci­
tance and equivalent series resistance 
(ohm-farads). Reading rate varies from 
0.3 to 2 seconds. You can even use the 
4282A as a 3-digit voltmeter to 600 V. 

Measurements appear on the LED dis­
play. Capacitance and dissipation fac­
tors are displayed alternately-you 
don' t have to reset the panel switches or 
use two different instruments. Four test 
frequencies are available : 50, 60, 100 
and 120 Hz. The 4282A is remotely 
programmable, and you can attach a 
printer to document results. 

MEASUREMEN'f8COMPUTATION: NEWS 

To learn more, check the HP Reply 
Card. 

Here, the 4282A digital meter checks some 
tantalum capacitors. 

Precision power supply 
doubles as a DVM 

DC calibrators, reference sources, 
and high performance lab supplies are 
just a few traditional uses for HP's 
6114N6115A precision power supplies. 
Here's a little trick that lets you convert 
these supplies into nulling digital volt­
meters with accuracy better than 
0.025 % + 1 mV. The setup includes a 
galvanometer, like so: 

1 ,_,, -•• - . I 

., 
...._'• -""N'v--+----fl 1I1 

GALVANOMETER 

When the galvanometer reads 0, then unknown 
voltage E1 = E .. Just read the unknown voltage 
off the 4-digit pushbutton switch and fifth-digit 
vernier control. 

These 40W supplies feature output 
voltage accuracy of 0.025 % + 1 mV, 
with 5-minute cold-start warmup. Both 
models use four-digit pushbutton 
switches for fast, accurate voltage set­
ting, with a fifth-digit vernier providing 
200 µ,V resulution. Model 6114A pro~ 
vides 0-20V at 0-2A and 20-40V at 
0-1 A. Model 6115A provides 0-50V at 
0-0 .BA and 50-1 OOV at 0-0.4A. These 
supplies also have constant voltage/ 
constant current operation, front-panel 
mode indicator, built- in overvoltage 
protection, high speed, and remote pro­
gramming capability. 

For details, check the HP Reply Card. 



Now you can record weeks 
of data continuously and 
unattended 

The two-channel 7402A oscillo­
graphic recorder is a low-cost proven 
instrument with dual 50 mm channels, 
stainless-steel pens, and a new instant 
dry ink system. Now, several new op­
tions customize the 7402A for continu­
ous long-term measurements. 

For all those unattended recordings, 
attach an optional take-up to the front 
of your recorder. It neatly rolls enough 
paper for up to 58 days of continuous 
operation. 

Timing marks at either minute or 
second intervals, and event marks can 
be added. 

High or low gain plug-in modules 
provide increased capability when 
you need it. 

Since remote control capability is 
built-in, you can easily incorporate 
the 7402A in a computerized data sys­

. tern . 

For details, check the HP Reply Card. 

Simply slip the option module into the main­
frame-it's that easy to adapt your 7402A to 
long-term measurements. 

Make faster, error-free voice 
and data measurements 

Now, you can reduce telephone test 
time with two new HP digital test sets. 
The 3551A transmission test set com­
plies with Bell System requirements; 
model 3552A, with CCITT require­
ments. Frequency range is 40 Hz to 60 
kHz . Both test sets are lightweight 
(13 lb/6 kg) and portable-ideal for 
field as well as bench use. 

Suddenly all other methods are old­
fashioned. Now, you can make voice, 
program or data circuit measurements 
with just one instrument. Check tone 
level, noise level and frequency at the 
same time you send tone. Autoranging 
speeds your measurements; you know 
immediately if your levels are too high 
or too low, insuring correct readings 
every time. And you can measure 
amplitude and frequency directly into 
the impedances with which you work. 

The digital LED readout displays 
level or frequency of either the input 

or output. Either test set can be powered 
from an ac line or rechargeable bat­
teries. 

For more information, check the HP 
Reply Card. 

New DIA converter and remote digital 
display for HP counters 
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Two new accessories provide analog output or an extra digital display. 

Even in this digital world, analog re­
cords are useful to show trends. HP's 
new 59303A digital-to-analog conver­
ter lets you make a strip chart from HP 
5345A or 5340A counter outputs or 
other ASCII-output devices. It operates 
directly with the new super-fast 5345A 
counter and any compatible logging 
device such as the 7155A portable re­
corder or a CRT. This fast DAC outputs 
a voltage accurate to 0.1 % in 30 µ,s, 
from your selection of any three con­
secutive digits in an ASCII data string. 

It's convenient to use, too. Hook up 
the recorder, and calibrate it simply by 
turning the DAC's concentric knob to 
"calibrate." Then select the digit trio. 

There's no need for auxiliary equipment 
to shift zero or change the polarity. 
If you have an HP 9820N21 A calcu­
lator, you can operate the DAC under 
remote control as all functions are pro­
grammable. 

Another useful counter accessory is 
the new 59304A display that shows 12 
digits in scientific notation or fixed 
point. Use it anytime you want the 
counter display reported at another 
location on the interface bus. 

To learn more, check the HP Reply 
Card. 
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High-value signal generator 
for every bench 

Although it's usually thought of in 
terms of receiver testing, the venerable 
HP 608 VHF signal generator has also 
enjoyed widespread use as a bench 
delivering good quality, calibrated­
level test signals. This same order of sig­
nal quality for general purpose appli­
cations can now be obtained with the 
all solid-state HP 8654A which is 1/5 
the 608's size, 1/4 its weight, and 
priced considerably lower. 

tire frequency range). Internal modula­
tion tones (400/1000 Hz) are included 
for calibrated AM as well as simple 
FM. The unit can also be externally 
modulated. 

The 8654A's carrier stability is com­
parable to that of the older 608-
typically <20 ppm/5 minute period 
after warm-up. And the other facets of 
signal purity are compatible with most 
general-purpose applications. 

The 8654A covers 10-520 MHz with 
+ 10 to -130 dBm output power (auto­
matically leveled to ± 1 dB over its en-

For more information, check the HP The8654Aoffershighvalueforgeneral purpose 
Reply Card. bench use. 
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Green: 21/2 times brighter 
than our standard 

Yellow: 6 times brighter The new red : 6 times brighter 

T-1 red LED. 

Three new LEDs give you an interest­
ing choice of colors and luminous in­
tensity many times brighter than our 
standard T-1 red lamp. Al I have a 180° 
viewing angle, good on-off contrast 
ratio, and a low price tag. 

The new green lamp (5082-4984) 
uses gallium phosphide to generate a 
typical luminous intensity of 2 med at 
20 mA. 

Our new yellow lamp is really 
yellow. The 5082-4584 offers 2.5 med 
typical at 10 mA. 

Red ·has an output 6 times brighter, 
thanks to non-saturati'ng gallium arsen­
ide phosphide. With intensity of 2.5 

MEASUREMENrEC;OMPUTATION: NEWS 

med at 10 mA, the new 5082-4684 red 
LED is unbeatable. 

With these new LEDs, Hewlett­
Packard has significantly advanced the 
state-of-the-art. The design achieves 
maximum light output by minimizing 
absorption losses. By using a trans­
parent substrate chip instead of an 
absorbing substrate, HP has increased 
coupling efficiency by as much as a 
factor of 18. Light rays directed down­
ward or rays reflected from the top 
surface are not absorbed; they are re­
flected back to the top surface, increas­
ing I ight output. 

Compare these new LEDs with other 

Brighten your 
displays with new 
red, yellow 
and green LEDs 

GaP and Ga(As,P) devices. At 10 mA, 
the red and yellow lamps emit approxi­
mately 10 times more light than con­
ventional red Ga(As,P) devices. At this 
same drive current, they generate about 
4 times as much light as typical red GaP 
(Zn,0) LEDs. At 10 mA, the new green 
lamp produces over 3 times the lumi­
nous flux of standard Ga(As,P) red 
devices. 

To learn more, check the HP Reply 
Card. 



New high-frequency scope brings new accuracy 
to fast digital measurements 

Our new high-frequency oscillo­
scope is designed especially for sys­
tems using fast logic-computers, peri­
pherals, and high-speed digital com­
munications equipment, as well as 
high-frequency RF applications. The 
new 1720A has two channels with 10 
mV/cm deflection factors, sweep speeds 

The 1720A uses color-coded pushbuttons for 
easy operation-blue for display modes, green 
for triggering, and gray for secondary features. 

deflection. Differential time measure­
ments are within 1 % for most 
applications. 

to 1 ns/cm, frequency response to 275 
MHz, and a practical price to fit your 
budget. 

Switch-selectable 500 or 1 MO in­
puts offer maximum flexibility. The 
275-MHz bandwidth is maintained in 
both impedance modes from 0° to 55°C 
and when the amplitude verniers are in 
use. The 1720A requires only 1 cm of 
vertical deflection for stable triggering 
to 300 MHz (only 0.5 cm to 100 MHz). 
The internal trigger sync take-off point is 
Immediately after the attenuator which 
maintains a stable display regardless of 
changes in position, vernier or polarity 
controls. The x 10 magnifier offers in­
creased measurement flexibility in all 
sweep speeds by letting you expand any 
portion of the waveform without using 
the delayed sweep. Accuracy specs are unequalled in 

its class: calibrated sweeps are accurate 
to ±3% from 0°to 55°C (only 2% in the 
100 ns/cm to 20 ms/cm range)-speci­
fied over the full 10 cm of horizontal 

For more information, check the HP 
Reply Card. 

East-200 10 Cent ury Bl vd ., Germantown, 
MD 20767, Ph. (301) 428-0700. 
South-P.0. Box 2834, Atlanta, Ga. 30328, 

Ph. (404) 436-6181 . 
Midwest-5500 Howard Street, Skokie, Ill. 60076, 

Ph. (312) 677-0400. 
West-3939 Lankershim Boulevard, North 

Hollywood, Calif. 91604, Ph. (213) 877-1282. 
Europe-Post Office Box 85, CH-1217 Meyrin 2, 

Geneva, Switzerland, Ph. (022) 41 54 00. 
Canada-6877 Goreway Dri ve, Mi ss issa uga , 
Toronto, L4V 1 L9, Ph. (416) 678-9430. 
Japan-Yokogawa-Hewlett-Packard, 1-59-1 , 

Yoyogi, Shibuya-ku, Tokyo, 151. 

00472 



The new Keithley 
Model 168 autoranging DMM ... 

.. Yive la difference! 
There really is a difference in Digital Multi meters, 
and once you 've experienced Keith ley's 168 you 'll 
know why we say vive! If you 're tired of "general­
purpose " promises that turn into run-of-the-mill 

two-terminal 
input 

Simple to 
connect. You 

performances; if you want that bit extra that' ll make 
your job easier. then vive la difference . . . here 's the 
DMM for you ! Send for our DMM Selector Guide or 
call us for demo now. Phone (216) 248-0400. 

HI LO 

can 't get it wrong. Eliminates the word 
"whoops" from your vocabulary. Saves 

See and use the new Ke ithley 
Model 168 at WESCON 74, Booths 2808/9. 

temper. too. 

optlon9 a aocessorle• 
Rechargeable batteries . ........ ... 

that you can install 
anytime. An RF probe for higll frequencies. Test leads. 

A 50-amp current shunt too. 

ll!KE I TH LEY 
INSTRU1'VIE N 'I' S 
U.S.A., 28775AURORAROAD, CLEVELAND, OHI044139 
EUROPE 14. AVENUE VILLARDIN. 1009 PULLY, SUISSE 
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... when one has a sure thing it is hard 
to resist showing off a little. Just as 
the royal flush is a guaranteed winner 
in poker, Futaba parts mean the same 
certainty for most major Japanese 
manufacturers. Precision manufactur-
ing and reliability of performance are 

two reasons. Another great reason is constancy 
of supply. No matter how good parts are, this 
means nothing if they are not available when 
needed. With modern, high-capacity manufactur­
ing facilities, this is where Futaba holds a real 
winning hand. Futaba parts-just ask for them. 

Standard keyboard switches and key tops available from 
FUTABA stock for instant keyboard layout on your 
mounting plate. 

OTHER FUTABA PRODUCTS: 
•Press die sets. 
• Mold bases for plastics. 
• Material feeders for press work. 
•Automatic stopping devices for automatic machinery. 
•Radio control for. hobby aircraft, race. cars, etc. 

J 
+ 

Q 
+ 

WE DON'T MEAN 

+ r 

TO SHOW OUR HAND, BUT. .. 

"FUTABA-THE BRIGHT PRODUCER" 
•For additional information please contact: 

FuTABA INDUSTRIES U.S. A. 
630 West Carob Street. Compton. California 90220. U.S.A. 
Phone: (213) 537-9610 Telex: 69-1227 

FuTABA ELECTRONIC INDUSTRIEsL IMITED 
Super Bldg .. 1-11 -5. Sotokanda, Chiyoda-ku, Tokyo, Japan. Phone: 255-5881 
Telex: J26532 
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Locate the IC you need ... fast 

... with Integrated Circuit Parameter Retrieval ... 
your in-plant source of IC suppliers and data sheets. 

Consider your IC data-search and retrieval 
problems a thing of the past. Forget about time-consuming 
catalog searches, missing data sheets and worries about 
inadequate or outdate.d IC information. 

Now, there's a modern , efficient way to locate 
IC suppliers and their catalog data .. . VSMF® IC/PR 
Service. This microfilm service puts current IC 
manufacturers ' catalogs right in your plant and makes 
it easy for you to locate needed data sheets in seconds. 
Comprehensive indexing cuts your search and retrieval 
time dramatically by taking you directly to the device 
you need .. . by functional description or by number. 
Microfilm cartridges assure you of data integrity by 
preventing data-sheet removal. You have quick access to 
major IC suppliers' products to help you speed design 
and locate alternate sources. And you get an instant 
copy of any data sheet you need. 

IC/PR saves you time and space. It gives you 
a broader base of IC suppliers and products to choose 
from . And it keeps you completely current on IC products 
with automatic updating every four months. In addition , 
you get telephone data-assistance when you can 't 
locate the item you need. So find out how this unique 
IC service can speed your design process. 

Contact Information Handling Services, 
Box 1154, Englewood, Colorado 80110. 

Phone (303) 771-2600 Ext. 239. 

• Information Handling Services 
An Indian Head Company 
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Plate-Mounted Terminal Blocks. Appleton Programming Termi­
nal Blocks are offered in Feedthru and Feedback types to pro­
vide electrical continuity program bussing for input/outputs as 
required for your application. Size 16 blocks (color coded blue 

Lovv-cost Appleton 
Progra111111ing 
Ter111inal Blocks­
co111plete selection 
of bussed or 
individual circuits. 
Individual Terminal Blocks. Available in same sizes as plate­
mounted groups, for chassis mounting. Made of high-strength 
glass-filled thermoplastic dielectric, U.L. Rated SE-0. Appleton 's 
unique one-piece socket contact design provides uninterrupted 
circuit through all bussed positions, for consistently low mv drop. 
Molded interlocks on each block facilitate multiple stacking. 

and rated at 13 Amps) accept 16, 18, and 20 AWG stranded wire, 
and provide up to 15 contacts per square inch . Size 20 blocks 
(color coded red, rated at 7.5 Amps) accept 20, 22, and 24 AWG 
stranded wire, and provide up to 21 contacts per square inch. 

Off-the-shelf delivery! 
You can order Appleton 's low-cost Programming Ter­

minal Blocks from stock to meet your application needs 
for interconnection, bussing and signal distribution, test 
points, patch boarding and similar applications. For infor­
mation, call (312) 327-7200, or write Appleton Electric 
Co., Electronics Division, 2950 N. Paulina St. , Chicago, 
Ill. 60657. ._,,, 
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® 

APPLETON 
® 

Easy insertion/removal of pin contacts. Standard plastic tool 
permits simple insertion or removal of pin contacts for disassem­
bly or programming circuit changes without disturbing other 
program functions . Highly reliable crimp wire termination pin 
contacts are used. Crimping is accomplished with standard 
industry-accepted manual or semi-automatic tools. 

l 

Optional environmental sealing. All Appleton Programming 
Terminal Blocks are available with optional rubber wire sealing 
grommets to seal out dirt and moisture. 

Feedthru Type 
with sealing grommet 

-----
Feedback Type 

with sealing grommet 



CIRCUIT DESIGNERS ... 

GET MORE VERSATILITY 
AND FLEXIBILITY IN 
YOUR BREADBOARDING. 

Experience the convenience of 

MUL Tl-COMP® 
DIP Multiple-Section 

Ceramic Capacitors • 

Breadboarding is a 
l ot eas i er with 
Sprague Multi ­
Comp Monolythic® 
Ceramics. They 
read ily plug in and 
out of standard DIP 
soc kets fo r fast 
changes during ex-
perimentation. They come as 4-, 7-, 
and a-section capacitors, in popular 
most- frequently- used capacitance 
values. By connecting capacitor sec­
tions in parallel , you can obtain 

GET THE DIP HABIT -

practically any value your circuit 
needs. With a few Multi-Comp ca­
pacitors on hand, there 's no need 
to keep heavy stocks of individual 
capacitors for breadboarding pur­
poses. There's less soldering and 
unsoldering, too. 

And when your final capacitance 
determinations are made, you can 
either stay with DIP Multi-Comps, or 
switch to Sprague Single-Section 
Monolythic® Capacitors, which have 
the same layer-built construction and 
the same electrical characteristics. 

TRY MUL Tl-COMP® MONOL YTHIC® CAPACITORS IN YOUR NEXT 
BREADBOARD DESIGN-THEY'RE READILY AVAILABLE FROM 
YOUR SPRAGUE INDUSTRIAL DISTRIBUTOR! 

For more information, write or call 
Ed Geissler, Mgr., Specialty Components 
Marketing, Sprague Electric Company, 
347 Marshall Street, North Adams, Mass. 01247. 
Tel. 413/664-4411. 

THE BROAD-UNE PRODUCER OF ELECTRONIC PARTS 

SPRJIGUE 
THE MARK OF RELIABILITY 
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ACROSS THE DESK 

(continued from page 8) 

but not impractical. Fires are more 
expensive and less practical. 

4. Fire started when plugging in 
or unplugging appl iance (electric 
coffee pots, waffle irons·, etc.) : In­
stall a switched outlet with a mer­
cury switch. 

If Mr. Willoughby and every 
other screwdriver owner did t hese 
modifications, we might have 30-dB 
fewer fires. 

Paul J . Christie 
Design Engineer 

208-27 15th Rd. 
Bayside, New York 

Card puller available 
from two sources 

The printed-circuit-card extrac­
tor referred to in Across T-he Desk 
("Who Manufactures This Card 
Puller?," ED No. 11, May 24, 1974, 
p. 14) is avai lable from Branem 
Industries, Inc., Box 56, Greene, 
N.Y. 13778. A similar product is 
also available from E. H. Titchner, 
1 Titchner Place, Binghamton, 
N.Y. 

CAMAC pamphlet 
can be yours 

Many readers called us when 
they failed to obtain the CAMAC 
pamphlet described in the "Focus 
on Data-Acquisition Equipment" 
( ED No. 12, June 7, 1974, p. 77). 
The Government Printing Offices 
were called. The TID numbers 
given in the Focus are correct but 
incomplete. The full document 
number and cost for each are as 
follows: 

Y3AT7 :22/ TID-25875, $0.65 

Y3AT7 :22/ TID-25876, $0.60 

Y3AT7 '22/ TID-25877, $0.75 

Y3AT7:22/ TID-26488, $2.75 

Copies of the CAMAC specifica­
tions are available from the Gov­
ernment Printing Offices, Wash­
ington, D.C. 20402. 
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Like our new matched-impedance transmission cable. It comes on a reel. 
So you can cut it to the length-from inches to yanls-to fit your 

particular specifications. That means you can forget about using short 
cable requiring a multitude of splices. Controlled impedance is 

available in popular ranges from 50 to 125 ohms. Apart from cutting, 
our transmission cable can be terminated at each end automatically­

without cable preparation of any kind-when you use our 
insulation-displacement terminals. Because the cable is Oat and 

flexible, it can be applied virtually anywhere: cable-to-cable, 
cable-to-discrete wire, cable-to-posts, cable-to-pc boanl. 

Circle Reader Service Number 150. 



Total capability: 
fmn1cable 
to terminating equipment. 
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Wedo it all, 
so you can have it all. 
From one reliable manufacturer. Whether it's 
parallel conductor cable, pre-terminated jumper 
assemblies, or flexible circuit patterns, which give 
you compactness plus efficiency. In widths up to 22". 

A tot?"Ynew 
idea in cable. 
We can also offer power and signal circuits, plus 
matched-impedance circuitry, on one cable. But 
best of all, we designed this unique "combination" 
cable to be cut incrementally. 

The automatic way 
to low applied cost. 
We also supply application machines for flat cable 
assembly in your plant. At the lowest possible 
applied cost to you. And at the highest production 
rates possible. They're fast, reliable and easy. No 
need to prepare the cable. Just cut to length and our 
machine does the rest-economically. 
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Areyoustill 
tenninatingleads 
on round-conductor 
Dexible cable 
one at a time? 

If you are, then it's time to be using AMP 
latch connectors. They let you terminate all 
leads simultaneously. Without pre-stripping 
or soldering. 

These connectors are available in 10- to 
6()-position receptacles. And can mate with 
true .100 grid, two-row patterns of .0252 posts. 
Inspection is simple-even during termina­
tion. 

Our fork-type contacts provide redun­
dancy and each locks into the cover for 
maximum point-of-contact pressure and 
cover retention. 

Dual camming and 
latching beams on AMP 
contacts provide possible 
4-point contact and posi­
tive locking for each con­

~ nector cover. 
Our versatile bench press terminates 

AMP latch connectors (Circle Reader Ser­
vice Number 151) in seconds. And you can 
interconnect to pc-board spring sockets, DIP 
headers, directly to the board itself-or wher­
ever high-density interfacing is required. 
Strain reliefs can be snapped on after termina­
tion and assembly. 

AMPMODU post headers are available 
to accommodate AMP latch connectors. Our 
complete line includes single- and double­
row, straight-through and right angles on 
.100" , .125" and .150" center lines. 

All in all , we have the experience and 
know-how to do just about everything for 
you. From cable to connectors to headers to 
terminating equipment. You can even have 
our cable with all connectors assembled and 
ready to plug into your equipment. So call 
(717) 564-0100 for more information. Or write 
AMP Incorporated, Harrisburg, Pa. 17105. 
AMP and AM PMODU are trademarks of AMP Incorporated 

ANIP 
INCORPORATED 



BOURNS 
trims more 
circuits 
than 
anyone 
else in the 
world! 

here's why ... 
NOBODY KNOWS MORE ABOUT 
TRIMMERS THAN WE DO 
Marian E. Bourns, President of Bourns, Inc., 
invented the modern miniature TRIMPOT® 
trimming potentiometer. This company 
pioneered the industry, and has maintained its 
leadership position for over a quarter of a century. 

WE GIVE YOU WHAT YOU NEED 
Bourns has the broadest line of trimming 
potentiometers in the industry. We produce 
just about any type, shape, size, style you're 
likely to need. We make them more readily 
available via a large factory inventory ... and 
91 stocking distributors. 

Ready to simplify your specifying? Standardize 
on Bourns "Top Twenty" ... they cover 90 % 
of your application requirements. Write for our 
Top Twenty Designer's Portfolio. 

YOU CAN DEPEND ON BOURNS 
Trimming potentiometers are the most cost­
effective method of adjusting, regulating and 
controlling circuits ... and they will remain 
so for the foreseeable future. Bourns is the 
most capable, straightforward and reliable * 

supplier of trimming potentiometers. 
Depend on Bourns. 

QUALITY, SERVICE, VALUE -Bourns is No. l 
... you can depend on it! 

BOURNS, INC., TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVENUE, RIVERSIDE, CALIFORNIA 92507 
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It's a rout: compare two 256 x 4, five-volt ion-implanted, N-channel sil icon 
gate static MOS RAMS. With 16 pins and bus-structuring. Against eight 1024 x 
1 's. It's no contest, no two ways about it. The 256 x 4 is the greatest savings 
device to come across the board in read/write organization. And here's 
the byte. You get an eight-bit word with only two IC's instead of eight. 
Why pay for more than you need? The 256 x 4 organization gives you 
no wasted bits. And an industry standard package saves you board 
space, design time and money. 

Presenting the 2606 static MOS RAM. The first one out 
had to be fast. The 2606 gets it done in 750 ns access 
time. Its bus structuring means simpler input/outputs, 
and no interface and support logic. And this RAM fits 
right into the scheme of new bus-oriented systems 
to come. Throw in total TIL compatibility with no 
clocks required, and your 256 x 4 package 
is complete. 

The 2606. Your distributor has 
inventory now. Buy some today. And while 
you're at it, send us the coupon. We'll get 
you more information on our new 
256 x 4's-and other MOS 
memories. From Signetics, 
first again. 

ADD IT UP. 
NOW TWO IS MORE 
THAN EIGHT. 

r---------------------------, l!m• nnt·.cl! Signetics MOS ii II: ii P.O. Box 3004-39 
Menlo Park, Cali fornia 94025 (408) 739-7700 

Let's have the com plete specs and technical data on your 
new 256 x 4 N-channel : The 2606. 

Title _____________ _ 

Company ____________ _ 

Qty ___ ___ state __ Zip _ _ _ 

I Telephone ____________ _ 

L••••••••••••••••••••••••••-~ 
S1gnet1cs Corporation. a subs1d1ary of Corning G lass Works, 8 11 East Arques Avenue, 
Sunnyvale. Cal1forrna 94086 (408} 739-7700 

INFORMATION RETRIEVAL NUMBER 132 
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TRW Darlingtons tame 

32 

variable speed 
acmotor 

New low-cost replacements for SCRs in 
variable frequency ac motor drives 

TRW's high -speed power Darlingtons have tamed the 
variable speed ac motor. Their high voltage and high 
current ratings make them an ideal replacement for 
SCRs and associated commutating circuitry in 
inverter circuits . 

ratings to satisfy a range 
lc(Continuous) 

10A 

15A 

20A 

of design requi rements: 

V CEO (Sustaining) 

350V, 400V and 450V 

300V, 350V and 400V 
300V, 350V and 400V 

Now you can design lower cost ac motor control 
systems that deliver higher performance and greater 
efficiency. Specifically developed for use at switching 
frequencies to 20KHzand higher, TRW power Darling­
tons are offered with a variety of current and voltage 

TRW power Darlingtonsare mounted in the stand­
ard T0 -3 package and are stocked in depth at TRW 
Power Semiconductor distributors . 

Fo r additional information and applications assistance, write TRW Power Semiconductors, 
an Electronic Components Division of TRW Inc ., 14520 Aviation Boulevard , Lawndale, California 90260. 

Or call John Powers (2 13) 679 -4561 . 

TRW. POWER SEMICONDUCTORS 

These products are available through the following authorized distributors : 

Almo Electronics Electron ics Marketing Corp. Lake Engineering , Ltd . 
Bell Industries Elmar Electronics Inc. Liberty Electronics 
Cramer Electronics Inc. Hall-Mark Electronics Corp. Pyttronic Industries Inc. 
De Mambro Electronics Harvey-Michigan Inc. Rochester Radio 

INFORMATION RETRIEVAL NUMB ER 16 

Semiconductor Concepts Inc. 
Summit Distributor 
R. V. Weatherford Co. 
Westates Electronics Corp. 
Wilshire Elect ronics 
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Ultimate interface studied: 
A mind-reading computer 

A computer system that "reads 
minds"-the ultimate in man-ma­
chine interfaces-is being developed 
at · Stanford Research Institute, 
Menlo Park, Calif. 

Described as a biocybernetic, or 
automatic biologically . controlled 
communications system by an SRI 
researcher, Rebecca Mahoney, the 
device monitors and identifies pat­
terns in human electroencephalo­
graphic signals (EEG) that are as­
sociated with language. Once these 
paitterns are identified, she says, 
they are used to control the opera­
ation of laboratory equipment. 

In explaining how the system 
works, Mahoney notes that a sub­
ject is shown seven words-right, 
left, up, down, near, far, and stop 
-and is told to say each to him­
self. As the subject says each word, 
his EEG pattern is recorded and 
stored in the memory of a Digital 
Equipment LINC 8 computer. The 
Stanford researcher points out that 
each person has a unique EEG 
pattern response to specific words. 

After all seven word patterns, 
called templates, are stored in the 
computer, the words are again 
shown to the subject. As he says 
them to himself, this time the EEG 
pattern is compared with his tem­
plates previously recorded in the 
computer memory, and the test 
match is chosen. The new signal is 
then averaged with the original 
template, and an output signal, in­
dicating the word, is generated. 

Instead of indicating the word 
that the subject saw, the computer 
could be programmed: to use the 
signals to operate a different piece 
of equipment for each word. 

"Originally we were going to 
interface with a TV system, so that 
the motion of a TV camera could 
be controlled," Mahoney says. 
"That's why those specific words 
were chosen. But the camera equip­
ment had to be moved to another 
location." 

ELECTRONIC DESIGN 16, August 2, 1974 

Commenting on the accuracy of 
the system, the researcher notes 
that the computer's recognition of 
specific words varies between 60 % 
and 100 %, depending on the word. 
The words "up.'' and "stop" are 
most easily recognized by the com­
puter, while the words "near" and 
"far" are the most difficult. 

Funds for the project are being 
provided by the Advanced Research 
Projects Agency, which is sponsor­
ing a large biocybernetics program 
designed to make man and ma­
chine more efficient. 

The long-range goal of the 
Stanford project is to link man's 
creativity with the speed and 
memory capacity of a digital com­
puter. By doing this, Mahoney 
notes, it may be possible to elimi­
nate the need for punch cards, tele­
typewriters and other means cur­
rently used to enter data into a 
computer. 

For the short range, Mahoney 
thinks that within a few years a 
biocybernetics communication sys­
tem will be feasible for aircraft 
pilots. In this application, most of 
the meters in a cockpit would be 
replaced by a CRT display. When 
the pilot wanted specific informa­
tion-like altitude-he would just 
think about it, and the information 
wo~ld be displayed on the screen. 

Data display competes 
with AT&T terminal 

In the culmination of a develop­
ment program started nearly two 
and a half years ago, International 
Communications Corp. of Miami 
has entered the communications 
display market with the 40+ Data 
Display System. 

Currently a leading manufactur­
er of medium and high-speed mo­
dems, ICC's system is designed to 
compete with American Telephone 
and Telegraph's Dataspeed 40 dis-

play terminal. In fact, the 40 + 
designation implies that the ICC 
product has more features than the 
AT&T version. 

The ICC 40 + consists of three 
modular sections : a controller logic 
module, a display monitor on a 
swivel and a stand, and a keyboard 
logic module. The system features 
a firmware-programmable micro­
processor with up to 8 k of random­
access memory and up to 8 k read­
only memory. 

The firmware is divided into five 
categories: keyboard; displayed 
monitor data entry; a forms con­
trol that enables the form genera­
tion for controlled data entry by 
the user; local off-line printing, 
and self-diagnostic features to iso­
late system failures. Communica­
tion modes include dial, dedicated 
or DDS networks. The speeds offer­
ed are synchronous at 1200 bps or 
synchronous at 2400 bps. 

The company says small-quantity 
deliveries are scheduled for the fall 
of this year and early 1975. 

Mm waveguide heralds 
bigger phone capacity 

AT&T will soon begin testing an 
eight-and-a-half-mil e stretch of 
millimeter waveguide in northern 
New Jersey. If the high-capacity 
link proves satisfactory and the 
Federal Communications Commis­
sion approves, it will be incorpo­
rated into the company's New 
York-to-Philadelphia telephone sys­
tem by the early 1980s. 

The 2-1 / 2-inch tube, buried four 
feet underground, initially will be 
capable of carrying 230,000 tele­
phone conversations at the same 
time, with an ultimate planned ca­
pacity of a half million. 

The waveguide tube permits 
voice, data and television signals 
in the form of billions of coded 
pulses to flow through a controlled 
atmosphere at the speed of light. 
The frequency band of the wave­
guide system is 40 to 110 GHz-a 
greater bandwidth than all the 
combined "through-the-air" radio 
frequencies now authorized for 
common-carrier use. 

These coded signals are able to 
travel relatively Jong distances with 
little loss of energy. They require 
amplification only once every 20 to 
25 miles. Some coaxial-cable sys­
tems require amplification every 
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one or two miles. 
To develop the millimeter wave­

guide and to learn how to manu­
facture it, a team of scientists and 
engineers at Bell Laboratories and 
Western Electric had to overcome 
a number of technical challenges. 
For example, imperfections in the 
roundness and straightness of the 
waveguide can reduce or distort the 
flow of radio signals through it. 
Also, it must follow land contours 
and route curves with a minimum 
of signal losses or distortions. 

To meet design objectives like 
these, Bell scientists developed two 
type of steel-packeted waveguide. 
One, called dielectric waveguide, 
has a thin inner layer of copper 
lined with a dielectric material. 
The other, helical waveguide, has 
an inner helical winding of insu­
lated copper wire, impregnated in 
epoxy. A combination of both types 
is used to keep losses low. 

LED on miner's cap 
warns of radiation 

A personal radiation detector 
that can be mounted on a miner's 
cap has resulted from the develop­
ment of a new family of low-volt­
age, surface-barrier alpha-particle 
monitors. 

Developd by Arthur D. Little 
Inc., Cambridge, Mass., for the U.S. 
Bureau of Mines, the monitor­
called the Alpha Alarm-measures 
the radioactivity in a uranium 
mine or other hard-rock environ­
ment by means of a flashing (safe) 
or steady-on (dangerous ) LED 
placed at the front of the miner's 
cap. 

Available surface-barrier detec­
tors-silicon overlayed with a thin 
aluminum window on the order of 
50 micrograms/ cm2-required 60 
to 90 V for operation, could not 
withstand the humid environment 
in the mines and were easily de­
stroyed by chemical contamination, 
says Donald Lindsay, A .. D. Little 
health physicist. 

"We reviewed the manufacturing 
process for surface-barrier cells 
and developed our own techniques," 
he reports. 

The new cells operate at 6 V, 
and consequently can be powered 
by the batteries in a miner's lamp. 
The cells are also substantially 
more resistant to the mine environ­
ment. 
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The alpha radiation is monitored, 
Lindsay explains, because it is the 
dangerous air contaminant. The 
problem stems from the fact that 
any mine has had in the geological 
past some amount of uranium 238. 
As a result, radium is present. 
Radium decays to radon 222, which 
is a rare gas with a 3.8-day half 
life. 

Two of radon's short-lived decay 
products, with a half life on the 
order of minutes, are the alpha 
emitters of polonium 218 and polo­
nium 214. These alpha decay prod­
ucts readily attach themselves to 
dust particles. If this dust exceeds 
certain contamination levels, its in­
halation can produce lung cancer. 

The Alpha Alarm electronics, de­
signed by Martin Cohen of A. D. 
Little, detects the individual alpha 
particles that strike the detector 
and integrates the count at a very 
low rate-less than one count per 
second. The circuit keeps ·a run­
ning average of the counts, so that 
any time the count rate gets above 
20 counts within a half minute, the 
LED, which has been flashing with 
the impact of each alpha particle 
on the detector, remains on con­
tinuously, indicating a dangerous 
condition. 

The electronics provides selective 
measurement of airborne particles. 
And it rejects a constantly accumu­
lating noise level caused by those 
particles that attach themselves to 
the surface of the detector. For 
this purpose, a pulse-height selec­
tor has been incorporated to limit 
the response to those particles be­
low 7 MeV. The level from alpha 
particles that attach themselves to 
the detected surface is 7.7 MeV. 

Spurious radio noise 
viewed as health peril 

Electromagnetic pollution harms 
not only the performance of com­
munications systems but people's 
health as well , the recent IEEE 
International Symposium on Elec­
tromagnetic Compatibility was 
told. 

"We are paying a price, general­
ly recognized by the public, for the 
effects of man-made radio noise," 
James F. Lynn, an EMC consultant, 
said in a paper on "Proliferation 
of Electromagnetic Pollution, or 
Look What We're Doing to Our­
selves." "The man-made sources of 

electromagnetic radiation have 
been increasing at a rate of about 
20% per year for the past 35 
years. Thus we are exposed on all 
sides to increasing amounts .of non­
ionizing radiation." 

.The medical community has be­
come increasingly concerned about 
electromagnetic interference for 
two major reasons, Lynn observed. 
First, sensitive medical electronics 
equipment must be carefully shield­
ed to prevent reception of unde­
sired signals or radiation of its 
own energy to other equipment. 
The result is increased costs for 
vital hospital apparatus. 

Researchers at the University of 
California San Francisco Medical 
Center, Lynn noted, have found 
that cardiac pacemakers can be dis­
abled by signals from fm and tele­
vision transmitters. This finding 
may lead to the redesign of some 
pacemakers. 

The second major concern of 
medicine, Lynn said, is that elec­
tromagnetic radiation levels in 
large cities may directly alTect the 
human body. He gave some ex­
amples of biological effects pro­
duced by electromagnetic fields. 

"A frequency of about 30 MHz 
can kill any bugs in a loaf of 
bread, he explained, "and the mi­
crowave oven frequency of 2450 
MHz can damage human tissues. 
At a frequency of about 10 GHz, 
ants align their antenna in a 
parallel with the electromagnetic 
field, and the wings and legs of 
chickens will extend when irradi­
ated by about 18 GHz." 

Some electromagnetic pollution 
may be unavoidable, the consultant 
said, as the radio spectrum is satu­
rated with more broadcasting, com­
munications and telemetry signals. 
This leads to such problems as 
cross-channel interference between 
services and the saturation of the 
air-traffic control system over 
large cities. 

But other interference sources 
are clearly avoidable, he continued. 
The leakage of signals from cable 
television systems, because of dam­
aged cables or faulty shielding or 
improperly adjusted transmitters, 
can be halted, Lynn noted. And in­
terference generated by electric 
power-distribution systems, rail­
roads, automobiles and electrical 
equipment may require the rede­
sign or replacement of noise-gener­
ating parts, he said. 
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SerenDIP-itous 
reminder 

A versatile family of solid state DIP relays 

Serendipity is a gift for finding valuable or 
pleasant things you hadn't looked for. 
Teledyne, the world's largest maker of solid 
state relays makes serendipity for 
engineers - We make SERENDIP®s. 
The SERENDIP® family includes four kinds 
of solid state DIP relays for different jobs. 
They up-grade, with all the advantages of 
solid-state - total input/output isolation, 
low-level logic input compatibility, fast 
response time, no "contact bounce" (drive 
IC's directly), and long life dependability. 
All this in low profile T0-116 DIP packs 
with equally low cost. 
About those different jobs. The 640-1 
features bi-polar output, AC or DC up to 
50v/80Ma, with low ON resistance -
2 ohms typical. Use it for isolated line 
drivers and data couplers, AID converters, 
modulators and demodulators. 
The 641 is a small AC powerhouse-1 AMP 
Triac output, 140 or 280 VAC with a 10 AMP 
surge rating. Try it for lamp or inductive 
load control - solenoids, motors, 
transformers, etc. And the 641 is 
now UL recognized. 
The 643's are DC versions capable of 
switching up to 60v/400Ma or 250v/100Ma. 
They actually exceed current and voltage 
switching capabilities of opto-isolators. In 
communications, use them for keyer 
switching - or as telegraph relays. 
Finally, the 644 is a low offset voltage unit 
that solves switching problems in 
instrumentation applications. Use it for 
low level transducer signal switching, 
series choppers, scanners, 
sample-and-hold, multiplexing, etc. 
The SERENDIP® family - a pleasant 
reminder from Teledyne Relays. Ask your 
rep or distributor, or call us. 

~~TELEDYNE RELAYS 
3155 West El Segundo Boulevard Hawthorne, California 90250 

Telephone (213) 973-4545 
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SOS devices: Not yet making it 
LSl ... but wait till next year • 1n 

Silicon-on-sapphire tee h no 1 o g y 
is not as yet a major factor in the 
LSI arena, but the large amounts 
of money and effort being pumped 
into it indicate that the wide­
spread commercialization of SOS 
is imminent. 

While SOS can be used with 
most of the semiconductor technol­
ogies-PMOS, NMOS and CMOS 
-much of the early work is ex­
pected to be in CMOS. Several 
CMOS/ SOS devices are now avail­
able, and more are expected to 
make their . commercial debut in 
1975. Industry sources indicate 
that while 1-k RAMs, microproc­
essors and 4-k ROMs will appear 
by mid-year, high-volume quanti­
ties are not anticipated before 
1976. 

Why all the interest in CMOS/ 
SOS? The answer is simple: It is 
close to an ideal technology. Ac­
cording to Al Feller, an engineer 
working with SOS at RCA's Ad­
vanced Technology Laboratory in 
Camden, N.J., the technique is in­
trinsically capable of yielding 
higher density. Another plus is a 
reduction in the number of masks 
needed, compared w.ith standard 
CMOS. And the masks are simpli­
fied as well, Feller says. This is 
so because, with sapphire, it is 
possible to eliminate the guard 
bands that normally isolate p de­
vices from n devices in CMOS. 
The smaller and simpler devices 
made possible by use of SOS also 
result in a higher over-all yield. 

Only one commercial source 

While many companies are do­
ing research on SOS technology 
and have fabricated devices in the 

Jules H. Gilder 
Associate Editor 
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N MOS FET ON SOS 

GATE 
INSULATOR 

GATE 
ELECTRODE 

P MOS FET ON SOS 

JUNCTION BETWEEN N-TYPE 
AND P·TYPE SILICON 

SAPPHIRE SUBSTRATE 

CMOS/SOS devices are fabricated by depositing 1 micron films of silicon 
on sapphire wafers. The silicon is selectively etched to form isolated islands 
and vertical junctions are made with diffusion techniques. 

laboratory or on a custom basis, 
only one company, Inselek of 
Princeton, N.J., offers SOS de­
vices on a commercial basis. Un­
like most companies working on 
the technology, Inselek has de­
cided to produce SOS equivalents 
of RCA's 4000 CMOS devices. 

Ed Ross, vice president of In­
selek, notes: "We have produced 
26 of the 4000 series devices in 
SOS. In addition we have a num­
ber of proprietary devices, such as 
a 256-by-1 static CMOS/ SOS RAM 
and a 4-by-4 crosspoint switch." 

In comparing CMOS/ SOS with 
standard CMOS, Ross notes that 
SOS results in a three to fivefold 
increase in speed for MSI func­
tions. Bill Wagner, MOS market­
ing manager for RCA's Solid-State 
Div. in Somerville, N.J., reports 
that it is possible to get as much 
as a 10-to-1 incre·ase in speed with 
SOS. He points out, however, that 
the speed advantages of SOS are 
only fully achieved on LSI devices. 

In explaining why, he says that 
if standard parts-especially SSI 
or MSI-are used, the off-chip 

capacitance of the package and 
printed-circuit board is just as 
great as ever. You really lose the 
benefit of the low capacitance of 
the SOS chips if you start to wire 
them together. 

The high speed is particularly 
useful in watch circuits. Most 
watch circuits now use a 32-kHz 
crystal that costs $3 to $4. To use 
a less expensive crystal, it is nec­
essary to go up in frequency. But 
when the frequency goes up, so 
does the power dissipation. With 
SOS, the power dissipation is the 
same and it is possible to raise 
the frequency to 4 MHz, where a 
less expensive crystal can be used. 

There are problems, too 

Even though CMOS/ SOS is 
closest to the ideal semiconductor 
technology, there are problems, as 
Ken Stevenson, manager of the 
Digital Applications Group at 
Harris Semiconductor, points out. 
The main one, he s-ays, is high 
leakage. 

At first glance, the high speed 
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PULSED LASER 
MEASUREMENT RESULTS 
IN MINUTES! 

The R7912 offers you the following 
measurement capabilities: 

Analog Bandwidth: 
1 GHz at 4 V /DIV 
500 MHz at 10 mV /DIV 

Resolution: 
320 by 400 lines 
512 by 512 addressable points 

Writing Rate: 
8 DIV /N sec-Digital Mode 
30 DIVIN sec-TV Mode 

Sampling Rate (effective): 
10 psec (100 GHz) or slower 

Investigate the TEKTRONIX R7912 Transient Digitizer, The TEKTRONIX R7912 Transient Digitizer 
represents orders of magnitude improvement in 
high speed transient measurements. It allows you 
to make your laser measurements quickly and 
easily:--such measurements as checking switch­
out effectiveness, looking for multi -modes, 
checking pumped ampl ifiers, and measuring 
effects on targets. One such target measurement is 
the study of particles gene.rated from a plasma like 
that shown in the photo above. 

it can make your pulse laser measurements easier and quicker. 
To obtain a copy of "New ways to see Fast Transients" 

Fast transient measurements can be viewed 
rapidly-with no need for photog raphs- whether 
your laser is running at a few pulses per second or 
single shot. The R7912 can be configured for 
direct viewing or for computer analysis. For 
repetitive signals (low or high rate), the TV mode 
offers large bright displays. For single transients, 
the digital display controller provides for viewing a 
refreshed display of the waveform on a monitor. 
For computer analysis, the PDP-11 interface allows 
waveform manipulation and measurement with 
Tektronix developed software. 

and/or pertinent application notes, contact your 
Tektronix Field Engineer, use the reader service card , or write 
to Tektronix, Inc. , P.O. Box 500A, Beaverton , Oregon 97005. 
Phone: 503/644-0161 . 
In Europe: Tektron ix, Ltd ., Guernsey, C.I ., U.K. 

1111 
TEKTRONIX® 

-

committed to 
technical excellence 

SYSTEMS 
DIVISION 
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and high leakage of SOS seem to 
be inconsistent with each other. 
Stevenson explains this by noting 
that while leakage is generally as­
sociated with an interface near 
the surface of the device, with 
SOS there is a second interface 
between the silicon and sapphire 
layers. It is this second interface, 
he notes, that induces the high 
leakage current. As a result, the 
leakage does not affect the speed 
of the device. 

Another disadvantage of SOS, 
Stevenson reports, is that the sub­
strate cannot be used as a voltage 
supply, as is the case with junc­
tion-isolated devices. With SOS, it 
is necessary to buss voltages on 
the surface of the chip via metal 
interconnections. This makes it 
more difficult to obtain high den­
sities. 

Gordon Hoffman, marketing 
manager for Mostek in Carrollton, 
Tex., points out other disadvan­
tages of SOS. The sapphire sub­
strate, he says, is not easy to cut. 
It can't be scribed like silicon sub­
strate, but must be sawed. It 
might also be possible to use 
lasers to cut the sapphire. 

Another problem with sapphire 
is that it cannot be die-mounted 
eutectically, but must be glued in­
to place. And finally, Hoffman re­
ports, sapphire has a higher 
thermal impedance than silicon, 
making it more difficult to dissi­
pate the heat. That's why there is 
such a strong interest in CMOS/ 
sos. 

The market is big 

Although very few SOS parts 
are available at present, the po­
tential market is large. Inselek's 
Ross notes that of the existing 
CMOS market, 20 to 30 % is avail­
able to the SOS manufacturer. 
This part of the market, says 
Ross, consists of designers with 
requirements for higher speed or 
greater complexity than is cur­
rently available. It also consists of 
buyers who must have a device 
that is free from the SCR latch-up 
found in bulk silicon. 

Much business is also expected 
in areas where CMOS could not be 
considered before. These include 
very-high-speed microprocessors 
and 1-k CMOS RAMs that work 
over the full CMOS voltage range. 
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SOS programmable logic array from Rockwell International is composed of 
diodes and resistors. The thin silicon film on the sapphire substrate permits 
quick custom laser encoding via selective removal of silicon. 

All about SOS 
Silicon-on-sapphire is a fabri­

cation technique in which thin 
crystalline films of silicon are 
deposited on a single crystal 
alumina (sapphire) substrate. 

According to Frank L. Chiar­
etta, director of process tech­
nology at Rockwell International, 
Anaheim, Calif., SOS films are 
usually poorer in quality than 
bulk silicon; their crystals are 
relatively disordered, particular­
ly at the silicon/ sapphire inter­
face. 

This characteristic, notes 
Chiaretta, tends to limit circuit 
fabrication to diode, resistor 
and MOSFET types of devices. 

But for these devices SOS 
films as thin as 2 µm can be 
produced. These thin films make 
it possible to reduce significant­
ly, parasitic circuit capacitance 
and to achieve superior compo­
nent isolation. With thicker 
films, like those achievable with 
bulk-silicon dielectric isolation 
approaches, dimensional control 
and the ability of the etchant 
mask to withstand the etch be­
come major problems. 

The thickness of SOS films is 
comparable with diffusion depths 
commonly used in MOS/ LSI de­
vice fabrication. Consequently 
doping impurities penetrate 
completely through the silicon, 
so that the only component of 
the p-n junction is that normal 
to the surface. Since the princi­
pal area contributions to a p-n 
junction come from the under­
side and side walls of a diffusion 
well, the SOS vertical junction 
area-and hence capacitance-is 
reduced considerably. 

In comparing the power dis­
sipation of silicon-on-sapphire 
devices with bulk silicon, one 
can see that SOS is not especial­
ly advantageous in the standby 
mode because of its high l:oss 
leakage. This is due primarily to 
the high lattice disorder of the 
crystal. 

The power advantage of SOS 
can be seen, however, at opera­
tional speed, where power con­
sumption is essentially a CV2f 
term and where the SOS capaci­
tance, C, is substantially less 
than the bulk-version value. 
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Our gold 
spot 

could be 
youruold 

mine. 

At today's prices, gold is just 
too expensive to use where it's 
not needed. 
That's why Sylvania developed 
the technique of puffing a 
circle of gold on lead frames 
(where it's needed) without 
coating the whole frame (where 
it's not needed). 
Check gold prices in today's 

paper. You'll see what real sav­
ings can be. And you'll see why 
our method offers the highest 
qualify at a lower price. 
You'll also see why people like 
us when we put them on the 
spot. GTE Sylvania, Parts Divi­
sion, Warren, Pa. 16355. 

(?ji#J SYLVANIA 



Walter Kalin, CMOS marketing 
manager for Solid State Scientific, 
Inc., Montgomeryville, Pa., a lso 
sees a big market for CMOS/ SOS 
microprocessors and RAMs, but 
not until 1976. The memories and 
processes will be available next 
year, he agrees, but he expects 
price and availability to be un­
favorable. RAMs will probably 
cost about $150 each, he says, and 
there's no mass market for that. 

There won't be production ca­
pacity in the industry to support 
a mass market until 1976, Kalin 
predicts, and by that time the 
price of CMOS/ SOS memory will 
be about 2 cents a bit. That's still 
a little high, he notes, but the ad­
vantages of the device will be 
enough to create a sizable market. 

Beyond that? Kalin says that 
for the long haul, CMOS/.SOS 
RAMs will cost about 0.2 to 0.3 
cent a bit. But that won't be until 
at least 1978, he predicts. 

Present supplies limited 

What's available today? Not 
much. Most of the SOS ICs being 
produced are custom devices. An 
example is the n-channel SOS 
microprocessor developed by Rock­
well International for General 
Automation. The microprocessor is 

SOS and bulk silicon memories compared 
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the first such SOS dedce to be fab­
ricated. The processor can handle 
an 8-bit word and has an instruc­
tion execution time of 2.64 µ,s. 

CMOS/ SOS processors are a lso 
being developed. One is a general­
purpose unit being developed by 
RCA's Advanced Technology Lab­
oratory for NASA. According to 
RCA's Feller, t he SOS CPU will 
have the capability and complex­
ity of an IBM 360/ 65. In addition, 
he says, it wi ll have some fea­
tures that the 360/ 65 doesn't have, 
such as considerable real-time ca­
pability. 

Unlike the General Automation 
unit, which consists of only two 
chips, the unit being developed 
for NASA will consist of about 60 
SOS chips of 13 different varie-

512X 1 1024 x 1 1024 x 1 

BULK SILICON BULK SILICON sos 
CMOS BIPOLAR CMOS 
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ties. That's a lot more than the 
General Automation unit has, but 
the NASA computer will be able 
to do more. It will, notes Feller, 
be capable of addressing a full 
32-bit memory. The final system 
will contain 64,000 words of mem­
ory. Only the scratch-pad memory, 
which will contain 512 32-bit 
words, will be SOS; the rest will 
be NMOS. The SOS processor is 
to be capable of multiplying two 
32-bit numbers in 9 ,µs. 

The CPU is to consume only 15 
W of power, while the rest of the 
computer circuitry is designed to 
consume about 35 W. The entire 
computer will be housed in two 
15-by-15-in. cards in a box slightly 
larger than one-half cubic foot in 
volume. •• 

And now, ·magnetic bubbles for displays 
Magnetic bubbles, traditionally 

thought of as a memory technolo­
gy, are entering a new era of appli­
cation-displays. The development 
that makes this possible is the dis­
covery at IBM's Watson Research 
Ce nt er of liquid magnetic 
bubbles. 

