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Telemetry frees the· h~art, pa~iel)t 

by allowing continuous remote 
monitoring of his electrocardio
gram. But high electrical noise 
levels, FCC regulations, antenna 
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design limitations and the need 
for patient comfort place severe 
constraints on the designer. For 
a look at the many problems of 
medical telemetry, see page 48. 



A good bench DVM 
is fast 
and accurate ... 

A great bench DVM 
is fast, accurate, 
and easy to use! 
HP's 3480 is a great bench DVM. Simple, foolproof con
trols and full , five-decade autoranging reduce operating 
effort and errors. Fast response time and low noise make 
millivolt adjustments easy. And high noise rejection 
makes the last digit fully useable. 

Low injected noise will not disturb the circuit under 
test. And constant > 1010 n input resistance on the lower 
three voltage ranges reduces loading errors. 

The digital readout display is presented in standard 
format for easy reading , easy understanding ; i.e., + 143.17 
mV- not backwards, or inside out. Other convenience 
features include a sampling-rate indicator and a manual 
trigger for quick one-shot samples. 

Options and plug-ins are available to give you com
binations of five DC ranges, five true-RMS AC ranges, 
and six ohms ranges. And you pay for only the capabili
ties you want. Prices begin at $1500 for five ranges of 
fully autoranging DC. 

For further information , contact your local HP field 
engineer, or write to Hewlett-Packard , Palo Alto , Califor
nia 94304. In Europe: 1217 Meyrin-Geneva, Switzerland. 
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HEWLETT~ PACKARD 

DIGITAL VOLTMETERS 
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Run it hot, run it cold, 
run it wet, run it dry ... 
ZERO-TC diodes always 
run it constant voltage ... 

6 

Weather or not. 
When all you can stand in your new circuit 
design is a few millivolts output voltage 
change over many degrees centigrade varia
tion, a ZERO-TC''tliode is the ideal equalizer. 
Providing voltage-time stability limits as low 
as 5 ppm/1,000 hours of operation, ZERO
TC's provide environment-tight, hermetic 
glass seals, "no-failure" RamRod* construc
tion and oxide-passivation for long-term, 
low-leakage stability and integrity of char
acteristics under most any external climate 
conditions. 
We'll show you how to use them to best 
advantage, too. 

Send for AN-43 7, an application note 
explaining all the design criteria and char
acteristics you'll need to know about how to 
lock in voltage stability and circuit equilib
rium under most any ambient temperature/ 
humidity environments. Write: Motorola 
Semiconductor Products Inc., P.O. Box 
20912, Phoenix, Arizona 85036. 

You'll also receive a Selector Guide - for 
choosing the exact reference device you'll 
need from 141 standard ZERO-TC types -
and the key to hundreds of specials, too. 

So you can do just the right thing about 
the weather. 

*Trademark Motorola Inc. 
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Instrument Specialties 
new inlay-overlay technique 

improves contact reliability, 
preserves spring characteristics. 

A new technique from Instrument Specialties, employing 

beryllium copper spring material inlaid or overlaid with 

precious metal alloys, solves many critical contact spring 

problems in a better, more economical way. You can 
improve surface conductivity at low voltage levels without 

electroplating. And, in high-current applications, you can 
obtain thicker contact sections without the added production 
cost of assembled contacts. 

Using this technique, Instrument Specialties can also furnish 

springs with a stripe of non-solderable material, creating 

an effective solder barrier for fast, clean connections. 

This cost-saving process can provide many combinations 

of precious metals with spring materials, either as individual 

springs or in convenient strip form. 

In volume production, it could be your most economical 

way to combine superior contact characteristics with 

optimum spring performance. Or, depending upon your 

needs, an Instrument Specialties spring specialist may 
recommend one of our other proved techniques-Contips~ 
selective plating, riveted or welded contacts, etc.-to solve 

your problem. Write today for more information. There's no 
obligation. Address: Dept. ED-64. 

INFORMATION RETRIEVAL NUMBER 6 

ELECTRONIC D ESIGN 24, November 22, 1970 

INSTRUMENT SPECIALTIES CO .. INC. 
Little Falls , New Jersey 07424 

Phone 201-256-3500 

7 



RCA Type Package 

2N5034 T0-3equiv. 
2N5035 Straight lead 
2N5036 T0-3equiv. 
2N5037 Straight lead 

2N5293 T0-66 equiv. 
2N5294 Straight lead 
2N5295 T0-66 equiv'. 
2N5296 Straight lead 
2N5297 T0-66 equiv. 
2N5298 Straight lead 

2N5490 Straight lead 
2N5491 T0-66 equiv. 
2N5492 Straight lead 
2N5493 T0-66 equiv. 
2N5494 Straight lead 
2N5495 T0-66 equiv. 
2N5496 Straight lead 
2N5497 T0-66 equiv. 

RCll 
8 

FOUR FOR FREE I 
RCA offers you four plastic 
power transistors without charge. 

v (sus) 
CER 

v 
fr=0.8 MHz min; Pr=100W max 

45 
45 
60 
60 

fr=0.8 MHz min; Pr=36Wmax 

75 
75 
50 
50 
70 
70 

fr=0.8 MHz min; Pr=50 W max 

50 
50 
65 
65 
50 
50 
80 
80 

h 
FE 

20-80 
20-80 
20-80 
20-80 

30-120 
30-120 
30-120 
30-120 
20-80 
20-80 

20-100 
20-100 
20-100 
20-100 
20-100 
20-100 
20-100 
20-100 

I 
c 
A 

4 
4 
5 
5 

0.5 
0.5 
1 
1 
1.5 
1.5 

2 
2 
2.5 
2.5 
3 
3 
3.5 
3.5 

Why? Because RCA has produced millions of plastic power transistors 
for automotive and audio applications, production techniques are proven, 
reliability is established, and prices are lower than hermetic counterparts. 
We're confident that you will design RCA plastic power into your circuits -
once you've tried them! 