The IBM researchers at York­
town Heights, N.Y., formed liquid 
magnetic bubbles by sandwiching 
between two plates of glass a ferro­
fluid-a liquid colloidal suspension 
of submicron magnetic particles­
and a transparent immiscible host 
fluid of the same density. When 
they applied a magnetic field to 
this sandwich, small liquid mag­
netic bubbles formed. 
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The major difference between 
magnetic bubble domains and 
liquid magnetic bubbles is that the 
latter retains a constant volume and 
its propagation involves the actual 
transport of mass. Unlike magnetic 
domains, the liquid bubbles do not 
collapse, so that magnetic-field mar­
gins can be greatly relaxed. 

The analogy between liquid mag­
netic bubbles and magnetic bubble 
domains is more than superficial, 
note the IBM researchers. Not only 
are the general properties-such as 
mutual repulsion, attraction to 
permalloy overlays and wall-motion 
coercivity- similar, but many of 
the numbers scale up as well. For 
example, devices fabricated with 

liquid bubbles use the same T and 
I bar patterns that were used on 
magnetic-domain devices. The only 
difference is that they were scaled 
up about 20 times. 

Since liquid-bubble propagation 
is limited by viscosity, interfacial 
tension and friction to the lower 
audio frequency range, its only 
practical application would appear 
to be for displays, the IBM re­
searchers contend. In this it has 
several advantages, including 
these: a bubble size that can be 
varied between 50 µ, and 1 mm; in­
finite contrast without the need for 
optics or polarizers, and extremely 
low cost of materials and fabrica­
tion. •• 
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Dia light 
sees a need: 

(Need: Single source supply for all indicator lights.) 

See Dialight. 

INCANDESCENT OR NEON MINIATURE AND LARGE INDICATORS 
Designed to accommodate either incandescent (2-250V) or neon (105-
250V) lamps for panel mounting in 11/ 16" or l" clearance holes. Units 
meet or exceed MIL-L-3661 requirements; all are listed in Underwriter's 
Recognized Components Index. Wide selection of lens shapes, colors, 

0 
I I 

4 

ON 

LED, INCANDESCENT OR NEON ULTRA-MINIATURE DATALITES® 
Meet or exceed MIL-L-3661. Replaceable plug-in cartridges for l.35-125V 
operation. Indicators mount as close as l / 2" centers; available with red, 
green, amber, blue, white translucent, light yellow or colorless lenses in 
wide range of lens shapes, legends and finishes. Off-the-shelf. 

INCANDESCENT OR NEON SUB-MINIATURE INDICATORS 
Meet or exceed MIL-L-3661. Mounts in 15/ 32", 1/ 2" or 17/ 32" clearance 
holes. Incandescent for l.35-28V; neon has patented built-in current 
limiting resistor. Choice of cylindrical, faceted , convex, flat, square and 
round lens shapes, colors, finishes, legends. Off-the-shelf. 
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finishes and terminations. Many lenses may be hot stamped, engraved or 
offered with film legend discs. Oil-tight units with unique "O" ring 
construction make them oil, water and dust tight on the face of the 
panel. Available off the shelf for prompt delivery. 

DIAL/GI-IT 
Dialight, A North American Philips Company 

203 Harrison Place, Brooklyn, N. Y. 11237 (212) 497-7600 

SEND ME FREE INDICATOR LIGHT PRODUCT SELECTOR GUIDE. 
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Study of internal laser damage 
may lead to smaller devices 

High-power lasers-now made 
unduly large by oversized optical 
elements needed to withstand dam­
age from the laser beam-may ulti­
mately be trimmed in size and have 
their power output raised as a re­
sult of research in laser damage by 
the Air Force. 

The prime factor in reducing the 
size of high-power lasers is elimi­
nating damage to laser elements, 
says David Milam, physicist in the 
Laser Physics Branch at the Air 
Force Cambridge Research Labora­
tories, Bedford, Mass. Dielectric 
films used for reflectors and anti­
reflection coatings on laser optical 
elements are damaged at one-third 
to one-tenth the power levels that 
can be withstood by high-quality, 
polished optical surfaces, he points 
out. 

Destructive causes identified 

Until a year ago there was no 
firm identification of the cause of 
dielectric film damage, Milam ex­
plains. And only one mechanism 
for bulk material damage-ava-
1 an ch e breakdown-had been 
identified. 

Now, researchers at the Air 
Force Laboratories have isolated 
three basic damage mechanisms re­
sponsible for the destruction of 
bulk material and of dielectric 
films. These mechanisms-bulk ab­
sorption of radiation, inclusion or 
defect absorption, and avalanche 
breakdown similar to that occur­
ring in semiconductor devices­
have been identified by a new tech­
nique that uses constant-intensity, 
square-wave laser pulses to pro­
duce damage in test specimens. 

This is the first major step in 
finding solutions to the problem of 

Jim McDermott 
Eastern Editor 
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ORIGINAL SQUARE 
LASER PULSE 

PULSE BYPASSING 
SAMPLE 

1. Laser damage measurements are 
made in Air Force tests by comparing 
the laser test pulse with the pulse 
t ransm itted th rough the test sample. 

';"' 
z .... 

ABSORPTION 

ABSORBING 
INCLUSIONS 

( DELAY BEFORE DAMAGE l TIME --

2. The laser-damage mechanism 
present can be identified by com ­
paring test data wit h survival cu rves 
that are characteristic of damage 
types. 

oversized lasers, Milam notes. The 
search for improved materials can 
now begin. 

At present military use routinely 
requires larger lasers than desir­
able just to lower the power densi­
ty of the beam, the physicist notes . 
And final , laser amplifiers for 
fusion-energy experiments are 
huge, costly devices for the same 
reason. 

Previous attempts to identify 
damage mechanisms were unsuc­
cessful. They used the entire length 
of the round-topped laser pulse, 
Milam points out. But with these 
pulses, the damage mechanisms 
were superimposed on one another 
and impossible to separate, because 
of the inherent variation in laser-

beam intensity throughout the 
pulse. 

"What we do now," Milam 
says, "is to use a laser-triggered 
spark gap that drives a Pockels­
cell shutter. To obtain a constant 
intensity of radiation, we're gen­
erating relatively long 150-ns, Q­
switched pulses. And we're taking 
the center, high-intensity portion-
10 to 50 ns-out of the long pulse 
with the shutter. This shutter 
selects a single pulse from a mode­
locked pulse train." 

By comparing the pulse that 
passes through the element under 
test with the initial square wave, 
the researchers can see the start 
and progress of damage (Fig. 1) . 
From a sequence of test firings, 
data are obtai'ned, from the data, 
"survival curves" are generated. 

These curves are a measure of 
how long a laser test element will 
survive until damage occurs. The 
different kinds of damage produce 
different survival curves. The sur­
vival curves are compared with 
computed theoretical functions for 
identification. 

Interestingly enough, Milam 
points out, the identification of 
damage mechanisms by this meth­
od has nothing to do with the abso­
lute power level. 

If the sample under test is a 
completely uniform absorber, all of 
the areas that are irradiated with 
the same intensity survive until 
some damaging temperature is 
reached. At that point all of the 
test areas show damage, and con­
sequently the curve for absorption 
damage drops rapidly. 

At test samples where metallic 
or other absorbing inclusions, such 
as spherical defects, are ·present, 
damage will not appear until suffi­
cient energy is applied by the laser 
pulse to increase the temperature 
of the most easily heated inclusion 
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to the damaging point. At that 
point inclusion damage appears on 
the "absorbing inclusions" sur­
vival curve (Fig. 2 ) . As the beam 
is moved around to different test 
sites on the same piece of mate­
rial, damage does not occur for all 
tests, because all sites don't contain 
inclusions. As a result, the damage 
level stabi lizes at a constant value 
that trails off to the right, termi­
nating at the end of the experi­
ment. 

Avalanche breakdown also occurs 
with sufficiently high laser-beam 
power density. For example, when 
the laser beam is applied to a 
homogeneous, perfect dielectric ma­
terial that is both nonabsorbing 
and transparent, an electric field 
oscillating at the laser frequency 
appears in the material. Where this · 
field js sustained, it causes rupture 
damage. With intrinsic electron 
avalanche breakdown of the perfect 
material, the survival curve is 

linear, with a fixed slope. 
Where the material contains 

some defects, such as finishing 
scratches, the electric field at the 
defects is higher than the applied 
field, and what is termed enhanced 
avalanche breakdown occurs. 
Where defects are present, the ava­
lanche curve is linear, but the 
slope varies for different defects. 
The superimposition of these lines 
produces the initial sag in the 
curve, as in Fig. 2. •• 

Nuclear ILS for aircraft proves 
safe and sound in feasibility tests 

A nuclear instrument-landing 
system for aircraft has been 
demonstrated as both safe and 
feasible in field and flight tests by 
the TRW Systems Group, Redondo 
Beach, Calif. 

The system used beacons contain­
ing radioisotope sources, which emit 
controlled gamma radiation for 
guidance control. The development 
and test program, conducted by 
TRW for the Atomic Energy Ad­
ministration and the Federal Avia­
tion Administration, is reported to 
have demonstrated the following 
potential advantages: 

• Use of gamma radiation 
makes the system immune to 
weather conditions. 

• The nuclear system has no 
beam-reflection problems, as does 
the conventional instrument land­
ing system (ILS). The radiation 
system could be used at sites where 
standard ILS would not work well. 

• Because gamma radiation 
readily penetrates the aircraft 
structure, it does not require spe­
cial openings or radomes in the 
plane. 

• In conjunction with standard 
ILS, the nuclear system could pro­
vide an independent short-range 
guidance system during the final 
phases of descent and touchdown, 
particularly in zero-visibility 
weather. 

• The nuclear system is relative­
ly simple and low-cost and could be 
used at low-traffic-density fields 
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Experimental nuclear landing system beacon used for feasibility tests. The 
twin-engine aircraft (Piper Seneca) was used for flight system evaluation. 

that could not support a standard 
ILS system. 

Similar to standard operation 

The operating principles of the 
nuclear instrument landing system 
are similar to those of the standard 
radio-frequency instrument landing 
system, according to R. A. Ka­
minskas, TRW staff engineer and 
developer of the new system. In­
stead of radio antennas, four nu­
clear beacons are used, two for the 
localizer beam and two for the glide 
slope. 

The gamma radiation is collimat­
ed in each beacon. In addition a 
mechanical shutter in each beacon 
modulates each of the beams at a 

different frequency. The airborne 
equipment consists of a special 
radiation detector and receiver, the 
output of which is presented on an 
ILS localizer/ glide-slope indicator. 

Radiation safety was a major 
concern. The levels proved to be 
well below the safety standards of 
the Atomic Energy Commission, 
Kaminskas reports. The measured 
radiation rate at the runway 
ranged from 0.1 mrad for most of 
the runway, increasing to 0.3 mrad 
in the vicinity of the beacons. 

The radiation dose received by a 
plane's occupants on landing was 
on the order of 1.6 x 10-3 mrad. 
On takeoff it diminished to 10-3 

mrad. 
"When you get down to these 
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Chances are 200 to 1 your next 
SLO-SYN® "Stepper" is in stock! 
Because SLO-SYN sells more stepping motors and 
drives than anyone else, they have to make more and 
ship faster to their busy distributors. 

Of course, there are more different standard, stock 
SLO-SYN motor sizes and torque ranges and more 
drive combinations available too. 

This means SLO-SYN distributors have to carry the 
largest stock to satisfy the demand. 

1" the custom solution to your incremental control 
of motion problem is on his shelf. 

You can design peace-of-mind into 
a drive system when you specify 
from the wide-control-world of SLO­
SYN motors and drives. 
Send for the latest SLO-SYN Motor 
Catalog and Motor/Drive Selection 
Guide. Write , wire , The Superior 

The next time you need a stepping motor or two or Electric Company, Bristol, Connecti-
five hundred, call the SLO-SYN Distributor near you. cut 06010, or call Jack Wallace at 

Tell h;m the SLO-SYN ad sa;d: " chances are 200 ¢ ®;/5:::ERIOR ELECTRIC 
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levels," says Col. W. S. Holman, 
physical scientist at the Atomic 
Energy Commission's Div. of Bio­
logical and Environmental Re­
search in Washington, "from a 
practical point, you're probably 
picking up more radiation from 
your wristwatch." 

Kaminskas points out that an ex­
clusion area is designed near the 
beacons, extending about 400 feet 
on both sides and 50 feet in front, 
to keep ground personnel at a safe 
distance from the most intense 
part of the beam. 

As installed at a test site, two 
up-range beacons, located 500 to 
1000 feet in front of the runway 
threshold, projected a combined 
beam that provided both glide slope 
and localizer information. Two 
down-range beacons, placed about 
2500 feet down the runway from 
the threshold, provided roll-out 
guidance. 

Dynamic approach used 

While similar static nuclear m­
s tr um en t-1 anding systems have 
been proposed, TRW has used a dy­
namic approach, in which beacons 
on the left side of the runway emit 
overlapping beams that are modu­
lated at 60 and 90 Hz. The beacons 
on the right of the runway produce 

Nuclear landing system detector and 
receiver are mounted in the aircraft. 

overlapping beams modulated at 24 
and 36 Hz. 

When the aircraft is on course 
it receives equal amplitudes of all 
four frequencies. If it is above the 
glide-slope path, the 60 and 24-Hz 
signals are greater than the 90 and 
36 Hz. If the craft is on the glide 
path but off to the right, it receives 
more of the 24 and 36-Hz than the 
90 and 36-Hz signals. 

The position of the aircraft rela­
tive to the beam slope and center 
line is computed by comparison of 
the strengths of the four signals. 

The radioi'sotope sources in the 
beacons-each beacon has two 

sources- are modulated by rotating 
mechanical shutters. The beams are 
shaped so that the level of radia­
tion at the center of the flight path 
and the runway remains constant. 

The radiation detector consists 
of a scintillator and a photomulti­
plier tube. When the gamma rays 
strike the detector tiny flashes of 
light are produced. The intensity 
of the fla hes is proportional to the 
energy of the radiation. 

The photomultiplier detects the 
light flashes, amplifies them and 
produces electrical signals. These 
signals are proces1;1ed and displayed 
on the ILS indicator. The output of 
the receiver is scaled to 0.5 ft/ µ,A 
for the glide slope and 2.4 ft / µ,A 
for the localizer. 

Although the gamma-ray emis­
sion consists of random pulses with 
an average rate of 5000 photons 
per second, the nuclear instru­
ment-landing receiver is designed 
to respond only to the modulation 
frequencies of 24, 36, 60 and 90 Hz. 

Ground and flight tests at Ed­
wards Air Force Base, Calif., have 
demonstrated feasibility of the sys­
tem, Kaminskas reports, but to ob­
tain the desired system accuracy of 
± 1.5 ft. for the glide slope and 
± 3 ft. for the localizer, additional 
development is needed to refine the 
beam-shaping absorbers. • • 

Navy display speeds weather forecasts 
A communications and display 

system in prototype operation at 
the Navy's Fleet Numerical Weath­
er Central in Monterey, Calif., is 
expected to improve and speed 
weather forecasts dramatically. 

Developed by Genisco Technolo­
gy Corp., Compton, Calif., the 
Naval Environmental Display Sta­
tion ( NEDS ) provides full commu­
nications, remote processing, auto­
matic graphic storage, retrieval 
and TV display capability up to 80 
data bits. The system incorporates 
a special data-compression tech­
nique that permits the Naval 
Weather Service to use the exist­
ing Teletype network for trans­
mitting weather and oceanographic 
data to the fleet. 

Traditionally the service uses 
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Weather conditions are observed on 
a CRT display of the Naval Environ­
mental Display Station now under 
test at Monterey, Calif. 

facsimile equipment to transmit 
graphic data over costly, wideband 
transmission lines. Weather and 
oceanographic maps received over 
the system often are of poor quali-

ty and difficult to interpret. Cor­
relation is done manually, and it 
involves the overlaying of maps by 
hand to make predictions. 

The system being tested has two 
TV monitors and a keyboard that 
permits a forecaster to view alpha­
numeric and color graphic material, 
while a plotter/ printer makes 
copies of any material of interest. 

All data received, selected and 
stored are automatically logged in­
to a computer index and become 
available, upon demand to the fore­
caster. He can call for a CRT dis­
play of the index, which lists the 
weather maps, messages and other 
data in the system's disc storage. 
He then calls for a display of the 
desired weather maps, via the key­
board, to do his forecast. • • 
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... ultimately generating a kaleidoscope of 
bilingual bonds between digital logic and asso· 
ciated circuitry. Like modem, memory, display 
and data bus interface. Peripheral, D/ A and 
AID and twisted pair interface. Industry firsts, 
innovative custom designs, and a lineup of 
popular second-source devices. Each a hue of 
the Motorola interface rainbow. A variegation 
that includes: 

- the first quad versions of the MC75107-110 
line drivers/receivers, the TTL compatible 
MC3450-53. 

- the first quad high speed comparators 
(MC3430-33) with unique "input sensi· 
tivity" specing to refresh a stale op amp 
heritage. 

- a major producer first in low-~st mono· 
Iithic A/D, DI A converters, the MC1505, 
6, 7 and 8. 

And on and on. The choice is yours. Make it 
easy with the new 20-page "Pocket Guide to 
Linear Interface Functions" which includes 
function block diagrams, temperature ranges, 
and package descriptions and outlines. Read 
all about it. Just one thin request via coupon 
or reader service number. 

A new generation of interface for a new genera· 
tion of design requirements. Interface shedding 
its linear genealogy and adopting digital tech· 
nologies. Chips of LSI density. 

Advanced MOS memory drivers and core· 
memory sense amplifiers, bus transceivers for 
minicomputer and microprocessor interface 
and high-voltage display drivers. High speed 
logic interface and instrument interface 
(G.P.I.B.) for measurement systems. More first 
generation monolithic AID and D/ A converters. 
Advanced refinements, like higher speed; and 
space saving strides, like quads, for existing 
device types. 

Tomorrow's components sired by today's 
technologies. Preview their maturity in "Inter· 
face -The Coming of Age'~ a comprehensive 
report on the trends and developments in inter· 
face. Request it today and behold the benefits 
of allying your future with the future of 
Motorola interface. 



Interface. Big challenges today. Bigger challenges 
tomorrow. 

Motorola. A myriad of solutions today. Solutions 
transcending tomorrow. SolutiQns with you in mind. 

After all, our success is riding on your success. 

NIOTOROLA LINEAR 
Interface-The End Is Nowhere In Sight 

MOTOROLA LINEAR INTERFACE FUNCTIONS 

MC1540 Core Memory Sense Amplifier 
MC1541 Dual-Channel Gated Sense Amplifier 
MC1543 Dual MECL Core Memory Sense Amplifier 
MC7522 Dual High-Speed Sense Amplifier 
MC7524 Dual High-Speed Sense Amplifier 
MC7528 Dual High-Speed Sense Amplifier 
MC7534 Dual High-Speed Sense Amplifier 
MC7538 Dual High-Speed Sense Amplifier 
MMH0026 Dual MOS Clock Driver 
MC75325 Dual Memory Driver 
MC1544 AC-Coupled Four Channel Sense Amplifier 

MC1488 Quad MOTL Line Driver RS·232C 
MC1489 Quad MOTL Line Receiver RS·232C 
MC1489A Quad MOTL Line Receiver RS·232C 

MC75491 Multiple Light-Emitting Diode (LED) Driver 
MC75492 Multiple Light-Emitting Diode (LED) Driver 

MC75450 Dual Peripheral Positive "AND" Driver 
MC7545l Dual Peripheral Positive "AND" Driver 
MC75452 Dual Peripheral Positive "NANO" Driver 
MC75453 Dual Peripheral Positive "OR" Driver 
MC75454 Dual Peripheral Positive "NOR" Driver 
MC75461 High Voltage Dual "AND" Driver 
MC75462 High Voltage Dual "NANO" Driver 
MC75463 High Voltage Dual "OR" Driver 
MC75464 High Voltage Dual "NOR" Driver 

MC1506 Six Bit, Multiplying Digital-To-Analog Converter 
MC1508 Eight Bit, Multiplying Digital-To-Analog Converter 
MC1505 Analog-To-Digital Converter Subsystem 
MC1507 Analog-Digital Control Circuit 

MCI 710 Differential Comparator 
MC1711 Dual Differential Comparator 
MC1514 Dual Differential Comparator 
MLMlll High Performance Voltage Comparator 
MC3430 Quad High Speed Voltage Comparator 
MC3431 Quad High Speed Voltage Comparator 
MC3432 Quad High Speed Voltage Comparator 
MC3433 Quad High Speed Voltage Comparator 

MC3450 Quad Line Receivers with Common Three-State 
Strobe Input 

MC3452 Quad Line Receiver with Open-Collector Outputs 
MC3453 Quad Line Driver with Common Inhibit Input 
MC75107 Dual Line Receiver 
MC75108 Dual Line Receiver 
MC75109 Dual Line Driver 
MC75110 Dual Line Driver 
MC75140 Dual Line Receiver 

For quick response, snip out and 
attach to company letterhead. 
Turn me around to Motorola Interface 

Send: Pocket Guide to Linear Interface 
Functions 

Interface - The Coming of Age 

Namei;;;;;;;;;;;;;=-=-=-=-=-=-=-=-=-=-=-=-=-=-== 
Titlec::===============::::11 
Mail Drop============== 

MOTOROLA INTERFACE 
P. 0. BOX 20912, PHOENIX, ARIZONA 85036 
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b. the d 1omate scope 

your scope 

8 traces of digital logic! 
biomot1on 

• 
,_,,.,, . 
'' , 

, .. . . -iii ' . , Ii ·: . . .... ".. -
Features: 
• Eight logic signal channels 

with 1 M Ohm inputs. 
• Presents 8 x 256 bits of 

recorded data on scope in 
easily-interpreted timing­
diagram form . 

If your world is digital , 
Biomation 's 810-D Glitch 
Fixer can help you . Mate it 
to your scope and it 
captures and displays 
complex timing events on 8 
channels at once. At speeds 
to 1 OM Hz. On your bench 
scope. - - • Input latch mode selection 

provides detection of 
random pulses-as narrow 
as 10ns. Too many guys have 

had to sweat out a 
our glitch fixer™ 

• Selectable logic 
thresholds include TTL and EIA levels. 

•Synchronous clock input to 10MHz. 
deglitch ing problem one line at a time. 
They asked us to help, and we answered 
with the 810-D. The unit contains 256 bits 
of memory per channel-producing a 
continuous 8-trace timing diagram display 
on your scope from just one log ic stimulus 
combination of your device. The memory, 
in conjunction with a novel trigger delay 
and record control feature also gives you 
the ability to store a selected amount of the 
signals which occurred prior to the time 
of the detected trigger. Add to this the 
unit's 1 Ons glitchcatching mode and you 
will know why the 810-D has become a new 
basic diagnostic tool for designing and 
debugging digital circuits. 

• Or internal clock selection 20Hz to 
10MHz. 

• Saves selectable amount of prior-trigger 
data, provides pre-trigger lookback. 

• Display expansion gives precise time 
analysis of data. 

• Digital output allows computer analysis 
or mass storage . 

Price: $1950. 
So if you 've got a single trace scope 

and an 8-trace problem, Biomate it with a 
Glitch Fixer. Get all the glorious details by 
calling , writing or circling the reader 
service number. Biomation , 10411 Bubb 
Road , Cupertino, CA 95014. 
(408) 255-9500. TWX 910 338 0226. 

biomation 
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ALL MODELS U.L. RECOGNIZED 

OUTPUT 
CURRENT 

AMPS 

.5 
1.0 
2.0 
2.5 
5.1 
9.0 

12.0 
22.0 
32.0 

5 VOLTS 

SIZE 
INCHES 

3.5 x 2.5 x 1.4 
3.5 x 2.5 x 1.6 
3.5 x 2.5 x 2.4 
3.5 x 2.5 x 2.4 
3.4 x 5.1x6.6 
3.4 x 5.1 x 9.3 
3.4 x 5.1x13.3 
5.1x7.4x11.3 
5.1x7.4 x 16.0 

PRICE 

$55 
75 

115 
130 
150 
180 
200 
270 
320 

MODEL 

5E850 
5E8100 
5E8200 
5E8250 
A5MT510 
A5MT900 
A5MT1200 
A5HT2200 
A5HTl200 

OUTPUT 
CURRENT 

AMPS 

.1 

.15 

.2 

.4 
1.0 
1.6 
2.5 
4.5 
8.5 

•so 

+15 VOLTS 

SIZE 
INCHES 

3.5 x 2.5 x 1.4 
3.5 x 2.5 x 1.4 
3.5 x 2.5 x 1.4 
3.4 x 5.1 x 5.1 
3.4 x 5.1 x 5.1 
3.4 x 5.1 x 6.6 
3.4 x 5.1 x 9.3 
3.4 x 5.1 x 13.3 
5.1 x 7 .4 x 11.3 

PRICE 

$55 
65 
75 
85 

125 
150 
160 
225 
299 

MODEL 

0815-10 
0815-15 
0815-20 
T015-40 
T015-100 
T015-160 
T015-250 
T015-450 
T015-850 

Line/Load Regulation: + .1% or better; Ripple: 1.5 mv or less; Input: 105-125 VAC 

Three day shipment guaranteed. Complete details on these plus a comprehensive line of other 
power supplies and systems are included in the Acopian 73-74 catalog. Request a copy. 

Corp., Easton, Pa. 18042. Telephone: (215) 258-5441. 
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We try to build an edge into 
General Electric panel meters. 

ual. 
GE panel meters come from a good family. 

They look good individually 
and they look good together. 
Choose the rounded BIG 
LOOK® design for unique 
style and wide-eyed read­
abi I ity. Or choose the 

For instance, you won't see a GE panel 
rrieter turn yellow, because we use a 
special white paint that stays white. 
You won't get eyestrain either. GE 
panel meters come with extra-wide 
scales, big numerals, tapered 
pointers, and shadow-free cover ~ clean HORIZON 

~ LINE® case for its 
plates for quick, sure readings. We're fussy 
about things like that. 

Once you've installed them, 
forget 'em. 

behind-panel mounting 

GE's famous reliability just doesn't happen, ~ 
we build it in! We designed-out a lot of extra 

flexibility (without the usual bezel), and its 
snap-off mask available in six colors. GE 
makes panel meters to suit you and to add 
snap to your application. 

parts that might fail, just to give you extra instru­
ment reliability. To make sure, we added a 20% 
overload capability to our voltmeters and ammeters. 
Still not satisfied, we decided to measure instrument 
quality from parts to finished product in order to 
screen out anything marginal. Now, it's just too 
tough for a lemon to squeeze through. 

. For a complete catalog of competitively priced 
and readily available GE panel meters, see your 
nearby authorized GE distributor. Or write to General 
Electric Company, Section 592-43, One River Road, 
Schenectady, N. Y. 12345. s92.43 

s ify 
Cra1 Electric. .. 
just for good measure. 
INFORMATION RETRIEVAL NUMBER 28 

You can count on 
General Electric panel meters. 

They're built to help you do a better 
job. At GE,' we're not interested in prod­
uct equality. We want ours to be better 
than the rest. 
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Digivue®- a better way 
to rook at it. 

Digivue 80-33 in demonstration unit, showing high-contrast display fo r use in signature verification. 

Because computer time is valuable to your customers, 
Digivue display/memory units offer an unforgettable 
advantage. 

The advantage is inherent memory and it's an inherent 
part of every Digivue unit. This makes Digivue units 
especially useful for graphic presentations like 
signature verification since refresh is not required . 

And Digivue units offer a high-contrast, flicker free 
display for precise readings with less chance of eye 
fatigue for people who spend long periods referring to 
data displays and computer terminals. 

There's a lot more to Digivue, too. Our 512-60 models 
have hard copy and rear projection capabilities. And 
Digivue panels are flat and thin , allowing precise 
display and broad equipment design parameters. 

As you may have guessed , Digivue display/memory 
units currently cost more than CRTs. But then, they 
offer a lot more. For a booklet that explains Digivue 
more fully, call ( 419) 242-6543, Ext. 66-415. Or write 
Electro/ Optical Display Business Operations, 
Owens-Illinois, Inc ., P.O. Box 1035, Toledo.Ohio 43666. 

Demonstration model incorporates a 
Digivue display/ memory unit 512 x 512 
lines at 60 lines per inch resolution . 
Display area 8.5 inches square. 

Smaller dernonstration unit , utilizing 
a Digivue unit with 80 x 256 lines at 
33 lines per inch resolution . has 
display area of 7.7 x 2.4 inches. 

01 
OWENS·ILUNOIS 

Toledo , Ohio 
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washington 
report 

New science council is urged for White House 
The National Academy of Sciences has urged President Nixon and 

Congress to re-establish in the White House a panel to advise the Presi­
dent on matters involving science and technology. With the demise early 
last year of previous White House machinery for this purpose, there is cur­
rently no provision at the top level of the Government for sophisticated 
analyses of development programs in the energy field, transportation and 
other areas of national concern. 

The recommendation by the academy calls for creation-preferably by 
legislation-of a Council for Science and Technology. It would work 
closely with other White House agencies, such as the Office of Management 
and Budget, in a "co-equal partnership." 

In previous advisory apparatus, a science adviser served as chairman 
of the President's Science Advisory Committee and head of the Office of 
Scien~e and Technology within the Executive Office of the President. 
Unlike the previous committee, which consisted of 20 part-tim-:i speciali<1t<1, 
the new council would be formed of only three individuals, with its chair­
man a personal adviser to the President. There would be a professional 
staff of 25 or 30, plus experts brought in to attack special problems. The 
old committee was concerned chiefly with defense matters; the new council 
would deal with both defense and civilian problems. 

IBM enters domestic satellite competition 
Indicative of the inoreasing importance of communications to data 

processing, IBM plans to join forces with Comsat. The goal: to put a 
satellite communications system into operation. The computer corporation 
would become the first noncommunications entrant with any great finan­
cial strength in the domestic satellite communications field. But because 
of IBM's dominance in the computer field, its move into communkations 
could be questioned by the Justice Dept. or attacked by competitors, who 
have already pressed restraint-of-trade lawsuits against the computer 
giant. In an apparent effort to avoid such attacks, a spokesman for the 
company notes that it intends to seek competitive bids for much of the 
computer equipment that will be used in the satellite network. 

IBM and Comsat plan to buy out Lockheed Aircraft and MCI Commu­
nications, which, along with Comsat, own the CML Satellite Corp. The 
new company is to be renamed when the deal, which is subject to ap~ 
proval by the Federal Communications Commission, is completed. IBM 
would own 55 % of the new venture and Comsat 45 % . The IBM-Comsat 
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satellite system would compete with AT&T for data, facsimile and voice­
transmission customers who want private-line service. 

Study use of computer techniques to predict earthquakes 
A contract to use computer numerical simulation techniques to predict 

earthquakes has been awarded to S-Cubed Corp. of La Jolla, Calif., by 
the U.S. Geological Survey of the Dept. of the Interior. According to Dr. 
Sabodh K. Garg, principal investigator at S-Cubed, the velocity of sound 
through the earth changes in advance of an earthquake and then recovers 
to the normal velocity just prior to the quake. A buildup of underground 
stresses caused by a migration of water beneath the earth's surface may 
be responsible for the observed velocity variations, Garg suggests. This 
phenomenon will be further studied under the contract. Size of the award 
was not announced but the work is expected to take about 12 months. 

First Space Shuttle flight control units delivered 
The first breadboard versions of five flight control systems for the 

Space Shuttle have been delivered to Rockwell International by Honey­
well's Aerospace and Aeronautical Products Divisions. The systems will 
undergo system-level integration and testing by Rockwell-prime Shuttle 
orbiter contractor to NASA-at its Downey, Calif., Space Div. If the 
tests are successful, Honeywell will get the go-ahead to manufacture flight 
hardware to be used in the spaceplane's first flight tests scheduled for 
1977. The flight controls will maintain the attitude and stability of the 
Space Shuttle through all pha.ses of operations: liftoff from the launch 
pad, ascent into orbit, orbital operations, atmosphere reentry and landing. 

Capital Capsules: Control Data Corp., under a contract with the Army's Electronics 
Command at Ft. Monmouth, N.J., has built a desk-top optical character 
reader designed to operate in tactical environments. The device will read 
documents from 5 to 8 1/ 2-in. wide and up to three feet long. Reading 
data is 240 characters per sec .... A new digital radar processor for 
ground stations is under development by the Air Force. Called Sapphire 
(synthetic aperture precision processor), the system is designed to simpli­
fy the radar interpreter's job, yet process the information faster than 
current analog displays. The program is a joint effort of the Aeronautical 
Systems Div. and the Air Force Avionics Laboratory at Wright-Patterson 
Air Force Base .... Government outlays for command, control and com­
munications systems are expected to total $9.4-billion for fiscal 1975-
1979, according to Frost & Sullivan, the New York City-based market 
research organization .... A military data-storage and retrieval system 
that contains one of the largest mass memories ever developed for use in 
a tactical environment has been demonstrated by the Air Force and RCA. 
It is part of an information-processing and intepretation system that 
would support air and ground forces in combat. The system's disc-file 
memory has a 2.5-billion-bit capacity. 
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1000 cm/usec stored writing speed, 
four storage modes, and more. 

100 MHz oscilloscope 
Tektronix 7633 oscilloscope gives you 
100 MHz bandwidth and 1000 cm/ µsec 
stored writing speed. So you can retain and 
view fast rise, low repetition rate, single shot 
or slow moving waveforms. All with one 
instrument. This allows you to solve prob­
lems in computer sciences, aerospace, 
ballistics, communications and various other 
applications. 
Multi-mode storage 
The 7633 offers four operating modes: Non­
store , normal and fast Variable Persistence 
and Bistable modes are available at the 
touch of a button. And, an 8 x 10 div. 
(.45 cm/ div.) mode gives the instrument's 
top writing speed. 
Bright, burn-resistant CRT 
No special operating safeguards are 
necessary with the 7633 's rugged, burn 
resistant CRT. This makes it a dependable 
unit for design bench, hospital laboratory, 
service facility or classroom. The large 8x1 O 
div. CRT is easy to read in both cabinet and 
rackmount configurations. An alphanumeric 
readout, exclusive on Tektronix instru­
ments, makes quick on-screen reference 
and easy interpretation of photographic 
records. Or, the instrument may be ordered 
without the readout for $400 less. 

Part of the 7000 Series 
Select from thirty different 7000 Series 
plug-ins. You can custom tailor your instru­
ment to meet your immediate need. And 
expand its capabilities later as the need 
arises. A 7633 mainframe costs $3650. A 
typical configuration with dual trace vertical 
amplifier and delaying sweep timebase sells 
for $5,550. For rackmount add $100. 
Specifications 
Vertical System-Accepts all 7000 Series 
vertical amplifiers. Bandwidth determined 
by mainframe plug-in unit up to 100 MHz. 
Left, Alternate, Add, Chop, Right display 
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modes. Chopped rate approximately 1 MHz. 
Horizontal System-Compatible with all 
7000 Series plug-ins. Fastest calibrated 
sweep rate is 5 ns/ div. Phase shift between 
vertical and horizontal is 2° , DC to 
35 kHz for X-Y operation. 
CRT and Display-Internal 8x10 div. 
(.9 cm/ div) graticule with superimposed 
8x10 div. (.45 cm/ div) reduced scan area. 
Nonstore, variable persistence, and bistable 
in normal or fast and full or reduced scan 
storage modes push-button selected. 
Writing Speed and View Times-From .03 
div/ µsec until erased up to 2222 div/ µsec 
at 30 sec view time. View time may be 
increased more than 30 times by using 
reduced intensity in the SAVE 
display mode. 

See for yourself 
For a "hands-on" demonstration, contact 
your nearby Tektronix Field Engineer. 
Or write: Tektronix, Inc., P. 0. Box 500, 
Beaverton, Oregon 97005. In Europe write: 
Tektronix Ltd., P. 0. Box 36, St. Peter Port, 
Guernsey, C. I., U. K. 

rsl 
TEKTRONIX® 

committed to 
technical excellence 



Are you cramped for board space 
but not in power handling capa­
bilities? Is reliable performance 
vital? Then use Allen-Bradley 1 /8 
watt carbon composition resis­
tors. Get the pulse handling and 
overload capabilities that are su­
perior to resistors manufactured 
by other technologies. Exclusive 
hot molded construction for a 

dense resistance element which 
reduces noise, and results in a 
consistent performance. Most im­
portantly, our 1/8 watt resistors 
have all of the quality and relia­
bility common to our larger sizes. 
Quality that really can cut your 
fixed resistor costs. If you think 
resistors are identical , write for 
"7 Ways to Tell the Difference in 
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Fixed Resistors '.' Available from 
your Allen-Bradley Electronic 
Distributor, or : Allen-Bradley 
Electronics Division , 1201 South 
Second Street, Milwaukee, Wis­
consin 53204 . Export: Bloom­
f ield , N.J. 07003. Canada: Allen­
Bradley Canada Limited, Cam­
bridge, Ontario. United Kingdom: 
Jarrow, Co. Durham NE32 3EN . 

Allen-Bradley 
Milwaukee. Wisconsin 53204 
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(editorial) 

The good boss 
An old buddy of mine used to rave about 

what a great boss he had. Jack's boss never 
bothered him, never looked over his shoulder, 
never challenged anything he did, never tried 
to tell him how to do his job. And Jack was 
delighted. He developed some pretty fair 
products and they sold moderately well. So he 
couldn't wish for a better life-until the 
crunch came. His company folded and he found 
himself looking for another job. He had a 
tough time. He was stunned when he learned 
that he wasn't really up to date. He hadn't 
learned anything new in five years. He had 
become too complacent. He was too happy. 

Another pal of mine had a boss who was always climbing on his back. 
Every week or two the boss would pop into Charlie's office, ask him about 
progress of his project, and question him about almost all of his decisions. 
His boss would want to know if a component was really suitable-if it 
offered the best performance or the best price, or the best performance 
for the price, or the best performance for the application. Charlie's boss 
wanted to know if he was designing for optimum production methods and 
if he had checked with enough vendors to see that different products in 
the design would be available in the quantities needed, when needed. He 
checked almost every circuit. He grilled Charlie about every piece of test 
equipment he bought. And though he was pleasant about it, Charlie's boss 
subjected him to some grueling half-hours every week or two. But my 
buddy finally outfoxed him. 

Over a cool drink one night he told me he was finally getting his boss 
out of his hair. "I research the hell out of everything," he said. "I can 
justify every single resistor, every switch, every IC in my design. I know 
the cost of every line on every PC board. And let me tell you, my design 
may not be perfect, but none of my competitors comes within miles of it. 
Every time my boss challenges me, I drown him in solid facts. It has gotten 
so he doesn't come around much anymore." 

After a few years Charlie was appointed vice president of engineering. 
He's really an easy-going guy and a wonderful fellow to swap war stories 
with. But every week or two he drops in on one of his engineers and asks 
one hell of a lot of incisive questions. The better engineers there are trying 
to figure how to get him out of their hair. 
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GEORGE RO~TKY 

Editor-in-Chief 
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Whether to 
go digital or 
analog is not the 
important question 
with panel meters. Rather, 
you should ask which DPM or 
which APM will best fill your needs. This ques­
tion isn't so easily answered. 

Behind the apparent simplicity of the vener­
able D' Arsonval meter lies a Pandora's box just 
waiting to be opened by an unsuspecting engi­
neer. And though relatively new arrivals on the 
APM scene-:-like the taut band and the propri­
etary "parkermeter"-have solved some of the 
problems, they've done so at the expense of other 
characteristics. 

By contrast, the DPM's far greater complexity 
should jolt the specifier into alertness. But he 
frequently ignores the warning, perhaps because 
the no-nonsense digital display lulls him into a 
false sense of security. 

So, with both APMs and DPMs, you can ex­
pect p,roblems-in selection and in use. To see 
what's in store, just .look at any spec sheet. 

THE ANALOG PANEL METER 

The D' Arson val mechanism is about 80 years 
old and is used in approximately 90 % of all de 
APMs, so it's incredible that it still causes prob­
lems. But, like any .instrument, it has limitations 
that ar,e often overlooked by both vendor and 
specifier. 

And with the industrial designer increasingly 
doing packaging, the APM may be selected more 
for looks than for performance. Thus, many data 
sheets are short on specs and long on styling. 

Foremost among the missing are specs that tell 
how various influence factors affect APM accu­
racy and other important performance param­
eters. Most critical of the effects-which must be 

Stanley Runyon 
Associate Editor . 
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added to a meter's basic inaccuracy-are those 
of temperature, shock, vibration and external 
magnetic fields. And these aren't all. 

·According to ANSI C39.1-1972-the industry 
standard for analog indicators-accuracy refers· 
to the quality of closeness to a specified value 
under stated reference conditions. Intrinsic accu­
racy is the limit of an instrument's accuracy 
under the reference conditions, expressed as a 
percentage of a fiducial value, usually full scale. 

Here's where the first of Pandora's little grem­
lins appear~in the form of spec sheets that list 
accuracy without stating the reference conditions. 
Or that confuse absolute accuracy with other 
terms, such as calibration accuracy, tracking ac­
curacy, full-scale accuracy or repeatability accu­
racy. Each of these has a specific meaning, but 
none spells out the intrinsic accuracy. 

Though analogs aren't known for accuracy­
most list a 2 % error and the best about 0.5 %­
you'd still like to know what accuracy you'll start 
with. And this depends on the type of APM, its 
design, how it's constructed and what materials 
are used. These also determine another critical 
meter characteristic: reliability. 

Friction can rub the wrong way 

Analogs are generally classified into three 
broa:d categories : according to use, operating 
principle and the method of suspension of the 
moving element. The first category includes panel, 
switchboard and portable types, while the latter 
encompasses just two suspension methods: pivot 
and jewel (p & j) and taut band. 

Operating principles include the permanent­
magnet moving coil (which measures de voltage 
and current) , the moving iron ( ac) , the electro-
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dynamic (power), the thermocouple (true rms) 
and the rectifier ( ac) . 

Regardless of use and regardless of principle, 
competing APM vendors generally battle it out on 
the basis of construction, with the major push 
concentrated on the suspension. And no wonder. 
The No. 1 enemy of all APMs is friction, and 
friction originates in the suspension: between 
the moving and stationary elements. 

Thus vendors (and users) line up with p & j 
proponents on one side and taut-band enthusi­
asts on the other--depending, of course, on which 
suspension each vendor happens to make. Those 
few that make both types have a foot in eacli 
camp. Let's see how the two types stack up. 

In the p & j, the moving elements are support­
ed top and bottom by hardened, highly polished 
steel pivots, which fit into jewel bearings 
_(usually sapphire). Current passing through the 

Beede's extensive line of panel instruments includes 
standard panel meters, edgewise indicators, control 

APM causes rotation, and spiral hairsprings re­
turn the mechanism to the zero position when 
the current is removed. 

When a measurement is made, the current 
must first overcome the static friction of the 
pivot in the jewel before motion occurs. Thus a 
dead zone results, and the APM can't show small 
current changes. Perhaps more important than 
the limited sensitivity is the accompanying de­
terioration in reading repeatability. 

But repeatability is not just a function of frie­
tion, it also depends on the weight (mass) of the 

ELECTRONIC DESIGN 16, August 2, 1974 

Meters in Weston's 1900 Series are standardized in ap· 
pearance so all sizes match. The line includes both taut 
band and p & j's. Accuracy is 1 % or 23. 

meter relays, pyrometers and special meter movements, 
such as the 250° Super Torque. 

moving system, on the restoring torque and on 
other factors. Thus repeatability-or lack of it­
is not unique to the p & j. 

However, in p & j's of high sensitivity and 
high internal resistance-IO µ,A full scale and 
5000 .n, for example-input power and restoring 
torque are low. In this case, good repeatability is 
diffioult to achieve; don't look for a 0.5 % figure. 

Two other sources of error can appear in the 
p & j suspension: that of spring set and fallover. 
The former is a time-related hysteresis or fatigue 
exhibited by the return springs, and shows up as 
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The Big Look is General Electric's contribution to the 
APM styling competition. Shown exploded is the de 
voltmeter member of the family. 

an off set .in the pointer zero position when cur­
rent is removed from the meter. 

Fallover, which also shows up as a mechanical 
error, results from the clearance needed between 
pivot and jewel to p•revent binding. Because of 
this clearance, or end play, the moving element 
can tilt, causing errors. The amount of error de­
pends on how sloppy the vendor makes the fit. 

Enter the taut band 

To overcome the shortcomings of the p & j­
chiefly friction-vendors developed the taut band. 
In this suspension the moving element is hung 
between two extremely fine metal ribbons (or 
bands) that are kept under tension by elastic 
members at each end of the assembly. 

When the element rotates, the bands twist, 
much like a torsion bar, and thereby supply the 
necessary return torque. Thus not only do the 
bands support the mov.ing element, they replace 
the spiral hairsprings and act as the electrical 
connections to the moving part. 

Since the taut band virtually eliminates fric­
tion, the torque needed to rotate the moving ele­
ment-and hence the input power-is consider­
ably reduced. Consequently highly sensitive 
meters-with good accuracy and very lo·w repeat­
ability errors-can be constructed with the taut­
band aipproach. And since taut bands don't ex­
hibit a gradual increase in friction with time 
-as the p & j can-they offer steady perform­
ance. 

The fly in the ointment? (You knew there was 
one, didn't you?) On the debit side, taut bands 
generally cost about 20 % more than comparable 
p & j's. And they are prone to unpredictable 
resonances when subjected to vibration-reso~ 
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nances that can wh.ip the pointer into a 50 % 
error (when you can read it) and, in extreme 
cases, destroy the mechanism. 

Though it's generally acknowledged that the 
taut band can't take vibration as well as the 
p & j, the situation isn't so defin.ite when it comes 
to shock. 

Some very large meter vendors advise engi­
neers not to use the p & j in high-shock applica­
tions. Other vendors state that the p & j is the 
only type to use where high shock is encountered. 
Who is correct? 

It's certainly true that the p & j-as well as 
any APM-is a delicate, precision device that 
can be damaged if dropped or abused. And be­
cause the contact area between the pivot and jewel 
is kept small, large stresses occur at the contact 
-stresses that can rocket to the damage level 
under shock. 

To absorb shock, a p & j can be built with a 
cushion-backed or spring-loaided jewel. Of course, 
these cost morn than the fixed-jewel APM­
especially the spring-backed, which gives the 
greatest protection. 

With such protection, the p & j can meet the 
shock requirements of MIL-M-10304, which can 
go higher than 2000 g. Taut bands, by contrast, 
rarely withstand more than 100 g without 
damage. 

Note that failure of the taut band under vibra­
tion or shock is likely to be catastrophic: the 
bands simply snap. With the p & j, however, 
shock and vibration more frequently result in ex­
cessive wear, sticking and a significant loss of 
accuracy rather than a catastrophic failure. 

Perhaps the best protection, where shock or 
vibration is likely, is to make MIL-M-10304 part 
of the APM spec. Or look into a vendor's rug­
gedized line, if he has one. In either case, expect 
to pay mor·e. 

Also in the taut-band's debit column: Because 
the taut band has less mass and doesn't develop 
as much torque as the p & j, its damping is not 
as good and its response is slower. And though 
friction has been eliminated, another specter 
rushes in to fill the void-hysteresis. 

Hysteresis in the suspension system can affect 
a taut band's repeatability, just as friction does 
in the p & j. But you can eliminate the effects of 
friction in the p & j by a simple tap on the meter 
before you read it. With the taut band, tapping 
may relieve your nervousness-but not much else. 

Both friction and hysteresis-as well as such 
errors as spring set and fallover-can be pinned 
down in a repeatability test, which gives the com­
posite error. The procedure, as given in ANSI 
C39.l-1972, is performed without tapping. 

Note that the effects of friction are sensitive 
to meter orientation-so make sure the vendor 
doesn't test his meters at some weird angle to 
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shrink the spec. 
How serious are the problems from spring 

fatigue and fallover? It depends on how carefully 
a vendor controls his materials and manufa.ctur­
ing processes, as well as on the design. If he 
isn't careful these and other gremlins-sticking, 
for instance-are sure to surface. 

Don't get stuck with a sticker 

If a manufacturer doesn't stop dirt, dust, lint 
or metallic material from getting into his APMs, 
he's sure to produce stickers: meters with point­
ers that decide to rest somewhere along the jour­
ney to the correct reading. 

Clearances that are too small or changes in 
physical dimensions caused by temperature vari­
ations can also result in a sticker (or a "flop­
per") . So watch for cantilevered designs that 
can warp or shift under shock or temperature 
changes. High-quality meters usually use full­
bridge construction, in which movements are 
anchored on both ends, and the mechanisms-are 
thermally cycled to minimize shifting of parts. 

Remember that most APMs are delicately 
balanced, so that anything that affects balance, 
such as internal shifts or changes in the position 
of the APM, can cause errors. In fact, errors of 
several percent can result if the APM is used in 
a position other than the one in which it was 
calibrated. 

This must be especially considered in portable 
instruments, which often end up in precarious 
positions and also tend to get knocked about. But 
though meters can be balanced about two or 
more axes, don't expect such balancing unless you 
specify and pay for it. Even then, can any bal­
ance be perfect? 

Some APMs are susceptible to external mag­
netic fields, which can suck the pointer into a 
false reading-or worse, permanently change the 
meter's calibration. 

Particularly vulnerable is the practically obso­
lete external-magnet D'Arsonval. Here the mov­
ing coil is between two soft-iron pole pieces in 
the air gap of a horseshoe magnet. In fact, the 
external magnet is so sensitive to fields, its cali­
bration will change if the unit is mounted on a 
ferrous panel. 

Another point: If an APM's magnet hasn't 
been adequately stabilized, its strength-and 
hence meter calibration--can be changed by a 
stray field. Ask to see the vendor's demagnetiza­
tion setup. 

To get around the stray-field problem, many 
meters use an internal (core) magnet or bar-ring 
(annular) construction. These are self-shielding 
and consequently immune to large fields (50 Oe). 
When meters must be mounted close to one an­
other, or close to transformers or wires with 
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In a machine-tool application, Simpson 's Model 1327 
-a 3-1 /2-in. Wide-Vue meter-displays spindle rpm,: 
motor load and tool feed in inches per minute. 

fairly large currents, self-shielded units are a 
must. 

Various tradeoffs must be made with both the 
core and annular types. The relatively small 
magnet size of the core limits the available flux 
density-and consequently APM sensitivity-to 
about 0.5 mW. Deep· cores can extend sensitivity, 
but at the price of increased meter depth and 
added cost. 

Annulars-in which both magnet and moving 
coil are within a soft-iron ring-generally have 
longer magnets, and thus offer sensitivity com­
parable to that of the external-magnet meter. 

Very low-cost meters-in the range of 50 cents 
to $1.50-generally use moving-magnet construc­
tion, as opposed to moving coil. Moving magnets 
are limited in accuracy (5 % at best), deflection 
angle (70 °) and sensitivity (1 mA). They also 
exhibit poor damping and need more power than 
comparable D' Arsonvals. Main use of the moving 
magnet is in automobiles and other limited-per­
formance applications, where price is the decid­
ing factor. 

Low price, low performance 

In most other applications it's dangerous to 
buy on price alone. Precision mechanisms can't 
be bunt inexpensively-even under high-volume, 
:assembly-line conditions. 

And even for a specific model (including 
quality designs) subtle differences from unit to 
unit in field strengths, spring torques and coil 
turns, among other things, can cause scaling 
errors-that is, the deflection for a fixed current 
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or voltage will vary from meter to meter by as 
much as two degrees. 

Since less-expensive units generally use identi­
cal, mass-produced scales for all meters of a given 
type, you can predict the results: The pointer 
doesn't track the scale marks. 

Pointers have been known to perform some 
other rather alarming tricks: Like creep up to 
the desired reading at an excruciating pace, or 
oscillate about the reading like a ball in a tennis 
match. 

What a pointer does when the current changes 
suddenly is theoretically governed by what is 
sometimes called an instrument's ballistics-that 
is, the basic laws that characterize the motion of 
systems with mass (inertia), damping (friction) 
and stiffness (spring constant). 

Thus to move a pointer and coil assembly 
through a given arc requires enough torque to 
overcome the inertia of the moving mass; fric­
tional, magnetic and other damping, and the re­
storing moments of the springs. 

The basic, second-order differential equation 
that relates the actuating torque to the three 
opposing torques is solved to obtain the angular 
deflection of the pointer as a function of time. 
Three solutions are possible, depending on how 
the APM designer has distributed the relative 
magnitudes of the moment of inertia, damping 
coefficient and spring constant: 

1. In an underdamped meter, the pointer oscil­
lates about its final target for awhile in ever de­
creasing values of overtravel before it comes to 
rest. How long "awhile" is and how much over­
travel occurs are two things you'd like to know. 

2. In an overdamped meter, the pointer takes 
an asymptotic approach to its final position. It 
starts out fast and slows as it closes in on the 
right scale mark. The closer the pointer gets, the 
slower it goes. When does it get there? Nobody 
knows. 

3. Somewhere between "under" and "over" lies 
the critically damped case. In this meter the point­
er moves promptly to the new position, zips past 
it by an amount limited to no more than half the 
APM's rated accuracy, then reverses and comes 
to rest at the new position. The small overshoot 
tells an observer that he's got his reading. 

How not to overshoot your budget 

If you need critical damping, be prepared to 
pay for it. To get it, a vendor must control tightly 
many design parameters and tolerances-many 
of which are elusive, and some of which are 
mutually exclusive. 

And remember that damping is also a function 
of the impedance external to the meter. If the 
circui.t impedance is low-less than 10 times the 
meter resistance-you'd better tell the vendor, so 
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Triplett is one of the few companies that offer both APMs 
and DPMs. An integral bezel lets the 420-GL/ 8 (top) 
mount behind the panel. Automatic polarity and low 
power mark the 4235-F DPM (bottom). 

he can provide for it in the APM design. If you 
don't, you may end up with a creeper. 

Damping is properly specified in terms of per­
centage overshoot, rather than damping factor, 
though the two are reciprocals. 

Here's how ANSI C39.1-1972 defines over­
shoot: It's the ratio of the overtravel of the point­
er beyond a new steady deflection to the change 
in steady deflection when a new constant value 
of the measured quantity is "suddenly" applied. 
Overtravel and deflection are given in angular 
units, and overshoot is given as a percentage. 

Note the use of the subjective word "suddenly." 
Note also that overshoot may not be constant 
along the scale and, in some meters, depends on 
the magnitude of the deflection. If this is the 
case, make sure that a zero-to-end-scale deflection 
is used to determine overshoot. 

APMs with overshoots that are allowed to 
range from 1 % to 10 % of full scale (damping 
factors between 10 and 100) generally cost half 
as much as critically damped units. Narrow over­
shoot limits also increase costs, so requirements 
should be specified realistically. 

An APM's response time also influences its 
cost. This is the time required for the pointer to 
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come to apparent rest in a new position after 
an abrupt change in the measured quantity. Ap­
parent rest means that the pointer enters-and 
remains-within a range of half the rated accu­
racy on either side of the final position. 

A typical meter response time runs about 
1-1/ 2 s. With small meters (short pointers), re,­
sponse gets faster; with large meters, it gets 
slower. As with overshoot, response time may 
depend on the deflection magnitude; so full-scale 
should be used when response is measured. 

Ballistics are highly important in the record­
ing and broadcasting industries, where overshoot 
and response times can be critical. Ballistics are 
also significant in aircraft and other vehicles that 
need-sensitive, accurate meters. In other applica­
tions, pointer response may be completely unim­
portant. 

But remember that pointer oscillations can set 
up, a back emf at the APM terminals-something 

·a sensitive source may not be too happy to see. 
And even if you don't care about ballistics, you 
can learn a lot about a meter from one simple 
figure of merit: the torque-to-weight ratio. 

Watch your weight 

Though it's not found on any data sheet, 
torque-to-weight ratio is an important APM 
parameter, especially in meters with sensitivities 
below 50 µ,A. (You know it's important because 
of its conspicuous absence, and because you get a 
lot of hemming and hawing when you ask ven­
dors about it.) 

What torque-to-weight tells you about a p & j is 
this: If the ratio is low, the effective friction is 
apt to be high and damping poor. The tendency 
for the pivot to ride up the side of the jewel in 
vertically positioned meters also increases with 
decreasing ratio. 

High torque-to-weight ratio mechanisms con­
siderably reduce -these errors so that in the best 
p & j meter friction contributes about 0~ 1 to 
0.2 % to the total error. The ratio is also affected 
by one part of an APM that engineers seldom 
look at when they buy meters-the pointer. 

A pointer does more than add good looks. It 
affects performance. If the pointer is too heavy, 
the torque-to-weight ratio goes down and takes 
performance along with it. If it isn't rigid 
enough ·· for its length, a pointer can bend 
under a meter-zapping overload. And if the 
pointer is too wide for its scale, resolutiori and 
reading accuracy are poor. 

To minimize scale-reading errors, the widths 
of both the pointer and the division marks 
should be about one-tenth of the interval between 
the marks. Of course, this may not be possible 
with small meters-where pointers tend to get 
wide in relation to the compressed scale. So don't 
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Five members of Analogic's extensive family of DPMs: 
Included are meters to measure voltage, current, ohms 
or ratio, and instruments for systems use, process moni­
toring and control. 

buy more accuracy than you can read. 
Don't forget, too, that reading errors zoom 

at the low end of a scale. For instance, on a 100-
division scale, a reading error of one-tenth of a 
division gives four times the percentage error 
at quarter scale that it does at full scale. 

Pointer shape and material can also be of sig­
nificance. If the APM is to be read at a distance, 
check into the "spearhead" shape-the fat part 
enhances visibility. If nylon is the pointer mate­
rial, watch for balance shifts caused by moisture 
absorption and for electrostatic pickup problems 
-especially at low humidities. 

While you can learn much when you dig inside 
an APM, in the long run it's performance that 
counts. But what performance do you really 
need? 

If you don't know, you can easily make the 
mistake of asking for high sensitivity coupled 
with high accuracy and ·repeatability-say, 1 % 
for each. These just don't go together-at least 
not easily or inexpensively. 

Or you might ask for tight tracking or linear­
ity together with 1 % full-scale accuracy-two 
specs that also don't mesh easily. For that matter, 
you might well ask: Just what do the terms accu-
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In Newport's Model 257, full-scale range and tunct1on 
are selected by means of a 16-pin DIP plug-in module. 
Full scale can go down to 19.99 mV. 

In a move away from red LEDs, Date! may soon offer 
DPMs with 0.33-in. amber and green displays-such as 
those offered by Monsanto_ 

racy, linearity, tracking and repeatability mean? 
Unfortunately, and despite the standard defini­

tions offered by ANSI, vendors still play the 
semantics game: They use shaded or nonstandard 
meanings to bamboozle and confuse. Two of the 
most abused terms are accuracy and tracking. 

Accuracy by any other name isn't 

To determine an APM's absolute accuracy 
across the entire scale, excitation is applied to 
bring the pointer first to the exact end-scale and 
then to at least five other equidistant scale marks, 
including zero. The difference between the excita­
tion and scale-mark values at each mark, divided 
by the full-scale value and multiplied by 100, 
equals the percentage accuracy. 

Note that the full-scale value is defined as the 
arithmetic sum of the two end-scale values. If 
zero isn't on the scale, then the full-scale value 
is the higher end-scale value. Thus in a zero­
centered voltmeter-say, 50-0-50-full scale 
value is 100 V, not 50 V. 

Full-scale accuracy is just that: how close the 
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end~scale value is to its corresponding excitation 
in a meter with the zero at one end. In other 
words, it's the aocuracy at just one point-the 
end point. Watch out for a nonstandard accuracy 
term: calibration accuracy. When it's used, the 
term usually means the absolute accuracy at a 
single, arbitrary point on the scale, full scale or 
otherwise. 

If you don't need absolute accuracy, you can 
save a bundle if you specify a low tracking error, 
say 1 % , coupled with a modest full-scale accu­
racy-about 2 % to 5 % . But make sure the ven­
dor's definition of tracking coincides with yours. 
Here's what tracking is all about. 

Tracking is simply an APM's ability to indi­
cate a scale mark when the meter is energized 
by the proportional value of actual end-scale ex­
citation. Errors in indication are expressed as a 
percentage of a reference value-usually full 
scale. If the meter has an offset zero, the higher 
end-scale value forms the reference. 

Thus on a 100-division scale, an APM with no 
tracking error will point exactly to the 50th 
division when half the actual full-scale signal is 
applied, and to the 10th division with a 10 % 
signal. 'Note that the actual full-scale excitation 
doesn't necessarily correspond to the rated value. 
If it did, then the meter would not only track 
perfectly; it would be 100 % accurate as well. 

Obviously no meter has zero errors. The speci­
fier must decide what maximum errors he can 
live with. But notice that good full-scale accuracy 
doesn't guarantee good tracking. At some point 
on the scale the maximum tracking error can be 
twice that of full scale. 

The moral here is twofold: Don't expect a 1 % 
unit to track tightly. Also try to avoid specifying 
tight tracking together with tight accuracy ; you 
may not need both. 

In many systems-especially those that are 
transducer-based-equipment and transducer er­
rors can far exceed those of the readout. And 
such systems practically always have a built-in 
calibration adjustment to compensate for un­
avoidable variations, as well as to scale the system 
to read directly in engineering units (pH, rpm, 
etc.) rather than absolute electrical values. Con­
sequently the absolute accuracy of the meter it­
self may be secondary ; tracking may be the more 
important spec. 

Whatever its accuracy, an APM won't hold it 
for long if you forget that temperature, humidity, 
dust and electrostatic effects can all drag APM 
performance down. Unfortunately data sheets 
often forget too. 

What's the tempco? 

Of all influence factors, temperature variations 
may be the worst. While dust and humidity can 
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Green LEDs are offered as an option on ERC's digital 
stop watch (top) and other DPMs. Also optional are 
large (0.77 in.) red LEDs (bottom). 

be overcome with a hermetic seal, and electro­
statics with chemical treatment (internal, not 
external), it isn't easy to compensate for tem­
perature-especially over a wide range. 

Temperature compensation is difficult because 
both springs and magnets-as well as the copper 
of the coil-are temperature-sensitive. Thus while 
an increase in temperature causes a drop in 
spring torque, it also decreases magnet flux. The 
former results in increased meter sensitivity, the 
latter in decreased sensitivity-but unfortunate­
ly the two don't cancel out. 

To these must be added the tempco of the coil 
(and springs), which increases in resistance at 
a rate of 0.4 %/°C. Unless coil resistance forms 
a negligible portion of the total network re­
sistance, it must be compensated for. 

This is readily done with internal shunts or 
multipliers that track coil tempco in an equal but 
opposite direction. But you've got to ask for­
and pay for-compensation. While you're asking, 
inquire about the effects of another often-missing 
and seldom-mentioned spec: self-heating. 

Other factors affect APM accuracy. In ac 
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meters, frequency and waveform influence per­
formance. Terminal voltage to case or panel, if 
any, can move the pointer off zero. All these,..­
and more--should be checked out. 

High on any APM checklist should be the 
meter's overload characteristics. In general, an 
APM-whether a current or voltage meter-can 
withstand only a momentary overload before it 
goes poof. Just how much and how "momentary" 
are two things you'd like to know. So find out 
just what protection you can expect. Find out 
also what happens after the overload is removed. 
If you don't, you may end up with a 2 % meter 
instead of the 0.5 % unit you started with. 

Here are some other pertinent questions to 
ask: What's the range of the zero adjustment? 
What symmetry error- (the aifference in readings 
when polarity is reversed) can I expect in an 
offset-zero meter? Can I readjust my full-scale 
calibration or does the magnet need to be re­
placed? 

How about the mechanical aspects? What case 
material is best for my application? What are 
the tolerances of the mounting dimensions? 
Finally, ask how the scale length is measured. 
That 3-in. meter may turn out to be 2 in., after 
all. 

In brief, perhaps the best advice for a meter 
specifier is this : Ignore listed MTBFs and glossy 
brochures. Get a copy of ANSI C39.l-1972 and 
study it. Visit the vendor and see how he builds 
meters. Check his reputation for reliability. And, 
finally, get a sample of the final product. Though 
an APM can outlast the man who buys it, don 't 
depend on it unless you thoroughly check the 
meter in its intended job. 

THE DIGITAL PANEL METER 

Compared with the problems of its analog 
cousin, those of the digital meter seem monu­
mental. First, though it's still an infant, the DPM 
is far more complex than the APM. Second, DPM 
vendors come and go, like so many wind-borne 
dandelion puffs. Finally, since no standards exist, 
vendors can define terms and run tests to suit 
themselves. 

Perhaps the greatest problems center on the 
specs you'd like to pin down the most: those that 
assault accuracy. Unfortunately there are far too 
many of these. Input bias current, stability, 
tempco and noise are just a few. 

When you buy a DPM to measure voltage or 
current, you'd like to know how close its read­
ings will be to the input values-in short, its 
accuracy. And most vendors will tell you. What 
they may not tell you, though, is how long the 
listed accuracy will last, and under what condi­
tions. 

Drift over a short or long period can clobber 
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Fluorescent displays mark LFE's line of DPMs to read 
voltage, pressure, temperature and other functions. The 
compan.y also offers APMs. 

accuracy. So can noise, temperature variations 
and line-voltage excursions. The effects of each of 
these should be clearly spelled out. 

Some DPMs do specify both short and long­
term accuracy. But what is "short" and what is 
"long"? Without standards, one man's "short" 
can be eight hours, another's 24. And "long" can 
mean one month, six months or a year. Since 
drift may not be linear, you can't compare units 
with different listed periods. Remember that poor 
long-term drift means frequent recalibration. 
High short-term drift means bad readings. 

One thing many data sheets do shout about is 
a DPM's input impedance. True, high input im­
pedance is a must to avoid loading of the source. 
But high input .impedance alone is not enough. 
Input bias current can also nibble accuracy down. 
Where does the spec sheet tell you this? Usually 
there's nary a whisper. 

Any current through the source impedance 
causes a voltage drop (or offset), and conse­
quently an error. The higher the source imped­
ance or the higher the bias, the higher the error. 
Of course, bias current can always be nulled out 
to eliminate the error. So what's really the prob­
lem? Simply this : Bias current varies with tem­
perature. You can null it out at one temperature 
but not all. The vendor must therefore specify 
bias-and specify it across the entire operating 
temperature range. (Some units automatically 
buck out zero drift.) 

In some applications bias error can't be zeroed 
out-even at constant temperature. This occurs 
when source impedance isn't fixed or isn't linear 
-for example, when you scan or switch the 
DPM's input among several sources. The way 
out? Pick a unit with sufficiently low bias current 
-one that stays low with time and temperature. 
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When you look into bias current, see if it is 
accompanied by other gremlins. Some DPMs can 
store charge in the input circuit and later kick 
back current into your source. 

After you check out the tempco of bias, or off­
set, better move to the high end of the DPM's 
range. That's because temperature mounts a two­
front war against the DPM and attacks the gain, 
or full-scale, reading as well. 

Both tempcos must therefore be fully specified 
-that is, the listed figures should apply to the 
entire rated temperature range ; not just to a 
narrow portion. How the tempcos are specified 
is another story. 

Which tempco do you mean? 

There are eight or nine ways to spec tempco. 
A sampling: in parts per million (ppm), as a 
percentage of full scale, as a percentage of read­
ing, or as a percentage of nothing. The latter is 
meaningless, of course. Or you might see any of 
these: µ,V / °C, ±X counts, ±X digits, ±1 LSB, 
±1 bit. 

This wouldn't be so bad if you could safely 
change any of the specification units to any other. 
But while the units may be theoretically equiva­
lent, don't count on this in practice. (Expect 
to compare "apples and oranges" in accuracy 
specs, too.) 

Don't relax after you've got the tempco ; it 
doesn't tell the whole story. You can get burned 
-and badly-by heat rise within a DPM. 

Heat kills more DPMs than any other factor. 
You've got to pin it down-and keep it down. If 
high internal temperature doesn't polish off the 
DPM, it can certainly decrease its life or make it 
erratic and unreliable. 

How can you spot a unit that's going to run too 
hot? The tip-offs are high power consumption 
within a tiny, component-packed package, under­
sized transformers that run hot, a limited oper­
ating temperature range, and too long a warm-up 
time. Couple these characteristics to a high 
tempco and install the unit in an instrument that 
has its own temperature rise and .... goodbye 
Charlie. 

A DPM may hold its zero rock stable. It may 
have negligible full-scale error. But what happens 
between the bottom and the top? To find out, 
check the unit's linearity. 

When you can find linearity on the spec sheet, 
it's usually given as a maximum deviation from 
a straight line. You're rarely, if ever, told where 
the point of maximum error occurs. You probably 
won't be told how linearity was calculated either: 
best straight-line fit, least squares or end-point 
fit. If you care about linearity, ask. 

Tacked on to most DPM accuracy specs is the 
± 1-count error indigenous to all digital readouts. 
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(Some bury it in the percentage of full-scale term, 
or elsewhere). Which leads us into the gray 
world of counts, resolution, sensitivity and 
range. 

Be sensitive to resolution 

To determine a DPM's percent resolution, you 
just take the lowest value of the last digit (0.1 
mV, say) divide it by the full-scale reading and 
multiply by 100. Or you just invert the maximum 
count and multiply that by 100. Right? 

Maybe. 
While, say, a 200-m V, 3-1/ 2-digit DPM with 

100 % overrange can count to 1999-which means 
it can theoretically resolve 1 part in 2000, or 
0.05 %-it doesn't follow that the unit will track 
and display a 0.1-mV change in the input voltage. 

First, the unit might have a dead band that's 
wider than its theoretical resolution. Next, in­
ternal or external noise can spin the last few 
digits around like so many wheels on a slot ma­
chine. And then errors in the a/ d conversion 
process, such as nonmonotonicity or skipped 
codes, can also lop off the last digit. 

What you really need to know is (1.) The 
smallest ~nput change to which the meter accu­
rately responds, and (2.) Whether this holds over 
the entire range. 

Before you can find out the answers, you've 
got to know just what the range is. And this may 
not be obvious. Just because a DPM has 3-1/ 2 
digits, you can't assume it will count to 1999. It 
will-if it has 100 % overrange. But if it has 
20 % , 50 % or some other oddball overrange 
figure, it won't. With a so-called 3/ 4 digit tacked 
on, instead of the 1/ 2, the situation gets worse. 
So ask the vendor, how many counts-not how 
many digits. 

Another problem: When the vendor talks about 
full scale, does he include the overrange? With 
100 % overrange, he might do this to make his 
unit look twice as accurate as it really is. Or 
he may do it to hide the fact that accuracy 
derates in overrange. The data sheet won't tell 
you, so find out for yourself. While you're at it, 
clear up the noise specs, too. 

For the purposes of specificatfon, DPM ven­
dors generally dump input noise into either of 
two bins : one labelled normal mode, the other 
common mode. Noise specs for each of these sup­
posedly teU you how well the DPM rejects the 
noise. But things aren't so simple. 

A straight number for normal-mode rejection 
(NMR) or common-mode rejection (CMR) 
doesn't tell the whole story. Since NMR or CMR 
depends on such items as noise waveform and 
frequencies, source impedances, grounding tech­
niques, imbalance in the input circuit and other 
factors, these must be included. 
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The 5-V-power operation of Analog Devices' AD2010 per· 
mits a package size of 3 x 1.8 in., with only 3 I 4 in. 
needed for depth. Input range is 199.9 mV. 

Even if the vendor tells you under what con­
ditions he measured the CMR & NMR, the odds 
are nil that your application will be an exact 
duplicate. To best pin down noise rejection, there­
fore, get a sample and see how it perfo,rms in the 
actual setup. 

Normal-mode immunity can be boosted with an 
input filter. But filters need time to settle. So if 
the input changes too fast, the DPM can't re­
spond. Since a slow response time doesn't look 
good on a data sheet, a vendor may simply list 
the response with the filter out. To get the noise 
spec, he flips it back in. You can easily catch him 
at this game: Just look for a high NMR coupled 
with a super-fast response. Response time is 
often confused with conversion time, reading 
rate, settling time, sampling rate, etc., so check 
the definitions. 

Integrating DPMs inherently reject normal­
mode noise, but they do this best only at multiples 
of a fixed noise frequency-usually that of the 
line. Thus the DPM's integration period should 
be set for your expected line frequency. Those 
designed for 60 Hz won't provide maximum re­
jection at 400 Hz, and vice versa. 

In any case, frequency drift of commercial 
lines usually limits the maximum NMR of the 
integrating DPM to about 48 dB. For broadband 
or ·other noise, filtering .is best. 

The common-mode spec applies only to differ­
ential-input DPMs. But before you look into the 
CMR, first decide: Do I need a differential cir­
cuit? Those that make them, say yes. Those that 
don't, say no. 

Single ended or differential? 

One important DPM vendor-who makes 
single-ended units only-claims that 80 to 90 
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percent of all applications don't need a differen­
tial input. And, argues this vendor, because the 
differential arrangement needs more op amps, it's 
not as stable as the single-ended type. 

But another large vendor emphasizes the dif­
ferential as the only type to use in systems where 
ground loops are likely to appear. Who is right? 
As usual, each tells half the story. 

Since thousands of units of each type continue 
to be sold each year, .it's obvious that each has 
its own place. The problem is to determine just 
what that place is. 

In general, single-ended units are best for end­
user type applications, where the main function 
of the DPM is to provide a visual readout of a 
quantity-in a manner similar to digital volt­
meters. Where signals are already referenced to 
ground and noise is not a problem-in a battery­
powered, portable instrument, for example-then 
the single-ended will probably do the job. 

But in complex data gathering and processing 
systems-where the DPM is likely to be used 
more as an a/ d converter with BCD outputs than 
as a visual-readout device--you'II probably opt 
for a balanced differential unit with isolated in­
puts and outputs. 

Data-acquisition systems tend to be plagued 
with common-mode signals and multiple grounds 
(analog, digital, power, case). And since these 
systems can swell in size--with lots of trans­
ducers and DPMs-it can be a nightmare to keep 
digital signals and power noise off the low-level 
analog lines. 

When you do look into a differential unit, re­
member that one man's true, floating differential 
input is not the same as another's. Remember, 
too, that the presence of a CMR spec-no matter 
how high-doesn't necessarily mean the unit has 
differential input circuitry. And remember to 
watch for contradictory CMR and common-mode 
voltage (CMV) specs. 

When a CMR soars to 120 dB, but the maxi­
mum CMV is only 300 V, be suspicious. In a · 
DPM that can handle a minimum difference 
signal of, say, 1 m V, it'll take a common-mode 
voltage of 1 m V x 106 = 1000 V to cut into the 
last digit. Does this mean the CMR is so good 
the vendor didn't really have to list it? Or does 
it mean the CMR figure can't be trusted ? Or 
maybe the CMV? 

Just as there's no clear winner in the single­
ended-vs-differential battleground, no DPM comes 
out on top when it comes to 5-V vs line-power 
operation. 

Is 5 V better? 

In general, a 5-V unit costs less, is smaller and 
consumes less power than an equivalent 115-V 
ac DPM. But not always. 
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Don't forget that if the low-voltage unit draws 
its voltage from a fairly inefficient 5-V power 
supply located within the same enclosure, the 
total power drawn by the system can zoom to 
three times the DPM's nominal. 

And just because a DPM works from 5 V, it 
doesn't mean that your grounding problems are 
over. Unless the various analog, 5-V power and 
digital returns are isolated, ground loops are 
still possible. 

But where battery operation is wanted, where 
excess 5-V logic power is available or where 
high voltages can't be tolerated, the 5-V DPM 
is the choice. Of course, the line-powered unit has 
its own set of applications, in which it excels. 
So match the DPM to the job. 

One word of caution: Noise, spikes and 

Typical of Schneider Electronics' plug-in , modular panel 
meters is the VT 2120, a 12,000-count unit that can 
operate from 12 V de or 115 V ac. 

transients are just as likely to show up on a 
system 5-V line as on a 115-V ac line. And 
if the 5-V unit uses an internal de/ de converter 
to isolate or change the 5-V into internally needed 
levels, switching noise within the converter can 
work its way into the analog section. Moral: 
Filters may be needed at the 5-V input or else­
where. 

If you need BCD outputs, there are a host of 
digital specs to watch for. Isolation of the digital 
ground is one. Buffered outputs are another. 
You'll need buffering to drive lines that are 
longer than about ten feet and to avoid capacitive 
coupling between bundled lines. 

To bus the outputs of several DPMs into one 
data line or to synchronize data, look into such 
items as gating and data storage. When you check 

. into BCD, keep in mind that the meaning of 
"parallel" depends on who's talking: It can mean 
a full, parallel 12-line BCD or a four-line serial 
output. 

Don't forget to check into a DPM's environ-
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'mental behavior in areas other than temperature 
-humidity can also spell trouble. Shock and 
vibration? An APM can be built to take the 
punishment. The question .is, can the DPM? 

The required cutout, size and readability of 
the display (LEDs and the Beckman gas dis­
charge are now the most popular), second-source 
possibilities, and special features-both standard 
and optional-must all be checked out to fully 
chara:eterize a unit. And these aren't all. Perhaps 
the most important piece of information about 
a DPM is also the hardest to pin down: reliabil­
ity. 

As with APMs, ignore the listed MTBF -it's 
probably meaningless. Units that brag a 50,000-
h MTBF have been known to be dead on arrival. 
Units with socketed displays and ICs, instead of 
soldered, may be more reliable-but don't count 
on it. DPMs that use the dual-slope a / d conver­
sion principle may be more stable than other 
conversion types-but not necessarily. In short, 
there's no short cut to reliability. 

And while it's generally true that reliability 
increases with a decreasing number of compo~ 
nents and connections, again, this is not a uni­
versal truth. Less components can mean short 
cuts were taken to lower the price-such as the 
use of cheap and dirty power supplies that give 
poor regulation, or front ends that aren't proper­
ly stabilized. 

Get a sample and rip it apart (in some cases, 
you may literally have to do this) . Watch for 
overstuffed PC boards, DIP packages used as 
hinges, components soldered together in mid air, 
flexible PCs twisted like pretzels, vertically 
mounted components with sharply bent leads­
and the like. Any of these spell future shock. 

Check the vendor's reputation. Visit him and 
ask embarrassing questions-like, what's your 
return rate? How do you ensure quality? Can 
I see your burn-in racks? 

Empty promises of early delivery will be 
quickly uncovered by rows of equally empty burn­
in racks. Of course, the DPM vendor may have 
shipped most of his units in time to close the 
books on the fiscal quarter. However, with some 
companies, the quarter seems to have just ended 
whenever you arrive-regardless of the calendar 
date. 

Who's who in panel meters 

At least two dozen vendors offer APMs. About 
20 make DPMs. And a few market both types. 
Each manufacturer usually offers a fairly wide 
line so there's something for everybody. 

For analogs, check into Airpax Electronics' 
line of surface mounting, edge reading or control 
meters-all built around the company's pro­
prietary "parkermeter", a mechanism whose 
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super-thin, etched-circuit coil makes the meter 
resistant to extreme shock and heavy, continuous 
overloads. 

"Certrak" is Beede Electrical Instrument's 
name for APMs that certify tracking of better 
than ± 1 % at no extra charge. The company's 
broad line includes both p & j's and taut band, 
250-degree movements and VU meters. Beetle's 
"Super-Torque" movement uses a signal power 
boost to develop 40 times more torque than con­
ventional designs. 

Both taut band and p & j's can be found among 
the hundreds of units marketed by General Elec­
tric, a company that's been making APMs for 
over 80 years. GE's 34 "modification" centers 
inventory standard units, customize semi-finished 
units to spec, and offer repair services. 

Sizes from 1/ 2 to 8 in., in both commercial 
and ruggedized versions, are featured by Ideal 
Precision Meter Co. Recent developments at 
Ideal include bezel mounted and edgewise meters. 

Specialists in edgewise displays are the Inter­
national Instruments Division of Sigma Instru­
ments. Included in the company's lineup are 19 
sizes, five dual meters and scale lengths from 
1 to 5-1 / 4 in. 

And a complete line of stylized meters in taut 
band, p & j and repulsion-type iron-vane versions 
can be found at Jewell, formerly the Precision 
Meter Division of Honeywell. Jewell also offers 
hermetically sealed ruggedized units and custom­
designed mechanisms for avionics. 

High accuracy (0.5 % ) on a routine basis is 
the forte of LFE Corp., Process Control Division. 
The company designs many APMs with a com­
puter for fast turnaround of specials, and to 
minimize errors. LFE is one of the few com­
panies that make both analog and digital units. 

Like many others, Phaostron Instrument and 
Electronics sees an industry trend toward edge­
wise units. So Phaostron, primarily a custom 
house, has recently added both commercial and 
ruggedized edgewise units to its line. Included 
in the line are iron vane, p & j's and taut bands 
in all sizes and shapes. 

Simpson Electric is probably the largest pro­
ducer of analog panel meters. And the company 
makes digitals, too. Newest addition to the 
broad Simpson family is the recently announced 
ANA/ LED, a solid-state APM that displays 
signals with a linear "bar" of light that "moves" 
on a calibrated scale. 

Another company that markets both APMs and 
DPMs is the Triplett Corp. Though the company 
stocks over 1300 standard APM styles, it offers 
practically any combination of customized dials, 
cases and performance; the latter includes ac­
curacy, tracking, damping, resistance and custom 
ranges. 

Standing out among the industry giants-in 
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both analogs and digitals-is Weston, a company 
that pioneered many of the advances in APMs. 
From optical indicators, to p & j's, to taut band; 
and from commercial to aerospace, you'll find it 
at Weston. 

If it's a DPM you're looking for, chances are 
you'll also find it at Weston: The company kicked 
off the industry when it introduced the first 
D PM just seven years ago. 

Who's who in DPMs 

Practically anything you want in a DPM, you 
can get. Analog Devices (the pioneer of 5-V 
DPMs), for example, offers units in a variety of 
.digits, displays, sizes, features and options. Latest 
in the company's line is the 3-1/ 2-digit AD2006, 
a DPM that measures ratios. 

You can choose from one of the broadest lines 
in the industry at Analogic Corp., one of the 
largest DPM vern;lors. The company offers over 
ten basic models, each with a host of features 
and options. For instance, you can transform 
the AN2533/ AN2553 into any of a variety of 
precision measuring instruments: Just plug · in 
your own circuitry to the unit's front or back 
ends. For example, you can mate a DPM to a 
load cell for weight measurements. 

Unusual is Datascan's Model 820-the 3-1/ 2-
digit unit, using CMOS circuitry, draws only 100 
mW of power so you can operate it for over 
600 h on four D cells. 
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Need more information? 
The products cited in this report don't 

represent the manufacturers' full lines. For 
additional details, circle the appropriate in­
formation retrieval number: 

Analog Meters 
Airpax Electronics, 6801 W. Sunrise Blvd., Fort Lauderdale, 

Fla. 33313. (305) 587· 1100. (Herb Hedberg Jr.) 
Circle No. 400 

Ammon Instruments, Inc., 345 Kelley St., Manchester, N.H. 
03105. (603) 669·1531. (C. W. Heath). Circle No. 401 

Beede Electri cal Instruments Co., Inc., S. Main St., Penacook, 
N .H . 03301. (603) 753·6362. (Lou lssel) . Circle No. 402 

Dixson Inc. , P.O. Box 1449, Grand Junction, Colo. 81501. 
(303) 242-8863. (Kathy Rogers). Circle No. 403 

Electro·Mechanical Instrument Div. , 8th & Chestnut St., 
Perkasie, Pa. 18944. (215) 257·6561 CR .Jones). Circle No. 404 

Faria Meter Corp., 19 Faria Lane, Uncasville, Conn. 06382. 
(203) 848·9271. Circle · No. 405 

General Electric, Instrument Products Department, 40 Federal 
St. , Lynn, Mass. 01910. (617) 594·0100. (John Pittman). 

Circle No. 406 
Hickok Electrical Instrument Co., 10514 Dupont Ave ., Cleve· 

land, Ohio 44108. (216) 541·8060. (Robert Kuederle) . 
Circle No. 407 

Hoyt Electrical Instrument Works, 556 Trapelo Rd., Belmont, 
Mass. 02179. (617) 489·1520. (Richard Rearbon) . 

Circle No. 408 
Ideal Precision Meter Co., 214 Franklin St., Brooklyn, N.Y. 

11222. (212) 383·6904. (Robert Friedman). Circle No, 409 
International Instruments, 88 Marsh Hill Rd ., Orange, Conn. 

06477. (203) 795-4711. (John F. Connelly). Circle No, 410 
Jewell Electrical Instruments, Grenier Field , Manchester, N.H. 

03105. (603) 669-6400. (D. A. Nelson). Circle No. 411 

Datel Systems' line includes the DM-2000 AR, 
the first DPM to autorange over three scales. 
Look for Datel to be one of the first to move to 
the newer amber and green LED displays for 
DPMs. 

While Beckman planar gas discharge displays, 
LEDs, and RCA's incandescent Numitrons are 
the most popular displays at present, the older 
Burroughs Nixie tubes are still widely used. 
However, liquid crystals may be the wave of the 
future. Right now, only two companies-Digilin 
and Tekelec-offer them. Digilin claims a 50,000-
h life for its liquid-crystal displays. 

All of Digitec's DPMs use LEDs. The 4-1/ 2-
digit 2780 is Digitec's newest, and forms part of 
the company's High Technology (HT) series . 

Specializing in panel mount units for control 
systems and monitor-only applications, is Elec­
tronic Research Co. (ERC). Hot off the assembly 
line at ERC is the Series 3000B, a panel volt­
meter with systems-control provisions. 

Panel meters from Gralex are characterized 
by planar gas-discharge readouts and floating­
differential, bipolar inputs on all models. 

LFE Corp. is one of the few to use fluorescent 
displays in its DPMs. The company traces the 
high reliability-less than 3 % returns-of its 
4350 Series to the display. 

Voltage, current, angular velocity, temperature, 
time and frequency are among the things you can 
measure with DPMs from Newport Laboratories. 
Over a dozen series offer one of the largest 

Kratos, 403 S. Raymond Ave., Pasadena, Calif. 91105. (213) 
449·3090. (R. Blehr) . Circle No. 412 

LFE Corp., 1601 Trapelo Rd., Waltham, Mass. 02154. (617) 
890·2000. (Roland Gubisch). Circle No. 413 

Larson Instruments Co., Inc., Greenbush Rd ., Orangeburg, 
N.Y. 10962. (914) 359·3800. (A. D. Stephens). Circle No. 414 

Modutec Inc., 18 Marshall St ., Norwalk, Conn . 06854. (203) 
853·3636. (Mr. Deery) . . . Circle No. 415 

Phaostron Instrument & Electronic Co., 151 Pasadena Ave., 
South Pasadena, Calif. 91030. (213) 255· 1471. (J. Heppert) . 

Circle No. 416 
Simpson Electric Co., 5200 W. Kenzie St., Chicago, Ill. 60644. 

(312) 695· 1121. (Mel Buehring). Circle No. 417 
Triplett Corp. , 280 Harmon Rd., Bluffton, Ohio 45817. (419) 

358·5015. (Richard Wagner). Circle No. 418 
Westinghouse Electric Corp., Relay Instrument Div., 95 

Orange St., Newark, N .J . 07101. (201) 456·0222. (R. Lakin). 
Circle No. 419 

Weston Instruments Inc., 614 Frelinghuysen Ave., Newark, 
N.J . 07114. (201 ) 243·4700. (Bob Bilby). Circle No. 420 

Yewtec Corp ., 1995 Palmer Ave ., Larchmont, N .Y. 10538. 
(914) 834·3550. (Ralnh Johnson) Circle No. 421 

Digital Meters 
Analog Devices, Route 1 Industrial Park , Norwood, Mass. 

02062. (617) 329·4700. (Richard Goldberg). Circle No. 422 
Analogic, Audubon Rd ., Wakefield, Mass. 01880. (617) 246· 

0300 (Bernard Gordon). Circle No. 423 
California Instruments Co., 5150 Convoy St. , San Diego, 

Calif. 92111. (714) 279·8620. (William Barker) 
Circle No. 424 

Datascan Inc., 1111 Paulison Ave., Clifton, N .J . 07013. (201 ) 
478·2800. (Gary J . Moore). Circle No. 425 

Data Technology Corp., 2700 S. Fairview Rd ., Santa Ana , 
Calif. 92704. (714) 546·7160. (Diane Capeletti ). 

Circle No. 426 
Datel Systems Inc., 1200 Turnpike St., Canton, Mass. 02021. 

(617) 828-6395. (Jack Gallagher) . . . Circle No. 427 
Digilin Inc., 1007 Air Way, Glendale, Calif. 91209. (213) 

846-1800. (E. B . Hibbs). Circle No. 428 
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selections anywhere. The new 250 Series offers 
both line and 5-V powered models. 

One of the smallest DPMs is Non-Linear Sys­
tem's PM-4. Packed into a height of less than 
1 in. are four digits and automatic zero and 
polarity. The PM-4 uses less than 0.5 W. 

Schneider Electronics of Medford, Mass. offers 
two main series of DPMs: the VT 2000, a plug-in 
modular design in which user-selected options­
from power to display to outputs-are PC mount­
ed ; and the IT 3000 Series, a standard design 
with no options. Schneider also offers panel­
mounted digital thermometers. 

Though both Simpson and Triplett are known 
chiefly for analog meters, both are also in the 
digital business-Simpson with its 3-1/ 2-digit 
2830 and Triplett with five models, three of 
which use neon-glow displays; and the other two, 
fluorescents. 

Field-effect liquid crystals are used exclusively 
in Tekelec's TA 300 Series, which includes 2-1/ 2, 
3-1 / 2 and 4-1 / 2-digit models. 

With a front-panel size of only 0.78 x 2.41 in., 
the Impac Series, by Velonex Division of Varian, 
is one of the tiniest of DPMs. With all characters 
illuminated, the Impac draws less than 1 W. Un­
usual, too, is the Impac's three-year warranty. 

Weston ranks with the leaders in DPM ship­
ments. Check into the company's 1220 Series, 
DPMs that feature plug-in LEDs, one-chip MOS 
LSI and battery operation at only 3/ 4 W. And 
no warm-up time is needed for full accuracy. •• 

Di'b~f; i~4~3.d <~rne~~4~'2'ti~· <3!ff wJ'~8~i;ra1d~~· · Dayton, 
Circle No. 448 

Doric Scientific Corp.. 7601 Convoy St ., San Diego, Calif. 
92111. (714) 277-8421. (T. McColl) . Circle No. 429 

E~ectronic Research Co.. P.O. Box 913, Shawnee Mission, 
Kan. 66202. (913) 631-6700. (Eldon Hallblade). 

Circle No. 430 
Electro Numerics. 67 Evelyn Ave.. Mountain View, Calif. 

94040. (408) 738-1840. (Dennis Bethsceider). Circle No. 431 
Faratron Corp. , 280 Green St., Hackensack, N.J . 07606. 

(201 ) 488-1440. (Edward Cappucci). Clrcle No. 432 
Gralex Industries, 155 Marine St., Farmingdale. N.Y. 11735. 

(516) 694-3607. (Harold Steinberg) Circle No. 433 
Instrument Displays, 225 Crescent St., Waltham, Mass. 02154. 

(617) 374-0311. (T. Chadurjian). Circle No. 434 
LFE Corp., 1601 Trapelo Rd., Waltham, Mass. 02154. (617) 

890-2000. (Dave Cohen). Circle No. 435 
Meterex Corp., 646 Summer St., Brockton, Mass. 02402. 

(617) 588-8826. (Ken neth Sharples) . Circle No. 436 
Nes Inc., 71662 Rte. 53, Itasca, Ill. 60143. (312) 773-0370: 

(R. Martin). Circle No. 437 
Newport Labs., 630 E. Young St .. Santa Ana , Calif. 92705. 

(714) 540-4914. (Lyell Kinney). Circle No. 438 
Non-Linear Systems, Box N , Del Mar, Calif. 92014. (714) 755· 

1134. (Ben Fisher) . Circle No. 439 
RDF Corp. , 23 Elm Ave .. Hudson, N .H. 03051. (603) 882-

5159. (Albert L. Kadis) . Circle No. 440 
Salford Electrical Instruments Ltd. , Peel Works, Barton Lane, 

Eccles, Manchester M30 OHL, Great Britain. (David E. 
Hall) . Circle No. 441 

Schneider Electronics, 11 Riverside Ave.. Medford Mass. 
02155. (617) 535-5620. (Francis Barroux). Circle No. 442 

Simpson Electric Co., 5200 W. Kenzie St .• Chica!lo, Ill. 60644. 
(312) 695 -1 121. (Mel Buehring) . Circle No. 443 

Tekelec Inc., 31829 W. La Tienda Dr., Westlake Village, 
Calif. 91361. (21 3) 889-2834. (Philip Wasserman). 

Circle No. 444 
Triplett Corp., 280 Harmon Rd .. Bluffton, Ohio 45817. (419) 

358-5015. (Walter Cerveny). Circle No. 445 
Velonex, Div. of Varian, 560 Robert Ave., Santa Clara, Calif. 

95050. (408) 244-7370. (Robert Pecotich) . Circle No. 446 
Weston Instruments Inc., 614 Frelinghuysen Ave. , Newark, 

N .J. 07114. (201) 243-4700. (Bob Bilby). Circle No. 447 
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For quick action on metals 
too special 

for the big or little mill, 
come to the mill that's both. 

We take on what the big mills can't 
handle economically or promptly and 
the small mills haven't the equipment for. 

Our specialties are: magnetic alloys, 
glass-to-metal sealing alloys, expansion 
alloys, temperature compensating alloys, 
shielding alloys and electronic alloys. 
In strip, foil, cut lengths or rod and wire. 
From several pounds to several tons. 

We're geared to give fast service 
because we're totally integrated . 

We're not slowed down by outside 
suppliers because we do all our own 
processing: vacuum and air melting, 
powder metallurgy production, hot and 
cold rolling, precision flattening, 
slitting and annealing. 

So when you need specialty alloys, 
come to the mill whose total in-house 
capability includes quality control from 
start to finish. Come to Magnetics. 
Send for Bulletin MPB-1. 

•• .-­
mRBRETICS __. •• 
A OIV/SION OF SPANG /NOUS TRIES INC. 

Butler PA 16001 . 
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Series 3500 

While most DPM manufacturers strive to compress their meters into a one 
inch cube, ERC has succeeded in making a producible and maintainable 
low-cost voltmeter with optically isolated parallel BCD outputs and 5999 
count full-scale for reliability-conscious engineers in a package only 2.4" H 
x 5.06" W x 6.38" D, AND for only $148 in quantities of 100 ... $185 in single 
quantities. If the world's smallest DPM isn't your prime requirement but 
quality ~ contact us for specs and delivery. 

See Electronic Design 's Gold Book for 
information on other ERG Digital Instruments 

ELECTRON IC Dl· SIGN 16. A u g u , t 2. 1974 

7618 Wedd 
Overland Park•Kansas 66204 

Mail to: P.O. Box 913 
Shawnee Mission•Kansas 66201 

TWX: (910) 749-6477 
Telephone: (913) 631-6700 

INFORMATION RETRIEVAL NUMBER 34 

75 



Which LCD is best? With a choice among 
dynamic-scatteri ng and field-effect types, operating in reflective 
or transmissive modes, the designer must know the tradeoffs. 

With liquid-crystal displays (LCDs) growing 
in popularity as digital readouts for a variety of 
products, from wristwatches to instruments, 
more and more designers are asking : Should I 
use an LCD in my application? If so, which kind? 

LCDs consist of two types : dynamic-scattering 
and field-effect (or twisted nematic) . Each can 
be operated in a reflective or transmissive mode. 

No matter which display you pick, it will con­
sume very little power, permit direct MOS drive 
circuitry and be attractively priced. The key to 
selection, then, is tradeoffs. Let's examine them , 
with a look first at the theory of operation. 

LCDs operate in odd state 

The nematic (with a thread-like molecular 
structure) material used in displays exists in an 
odd state called the anisotropic liquid phase. This 
state is midway between the solid and isotropic 
liquid conditions. The high degree of molecular 
orderliness inherent in the anisotropic state 
yields many of the optical properties of a crystal­
like substance, even though the material appears 
physically to be a liquid-hence the name, liquid 
crystals. 

The dynamic:scattering display-the first type 
commercially available-is used extensively for 
electronic calculators. The display's construction 
consists of a sandwich of two sheets of glass 
coated with a thin transparent conductor, such 
as tin oxide or indium oxide, etched in the shape 
of the segment of a numeral (Fig. 1). The space 
between conductors is filled with a lightly 
"doped" liquid-crystal material, and a seal sur­
rounds the cavity to retain it. 

The cell is normally transparent. However, a 
voltage applied between front and back elec­
trodes causes an ionic current flow due to the 
dopant. These ions strike the liquid-crystal 
molecules and disrupt their orderly arrangement. 
A translucent region in the shape of a numeric 
or segment is thereby created. With a light source 

Phil lip Wasserman, President, Tekelec, Inc., 31829 Wila 
Tienda Dr., Westlake Village, Calif. 91361 
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1. A dynamic-scattering display is transparent when not 
act ivated . Voltage applied to t he electrodes causes the 
liquid crystal to become tra nslucent. 

located behind and above or below the display, 
the incident rays are scattered to the observer's 
eye. As an alternative, a reflective coating can 
be applied to the rear of the display and incident 
light is scattered by the translucent segment. 
Such a reflective display does not require an 
internal light source, but has proven to be of 
limited use because of annoying reflections from 
the background. 

Field effect type uses polarizers 

A field-effect transmissive display is quite 
similar to the dynamic-scattering except for the 
addition of polarizers (Fig. 2). The operation, 
however, differs entirely. Internally the trans­
parent electrodes are treated so the liquid-crystal 
molecules align themselves horizontally on the 
rear surface and vertically on the front. Thus 
there is a 90 ° "twist" of molecule alignment from 
back to front. 

Light entering from the rear is first horizontal­
!! polarized. With no voltage on the display, the 
hght follows the optical axis of the molecules 
and experiences a 90 ° rotation of its plane of 
polarization in passing through the liquid-crystal 
l~yer. The second polarizer on the front stops this 
hght and the display appears uniformly dark. 

When a voltage is applied between the trans­
parent electrodes, the molecules abandon their 
alignment with the surf aces and align themselves 
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2. The field-effect transmissive display uses pola rizers. 
Otherwise its construction, but not its operation, re­
sembles that of the dynamic-scattering type. 

with the electric field. The 90 ° twist is no longer 
applied and the display becomes transparent in 
the desired region, which is shaped to form a 
character or segment of a character. This "light­
gating" action permits high contrast ratios with 
simple optical structures. 

The front polarizer may also be vertically 
oriented and a reflective diffuser laminated to 
the rear surface. A reflective display is formed 
thereby (Fig. 3). With no voltage applied, inci­
dent light from the front is vertically polarized. 
The light passes through the liquid-crystal ma­
terial acquiring a 90 ° rotation of its plane of 
polarization in the passage. The rotation allows 
the light to pass through the horizontal polarizer 
on the rear. 

The light is then diffused and reflected for­
ward where it is repolarized by the horizontal 
polarizer. Again its plane of polarization rotates 
90 ° by the liquid-crystal material. The additional 
rotation allows the light to pass through the front 
vertical polarizer to the observer, who sees a 
uniformly illuminated surface. 

When voltage is applied between the electrodes, 
the 90 ° twist from the liquid-crystal material is 
lost. Hence incident light polarizes vertically, 
passes through the liquid-crystal layer unchanged 
and becomes absorbed by the rear horizontal 
polarizer. To the observer, the regions covered 
by the activated electrodes appear dark against 
a bright background. 
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3 . A reflective field-effect display uses a vertically 
oriented front polarizer, a horizontally oriented rear 
polarizer and a ref lective diffuser at the rea r. 

For digital wristwatches, reflective operation 
must be employed, because of the prohibitive 
power that an internal light source would con­
sume. Also, the field-effect display is the clear 
choice, because of undesirable background re­
flections present in a dynamic-scattering unit. 
For similar reasons, field-effect displays excel in 
nearly all low-power, battery-operated situations. 
Furthermore reflective field-effect displays get 
brighter in high ambient light, and thus are im­
mune to washout in direct sunlight-a common 
problem with other displays. 

In the case of line-operated equipment, the 
choice is not nearly as clear-cut. Often the de­
cision hinges on the means of illumination. · 

The problems of illumination 

The transmissive dynamic-scattering display 
can be difficult to .illuminate. Obviously the light 
source cannot be immediately behind the trans­
parent display in the simple configuration; the 
observer would see the light rather than the dis­
play. One solution locates the light source above 
or below the display, with some optical system 
to direct the light down at a steep angle onto the 
display (Fig. 4). With a black background, the 
viewer sees only the light scattered by the trans­
lucent digit. 

This system has a major limitation : The in­
tensity of the scattered light varies as the cosine 
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of the angle between the incident ray and the 
observer, if the segment is an ideal diffuser. If it 
isn't, the situation gets worse (Fig. 5). If the 
light source is to be invisible, the angle of inci­
dence e must be greater than the maximum 
viewing angle. This condition reduces the light 
scattered directly forward to the viewer. More­
over display brightness varies rapidly with view­
ing angle, so other optical techniques must be 
used to provide light from the bottom if bright­
ness is to be relatively constant. 

Another method places the light source directly 
behind the display, with a sheet of light-control 
film between the source and the display (Fig. 6). 
The film has built-in "louvers" that allow light to 

LIGHT 
SOURCE 

' , 
''@111,,~ 
~ , 

~ -----.OPAQUE PANEL 

DISPLAY 
---VJEWER 

BLACK BACKGROUND 

4. One illumination method for a transmissive dynamic­
scattering unit has the light source above and behind. 

pass through only a.t steep angles, an arrangement 
that results in optical inefficiency. Only those 
rays that arrive over a narrow range of angles 
reach the display, while the film absorbs the 
bulk of the light. Nevertheless an acceptable dis­
play results-although intensity varies dra­
matically with viewing angle (Fig. 5). 

Both the elevated light source and the light­
control film suffer from a common problem: If 
the viewer is sufficiently below the display, the 
light source becomes visible. In some equipment, 
the housing restricts viewing angle to avoid the 
problem. This approach is quite acceptable in ap­
plications that don't require wide angular visi­
bility. In fact, the same technique can be used 
with a reflective dynamic-scattering display to 
eliminate sources of reflection. In at least one 
case, the carefully shrouded display provides an 
acceptable appearance over a narrow angle. 

Other methods for illuminating transmissive 
dynamic-scattering displays achieve varying de­
grees of success. They include use of edge light­
ing, a prism to gather ambient light and "trans­
flective" displays with a partly transparent, 
reflective rear coating. Generally all methods 
show low optical efficiency, brightness variations 
with viewing angle and complex structures. 
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For widest angular visibility, the transmissive 
field-effect display is the best choice. Moreover 
its illumination system is extremely simple. For 
example, on Tekelec panel meters and multi­
meters, a bulb provides light to a piece of lucite 
that is behind the display (Fig. 7). Internal re­
flections ensure uniform illumination of the rear 
surface, which is painted white. The "light valve" 
action of the display makes the energized seg­
ments transparent and the illuminated back­
ground visible. Since no scattering is involved, 
display brightness is constant with viewing angle, 
and optical efficiency is high. A 1/2-W bulb pro­
vides adequate illumination, whereas a 2-W light 
source is required for comparable brightness with 

5. The illumination scheme suffers from a wide varia­
tion in light intensity with viewing angle. 

a dynamic-scattering display. 
Despite early problems, LCDs produced today 

should have virtually unlimited life when driven 
with the proper circuits. The liquid-crystal ma­
terial is sensitive to contamination, a problem 
similar to that faced by the semiconductor in­
dustry. Extreme cleanliness in production, 
coupled with a good seal, are required. 

Good seals extend display life 

The seal has several stringent requirements : It 
must be impervious to contaminants; it must be 
matched in thermal expansion to the glass and to 
the liquid-crystal material; and it must not react 
with the liquid crystal. To date, there appear to 
be two successful approaches : glass-frit and 
plastic seals. 

The glass-frit seal is, of course, quite nonre­
active and impervious to diffusion of impurities. 
But it is difficult to match coefficents of thermal 
expansion, and usually it must have one or more 
open regions sealed with plastic. This is necessary 
because the liquid-crystal material cannot stand 
the sealing temperatures and must be introduced 
after sealing through "fill holes." These holes 
are then plugged, usually with some plastic ma-
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terial. If this material is not carefully chosen and 
purified, discoloration can occur around the plug. 
Some promising laboratory work has been done 
on laser sealing and other methods to produce 
what manufacturers describe as a "true hermetic 
seal." However, such methods have not yet 
achieved commercial status. 

The alternative is to use an effective plastic 
seal. Thermal expansion problems are eliminated, 
and sealing temperatures are low enough to al­
low prior introduction of the liquid-crystal ma­
terial. Current · plastic-sealed units survive ex­
tended high temperatures and pressures in a 
suitable test chamber. Although no good correla­
tion exists between these tests and operating life 

LIGHT 
SOURCE ,,,11,, 
~&----- ---- VIEWER 

6. Use of light-control film allows placement of the light 
source directly behind the display. 

in more benign environments, two things are cer­
tain : F.irst, the newer plastic-sealed units are 
orders of magnitude more impervious to contami­
nation than those they replace, and second, field 
history indicates a negligible incidence of degra­
dation over a two-year period. Extrapolations 
suggest that lifetimes may well be 10 years or 
even longer, since no significant failure me­
chanisms are known. 

Ideally the field-effect display is a perfect 
insulator. Any current flow results from in­
ternal impurities. By monitoring the current 
levels, an index of internal impurity concentra­
tion is obtained. Current levels are typically only 
a few nanoamps for an entire 4-1 / 2 digit display. 
By a monitoring of this current during environ­
mental stress over a period of time, a sensitive 
index of seal integrity can be obtained. This 
monitoring ability is an important advantage 
over dynamic-scattering units, where impurities 
that are deliberately introduced mask the effect. 

Avoid de drive signals 

Improper drive waveforms represent one 
major cause of display degradation. Direct-cur­
rent operation is possible w.ith field-effect dis-
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7. A simple illuminat ion system for a transmissive field· 
effect display obtains the widest angular visibility. 

Driving of the liquid-crystal display is both 
difficult and easy. The easy part results from 
the minute operating power of these units. A 
display segment's equivalent circuit consists of a 
capacitor of a few picofarads paralleled by a 
resistor of many megohms. Hence drivers need 
supply only microwatts to nanowatts per seg­
ment. Furthermore signal levels required vary 
from 5 to 30 V, or well within the range of 
standard transistors and ICs. 

The difficulty is that the drive must be es­
sentially pure ac. This places stringent require­
ments on the drive circuit and can result in 
complex circuitry. 

The most common drive circuit uses a two­
phase signal generated by log.ic circuitry (Fig. 
8). The ON segments are driven by a signal that 
is 180 ° out-of-phase with the backplane signal 
and that produces a pk-pk ac signal of 2E between 
the transparent electrodes. The OFF segments are 
driven in phase with the backplane, and no net 
voltage appears across that portion of the dis­
play. 

Fig. 9 shows the circuitry required to generate 
the required waveforms. A standard EXCLU­
SIVE-OR gate produces the required segment 
drive signal which is out-of-phase when the logic 
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two-phase drive signals are used to drive 
and OFF segments must be 180° out-of-phase 
other. 

SQUARE 

WAVE 

GEN ERATOR 

BACKPLANE DRIVE 

LOGIC INPUT 

TRUTH TAB LE 

EXCLUSIVE 
OR GATE 

\ 
DISPLAY 

BACKPLANE 

9. A standard EXCLUSIVE-OR gate produces the re­
quired segment drive signal. Any de component must be 
held to less than approximately 0.05 V to avoid reduction 
in display lifetime. 

input is at a zero level. Depending upon the volt­
age levels required, the gate might be TTL, 
CMOS or other standard logic. 

With this drive method, great care must be ex­
ercised to avoid a de component. Backplane and 
segment signals must be closely matched in both 
amplitude, as well as rise and fall times, since 
the de component must be less than 0.05 V to 
maximize display life. 

The liquid-crystal display interfaces directly 
with MOS circuitry-which is a major advan­
tage. Light-emitting diodes and gas-discharge dis­
plays require external drivers because of the 
high power required of the former and the high 
voltage of the latter. These drivers have a high 
initial cost and lead to a more complicated and 
expensive unit. 

Several custom MOS circuits, using both PMOS 
and CMOS versions, include the necessary drivers 

80 

for liquid-crystal displays in calculators, digital 
watches, digital panel meters and digital multi­
meters. At least two vendors offer standard 
products with this drive. However, a word of 
caution: Often the manufacturer doesn't specify 
residual de that can result from circuit offset 
voltages or rise and fall-time differences. 

The frequency of the drive should be carefully 
considered. Dynamic-scattering displays are 
sensitive to the frequency, and most manufac­
turers recommend ·a drive frequency of 60 Hz. 
This value is well above the "flicker frequency" 
of the human eye and well below the 300-to-400-
Hz limit for most such displays. 

Field-effect displays, on the other hand, can 
be successfully operated up to 10 kHz. This 
practice seems undesirable, however, because of 
difficulties with rise and fall times. These be­
come an app·reciable percentage of the total drive 
cycle and compiicate the residual de problem. 

The problem of multiplexing 

Multiplexing, commonly used with other dis­
plays, offers a substantial reduction of circuit 
complexity-especially where large numbers of 
digits are involved. Nevertheless most LCDs are 
used in a nonmultiplexed mode because of the in­
herent difficulty in multiplexing. Fig. 10 shows 
the usual multiplexing arrangement applied to 
an LCD. Although de drive is shown, the prob­
lem is essentially the same with the more com­
mon ac drive. 

In the circuit of Fig. 10 voltage + E is applied 
to one backplane digit at a time. Meanwhile all 
like segments of a seven-segment display are tied 
together and connected to one of two voltages, 
depending upon whether the segment should be 
on or off. The problem is that if segment la is 
taken to a high potential to turn it off, segment 
2a-and all like segments of other OFF digits­
have this potential between the segment and 
backplane; consequently they turn on when they 
shouldn't. A LED display does not have this 
problem, because it .is essentially a diode and 
does not glow when back-biased. In fact, insertion 
of diodes in each segment lead has been success­
fully used with LCDs. Cost and complexity make 
the diode approach unattractive, since a pullup 
resistor is also required for each segment to en­
sure that diode leakage does not turn on the seg­
ments. 

The simple multiplexing circuit works without 
diodes in gas-discharge displays, even though 
they, like liquid crystals, are sensitive to voltages 
of both polarities. This is accomplished when the 
segment voltage is taken to some potential E" 
high enough to extinguish segment la but not 
high enough to reverse-fire segment 2a. Also, 
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10. LCDs don't multiplex easily. Without the use of ad­
ditional circuitry, LCD segments in multiplexed opera­
tion tend to turn on when they shouldn't. 
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11 . Some field-effect displays exhibit an abrupt voltage 
characteristic that is suitable for multiplexing. However, 
the operating point may not allow visibility, and it can 
change with temperature, time and material. 

anodes are usually not taken to zero volt but 
rather to some other potential, E 2, which is in­
adequate to either fire or sustain a segment in 
an OFF digit. 

A similar approach might be taken with a 
LCD. For example, if the ON backplane is taken 
to + E, the OFF backplanes to + E / 3, the ON 
segments to zero volt and the OFF segments to 
2E / 3, then a 3 :1 ratio is established between the 
backplane-to-segment voltages for the ON vs 
OFF segments. However, for most dynamic­
scattering LCDs, this is inadequate. These dis­
plays exhibit a more or less linear relationship 
between excitation voltage and visibility. A poor 
display results with OFF segments clearly vis­
ible. 

Another multiplexing scheme makes use of the 
fact that certain field-effect displays exhibit a 
fairly abrupt "knee" .in their response curves 
(Fig. 11) . With any particular unit at any time, 
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it's possible to adjust + E to be greater than E A 
-the voltage that produces an acceptable dis­
play. But then it's possible that E / 3 may be less 
than Ev-the voltage that produces the thresh­
old of visibility. 

Worse, Ev and E A are functions of tempera­
ture, time and materials, as shown by the broken 
lines. Thus it is difficult to be certain that E > 
EA max while E / 3 < E v min for a specified E. 
Morever E v and E A are functions of the viewing 
angle. 

An additional limitation of LCDs is that addi­
tional voltage beyond a certain level doesn't pro­
duce greater visibility. If you multiplex eight 
digits in a LED or gas-discharge display, eight 
times the average segment current flows to main­
tain the specified brightness. Of course, this ap­
proach cannot be used to multiplex LCDs (Fig. 
11) . As a result, visibility generally diminishes 
as the number of digits increases. 

The effect is not as severe as might be ex­
pected. Some displays respond to the rms value of 
the applied voltage. Relatively more visibility is 
given thereby than would be anticipated from a 
simple time-averaging calculation. Also, it's often 
found that turn-on time is less than turn-off 
time. This can add to the visibility of a display 
operated with the short pulses encountered in 
multiplexing systems. 

LCDs can be slow 

Other limitations of liquid-crystal displays in­
clude slow response times and limited tempera­
ture range. Also LCDs are prone to possible dam­
age from ultraviolet light. 

Turn-on and turn-off times of 100 to 150 ms 
are typical. Response time varies as the square 
of the thickness of the liquid-crystal layer. 
Since this layer is only 1/ 4 to 1/ 2-mil thick, 
maintenance of uniform response time in produc­
tion is a formidable task. Response time also 
varies with viewing angle and must be carefully 
specified to be meaningful. As temperatures drop, 
response time becomes longer, and speed in­
creases with temperature up to the "clearing 
point," where the liquid crystal enters the liquid 
phase. 

Commercially available displays operate from 
0 to 65 C and are not permanetly damaged by 
exposure to temperatures from - 55 to + 125 C. 
Considerable variation in response time can be 
expected over this range. 

Theoretically liquid-crystal materials can be 
damaged by ultraviolet light. In practice, the risk 
is nonexistent, since the glass used filters out 
ultraviolet to a high degree. The risk is com­
parable to that of getting burned by moo·n­
light. •• 
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The Tur11pllke. 

N's somethllna else 
AuaM calfl anre you. 

Those open lanes through the 

dual-in-line sockets are the 

Turnpike . On this turnpike you 

drop in whatever discrete 

compone,nts your design calls 

for. On the other side of the card 

you wire wrap those discretes 

into your circuitry . It's a 

low-profile feature you can find 

only on our 3-D Dual-in-Line 
Socket Cards. 

In addition you get built-in noise 

protection, 22 built-in test points, 

and 120 connector contacts . Our 

standard configurations offer a 

wide choice of card layouts for 

two- and three-level wire 

wrapping . 

This is why we say we give you 

more design freedom than Augat 

does. 

Try us. We'll see 
you through. 
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Ferrite transformers cost less, 
increase reliability and eliminate scrap. 

Broad Band-Rated™ferrites replace 
laminations to 18,000 perm. 

New design solutions 
If you're using metal laminations 
to get high permeability trans­
formers and inductors, take an­
other look at ferrite technology. 
Our ferrite components now elim­
inate the high cost of lamination 
assembly in critical bandwidth 
applications from 100 Hz to above 
250 MHz. 
Increased reliability and guaran­
teed circuit performance of our 
components end design guess­
work and production rework. You 
design with known circuit param­
eters and our pretesting program 
assures that our components will 
continue to meet your circuit re­
quirements. 

Highest permeability available 
Toroidal perm over 16,000 and 

100 Hz Frequency 

effective permeability over 5,000 
allows you to use Broad Band­
Rated ferrites in a wide variety of 
new applications. Our full range 
of shapes includes mated parts in 
pot core, RM6 and E core config­
urations to extend your design 
flexibility. 

Some help from your friends 
We'd like to help you apply the 
latest ferrite technology to your 
broad band requirements. Our 
new design guide outlines the 
improved characteristics of our 
components and gives you guar­
anteed specs that make sense. 
Shunt resistance and reactance 
per turn squared, temperature 
coefficient, disaccommodation 
and hysteresis core constant. 
The applications section covers 

beyond 250 MHz 

design of both high and low fre­
quency transformers and shows 
you how our circuit specifications 
make your design task easier, 
more precise. 
Circle the Bingo card for your 
copy of the design guide or call 
(201) 826-5100 and talk to the 
engineers who wrote it. 
Either way, if you're still gluing 
laminations to get high perme­
ability, talk to the ferrite experts. 
That's us. 
Indiana General 
Keasby, NJ 08832 

National distribution through Per­
mag in Atlanta, Boston, Chicago, 
Dallas, Detroit-Toledo, Los Ange­
les, New York and San Francisco. 

m 

§[Il][Il] Indiana general 
a division of Electronic Memories & Magnetics Corporation 

INFORMATION RETRIEVAL NUMBER 36 
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For tough measurements, try IAs. 
Instrumentation amplifiers offer three big advantages 
over simple, multiple op-amp instrumentation circuits. 

Many difficult measurement problems can be 
solved with an instrumentation amplifier, and 
with three advantages that you won't get with 
simple op amps : 

First, the instrumentation amplifier (IA) is 
a closed-loop differential circuit with externally 
programmable gain (gain adjustments don't af­
fect input characteristics) ; it amplifies the dif­
ference between two ground-referenced signals. 
Second, this type of amplifier rejects ground­
referenced, in-phase signals common to both 
inputs ; this is called common-mode rejection 
(CMR). Finally, the IA input impedance is made 
extremely high and remains constant. Thus it 
minimizes input errors because it doesn't load 
the source impedance. 

The generic term IA covers amplifiers that 
range from ultra-complex rack-mounting assem­
blies to simple monolithic arrays. 

An op amp has limitations 

Let's see why a simple op-amp circuit can't do 
the same job as an IA. In Fig. 1, the input and 
output ground points of the op-amp circuit are 
separate. This permits a ground-loop, voltage, 
Vg,, to exist. For any input, the op-amp inverter 
"sees" the sum of V., the signal to be measured, 
and Vg1 and amplifies both signals equally. 

Since the circuit is single-ended and cannot 
subtract, the series-error voltage can't be re­
jected. Also, when high values of gain are 
used, the input resistance, R;, causes a source 
loading. 

The need for an IA depends upon the accept­
able ratio of V./Vg,, since the input signal-to­
noise ratio doesn't get changed by the amplifier. 
The loading effect of the input impedance should 
also be considered. 

The Wheatstone-bridge signal source of Fig. 2 
precludes the use of a single-ended amplifier. 

Bill Miller, Applications Engineer, Hybrid Systems Corp., 
87 Second Ave., Burlington, Mass. 01803 
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~. Single-ended inverter op amp just amplifies the 
ground-loop voltage along with the signal. 

The large residual voltages at nodes e, and e2 
must be subtracted (rejected) to permit measure­
ment of the small difference voltage between the 
nodes caused by a small change in Rx. Since the 
difference voltage is often 1000 times smaller 
than the residual, the ampEfier must measure 
millivolts in the presence of volts. And you still 
have the problem of the resistance between nodes 
ei and ez with respect to ground. 

Again, the need for voltage subtraction (or 
rejection) arises. Thus both the single-ended in­
verter and the double-ended bridge circuit pre­
sent problems that an IA can solve. 

In both cases, since voltage you want to reject 
is in series with the desired signal, use the 
following rule: To measure low-level signals in 
the presence of large voltages that don't provide 
any extva information, use an IA. Radiated inter­
ference from nearby wires and components re­
quires special shielding of the amplifier. 

IA avoids interference problems 

The op-amp subtractor circuit of Fig. 3 can 
simulate an IA in some ways because it has 
several identical features: It can measure two 
ground-referenced signals differentially and 
amplify the difference with predictable gain. Also 
the error voltage commmon to both input termi­
nals, E cna produces a zero (ideal) addition to the 
output. Though the diagram looks simple, each 
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•12 ' e1 -ez 

Ro Re 
R •~ 

x Rb 

2. Wheatstone-bridge circuit provides a double-ended 
input, but it also masks the signal with high voltages. 

amplifier may be very complex and may require 
component matching, tracking and careful layout. 

But the subtractor circuit has limited value; 
close resistor matching and amplifier CMR are 
crucial to the over-all circuit CMR. Stable 
matched resistors are costly, while op amps rare­
ly have high CMRs that remain constant over 
a usable frequency range and provide the de input 
characteristics usually required. 

The practical ratios of R2/Ri also restrict the 
gain and input impedance of the subtractor. 
Amplifier input bias current limits the subtrac­
tor input impedance. But too low a value loads 
the source ; this, in turn, limits gain. 

Changing the gain of the subtractor circuit is 
a major problem for this reason: Since ratio 
match must be maintained, Ria and Rib must 
track together. Input resistance also changes, de­
creasing for higher gains, and costly matched­
resistor pairs or even more costly ganged po­
tentiometers are needed. 

If you analyze the elaborate multi-amplifier 
subtractor circuits, you will probably decide that 
a true IA (shown symbolically in Fig. 4) must 
be designed from scratch. 

Fig. '5 shows the IA's basic structure. Internal 
circuit symmetry is of prime importance. For 
instance, if the gains are symmetrical, cominon­
mode gain is eliminated. Eq. 2 in the table for 
the double ended source inputs shows that for 
Ai ·= A2, the common-mode voltage, E 011,, pro-
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3. With a subtractor circuit, you can approximate the 
performance characteristics of an IA. 

duces no output. The input impedances, Rem and 
R<1, are dynamic and don't vary with the gain 
setting. And the gain-adjust resistor, R0 , permits 
simple wide-range gain adjustment. 

Select IAs carefully 

Before you p.ick an instrumentation. amplifier, 
check its many specifications. To start, note 
the differential gain. The equation for this 
usually takes the form 

Ad= K [1 + Ra/ Ro], 
where Ra is given and R0 is the gain program­
ming resistor. The constant, K, is the fixed, post­
amplifier stage gain usually 10 or more. 

The gain setting of the IA doesn't modify the 
input impedance, but it has a marked effect on 
the drift (referred to the output), CMR and dy­
namic response nonlinearity (eoutlert). The non­
linearity, a function of loop gain, define8 the 
deviation from a straight-line transfer character­
istic. Make sure it is specified at the highest 
permissible gain level. Gain also varies with the 
temperature; be sure you know the tempco. 

Consider also the input impedance of the IA. 
You should examine both the differential input 
impedance (Rct-the impedance between input 
terminals) and the common-mode input impe­
dance (the impedance between each input termi­
nal and ground). While the effects from each 
of these impedances overlap, each limits the 
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Low-frequency IA performance equations 

Ro 

Double-ended source 

K [ ed 
(A1 + A2) 

2 
+ eem (A1 -A2) J . . . (2) 

t 
Differential 
Gain:~ 

As A2 ~ A1 ; Aem ~ 0 . . 

Common Mode Rejection (CMR): 

t 
Common-Mode 
Gain: Aem 

. (2a) 

~ Al + A2 Al I 
CMR = Aem = 2 (Ai -~) = Al - A2 . . <4> 

(With R8 << Rem; e , = ed) 

GAIN 
SET 

A,-+ A, 

l 
•o 

l 
ERROR VOLTAGE DUE TO SEPAR:__JA 

GROUNDS 

----~'•cm------

4. A true instrumentation amplifier offers variab'.e gain 
along with very high common -mode rejection ratios and 
high input impedances .. 

permissible source characteristics in a different 
way. 

Since Rt1 is across both input terminals, it 
doesn't produce an unbalance; but it does impose 
an upper limit on the source impedance. If Rct 
is too low, it will load the source and accentuate 
the effect that a source unbalance has on the com-
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Single-ended source 

e. K [A, e. + e.m (A, -A,)] · • • (2) 

t t 
Differential 
Gain:~ 

As A2 ~ A1 ; Aem ~ 0 

Jhen e. = KA,e. ~ A. e. · 

Common Mode Rejection 

CMR = Ad A1 
Aem = Ai - A2 

RSI 

C51 

Ro 

-= 

Cs2 

Common-Mode 
Gain: Aem 

.(2a) 

. (3) 

(CMR): 

.. . . . (4) 

R52 INSTRUMENTATIClll AMPLIFIER 

5. The internal input circuits of an IA avoid the measure­
ment problems of simpler circuits. The IA includes 
features not found in other amplifier families. 

mon-mode error. Therefore the ratio of Rd/ Rs 
must be large enough to avoid source loading. 

The common-mode input impedances, R enn and 
R emo, directly affect the input common-mode 
error. If Rd is removed from the circuit of Fig. 
5, we are left with the voltage divider formed by 
R, and Rem at each input terminal. As R0 111 ap-

ELECTRONIC DESIGN 16, August 2, 1974 



proaches Rs in value, the equality of the voltage 
division at each terminal becomes increasingly 
critical. Since Rem match is never specified, use 
the following rule of thumb: If the ratio of Rem 
to R. is much greater than the CMR of the IA, 
the IA alone determines the circuit CMR. 

Though both impedances are reactive, only 
their resistive terms are specified. A high source 
impedance undergoes severe reactive loading 
with time-varying input signals. 

Reminder: Check the CMR 

The common-mode rejection of an IA is a func­
tion of gain. Usually the CMR is specified at a 
reference gain value. The CMR at a gain of 100 
is higher than at a gain of 10, but direct pro­
portionality cannot be assumed. Settling time 
usually increases with gain, while bandwidth 
decreases. To provide a measure of the IA's 
ability to interface with equipment, the CMR 
is usually specified with a 1-kfl source unbalance. 
If it isn't, check your supplier or evaluate a unit. 

The maximum safe level of common-mode volt­
age must be specified and observed. There are 
large transient spikes in many systems, and if 
they get onto the signal lines, they can zap an 
IA in microseconds. 

CMR is a direct function of frequency and 
should be specified at a reference frequency, not 
necessarily the 3-dB break point. Ideally a family 
of curves-plots of CMR vs frequency-with 
gain as a parameter should be supplied by the 
manuf.acturer. Another problem to examine is the 
effect of gain on the input-offset voltage drift. 
The contribution of this drift to the output is 
found if you multiply the input offset by the 
gain selected. An additional, fixed-output drift 
component comes from the post amplifier and 
doesn't vary with gain. But you can refer the 
drift to the input by dividing it by the selected 
value of gain. 

Most of the other IA specifications follow the 
same rules as the simple op amp. For example, 
you can use the input-offset current spec with 
a nearly balanced input bias current and the 
source spec with a grossly unbalanced source. 
Remember, however, that unbalance degrades 
the over~all CMR. With an unbalanced source, a 
resistor should be connected between the un­
driven terminal and the common line to provide 
balance. 

Problems arise when the IA is not fully under­
stood. For instance, some IAs are advertised 
as being fully differential, but a floating signal 
source cannot just be connected across the input 
brminals. This type of amplifier would go right 
into saturation and stay there. These IAs, even 
though they are fully differential, require a com­
mon-mode ground return. • • 
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Photo courtesy Burroughs Corporation 

Now, thats sales appeal! 
The ILLIAC IV, one of the world's largest computers, 

is another masterpiece of electronic engineering ... 

and it looks it. Even sophisticated equipment such as 

this requires housing design that says beauty, pur­

pose and durability. And nothing says it better than 

unique MET-L-WOOD® panels. 

Met-L-Wood is a structural laminate combining the 

best qualities of wood and metal. It features high 

rigidity, strength, durability and lightweight. It has 

the solid feel and characteristics of steel plate with­

out the weight, and a beautiful, smooth surface for 

immediate and lasting eye appeal. 

First impressions often influence final decisions and 

acceptance. Met-L-Wood panels add more sales 

appeal than any other material you can use. Send for 

complete information today. Write: MET-L-WOOD 

CORPORATION, 6755 West 65th Street, Chicago, 

Illinois 60638. 

~ {M•f'·w00~) MET-L-WOOD Corporation ·w- STRUCTURAL LAMINATES SIHCE 1'25 

INFORMATION RETRIEVAL NUMBER 37 
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Whether you buy one's, two's or multitudes 

North delivers power reliability! 
The performance of your business machine pro­
ducts should never depend on anything less than 
reliable power supplies. It just doesn't make sense 
to risk the valuable reputation of a major piece of 
equipment over a minor component- especially, 
when the cost difference is so little. 

Many O.E.M. 's are beginning to agree with this 
point of view, and if you're one of them, we'd 
like to quote your next power supply order. 
Whether you need one unit-or one hundred, 
North Electric has both the product selection and 
the production capacity to deliver more "relia­
bility" for your power supply dollar. 

And , to back it up, we offer the industry's finest 
technical specialists and more than 40 years 
experience as the leader in custom power supplies. 
SP-15 

Send for a product catalog today, or for service 
information call your North Standard Product 
Manager at 419/468-8874. 

MODEL 10000 

voe AMPS 

0- 7.5 2.10 
0- 16 1.25 
0- 25 0.85 
0 - 33 0 .68 

DUAL OUTPUT 
SUPPLIES 

MODEL N03052 
voe AMPS 

±15·12 400MA 
MODEL N60052 
voe AMPS 

±15-12 1.0A 

Listed here are the more popular models­
many other voltages are available. 

MODEL 11000 12000 13000 14000 15000 16000 17000 18000 

voe AMPERES 

50 3.9 5.3 11.3 13.0 20.0 32.5 49 .0 82.0 
12.0 2.8 4.2 8 .0 10.5 15.0 23.0 36.0 58.0 
15.0 24 3.7 7.5 9.5 14 .0 20.5 27 0 47 .0 
18.0 2 1 3.3 6.0 8 .0 13.0 18.0 26 0 40 .0 
24 .0 1 5 2.8 4.2 7.0 11.0 15.0 2 1.0 33.0 
28.0 1 4 2.4 4.0 6.3 9 .0 14.0 20.0 29.0 
36.0 1 2 2.2 3.1 5.6 8.0 11.0 14.0 23.0 
48.0 95 1 8 2.6 4 2 6 .0 8 .0 100 18.0 

NORTH~~~ 
ELECTRIC COMPANY ••• 

North Electric Company I Galion . Ohio 44833 I A United Telecom Co. 

INFORMATION RETRIEVAL NUMBER 38 
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Weston introduces the new Model 
1230, a money-saving 31h-digit DPM 
with the best price/performance ratio 
of any meter on the market today. 

Check these Model 1230 features. 
Full 3V2-digit, plug-in, seven-segment 
Sperry display. All solid-state design 
with reliable TTL packages and 
advanced state-of-the-art CMOS 
circuits. Sturdy single PC board 
construction. Automatic zeroing. Bias 
current only 2nA maximum. 80 dB 
Common Mode noise rejection. 
. The Model 1230 also offers 0.1%, 

±one digit accuracy-~aranteed, over 
a 0-50°C operating temperature range. 
Draw·s·only 4.7 watts.at standard·line 
voltage. Uses only 7 sq. in. of panel 
space. Weighs only 13 oz. And, you get 
the Weston patented Dual Slope 
Conversion* design for exceptional 
Stability. ' U.S. Pat. :3,051.939 

Special OEM features in the Model 
1230 include adjustable sampling 
rates, fixed or remote control of decimal 
point, external reference input, 
optional BCD output, synchronization 
to external equipment and easy slope 
adjustments. 

But, the most amazing feature of 
the 1230 is the price. In OEM 
quantities the cost is less than $90.00! 
And, you get the Weston dependable 
field service support at no extra cost. 

So see the all-new Weston 1230 
today. Ask your nearby distributor to 
show you how you can get more meter 
for your money. 

Or, write direct to Weston 
Instruments, Inc., 614 Frelinghuysen 
Ave., Newark, N.J. 07114. 

We're either first or best. Or both. 
WES I ON® IW'11nii1·J 



Are your humidity readings valid? 
Most test chambers are so poorly instrumented and serviced 
that major errors occur and engineers aren't aware of them. 

Humidity tests are required by almost all elec­
tronic component and equipment specifications. 
But strong evidence shows that 90 to 95 % of all 
humidity test chambers are "out of control." 

In 80 % of the cases the test operators are not 
even aware of the pitfalls they face in making 
these critical humidity measurements. And even 
if they suspect that a problem exists, often 
they're confused about how to restore control 
over the tests. 

In an attempt to offset potential errors, some 
buyers insist on a more stringent spec from the 
supplier than they need. The supplier performs 
the humidity test at 90 to 98 % relative humidity 
(RH), but the buyer runs the identical test at 
80 to 90 % RH. This is a poor solution to the 
problem of test errors. 

Dale Electronics investigated a high-reliability 
component made by eight companies on the Mili­
tary Qualified Products List. Four of the com­
panies were seleCted at random and their product 
tested under controlled humidity. The compo­
nents of three failed to meet the humidity re­
quirements, and the fourth company was only 
borderline in complying with the spec. The com­
panies are still listed as "qualified" military sup­
pliers, however. 

What are the problems? Here are some: 
• A very popular method of recording wet and 

dry-bulb RH is the 24-hour circular chart. But it 
provides insufficient resolution to be useful for 
component humidity testing. 

• Most methods use two pens for separate wet 
and dry-bulb temperatures. But there is an offset 
between the pens that makes it very difficult to 
correlate the two readings, especially when the 
temperatures are changing rapidly or ,make large 
excursions. 

• The wet-bulb water is often impure, so that 
the wick becomes encrusted with deposits. As a 
result, the wet bulb gives inaccurate readings. 

• There is insufficient air movement across 
the wick to achieve maximum evaporation rate. 

Jerry Kneifel, Reliability Test Lab Manager Dale Elec· 
tronics, P.O. Box 609, Columbus, Neb. 68601. 
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• Calibration procedures are inadequate. 
Humidity is measured and expressed by many 

methods besides RH : dew point, frost point, ppm 
of moisture by volume and ppm by weight. RH 
is the most widely used irt testing and probably 
the easiest to implement. It makes use of the 
temperature-reduction effect caused by the evap­
oration of water. An RH chart then provide$ the 
percentage of relative humidity for a given dry­
bulb temperatures vs temperature difference be­
tween dry and wet-bulb temperature readings 
(Fig. 1). 

The RH method is simple 

But the simplicity of this method contains the 
seeds of the problems. Many RH systems use a 
4-1/ 2-in.-radius, 24-hour circular chart (Fig. 2). 
The trace width on the chart is approximately 
0.025 in. for each of two pens, and only 0.05 in. 
represents 2 F. At room temperature a 2-F 
change in the difference between the two read­
ings represents 9% change in relative humidity. 

MIL-STD 202, Method 106, requires that rela­
tive humidity be held between 90 and 98 % during 
a component or system test (Fig. 3). It is quite 
obvious that the resolution of the widely used 
24-hour circular recording is far from adequate. 
A recording chart that can resolve fractional-de­
gree increments is necessary. 

In addition, a two-pen system must have an 
offset to allow the pens to pass each other. This 
makes it hard to correlate corresponding read­
ings. And equalizing the dynamic response be­
tween the pens also is difficult. 

A way out of these problems is the use of a 
single-pen differential system (Fig. 4). Though 
not-a new principle, its use has been extremely 
limited. In differential monitoring, the wet-bulb 
temperature is subtracted from the dry bulb and 
only the difference is recorded. This difference 
can then be magnified to cover the total chart. 
Resolution can be improved easily by 10 times. 
And there are no offset problems to deal with or 
response correlations to worry about. Fractional 
degree differences can be observed easily. 

In spite of these advantages, a recent Dale 
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Wet Bulb 
DRY BULB TEMPERATURE - of. Wet Bulb 

depression depression 
In °F. in Of . 

77 lo 81 82 to 87 88 to 95 96 to 103 104 to 113 114 lo 127 128 to 141 142 to 149 150 to 161 162 to 171 172 to 200 

% RELATIVE HUMIDITY 
0.0 100.0 100.0 100.0 100.0 100.0 100.0 

.1 99.6 99.6 99.6 99.6 99.7 

.2 99.2 99.2 99.2 99.2 99.4 

.3 98.8 98.8 98.8 98.8 99.1 

.4 98.4 98.4 98.4 98.4 98.8 

.5 98.0 98.0 98.0 98.0 98.5 

.6 97.6 97.6 97.6 97.6 98.2 

.7 97.2 97.2 97.2 97.2 97.9 

.8 96.8 96.8 96.8 96.8 97.6 

.9 96.4 96.4 96.4 96.4 97.3 
1.0 96.0 96.0 96.0 96.0 97.0 

.1 95.5 95.6 95.6 95.7 96.6 

.2 95.0 95.2 95.2 95.4 96.2 

.3 94.5 94.8 94.8 95.1 95.8 

.4 94.0 94.4 94.4 94.8 95.4 

.5 93.5 94.o 94.0 94.5 95.0 

.6 93.0 93.6 93.6 94.2 94.6 

.7 92.5 93.2 93.2 93.9 94.2 

.8 92.0 92.8 92.8 93.6 93.6 

.9 91.5 92.4 92.4 93.3 93.4 
2.0 91.0 92.0 92.0 93.0 93.0 

.1 90.6 91.6 91.7 92.6 92.7 

.2 90.2 91.2 91.4 92.2 92.4 

.3 89.S. 90.8 91.l 91.8 92.1 

.4 89 . .4 90.4 90.8 91.4 91.8 

.5 89.0 90.0 90.5 91.0 91.5 

.6 88.6 89.6 90.2 90.6 91.2 

.7 88.2 89.2 89.9 90.2 90.9 

.8 87.8 88.8 89.6 89.8 90.6 

.9 87.4 88.4 89.3 89.4 90.3 
3.0 87.0 88.0 89.0 89.0 90.0 

1. The w.et/dry-bulb method of measuring relative hu· 
midity is sensitive to the difference in temperature be-

Electronics survey of commercial testing labora­
tories found that only one of six used the dif­
ferential-recording system. 

Wet-bulb water must be pure 

Although RH testing has been around for some 
time, only in April, 1973, was a spec for the 
w:ater used in humidity chambers added to the 
MIL-STD-202, Method 106: "Steam, or distilled 
and demineralized, or deionized water, having a 
PH value between 6.0 and 7.2 at 23 C, shall be 
used." 

This is a step in the right direction, but it is 
not enough. A conductivity check also should be 
made. The minimum specific resistance of the 
water source should be 150,000/ !1 cm. 

Highly pure water aids in a humidity cham­
ber's maintenance. And, as the water purity is 
improved, the test stress on parts exposed to its 
vapor increases. Stress on the parts is the whole 
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99.7 
99.4 
99.1 
98.8 
98.5 
98.2 
97 .9 
97.6 
97 .3 
97.0 

96.7 
96.4 
96.1 
95.8 
95.5 
95.2 
94.9 
94.6 
94.3 
94.0 

93 .7 
93.4 
93.1 
92.8 
92.5 
92.2 
91.9 
91.6 
91.3 
91.0 

100.0 100.0 100.0 100.0 100.0 0 .0 
99.7 99.7 99.8 99.8 99.8 .1 
99.4 99.4 99.6 99.6 99.6 .2 
99. l 99.l 99.4 99.4 99.4 .3 
98.8 98.8 99.2 99.2 99.2 .4 
98.5 98.5 99.0 99.0 99.0 .5 
98.2 98.2 98.8 98.8 98.8 .6 
97.9 97.9 98.6 98.6 98.6 .7 
97.6 97.6 98.4 98.4 98.4 .8 
97.3 97 .3 98.2 98.2 98.2 .9 
97.0 97.0 98.0 98.0 98.0 1.0 

96.7 96.8 97.7 97.7 97 .8 .1 
96.4 96.6 97.4 97.4 97.6 .2 
96.1 96.4 97.1 97.1 97 .4 .3 
95.8 96.2 96.8 96.8 97.2 .4 
95.5 96.0 96.5 96.5 97.0 .5 
95.2 95.8 96.2 96.2 96.8 .6 
94.9 95.6 95.9 95.9 96.6 .7 
94.6 95.4 95.6 95.6 96.4 .8 
94.3 95.2 95.3 95.3 96.2 .9 
94.0 95.0 95.0 95.0 96.0 2.0 

93.7 94.7 94.7 94.8 95.8 .1 
93.4 94.4 94.4 94.6 95.6 .2 
93.1 94.1 94. l 94.4 95.4 .3 
92.8 93 .8 93 .8 94.2 95.2 .4 
92.5 93 .5 93 .5 94.0 95.0 .5 
92.2 93 .2 93.2 93 .8 94.8 .6 
91.9 92.9 9 2.9 93 .6 94.6 .7 
91.6 92.6 9 2.6 93.4 94.4 .8 
91.3 9 2.3 92..3 93.2 94.2 .9 
91.0 92.0 92.0 93.0 94.0 3.0 

tween the dry and the lower wet-bulb temperatures, but 
it is rather insensitive to the dry-bulb temperature. 

point of humidity testing. The very pure water 
behaves as an oxidizing agent and seeks elec­
trons. As verification, note that test-chamber 
windows pit when high-purity water is used over 
a long time. 

Another big problem area is the wet-bulb sock. 
Seemingly unimportant, it is one of the sneakiest 
obstacles to accuracy. The problem can be elimi­
nated by the following steps : 

• The material that covers the sensor should 
be muslin. 

• Before installation, the sock should be 
washed in deionized water to eliminate con­
taminants. 

• The material thickness should be thin enough 
so it doesn't mask rapid changes in evaporation, 
but heavy enough to hold a continuous film of 
water. 

• The sock should be changed routinely. A 
monthly change is recommended. Mineral build­
up on the sock prevents wicking of the water to 
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the sensor and slows evaporation. 
Another source of trouble is the distance re­

quired for water to wick. If this distance is too 
great, the water will evaporate before it reaches 
the sensor. In general, the sensor should be with­
in 2 in. of the water surface. However, if the 
wet-bulb sensor is too close to the water reservoir, 
the sensor will be affected by the reservoir's tem­
perature. 

Air must move across the sensors 

Many authorities on RH measurement recom­
mend a minimum of 15-ft/ s air velocity across 
the sensors. The best speed, however, depends on 
the size of the sensor and wick. Small sensors 
require less velocity to do the job; only enough 
to produce the lowest wet-bulb temperature is 
necessary. 

When using a fan to create the air movement, 
note that many circular fans have a dead air 
space directly in the front-and-center region of 
the blades. It is also important to remember that 
wet and dry-bulb sensors should be P'laced as 
close to each other as possible to avoid tempera­
ture-gradient errors. The wet bulb should always 
be downstream from the dry bulb, with care 
taken not to block the air flow to the wet bulb. 
And the sensors should be in the working area of 
the chamber, not near the humidity-generation 

2. The popular 24-hour, two-pen circular chart provides 
less than one division, or 0.04 in., for the 90 to 98% 
RH range (le). This small deflection, combined with a 
five-minute offset between the two pens (2c) and a 
temperature offset of 2 F (3c), makes the RH measure­
ment very unreliable. A five-hour period (4c) is only 
4.5-in. long and is not expandable on a circular chart. 
Limits for the 90 to 98% RH range are too close to 
draw (5c). The method of Fig. 4 is much better. 
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port. Otherwise their readings will not be a rep­
resentative sample of the chamber. 

Controlling humidity 

To vary the humidity within a test chamber, 
you need a source of moisture. Three methods 
are used: 

1. Steam humidity. It usually calls for a sep­
arate enclosure for the boiling water, and the 
steam is then injected in measured amounts into 
the chamber to maintain the required humidity 
level. 

2. Atomizing. A pressure source is used to 
break water into a fine mist, which then is blown 
into the test chamber. 
3. Evaporation. This calls for a large surface 

area of water, which is held near the evaporating 
point. A large volume of air moved over the 
water produces the required humidity. 

Steam and evaporation are generally slow­
responding in humidity-control systems. And 
when coupled with on/ off dry-bulb temperature 
control, they are particularly undesirable. The 
cycling of the dry-bulb temperature about its set 
point is sufficient to affect the humidity. And 
the slow-responding steam or evaporation meth­
ods, in attempting to hold the humidity with an 
on/ off control, can cause worse fluctuations. 

To compound the problem, this overshooting 
of temperature and humidity, though very com­
mon, is masked by sluggish responding sensors. 
Thus the user is not even aware of the often 
violent fluctuations. 

Atomizing humidity systems are better, be­
cause they employ a cool mist that does not upset 
the dry-bulb temperature when it humidifies. 
Also, atomizing in an on/ off system can rapidly 
respond to a cutoff signal, thereby decreasing 
humidity overshoot. 

But a proportional-time on/ off controller 
would be better still. When "anticipation" is 
added to this controller and atomizing is used, an 
accurate, responsive humidity chamber can be 
obtained. 

The wet/dry-bulb method is primary 

One important advantage of the wet/ dry-bulb 
method is that it is a primary measuring system. 
With accurate temperature sensors and proper 
maintenance of the sock and water conditions, 
the RH is determined directly. 

To keep the system accurate, the temperature 
sensors must be calibrated periodically. The 
sensors must be taken out of the chamber, the 
sock removed and all sensors tied together and 
checked for tracking throughout the temperature 
range. 

But other secondary measuring systems, such 
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3. MIL-STD-202, Method 106, calls for maintenance of 
the relative humidity between 90 and 98% and 80 and 

4. On a linear differential recording chart the 90 to 
98 % RH range is easily read as 1.7 in. (ls). No time­
lag correction is required to read the single-pen trace 
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98% during alternate steps. Most chambers have in­
sufficient definition to provide this reliably. 

that directly records the wet/dry-bulb difference (2s) . 
And five hours are stretched over 72 in. of chart (4s). 
Thus limits can be easily drawn (5s). 
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DO-IT-YOURSELF 

grabber 

• Simplified Assembly 
• Versatile 
• Comfortable Finger Grip Action 
• Completely Field Serviceable Model 3925 

• Molded of Tough Lexan* 
Mini Test Clip 
Shown Actual Size 

This test clip with gold plated hook is excellent for rapid test­
ing of components and Wire Wraptpins. Clip is completely 
insulated to point of connection. Build any combination of test 
leads with wire up to .090 dia. Easy and comfortable to operate. 
Molded of rugged Lexan to resist melting when soldering. 
Write for literature and prices. 

SillPLIFIED ASSEMBLY 

Rapid assembly or replacement 
of dama~ IJad. 

MODEL 3925 
hooks onto components or slips over square Wire-Wrap pins 

•Lexan ls a General Electric trade-mark. tReglstered trade-mark of Gardner-Denver Co. 
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POMONA ELECTRONICS 
A Division of ITI 

1500 East Ninth St., Pomona, Calif. 91766 
Telephone (714) 623-3463 

INFORMATION RETRIEVAL NUMBER 40 

STEAM 

ATOMIZING 

5. The humidity of a test chamber can be established 
by using controlled amounts of steam (a), by atomizing 
water into a fine spray (b) or by evaporation (c). 

as those that use conducting films, must be cali­
brated in an atmosphere of known humidity. And 
a primary method of RH measurement must be 
used to establish this known atmosphere. 

The standard used by the National Bureau of 
Standards to determine RH is known as the 
gravimetric method. The water vapor in a known 
volume of gas is exposed to a desiccant, usually 
phosphorous pentoxide. From the increase in 
weight of the desiccant, the relative humidity is 
calculated. 

Though this test is very accurate, it is difficult 
to perform in commercial calibration. Commercial 
labs usually use the wet/ dry-bulb psychrometar 
-a more refined and carefully maintained wet/ 
dry-bulb system. 

Commercial environmental testing labs also 
employ the equilibrium vapor pressure of satur­
ated solutions of chemical salts in water to gen­
erate a known RH. A large surface area of such 
chemically treated water is introduced into a 
closed chamber and the air is circulated with a 
blower. Equilibrium is soon reached between the 
water solution and moisture in the air space. 

The chemical solutions generally used and the 
relative humidities they produce at 25 C are: 

Saturated Solution 
Potassium Nitrate 
Sodium Chloride 
Magnesium Nitrate 
Magnesium Chloride 
Lithium Chloride 

RH Equilibrium 
93 % 
75 
52 
33 
11 

Other chemical solutions, derived from a water­
sulphuric-acid solution and a water-glycerine 
mixture, also are used. •1• 
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Remember the time 
you wanted something 
special in 3~ digits? 

Your time has come. 
When we at Analog Devices intro­
duced the 5-volt digital panel 
meter, we said there'd be more­
a lot more. Look what we can offer 
you in 3V2 digits alone. 

Why so many? To give you a 
choice. So you won't have to order 
or bui Id specials anymore. 
Because now we've made what 
you need a standard. 

Let's say you need 3V2 digit resolu­
tion. You can get it displayed in 
Numitron, LED, or even Sperry. 

In Numitron, we can even give 
you a choice of green or red. 

Now you have to power it. Most 
of our meters are 
5volts DC 

because so much of what you're 
working on is in TIL logic. But if 
you need one that can run on 115 
volts AC, you've got it. The AD2006 
with Sperrys- in AC or DC. It's our 
latest DPM. But not our last. 

You may even be designing some­
thing that will end up in another 
country. We can help you there too. 
With meters that wi 11 operate on 
voltages in Europe, the U.K., Japan, 
and just about anywhere else. 

If you look closely, you'll see that 
one meter isn't a meter at all. It's a 
remote display. Sometimes you 
need that kind of thing . 

But then giving you what you need 
is what it is all about. Like relia­
bility And extra features like card 
edge connectors. Ratiometric 
inputs .. 05% accuracy And low 
prices. Ours start at $49 in hundreds 
for the remote display. 

Now, would you like to see what we 
can do for you in 4V2 digits-or 2V2 
digits? Give us a call. We'll see that 
you get a copy of the "Designer's 
Guide to Digital Panel Meters." 
And any other help you may need. 

Analog Devices, Inc., Norwood, 
Mass. 02062. On the East Coast, 
call (617) 329-4700. In the Midwest, 
(312) 297-8710. And on the West 
Coast, (213) 595-1783. 

r.ANALOG a... DEVICES 

Then it was special. Now its a standard. 
INFORMATION RETRIEVAL NUMBER 41 
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Get notch Qs in the hundreds 
with a switched RC filter and a few op amps. One 
resistor varies Q without effect on center frequency. 

With a modified commutative filter circuit, 
you can build notch filters whose center fre­
quency is insensitive to component variations. 
The Q, which can easily be in the hundreds, is 
adjusted with a single resistor, and it does not 
affect the notch frequency. 

A commutative filter, which provides bandpass 
operations, is cascaded with conventional pre­
filters and postfilters. These filters are inserted 
into one signal path (Fig. 1). The narrow pass­
band of the commutative filter is set solely by 
the clock's angular frequency, w. . The pre~ 

filters and postfilters are designed to add an 
over-all phase shift of 180° at frequency w •. The 
resultant output of the filter system is the notch 
frequency component of the input signal with 
180 ° phase shift. 

The op amp sums the original signal and the 
commutative filter output. The bandpass signal 
components at w. cancel those present in the origi­
nal signal, to give the desired notch. 

Switched capacitors are used 

The commutative filter has N identical capaci­
tors labelled C, to CN, and resistor R (Fig. 2a). 
The switch alternately grounds and releases each 
capacitor, one-at-a-time, at a rate of Nf •. If E ;n (t) 
is periodic with radian frequency w ; 11 = w., then 
each capacitor sees the same signal every time its 
electrode is grounded. The commutative filter 
output resembles the unattenuated version of the 
input, as modified by a sample-and-hold circuit 
(Fig. 2b). But if the signal period and sampling 
period differ, then each capacitor sees a different 
voltage each time the switch closes. And the ca­
pacitors tend to average out the difference be­
tween E; n (t) and the residual capacitor voltage. 
As a result the filter sharply attenuates all fre­
quency components not in the vicinity of w •. 

An increase of R or C will increase the attenu­
ation for frequencies w; =I= w. because of the 
larger time constant. Also an increase in N in-

Mike Kaufman, Member of the Technical Staff, Hughes 
Aircraft Co., Culver City, Calif. 90230. 
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~~~_;i~~~ 1(1) 

F(jw) 

CLOCK 

N-SECTION 
COMMUTATIVE 

FILTER 

h(I) BANDPASS 
POST-FILTER 

G(jW) 

N1
1 
o------~ 

1. The notch filter reproduces the input except for sign 
inversion and the subtraction of a narrow notch of fre­
quencies. The commutative bandpass section selects the 
narrow frequency notch and provides 180° phase shift. 
The summation of the original signal and the bandpass 
signal by op amp A1 produces the notch at f = f •. 

F (jW) 
1(1) 

R 

G 

""~ '"'~ 
2. One resistor and N identical capacitors comprise the 
commutative filter (a). Each of the N contacts is closed 
periodically, one at a time. In effect, f (t) is s mpled 
at the rate Nf •. If the period of f (t) equals 1 /f,, the 
output h(t) resembles f(t) but in a sample-and-hold form 
(b). But the filter sharply attenuates frequency com­
ponents not in the vicinity of w •. 
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t 

3. The frequency spectrum of the commutative-filter out­
put is a composite of the prefilter and RC spectra. The 
RC spectrum A1.i· appears at interval w, sharpened by a 

creases attenuation because each capacitor has 
less time in which to ex;perience a change in 
voltage. In fact the width of the filter passband, 
2wco is gi v.en by 

(1) 

and is centered at Ws. 
The commutative filter behaves as though the 

low-pass RC characteristic were sampled at the 
rate f s or radian frequency w., and sharpened 
versions, ALP (j w) , appear centered at all har­
monics of radian frequency w. = 27Tfs as shown 
in Fig. 3. 

At the same time, the input to the commutative 
filter f (t) is sampled at an effective rate of 
Nfs and the function F (jw) appears at all har­
monics of Nw, in the form of an envelope that 
bounds ALP (jw). 

The prefilter must obviously pass frequency 
Ws to produce the notch. And ideally for a samp­
ling rate of Nf., the prefilter should roll off to 
zero for frequencies above (Nw, ) / 2. The lowest 
value of N that meets both conditions is three. 
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factor N. The prefi lter spectrum is the envelope that 
bounds the RC spectra and is centered at frequencies 
0 , Nw, , 2Nw,. etc. 

Otherwise the spectra overlap and cause a type 
of distortion called foldover (see box). But larger 
values of N permit use of shallower filter cutoff 
slopes. The bandpass spectra remain fixed while 
the envelope centers separate, of course, shallow 
slopes require simpler analog filter circuits. 

While the above description is not completely 
rigorous, the results do provide straightforward 
analysis. The main deviation from classical samp­
ling theory is the sharpened bandwidth of the 
notch. 

A rigorous derivation for the waveform at the 
output of the commutative filter shows that 

IH(jw) I= l:l:[(si~;J~~)yx \ F(jw- jmNw. ) I 
q m 

X INRC(jw ~ jqws) + 1\l · 
The variables q and m are summation indices. 

The contraints for the post-sampling filter are 
simple. You must suppress the first half-lobe of 
the RC filter at de, and cut off all frequencies 
near the lobe centered at 2ws and above. 
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100..--------.----.------..----. 

70 11E::------t---t------t----1 

50 

0.1 I 

4. The required cutoff slope for the prefilter is chosen 
to meet the given fold over error specification of 5 % with 
the help of this chart. The curves are normalized for a 
3-db response at Wm· 

The constraint equations for the filter are 
G(jw) = 1 for (l / NRC) L wL 2w. - (l / NRC); 
G (jw) = 0, otherwise. (2) 
The Q of the over-all notch filter is computed 
from the definition 

Q = center frequency / bandwidth, 
and for the notch filter 

Q = w./2w0 0 = f . (1TNRC). (3) 

Let's design a notch filter 

As an example, let's build a filter with a notch 
frequency of 165 Hz, a Q of 400 and a foldover 
error of less than 5 % . 

The notch frequency and Q help determine the 
number of capacitors, the clock rate and the RC 
time constants. 

There must be more than three capacitors. For 
large f ., large values of N also imply rapid 
switching-at the rate of Nf,_ Unless switching 
speed is a problem, a large value of N is pre­
ferred. A 3705 multiplexer has eight switches and 
is readily available, so N = 8_ 

The required clock frequency is therefore eight 
times f , or 1320 Hz. 

The low-pass filter's time constant is selected 
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10 READ Rl, R2, Cl, C2 
20 LET Wl=l/ (Rl *Cl) 
30 LET W2=1/(R2*C2) 
40 LET W3=SQR(Wl*W2) 
50 LET F3=W3/6 . 28 T(w) =IX/YI 
60 LET Z=l/(2*W3)*(Wl+l/(R2*Cl)) 
70 PRINT "Rl="Rl, "Cl="Cl, "FM="F3 
80 PRINT "R2="R2, "C2:11 C2, "ZETA="Z 
90 PRINT 
100 PRINT "FREQ -","T(W)","T(W) DB","DEG. PHASE" 
llO Fj1!R F=l65 'fl') 660 STEP 165 
120 LET W=6. 28*F 
130 LET T=W312/SQR((W3t2-Wt2)t2 + Wt 2*(2*Z*W3)t2) 
140 LET Tl=(20/2.3)*Lj1!G(T) 
150 LET Q=W3*SQR(l-Zt2) 
160 LET P=A1N((W+Q),{Z*W3)) + ATN((W-Q)/(Z*W3)) 
170 LET Pl=-57. 3*P 
180 PRINT F,T,Tl,Pl 0 
185 NEXT F 
190 Gj1! Ti1! 10 
200 DATA 412E3, 412E3, 2. 2E-9, 1. l.E-9 
210 END 

Rl= 412000 Cl= 2. 20000 E-9 
R2= 412000 C2= 1.10000 E-9 

FREQ . 
165 
330 
495 
660 

T(W) 
.914957 
.493112 
. 244286 
.140303 

T(W)DB 
- . 77285 
-6 .148 
-12. 2558 
-17.0779 

FM= 248.448 
ZETA= . 707107 

DEG. PHASE 
-59. 2468 
-ll2 . 147 
-136.514 
-148.201 

x 

5. A brief Basic program helps the design of two-pole, 
Butterworth low-pass filters (a). The program calculates 
magnitude and phase from input value for the four pas­
sive components (b). 

to satisfy Eq. 3, rewritten as 
RC ::::::,.. Q/ ( 1TNf. ) 

or 
RC::::::,.. 400/ (165·8·3_14) = 0.096. 

A large value of R is selected to nullify the 
effect of the 500....fl ON resistance of the 3705. 
The values selected are as follows: 

R = 1 Mn 
and 

C ·= 0.1 µF. 
Since a tight spec on Q is not called for, a 5 % 
resistor and 20 % capacitors will do_ 

Foldover error occurs because of the overlap 
of adjacent spectra. The most important pair are 
the baseband spectrum and the one centered at 
N w, or 8w, in this instance. The error is a func­
tion of w/ wm and the steepness of the filter 
cutoff (Fig. 4). The lowest frequency of concern 
for foldover is w = 8w. - wm, and we set the 3-
dB point of the filter, w 11,, to be 1.5 w., so that 

I 8w. - l.5w. 
4 3 W ·W m = 

15 
= _ . 

. w. 
And from Fig. 4, we see that a 12-dB/ octave 
filter satisfies the 5 % requirement. In fact the 
foldover error is 3.6 %. 

A simple ffeogram written in Basic helps with 
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Signal sampling and reconstruction errors 

With classical sampling theor y, a waveform 
f (t ) is sampled with a train of impulses whose 
period is 1/ f . and later reconstructed. Assume 
that the highest radian frequency component 
(signal or noise ) in f (t ) is W m· Often f (t ) is 
passed through a low-pass prefilter with 
W ac1 b = Wm to ensure that W m is known. 

Under these conditions, the sampled f ( t ) de­
noted f·><- ( t) is given by 

f"' (ot) = f (t ) p (t ) ( 1) 
in which p (t) is the impulse train. The Fourier 
series for p (t ) is given by 

00 

p(t) = 2: en exp [ - jnw.t] 

-oo 

in which 

en= - p(t) exp [jnw.t] dt = - . 
1 f T / 2 1 

T -~2 T 
Eq. 1 can therefore be written as 

00 

f*(t) = f(t )p(t) = f(t) [ ~ 2: exp [ - jnw.t]] . 

- oo 

The Fourier shifting theorem states that 
f [f ( t ) e - iB t] = F ( jw - jB ) 

so that Eq. 2 can be written as 
00 

( 2) 

F"'(j.w) := ~ L. F(jw - jnw.) . (3) 

-oo 

I.- r-/ IF(jw)I f(t)L_ 
t O'----+-~~~~~~~w 
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The Fourier spectrum of f (t ) , F ( jw) , is trans­
lated and repeated at all harmonics nw. of the 
sample rate (a ) . As the sample rate w. relative 
to W m increases, the adjacent F ( jw) spectra 
separate from each other, and make it easier to 
reconstruct f (t ) from f-X· ( t) with a post-sampler 
low-pass filter. Unless w, ::,,,,. 2wm, the F ·X·(jw) 
spectra overlap, and it becomes impossible to 
ever recover f ( t ) from P ( t ) . This last observa­
tion is essentially Nyquist's sampling theorem, 
which requires that W 8 ::,,,,. 2wm. 

The overlapping of spectra produces a spectral 
distortion known as foldover error. The error is 
a function of the roll-off characteristics of the 
prefilter , and of the w j W m ratio. Foldover error 
is defined by the following equation: 

Foldover error (%) = 100 X IF Cjw) I/ [F ( jwnJ I· 
(4 ) 

When the sampler is not ideal and has a finite 
width, then aperture error occurs. The error can 
be represented as a sin (x )/x enveiope on F·'-· ( jw) 
as shown in b. The width of the envelope is in­
versely proportional to the sampling width u·sed 
in the time domain. 

For a given sample interval a, the aperture 
error, in percent, is defined as 

Aperture error (%) = 100 [1 - sin (1Tfa) hrfa]. 
( 5 ) 

The variable f represents the frequency of 
interest . 

I · IL l»uwil~ 1F(1wl -

I ....._ 
I , ...... 
I I '-

0 
Wm Wm W5 2Ws 3Ws w 
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the filter design (Fig. 5a). The program analyzes 
two-pole Butterworth filters. The input is in the 
form of a data statement that supplies values for 
R,, R2 , C1 and C2 • The Butterworth configuration 
is used as the best compromise between sharpness 
of rolloff and insensitivity of phase shift to 
filter-component changes. 

The components selected for the first filter 
provide a 60-degree phase shift at f s = 165 Hz 
(Fig. 5b). The 3-dB frequency f m turns out to 
be 248.4 Hz. 

The requirements for the postfilter are given 
by Eq. 2. The filter must attenuate signals below 
0.2 Hz, and attenuate signals above 329.8 Hz. 

The filters used with the actual circuit consist 
of the low-pass design for the prefilter and a 
pair of the same design for the postfilter (Fig. 
6). However, the attenuation below 0.2 Hz is 
supplied by R9 and C,~ . Their 3-dB cutoff is 0.72 
Hz, but they have negligible effect at 165 Hz. 
At 329.8 Hz, the pair of postfilters supplies about 

12-dB attenuation. For the proper operation, the 
over-all phase shift between input signal and 
postfilter output must equal 180° at the notch 
frequency. This criterion is met, since the post­
filter supplies 120° and the prefilter gives 60c 
-at 165 Hz. And with 1 % ± 25 ppm filter com­
ponents, the rms phase shift is less than ± 3 ° 
over a 100-C temperature change. 

The summing resistor Rs is chosen to cancel 
E in at 165 Hz. The transfer function of the entire 
communtative-filter section, including the post­
filter is 

I 
EN I sin2

(1T/ N) / ~~--1 __ _ 
E in = (1r/ N) 2 x NRC (jw - jws) + 1 

x IF(j.w) · G(jw) j. 
At w = cu., the magnitude of the transfer func­
tion equals 

0.95 x 0.915 x 0.915 x 0.915 = 0.728. 
In the above calculation, 0.915 is the gain of a 
single low-pass filter at 165 Hz. On a normalized 
basis, Rs equals 0.728 Rr, where R1 is the feed-

,-----------------, 
I 5V I ..,,. 
I 5 : 

14 IC4 SN5493 
<">-- -----------------! (DIVIDE BY EIGHT) 

12 9 8 

I 
I 
I 
I 

R6 
------'--"V\/\~----0 TEST POINT. 165 Hz 

R310k I k SQUAREWAVE ,-- - - - - - - - - - -, 
I I I 
I I I 

15V -15V I I 
----R~4~10~k--+-__,f-----0 5 V 

R5 !Ok 

I 
I 1_15V0---1-1

3 

I I 
R 

I 
I 
I 
I 
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I F (jwl PRE-FILTER I 
L - - --- - - - - - - - _J 

3 

I IM 2 

I 
I I 5V 

I 
I 
I 
I 
I 
L _____ _ 

14 15 

IC2 
FAIRCHILD 3705 

MULTIPLEXER 

COMMUTATIVE FILTER 

16 

3 

I 
I 
I 
I 
I 

_ ______ _J 

,-----------------------------------, 
I I 
I 15V -15V 15V -15V I 
I * c14* I 

Cll I I 00022 F 0.0023/.LF 
I . /.L I 
I I 
I R7* RB* 

15V -15V 

I 412k 412k 

I c12* 
I NOTES ' 

I 10.00ll/.LF I 

I I I ..,,. G (jW)POST-FILTER ..,,. I 
~----------------------------------~ 

tt DENOTES ±I% 1 ± 25 ppm; REMAINING 

COMPONENlS ARE ±5% UNLESS 
OTHERWISE NOTED 

6. A 165 Hz notch filter uses an eight-leg commutative 
filter. Counter IC. causes the multiplexer to step the 

capacitor connections at the rate of 1320 Hz. The over­
all design has a frequency range of de to 10 kHz. 
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7. Finite sampling widths lead to aperture error, which is 
a function of aperture time x sampling rate. The error is 
negligible with the design of Fig. 6; 10-6 x 1320 Hz = 
1.3 X 10-3 • 

back resistor of the summing amplifier (Fig. 6). 
The commutative filter operates in a similar 

fashion to a sample-and-hold circuit, so aperture 
error is introduced. The 3705 has a 1-µs transi­
tion time and nf s = 1320 Hz. The product of hold 
time and Nf, is 1.3 x 10-a, and the graph in Fig. 
7 shows that the aperture error is nil. 

The summing amplifier is chosen to pass the 
highest frequency components of E in· For fre­
quencies below 10 kHz, a 7 41 will suffice. 

Test results bear out the viability of the design. 
A sine-wave input of 2-V rms at 165 Hz pro­
duces 1.42 V rms at the output of the commuta­
tive filter (IC3 , pin 10). This output represents a 
gain of 0.71. Compared with the theoretical gain 
of 0.728, the result is within 2.5 %. 

The 3-dB bandwidth (Fig. 8) is 0.36 Hz, which 
yields a Q of 460, as shown by 

Q = 165 Hz/ 0.36 Hz = 460. 
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8 . The 3-dB bandwidth of the actual circuit is 0.36 Hz, 
which equates to a Q of 460 at 165 Hz-well within the 
specif ied value of 400. The data are shown for a 2-V rms 
sine wave. 

The value of Q is well within the spec of 400, 
especially with the tolerances used for R and 
Ca to C10. 

The test point shown in the circuit diagram 
furnishes a square-wave test signal for the com­
mutative-filter section (Fig. 6). The square wave 
-whose frequency is f "-is fed to the terminal 
for Ein· The •output at pin 10 of IC3 should be a 
sine wave of frequency L that is 180° out of 
phase with the square wave. • • 
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Ce.ramie sandwich con­
struction with epoxy 
coating. Suitable for 
automatic insertion. 
Available with 14, 16, 18 
pins on .100" spacings. 
.125 watt max. per resis­
tor. 1, 1 Ve, 1 V4 watts per 
network. 

The best resistor networks come from 

Double width DIP 
network designed 
for precision DI A 
conversion. Resist­
ance: 1 K, 5K, 1 OK, 
20K. Accuracy: 
±V2, 1, 2 LSB. 
Tolerance: ±5% 
typ~cal. 

Ceramic sandwich con­
struction. Suitable for 
automatic insertion. 
Available with 14, 16, 18 
pins on .100" spacings. 
.125 watt max. per resis­
tor. 1 Ve, 1 Y4, 1 V2 watts 
per network. 

Flame retardant epoxy 
coated package with 
built-in standoffs (lead 
frame). Available with 
4, 6, 8, 10 pins on .100" 
and .125" spacings. Ve 
watt max. per resistor. 
V2 through 1 V4 watts 
per package. 

' I 

If you're going to depend on thick filr;n networks to save 
space and money-depend on Dale.: For the past five 
years, we have been quietly using our u.nmatched re­
sistor know-how to build a strong, deep line of standard , 
dual and single in-line packages. Our ability to produce 
quality can be measured by the fact that we were the 
first to be qualified to MIL-R-83401 ... and a look at our 
expanded laser trimming facilities will convince you 
that we're g~ared for volume. We can match your needs 
with one of the labor-saving packages above. Call 
today .. .402-371-0080. 



the people who really know resistors. 

Ceramic tlatpack. 
Resistance range: 
20 ohms to 1 Meg. 
Power: .2 watt or .1 
watt per resistor, 
depending on con­
figuration .. 65 watt 
max. per network at 
25°C. 

Solid block ceramic sin­
gle in-line package with 
built in ceramic standoffs. 
Available with 4, 6, 8, 10 
pins on .100", .125" and 
.150" spacings .. 125 watt 
max. per resistor. 3/4 

through 2 watts per 
network. 

i 
Tolerance: -+-1%, 2%, ·5%, ~0%, 20% 
T.C.: -+-300 PPM/° C (lower available) 

THICK FILM CHIP RESISTORS 
75, 100, 150, 300 mw sizes available 
in 100 ohms to SOOK ohms range. 
Tolerance as above. T.C.: -+-200 PPM. 

Meets requirements of 
MIL-R-83401. Ceramic 
sandwich construc­
tion. Suitable tor auto­
matic insertion. Avail­
able with 14, 16, 18 
pins on .100" spacings. 
.10 watt max. per re­
sistor. 1 Y4 watts max. 
per network. 

DALE ELECTRONICS, INC. A sub.sidiary of The Lionel Corporation 

Ceramic sandwich con­
struction with epoxy coat-
ing. Suitable tor automatic 
insertion. Available with 14, 16, 
18 pins on .100" spacings. 
.10 watt max. per resistor. 1 Y4 
watts max. per network. 
Designed to meet MIL-R-
83401. 

P.O. Box 74, Norfolk, Nebraska 68701: In Canada: Dale Electronics Canada Ltd. 
In Germany: Dale Electronics GMBH, 8 Munchen 60, Falkweg 51 

For the name of your nearest Dale representative, phone 800-645-9200 
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CHALLENGES TO THE ENGINEER WHO MANAGES 

Learning to wear two hats on the job: 
the designer's and the project engineer's. Section manager 
tells why it's necessary in small companies. 

Although most electronics companies need good 
designers and good project engineers, many small­
er companies cannot afford to hire both. In fact, 
one of the most difficult challenges for an engi­
neering manager in a small company is to instill 
the desire in good designers to also become good 
project engineers. 

It seems, though, that some of the best de­
signers are the least project-oriented. A main 
problem in getting designers to work like pro­
ject engineers is the need to remind them con­
stantly of the responsibilities of a project engi­
neer. 

Designers respond to memo 

What happens is that designers will occasional­
ly revert to their small world of circuits and 
components, temporarily forgetting the larger 
"project world" around them. After some of our 
designers were becoming less project-oriented and 
unwilling to consider the broader aspects of a 
program, I recently distributed a memorandum 
that seems to have helped immeasurably. It went 
somewhat like this: 

To: Engineers, Modular Products Section. 
From : S. Weisman 
Subject: Project engineering responsibilities. 

Our engineering department has been 
structured into several project-oriented de­
sign sections, and each engineer in each sec­
tion usually works as a project engineer. 
This is a good method that works well in 
other companies, and in general, it is work­
ing well here. 

Every engineer here is a good one, and 
you are cranking out some fine designs. 
However, even though I've been pointing out 
some problems for over a year, engineers 
occasionally forget what some of the re­
sponsibilities of a project engineer are. 

In our company a project engineer is re-

Sumner Weisman, Section Manager, Modular Products, 
Electrodyne; Sharon, Mass. 02067. 
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sponsible for the design of anything from a 
sub-module to a complete stand-alone system. 
All specifications are provided to him, as well 
as a time schedule and cost objective, which 
he is expected to meet with the aid of other 
engineers, in the case of a large project. 

Specifically the requirements for a project 
engineer are: 

1. Interfacing with the section manager, 
and with product management, drafting, 
manufacturing and quality control, where 
necessary. 

2. Generating, updating and testing the 
product specification. 

3. Generating the test specification. 
4. Providing backup to publications, which 

means checking the product specification, 
operator's manual, and maintenance manual, 
as well as writing the theory of operation 
section of the maintenance manual. 

5. Providing comp 1 et e information to 
drafting whenever necessary. 

6. Providing backup to manufacturing be­
fore and during pilot run, by answering their 
questions, helping define test fixtures and 
assisting with component problems such as 
substitution. 

Three categories of problems 

As section manager, my job is to work closely 
with the project engineer. Fortunately, coopera­
tion has generally been outstanding, and most 
projects are proceeding on schedule. The most 
difficult problems that have occurred can be gen­
erally broken down into these categories: 

·• Communication. 
• Providing sufficient information to drafting. 
• Interfacing with other departments. 
Let's examine them. 
Communication: I need the bad news as well as 

the good. If a problem comes up that affects de­
sign, specifications, schedules and deliveries I 
have to know about it. I also have to know when 
the problem is solved. 

The layout of an engineering sketch of a sche­
matic diagram should be done with the thought 
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Sumner Weisman and B-D Electrodyne 

Before corning to B-D Electrodyne, Sumner 
Weisman had spent most of his engineering 
career in communications electronics. After 
earning his BSEE at the University of Florida, 
he worked as a communications technician in 
the U.S. Navy; a transmitter engineer in the 
radio broadcast industry; a research and de­
velopment engineer at the Radar Meteorological 
Laboratory, University of Florida; and a senior 
engineer in the Data System Department, Na­
tional Radio Company, Melrose, Mass. 

He also worked as an electronic design engi­
neer at Raytheon Co., Wayland, Mass., and as 
manager of the electronic engineering depart­
ment at MKS, a small company that makes pres­
sure vacuum instrumentation and transducers. 
He helped that company modernize its tech­
nology and capability from vacuum tube to the 
latest integrated circuit technology. 

Weisman is a registered professional engineer 
in Massachusetts, and a member of the As­
sociation for the Advancement of Medical In­
strumentation. He lives with his wife and three 
sons in Framingham, Mass. 

At B-D Electrodyne, a division of Becton, 
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Dickinson and Company, Weisman is responsible 
for the design and development of medical 
monitors, defibrillators, isolated patient ECG 
amplifiers, and telemetry transmitters, re­
ceivers, and related equipment. 

The company has been in the bio-rnedical 
monitoring field for 24 years. It was founded 
in 1950 and remained an independent company 
until its purchase by Becton, Dickinson and 
Company in January of 1965. In 1952 the com­
pany worked with Paul M. Zoll, M.D. and his 
associates at Beth Israel Hospital (Boston ) and 
the Harvard School of Medicine, and developed 
apparatus that performed the first successful 
external treatment of cardiac standstill. The 
Electrodyne name for this instrument, the 
"Pacemaker," has literally become the most 
universally recognized generic term for this type 
of device. The term "pacemaker" is a registered 
trademark of Electrodyne. 

The company now bases its activity in a new 
65,000 square foot home office plant in Sharon, 
Massachusetts. There are 300 employees with 260 
based in the home office and the balance located 
throughout the United States. 
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to communicate. It's not the draftsman's job to 
figure out which are the inputs and which are 
the outputs and where they should be on the 
paper; he has to be guided. Even though you 
understand your schematics, the layout must con­
vey as much information as possible to other 
people. The value of a sketch layout is often 
underestimated. 

Providing su fficient information to drafting: 
Giving a schematic to drafting is just like pro­
gramming a computer-garbage in, garbage out 
-it should be a complete schematic, not a pile of 
sketches on Hittle pieces of paper. For PC layout 
purposes, a parts list must be generated by the 
responsible engineer. It's his responsibility to 
select all components and to provide company 
numbers for every part possible. 

Part numbers for new parts, pinouts and 
mounting dimansions must be provided by the 
project engineer to eliminate guessing or search­
ing out by the PC layout man. The drafting de­
partment can't be expacted to make correct 
guesses at whether the 0.01 ,uF capacitor on your 
schematic, even if tolerance and voltage rating is 
given, is a polycarbonate, ceramic or polystyrene 
and then pick a part number from the computer 
runoff. 

It's not drafting's job to figure out how various 
schematics interconnect or how the PC boards are 
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connected to each other or to panel components. 
It's up to the project engineer to provide a com­
plete interconnection drawing. 

Interfacing cooperatively and cheerfUlly with 
other departments: It's very easy, as well as 
traditional, to say "Manufacturing messed up" or 
"Marketing oversold" or "Q.C. is unreasonable." 
We all work for the same company and have the 
same goals. And everybody has problems. It's 
your job, as project engineer, to work willingly 
with people in other departments on tasks per­
taining to your project. You may be surprised to 
discover that cooperation is contagious. · 

All of these items may sound trivial, and you 
may feel that I'm nitpicking. Well, the days are 
gone when an engineer could sit in a corner of 
the lab and design a circuit and not have anything 
else to worry about. In today's world, that man 
would be doing less than half his job. When an 
engineering project gets bogged down, schedules 
slip, products are released late and full of errors, 
sales are lost, and the entire company is affected. 

It pays to be flexible 

I realize that, as a project engineer, you don't 
have complete and absolute design freedom. 
You're hampered by component delivery problems 
forcing you to try to design only with multiple­
source components, and by company standards, 
such as standardized power supply voltages, com­
ponents, front-panel layouts and construction 
methods. 

You also have to deal with the section man­
ager's opinions of how certain functions should 
be accomplished. Though I may occasionally at­
tempt to convince a project engineer to do it my 
way, I'll usually concede if he can suggest a 
better way. In like manner, the director of engi­
neering occasionally influences the section man­
ager in the way a project engineer should attack 
a problem. We all strive to be flexible, and a good 
bit of give and take goes on. 

On the plus side, I try to get the project engi­
neer involved with as much of the definition of 
the product specifications and scheduling as pos­
sible. He is usually invited to attend meetings 
with engineering management, marketing and 
product management on -product definition and 
the drawing up of the time schedule. Invariably a 
person feels far more committed to a schedule 
that he helped to generate. 

The project engineer is assigned the responsi­
bility of maintaining the schedule and sp·ecifica­
tions and of notifying other people involved of 
any required changes. Thus he has quite a bit 
of effect on the parameters of the "black box" 
he has design responsibility for, and therefore 
feels much more involved and responsible than if 
they were merely provided for him. • • 
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For PBX, computer memory 
and instrument power 
supply applications 

for cermet resistor nenvorks 

Save Space. Money. Time. It's easy with 
CTS Series 760 DIP Cermet Resistor 
Networks. Four popular packages . .. 
8, -4, -16 and -18 lead styles ... provide 
an infinite number of circuit combinations. 

Compact, low profile design puts the 
squeeze on PCB space. Cost cutters, too. 
All designs eliminate lead forming and 
lead trimming for low cost automatic 
insertion along with IC's and other 
DIP components. Time saving? One 
18-lead CTS 760 Series package can 
replace up to 32 separate components. 

Available without organic cover coat, 
so you can trim for circuit balance. 
Precision .100" leads; rated up to 2 watts 
on 18 lead style; 5-lbs. pull strength 
on all leads. 

Immediate delivery on standards. 
Custom designs to specifications. 
Be a saver. Turn to CTS of Berne, Inc., 
406 Parr Road, Berne, Indiana 46711. 
Phone: (219) 589-3111. 

CTS CORPORATION 
ELKHART. IND/ANA 



Annaun1:ing vaur neat 1:011 under-run: 
Holm's new ultra-rugged mini1:amputer 

at 59,950.* 
The new ROLM 1603 computer is designed to 

meet both airborne and shipboard environmental 
specifications, comes with B,000 words of memory, 
and costs less than $10,000 in single unit quantities. 

Yet even at this very low price, the perform­
ance of the ROLM 1603 equals or exceeds the per­
formance of rugged computers costing a lot more. 
Consider these specifications: D 1.2 ftSec cycle time 
D 1.2 ,usec add time D 769,000 words per second IN­
PUT Direct Memory Access Rate D 512,000 words 
per second OUTPUT Direct Memory Access Rate 
D 7.7 ftSec Multiply/Divide (optional]. 

ULTRA-RUGGEDNESS 
The 1603 is suitable for rugged industrial ap­

plications; and it stands up against tough mili­
tary specifications including MIL-E-5400 (airborne), 
MIL-E-16400 (shipboard], MIL-S-901 (shock] plus: 
Temperature: - 55° to + 95°C operational 

-65° to +125°C non-operational 
Vibration: , 10g, 5-2000 Hz with vibration 

Shock: 
Humidity: 
EMI: 
Altitude: 

isolators 
2g, 5-2000 Hz, hard mounted 
15g, 11 msec 
95% relative 
MIL-STD-461A @ 400 Hz 
B0,000 ft. 

you receive at no charge, with each 1603 system, 
a reliability report, operation and service manuals, 
two man weeks of maintenance and software train­
ing ... plus individual software manuals. 

EASE OF INTERFACING 
Besides economical rugged computer power, 

the 1603 gives you over 30 general purpose inter­
faces, available off-the-shelf, for $750 to $2,000 
each. Or your own special purpose interfaces can 
be placed right inside the 1603 chassis. You save 
money by not having to design a rugged chassis. or 
rugged power supply. 

EASE OF PROGRAMMING 
The 1603's software reduces the most expen­

sive and longest lead time item in the systems task. 
It includes everything from a cross-assembler that 
lets you begin programming before delivery, to high 
level languages and operating systems which reduce 
your coding time, to debug packages that get your 
program finished sooner. The 1603 is software and 
1/ 0 bus compatible with the Data General Nova 
series computers. The software delivered with your 
ROLM 1603 has been proven on over 10,000 military 
and commercial applications. 

Power: 115V, 47-440 Hz; MIL-STD-704A, DELIVERY 
Category B @ 400 Hz Delivery is fast. Typically 60-90 days. 

LOW PRICE If the 1603 sounds right for your application 
The 1603 is not a stripped down mm1com- give us a call at 40B-257-6440, TWX 910-33B-0247, 

puter. It includes the CPU, BK memory, R I II m or write ROLM Corporation, 18922 Forge 
and power supply all packaged in a rugged Drive, Cupertino, CA 95014. We'll get you 
A TR chassis. Each additional rugged BK all the facts that can help you achieve 
memory increment is only $5,000. And your next cost under-run. 

DIMENSIONS 
7.62" H X 10.12" W X 19.56" D 

Domestic Sales Offices: 
Los Angeles 213-784-8500 
Palo Alto 415-965-2224 
Cincinnati/Dayton 513-874-5406 
Washington D.C. 703-893-2696 
Boston 617-237-5752 · 
New York 914-297-9533 
Dallas 214-661-8905 
European Headquarters 
Hanau, Germany (06181) 15011 
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r---------CONTROL PANEL 
*(not included in $9,950 price) 

Domestic Representatives: 
Denver 303-355-2521 
Kansas City 913-362-0919 
St. Louis 314-895-4100 
Seattle 206-624-9020 
International Representatives: 
Ontario, Canada 416-742-8015 
Victoria, Australia (03) 729-5115 
Tel Aviv, Israel 53459 
Tokyo, Japan 343-4411 
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CELCO makes "Above-Average" YOKES 
for "Above-Average" CRT Displays 

Need a deflected CRT spot as small as 0.00065"? 

The CELCO HDQ High-Resolution 
Deflectron for Satellite Photogra­
phy Read-out was the choice of 
one of our customers for their 
"Above-Average" display re­
quirements. 

You can get performance like 
that with a CELCO YOKE opti­
mized on your CRT for your 
"Above-Average" display. (mea­
sured with a CELCO CRT Spot 
Analyzer.) 

Or YOUR "Above-Average" dis­
play may require fast Zero-ap­
proach settling time, as required 
in a Fingerprint Scanning job 
where CELCO HON Deflectrons 
are specified to 
0.01 % in 25/Ls. 

recover to 

Precision Linearity on the final 
film plane or work surface, in 
Integrated Circuit Mask-Genera­
tor Displays enables producers 
of LSI technology to make low­
cost computers for all of us . 
CELCO Special Deflectrons and 
Linearity Correctors LCl 23 are 
being used by several equip­
ment builders for their "Above­
Average" displays . 

For PEPR, a system for reading 
Bubble Chamber photographs, 
developed by a few individuals 
at MIT and refined and expan­
ded by others at leading univer­
sities throughout the world, 
CELCO was asked to provide 
special Low Residual Yokes for 
their project. CELCO produced 
their HD Deflectron with special 
0.003% residual, and GFJ irro­
tational Focus Coils to help 
achieve the performance of 
these "Above-Average" dis­
plays. CELCO DAPP2N-7 Ampli­
fiers drive the Dynamic Focus 
Coil; a CELCO DAPP2N-5 Amp­
lifier was selected by another 
PEPR group to drive the CELCO 
B 1700 Di-Quadrupole which 
produced the rotating high-res-

"Above-Average" Recording 
Storage Tube displays with l k'6" 

neck scan converters and stor­
age tubes need CELCO QY and 
QD Recording Storage Tube 
Yokes. 

CELCO electronics and magnet­
ics were integrated into a CELCO 
"OS" Special Display System for 
Oil Exploration and Data Reduc­
tion where "Above-Average" 
Linearity, Spot Growth, Zero-ap­
proach, Bandwidth, and Resid­
ual performances were required. 
Our customer decided to use 
CELCO's unique display experi­
ence to achieve his "Above-Av­
erage" display. 

CELCO "Above-Average" deflec­
tion yokes, focus coils, beam­
centering and aligners, astig­
matic correctors, and pincushion 
correctors applied to your spe­
cific requirement will help you 
produce YOUR "Above-Average" 
Direct-View Display. 

REMEMBER CELCO YOKES, 
whether you want to send a 
man to the moon, a probe to 
Jupiter.or Mars, investigate 
chromosomes or trophoblast for 
cancer research, or build a large 
format scanner to generate type­
setting masters, X-Ray enhance­
ment, or data digitization. 

• CELCO CRT Mounts, coil positioners, 
holders and magnetic shields will en­
able you to get everything together to 
achieve your "Above-Average" display . 

• Write for CELCO YOKE BROCHURE and 
your FREE CELCO CRT Display Computer 
Slide Rule lo compute the CELCO YOKE 
you need for your " Above-Average" 
CRT Display. 

UPLAND CA 714-982-0215 
MAHWAH NJ 201-327-1123 

(average is so ... ho-hum to us.) 

olution scanning line! ~ 
"Above-Average" YOKES for " Above-Average" CRT Displays. 

CONSTANTINE ENGINEERING LABORATORIES COMPANY ' f 
11 50 E. Eighth Street, Upland , CA 91786 70 Constantine Drive, Mahwah, NJ 07430 .......... . 
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(ideas for design J 

Start a logic circuit in the proper mode 
when power is turned on or interrupted 

Fast and clean transitions for starting a digital 
system .in a desired mode can be generated auto­
matically whenever a circuit is turned on or the 
power is interrupted. The two circuits in the 
figure can be used with any supply voltage, V cc , 

from 4.5 to 18 V. 
The location of capacitor C determines whether 

a positive or negative output pulse is generated. 
The diode ensures that even a momentary power 
loss will cause a pulse to be generated when the 
power comes on again. 

With the capacitor connected to ground as in 
(a), a positive output pulse is generated with 
period T = 1.1 RC. When the power comes on, 
the capacitor holds the trigger input level LOW, 
and the output immediately goes HIGH. When 
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CONTROL 
VOLTAGE 

(PIN286)~ 

J0.01 

A 555 timer module can generate a positive pulse 
output (a) or a delayed step (b) when the capaci· 

the capacitor charges to the 555's upper thresh­
old, its internal flip-flop resets and the output 
goes LOW. 

The second circuit (b) operates similarly, ex­
cept that the capacitor is returned to V cc · Now 
when the power is turned on, the upper threshold 
is immediately exceeded, and causes the output 
to reset LOW. As soon as the capacitor dis­
charges below the 555's lower threshold level, the 
timer output goes HIGH after T = 1.1 RC. 

The diode, a 1N4148, across resistor R assures 
quick capacitor discharge whenever there is a loss 
of power. If quick retriggering is not needed, the 
diode can be eliminated. 

Michael 0. Paiva, Mcin tosh Laboratory Inc., 
2 Chambers St., Binghamton, N.Y. 13903. 
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tor, C, is shifted from ground to Ve<· The diode 
across R assures rapid capacitor discharge. 
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If you need 
top-quality_ 

panel 
instruments 

with a clean, 
modern look ... 

GL 

Buy 
TripleH's 

Series GL 
or GLIB 

Triplett's newest panel instru­
ments, the Series GL and GLIB, 
feature glass windows, matte­
finish phenolic cases and a dial 
design that can readily accom­
modate multiple scales. They are 
available in 3 112", 4112" and 
51/2" sizes. 
The GL Series features a stan­
dard 2-stud mount with 3- and 
4-stud mounts available. 
The feature of the GLIB Series 
is behind-the-panel mounting 
with a bezel which is an integral 
part of the case. 
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GL/B (mounted appearance) 

There's a choice of more than 
275 stock sizes and ranges - in 
DC microammeters, milliamme­
ters, ammeters, millivoltmeters 
and voltmeters; AC milliamme­
ters, ammeters, and voltmeters; 
RF thermoammeters; dB meters 
and VU meters. For those who 
need special instruments ... 
custom dials, pointers, scales, 
accuracy, tracking, resistance, 
response time or practically any 
combination of unusual specs 
can be put into these new cases. 
For quick, dependable delivery 

INFORMATION RETRIEVAL NUMBER 47 

of small quantities of these 
adaptable new instruments, con­
tact your Triplett Sales/Service/ 
Modification Center or ~istribu­
tor. For prototypes or produc­
tion quantities, contact your 
Triplett representative. Triplett 
Corporation, Bluffton, Ohio 
45817. 

1IT TRIPLETT 
BLUFFTON, OHIO 45817 

Manufacturers al the World 's 
mast complete line of V-0 -M's 
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Biphase waveforms generated 
by shift-register circuits 

Biphase waveforms for data communications 
can be generated easily by shift-register circuits. 
And the waveforms have self-clocking charac­
teristics and a net-zero-de level for random 
words. The waveform also needs a bandwidth of 
only about 1.5 times the data rate. In addition 
to these advantages, the designer also reaps the 
benefits of differential transmission lines and ac 
coupling. 

One conventional approach uses an EXCLU­
SIVE-OR gate to form the biphase waveform. 
Fig. 1 shows a typical 8-bit code generator and 
its timing relationships. The EXCLUSIVE-OR 
gate inverts the clock signal for shift-register 
ONE outputs, and allows the passage of unin­
verted clock signals for ZERO ouputs. Thus every 
time a bit of data changes from ZERO to ONE 
or vice versa, the output of the EXCLUSIVE-OR 
reverses phase. 

The 8-bit shift register is loaded with the 
binary information to be transmitted. When the 
shift clock is active, data are shifted out of the 
register. The clock and shifted data are combined 
in the EXCLUSIVE-OR, and the final output is 
controlled by a Transmit-Enable signal. 

Usually the biphase waveform would then 
become the input to a differential output stage, 
which would drive a transformer-coupled trans­
mission line. 

The two inverters before the EXCLUSIVE-OR 

C D E F G 

SN54165 

SHIFT CLOCK 

BINARY 
WORD 

SHIFT 
CLOCK 

TRANSMIT 
ENABLE 

Bl PHASE 
WORD 

0 0 

TRANSMIT 
ENABLE 

0 

0 

0 

1. The conventional way to generate biphase 
waves is frequency-limited by the need for a time· 
delay match of the two inputs to the EXCLUSIVE­
OR gate. 
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gate are intended to match the propagation delay 
of the shift register, to provide coincidence of the 
input wave fronts of the two EXCLUSIVE-ORs. 
At high clock rates, this alignment, as well as the 
differences between rise and fall times, becomes 
critical and the output waveshape is seriously al­
tered by small time differences. 

To overcome this high-frequency limitation, a 
biphase waveform may be constructed by use of 
a serial register of length 2N, where N is the 
number of bits to be transmitted (Fig. 2). Each 
data bit is loaded into a shift register, both di­
rectly, and in the next higher adjacent stage, 
inverted. Thus the double-speed clocking gen­
erates an alternating logic-level signal for each 
data bit, and the signal's phase relations combine 
to form the biphase wave. 

Since no compensation for propagation delay 
is required, the performance of this kind of wave~ 
form generator is limited only by the speed of 
the logic devices. 

Note that where certain bits are predetermined, 
as in the sync field, the inverters associated 
with the adjacent inputs may be eliminated (Fig. 
2). The inputs are then wired to ground or Vee 
as required. The sync field is low for 1.5 bits 
and hjgh for 1.5 bits. The data field is 5-bits long. 

Jay L. Richman, B endix Flight Systems Div., 
Teterboro, N.J. 07608. 

BIT 8 BIT7 BITS BIT5 
•O •I •I •O 

SHIFT 
CLOCK 

BIPHASE 
WORD 

CIRCLE No. 312 

~-----.. SYNC FIELD 
BIT 4 BIT3 BIT 2 BIT I 

•O 5V 

TRANSMIT 

ENABLE 

-j SYNC FIELD I-
2. A double-length shift register eliminates the 
time-delay matching requirements of Fig. 1, and 
the circuit 's upper frequency is limited only by 
the logic devices used. 

ELECTRONIC D ESIGN 16, August 2, 197 4 



'i ,-

I've got D.lr. 
AND YOU CAN GET IT TOO! ... 

in connectors with 
dielectric retention from Bendix 

D.R. GIVES YOU 
• rear release crimp contacts-minimizes potential 

interfacial seal and contact damage during 
contact removal 

• increased dielectric separation between contacts 
•greater reliability plus weight savings-fewer 

components per connector 
• hard-faced chamfered socket inserts assuring 

positive mating pin alignment 
•improved temperature-life capability at 200°c 
• optimum fuel and fluid resisting capabilities 

*dielectric retention (re-ten'shun), n: an innovative method of 
retaining removable contacts in an electrical connector, 
incorporating a single dielectric wafer rather than individual 
metal contact retention clips 

D.R. CONNECTOR DESIGNS 
•are offered in MIL-C-26482, 38999 and 83723 

types 
•utilize common application tooling 
• intermate and intermount with existing series 
•are tooled in over 30 arrangements 

GETTING D.R. IS EASY. 
Just contact The Bendix Corporation, Electrical 
Components Division, Sidney, New York 13838, 
your nearest Bendix sales office or authorized 
Bendix distributor. 



IDEAS FOR DESIGN 

Frequency doubler covers wide frequency 
range for unsymmetric square waves 

Electronic systems frequently need a square­
wave frequency doubler that covers a wide fre­
quency range and is insensitive to supply volt­
age or asymmetry of the input signal. · The 
circuit in Fig. 1 has a frequency range from 100 
Hz to 4 kHz and can handle both time and voltage 
asymmetry (Fig. 2). 

For a symmetrical wave (Fig. 2a), a high-gain 
comparator . converts the input square wave to 
bipolar form. Then the signal enters a compen­
sated integrator. The output of the integrator i.s 
a triangular wave that intersects the zero-voltage 
base line a TI 4, 3T I 4, etc., where T is the period 
of the input. The triangular wave is fed to a 
zero-crossing detector, whose output is a square 
wave with 90-degree phase lag. Then the in:put 
and the output of the zero-crossing detector enter 
an EXCLUSIVE-OR gate to produce the double­
frequency output. 

Without the feedback amplifier circuit to the 
integrator input, the voltage difference between 
the plus and minus power suppilies ( ± V) or un­
symmetrica.J square-wave inputs could saturate 
the output of the integrator. Saturation distorts 
the triangular wave and shifts it either in the 
negative or positive ·direction, depending upon 
whether Ti is larger or smaller than T 2 (Fig. 
2b) , or V 1 is larger or smaller than V 2 (Fig. 2c) . 

The feedback circuit automatically corrects for 
unsymmetrical supply voltages and input waves. 

ll4 

INPUT 
(f) 

I Ok 

IOk 

COMPARATOR INTEGRATOR 

c 

1. Unsymmetrical square waves are doubled for a 
wide frequency range because a feedback circuit 

The output of the zero-crossing detector feeds 
a low-pass filter to obtain an average of the de­
tector's output signal. This average voltage is 
amplified and fed baick to the noninverting input 
of the integrator. In this way the integrator is 
kept from saturation by subtraction of the aver­
age value, and the integrator output can be 
symmetrical. 

The values of R and C for the integrator are 
chosen to obtain the desired range of frequencies. 
For the lowest frequency that the doubler will 
handle, the peak amplitude of the triangular 
wave should be somewhat less than the magni­
tude of each supply voltage. The highest fre­
quency is limited mainly by the offset of the 
operational amplifiers. The low-pass filter re­
stricts the transient response of the doubler to 
frequency changes. And the· feedback gain is 
chosen to keep the system stable. 

Thus for a supply voltage of ± 10 V and a de­
sired lowest frequency of 100 Hz, the integrator 
output must reach a 10-V peak in half the period 
of the input. Hence 

1 
RC = 1/ 2 · 100 = 5 ms. 

If R = 10 kn, then C = 0.5 ,µ,F. 
A low-leakage Mylar capacitor is recommended 

for C. For the zero-crossing detector to work 
correctly, the offset should produce less than 1 % 
error. For the AD 108, an .input voltage of 0.5 V 

ZERO-CROSSING DETECTOR 

IOk 

FEEDBACK FILTER 

IOk 

µ. F 

100 k IOk 

EXCL 

OR 

1/4 CD4030 

JUL~ 
OUTPUT 

(21) 

keeps the integrator from saturation. Both time 
and voltage asymmetry are readily handled. 
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Send for the Computest cat­
alog of Semiconductor Test 
Equipment and our Semi­
conductor Program Library 

NAME---------------­

COMPANY--------------~ 

AOOAESS __ _ 

CITY----------------
_____ z1p __ _ 



INPUT I 

INTEGRATOR OUTPUT IF NO 
FEEDBACK WERE USED 

INTEGRATOR OUTPUT WITH 
FEEDBACK 

ZERO-CROSSING DETECTOR 
OUTPUT 

EXCLUSIVE-OR 
OUTPUT 21 

LJ L 

\ /\ 

\A 
'V'V 

nn 
J LJ L 
1Ililill 

CD 0 

---ffi--:~flI'J 
1. ·I 1. VI< V2 

TI T2 

Tl >T2 

I\ f\. f\. \ /\ /\ '\l\r' ---vv 
nnr 
J LJ LJ 

DJlfUl[ -- -nnnnn 
2. Both symmetrical signals (a) or unsymmetrical signals (b) and (c) are readily frequency-doubled . 

pk-pk is required to attain this error. Since an 
integrator's output is inversely proportional to 
frequency, the offset error has the effect of de­
termining the integrator's highest frequency. 
Therefore maximum frequency is 
_ lowest frequency x low-frequency pk-pk input 

minimum pk-pk input (high frequency) 
= 100 x 20/ 0.5 
= 4kHz 
A precision comparator like the 710 could pro-

IFD Winner of April 1, 1974 

Robert J. Martin, Staff Engineer, Martin Mari­
etta Aerospace, P.O. Box 5837, Orlando, Fla. 
32805. His idea "Multiple-feedback bandpass 
circuit allows use of standard cap·acitors in 
elliptic filter" has been voted the most valuable 
of Issue Award. 

Vote for the Best Idea in this issue by circling 
the number for your selection on the Informa­
tion Retrie·val Card at the back o.f this issue. 

vide a higher maximum frequency because it has 
a lower specified offset. 

The feedback gain is set experimentally for 
stable operation. In Fig. 1 the gain is about 10, 
as determined by feedback resistors. The time 
constant of the feedback filter is about 1 s-more 
than adequate to filter the lowest frequency. 

T. K. Alex, Electronic E ngineer, Indian S cien­
tific Satellite Project, Bangalore, India. 

CIRCLE No. 313 

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. Ideas can only be considered 
for publication if they are submitted exclusively to 
ELECTRONIC DESIGN. You will receive $20 for each 
published 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. 

ELECTRONIC DESIGN cannot assume responsibility for circuits shown nor represent freedom from patent infringement. 
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Advertisement 

RF Admittance Bridges 
lMHz to lOOMHz 

• • 41: •• . . • • • •• • 
MODEL33 

Boonton Model 33 bridges measure 
two-terminal cap.acitance and con­
ductance of high-Q diodes, varac­
tors, and capacitors at 7 crystal­
controlled frequencies from 1 to 
lOOMHz, and provide accurate, high 
resolution balance at the low signal 
levels necessary for testing solid­
state devices. Both internal and ex­
ternal DC bias facilities are stand­
ard. Contact: Boonton Electronics, 
Parsippany, N.J. 07054. 

INFORMATION RETRIEVAL NUMBER 1 21 

Full Programmability 
is standard on 
RF Millivoltmeters 
lOkHz to 1.2GHz 

ANALOG92B DIGITAL 9280 

Boonton rf millivoltmeters offer 
state-of-the-art sensitivity, accura­
cy, and bandwidth with an unrivaled 
choice of features and options. Ana­
log or digital versions, both with 
linear de outputs. Digital version 
has ancillary analog dBm meter and 
BCD outputs, optional autoranging 
and dB display (0.01 dB resolution). 
Contact: Boonton Electronics, Par­
sippany, New Jersey 07054. 

INFORMATION RETRIEVAL NUMBER 122 

Inductance Bridges 
measure nanohenries 
to henries 
~ . . 

MODEL63 

Boonton Model 63 direct-reading 
inductance bridges have extremely 
wide useful ranges for both series 
L and R. Internal wide-range oscil­
lator provides constant current, 
independent of balance condition. 
Three versions span 0.2nH to llH, 
0.4kHz to 500kHz. Contact: Boon­
ton Electronics, Parsippany, N.J. 
07054. 

INFORMATION RETRIEVAL NUMBER 123 
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(design decisions) 

16-bit d/a converters don't need 
thermal matching of critical components 

Until recently, few modular 16-bit d/ a con­
verters have maintained 0.00075 % linearity (1 / 2 
LSB) . The design approach used at Hybrid Sys­
tems of Burlington, Mass., has achieved this 
performance, without relying on close thermal 
matching of resistors and switches. Some addi­
tional characteristics include: negligible warm­
up time to stated accuracy and fast dynamic re­
sponse to a digital input. The specifications of 

R 

2R R R 

2R 2R 2R 2R 

2-16 2-• OUTPUT 

"::" 

REFERENCE 0 

B-

0 

1. A conventional current switching DAC (a) re· 
quires a precision R/2R ladder network, while 
the transistor current switches of a more com­
plex DAC (b) have thermal matching problems. 
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the 16-bit converter are outlined in the table. 
Circuit schemes like thoser shown in Figs. la 

and lb were considered but both approaches 
were ruled out. The circuit of Fig. la is a con­
ventional voltage switch and an R/ 2R ladder 
network. This configuration requires many parts, 
including 32 switches (usually expensive JFETs) 
and a precision R/ 2R network. 

The current-switch circuit (Fig. lb) has pa-

13-BIT 
CURRENT 

0/A 

-4 -18 
2 - 2 

R2 

+ 
REFERENCE 

VOLTAGE 

.-----v B+ 

R3 

2-n 
"::" 

R2• RI 
R3 <RI 

RI 

B-

© 
2. If current steering is used for constant-cur­
rent sources (a) high precision DACs can be 
built. The reference (b) used by the Hybrid Sys­
tems DAC provides a stable current level. 
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rameters, such as base-to-emitter voltage and 
beta, that are extremely sensitive to thermal 
gradients. The critical transistors have fairly 
high dissipation, and, when the current-source 
transistor for each bit is switched, thermal gra­
dients are generated that severely affect settling 
time at the 10-µs level. 

A simplified circuit configuration that met 
the design goals is shown in Fig. 2a. The three 
most-significant bits (MSBs) use constant-cur­
rent sources, with switching accomplished by 
steering the current through either a diode or 
transistor_ The 13 least-significant bits (LSBs) 
are a conventional current-output DAC. 

Selected 16-bit DAC specifications 

Integral linearity 1 LSB (1/2 LSB Optional) 

Differential linearity 1 /2 LSB 

Settling time to 
0.01 % (current 
output) 3 ,µs 

Small signal voltage 10 µ.,s 

Slew rate 0.3 V f.µs 

Scale factor vs temp 5 ppm/ °C 

Linearity vs temp 3 ppm/ °C 

Offset vs temp 
(bipolar) 3 ppm/ °C 

Long-term stability 10 ppm/yr 
(less internal 
reference voltage) 

the DAC settling time low. 

The precision current source and its current 
steering network is shown in Fig. 2b. The ref­
erence voltage for the three MSBs is also used 
for the 13 LSBs. A low-drift op amp makes the 
volh1.ge across the precision resistor, R 1, equal 
tq the reference voltage. The amplifier was se­
lected for low offset current, thereby making 
the source current of the FET equal to the ref­
erence voltage divided by R,. Since the gate cur­
rent of the FET is negligible, I 0 = Is. The volt­
age-to-current converter derives its stability 
from the op amp and R1. Thus amplifier power 
dissipation is low and the FET unloads the am­
plifier output_ Also, the power dissipated in the 
op amp and R, is independent of input logic 
codes. This, coupled with current steering, keeps 

The current-steering switches, composed of 
diodes and transistors, don't require critical 
matching, and leakage current can be assumed 
to be negligible. Each op amp is independent, 
and thermal coupling is not required_ Also, the 
precision resistors used have a maximum tem­
perature coefficient of 1 ppm/° C and, again, 
thermal matching is not critical. • • 

Use Deltrol Controls' 
series D solenoids 
where DEPENDABILITY 
is a must 
Deltrol Series D solenoids are intended for use in qua I ity 
applications such as business machines, tape recorders and 
industrial control equipment and are available in the widest 
range of sizes in the industry . These linear-type units are 
available in 12 basic sizes with enough variations available 
to match almost any application. Deltrol "D" - frame 
solenoids have a high efficiency factor which provides for 
a maximum starting force and fast plunger operation . A 
molded nylon coil, standard on four units, improves hea1 
dissipation while providing greater resistance to moisture, 
shock and rough handling. Available in a six to 240 volt, 
AC or DC coil voltage range, these moderately priced units 
are interchangeable with many competitive units. Options 
include push-mode units, spring returns and power surge units. 

INFORMATION RETRIEVAL NUMBER 51 

EL ECTRONI C D ESIGN 16. August 2, 1974 11 9 



i nternationa I 
technology 

Tuning control boosts 
spectrometer sensitivity 

Using a new method to suppress 
system noise, Dutch researchers 
have greatly increased the sensi­
tivity of electron-paramagnetic­
resonance spectrometers that have 
a microwave signal source and 
cavity. An order of magnitude im­
provement is reported as a result 
of the work at the University of 
Delft. 

The sensitivity of such an in­
strument \s normally limited by 
the noise in its microwave gener­
ating and detecting systems. FM 
noise from instability in the 
microwave source predominates 
over the other noise at high-inci­
dent cavity power. The noise can 
be reduced over the entire spec­
trum of the instrument by direct 
cavity-stabilization techniques, 
but they a1·e seldom used be­
cause cavity tuning is difficu It. 

In the Delft spectrometer, the 
stability of the microwave source 
-a reflex klystron-is improved 

by use of an electronic control 
system for klystron tuning. The 
open-loop gain of the Delft con­
trol system, which is proportional 
to sensitivity, increases when 
microwave output decreases, thus 
increasing the incident cavity 
power. 

When the power is increased, 
the rise in the open-loop gain is 
partly compensated for by a de­
crease in sensitivity. This com­
pensation also increases the gain 
margin of the control system, 
which gives a larger open-loop 
gain and improved tuning stabil­
ity. 

In absorption-measurement 
tests that used the improved spec­
trometer, the electron-paramag­
netic-resonance signal remained 
at a constant level, but the noise 
was suppressed. A sensitivity 10 
times better than that of com­
mercial, high-sensitivity E-1 in e 
spectrometers was measured. 

VIG delay lines studied for mm-wave telephony 

Yttrium-iron-garnet (YIG) mag­
neto-static-wave delay lines, con­
trolled by a magnetic bias, promise 
to solYe a major problem in milli­
meter-wave telephone communica­
tions: the equalization of group 
delay between repeaters. 

Currently arnilable group-delay 
equalizers-such ·a.s folded-tape 
meanderlines, resonant-ring equal­
izers and bridge-T networks­
have delay characteristics that are 
fixed in manufacturing. But re­
searchers at the University of 
Edinburgh in Scotland who are 
developing the new YIG delay lines 
note that until the waveguide is 
strung across the terrain, the final 

120 

delay requirements are not known. 
The group delays a lso vary with 
frequency. 

For example, the British Post 
Office is experimenting with 
trunk communication through 
overmoded circular waveguides 
with two transmission bands. Band 
1 is from 32 to 50 GHz and has 
channels 500 MHz wide, while 
Band 2 extends from 52 to 80 GHz 
with channels 1 GHz wide. The 
repeater i-f values from Band 1 
are 1.25 GHz, and for Band 2, 2.5 
GHz. 

Over a typical repeater-to-re­
peater cable length of 14.5 km; 
group delay variation over the two 

bands is intolerable. The solution 
proposed is to equalize the group 
delay on the i-f signals before re­
generation by use of an equalizer 
for each repeater channel. 

The electronically variable YIG 
delay lines, which compensate for 
the various delay differences, are 
made with the liquid-phase epitaxy 
process. This process, say the uni­
versity researchers, grow narrow­
re~ona11 L line-width films that are 
compatible with planar microwave­
JC technology. 

The YIG films are operated in 
the surface-wave mode, and the de­
lay imposed is generally inversely 
proportional to the film thickness. 
Preliminary measurements of tem­
perature sensitivity have revealed 
no detectable change in the delay­
vs-frequency characteristics over 
the range of 15 to 47 C. 

Monochromator contains 
holographic grating 

A ghost-free monochromator 
that contains a holographic grat­
ing has been developed by Garch­
ing Instrumente of West Germany. 
The dispersive grating is claimed 
to have a scattered-light content of 
less than 0.2 %. The holographic 
grating also guarantees a straight 
optical axis . 

Ghosts in the spectra of con­
\'entional gratings are caused by 
mechanical faults in the ruling 
mechanism. Their elimination is a 
very costly part of the manufac­
turing process of ruled gratings. 

CIRCLE NO. 319 

Reading machine model 
for blind demonstrated 

The prototype of a reading ma­
chine for the blind has been dem­
onstrated by researchers at Stutt­
gart University in West Germany. 
The machine works on the optical 
character-recognition pr inc i p 1 es 
used for computer input devices, 
and converts conventional charac­
ters into Braille. 

The device will be ready for 
production within about two years, 
according to the researchers. The 
machine will be packaged in the 
size and weight of a portable type­
writer. Reading speed will be 
about 15 characters/ s. 
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"Clark automated storage systems 
utilize a computer directed stacker 
crane. The heart of the system is a 
Clark-designed electronic logic . 
package, built arounq Augat plug-in 
socket panels. 

''When we were designing the 
system, we of c?urse lo_o~~d for 
density and design flexibility. And 
at the same time we found the cost 
of wire- wrapped panels attractive. 

"What concerned us was if 
the socket panel concept could 
withstand shock and vibration 
with a high degree of reliability. 
Clark storage systems often work 
24 hours a day. We found that 
Augat's unique machined socket 
contact stood up very well in test 

Testing control box featuring Augat panels . 
.., 

INFORMATION RETRIEVAL NUMBER 52 

Chuck Bates 

and in the field as well. 
"Augat gave us an intercon:iec­

tion system which met our requue­
ments from a cost, reliability and 
design standpoint." 

All of which just might tell you 
why Augathas become the world's 
leading producer of wire-wrapped 
socket panels and other IC inter­
connection products. But Augat has 
more to offer than just hardware. 
Augat's technical experienc~ is 
ready to help you meet your mter­
connection requirements. 

Callorwritetoustoday. We'll 
send you our free brochure and com­
plete product information. Augat, 
Inc., 33 Perry Avenue, Attleboro, 
Massachusetts 02 703. Represented 
and distributed internationally. 

See us at the 
WESCON Show 
Booth # 1 21 6- 1 21 7 

In · 1 Inc Boulevard A Reyers 103 1040 Brussels, Belgium, Tel.102136·93-99. Europe-Augat temattona , ., · • • 



TYPE - 256 x 1 Static SOS/CMOS Ram 
NUMBER - INS4200 

READ CYCLE TIME -180 nS 
WRITE CYCLE TIME -140 nS 

QUIESCENT POWER DISSIPATION - 40 JJW @ 10 V 

INPUT CAPACITANCE - 6.5 pF 

SUPPLY VOLT AGES - 5 to 15 volts 
OUTPUT - Three-state TTL compatible , full address 

decoding and bipolar compatible pin-outs. 
PACKAGE - 16 pin dual-in-line 

PRICE - Mil Range (100-999) $38.00 
Comm. Range (100-999) $21.00 

Only lnselek makes the lowest power, highest speed 256x1 Static 
SOS/CMOS RAM currently available. And the price is only $38.00 in 

the military range and $21.00 for the commercial version (100-999 ). 
Excellent prices when you consider the added benefits you 're 

getting with our proven SOS technology ... exceptional relia­
bility, high speed and low power. With an lnselek INS4200 

Ram . a minimum number of additional components are re­
quired due to the 3 chip select inputs, especially when 

employed with large memory arrays. For the applications 
minded engineer or manager, you 'll be glad to know 

that they 're perfect for use in point-of-sale systems, 
mini & micro computers, computer peripherals, 

calculators & portable electronic systems. One 
more point. The lnselek INS4200 Ram is fully 

compatible with other CMOS and TTL de­
vices. Check the specs above and then 

contact Bob Burlingame, your appli­
cations engineering specialist at 

lnselek. Bob will be glad to discuss 
your specific requirements. Call 

Bob collect at (609) 452-2222, 
or write him at INSELEK, Inc., 

743 Alexander Road, 
Princeton, New Jersey 

08540. 

SALES OFFICES IN : 
CONCORD, MASS. ( 617 ) 369-5298 
LOS ANGELES. CALIF. ( 213) 889-2788 

DISTRIBUTORS 
West Coast-WESTATES ( 213) 341 -4411 • New England - GREEN SHAW ( 617 ) 969-8900 • Mid -Atlant ic - WILSHIRE ELECTRONICS ( 609 ) 786-8990 

INFORMATION RETRIEVAL NUMBER 53 
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(new products) 

Autoranging 80-MHz counter 
is industry's least expensive 

John Fluke Mfg. Co., Box 7428, 
Seattle, Wash. 98133. (206 ) 774-
2214. $349. 

With a price of $349, Fluke's 
1900A multifunction counter is 
the least expensive autoranger. 

And the price includes a com­
bination of specs and features 
that will be hard to beat: specs 
such as an 80-MHz top frequency 
and 25-m V sensitivity; and fea­
tures such as self-test, a switch­
ab le 1-MHz low-pass filter and a 
switchable x 10 attenuator. 

But the 1900A doesn't stop 
there. Also included are leading­
zero suppression of the 6-digit 
LED display and automatic an­
nunciation of both units and 
overflow. Another feature is a 
unique autoreset on the pushbut­
ton switches for gate time, func­
tion, filter and attenuator. This 
ensures that, whenever a switch 
setting is changed, the next dis­
played reading will be correct. 

Besides frequency (from 5 Hz) 
and period (100-ns resolution) , 
the Fluke unit also totalizes to 
999999 and averages mu It i p I e 
periods (to 100-ps resolution ) . 
Though the unit autoranges in 
both frequency and period (but 
not through all ranges ) , you can 
select resolution manually with 
four pushbutton selected gate 
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times: 10 ms, 100 ms, 1 and 10 s. 
The autorange feature of the 

1900A works with a 20 % hys­
teresis. That is, the unit down­
ranges when the display tries to 
go higher than 999999, and up­
ranges when it drops below 80000. 
This means your signal can con­
tain up to 20 % FM or PM. 

Closest competitors of t he 1900A 
appear to be auto-rangers from 
Hewlett Packard and Systron 
Donner-the 5302A and 6250, 
respectively. But both of t hese 
are universal counter-timers­
they include A-B time-interval 
and ratio-whereas the Fluke 
1900A doesn't. 

HP's 5302A is a member of the 
company's snap-together 5300 sys­
tem; so whereas the 50-MHz top 
frequency and $670 price of the 
5302A don't quite measure up to 
those of the 1900A, this must be 
weighed against the added versa­
tility of the HP snap-on system. 

Systron-Donner's 50-MHz 6250 
also costs more than the Fluke 
unit--$575-but the 6250 has 8 
digits and an automatic gain con­
trol that sets all input adjust­
ments. So, again, tradeoffs must 
be considered. 
Fluke 
Hew Jett-Packard 
Systron-Donner 

CIRCLE NO. 253 

CIRCLE NO. 254 

CIRCLE NO. 255 

Small scope fits into 
modular test line 

Tektrnnix, P .O. Box 500, Beaver­
ton, Ore. 97005. (503 ) 644-0161. 
$650. 

The SC 501 is the first plug-in 
scope module for the company's 
TM 500 Series of multifunctional 
test and measurement instruments. 
The unit weighs only 2-1 / 4 lb, has 
a bandwidth of 5 MHz and a cali­
brated vertical deflection range 
from 10 mV / div to 1 V / div, select­
able in decade steps. A variable 
control extends this range to at 
least 10 V / div. A 2.5-in. CRT dis­
play signals at sweep rates from 
1 s / div to 200 ns/ div. An AUTO 
triggering mode and manua l 
LEVEL/ SLOPE selection is com­
bined in a single control and is 
useful above 10 Hz. 

CIRCLE NO. 256 

DMM needs only 
50-pA input current 

• 

ITT-Metrix, Edinburg Way, Har­
low, Essex, England. Harloic 26811. 

MX 719A DMM features auto­
matic range switching, a full 
three-digit LED display with au­
tomatic decimal point, automatic 
polarity and overrange indication. 
All ranges are protected and the 
zero calibration is automatic. In­
put current is less than 50 pA. 
Ranges include de V from ± 1 mV 
to ±999 V, ac V from 1 mV to 
700 V rms, and resistance from 1 
fl to 15 Mfl approx. Accuracy is 
±0.3% of the reading ± 1 digit 
for de V. 

CIRCLE NO. 257 
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INSTRUMENTATION 

Synthesizer offers 
0 .01-dB resolution 

Exact Electronics, Box 160, Hills­
boro, Ore. 971 23. (503) 648-6661. 
$2650. 

Model 802 frequency synthesizer 
offers amplitude leveling and four­
digit amplitude control. The unit 
provides coverage to 20 MHz in 
four synthesized digits plus two 
additional vernier digits. With the 
first four digits, frequency accu­
racy is ±0.001 % . With the vernier 
engaged, accuracy is ± 1 major 
vernier digit. Output of the 802 
has 0.01-dB amplitude resolution 
from - 69.99 to + 26.99 dBm, with 
an output-level accuracy of 0.05 
dBm and frequency response of 
0.05 dB. 

CIRCLE NO. 258 

Data-delay unit replaces 
endless-tape systems 

Nimbus Instruments, 2791 lJel 
Monte St., W est Sacramento, Calif. 
95691. ( 916) 372-3800. $650 and 
up; 6 wks . 

DDD-1 digital data delay pro­
vides up to several seconds delay 
of up to eight analog signals. The 
instrument replaces endless-tape 
loop systems in the study of non­
predictable transient signals. An­
alog signals are digitized, stored 
in a shift register, and then con­
verted back to analog form for 
strip-chart or tape recording. Ac­
curacy is 1 % ± 1 LSB, resolution 
is 10 bits and sample rate is 250, 
500, or 1000 per second. 

CIRCLE NO. 259 
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Triggered-sweep scope 
offered for $425 

Simpson Electric, 853 Dundee A ve ., 
Elgin, Ill. 601 20. (31 2) 695-1121 . 
$425; stock. 

This solid-state, dc-to-15-MHz 
scope, Model 459, has a 5-in. CRT, 
triggered sweep, and 10-mV / cm 
vertical sensi ti vi ty. Vertical sensi ­
tivity is continuously variable 
through 11 calibrated steps to 
20 V / cm. Square-wave response 
gives less than 5 % aberrations for 
a rise time of 25 ns. Input imped­
ance is a constant 1 Mn, 35 pF. 
Sweep speed is adjustable from 0.5 
s/ cm to 0~·2 µ,s / cm in 20 calibrated 
steps, plus special TV-H and TV-V 
settings. A 5 x magnifier extends 
sweep speed to 40 ns/ cm. 

CIRCLE NO. 260 

pROM station permits 
interactive development 
Data T est Corp., 2450 Whitman 
Rd., Concord, Calif. 94518 . ( 415 ) 
326-2000. $6645 ; 30 days. 

Called the Datatester 8080, this 
pROM-development station permits 
interactive program development 
without auxiliary computer equip­
ment or software. The unit can : 
simulate the pROM in the scratch­
pad internal memory; develop and 
edit the internal memory con­
tents from the keyboard; write a 
pROM; read a pROM; and read 
and write from external sources. 
Programs may be entered from 
previously programmed pROMs or 
ROMs, external sources or by key­
board entry. A personality board 
configures the inputs, power and 
clock durations required for par­
ticular pROMs. 

CIRCLE NO. 261 

Capacitance meter 
works at 120 Hz 

Electro Scientific Industries, 13900 
N. W. Science Park Dr., Portland, 
Ore. 97229. (503 ) 646-4141. $1425; 
stock to 90 days . 

This digital capacitance meter, 
the Model 278, measures with a 
test voltage whose frequency is 
twice that of the line, a feature 
often required for testing tantalum 
and electrolytic capacitors. Model 
278 has seven full-scale ranges, 
from 2000 pF to 2000 µF, and 
gives 3-1 / 2-digit readings of c., 
CP or D with a typical accuracy 
of 0.1 % plus a digit. 

CIRCLE NO. 262 

Digital temperature unit 
linearizes setpoint 

LFE Process Control Div., 1601 
Trap el o Rd., Waltham, M ass . 
02154. ( 617 ) 890-2000. $220 to 
$265 (prod. quanti ty ; early fall ). 

Model 238 temperature control­
ler has a digital setpoint that is 
electronically linearized to the ac­
tual temperature. The measured 
temperature is displayed on a 
± 50° deviation indicator. The in­
strument has 1/ 4 DIN cutout and 
bezel dimensions and extends only 
6 in. from the front of the panel. 
The unit is available in single or 
dual-output models and in bidirec­
tional-output models. 

CIRCLE NO. 263 
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When Rf I problems get sticky, 
trysfir:i UrJJ[J)CEfPSJ® 
Attaches faster, shields better than anything else! 

SERIES 97-500 The original Sticky 
Fingers with superior shielding 
effectiveness. 

SERIES 97-555 New Single-Twist 
Series for use when space is at a pre­
mium. Measures a scant %" wide. 

SERIES 97-510 Provides even better 
magnetic shielding with Magnefil® 
insert strips. 

SERIES 97-560New1h" wide Double­
Twist Series, ideal for panel divider 
bar cabinets. 

Now you can specify the exact type beryllium copper gasket 
that solves just about every RFl/EMI problem. Perfect for 
quick, simple installation; ideal for retro-fitting. Self -adhesive 
eliminates need for special tools or fasteners. Write for free 
samples and catalog . 

INSTRUMENT SPECIALTIES COMPANY, Dept. ED-65 

Little Falls, N.J. 07424 

Phone-201-256-3500 • TWX-710-988-5732 

INFORMATION RETRIEVAL NUMBER 54 
ELECTRON IC DESIGN 16, August 2, 1974 125 



INFORMATION RETRIEVAL NUMBER 55 

126 

INSTRUMENTATION 

Preset counter offers 
protected settings 

Durgin & Browne, 80 Allen Rd., 
So•J,th Burlington, Vt. 05401. (802) 
863-6873. Start at $139; stock. 

GARDIAN 4000 series solid­
state counter/ controller comes with 
two to five digits and counts at 
rates beyond 100 kHz. Front-panel 
switches, set by means of screw­
driver slots, control all important 
functions. When the preset num­
ber is reached, an integral output 
relay performs a variety of func­
tions. Manual reset, automatic re­
set for recycling, and adjustable 
output pulse and reset time delay 
are all standard. 

CIRCLE NO. 264 

Dual-channel scope 
offers 2% accu racY, 

H ewlett-Packard, 1501 Page Mill 
Rd., Palo Alto, Calif. 94304. ( 415) 
493-1501. $3400; stock. 

Model 1720A scope offers two 
channels with deflection factors to 
10 mV / cm, sweep speeds to 1 ns / 
cm and frequency response of 275 
MHz. Calibrated sweeps over the 
full 10-cm deflection are accurate 
to 3%, and 2% in the 50 ns/ cm 
to 0.5 s / cm range. Vertical atten­
tuator accuracy is 2% at all set­
tings. Input impedance is select­
able: 50 n or 1 Mn, 11 pF. These 
performance characteristics are 
held over the full range of envi­
ronmental specifications, including 
temperatures from 0 to 55 C. 

CIRCLE NO. 265 

Unit reads and stores 
peak wave levels 

Pioneer-Standard Electronics, 4800 
E. 131 St., Cleveland, Ohio 44015. 
(216) 587-3600. $1190; 30 days. 

Model 810 Peaklok voltmeter 
measures and stores peak voltages 
from de to pulses of 1-µ,s duration. 
It will measure the peaks of 
pulses, transients and waveforms 
of irregular or regular frequency 
and form. Length of storage is in­
finite. Five decade ranges extend 
from 100.0 mV fs to 1000 V, with 
a 3-digit display. Accuracy of the 
810 for the digital readout and the 
recorder output is ± (1%-full"scale 
+0.5 % input). 

CIRCLE NO. 266 

Sweeper covers 200 Hz 
to 30 MHz in one band 

Telonic Altair, 21282 Laguna Can­
yon Rd., Laguna Beach, Calif. 
92652. (714) 494-9401. $1895; 6 
wks. --

Model 1201 covers 200 Hz to 30 
MHz in a single band. Attenuation 
of 50-'!1 impedance is 110 dB in 
1-dB steps, and 80 dB at 75 n. The 
unit combines a complete sweep­
oscillator system with output at­
tenuators, three variable voltage­
referenced pulse markers,· and up 
to seven crystal-controlled birdy 
markers, single or harmonic. 

CIRCLE NO. 267 
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NO-NONSENSE 
NUTS 

128 

If you are working with 
printed circuitry, cabinets, 
sheet metal, electro-me­
chanical devices, high fre­
quency vibration, and high 
reliability calibration areas 
- and when your specs call 
for instrument mounting 
nuts, self-anchoring, cap­
tive, or flush mounted lock­
nuts, or captive calibration 
devices - Abbott Has the 
Solution - Right Off the 
Shelf! 

CLINCH NUTS 
Vibration proof, high rel i­
ability . calibration devices, 
permitting high torque fas­
tening and locking in thin 
material such as sheet, alu­
minum, steel, brass, plastic 
and PC boards. Available in 
Nylon insert and Allmetal 
configurations in steel, stain­
less steel, brass, aluminum 
and monel. Sizes include 
standard and miniature 
configurations. 

SPLINE NUTS 
Same outstanding capa­
bilities as our Clinch Nuts, 
but in larger diameters with 
higher clamp and torque fac­
tors. Available in low carbon 
and high strength alloys. 

MINIATURE HEX NUTS 
Ideal for critical fail-safe ap­
plications in military and 
avionics work. Type 1660 is 
available in Allmetal and 
Nylon insert locking config­
urations, in vibration proof 
sizes from 0-80 to No. 5 
diameters. 

SPECIAL CONFIGURATIONS TO ORDER. 
ENGINEERfNG ASSISTANCE AVAILABLE. 
Cell or Write for Engineering Catalog 190/74 

INFORMATION RETRIEVAL NUMBER 57 

INTEGRATED CIRCUITS 

Quad IC timers squeezed 
into a 16-pin plasti·C DIP 

Signetics, 811 E. Arques Ave., 
Sunnyvale, Cali( 94048. ( 408 ) 739-
7700. P&A: S ee text. 

A single timer in an 8-pin DIP 
or a dual timer in a 14-pin DIP­
sure. But a quad timer in a 16-
pin DIP? Signetics has done it. 
The Models 553 and 554 provide 
four independent timer functions 
in a single package. 

Compared with the well-known 
555 single timer and the 556 dual, 
some design compromises had to 
be made. The 553 quad timer can 
sink 100 mA, while the 554 can 
source it. By contrast, the 555 and 
556 timers do more: They can 
sink or source 200 mA. 

Unlike the 555/ 556, the 553/ 554 
timers have no reset control line. 
They are triggered on the nega­
tive edge of the control signal and 
are not level-sensitive. This level 
independence is extremely useful 
for sequential tandem timing ap­
plications, and it also eliminates 
the need for a coupling capacitor, 
as required by the 555/ 556. 

The timer's supply voltage can 
vary from 4.5 to 16 V, with a 
maximum supply current of 25 
mA for all four timers. The trig­
ger current is 1 µ,A, while the 
threshold is 0.25 µ,A. At any input 
voltage, the timing accuracy stays 

within 3 % of the set value. And 
the timing drift is about 1 %/V. 

For many applications, the 
quad's disadvantages are offset 
by design innovations. For in­
stance, the timing equations have 
been simplified from Tc = l.lR,C, 
for the 555/ 556 to T c = R,C, for 
the 553/ 554. This makes it easier 
to compute component values. 

Both timers pro vi de delays 
ranging from microseconds to 
hours. In the time-delay mode, 
one resistor and o·ne capacitor 
determine the timing. Astable 
operation requires the use of two 
timer sections for an oscillator. 
The frequency and duty cycle of 
the resulting waveform are con­
trolled by two resistors and one 
capacitor. This type of oscillator 
can also be frequency-modulated 
by a signal voltage applied to the 
common control-voltage lead. 

The control-voltage pin, which 
is used to control the threshold 
point (an thus the duty cycle) of 
a timer circuit, is tied to all the 
timers in the 553/ 554. In the 555/ 
556, each timer is independent. 

Prices for the 553 or 554 quad 
timers are identical: $1.86 for 
lots of 100. Delivery is from 
stock. 

INQUIRE DIRECT 
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Our new Series-500 Logic-Circuit Testers say so. Loud and clear. They are: fully portable, 

fully automatic, with both random and programmable patterns, at quantity prices 

as low as $5,950 ! 

Correct. The whole bag. In a "suitcase." 

For tens of thousands of dollars less than 

previous production test systems. 

There's more. 

Program compatibility with most other 

test systems. Superior fault-isolation 

techniques. Unusually high test rates 

From 
this moment on 

you will have 
and dynamic resolution. 

Low cost program preparation. 

Questions? Fire away. Need 
to look at lo_gic 

circuit testing in a 
totally different way. 

literature? Just write. Trial 

sales? We have those too. 

It's a whole new way to look 

at logic circuit testing! 

[.
·1 A~ I ] MIRCO SYSTEMS, INC. 2106 W. Peoria, Phoenix, Az. 85029 • Phone (602) 944-4691 

_ The only name you need to know in circuit testing 
~~~~~~~~~~~~~ 
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Tolerance 

SCHAUER 
1-Watt 

ZENERS 

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 reusable poly 
bags. Stored in a handy file box. 
Contact your distributor or order 
direct. 

A $54.57 value for 

ONLY $24fil2 
Semiconductor Division 

SCHAUER 
Manufacturing Corp. 

4511 Alplne Ave. Cincinnati, Ohio 45242 
Telephone: 513/791-3030 

INFORMATION RETRIEVAL NUMBER 59 
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INTEGRATED CIRCUITS 

3-digit CMOS 
IC counts to 999 
Motorola, P.O. Box 20924, Phoenix, 
Ariz. 85036. ( 602 ) 244-3466. $9.12 
up ( 100-999 ); stock. 

Counts up to 999 can be ob­
tained with the MC14533, a three­
digit decade CMOS counter. The 
new IC also provides an overflow 
for cascading devices and its TTL­
compatible outputs transmit multi­
plexed BCD data. The circuit has 
a maximum clock frequency of 5 
MHz, and it comes in a 16-pin 
ceramic DIP. Digit-select outputs 
provide display control. 

IC contains 
phone dialer 

CIRCLE NO. 268 

General Instrument Corp., Micro­
electronics, 600 W. John St., Hicks­
ville, N.Y. 11802. (516) 733-3000. 
$15 ( 100 ) . 

The A Y-5-9100 MOS/ LSI cir­
cuit provides all of the logic re­
quired for a low-cost pushbutton 
dialer. The IC converts a push­
button switch closure to a series 
of pulses compatible with dial­
telephone systems. Dialing rate, 
mark-to-space ratio, and inter­
digital pause are all pin-program­
mable to allow universal usage. 
In addition, it has the capability 
of remembering the la.st number 
dialed, allowing automatic re-dial 
of up to 20 digits. Dynamic cir­
cuitry reduces power requirements 
to less than 2 mW. The circuits 
come in an 18-lead package. 

4-bit shifter IC 
makes debut 

CIRCLE NO. 269 

Advanced Micro Devices Inc., 901 
Thompson Pl., Sunnyvale, Calif. 
94086. (408) 732-2400. $6.90 up 
( 100 up ). 

The Am 25810 4-bit shifter-re­
portedly a first for monolithic ICs 
-can spift data up to four places, 
either up or down. Built with 
Schottky-TTL techniques, the IC 
operates with a typical data propa­
gation delay of 6.5 ns, and it fea­
tures three-state outputs. As a 
high-speed combinatorial logic 
block, the Am 25810 is the equiva­
lent of four 4-input multiplexers. 

CIRCLE NO. 270 

1-k RAMs improve 
1103 specs 

Intel Corp., 3065 Bowers Ave. , 
Santa Clara, Calif. 95057. ( 408 ) 
246-7501. $7 .80 to $11.50 ( 100-
999) . 

Improved versions of the com­
pany's 1103 memory, a 1024-bit 
PMOS dynamic RAM, come in 
three speed ratings. Unlike the 
original 1103, the new RAMs fea­
ture single-clock operation. They 
alRo ope1·ate with faster access 
times and dissipate less power than 
the 1103. Access times for the new 
RAMs range from 205 ns ( 1103A ) 
to 145 ns (1103A-1 and 1103-2); 
cycle times are, respectively, 580 
ns and 340 to 400 ns. The RAMs 
have a typical standby power of 
2 µ, W per bit. The 1103A version 
costs the same as the basic 1103 
model. 

CIRCLE NO. 271 

Quad op amp limits 
total drain to 0.8 mA 
Silicon General, Inc., 2712 McGaw 
A ve. , Irvine, Calif. 92705. (714 ) 
556-1600. $2.50 up ( 100 ); stock. 

Four independent high-gain, in­
ternally compensated op amps are 
available in a single DIP. Called 
the SG124 Series, the new quad 
op amp operates from either a 
single supply of 3 to 30 V or from 
dual supplies of ± 1.5 to ± 15 V. 
The input common-mode voltage 
range includes ground, and the out­
put voltage can also swing to 
ground, even when operated from a 
single supply. A low current drain 
-0.2 mA per amplifier or 0.8 mA 
per package--is independent of 
supply voltage. Other specs include 
a V, 0 of 2 mV, IB of 45 nA and 
IIO of ± 3 nA. Large signal voltage 
gain is 100 dB. All versions in the 
series are direct replacements for 
National Semiconductor's LM124 
series of quad op amps. 

CIRCLE NO. 272 
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ON 3AA AND 4A BRIDGE RECTIFIERS 

1- Who has a 4A rated bridge rectifier? . . .... . . . . . ... .. ..... . ...... .. . . 

That does not require heatsinking? ....... ... .. ... . . .. .... .... .. . 

At 85¢* each in 10K quantities? . . . . .. . . .. .. . . ........ .. ..... . . . . 

2-Who has a 3/4 A rated bridge rectifier? ... . . .. .. . ......... . .. . .. . ..... . 

Available in three case styles? . . . . . . . . . . . .. .. ..... . .. . ......... . 
All at 20¢ * each in 10K quantities? ..... . ... . ..... . ....... . ...... . 

3- Who has a bridge rectifier that can replace 4 rectifiers at no 

additional cost? .. . . . . . . .. ... . . . .. . . . . . . . . . . . ........... .. . 
4- Which is the first and only company using flame-retarding materials 

(classified 94V-O) in the construction of its rectifiers and 
bridge rectifiers? . .... .. ...... . . . .. . ... . ..... . .... . ...... .... .... . 

5- Which company should be checked for the lowest priced bridges, 
anywhere? ... . . ..... ... .. .................... . . .. ... . ... . ... . .. . 

75WOM 75A 20c. 75KBD 75A 20C. 75KBP 7SA 20e' 
WOM 1 SA 2sc · KBD I SA 2sc· KBP 1 SA 2sc· 

KBL 4 OA ese· 

'PAV @ 400V or lower, 10,000 un its scheduled within 60 days. 

rs! 
D 
D 
D 
D 
D 

D 

D 

D 

For comp lete ml o rma11 on on GI s bridge rec11 f1e rs. ca ll toll-free 800-645-1247 (1n New York Sta te ca ll 516-733-3235) 
o r w ri te General In strumen t Corporation. Sem1conduc tor Components 01v1sion . 600 W. John St. , Hicksville, N.Y. 11802. 

D 
D 
D 
~ 
D 
D 

~ 

D 

D 

D 
D 
D 
D 
D 
D 

D 

D 

D 

D 
D 
D 
D 
D 
D 

D 

D 

D 
D 
D 
D 
D 
D 

D 

D 

D 

GENERAL INSTRUMENT CORPORATION r=-:1 
SEMICONDUCTOR COMPONENTS L!.I 
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DATA PROCESSING 

5-MHz bandwidth attained 
with CRT deflection system 

v 
Display Components, Inc., Box 488, 
Littleton Common, Mass. 01460. 
( 617) 486-3594. See text; stock to 
4 u·ks. 

To get lots of clear, detailed 
graphic material in a hurry, try 
the DA5000 amplifier/ deflection 
coil combination made by Display 
Components, Inc. 

Deflection is accomplished with 
a single 36-µ,H coil. The system 
achieves its large 5-MHz band­
width without large chunks of 
power-relatively small deflection 
currents are needed. The required 
input power is only 240 W per axis. 

When the unit is used with a 22-
in., 52° CRT at 20 kV, it affords 
1 % flatness from de to 1 MHz with 
smooth rolloff to - 3 dB at 5 MHz. 
You also get a full diameter jump­
and-settle time of 16 µ,s to 0.025 % . 
And a spot size of 10 mils ensures 
that even the smallest details will 

132 

be rendered. In fact, resolution is 
the primary reason for use of mag­
netic systems. By contrast, most 
electrostatic systems have the 
speed but provide much lower reso­
lution- about 25 to 30 mils. 

The DA5000 accomplishes all the 
deflection requirements for a one 
major-axis system. Both high fre­
quency, small-signal inputs-such 
as characters and symbols-are en­
tered at the same amplifier input 
as are the large signals that define 
position, vectors, rasters and the 
like. There is no need to increase 
the amplifier voltage to slew the 
spot. 

A similar deflection amplifier, 
the RDA-1260, is offered by Celco 
(70 Constantine Dr., Mahwah, N.J. 
07 430 ) . When this amplifier is used 
with a 25-µH yoke, you'll get the 
same 16-µ,s slew as the DA5000 
gives, but the small-signal band-

width only is 1.4 MHz. And power 
consumption-360 W per axis-is 
not as low. 

The Display Components DA5000 
also includes the following fea­
tures: linearity of 0.25 % of full 
diameter and a boost option that 
adds 945-line TV capability and re­
duces the full-diameter flyback 
time to 6 µ,s with just a 10 % in­
crease in power. 

The unit provides rated perform­
ance from 0 to 50 C. Signal am­
plitudes of ±4 to ±7 V give full­
radius deflection. The maximum 
signal termination is 500 n, and 
the termination resistance is set 
to the customer's requirement. 

The single-unit price of $5000 
includes the deflection yoke and 
focus coil. The unit price drops 
to $4800 in lots of five. 
Display Components CIRCLE NO. 250 

Celco CIRCLE NO. 251 

Photoelectric reader 
boasts 500-char Is rate 

Rem ex, 1733 Alton St., Santa Ana, 
Calif. 92705. (714) 557-6860. S ee 
text; 90 days. 

The Model RR 6500 photoelectric 
reader offers bidirectional opera­
tion at 300 char/ s asynchronous 
and 500 char/ s synchronous. The 
unit will read five to eight-level 
tapes with infrared transmis­
sivities up to 57 % . A minimum of 
moving parts and single PC-board 
construction are used to simplify 
maintenance. The RR 6500 costs 
$895; the RRS 6500, a reader/ 
spooler combination with 7.5-in. 
spool, costs $1695. 

CIRCLE NO. 273 
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You may remember these 
when they were made out of metal, 

and only a cost-plus contract 
could afford them. 

Our miniature, Thorkom connectors are 
almost identical to the e·xpensive, can't­
possibly-fail version we developed and 
produced for critical, aerospace needs. 

They have positive, vibration-proof locking 
with squeeze release (we also have a new 
variable friction release version for special 
needs). Contacts are gold plated and available 
in screw machined or die formed versions, 
and with crimp or solder pot types. Mounting 
to panels is quick and easy. And tolerances 

throughout are just as close and exacting as 
before. 

But there are two major changes : 
1. Insulator, coupling ring and connector 

housing are molded into a single unit from 
high impact, UL approved polycarbonate, able 
to withstand 50 G's shock. 

2 . And the R&O costs are well behind us, 
so the cost to you is down where you want it. 

Send for details . Or, if you're in a hurry, call 
Customer Service. (213) 341-4330. 

r Ok. Send me: D Details on low-cost Thorkom circular connectors . -, 
I 

My possible application: 

I Name Title 

I Company M/S I Address 

I City State Zip I 
~X!k!og I I 

I I Viking Industries. lnc ./21001 Nordhoff St./Chatsworth. Calif . 91311 



DATA PROCESSING 

Formatter lets mag tape 
units handle async data 
Pertee, 101 Continental Blvd., 
Suite 435, El Segundo, Calif. 
90245. (213 ) 640-1540. 

A buffered formatter-that fea­
tures automatic rewrite and reread 
-provides asynchronous data 
transfer to and from Pertec's line 
of synchronous magnetic tape 
transports. Designed to increase 
capacity and throughput, the 
formatter can make single block 
transfers into and out of the buf­
fer at asynchronous rates of from 
zero through 1 MHz. Continuous 
data transfers with no data loss, at 
rates up to 80 kHz (phase-encod­
ed) or 50 kHz (NRZI ) , are pos­
sible. Applications for the buffered 
formatter inc 1 u de asynchronous 
data acquisition, minicomputers, 
off-line tape oriented systems, and 
computer ouitput microfilm sys­
tems. The buffer uses RAMs which 
provide storage capacities of 4096 
characters or dual 2048 characters. 

CIRCLE NO. 274 

Twelve-digit calculator 
boasts low price 

Sharp Electronics Corp., 10 Key­
stone Pl., Paramus, N.J. 07652. 
(201) 265-5600. $44.95. 

The EL-122 calculator has a ca­
pacity of 12 digits. Numbers are 
displayed in two groups of six 
digits each on a soft green dis­
play. In addition to the four basic 
arithmetic calculations, the unit 
performs tax and discount calcu­
lations and has zero suppression. 
The EL-122 operates on th ree pen­
light batteries or ac. 

CIRCLE NO. 275 

Keyboard units work 
with terminal or phone 

VMF Industries, 216 N. Fehr Way, 
Bay Shore, N.Y. 11706. ( 516) 242-
3939. $300; 2-3 wks. 

The KB-8 Series of numeric 
pads can be used as an auxil iary 
keyboard for a wide variety of 
terminals or will interface directly 
to a modem. The units can be set 
to encode in ASCII, EBCDIC or 
a code chosen by the user. In ad­
dition to the 10 digit keys, there 
are eight user-selectable function 
keys . Transmit speeds are avail­
able from 110 to 1200 baud. 

CIRCLE NO. 276 

Introducing 
the expensive 
curve tracer that 
doesn't cost a lot. 

You'd probably aped a 
portable oscilloscope as rugged and 

reliable as this one to cost a lot. 
You'd be wrong. 

Introducing the B&K Model 1403 3" Solid-state 
oscilloscope. It's so compact, reliable, and inex· 
pensive that it's the perfect scope for most on· 
the·line monitoring applications. Look at its specs: 

134 

The B&K Model 501A. 
It hooks up to any scope, old or new. (Like our 

Model 1460 triggered-sweep scope.) 
And it analyzes all semi-conductors including 

J-FET's, MOS-FET's , signal and power bipolar 
transistors, SCR's, UJT's and diodes. Fast and easy. 

Constant current and voltage steps with 3% 
accuracy make the Model 501A an exceptional 

~~~uh:~~~1~~~~ynerformSiJ•· ij'aunitOOet you 

bench. And another 
for incoming quality 
control. 

Call your B&K 
distributor. Or write 
Dynascan Corporation. 

In stock at your 
parts distributor. 

/Bl/I 
Product of Dynascan Corporati on 
1801 West Bel le Plaine Avenue, Chicago , I llinois 60613 

INFORMATION RETRIEVAL NUMBER 63 

DC to 2MHz bandwidth at 20mV/cm. Recurrent 
sweep speeds from lOHz to lOOk Hz. New wide· 
angle CRT to reduce case depth to a minimum. 
Direct-deflection terminals for waveforms up to 
150 MHz. Weighs only 8Y2 pounds. And has a 
smoked acrylic graticule for trace sharpness and 
easy reading. All the reliability and accuracy you 
need in a monitor scope - at a surprisingly 
low price. 

Contact your distributor, or write 
Dynascan Corporation. 

$189°0 

fjjJ::J Very good equipment at a very good price. 
Dynascan Corporat ion. 
1801 West Belle Plaine Avenue, Chicago, Ill ino is 60613 
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Features: 

• Offers substantial lower cost per megabyte than current 
competitive products of equivalent capacity. 
• Basic unit consists of a spindle and associated drive motor; 
voice-coil head positioner and servo systems; read/write, 
fault, transmitter/ receiver electronics; and air filtration system. 
• Options available include : 

• 5 power supply options for versatility. 
• phase-lock oscillator data separator and NRZ to MFM 
data encoder simplify interface design. 
• daisy-chaining for system expandability. 
• rack-mount package. 
• base cabinet for stand-alone configuration. 
• hysterisis brake to reduce pack stop time to 18 sec. 
• variable sector length for flexibility . 

• Specifications 
Capacity - 40 MB - Model 9760/80 MB - Model 9762 
Average Access Time - 30 MS 
Bit Transfer Rate - 9.67 MHz @ 3600 RPM 
(Optional) - 6.45 MHz@ 2400 RPM 
Tracks per Inch - 192-9760/384-9762 
Bits per Inch - 6038 
Number of Disks - 5 (3 recording, 2 protective) 
Usable Surfaces - 6 (5 read / write, 1 servo) 

• Deck and logic chassis hinged for easy access to all 
components. 
• Compact size - 10.5" H x 17.25" W x 30" D. 
• Field test exerciser with head alignment featu re is ava ilable. 

40 and 80 MEGABYTE STORAGE MODULE DRIVES . . . 
add a whole new dimension to meeting medium to large 
capacity storage needs in a package less than half the size 
of other drives ; use CDC® 9876 or 9877 removable disk packs; 
pack has 5 disks (3 for data and head positioning, 2 for data· 
protection); rack-mount package or optional base cabinet; 
daisy-chain interface ; average access time 30 ms. ; data rate 
9.67 MHz (6.45 MHz optional) ; MODELS 9760 AND 9762 
RESPECTIVELY. 

Control Data Corporation 
Ray Crowder, OEM Marketing Manager 
Normandale Operations, 
7801 Computer Ave. So. 
Dept. ED -84, Minneapolis, MN 55435 

Name 

CONTROL DATA 
CORPORATION 

I 
I 
I 
I 
I 
I 
I 
I 

-~~~~~~~~~~~~~~~~~~t 

Title I 
--------- - ----------- 1 Company I 
__,A~d~d~re_s_s~~~~~~~~~~~~~P"ho~n~e~~~~~~ 1 

I 
City State Zip l 
D I want to see a demonstration of the Control Data I 

Models 9760 and 9762 Storage Module Drive. I 
Have my Representatvie call. I 

L----------------------~~--------------------------_J 
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flame 
out 

Flame retardant, polyester 
TEMP-R-TAPE M67 passes 
U/L and ASTM requirements. 
This outstanding flame retard­
ant safety feature, in combina­
tion with the excellent electri­
cal and physical properties of 
polyester film backing pro­
vides you with a self-adhering 
tape for use in a wide variety 
of coil winding, coil holding, 
harness wrapping and other 
electrical I mechanical appl ica­
tions. It is especially valuable 
for radio and tv appliances to 
reduce fire and electrical 
shock hazards. 

Find your nearest distributor 
in the " Yellow Pages" or in in­
dustrial directories. Or write 
The Connecticut Hard Rubber 
Company, New Haven, Con­
necticut 06509. 

an ARMCO company 

INFORMATION RETRIEVAL NUMBER 66 

DATA PROCESSING 

Computer features 
57 Mbyte capacity 

Sperry Univac Corp., P.O. B ox 500, 
Blue B ell, Pa. 19422. (215) 542-
4213. See text. 

The 90/30 computer comes with 
a processor with 32 kbytes of stor­
age, a video display console for 
operator interaction with the sys­
tem, a 500-card-per-minute reader, 
a 500-line-per-minute printer, two 
8416 disc drives with 57.8 Mbyte 
capacity and an optional card 
punch. Operating under micropro­
gram control, the system's central 
processor uses 84 basic instruc­
tions, expandable to 148. Its semi­
conductor main storage operates at 
600 ns for each two-byte word. The 
system can be expanded to 262 
kbytes of main storage, up to eight 
8416 disc drives with over 230 
Mbytes storage, a 1000-card-per­
minute reader and printers with 
speeds up to 2000 !pm. A larger 
capacity disc subsystem-providing 
up to 1600 Mbytes of disc storage 
- may be added. Prices for the 90 / 
30 range from $3750 to $17,198 per 
month on a one-year rental plan. 
First deliveries are scheduled for 
Jan., 1975. 

CIRCLE NO. 277 

Digital tape drive 
conserves panel space 
Quantex, 200 T erminal Dr., Plain­
view, N.Y. 11803. (516) 681-8350. 
Under $300; see text . 

Digital data are recorded on up 
to four tracks with ~M data car­
tridges by the Model 600 tape 
drive. At 30 in /s, the data trans­
fer rate is 48 kbit/s with a re­
cording density of 1600 bit/ in. 
The unit a lso has a 90 in /s high­
speed search mode. Model 600 re­
quires a 3.125 x 7-in panel space 
and may be mounted in any plane. 
Delivery is three to four weeks 
for evaluation units. 

CIRCLE NO. 278 

Optical set transmits 
35-MHz signals 
American Laser System::; , 106 
Jarnes Fowler Rd., Santa Barbara 
Rd., Goleta, Calif. 93017. (805 ) 
967-0423. Receiver: $2550; trans­
mitter: $1800. 

The Model 732 Optical Trans­
mission Set uses infrared light and 
a silicon avalanche detector to 
transmit wide bandwidth, fast 
rise-time analog signals over glass 
fiber waveguides. And the unit 
affords more than 8-MV isolation. 
The set is capable of transmitting 
35-MHz signals with rise times of 
less than 10 ns over 100 ft. of 
conventional fiber optics with a 
signal-to-noise ratio of greater 
than 50 to 1. The transmitter is 
powered by a 12-V lead antimony 
battery while the receiver is either 
line or battery powered. Both units 
measure only 2.7 x 4.13 X 6.12 in. 

CIRCLE NO. 279 

40-column printer 
uses dot-matrix scan 

Elec-Trol, 26477 N. Golden Valley 
Rd., Saugus, Calif. 91350. (805 ) 
252-8330. 

The Model PR1004 column print­
er is a compact unit that prints 
40 column lines at the rate of 2 
lines/s. Electrosensitive paper is 
used and the scanning head gen­
erates dot matrix characters ( 9 
rows by 5 columns) . The unit is 
an ideal companion for 40-column 
CRT terminals, security systems or 
instrumentation. And the user can 
choose to print just about any 
character defined by the 45-element 
matrix. The manufacturer pro­
vides timing signals, but the user 
supplies the character-generation 
circuitry. 

CIRCLE NO. 280 
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FERRITE CORES, INDUCTORS, TRANSFORMERS, COILS 
..... . are key components of electronics. 

Excellent production techniques, modern facilities, and 
stringent quality control have made FUJI the world's 
second largest maker in volume, but the first in quality 
in the world. 

FUJI produces a complete line of electronic compo­
nents, not only ferrite cores, including deflection yokes, 
flyback transformers, pin cushion transformers, but also 
inductors and transformers for consumer electronics. 

• A complete line of deflection yoke cores suited for all 
toroidal, saddle, and other winding shapes is charac­
terized by its high resistance, high permeability, light 
weight and economical material. 

• U-type flyback.transformer cores in various dimensions 
from small to large are manufactured. 

Especially H45 material operates stably at high effi­
ciency in high temperature and high magnetic fields. 

• Low-loss, low-distortion high fidelity is offered by net­
work assembly of speakers used in audio systems, 
centering on an L element through our unique mag­
netic circuit design utilizing our material. 

• A complete line of coil assemblies including DC-DC 
converters, AC-DC inverters, transformers, horizontal 
output transformers for TV receivers and antenna coils 
for radios are produced as our speciality. 

FUJI also manufactures a wide variety of superior coil 
assemblies. 
Excellent FUJI ferrite material and superior memory 
assembly design concepts are combined. 

FUJI ELECTROCHEMICAL CO. 
Head Office : Hamagomu Bldg .. 5-36-11 , Shinbashi, Minato-ku, Tokyo, Japan TEL: 434-1271 

Overseas Office : New York , TEL : (212) 532-5630 TAD. ISHIZUKA 
Los Angeles, TEL : (213) 620-1640 SAM. YOSHINO 
Di..isseldorf. TEL : (211) 89031 TAD. KOMURO 
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.DATA PROCESSING line capacity is 524,288 bytes in a 
16-sector, 64-track format with a 
data transfer rate of 31 kbytes. 
The unit accommodates an addi­
tional two-disc slave system, which 
increases the total capacity to one­
million bytes. Access time is 10-ms 
track-to-track. Tri-Data plans to 
offer interfaces and cabling for 
most popular minicomputers. Im­
mediately available are interfaces 
for DEC PDP-11 minicomputers. 

Floppy-disc system 
grows to 1-Mbyte 
Tri-Data, 800 Maude Ave., Moun­
tain View, Calif. 94040. ( 415 ) 969-
3700. $5200; stock. 

The standard FlexiFile system 
includes two disc drives; a built-in 
controller with formatting elec­
tronics and a power supply. Its on- CIRCLE NO. 281 

The 
Cool, Tough 

DPM 
Priced under $150, this new DPM gives you the most readable readout up 

front, but far fewer guts in back. For good reasons. Exclusive Unislope'" conver­
sion circuitry reduces parts count 30% ... giving you a cooler, 

tougher, more reliable DPM. And, because it uses discretes rather than LSI, 
you still get parallel BCD outputs free. 

Unislope'" circuitry using easily serviced discrete components reduces 
worst case (127V, 50Hz) heat dissipation to about 3 W. (Other 

DPM's dissipate 7 to 15 W.) Sperry planar gas-discharge display is cooler, 
too. All circuitry except the display and decoder/driver 

fits snugly on one pc board. No flying components 
to shake loose. Three-wire input isolates power from 

logic to meet proposed international safety standards. 

Compare these specs : Common mode rejection 
of 80 dB (with no filtering) at 50-60 Hz with 

1k!1 in series. Accuracy is ± 0.1% of reading, 
± 1 digit. Input resistance is 1000 Mn for 

200 mV and 2 V ranges. However Model 3312 
withstands 200 V pk-pk continuously at any 

range. Includes free BCD drive for 
5 TTL loads. 

138 

Write for complete data on this new 
Model 3312 3V2-digit DPM. 

the new data technology corp. 
2700 S. Fairview Road, Santa Ana, Calif. 92704. (714) 546-7160 ![I 

INFORMATION RETRIEVAL NUMBER 69 

Free-cursor digitizers 
resolve to 0.001 in. 

Electrak Corp., Suite 1513, 11 200 
Lockwood Dr., Silver Spring, Md. 
2090>4. (3 01 ) 681-7500. S ee text. 

The Trak 200 digitizers come 
with tablet sizes up to 3-by-4 ft. 
and have 0.001-in. resolution. The 
cursor is free and the unit operates 
by means of magnetostrictive 
r.anging. A binary or BCD con­
troller formats the coordinate data 
and permits input of additional 
data from a keyboard. Interfaces 
are available for use with most 
computers or off-line devices such 
as card punches and tape recorders. 
The price range, which includes 
software, is $5000 to $15,000. 

CIRCLE NO. 282 

Silent printer 1s 
easy to load 

Gulton Industries, Measurement & 
Control Div., East Greenwich, R.I. 
02818. ( 401) 884-6800. 

The GP-606 thermal line printer 
prints six columns of seven-seg­
ment numeric characters at a 3 
line/s rate. Important features in­
clude small size, floating decimal 
point, plus/ minus sign, quiet oper­
ation and the absence of moving 
printing parts. Chart paper is 
loaded in seconds by · swinging 
down the chart mechanism and 
dropping in a new roll. 

CIRCLE NO. 283 
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The Brighter Side of Electronics 

~ 

F 
any 

ethein 
way 

Or any new way. 
Then sit back and watch your Ise display elec­
tronics get your ideas across. Beautifully. 
In an eye-easy fluorescent green glow. 
At the same time, they're low on voltage and 
current drain. 
High on stability. 
Pick the readouts that offer more of everything, 
including variety, for a whole host of digital 
display ideas. 
They're a difference you can see. 

Creator of Fluorescent D1g1tal Display: 

m· L,. 
-,,.11t5.I 
1. DP60A 

2. DP90A 

3. DG19E 

4 . DG12H 

5. DG10F1 

6. DG BF 

7. DP 89A 
8. DP127F 

9. DMCL12H (NEW) 

Display module w / counter & latch 
•Fluorescent green glow. 
• 12-pin connector. 
•Three performance perfect models. 
•Custom ROM programming with other 

than BCD and seven-segment output. 

ISE ELECTRONICS CORP P.O. Box 46 lse-city. Mie Pref.. Japan 
• Tel: (05963) 5-2121 Telex: 4969523 

lnternat1onal Sales Div. : 

ISE INTERN A'JIONAL CORP. 2-7-7. Higashi-Shinbash1. Minato-ku, Tokyo, Japan 
M e Tel :433-6616-9 Telex: J26546 Cables: " ISEWORLDREP" TOKYO 

Sales & Technical Office: 

ISE CORP. OF AMERICA 1472 West 178th Street. Gardena, Calif., 90248 U.S.A. 
e Tel: (213) 532-0470 Telex: 230674910 

Representative: Pans Munich. Amsterdam Stockholm. Vienna, Miian Bombay, Hong Kong, Ta1pe1. 
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''You've~ be . . 
A battery-~"'ered~ like at 
'1Vould need a dense, static CMOS RAM 
Mtha 200 nanosecond~ time 
and around 2 tnicn>'1Vatt stand·by 
J>O"'er. 

''No '1\'ay !OU're KOin!! to find 
an outfit that can hack tftat?F 

Give him 
the~~~ 

RAM does it all. It combines the highest density and performance 
with the lowest power requirements on the market-three more 

firsts from Number One. And at just $41 apiece in 100-999 quan­
tities, it also gives you the lowest cost per bit. For complete 

information, write AMI, 3800 Homestead Road, Santa Clara, 
CA 95051. Phone : (408) 246-0330. AIMii 

Or call your distributor. 11> 

AMERICAN MICROSYSTEMS. INC 



Here's that 
dense, static 
CMOS RAM. 

Our S2222 is a 512 word by one-bit 
RAM, constructed with silicon gate 
CMOS devices integrated on a 
monolithic array. Fully decoded on the 
chip, this memory uses DC stable (static) 
storage elements and needs no refresh 
to operate. The memory matrix is 
organized as 32 rows by 16 columns. 
High-speed operation and micropower 
supply requirements make our new 
RAM ideal for applications where you 
have to conserve electricity or use 
a battery. 

You can't beat its performance, 
either. It has a 200 ns access time and 
420 ns cycle time, with power dissipation 
of less than 5 µw/bit and typical stand-by 
power of just 4 nw/bit. Since it is static, 
the data can be read without interruption. 
Maximum power dissipates only when 
the inputs change. 

The unique circuit design lets the 
chip select precharge the internal nodes 
which minimize the power dissipation 
and maximize the performance. And 
for greater density, it is designed with 
five transistors per cell. All in all, its the 
densest, lowest powered CMOS RAM 
ever produced. 

Access time: 200 ns at room temperature. 
300 ns at military temperature 
range. 

Cycle time: 420 ns 

Power dissipation: typically less than 5 µw/ bit. 
Stand-by power: 4 nw/ bit. 
Power supply: single+ 10 volt. 

Current sink output with "OR"tie capability. 

.. .. ., 
"' .. 

.. .. ., .. 

BLOCK DIAGRAM 

MEMOAY MAHllll 

'"ows 
llCOLUMNS 

.... 
OUTl'UT 
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MODULES & SUBASSEMBLIES 

Automatic call answering 
card uses Bell DAA 

OPT Industries, 300 R ed School 
Lane, Phillipsburg, N.J. 08865. 
(201) 454-2600. 

The automatic answer card, 
Model 4301, is compatible with the 
Bell System data access ru-range­
ment (DAA) 1001A-CBS and with 
DTL/ TTL circuitry on the users 
end. It indicates and controls the 
transmission circuit during incom­
ing telephone calls. Electronics are 
mounted on a PC card 4.5 x 5.25 
x 0.5 in. and uses a 22-pin card­
edge connector. All controls-a 
slide switch that selects a prede­
termined or manual "off hook" 
time interval, a variable adjust­
ment to set the time interval and 
a LED indicator to show line-in­
use--are positioned on the outside 
edge of the card for easy adjust­
ment. 

CIRCLE NO. 284 

Solid-state relay can 
control 30-A loads 
Corona Engineering, 2497 Colum­
bus Ave., Oceanside, N.Y. 11572 . 
(516) 374-1154. 

The Model R30 Thyristat is · a 
control system and electronic re­
lay. It switches 50/ 60 Hz loads­
heaters, refrigerators, machines, 
etc.-of up to 30 A in response to 
almost any kind of sensor-photo­
cells, contacts, thermistors, etc. All 
this without requiring special 
matching circuitry. The unit in­
cludes a sensing circuit, power sup­
ply, amplifier, heat sink and fin­
ished cabinet. 

CIRCLE NO. 285 

A/ d and d I a converters 
have many features 

Analogic, Audubon Rd., Wakefield, 
Mass. 01880. ( 617) 246-0300. 
1412: $39; 2412: $75 (100-up 
prices); stock. 

The MP1412 12-bit d/ a convert­
er has a settling time of 5 fLS, 

0.012 % linearity, 500,000-hour 
MTBF and stability of 15 ppm/°C. 
The MP2412 a / d converter has a 
max throughput rate of 25 kHz, 
0.012 % linearity, 250,000-hour 
MTBF and stability of 30 ppm/°C. 
An accessible reference control per­
mits ratiometric digitization. 

CIRCLE NO. 286 

Noncontact proximity 
sensor highly sensitive 

Metrix Instrument, P.O. Box 36501, 
5760 Rice Ave., Houston, Tex. 
77036. (713 ) 668-2386. 

Model 5265 noncontact proximi­
ty sensor measures radial vibra­
tion or axial position of machinery 
shafts and other ferrous or nonfer­
rous metallic objects. This system 
will sense a static change of posi­
tion at frequencies up to 10 kHz. 
Motions as small as 40 µ.in. and up 
to 0.05 in . can be measured. The 
system consists of a small probe, 
cable and solid state driver assem­
bly powered by 12 V de. The out­
put signal sensitivity can be ad­
justed to 0.1 V / mil for any metal­
lic target. Operating temperature 
range of the driver unit is - 20 to 
65 C and of the probe is - 20 to 
100 c. 

CIRCLE NO. 287 
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MODULES & SUBASSEMBLIES 

Motor driver handles 
units of up to 3 hp 

Melstrom Manufacturing, 249 Wes­
cott Dr., Rahway, N.J. 07065. 
(201) 382-8700. 

The HP-1040 Series units are 
computer-interfaced motor control 
systems. Output power is rated 
from subfractional to 3 hp. These 
drives have control of velocity, ac­
celeration and shaft position. The 
shafts of two or more motors can 
be made to remain in sync with 
each other within 2° of shaft 
angle, at all speeds up to 3500 
rpm. In addition, the shafts can be 
made to increment in response to 
external pulses or absolute ad­
dresses. Sync can also be main­
tained when one shaft is rotated 
by hand at stand-still. A memory 
function lets the user select a 
total rotational angle for a shaft 
of up to 100,000 revolutions in 2° 
increments. These devices have dy­
namic current limiting, energy 
limited dynamic braking and con­
tinuous thermal protection. 

CIRCLE NO. 288 

Programmable controller 
offers many options 

Modicon Corp., P.O. Box 83, Shaw­
sheen Village Station, Andover, 
Mass. 01810. (617) 475-4700. 

The Model 284 programmable 
controller is available in three ver­
sions, each offering distinctive 
control configurations and cost ad­
vantages. The 283-40 has a built-in 
memory capacity for 40 lines of 
logic; the 284-80 and 284-120 have 
80 and 120 lines, respectively. Each 
of the three offers expandable in­
put and output capability, up to 
a maximum of 60 inputs and 30 
output::;. Six individual module::; 
that plug into compatible housings, 
two per housing, permit the user 
to buy only the capacity needed. 
Control functions of timing, count­
ing, latching and sequencing as 
well as relay-type logic can be pro­
grammed in the 284. Dimensions 
of the basic 284, consisting of 
power supply mounted to the cen­
tral processor, are 17-5/ 8 (with 
mounting feet ) x 15 x 9-3 / 4 in. 
Each housing is 20 x 5 x 11-3/ 8 
in. 

CIRCLE NO. 289 

lM GOING lo DRIVE THE 
DEVIL OUT OF 1°Hl5 CABLE IF 
115 THE L.A'51/HING1 DO! 

INFORMATION RETRIEVAL NUMBER 73 
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Electronic motor shaft 
synchronizer is precise 

.'. ') -~ 

liill 
- - ~ 

'_i .)) =-- ·~~"" 

Control Systems Research, 632 
Fort Duquesne Blvd., Pittsburgh, 
Pa. 15222. ( 412) 566-1200. 

The ACC-U-LOK system can 
synchronize two or more shafts 
more accurately than with conven­
tional gearing or mechanical cou­
pling techniques. The system can 
electronically lock two or more 
shafts together and maintain a 
following accuracy of ± 10 arc min. 
at positioning speeds in excess of 
4000 rpm. In addition, one shaft 
can be precisely displaced or cycled 
relative to the other shaft upon 
command for cyclic operations. 
Two or more shafts can be re­
motely located by 300 ft. The 
ACC-U-LOK system is available 
with a broad range of servo con­
trollers and drive motors ranging 
from 1/ 5 through 50 hp. 

CIRCLE NO. 290 

ANALOGY 
LET 1HE INTt::CH A403 EXORCISE 
YOUR ~5TEM. IT WILL DELIVER 
± JOOV @:t 100MA AT A SPEED 
EVEN ll-lE DE.VIL CANT KEEP UP 
WITH. CDMES IN A SMAU ECONOMY 
SIZE ~CKAGE (.1. ~'1'3'~1) AT A 
SMALL, Ecn.DMY SIZE PRIC£. 

··-= 00''"'""3/.\ fi;JT1-, INCQRRe>RATE!> :.. LIUlSl,S 1,!JL.n.I C 'l08J Z-44-osoo 
/:Z.20 COlcA1AI(. SWT.4 Cl.ARA Of 950&:J 
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if it's a meter 
or meter relay, 

Stock or Special ... 

makes it. 

Stock: Special: 

M1del 1367 Cat. No. 
FREQUENCY METER 3493 

.S·S0-55 Hr 

-mw 1:11.1 
IC-1MI 

Simpson distributors nationwide stock over 
1,500 types, ranges, styles and sizes of panel 
meters, relays and controllers . They're all 
listed in Catalog 4200. Write for your free 
copy. 

Need a special or unusual meter? Let Simpson 
help you custom design it. Send us your specs 
and we'll send yo~ a quote. But check our 
catalog first-that "special " may be a standard 
Simpson stock item . 

Get off-the-shelf delivery from your local electronics distributor. 

SIMPSON ELECTRIC COMPANY 
853 Dundee Avenue, Elgin, Illinois 60120 
(312) 695-1121 • Cable: SIMELCO • Telex: 72-2416 

IN CANADA: Bach-Simpson, Ltd ., London . Ontario 
IN ENGLAND: Bach-Simpson (U.K.) Limited , Wadebridge, Cornwall 
IN INDIA: Ruttonsha-Simpson Private, Ltd ., Vikhroli , Bombay 
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TRACK THE WORLD. 

Tracor Model 599K Makes full use of the VLF/LF 
VLF/LFTracking Receiver. stations now on the air. Con-
Tunable 3 to 99.95 kHz. tinuously tunable in 50 Hz incre-
Considered the "world's ments from 3.00 kHz to 99.95 kHz. 
standard" by experts. The 599K offers the following uses: 
to calibrate any frequency standard with 100 kHz or 1 MHz 
output; to maintain long-term synchronization of " clocks " 
at separate locations; for navigation and other position 
determining purposes worldwide; and for investigations 
of VLF propagation . Rear chassis connector output provided 
for external chart recorder. Earphone audio output is standard. 
Write or call for full technical and application information. 

Tracor, IDC.1ndustria1 instruments 
6500 Tracor Lane• Austin, Texas 78721 •AC 512/926-2800 

INFORMATION RETRIEVAL NUMBER 76 

WHISTLING IN THE DARK ... 
if you think that heart disease and stroke 
hit only the other fellow's family. 

GIVE ... so more will live 

HEART FUND 

PACKAGING & MATERIALS 

Tip desolders all pins 
on DIP simultaneously 

Micro Electronic Systems Inc., 8 
Kevin Dr., Danbury, Conn. 06810. 
(203) 746-2525. $16 (unit qty); 8 
wks. 

A special tip for 60-W irons 
with 1/4-in. shafts, designated the 
DIL-16-US, is machined for in­
stant desoldering of 14 or 16-pin 
ICs. All pins are desoldered simul­
taneously for easy extraction. 

CIRCLE NO. 291 

Pin-in-board connector 
assembled in any length 

Stanford Appli ed Engineering, 
Inc., 340 Martin Ave., Santa 
Clara, Calif. 95050. ( 408) 243-
9200. $0.045 to $0.05 per contact; 
4-6 wks. 

PDQ connectors are assembled 
by pushing a pair of contact pins 
into through-plated holes in a PC 
board with automatic insertion 
equipment. The contact pins, made 
of gold-plated phosphor bronze, can 
be arranged on 0.100 x 0.125, 
0.100 x 0.200, 0.125 x 0.125, and 
0.125 x 0.250-in. centers. They 
form gas-tight connections, with 
contact resistance of less than 6 
mn. Connectors can be spaced at 
0.250-in. minimum and can be as­
sembled to any length required. 
Available in dip-solder or wire­
wrappable versions, the PDQ con­
nector features: an extra-large 
throat opening for easier board 
entry; precise pin alignment with 
contact gaps maintained at 0.030 
in. for a controlled insertion force; 
and connector tails that are per­
fectly aligned to simplify use of 
automatic wire-wrapping equip­
ment. 

CIRCLE NO. 292 
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High-density connector 
has 165 pins 

Elco Corp., Maryland Rd. & Com­
puter Ave., Willow Grove, Pa. 
19090. (215) 659-7000. 

A new 165-contact Series 8026 
high-density connector for rack­
and-panel applications features an 
improved miniature Varicon con­
tact with low insertion force and 
less-critical alignment require­
ments. The terminations are on a 
0.100-in.-square grid and termina­
tion choices are 0.025-in.-square 
wire-wrappable tails or mm1-
Varilok wire-crimp contacts for 
22-to-30 gauge wire. The con­
nector's diallyl phthalate, glass­
filled, flame-resistant body is keyed 
and shrouded to prevent mis­
mating and protect the contacts. 
Polarizing hardware permits 36 
mating combinations per connector 
pair. The connectors also have a 
center jackscrew that easily locks 
mated connectors together and 
helps in blind mating situations. 
Optional cable clamps are avail­
able. Contacts are rated at 3 A and 
5-mn maximum resistance, with a 
withdrawal force of 1 to 8 oz. per 
contact pair. All Series 8026 con­
nectors meet the applicable por­
tions of MIL-C-28731 and MIL-C-
8384. 

CIRCLE NO. 293 

Insulator film doesn't 
peel, chip or fracture 
Thermalloy Inc., 2021 W . Valley 
View Ln., P.O. Box 34829, Dallas, 
T ex. 75234. (214) 243-4321. $0 .015 
( 1000 up ); stock. 

A new insulator, Thermafilm II, 
for use with T0-3, T0-5, T0-18, 
T0-66 and plastic packages is cost­
competiti ve with mica, but it will 
not peel, chip or fracture. The ma­
terial is 2-mils thick and its dielec­
tric strength is 7000 V / mil. The 
insulator may be used for case tem­
peratures to 125 C. Its bright 
green color makes it readily identi­
fiable. 

CIRCLE NO. 294 
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If low cost and high performance 
are criteria ... our new 82000 Series 
permanent magnet steppers 
are the answer. 

Here's a new permanent magnet have 24-pole rotor construction. 
stepper motor line created to meet As a result, they offer excellent 
the design needs of analytical pull-in rates and good stepping 
instrumentation and computer accuracy. Another advantage is 
peripherals. Applications include low temperature rise . .. over 50% 
tape drives, printer and chart lower than comparable variable 
drives and optical disc drives. reluctance stepper motors opera-
Both 5 volt and 12 volt models ting on a similar duty cycle. Gear 
are available. boxes can be furnished to meet 

All utilize 4-phase stators and varying torque and speed 
permanent magnet rotors. Most requirements. 

Write for information today! 

Available pull-in torques from .750 oz-in. to 7.50 oz-in. 
Available stepping rates from 210 steps/sec to 440 steps/sec. 

Our 4-page Permanent Magnet Logic Stepper 
Motor catalog provides all basic details including 

performance data and charts, dimensional drawings, 
as well as electronic drive information. 

Send for a copy. 

A.W. HAYDON CO. PRODUCTS 

I NORTH AMERICAN PHILIPS CONTROLS CORP. I 
Cheshire, Conn. 06410 • (203) 272-0301 

INFORMATION RETRIEVAL NUMBER 77 
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PACKAGING & MATERIALS 

Heat-shrink material 
shields against RFI 

Emerson & Cuming, Inc., Canton, 
Mass. 02021. (617) 828-3300. 

A new line of heat-shrink tub­
ing and connector boots has RFI 
shielding capability. The new line 
is designated Eccoshield HS. The 
shielding effect is produced by the 
application of a highly conductive 
material to the inside surface of 
a Raychem tube or boot. The heat­
shrink feature is not affected by 
this modification. Almost any 
product from Raychem's Rayclad 
Thermofit line can be modified by 
Emerson & Cuming in this way 
to produce an Eccoshield HS ver­
sion. The boot provides an inser­
tion loss within a few dB of an 
all-metal braid of the same dimen­
sions. The boots fit almost all 
standard and miniature connectors. 

CIRCLE NO. 295 

Antistatic polish 
cleans clear plastics 

Novus Inc., 5301-B Edina In­
dustrial Blvd., Minneapolis, Minn. 
55435. (612) 831-2434. $3.75 half 
gallon ( 6 per case) ; stock. 

A new antistatic, dust-repellent 
polish, Novu Plastic Polish No. 1, 
cleans and glazes plastics in a 
single operation. Its concentrated 
formula polishes quickly to a high 
gloss, without streaking and leaves 
an antistatic glaze that resists 
finger marking, dust and smudging. 

CIRCLE NO. 296 
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Card pull handle 
mounts with single bolt 

Bivar Inc., 1617 E. Edinger Ave., 
Santa Ana, Calif. 92705. (714 ) 
547-5832. $0.18 ( 1000 up); stock. 

For use with PC boards of any 
thickness, Bivar's new Card-0-Pull 
handles feature a wide, flat area 
for marking or hot stamping and 
a shape that is specially designed 
for effective gripping. Installation 
is with a single eyelet, rivet or 
bolt and a molded-in ridge fits flush 
with the edge of the board to pre­
vent rotation. 

CIRCLE NO. 297 

IC test kit handles 
T0-5 cans and DIPs 

· . · ~ 

Stephen Harbach & Co., 275 War­
ren St., Lyndhurst, N.J. 07071. 
(201) 438-1900. 

The new IC Circuitmaster Kit 
tests electronic components in 
circuits. A molded-plastic package 
houses a variety of spring-loaded, 
adjustable input/ output contact 
clips that are connected internally 
by the PC board. Component val­
ues and circuit configurations un­
der test can be changed quickly 
and repeatedly without the need 
for soldering. The kit is available 
in five sizes for ICs in T0-5 cans 
with 6, 8, 10 or 12 leads and in 
a 14-pin DIP package. Electrical 
specifications are: Current rating, 
1 A; contact resistance, 6 mn; 
insulation resistance, 1 x 106 Mn; 
dielectric breakdown voltage, 500 
V ac; frequency range, to 40 MHz. 

CIRCLE NO. 298 

Tool strips cables 
without damage 

P. K. Neuses, Inc., Box 100, A r­
lington H eights, Ill. 60006. (312 ) 
253-6555. 

The N-2878 cable-sheath strip­
per can remove the jacket from all 
sizes of plastic and fabric covered 
cables. The phenolic handle is 
equ ipped with a razor blade ~nd 
an L-shape, hardened-steel guide 
and blade guard. The operator can 
hold the stripper in one hand and 
guide the cable with the other to 
slit the cable jacket cleanly with­
out damage to wire or insulation. 
Blades are reversible, and two­
extra blades are enclosed in a slot 
in the handle. Blades are stand­
ard injector blades. 

CIRCLE NO. 299 

Masking compound 
withstands 500 F 
Techform Laboratories, 215 W. 
131st St., Los Angeles, Calif. 
90061. (213) 532-1254. 

A flexible masking compound, 
called Flexible Mask, is specially 
formulated to protect and then be 
easi ly stripped from molds, lead 
wires, PC boards and potting 
forms. The quick drying compound 
doesn't corrode precious metals; 
can be applied by automatic dip, 
brush or flow methods ; is nontoxic 
and nonflammable; prevents con­
tamination during assembly opera­
tions; and can withstand tempera­
tures up to 500 F. Once cured, 
Flexible Mask becomes a strippable 
seal that can be easily removed 
with a mild pulling action. 

CIRCLE NO. 300 
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OUR DAMN FASI BUFFER 
CAN BE USED AS A 

DIDDLE YOKE DRIVER 
Presenting some really wild, far-out stuff 

from National Semiconductor. 
For solving some really strange, unusual 

problems. 
Like where you need a diddle yoke driver 

for your high resolution CRT displays ... 
or something to continuously drive 50 ohm 
coaxial cables. 

That'd be our LH0063 FET-input 
"Damn Fast Buffer" (that's its name, honest) ... 
which is a whole order of magnitude faster 
than any other buffer on the market ... slew 
rates up to 6000V /µs. 

Some other hot 
speclal function goodies. 

The products we're talking about are 
hybrids. Special function analog and digital 
circuits that do things that can't be done 
with a monolithic chip. 

A FET input op amp with very low 
offset voltage and 5µV/0 c max drift. LH0052. 

A high speed sample and hold circuit 
capable of acquiring a 20V step signal in 
under 5.0 µs. LH0053. 

An ultra fast FET op amp with slew 
rates over 500 V/µ sec. LH0032. 

A high current op amp capable of deliv­
ering over one ampere of output current. 
LH0021. 

Or just maybe you're looking for some 
kind of a thingamajig off the shelf that'll 
transmit sensor signals without line drops or 
voltage noise. (LH0045). 

Damn goocl reading. 
Weve rounded up all our way-out special 

function devices and put 'em in a catalog. 

Which, happily, is yours for the asking. Call 
your friendly neighborhood National dis­
tributor, our office nearest you listed below, 
or use this coupon. 

You need never again be without a 
diddle yoke driver. 
r--------------------, 
I Gentlemen, I 
I I think your Damn Fast Buffer is a damn good idea. I 
I I'd like to receive your Special Function catalog.. . I 
I and be damn fast about it. I 

I ~~ T~ I 
I Company I 
I I 
I Address I 
I City State Zip I 
I Mail to: National Semiconductor Corporation, I 
I 2900 Semiconductor Drive, Santa Clara, California 95051. I L ____________________ J 

NATIONAL 
National Semiconductor Corp., 2900 Semiconductor Drive, Santa Clara, Calif. 95051; Scottsdale, Ariz. (602) 945-8473; Mountain View, Calif. (415) 961-4740; 

Sherman Oaks, Calif. (213) 783-8272; Tustin, Calif. (71 4) 832-8113; Miami. Fla. (305) 446-8309; Chicago, Ill. (312) 693-2660; Indianapolis, lnc;t t317) 255-5822; 
Lenexa, Kan, (816) 358-8102; Glen Burnie, Md. (301 ) 760-5220; Burlington. Mass. (617) 273-1350; Farmington. Mich. (313) 477-0400; Minneapolis. Minn. (612) 888-4666; 

Englewood Cliffs. N.J . (201) 871-4410: Syracuse. N.Y. (315) 455-5858: Dayton . Ohio (513) 434 -0097: Dallas. Tex (2141 233-6801 
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If you've got conversion problems, Kearfott produc­
tion model converters and angle position indicators 
can help solve them. Here's how. 
TRIGAC I-Single or multiplexed synchro or 
resolver/ digital converters, accurate to 6 minutes 
(12 bit) 11.8 or 90 volt inputs, 60 to 400 Hz operation. 
Multiplex 4, 8 or multiples of 8 channels. 
TRIGAC 111-Synchro or resolver/digital tracking 
converter. 14 bit natural parallel output. 
TRIGAC IV-Digital/synchro converter, 3 wire 11.8 
or 90 volt output, accuracy to 4 minutes, 12 bit 
parallel input. 
Also available: 

• D.C. (sine-cosine) to synchro output. Power 
capability to 5VA. 

• Digital resolver uses TRIGAC Ill circuitry. Unit 
equivalent to a control transformer, for digital 
command application. 

• Synchro to D.C. converters for instrumentation 
applications. 

• Solid state angle position indicators. TRIGAC 
circuitry. Available with 0-360° or ± 180° outputs 
and LED readouts. D.C. outputs, BCD outputs 
also available as options with displays and spe­
cial scale factors. 

We can supply any of the above on cards or in 
mil-type corrosion-resistant enclosures. Write today 
for new catalog. The Singer Company, Kearfott 
Division, 1150 McBride Avenue, Little Falls, New 
Jersey 07424. 

SINGER 
148 

AEROSPACE & MARINE SYSTEMS 
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Watch Out. 
The volts are out 

to ruin your computer, 
maybe your entire system! 

Nobody needs to remind you that the erratic 
demand on electric power these days has 
created a potential "brownout" condition in 
just about every major industrial area. 
Protecting your computer or system from the 
crazy dips and surges in voltage is critical. 
A slight dip can cause a computer to drop a few 
digits, lose parity, distort information, or lose 
its memory entirely. A surge damages delicate 
components and ruins printed circuits. 

Sola Electric's "brownout insurance" comes 
in the form of highly reliable constant voltage 
transformers and Solatron8 Voltage Regulators 

- in a wide range of specifications. Most are 
standard units and immediately available for 
off-the-shelf shipment. And our applications 
engineering people are ready to help right now 
- whether you're designing voltage regulation 
into your equipment or adding protection to an 
existing system. 

Protect yourself. Contact your local 
Industrial Distributor or the AC Products 
Group at Sola Electric. Call (312) 439-2800 or 
write Sola Electric, 1717 Busse Rd., Elk Grove 
Village, Illinois 60007. 

Get brownout "insurance" from SOLA 

SOLA ELECTRIC 
SOLA BASIC 

INFORMATION RETRIEVAL NUMBER 79 
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DISCRETE SEMICONDUCTORS 

Led panel lamps match 
incandescents at less current 
Data Display Products, 5428 W. 
104th St., Los Angeles, Calif. 
90045. (2i3 ) 641-1232. Depending 
upon model, $1.45 or $1.60 (100-
up J; stock to 3 wk. 

With the development of high­
output LEDs, panel lights can be 
made to equal incandescents in 
brightness with J owe r current 
drain. Using LEDs manufactured 
by Hewlett-Packard (1501 Page 
Mill Rd., Palo Alto, Calif. 94304), 
Data Display Products has made 
a family of panel lights that are 
about four times brighter at the 
same current level than any other 
LED panel light. 

The panel lamps come in red, 
amber and green. Typical light 
output runs 2.5 med at 10-mA 
drive for the red and amber, and 
2 med at 20-mA drive for the 
green. 

At 20-mA drive, the red appears 

as bright as any 60-mA incandes­
cent. The amber comes close to 
incandescents in brightness but 
must be used with a fresnel Jens. 
The green is bright enough to be 
useful, but it is still far dimmer 
than the red or amber. 

Impedance ratios of standard models are 1: 1, 
2:1. 4:1, 9:1 a~d 16:1. MCL kit TK-1 includes 
2 units of each type and sells for $32. 

We to convince yourself. Place your 
check our delivery, product per­
. 'ty. 

The LEDs are housed in plastic 
tubes with a Jens on one end and 
gold-plated wrapped-wire pins on 
the other. Each assembly has a 
limiting resistor built in. For the 
red models, both fresnel and fully 
diffusing lenses are available in 
either squared-off, dome or Jow­
profile, squared-off, shapes. 

Yellow and green come only 
with fresnel lenses of the squared­
off or low-profile, squared-off, 
shape. All colors can have either 
black or white outer casings. 

Available lens diameters go 
from 0.205 to 0.284 in. Mounting 
diameters are 3/ 16, 1/ 4 or 0.284 
in., depending on the desired 
package. 

Models are available from 5 to 
28 V. At several of the voltages, 
different intensities (different 
current drives) are also available. 

CIRCLE NO. 252 
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relays 
renewed 

2 HANDED 
DEADMAN'S THROTTLE 

OSHA should be happy with this foolproof inter­
locked switching circuit that occupies both hands of a 
machine operator. The Run switch of Fig. 1 can't be 
simply taped closed, it must be cycled after each "Stop" 
of the "Forward-Stop-Reverse" Traverse switch. 

Almost any combination of electromechanical 
or reed relays can be used since most contacts switch 
other control relays. However, with reed relay coils 
rated at 48 VDC maximum, the motor starter usually would 
require a separate power supply. Depending upon the 
size of motor starter MSF, control relays CAA and CAD 
could be S-D Frames 283, MARN, or 314. For TCRB a 
modification of our Frame 236 would make an excellent 
choice. 

Thanks to B.C.M., Nazareth, Pa. for this idea 
which he suggests for overhead cranes to insure that the 
operator keeps both hands inside the cab and on the 
controls. 

Two interesting thought starters among the 
endless possibilities for relay-operated systems. 

RELAY GUARDS 
SPRING-OPERATED MECHANISM 

Here's a device that actually operates a conven­
tional relay both electrically and mechanically. Its use of 
spring-stored energy may have other applications where 
a mechanical operation is needed without power or with 
only a local standby power source. Now used on stored 
energy operators of oil circuit breakers, this suggestion 
comes from F.L. of Foxboro, Ma. 

The gear reduction motor of Fig. 2 charges a 
spring in one revolution of its output shaft. With the 
spring fully charged, a cam mechanically actuates the 
control relay into the energized position. As Fig. 3 shows, 
CR1 then stops the motor while CR2 readies a solenoid 
circuit that can delatch the spring whenever required. 
When the spring discharges, the cam "unlatches" the re­
lay and the motor starts recharging the spring. A failure 
elsewhere in the mechanism operates a contact that elec­
trically energizes the control relay and stops the motor to 
prevent damage from repetitive spring discharges. 

Relays such as S-D Frames 314, 81, 425, 219, 
are only a few of many types suited for such an arrange­
ment. The choice depends largely on mounting require­
ments and number of poles required. 

FIG. 1 
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1,1.Q 

MSR 1 ON DELAY 
5 --i~---..J !SEC 

TCRB CRA CRC 

6--~:·:CR_i"OJ__..~--fj~~~ 
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11 
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CRD CRA TR~SE 
12 ~--<> o--

1 
I REVERSE 
L _ - TRAVERSE 

CKl. 

FIG. 2 

!.1.10 

11 

MOTOR 
1--;~-( 

425 
.,,,..'"Lo._~ Frame 

FIG. 3 
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MECHANICAL FAILURE CONTACT 

CONTROL 
MOTOR RHAY 

CR2 

I FULLY CHARGED 
CONJ ACT 

AUTOMATIC 
TIMING 
DEVICE 

314 
Frame 

283 Frame 
Plug-In 

219 Frame & 
12-Pin Socket. 

Struthers-Dunn Relays Are Stocked by Over 125 Distributors 1974 Catalog •pacs over 100 basic relay• 
-EM, Reed, Hybrid, Solid Stete­

plu• solid state Program- .--"'"'1 
mable Controller•. """"'-"" STRUTHERS-DUNN, INC. 

PITMAN, NEW JERSEY 08071 
Canada: Struthers-Dunn Relay Div., Renfrew Electric Co., Ltd. 

Circle reeder service 
card with number !J:l! 

below tor your copy. 11974 CATALD 
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DISCRETE SEMICONDUCTORS 

Power transistors handle 
5, 10 or 15 A in T0-3 

Solitrori Devices, Inc., 1177 B lue 
H eron B lvd., Riviera B each, F la. 
33404. (305 ) 848-4311 . From $2 
( 100-up ) ; stock to 3 wk. 

A family of 5, 10 and 15-A 
switching npn Darlington power 
transistors is packaged in st eel 
T0-3 cases. The 5-A series is 
identified as the SDM 20301-04 ; 
the 10-A ser ies, SDM 20311-14 ; 
and the 15-A series, SDM 20321-
24. All have VcEo (sus) from 40 
to 100 V, le (cont) = 10 A, l e 
(peak) = 20 A, thermal resistance 
from 1.75 C/ W and f t = 20 MHz. 
The SDM 20301-24 has a hFE (min) 
of 750 at 15 A. 

CIRCLE NO. 301 

Medium power switching 
transistors handle 7 A 
P ower Physics Corp., Industrial 
Way W est, Eaton town, N.J. 07724. 
(201 ) 542-1393. From $0.85 ( 1 to 
99 ) ; stock. 

The 2N5490 through 2N5497 npn 
silicon diffused mesa plastic t ran­
sistors are designed for use in 
medium power switching and am­
plifier applications. Two other 
types, the popular 2N6098 and 
2N6099 (PT = 75 W at T <' = 25 
C) are also available. All units are 
designed to replace t he TIP29 and 
TIP31 devices, and may be substi­
tuted for the 2N4921, 2N5191, 
MJE205, 520 and sirpilar num­
bers. In many applications t hey 
are replacements for the D42C and 
D44C t ypes as well. Elect r ical 
specifications of the 2N5490 series 
include V cEo's from 40 to 70 V, l c's 
of 7 A, gains from 20 to 100 and 
PT's of 50 W at Tc = 25 C. The 
2N5490 series units are packaged in 
standard J EDE C 80-220 plastic 
cases with pin configurations sup­
plied either as emitter , case and 
base; as base, case and emitter if 
desired. 
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LED fault indicators 
come in green and yellow 

Dialight, 203 H arrison Pl., Brook­
lyn, N.Y. 11237. (212) 371-8800. 
Price : 1000-up $0.39 ( red ) , $0.80 
( green or yellow) ; stock. 

The 550 series of LED fau lt in­
dictators is available in green or 
yellow as well as red . The units 
are also designed for use as indi­
cator lights, panel ill uminators, 
logic-state indicators and for bi­
na ry data displays. They are avail­
able wit h both axial and right 
angle leads. The fau lt indicator can 
be di rectly driven from DTL or 
TTL logic. P olarity of the device 
is clearly defined. 

CIRCLE NO. 303 

This new 10-watt How 
welded contacts 

cut material costs 

152 

amplifier is tough --
• even 1n a 

mismatch! 
The Model 1 OLA is one broadband amplifier you 
don't have to treat with kid gloves. It will stand 
up under any mismatched load and provide you 
with 10 watts of swept power from 1-110 MHz. A 
directional wattmeter enables you to determine 
actual power delivered to the load. You can per­
form antenna and component testing, equipment 
calibration, NMR research -- any number of tests 
-- with complete confidence. It takes more than 
a ·mismatch to knock out our 10LA. Find out 
for yourself, write: Amplifier Research, 160 
School House Road, Souderton, Pa. 18964. 
Phone: 215-723-8181 

611&•RmPLIFllR 
~·· Rl!Sl!AREH 
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up to 80% 
• Improve physicals, performance and 

reliability 
• Maintain original specified resistance 

With welded contacts, only the exact amount of contact 
metal needed is applied to the base material. Th is elimi­
nates indiscriminate use of precious metals compared 
with plating. You also save metal compared with riveted 
contacts. Welded contacts never increase in resistance 
as do riveted contacts. Heat conductiv ity and full 
strength of the base material are retained because there 
is no perforation. Let us quote on your contact sub­
assemblies with welded contacts. Send for our FREE 
20-page catalog. See our Ad in the Gold Book 

"IVITED 
CONTACT 

Riveted contact loses strength, Welded contact saves metal 
increases resistance loss 

braun 
company inc. 

4200 31st Street North St. Petersburg, Florida 33714 

813/526-9104 
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Announcing IOO·points·per·inch resolution 
Versatec is making points like crazy. You're probably thinking - "How come it's 

While the rest of the electrostatic printer industry Versatec, Versatec, Versatec all the time who's 
is plugging along at 80 points per inch ... or 100 making the breakthroughs?" 
... we now introduce our tour de force. . . We are the only one with MEWrM, a true electro-

The Matrix 1200A Printer /Plotter. Clearly the static writing technique. Years ago, we broke the 
most impressive performer ever in electrostatic price barriers with the least expensive electrostatic 
printers and plotters. printers and plotters. And now we offer twice the 

Consider. We can plot 3,600,000 points on a resolution of anyone else. 
standard 81/2x11 inch page! With over 1,500 Matrix units in 20 countries 

In nine seconds. ....-------------- around the world, 

Produced by AID we're designing 
2,112 writing nibs better products 
in a dual-array con- than anyone else. 
figuration. But back to our 

This staggering t Matrix 1200A. 
capability delivers BREA Write us today for 
overlapping dots more information, 
and the kind of fine including a 200 
line resolution you points per inch 
expect from the print and plot sam-
best pen plotter. . . pie that will knock 
but 100 times your eyes out. 
faster. 

And as for the 

printed page, the 

1200A will print 

132 16 x 16 dot 

matrix characters 

across the page 

at 500 LPM ..• in a 

type face that is 
more handsome 

than that of any 
impact printer. 

You're looking at 

a sample 0 r l t 
right here. 

" See us at WESCON 2527 and INFO '74 4447." 

You have to see 
it to believe it. 

Versatec, Inc., 
10100 Bubb Road, 
Cupertino, Cali­
fornia 95014. 
(408) 257-9900. 

VVERSATEC 

Specialists 
in hard copy 
information 

display 
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Sam is the name of Decitek's new 
low-cost 100 cps photoelectric tape reader. Sam? We could tell you 
that it's short for something like Superior Alignment Motion, which 
is precisely what our patented dual sprocket drive provides. 
But it isn't. We simply felt that Sam has a nice friendly ring to it and 
is easy to remember. 
Sam offers good credentials. 
This new reader incorporates the same unflappable tape transport 
that is the heart of Decitek's eye-blinking 600 cps reader. This drive 
doesn't need edge guides or keepers, there's no tape skew. Positive 
registration is assured- repeatedly through thousands of reruns 
with no measurable tape wear. 
Fiber optic lighting from a single light source plus photo-transistor 
sensing are features that deliver dependable high-quality 
performance. 
All this at a cost that compares favorably with mechanical readers! 
For all the details on this new low-cost, highly reliable reader, 
just drop us a note or card with the words "Play it again, Sam." 

When reading matters 

ID)IB](CJIUJrlm~ 
A DIVISION OF JAMESBU RY CORPORATION 

250 CHANDL ER STRE ET, WORCESTER, MASSACHUSETTS 01602, (617) 798-8731 
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POWER SOURCES 

Dual-output modular 
units feature 25 models 

Power Pac Inc. , 18 Marshall St., S. 
Norwalk, Conn. 06854. (203 ) 866-
4484. $60 to $159. 

Five new series of modular de 
power supplies feature dual out­
puts. The five series (PPM2D 
through PPM5D ) , comprise 25 dif­
ferent models. Input for all models 
is 105 to 125 V ac, 47 to 440 Hz, 
with voltage outputs from ±2.5 to 
±24 V de, and current outputs 
ranging from 0.12 to 3.5 A. These 
convection-cooled modules have five 
wattage ranges. Line 1·egulation of 
each series is ±0.01 % ; and load 
regulation is ± 0.05 % . Ripple and 
noise is 0.5 mV rms, 2 mV pk-pk 
at 60 Hz. 

CIRCLE NO. 304 

Converter boosts 
15-V input to 1 kV 

Sierra Systems, 650 Vaqueros, Sun­
nyvale, Calif. 94086. ( 408) 733-
7040. $97.50; stock. 

Model 710-450 high-voltage de/ 
de converter module is designed 
for PC-card mounting. Input and 
output voltages are 15 and 1000 V, 
respectively. The output voltage 
tracks the input voltage over a 
range from 750 to 1250 V. Rated 
power output is 6 W, and efficien­
cy at 6 W is 65 % . No-load to full­
load regulation is 5 % and ripple 
is 0.5 % pk-pk a:t full load. The 
converter operates at a frequency 
greater than 20 kHz. Size is 1.25 
X 2.35 X 3.35 in. and weight is 
8 oz. 

CIRCLE NO. 305 
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Modular sources 
are programmable 

MINI· 

COMPUTER 

Burr-Brown Research Corp., Inter­
national Airport Industrial Park, 
Tucson, Ariz. 85706. (602) 294-
1431. $650; stock to 4 wks. 

Said to be the first modular, 
digitally programmed voltage 
sources (DPVS), these units are 
designed to be used in automatic 
computer-controlled test equipment 
and process-control systems. Models 
4800 and 4801 can be interfaced 
with any minicomputer. The 4800 
features 12-bit plus sign binary 
inputs while the 4801 features 
three BCD digits plus sign. These 
units have two digitally selectable 
output voltage ranges; ± 10 V de 
and ± 60 V de, both at 200 mA. 
Output settles to ±0.01% in 100 
,µ,s. Both units will drive capaci­
tive loads to 1 µ,F. 

CIRCLE NO. 306 

Lithium battery 
comes in 1/2-AA size 

Power Conversion Inc., 70 Mac­
Questen Pky S., Mount Vernon, 
N.Y. 10550. (914) 699-7333. $1.68 
( 100 up ) ; immed. delivery. 

Model 400-5 "1 / 2-AA" cell size 
has been added to the company's 
line of Eternacell lithium primary 
batteries. Like all Eternacell bat­
teries, the new cell exhibits a nomi­
nal voltage of 2.80 V, twice that of 
ordinary primary cells. Rated ca­
pacity is 0.6 A-h at 20 mA current 
drain and weight is 4.3 grams. 
Each cell is 0.56 in. dia. and 0.92 
in. high. Shelf life is at least 5 
years, and low-temperature opera­
tion goes down to - 65 F. 

CIRCLE NO. 307 
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Holding that line-voltage. AC voltage regulation is efficient with the 
Sorensen ACR Series all solid-state regulators. Problems and damage 
caused by erratic line voltage are eliminated ... performance is 
maximized with ACR features that include MTBF > 25,000 hours ... 
remote sensing and remote programming capabilities ... electronic 
current limiting ... adjustable output voltage ... power outputs to 
15kVA-depending on model. Eight models in series. Three-phase 
systems available. For complete data, contact the Marketing Manager 
at Sorensen Company, a Unit of Raytheon Company, Manchester, N.H. 
(603) 668-4500. 

Representative Specifications-ACR 
• Input Voltage: 95to130 Vac • Total Regulation: 0.4% to 0.6% 
• Efficiency: to 95% • Price Range: $380 to $1775 

rorensen 
JPOWER SUPPLIES 

INFORMATION RETRIEVAL NUMBER 87 

155 



INFORMATION RETRIEVAL NUMBER 88 

156 

COMPONENTS 

Elapsed-time indicator 
is tamper proof 

North American Philips Controls 
Corp ., Cheshire Industrial Park, 
Cheshire, Conn. 06410. (203) 272-
0301. $2 (250). 

The newly developed Series 
49800 miniature elasped-time indi­
catoi· employs a simple electro­
plating process to provide accurate, 
nonreversible direct scale readouts 
of actual operating time. The de­
vice is approximately the size and 
configm·ation of a standard auto­
mobi le fuse. In addition to compact 
size and low cost ($1.00 in very 
large OEM quantities), the indica­
tor is vi rt u a II y tamper-proof. 
Models are available for 1000, 2000, 
5000 and 10,000 h. The indicator 
operates on the coulometry princi­
ple. When a controlled de current 
is applied across the indicator's 
terminals, there is a precise build­
up of a copper column in the unit's 
calibrated glass tube. The mass of 
copper deposited is directly pro­
portional to the length of time the 
current is applied. The tube, cali­
brated in hourly increments, af­
fords direct readouts of equipment 
use time. Expected uses for the in­
dicator include warranty valida­
tion, preventative maintenance and 
safety inspections of equipment 
and major components in a wide 
range of consumer, industrial and 
scien t ific equipment. 

CIRCLE NO. 308 

PM gear motor provides 
synchronous operation 

Molon Motor & Coil Corp., 3737 
Industrial Ave., Rolling Meadows, 
Ill. 60008. (312) 259-3750. $12 
(5000 up). 

A new PM gearmotor, identified 
as Model LHM, is 2-1/8-in. long 
and quiet in operation. The motor 
is reversible, splits the phase with 
a permanent capacitor and operates 
at 300-rpm synchronous speed 
with fast start/ stop, braking and 
detent-torque characteristics. It's 
available in 6 to 240 V ac and 50 
or 60 Hz. The motor's die-cast-zinc 
gearbox provides torques to 800 oz­
in. at 1 rpm, in a standard version, 
and 1200 oz-in . at 1 rpm, in a 
heavy-duty version. A selection of 
gear trains provides output speeds 
from 1/60 to 60 rpm. 

CIRCLE NO. 309 

Board-mounted switch 
provides 16-bit words 

Electronic Engineering Company 
of California, 1441 E. Chestnut 
Ave., Santa Ana, Calif. 92701. 
(714) 835-6000. Under $1.00 (OEM 
qty); 16 wks. 

EECO's Stripswitch provides a 
small and inexpensive method for 
programming with 16-bit words. 
The switch is wave soldered direct­
ly on PC boards, vertically or hozi­
zontally, and on either s ide of the 
board. The units are one-piece 
molded with up to six switch sta­
tions per strip. The switches are 
also available in eight, 10 or 12 
positions with decimal, BCD, BCD 
with complement and special 
binary codes in one and two-pole 
models . 

CIRCLE NO. 310 
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uo portable 
Introducing THE Digital Panel Meter far Pa 

NOW, make your portable instruments smaller, lighter, less ex­
pensive and more reliable. With the Datascan Model 820 battery 
powered DPM, you also get a bright, reliable and readable 3Y2 digit 
LED display, 0.1 % (of reading) accuracy, battery input voltage from 
4.8 to 8.0 • volts and an attractive min iaturized metal case that's 
only 3.5" deep x 2.5" wide x 1.311 high. 
To get complete specs or to arrange for a demonstration, call or 
write. We're anxious to help you GO PORTABLE. 
•other ranges available. 

Datascan 
Electronic 
Products 

INFORMATION RETRIEVAL NUMBER 89 

OFF 
THE 

SHELF 

1. All seams continuously 
welded. 2. No holes or knock­

P.O. Box 785 
1111 Paulison Ave. 
Clifton, N.J. 07013 
Telephone: C201l 478-2800 

Datascan 

• Stock sizes in any diameter from 3/32" to 1 /2" 

• Increments of .001 at no extra charge 

• Most sizes available for immediate delivery 

• Accuracy guaranteed to± .001" 

outs. 3. External mounting feet. 4. Neoprene gasket with oil 
resistant adhesive. 5. Eight series for various applications: clamp 
and screw covers. Lift-off and continuous hinge selection. 6. Most 
boxes have four weldnuts for optional panels and terminal kits. 
7. From 4" x 4" x 3" to 16" x 14" x 6". 8. Choice of metals and 
finishes. For complete specifications write for Bulletins A-51 
and A-53. 

Plus .•. the largest inventory in the world! 

SEND FOR 
COMPLETE 
PRICE LIST 

ATLAS FIBRE COMPANY 
6980 N Central Pk Ave Chicago. Ill 60645 

(312) 465 1234 

INFORMATION RETRIEVAL NUMBER 90 
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HOFFMAN ENGINEERING COMPANY EN c LO s u RE s 

Divis ion of Federal Cartridge Corporation 
Anoka, Minnesota, Dept. ED 21 
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SECONDS'~ 

Same rugged construc­
tion, hermetic sealing 
and stability as the 
long Delay Relays de­
scribed above . . . For 
standard radio octal and 9-pin miniatures. 

Price, standard or min., under $4.00 ea. 

*Miniatures delays: 2 to 120 seconds. 

PROBLEM? Send for Bulletin No. TR-81. 
All Amperite Delay Relays are recognized under 

component program of Underwriters' Laboratories, Inc. 
for all voltages up to and including llSV. 

DIFFERENTIAL RELAYS 
For automatic overload, over-voltage or under­
voltage protection ... Made only to specifica­
tions for 70V, 80V, 90V and lOOV. 

Price, under $6.00 ea. 

AllPIRITI 
BALLAST REGULATORS 

INFORMATION RETRIEVAL NUMBER 92 
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application 
notes 

Voltage regulation 
Details on the theory, design 

and operation of voltage regula­
tors are presented in a 20-page 
brochure. Test data and con­
clusions are illustrated with tables, 
schematics, graphs and photos of 
oscilloscope tracings. A chart 
shows which types of regulators 
are appropriate for 39 widely used 
groups of business and industrial 
machinery, including process con­
trnls and computers. Sola Electric, 
Elk Grove Village, Ill. 

CIRCLE NO. 320 

Control system problems 
In a Calculator Application Sum­

mary, a software package that can 
analyze a control system up to the 
10th order in just a few minutes 
is described. Hewlett-Packard, Palo 
Alto, Calif. 

CIRCLE NO. 321 

A/ d conversion methods . 
"Function and Application of 

3-1/ 2-Digit A/ D Converter Set" 
covers a number of methods of 
constructing a / d converter sys­
tems, using the company's LDllO / 
LDlll IC chip set. Practical a/d 
circuits are offered, including auto­
ranging digital voltmeters, isolated 
analo·g optical processors, ratio 
measurement, current-to-voltage 
converters, digital frequency meters 
and thermometers and a multiplex­
ed BCD-to-parallel-BCD converter. 
Siliconix, Santa Clara, Calif. 

CIRCLE NO. 322 

Op amps 
A 136-page book contains ap­

plications on the company's prod­
ucts and technical discussions on 
op ·amp and function modules. The 
book has three indexes and is 
broken down into eight general 
product categories- op amps, a / d 
converters, logarithmic amplifiers, 
v / f converters, active filters , ana­
log memories, measurement cir­
cuits and miscellaneous. The book 
costs $5 or no charge with a $50 
purchase order for the company's 
products. Optical Electronics, P.O. 
Box 11140, Tucson, Ariz. 85706. 

INQUIRE DIRECT 

evaluation 
samples 

Card handles 
A PC card handle made of Dia­

kon transparent acrylic MG/ 102/ 1 
is available in three c~lors, clear, 
amber and red. The handle is a 
screw-on type and incorporates an 
identification strip. Vero Electron­
ics. 

CIRCLE NO. 323 

DIP connectors 
A simple DIP connector allows 

users to make pin-to-pin connec­
tions in pluggable circuit boards. 
The 14 or 16-pin connectors elim­
inate the need for unnecessary 
wrapped-wire connections and sim­
ply plug into vacant IC receptacles. 
Garry Manufacturing. 

CIRCLE NO. 324 

Plastic parts 
A line of small nylon parts is 

available in flame-retardant Mon­
santo M-340-FR. This material 
carries the UL Type 1 rating in 
addition to the VE-0 classifica­
tion. Items available include tran­
sistor mounts, power transistor 
covers, capacitor mounts, machine 
screw insulators, finishing wash­
ers, plain and tapped spacers, 
bumpers, flat washers and shoulder 
washers. Micro Plastics . 

CIRCLE NO. 325 

Rotary appliance switches 
Models OAK 240 and 910 rotary 

appliance switches are designed for 
applications requiring long life and 
compactness. Power input ratings 
through 38 A, 2 hp, 12 to 240 V 
ac are available. Oak Industries . 

CIRCLE NO. 326 

PC test jack 
The P CJ-100 series test jacks 

can be used with 0.08-in. diameter 
test probes.. The entrance holes 
will not permit entry of a probe 
larger than 0.085 in. diameter (as 
per MIL-C-39024 ) . Contact ma­
terial is beryllium copper per QQ­
C-533 with a cun·ent rating of 5 A. 
Operating voltage is 1500 V R Ms 

with a contact resistance of 5 mn 
max at rated current. JOLO In­
dustries. 

CIRCLE NO. 327 
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A new autoranging multi-function counter 
using LSI/MOS from the "Counter House" 

$349 
Who else but FLUKE could bring you this 
new multi-counter at such an attractive 
price? A multi-counter that measures fre­
quency or period_ and totalizes too. 
Model 1900A from Fluke "The Counter 
House" has a dynamic range of 5 Hz to 
80 MHz ... advanced LSI/MOS circuitry 
... autoranging .. . and autoreset on all 
functions, gate times, filter and attenuator. 
And of course the 1900A incorporates all 
the traditional Fluke quality, and comes 
with a full 12-month guarantee plus a 15-
day money-back policy. 

Phone or write to-day for complete details 
on the $349 multi-counter from Fluke -
"The Counter House". 

IFLUKEI 
® 

COUNTER DIVISION 
John Fluke Mfg. Co. Ltd., Counter Division, 
P.O. Box 1094, Station "D" Buffalo, N.Y., 14210. 
Phone (716) 842-0311. TWX 610-492-3214 

INFORMATION RETRIEVAL NUMBER 93 
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automatic 
transfer 

standards 

r-- ,_ l 

• • 
The 1600A Auto-Balance AC/DC Transfer 
Standard. Precise repeatable measurements 
every 30 seconds. Traceable to NBS. Takes 
tedium and guesswork out of 100 ppm 
transfer measurements in Lab, QA and 
production. 

0.25 V to 1 kV rms, de to > 100MHz: $4500 

,4 ~ Ballantine Laboratories, Inc. 
- ~ P.O. Box 97, Boonton, New Jersey 07005 
~ 201-335-0900, lWX 710-987-8380 

INFORMATION RETRIEVAL NUMBER 96 

159 



Switch 
switches 

fast 

*-1 -
i ~< 

I 
I 
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On those rare occasions when a switch 
malfunction shuts down equipment, 
STACO's Model 49 Illuminated Push­
button Switch, with its plug-in switch 
module, can have things running again 
in less than 60 seconds. Simply flip a 
lever to remove the display pushbutton, 
and pull out the toilworn switch module. 
Slip in the plug-in replacement unit and 
reinsert the display pushbutton. It's that 
simple ... and that fast! 

No need to touch the behind-the-panel 
wiring. Once terminations are wired into 
the system, plug-in modules can be 
removed and replaced from front of 
panel. Choice of economical , depend­
able solder or wrap type terminations. 

If your operation cannot tolerate down­
time, then STACO's Model 49 can help 
keep the wheels turning. Its proven 
switch mechanism assures long service 
life and when at long last it needs 
replacing, a new module quickly plugs 
in . There's a choice of switch action 
and circuitry to meet your requirement. 

When you think switch .. . 
think STACOSWITCH. 

n • STACO JN( <C>ml>d"~ 

1139 8AKEt STllH I. COS IA MEf>A CAl!F 9'10'10 
(71 • ) ~'illCM I TWX YIU !IY!l l)U/ 

Other STACO Company products: Fixed Ratio 
Transformers , STACO, INCORPORATED, Rich­
mond , Indiana: Variable Transformers , STACO, 
INCORPORATED, Dayton , Ohio . 

INFORMATION RETRIEVAL NUMBER 97 
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(new literature) 

AMP INC ORPORATEO / WORLOWIDE 

HV leads and connectors 
Interconnecting leads and her­

metic connectors for high-voltage 
applications are described in a 48-
pa ge catalog . Electrical and 
mechanical specifications along 
with application and dimensional 
data are included. AMP, Capitron 
Div., Elizabethtown, Penn. 

CIRCLE NO. 328 

Integrated circuits 
Integrated circuits for use in 

such applications as core memories, 
wire memories, peripheral equip­
ment and tube drivers are covered 
in a 16-page catalog. Kyodo Elec­
tronic Laboratories, Kanagawa-ken, 
Japan. 

CIRCLE NO. 329 

Recorders 
An abbreviated catalog contains 

data on waveform and logic record­
ers. Biomation, Cupertino, Calif. 

CIRCLE NO. 355 

Rf switches 
Microwave coaxial switches-in­

cluding high performance, Dyna­
form, bladed and CA TV types­
are described in a 28-page catalog. 
A functional selection chart di­
vides criteria for selecting the 
proper switch into four basic cate­
gories-frequency range (GHz ) , 
function, size and general over-all 
characteristics-and provides prod­
uct referencing page numbers. Am­
phenol RF Div., Danbury, Conn. 

CIRCLE NO. 330 

Instruments 
A 24-page catalog describes in­

strumentation and accessories for 
measurement of pressure, differen­
tial pressure, vacuum, flow and 
liquid levels throughout industry. 
Helpful selection charts include 
specifications of each product for 
quick comparison and application. 
Meriam Instrument, Cleveland, 
Ohio. 

CIRCLE NO. 331 

Electrical penetrations 
A 16-page brochure describes 

electrical penetrations designed for 
nuclear reactor containment ves­
sels without disturbing the con­
tainment integrity under all con­
ditions. Westinghouse, Electronic 
Tube Div., Elmira, N.Y. 

CIRCLE NO. 332 

Mass memory subsystem 
Series CL107MA high-speed mil­

itarized bulk-storage subsystem 
with NTDS controller, which in­
terfaces many computer systems, 
is described in a data sheet. The 
Singer Co., Librascope Div., Glen­
dale, Calif. 

CIRCLE NO. 333 

Coaxial connectors 
A 36-page catalog describes co­

axial connectors. The four-color 
brochure contains specifications 
and outline drawings. Malco, Chi­
cago, Ill. 

CIRCLE NO. 334 

Active filters 
"The State Variable Active Fil­

ter Configuration Handbook" is one 
of a series. that deals with active 
filter design methods. The hand­
book offers the engineer or student 
a comprehensive compilation of 
over 200 state variable circuit con­
figurations which includes dia­
grams, transfer functions, connec­
tion tables, de analysis and a 
bibliography. The handbook is 
priced at $5.95 (Calif. residents, 
add 6 % tax) . Estep Enterprises, 
5217 Cangas Dr., Agoura, Calif. 
91301. 

INQUIRE DIRECT 

ELECTRONIC DESIGN 16, August 2, 197 4 



ABSOLUTELY 
the world's most 
accurate ru Ii ngs 
using vacuum deposit 
chrome, etch and fill 
or emulsion processes. 
They're produced on 
the worlds largest 1 
micro inch numerically 
controlled ruling engine 
with interferometric 
feedback controls. Need 
precision scales, grids, 
slits, reticles, Ronchis 
numbers, letters, circles, 
dots, or nickel mesh? We 
stock many items for 
immediate delivery. Send 
for brochure No. 38-36. 

INFORMATION RETRIEVAL NUMBER 98 

for design 
engineers 

Just published! An expanded catalog covering more 
than 325 stock Bodine fractional horsepower motors, 
gearmotors, plus controls. Helps you select and match 
the right motor and control for your application. 

Twenty pages, 75 illustrations, tables and drawings 
(all drawings decimalized). Includes 14 new gear­
motors, adjustable speed/torque drive systems. 
Optional and accessory parts for motor controls fully 
tabulated. Also a performance chart on K-2 motors 
... covers normal slip, high slip and synchronous 
motors. Ask for Catalog S-5. 

BODINE 
lract1onal/horsepower ~ 

MOTORS 

Bodine Electric Co., 2528 West Bradley Pl., Chicago, Ill . 60618 

INFORMATION RETRIEVAL NUMBER 100 
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BL I LEY 
CRYSTAL AND 
COMPONENT OVENS 
• Oven Temperatures : 60"C. 70"C, 75° C, 85° C 
• Stability: ±1° C to ±0.1° C over 

temp. range O" C to + 60° C 
• Warmup Time @-2C°CJ: 20 min . ±1 .C°C 

30 min .±0.1° C 
• Oven Voltages: 12 or 27 Vdc 
• Internal Design Details: 

-Crystal Ovens: Sockets for MIL-types 
HC-32/U, HC-6/U, HC-36/U & HC-13/U 

-Component Ovens: Cavity sizes up to 
2.7 cubic inches 

Detail Specification Sheets Available On Request 

- ifyoH bHy <JHnllly 

BLILEY ELECTRIC COMPANY 
2545 West Grandview Boulevard 

Erle, Pennsylvania 16512 

INFORMATION RETRIEVAL NUMBER 99 

HUNT: 
THE CASE PLACE 

Need thyristors (triacs and SCR's) in a variety of 
cases? You can get 'em at the case place. Write 
Hunt for a brochure, or call toll-free 800-645-9200. 

~ 
HUNT ELECTRONICS 

2639 Maiiana, Dallas, Texas 75220 
(214) 350-5571 
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LOW-COST 
TEMPERATURE CONTROL 
As the resistance of the thermistor 
decreases, a larger voltage is re­
quired to fire the SCR. In this circuit, 
conduction angles from 90° to 180° 
can be achieved. Thus, the minimum 
"on" current will be 50% of the maxi­
mum " on" current. 

D
:ll,~ Coldest 

~l~~vvA~~ 
- g~ 

Current Liquid 

LIQUID LEVEL DETECTION 
Taking advantage of the difference in 
dissipat ion constant between a liquid 
and a gas enables thermistors to 
serve as liquid level sensors over a 
wide range of temperatures. 

Send for 12-page 
thermistor probe 
catalog detailing 
23 styles and 6 
applications. 

Thermistor Division 
St. Marys, PA 15857 

814/ 781-1591 •Telex 91-4517 
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NEW LITERATURE 

"" 

Power supplies 
Over 2616 power supplies are de­

tailed with electrical specifica­
tions, operating parameters, di­
mensional charts and prices. A 
variety of options are presented. 
Abbott Transistor, Los Angeles, 
Calif. 

CIRCLE NO. 335 

CATV /MATV cable 
Physical and electrical charac­

teristics of more than 50 standard 
CA TV / MATV cables are present­
ed in a 20-page illustrated booklet. 
The easy-to-read tabular format of 
the catalog divides the product line 
into RG-59 / U type, RG-6/ U type 
and special application classifica­
tions. Belden, Geneva, Ill. 

CIRCLE NO. 336 

Subminiature lamps 
A 44-page catalog contains tech­

nical information on T-3 / 4, T-7/8, 
T-1, T-1-1 / 4, T-1-3/4, and T-2 sub­
miniature lamps. The catalog pro­
vides a numerical index. Oshino 
Electric Lamp Works, Tokyo, Ja­
pan. 

CIRCLE NO. 337 

Ceramic capacitors 
A four-page specification bul­

letin describes porcelain ceramic 
multilayer cap,acitors. Dimensional 
drawings, performance curves and 
ordering information are includ­
ed. JFD Electronics Components 
Corp., Brooklyn, N.Y. 

CIRCLE NO. 338 

Photocells 
Cadmium-sulfide photoconductive 

cells, cadmium-selenide photocon­
ductive cells and selenium photo­
voltaic cells are described in a 24-
page catalog. Moririca Electronics, 
Yokohama, Japan. 

CIRCLE NO. 339 

Rocker switches 
Snap-action rocker switches de­

signed for test and measuring in­
struments, auto and recreational 
vehicles, appliances, computers, in­
dustrial controls are described in 
a four-page bulletin. Littelfuse, 
Des Plaines, Ill. 

CIRCLE NO. 340 

High perm ferrites 
Guaranteed electrical specifica­

tions for high permeability ferrites 
are covered in a 32-page broad­
band ferrite guide. They include 
shunt resistance and reactance per 
turn squared, temperature coeffi­
cient, disaccommodation and hys­
teresis core constant. Applications 
information and design examples 
are included for both high and 
low-frequency transformers. Indi­
ana General, Keasbey, N.J. 

CIRCLE NO. 341 

PC connectors 
A 36-page catalog provides PC 

board connector dimensional speci­
fications in millimeters as well as 
inches. Amphenol Industrial Div., 
Chicago, Ill. 

CIRCLE NO. 342 

Formatters 
A 52-page, 27-illustration tech­

nical booklet describes the design 
and implementation of the ANSI 
standard for 1600 bpi, phase-en­
coded recording using 0.25-in., 4-
track, magnetic-tape cartridges. 
The brochure includes sections on 
the fundamentals of phase-encod­
ing, system design considerations 
and a circuit description of the 
company's Model 337 Formatter 
which implements the standard. 
Kennedy, Altadena, Calif. 

CIRCLE NO. 343 

Annunciators 
A 16-page brochure describes the 

DMA-7700 series annunciators. 
Tee, Tucson, Ariz. 

CIRCLE NO. 357 
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The Digisec® Encoder 
keeps little bits from 

becoming big mistakes. 
As some people have found out the hard way, all bits are 
not of equal length. And what may appear to be just a small 
error-say a fraction of an arc-second, can lead to a large 
accumulated error. 

As the long recognized leader in encoders, Itek realizes 
the importance of maintaining accuracy commensurate 
with resolution. And Digisec Encoders have resolutions 
and accuracy up to 22 bits.it-evolution. But that's just part 
of the story. 

Write for our free catalog. Read all about Digisec 
Encoders. They're more than a bit ahead of their time. 

• 
Measurement 
Systems 

A Division of Itek Corporation 
27 Christina Street, Newton, Mass 02161 
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8-PAGE SECOND EDITION ,, 

']l':,i- SCR POWER 
, , :_ ;~ CONTROLLER 
·~, ~ ·· APPLICATIONS 

GUIDE 

l
he purpose of this guide is to assist the design 
engineer in selecting the proper SCR Power Con­
troller for a specific application. It contains five 
pages of technical details including SCR firing, a 

comparison of on-off and proportional control modes, 
general design features, application consideration, per­
formance options and a list of major parameters that 
must be considered when selecting a controller. Also 
included is an informative discussion on six-SCR versus 
three-SCA Hybrid models for three-phase systems. 
Vectrol power controllers are offered in 30 to 400 amp 
models. 

SEND FOR YOUR FREE COPY TODAY 

INFORMATION RETRIEVAL NUMBER l 04 
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i'm 
F1ee rm A 

mAIL-LITE® 
/HIPPE A 

1 CASE of Mail-Lite FREE when you buy my 
$50 table model heat sealer. 

2 CASES of Mail-Lite FREE when you buy my 
$100 floor model heat sealer. 

MAIL-LITE 

FLOOR 
MODEL 
$100 
O,FER TABLE MODEL 

S50 OFFER 

Labor Savings: Can be heat sealed closed in 2 seconds 
Postal Savings• Waterproof• Pifferproof • Lightweight• Clean 

• •• ••• ••• 
WRITE TODAY FOR INFORMATION ON OUR 

MAIL-LITE SHIPPERS AND THE SPECIAL 
HEAT SEALER OFFER. 

Sealed t\lr Corporation 
19-01 State Highway 208, Fair Lawn, New Jersey 07410 

INFORMATION RETRIEVAL NUMBER 105 

FOR THE UTMOST IN RELIABILITY 

RECYCLING TIMERS Series RC 
This multi-cam timer is one of a 
family of very versatile recycling 
timers that are available in single 
or recycling types with up to 20 
control circuits. Control cams are 
independently adjustable from 2% 
to 980/o of the total time cycles en­
abling the timer to be used as a 
programming device. And with 
supplied interchangeable gear and 
rack assemblies you can select 
from 700 time cycles ranging from 
2/3 second up to 72 hours. All our 
timers are made to give you ser­
vice far beyond what you'd reason-

ably expect. Our line consists of 
17 basic types, each available in 
various mountings, voltages, cy­
cles, circuits and load ratings ... 
and with whatever special wrinkles 
you may need. Bulletin #206 tells 
all about our line of reliable Recy­
cling Timers. Write for it or a cata­
logue of our entire line. If you have 
an immediate timer requirement, 
send us your specifications. Or for 
fastest service, call (201) 887-2200. 

::Ell INDUSTRIAL TIMER I 
A UNIT OF ESTERLINE CORPORATION 

INFORMATION RETRIEVAL NUMBER 106 
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Dual visual 
recognition 
switches with 
versatility and 

economy­
that•s yankee 
ingenuity. 
Switchcraft's unique and highly 
versatile DVR Switches give you the 
advantage of advanced DUAL VISUAL 
RECOGNITION. When the pushbutton 
is "out," the black color band 
contrasts with the recognition cap; 
in the "in" position, only the colored 
recognition cap shows. It means 
we've made it easier to see the 
switch position, eliminating false 
indications. 
This kind of advanced "human 
engineering"-plus its low cost­
makes DVR ideal for applications in 
EDP, computer systems and 
peripheral equipment, sound and 
communications equipment, and 
telephone equipment. You get 
reliability and economy in one 
little package. 
DVR Switches in either momentary or 
push-lock/ push-release functions 
offer up to 4-C switching. Standard 
silver-plated, U-shaped bifurcated 
sliders are rated at 0.5 amp D.C., or 
3 amps A.C., 125 V non-inductive 
load are ideal for dry circuit use. An 
11 amp power module is offered with 
1-C switching (depth: U){'), plus 
additional 1-C or 2-C of standard 
bifurcated switching (depth: 2:l){'). 
Solder lug terminals are standard; 
P.C. or wire wrapping terminals are 
available. DVR switches mount in a 
single 1~2" hole and offer a variety of 
colors, styles, mounting hardware 
and legends. 

Only Switchcraft-and a little Yankee 
Ingenuity-gives you all this for so 
little. Contact your Switchcraft 
Representative or Switchcraft, 
5555 N. Elston Avenue, Chicago, 
Illinois 60630. 
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NEW LITERATURE 

Resistive components 
Data on resistive components, 

including adjustment and precision 
potentiometers, controls and vari­
able resistors, are presented in a 
20-page catalog. A one-page index 
provides a ready reference. Tech­
nical data, specifications, selected 
cutaway views and pr icing are 
presented. Bourns Tr impot P rod­
ucts Div., Riverside, Calif. 

CIRCLE NO. 344 

Ham-radio equipment 
The World of Amateur Radio is 

the title of a 20-page catalog which 
presents features, s p ec if i cat i on s 
and prices on the company's trans­
ceivers, linear amplif iers, fixed and 
mobile antennas and compatible ac­
cessories for the ham radio en­
thusiast. Swan Electronics, Ocean­
side, Calif. 

CIRCLE NO. 345 

Transistors and FETs 
A 24-page guide to bipolar t ran­

sistors and FETs list s 1162 indus­
try part numbers in alphanumeric 
order , showing J E DEC-registered 
2N and 3N numbers, followed by 
the house numbers of all major 
suppliers. For each part listed, 
there is a description and indica­
t ion of its typical application. The 
guide list s the company's equ iv­
alent part numbers and package­
type number. Intersil, Cupertino. 
Calif. 

CIRCLE NO. 346 

ATTENUATORS 
IN , t ..... •"'~ ,.,'"'.... --~ .......... .P,., J'\. ..... .,.. " ..... 

2008 zooa zoos IOOB 1308 .SOB ZUB 100 

MODEL AT-42 1-9 QUANTITY $70.00 
e. ATTENUATION RANGE 0-42 DB IN 1 DB STEPS 
• IMPEDANCE . . . . . . . . . 50 n OR 75 n 
• FREQUENCY RANGE . . ...... DC TO 300 MC 
MODEL AT-82 1-9 QUANTITY $85.00 
•ATTENUATION RANGE 0-82 DB IN 1 DB STEPS 
• IMPEDANCE . . . .......... 50 n OR 75 n 
• FREQUENCY RANGE ........ DC TO 300 MC 

CHECK READER SERVICE # 71 

CRYSTAL OSCILLATORS 

FROM 

$85.00 
Stability ........................ . . 0.005% 
Operating Temperature Range .. 0°C to + 70°C 
Power Out > 10 Milliwatts into 50 n 
Spurious & Harmonic 

Distortion ........... . ... . .. > 25 db down 
Frequency Range . . . . . . . . . . .. 1-300 me 
Input Power ........... -15 vdc 

CHECK READER SERVICE # 72 

HOPE ELECTRONICS 
BOX 773, CLIFTON, N.J. 07013 (201) 777-3522 

INFORMATION RETRIEVAL .NUMBER 108 

""VV'ILTRON 
COlv.l:PA.NY 
'ob••• <<"<'on<!"''"'"'"""'' 

930 E. Meadow Dr. Palo Alto, Ca. 94303 
(415) 321-7428 
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bulletin 
board 

Introduction of a 250-W Metalarc 
lamp to its line of high intensity 
discharge light sources for indoor 
and outdoor use has been an­
nounced by GTE Sylvania. 

CIRCLE NO. 347 

R.F. Power Labs has introduced 
rf signal processing components 
housed in 14-pin dual inline pack­
ages compatible with standard 
DIP devices used in logic and de 
circuitry. 

CIRCLE NO. 348 

Bunker Ramo's Amphenol Cadre 
Div. will custom-produce any con­
figuration of modem or data ca­
ble required by the computer and 
peripheral-equipment industry. 

CIRCLE NO. 349 

Four Hewlett-Packard optically 
coupled isolators have · received 
component recognition by Under­
writers' Laboratories, based upon 
test results for insulation voltage 
of 2500 V de. 

CIRCLE NO. 350 

Bud Radio has introduced instru­
ment enclosures designed to ac­
commodate an accesso·rY chassis 
or 1/ 16 in. thick PC boards. The 
chasis is reversible, therefore two 
configurations are possible with 
one unit. 

CIRCLE NO. 351 

Price reductions 
Texas Instruments SR-50 slide­
rule calculator has been reduced 
from $169.95 to $149.95. 

CIRCLE NO. 352 

Motorola has reduced McMOS 
pricing on MSI functions by an 
average of 25 % to as much as 
50 % . 

CIRCLE NO. 353 

Price cuts for all Darlington am­
plifiers averaging about 15 % 
have been announced by TRW 
Semiconductors. 

CIRCLE NO. 354 
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TC CHIPS BY AMC 

VOLTAGES 
25V DC 
50VDC 

100 V DC 

SIZES 
.050 x .100 
.125 x .175* 
.250 x .225* 

*Leaded Units 
Available 

TEMPERATURE 
COMPENSATING 
MULTILAYER 
CAPACITORS 

TCs 
P100 
NPO 
N80 
N150 
N220 
N330 
N470 
N750 

Compang 
Div. of P.R. Mallory & Co. Inc. 
4242 West Bryn Mawr Avenue 
Chicago, Illinois 60646 
(312) 478-3600 

INFORMATION RETRIEVAL NUMBER 109 
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ULSEA 
C-COR 
Fast Rise Time 
High Output 
PULSE AMPLIFIERS 
ARE the best . 
Performance is why! 

FOR EXAMPLE · 

MODEL 3310 3370-P 3374-P 
R1sellme 0.95 ns 0.6 ns 1.1 ns 
Garn JOdB 20dB 20dB 

Z In/Out 50/50ohms 50/50 ohms 1m/50ohms 
Output ±g Vp ±3vp ±3vp 

into 50 ohms mto 50 ohms into 50 ohm1 

For a complete amplifier catalog 
call, write, or wire: 

C-COR 
E!u:/!!01ti1'4 .lite. 
60 Dec;ibel Road 
State College, PA 16801 
814-238-2461 
TWX 510-691-1933 

INFORMATION RETRIEVAL NUMBER 111 
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quickad1 

Thin-Trim variable capacitors pro­
vide a reliable means of adjusting 
capacitance without abrasive trim­
ming or interchange of fixed capac­
itors. Series 9401 has high Q's and 
a range of capacitam:e values from 
0 .2·0.6 pf to 3-.0-12.0 pf and 250 
WVDC working voltage. Johanson 
Manufacturing Corporation, Boon­
ton, New Jersey (201) 334-2676. 

INFORMATION RETRIEVAL NUMBER 181 

The NEC V222 transistor is a low 
noise amplifier with a minimum gain 
of 8 dB at 4 GHz. The V222 is avail ­
able with three noise figure selec­
tions at 4 GHz: 3.5 dB, 4.0 dB and 
4.5 dB. The package is the popular 
100-mil square stripline. California 
Eastern Labs, Inc., One Edwards 
Court, Burlingame, Calif. (415) 342-
7744. 
INFORMATION RETRIEVAL NUMBER 182 

Power 
~y 
Catalog 

- a 
, 

POWUtfMATlCORll 

Free catalog of 34,500 power sup­
plies from the worlds largest manu­
facturer of quality Power Supplies. 
New '74 catalog covers over 34,500 
D.C. Power Supplies for every ap­
plication. All units are UL approved, 
and meet most m ilitary and com ­
mercial specs for industrial and 
computer uses. Power Mate Corp. 
(201) 343-6294. 
INFORMATION RETRIEVAL NUMBER 183 

New and current products 
for the electronic designer 
presented by their manufacturers. 

3 THINGS MAKE A GREAT TAPE 
CORE: The proper materials .. . cor­
rect engineering ... Magnetics. Mag­
netics has been a leading supplier of 
high permeability tape wound cores 
and magnetic components since 
1949. Our tape cores helped put 
men on the moon; are used exclu­
sively for Viking Mars Lander. Mag­
netics, Butler, Pa . 16001. 

INFORMATION RETRIEVAL NUMBER 184 

Electrical/Electronics Checklists. 22 
detailed checklists to insure com­
plete accuracy and efficiency for a 
broad array of designs. # 9181, 190 
pp., $14.00. Circle the Info Retrieval 
No. to order 15-day exam copy. When 
billed, remit or return book with no 
obligation. Hayden Book Co. 50 
Essex St., Rochelle Pk., N.J . 07660. 

INFORMATION RETRIEVAL NUMBER 185 

Modular DC-DC power converters. 
Designed to meet military /aero­
space specs ... priced for industrial 
applications. 12, 28, 48, 115 voe 
inputs. 1-6 isolated, regulated (1 % 
& 0 .1 % ) outputs. 1-500 watts. Ef­
ficiencies to 85 %. 1200 design-as­
you -order configurations using 
standard modules. Arnold Magnet­
ics, Culver City, Ca . (213) 870-7014. 
INFORMATION RETRIEVAL NUMBER 186 

e~i 
30 Ampere silicon bridge rectifiers. 
Features: 400 Amp surge capacity + 
new diffusion process + large junc­
tion area + lower forward voltage 
drop = lower power dissipation . Heat 
sink and chassis mounting. PRV 50 
to 800 volts . Electronic Devices, Inc., 
21 Gray Oaks Ave., Yonkers, N.Y. 
10710, (914) 965-4400. 

INFORMATION RETRIEVAL NUMBER 187 

Hi-Speed Cordless Paper Tape Wind· 
er is light weight, portable and pow­
ered by its own internal battery 
pack. When not in use winder is at­
tached to battery charging stand. 
Model 1000-1. $50. A-B Supply Co., 
P.O. Box 5609, China Lake, Calif. 
93555 (714) 375-7079 

INFORMATION RETRIEVAL NUMBER 188 

Overcurrent Protector, manual reset 
eliminates fuse replacement. Con­
venient panel mounting. 15 frac­
tional ratings from 0 .1 to 3 amp. 
Other models up to 400 amp. Trip­
free and fool -proof, UL and CSA ap­
proved. High quality, low cost $1.20 
ea. in 1000 lots. E-T-A Products Co. 
of America, 7400 N. Croname Rd 
Chicago, Ill. 60648. Tel: (312) 647'. 
8303. Telex: 253780. 
INFORMATION RETRIEVAL NUMBER 189 



Diplexers/Triplexers-A series of 
standard units have been developed 
to permit 2 transmitters to operate 
from one antenna on rockets, satel· 
lites and missiles. Available at VLF 
to S Band, 3 to 10% frequency sep­
aration, 20 to 50 dB isolation and up 
to 4000 G Shock and 150 G acceler­
ation. Bayshore Systems Corpora­
tion Springfield, VA. (703) 321-9625. 

IN FORMATION RETRIEVAL NUMBER 190 

FREE 
10 Ways 
To Use 
Conductive 
Paints 

f . 
\ 

PIOllfllSGC.Yl!CUTAl.05 
dNtaM.Utf 

UlCTICAUY COIUllXT1'1£ COATIH&S .. 
SCIEllTISTSlllllEllliilllURS 

........................ ~ 

Our electrically conductive paints 
are solving "impossible" lab prob­
lems and reducing unit production 
costs. One customer saves a fortune 
each year PAINTING on four MIL­
LION 1000 meg resistors. Think that 
over. Why not request "Ten Ways To 
Use Conductive Paints" ? Micro Cir­
cuits Co. , New Buffalo, Mich. 49117. 
(616) 469 2727. 

INFORMATION RETRIEVAL NUMBER 191 

Panel Meters shipped in One Week 
(24 units or less) is Modutec's prom­
ise. Catalog 622 gives prices & specs 
on thousands of llh " to 8" surface, 
bezel, and flush mount meters, in­
cludes new Multi-dial, Translit, and 
Thru -vue styles. Many options and 
modifications. Modutec, Inc., 18 Mar­
shall St., Norwalk, Ct. 06854. (203) 
853-3636 or TWX 710-468-2039. 

INFORMATION RETRIEVAL NUMBER 192 

Cut PC layout time 75% with PUP­
PETS ' "', Bishop's die-cut, transpar­
ent, reusable layout patterns in 2X or 
4X scale that represent electronic 
components. Contain no adhesive 
yet adhere to any clear, non-matte 
drafting film. FREE Sample & tech­
nical bulletin. Bishop Graphics, Inc., 
20450 Plummer Street, Chatsworth, 
CA 91311 (213) 993-1000. 

INFORMATION RETRIEVAL NUMBER 193 

Introduction To Defense Radar Sys­
tems Engineering. Excellent intro· 
duction and practical reference to 
radar systems design and appli ­
cations. # 9194, 260 pp., $20.00. 
Circle the Info Retrieval No. to 
order 15-day exam copy. When 
billed, remit or return book with 
no obligation. Hayden Book Co. 50 
Essex St. Rochelle Park, N.J. 07662 

INFORMATION RETRIEVAL NUMBER 194 

Active Filter Handbook-Circuits, 
transfer functions and design data 
for over 200 Active Filter realizations 
are included in this Handbook. Rec· 
ogn ized as the most comprehensive 
practicum of 'universal' active filter 
design available anywhere. Estep En­
terprises, 5217 Cangas Dr., Agoura, 
Ca. $5.95 plus 85¢ postage. Cal. 
residents add 6 % tax . 

INFORMATION RETRIEVAL NUMBER 195 

10 KHz-250 KHz quartz crystals in 
T0-5's. Use them for oscillators, 
filters, tone generators, timers. 
They're rugged • accurate • highly 
resistant to vibration & shock. Prices 
low as $.95 in 100 k qtys. Send your 
written applications. We'll send· a 
sample. Or, write for literature. Sta­
tek Corp., 1233 Alvarez Ave., Or­
ange, Calif. 92668 (714) 639-7810 

INFORMATION RETRIEVAL NUMBER 196 

Programmable Coaxial Attenuator 
0 · 63.5 db Attenuation Range ... 
.5 db Steps ... DC thru 200 MHz 
. __ Seven Bit Binary Control ... 
±2% Accuracy . _ . Machined Alu­
minum Housing . . . MATRIX SYS­
TEMS CORPORATION . . - (213) 
882-2008 

INFORMATION RETRIEVAL NUMBER 197 

Low Cost Temperature Sensors: Plat­
inum Nickel-Iron, and Nickel tem ­
perat'ure sensors for OEM Controller 
& sensing applications where line­
arity, and repeat-ability are required 
at low cost. Platinum sensors priced 
under $15. in OEM quantities. Nick­
el-Iron under $10. Call (collect) 617-
891 -8010 Thermalogic, 241 Crescent 
St., Waltham, Mass. 02154. 
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Design Data from Manufacturers 
Advertisements of book lets, bTochuTes, catalogs and data sheets. To oTdeT use Reader-Seroice Card 

(Advert isement l 

The First Spectrum Analyzer-Calculator 
Simplifies Noise & Vibration Analysis in Real Time 
the new Ubiquitous · 
Spectrum Analyzer SOOA 

irl• 
< .: ··-

~- - -·--

New Ubiquitous® UA-SOOA is world 's first combination 500-
line spectrum analyzer-averager that automatically calcu­
lates (computes) : absolute frequency & amplitude in dB or 
% of fu ll scale; relative ampl itude above and below your 
calibration signal ; frequency deviation from your chosen 
reference frequency ; frequency in Hz and CPM (cycles/min.) 
for ease in reading RPM; which peaks are harmonically re­
lated by isolating them from others wi th harmonic markers 
or eliminating al l else from the CRT display. Applications 
simplified include: machine diagnosis, rotating mach ine 
analysis, noise source identi fi cation, mechanical signatures, 
underwater acoustics, and noise reduct ion. Built-in dual 
memory averager allows comparison of past & present data. 
Small, portable, only 83/4" high. Highest speed : real-t ime 

•• · - '" 100% analysis to 10kHz. Thirteen ranges from 0-10Hz to 
0-100kHz provid ing analysis bandwidths of .02Hz to 200Hz 

~---------~ (also 0-5mHz direct input). Simplest to use. 

Nicolet Scientific Corp. (formerly Federal Scientif ic Corp.) 
245 Livingston St., Northvale, New Jersey 07647 Immediate, ci rcl e No. 170 
(201) 767-7100. TWX: 71 0-99 1-9619 Routine, circl e No. 171 

New Kepco Power Supply Catalog and Handbook 

KEPCO, INC. 

Kepco , Inc. has published a new 1974 Power Supply 
Catalog and Handbook. In 130 pages, there are sche­
mat ics and mechanical drawings of more than 30 
power supply designs, encompassing several hundred 
separate models. The Kepco Catalog and Handbook 
includes applications material on high speed-fast pro­
gramm ing models, digital control systems, measure­
ments and power supply combinations. A comprehen ­
sive glossary is also included . 

CIRCLE NO. 172 

131-38 Sanford Avenue, Flushing, N.Y. 11352 
(212) 461-7000 

Operator Can "Talk" Directly to 
Automatic Spectrum Processing System 
I AuroMAric sPECTRUM Engineers wi t hout prior knowledge of computer opera -

PRocEss1NGsrs1EM tion " talk " directly to the SD1007D Automatic Spec-
Moon so10070 trum Process ing System after only brief indoctrina­

tion . Unusually flexible software allows complete 
operator/ system interaction : changes in test proce­
dures and data -process ing input / output format s can 
be made as the test program requires . A single typed­
in " DO " command in easily learned FOCAL language 
initiates an entire computer operation , complete to 
typed -out results. System includes a 500-line resolu­
tion Real Time Analyzer, large-screen osc illoscope, 
PDP 11 -105 computer with 8K of core , and a Tele­
type for program loading, operator interaction and 
typ ing out results. 

Spectral Dynamics Corporation 
P.O. Box 671, San Diego, Calif. 92112 
(714) 278-2501 
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Electronic Design 
ELECTRONIC DESIGN'S function is: 

• To aid progress in t he 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 prov ide a centr al source of 
timely electronics information. 
• To promote communication among 
members of the electronics eng ineer­
ing community. 

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 application form 
bound in the magazine. If none is 
included, write to us direct for an 
application forw. 

If you do not qualify, you may take 
out a paid subscription for $30 a year 
in the U.S.A., $40 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 generall y a postcard 
for this bound in the magazine. You 
will have to requalify to continue 
receiving ELECTRONIC DESIGN free. 

The accuracy policy of ELECTRONIC 
DESIGN is: 
• To make di ligent efforts to ensure 
the accuracy of editorial matter. 
• To publish prompt corrections 
whenever inaccuracies are brought to 
our attention. Corrections appear in 
"Across the Desk." 
• To encourage our readers as re­
sponsible members of our business 
community to report to us misleading 
or fraudulent advertising. 
• 'To refuse any advertisement deemed 
to be misleading or fraudulent. 

Microfilm copies are available of com­
plete volumes of ELECTRONIC DESIGN 
at $19 per volume, beginning with 
Volume 1, 1961 thr ough Volume 20. 
Reprints of individual articles may be 
obtained for $2.00 each, prepaid ($.50 
for each additional copy of the same 
article) no matter how long t he 
article. For further details and to 
place orders, contact the Customer 
Services Department, University Mi­
crofilms, 300 North Zeeb Road, Ann 
Arbor, Michigan 48106 te lephone 
( 313) 761-4 700. 

Want to contact us? If you have any 
comments or wish to submit a manu­
script or article outline, addre·ss your 
correspondence to: 

Editor 
ELECTRONIC DESIGN 

50 Essex Street 
Rochelle Pttrk, N .J. 07662 
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recruitment 
and 

classified ads 

SAME DAY SHIPMENT 
Minis & Peripherals 

PRINTERS 
"BRAND NEW" 

DATA PRODUCTS 
2440- 700LPM 
2470-1250LPM 

MOS 4320-300LPM 
ALSO 

CENTRONICS, POTTER, CDC 
A. B. DICK, IBM, HIS, UNIVAC 

617 /261-1100 
Send for Free Report 

"Maintenance of Computers11 

AMERICAN USED COMPUTER CORP. 
P.O. Box 68, Kenmore Sta .. Boston MA 02215 

member COMPUTER DEALERS ASSOCIATION 

CIRCLE NO. 242 

The President's Committee 

on Employment of the Handicapped 

Washington, D.C. 20210 

ELECTRONIC DESIGN 16, August 2, 1974 

Electronic Design 
Advertising Sales Staff 

Tom W. Carr 
Vice President & 
Sales Manager 

Rochelle Park, N.J. 07662 
Robert W. Gascoigne 
Daniel J. Rowland 

(Recruitment, Quick Ads, Classified) 
50 Essex Street 
(201) 843 -0550 
TWX: 710-990-5071 

Philadelphia 
Thomas P. Barth 
50 Essex Street 
Rochelle Park, N.J. 07662 
(201) 843-0550 

Boston 02178 
Gene Pritchard 
P.O. Box 379 
Belmont, Mass. 02178 
(617) 489-2340 

Chicago 60611 
Thomas P. Kavooras 
Berry Conner, Jr. 
200 East Ontario 
(312) 337-0588 

Cleveland 
Thomas P. Kavooras 
(Chicago) 
(312) 337-0588 
(call collect) 

Los Angeles 90303 
Stanley I. Ehrenclou 
Burt Underwood 
2930 Imperial Highway 
Inglewood , Calif. 
(213) 757-0183 

San Francisco 94022 
Jerry D. Latta 
P.O. Box 1248 
Los Altos, Calif. 
(415) 965-2636 

London 
For United Kingdom and Europe 

John Ashcraft 
John Ashcraft & Co. 
12, Bear St . 
Leicester Square 
London WC2H ?AS England 
Phone: 01-930-0525 

W. J . M. Sanders 
John Ashcraft & Co. 
Herengracht 365 
Amsterdam C., Holland 
Phone: 020-24-09-08 

Tokyo 
Haruki Hirayama 
Electronic Media Service 
5th Floor, Lila Bldg .. 
4 -9-8 Roppong 
Minato-ku 
Phone: 402-4556 
Cable: Electronicmedia, Tokyo 
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Alden recorder reproducing 
"lo scanning electron microscope 

image of a 1 mil wire 
bond to an IC 

Get sharp recordings displaying three 
dimensions and yielding greater detail and 
informational content than your present 
display with ALDEN COMPONENT 
FACSIMILE RECORDERS. 
• Synchronizes easily with your scanning 
sensor or transducer 
• Available in print-out widths from 
2" to 48" 
• Speeds range from 8 RPM to 3600 RPM 
• Presentations, linear or non-linear ... 
simply 
• Used with a broad variety of systems 
such as ultrasonic/infrared flaw detectors, 
spectrum analyzers, computers, television, 
medical instrumentation and scanning 
radiometers, etc. 
Call or write for free descriptive catalog. 

A L D E N ELECTRONIC & 
IMPULSE RECORDING 
EQUIPMENT CO., INC. 

Westboro, Mass. 01581 Tel.: (617) 366-8851 
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BEADS 

PROBES 

FLAKES 
RODS 
ASSEMBLIES 

obtain state­
of-the-art 
performance 
at costs 
lower than 
your present 
commercial 
products 

SPECIAL CURVE MATCHES 

HIGHEST STABILITY 

0.05% TOLERANCES & 
INTERCHANGEABILITY 

PRECISION CALIBRATION 

FAST RESPONSE 
ASSEMBLIES (TO 3MS) 
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;; SCIENCE · OPTICS· ELECTRONICS 

.• NEW PRODUCTS • NEW MATERIALS • NEW METHODS 

12v WIND-POWERED GENERATOR 
l"ht'u.pesl · t·u11 t i 11 u rn1s suu1·t'l' 01 e lef'tl'ldtr 
a rnll a.h le! .\ ttaC'h to 12\' truck ha l t. lrn1t 
iJ l('I) and i.:-et ll'ee e lertri dt~· 11·0111 t he 
wi 1111. .'\' ceds 11 111 ~· i ni ph win<l- 1:5 a 11111s 
o u t pu t 111 :!3 m p h wind ; d o11hle t h e \\ Utl-
11 11111· o ut)Hll of' or1 li1111 r~ md lo d rnn:e1·s. 
Pel'f~·t remote a rea a wl a lt ernate e ne l'Jff 
sou r<·e. Bl ~ fl' p1·01>e ll e r (.\ !hers .\ i r - F n il 
1wi11r.) 11 1m1' :WO\\ J.:e11e r a tc 11· ; gll\·ernor 
pren•lll!'i m·t•rt•ha 1·gi11 1-(' / ul'tio11 . P rke inc lud es 
pa dd 11 1-t' & shi 1mil11:. 
~o. l!J. t.'WD.:\ (1 0'- 145 Lh.) .. $4 25 P p'l. 

3" ASTRONOMICAL REFLECTOR ! 
Tenl til' Bur! 'L'oJ> (}ua lit r! . \ merica n ::Hadel 
Famous :\It. Palomar tn>e. Alumlnt zect & 
oven·oatel! 3" hi ·speed f'/ 10 mirro r . 60X 
er epie<'e & mounted 3X tulj . lla l'l ow Ahe 
J:.! OX & 180X (theoreti (•ul limit). (iX fi nde r . 
n acl.: & pin ion f tK' 11si 11 J.t. i\ letal fork mount, 
;{fi'' Jurn lwood t 1·ipocl . lnel FREE : .. llOW 
TO l'HE '' Hool\; STA H Fl XDEH , Instr. 
StcK'k Xu. 80 .l62DA $(i6.00 P1>d. 
·P 't"(45X to 270X ) 
#85 .1 05DA ............. $ll5.00 F.0 .B. 
·114" w / f' I~O('K DHl \"E 
# 85, IOi DA . . . . . $14 9.95 F .O.B. 
6" ( 48X to 3ROX ) 
#83 .187 DA ........ .. .... $222 .50 F.0.B . 
fl'' \\' ITll CLOCK DHI \'E 
# 85.0 HIJA $253.50 F .O.B. 

GET A CHAR GE F ROM TH E SUN ! 
Our I:! \' Ballen · l ' hll l'~e1 a llows di rel'l t•or1 
,·er:.;!1111 11t li i.rht - t41 -elc.>t·tridtr. ('umpal't 
pa ne l 1111t 0 11 a !mat <.·au n11to nmti<'a ll r 
l' ha ri.::e Its I:!\' hatterr 11\·er e nt i t·e t lu~· Ji te 
pe ri od . I 'se 1u l\\\ llere fol' a n k lile <·harJ.te. 
HI J: \ Hlue . it el1111 prl:.;e!'i 30 Y.l \ " sl lkun !'iolu.r 
l'e lls in :-iel'i es w/ dl w le. 
~o. i l.!Jil D.A 

(.\II. :lO \\' · ll HS./\\' " ·I .... $89.35 Ppd. 
9x18" I ii <' 111Te11t .\l odel (H W. l :.! \' .500111..-\) 
Xo. i :.! ,O IOD .·\ 

(.\ II. ICJll \\' - 11 1!8. / \\'IO .$ 4 ~0.00 !'pd. 
fixli" 1~11 \' ul taJ.te .\ l w lel ( 1, 5 \ " .. 38W . :!50 mA ) 
Xu. -l :.! ,l i :.!J);\ $49.95 P pll. 

GIANT FREE CATALO G 
Bra nd Xew 1975 ellltlon - 164 pages. 
Ilum lreds of unique new items! Jl ar<l · to · 

f~1~~"r8~~~s ~~ rcgoa~:;~ne\~1t~~11f~,~~s~~~·'1~\~~s~ 
we1lges, mirrors , moun ts . n il t~·1>es of ac· 
cessories. 1oo·s or tnstrnments. Jasel's. rnm· 
para.tors, nuumifters. te lesropes , orojectors. 
microscopes, binocuJars , p hotoatta('J1ments, 
bla.cloi> lt J{ht equipment a nd t he world's 
largest selection of unique lighting equl11· 
ment. J.' 111111 illustrated. Great buys! Write 
for Cata log .. DA .. . 
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New Low Cost 
TIME CODE 

GENERATOR/READER 

. -
• : ~ ,._ - . ·-- • • - 3 6 5 2 3 5 9 5 9 -

• -··- - .. n• •" '_,., -~ ~-

Time Code Reader 
Generator I Reader 

' ... - L. ~ ~ ... ... -

.. $890. 

. $1265. 

The new LOW COST Series 9000 Time Code 
Units generate and read serial IRIG Time Codes 
used in analog magnetic tape instrumentation, 
hard wire transmission and telemetry systems .. 
In addition , they provide buffered parallel BCD 
outputs, TTL compatible, for digital storage de­
vices and computer inputs. Options include 
Multi-code units, Day-of-Year Calendars and 
Millisecond BCD outputs. 
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EL ECTRON IC D ESIGN 16, August 2, 1974 

No. 685 Moving Coil pancake edgewise 
meters, without barrel pro1ec t1on, may be 
mounted together for comparison reading 
applications. 30% larger dia l area for better 
readability. Shielded high torque move­
ment for all ranges 50 UA up to 750 volts, 
VU meters. and AC rect1f1er type volt­
meters 

No. 2018 Custom 1 'h" Panel Meter offers 
the same frictionless . self-shielded taut 
band movement as the 2 Vc" and 3Y.-" 
models. The #2018 is available in sensi· 
t1v1<1es from 100 Micro-amperes up to 5 
Amperes. and as a DC Voltmeter up to 
300 Volts DC. self-contained. #2018/ B 
d1st1nguishes panels with a die cas< metal 
benzel for behind panel mounting. Col ­
ored fronts . 

No. 685 Meter (without bezel) 
21/•" x 7/o" 

/Qth 
OUR ' Y~AR No. 2018, 1 314 " square; 

==·~ No. 2018/ B (wi th bezel) 

. --- --

HOYT HOYT ELECTRICAL INSTRUMENT WORKS, INC . 
BURTON-ROGERS COMPANY I Sales Division 

----- -

OUALITY IN S TRU MENTS 
SI N CE 1904 

556 Trapelo Road, Belmont, Mass. 02179 (617) 489-1520 
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Now Ceramic Chip Capacitors 
Available from 1 pf to 1 uf 

Many. values off the shelf, other deliveries 6-8 weeks ... 
K1200 (W5P) series from 100 pf through 1 uf . .. NPO 
series from 1 pf through .047 uf ... 25, 50, 100, 200 WVDC. 

Write for full line ceramic capacitor catalog . 

i i BELL INDUSTRIES/ ~~~~~~~~ts Division 
150 WEST CYPRESS AVE. • BUR BANK, CALIFORN IA 91505 
(213) 846-9302 • TWX 910-498-2207 
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THE 
LEMO 

QUICK-LOK 
MULTICONTAC 
CONNECTOR. 

Easily engaged and disengaged 
Rugged, all metal machined shell 

Positive strain relief accepts 
cables from .070 to .410 0.0. 

Polarized with hermaphroditic Insert 
'-----Easy to assemble 

172 

Miniature design saves panel space 
Quality appearance 

complements any front panel 
Available with 2 through 18 contacts 

~ .l.E/¥.17 86-R /NC: 
2015 SECOND STREET • BERKELEY. CA94710 
(41 5) 548-1966 • TELEX 335-393 
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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 

Components 
attenuators 164 
capacitors 7 
capacitors 165 
capacitors 171 
capacitors , ceramic 26 
capacitors, film 73 
elapsed-time indicator 156 
indicators 20 
indicators 41 
motor, de 21 
motor, synchronous 156 
motors, stepper 45 
motors, stepper 145 
readouts 139 
relays 151 
relays 158 
relays, reed Ill 
resistor networks 107 
resistors 2 
resistors 58 
solenoids 119 
switch, PC board 156 
switches 43 
switches 160 
switches 164 
switches, slide 159 
switches , toggle 159 
thermistors 162 
t hermistors 169 
timers 163 
transformers 83 
transformers II 
yokes 109 

Data Processing 
calculator 134 
digitizer, tablet 13'8 
disc, floppy 138 
formatter · 134 
keyboard 134 
photoelectric tape reader 154 
printer, column 138 
printer, column 136 
reader, paper tape 132 
storage module drive 135 
system, computer 136 
system, deflection 132 
tape drive, cartridge 136 
transmitter, optical 136 

Discrete Semiconductors 
diodes, p-i -n 127 
indicators, fault 152 
lamps, LED panel 150 
optoelectronics 31 
power Darlingtons 32 
thyristors 161 
transistors, power 152 
transistors , switching 152 
zeners 130 

Instrumentation 
ac/dc transfer standard 159 
capacitance meter 124 
counter 123 

IRN 

108 
7 

109 
117 
14 
32 

308 
8 

20 
9 

309 
22 
77 
70 
82 
92 

244 
44 

3 
31 
51 

310 
21 
97 

107 
94 
95 

102 
113 
106 
36 

243 
46 

275 
282 
281 
274 
276 

86 
283 
280 
273 

65 
277 
250 
278 
279 

56 
303 
252 

18 
16 

. 101 
301 
302 

59 

96 
262 
253 

Category Page IRN 

counter 126 264 
curve tracer 134 63 
DMM 123 257 
DMM , autoranging 19 7 
DPM 138 69 
DPM 157 89 
data delay unit 124 259 
facsimile recorders 169 112 
function generator 174 120 
generator/ reader 171 115 
logic-circuit testers 129 58 
meter relays 143 74 
multifunction counter 159 93 
noise analyzer 156 88 
osc i I lo scope 50 26 
oscilloscope 134 64 
pROM tester 124 261 
panel instruments 111 47 
panel meters 52 28 
recorder modules 150 81 
scales 161 98 
scope 124 260 
scope 126 265 
semi test equipment 115 49 
sweep generator 126 267 
synthesizer 124 258 
temperature controller 124 263 
test clip 94 40 
tracking receiver 144 76 
voltmeter 75 34 
voltmeter 126 266 

Integrated Circuits 
CMOS RAMs 122 53 
counter, CMOS 130 268 
ICs, linear IV 245 
op amp, quad 130 272 
phase lock loop circuits 1 2 
phone dialler 130 269 
RAMs 130 271 
shifter 130 270 

Microwaves & Lasers 
transformers, rt 150 80 

Modules & Subassemblies 
card , call answering 141 284 
control , solid-state 141 285 
controller, programmable 142 289 
converters, d/a and a/d 141 286 
converters and 

indicators 308 132 
driver, motor 142 288 
encoder 163 103 
power amplifiers 126 55 
pulse amps 165 111 
sensor, proximity 141 287 
synchronizer, shaft 142 290 

Packaging & Materials 
cable 6 5 
cable-sheath stripper 146 299 
card pull handles 146 297 
component ovens 161 99 
connector 145 293 
connector, PC 144 292 
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DOCOu.EGES 
HELP 

BUSINESS 
AS MUCH 

AS BUSINESS 
HELPS 

COLLEGES? 
Yes, they do. But not in 

the same proportion. 
Business contributes 

about 15% of the total vol­
untary support received by 
colleges. 

But today, business gets 
half the college-trained 
people who are employed. 
Tomorrow, it will need even 
more. 

As a result, businessmen 
should think seriously about 
increasing the level of cor­
porate giving to education. 
Can you, as a businessman, 
think of a better investme.nt? 

For the latest national fig-: 
ures on corporate giving to 
higher education, write on 
your letterhead for "CFAE 
Survey of Corporation Sup­
port of Higher Education," 
and enclose $2.00 to help 
cover costs. Mail to: Coun­
cil for Financial Aid to 
Education, 6 East 45th 
Street, New York, N.Y. 
10017. 

Give to the college of 
your choice. Now. 

Advertising contributed for the public good. 
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Category Page 

connectors 113 
connectors 133 
connectors, multicontact 172 
contacts, welded 152 
desolder tool 144 
enclosures 157 
ferrites 137 
flexible-cable products 27 
gold on lead frames 39 
heat sealers 163 
heat shrink RFI material 146 
insulator 145 
jacks and pins 165 
masking compound 146 
metals 74 
nuts 128 
panels 87 
polish, antistatic 146 
RFI shields 125 
rods, phenolic 157 
tape, polyester 136 
test kit, IC 146 
wire, cable and cord 23 

Power Sources 
battery 155 
battery charger 171 
de I de converter 154 
modular supply 154 
power supplies 51 
powe·r supplies 88 
programmable supply 155 
voltage regulator 155 
voltage transformers 

and regulators 30A 

new literature 

IRN 

48 
62 

118 
84 

291 
91 
68 

150 
19 

105 
295 
294 
110 
300 

33 
57 
37 

296 
54 
90 
66 

298 
234 

307 
114 
305 
304 

27 
38 

306 
87 

131 

CATV /MATV cable 162 336 
catalog, motor 137 67 
ceramic capacitors 162 338 
coaxial connectors 160 334 
electrical penetrations 160 332 
formatters 162 343 
HV leads and connectors 160 328 
ham-radio equipment 164 345 
high perm ferrites 162 341 
ICs 160 329 
instruments 160 331 
mass memory subsystem 160 333 
PC connectors 162 342 
photocells 162 339 
power supplies 162 335 
rf switches 160 330 
resistive components 164 344 
rocker switches 162 340 
SCR power controller 

guide 153 85 
subminiature lamps 162 337 
transistors and FETS 164 346 

application notes 
a Id conversion methods 158 322 
control system problems 158 321 
voltage regulation 158 320 

1evaluation samples 
card handles 
DIP converters 
PC test jack 
plastic parts 
rotary appliance 

switches 

158 323 
158 324 
158 327 
158 325 

158 326 

The game of PCB i-nsertion/ extraction 
is a common one with headaches like 
stubborn connectors and damaging 
stresses and strains. 

Card insertions and extractions are made 
safer and easier with simple, lever action 
CARD-0-PULLs™ that are designed for 
1/16" and 3/ 32" thick PCBs and for 
most card support systems. No special 
tools are needed. 

Nylon CARD-0-PULLs are available from 
stock in 8 styles, including locking 
versions to prevent accidental releases, 
and can be color coded and/or 
permanently marked for identification on 
a custom basis. 

Details, prici-ng and specific samples on 
request. 

BIVAR, Inc. 1500 South Lyon Street, 
Santa Ana, California 92705. Phone 
(714) 547-5832 

push, 
Pull I/ 

LOSK 
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This Model 30 
portable function generator 

goes from 
I Hz tOIOO kHz with 

sines, squares, triangles, 
aild linear 

or log sweeps. 

And it goes for 
$149.95 

WAVETE~ 
P.O . Box 651, San Diego, Calif. 92112 
TWX 910-335-2007, Tel. (714) 279-2200 
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~eed ~elaY§ in §t()ck with L()n(I Life & ve..-satilitY 

12 AU'112~~() 

The Ready Reeds are ready for you! Over 290 high quality 
types of reed relays are in stock for immediate delivery. A 
wide variety of hermetically sealed contact combinations 
and packaging techniques are available. Versions offered 
include; dry, mercury-wetted, sensitive, latching, power, 
high voltage, time delay, electro-statically shielded, and 
dual-inline-package DIP's. 

Magnecraft's reed relays can provide almost everything that 
a designer would want in order to accomplish a high 
speed switching function. The versatility of the relay is so 
great that it can be custom-fitted to almost any application 
at a lower cost in dollars and power and in a smaller space 
than almost any other device, conventional or solid state. 

The photo above portrays the reed relay packaging charac­
teristics available: epoxy encapsulated, axial leads, plug-in, 
eight and fourteen pin dual-inline-package, open styles, 
and standard, miniature, and micro miniature printed 
circuit packages. 

Our nationwide network of distributors and Chicago 
plant stand ready to serve your applications. But, if you 
don't find what you need in stock we will make if for you! 

STOCK CATALOG 

To help specify all your relay needs, ask for Magnecraft's 
new 1974 Stock Catalog with the most diversified line of 
over 1060 relays. A 68 page Designers Handbook and 
Catalog of Reed and Mercury Wetted Contact Relays with 
specific data drawings, and photos on all the various relays 
will accompany the Stock Catalog. 

Find Magnecraft Relays in EEM sec. 4500. 

l\([agnecJ!a£t' ELECTRIC COMPANY 

5575 NORTH LVNCH AVENUE• CHICAGO . ILLINOIS 60630 • 312 • 282 ·5500 • TWX ·910-221 5221 
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The solid-state janitor. 
If you want to design one tomorro~ 

we're ready with your linear IC5 today. 
Whatever you conjure up, we 

can help make a reality. 
Maybe you're looking ahead 

to remote control using Digital to 
Analog Converters, to advanced 
mobile communications equip­
ment, even to a completely 
automated factory. However 
advanced your design, we have a 
full house capability to help you 
get from the drawing board to the 
real world. We can supply the 
popular standard types, meet your 

custom requirements and offer 
proprietary types. 

We can help you with other 
products, too. We're a commodity 
supplier of power transistors; a 
recognized leader in CMOS; devel­
opers of liquid crystal displays; 
technology innovators of RF com­
ponents; and a major supplier of 
thyristors. 

In addition to comprehensive 
technical product data, RCA also 
gives you professional and expe-

rienced field engineering and 
applications support. As well as a 
comm itment to excellence in 
everything from research to 
manufacturing. 

So whatever you 're into, and 
whatever you need, check with us 
first. Chances are one or more of 
our products anticipate your needs. 
A good place to start is to check our 
handy product-line quide. Write 
RCA Solid State, Section 57H2, 
Box 3200, Somerville, N . J. 08876. 

Ren Solid 
State 

Internationa l, RCA, Sunbury-on-Thames, U.K., or Fuji Building, 7-4 Kasumigaseki, 3-Chome, Chiyoda-Ku, Tokyo, Japan. In Canada' RCA limited , Ste. Anne de Bellevue 81 0, Canada. 
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