Review the chart and select any four. They're ideal for applications 
such as voltage regulators, switching regulators, linear regulators, pulse ampli
fiers, I inear amplifiers, power switching, solenoid relays, and many others. 

Next, contact your RCA Industrial So/id-State Distributor; he is your 
source for the four free samples. This offer is good in the U.S.A., and 
expires December 31, 1970. 

RCA I Electronic Components I Harrison, N.J . 07029 

v 
CE 
v 

4 
4 
4 
4 

4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
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to get 863 more 
the same money: 
ou need a sixth or seventh 
yours for only $75 each. A 

i output is just $50, regard
:he number of digits. For 
nents between 50 and 500 
the 1157-8 Scaler - only 

e. For extra savings, GR has 
discounts for orders of 10 
mi ts. 
1 basic 1192 Counter has 
e-accepted by the FCC for 
uency monitoring and the 
version has been similarly 
for fm use (including vhf 

1) . 
get a lot more range with-
1g out a single extra penny, 

call the GR District Office nearest 
you and ask for an 1192-B. If you 
prefer, write GR at 300 Baker Ave., 
Concord, Massachusetts 01742 or, 
in Europe, Postfach 124, CH 8034, 
Zurich, Switzerland. 

I General Radio 

BOSTON 117 '41·0650 / CHICAGO 312 H2.QIOO I DALLAS 214 ll7·:U40 
LOS ANGELES 7t4 5'0.IUO I NEW YORK IN. V .I 212 M4·21ZZ IN.J .I 201 M).3140 

SAN FRANCISCO 415 941-1233 /SEATTLE 20l 1U·l1IO 
WASHINGTON, D.C. 301111·5lll / TORONTO 411 252-3395 /ZURICH 10&1147 70 20 

,._ 
<I llltillOI 

,... •~Ulifll 

100-n- 1 
ll'IS 10 

l(IMS 10 
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RELAYS 
industry standards 

I 
I 

I 

I 
I 

~' 
~" I 250 Hz 

standard 

' ' 

Norn. oltage 

~ faster response 
At nominal voltage, 
HGJ response time= 1 ms. 

@.RE c. P. CLARE & co. 
.. Chicago 60645 and worldwide. 

A General Instrument company. 



Its S395 price 
beats competition I But· 

that's only One reason 
to buy it I Look at the 

other reasons: 
• Hickok's new Model 3300 3V2 digit multimeter 
has 26 ranges of ac-dc voltage and current, 
and ohms. 

• Ranges are 100.0 millivolts to 15.00 kilovolts, 
1.000 milliamp to 1.999 amps, 100.0 ohms to 
199.9 megohms. 

• Measurement conveniences-automatic zeroing 
and polarity, constant input Z, LSI reliability. 

• Operates 24 hours off internal battery pack 
(more than anyone else's). And the battery pack 
is standard. 

• Recharges overnight (faster than others). 

• Or, operates off the ac line, even during the 
recharge cycle. 

• Goof-proof, even in less experienced hands
solid state circuitry is overload protected. 

• Rugged case is impact-resistant and shockproof. 

Really, should you pay more? 
And maybe get less? 

Circle Reader Service Card # © for complete infor

mation. Or call your local Hickok man for a demonstration. 

HICKOK INSTRUMENTATION GROUP 
10514 Dupont Ave. • Cleveland, Ohio 44108 
Phone 216-541-8060 
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What's so surprising 
about a new pulse generator with a 
rep rate of 1 HZ to 25 MHz, 
double pulse to 40 MHz, and 
rise time of 3 nanoseconds? 
The price: $395.00 

You can pay twice as much for what 
Cimron has designed into its new 
series of pulse generators. Or, you 
can spend the same money some
place else and get far less capability 
and performance. Even at its sur
prising price, the Model 3103 will 
handle just about any time domain 
testing requirement for the design 
and production of semiconductors 
and instruments. 

First class features back up the 
3103's great specs. There's simul
taneous bipolar output, synchronous 
or asynchronous gating and a back-

matched output amplifier that de
livers a usable pulse even in the 
unterminated mode. 

Whether your application calls for 
a simple repetitive clock source, con
trolled gating or external triggering, 
you get more for your money at 
Cimron. Select the 3103, or one of 
two companion models, for your spe
cific requirement. The Model 3101 
Logic Driver ( just the thing for IC 
testing at $265) gives you a simul
taneous complement output that 
eliminates the need for an external 
inverter. And for $325, the 3102 sup-

plies a variable output to a full 10 
volts into a 50 ohm load. 

All our economical new pulse gen
erators contain IC logic and are en
gineered "with Cimron's "customer 
concern." So if you're ready to spend 
money on a general purpose timing 
pulse source, price Cimron. We 
wouldn't be surprised if you bought 
two of ours. 

Write Cimron, Dept. E-112. 1152 
Morena Boulevard, San Diego, Calif. 

c:IM~CIN 



NE 
AUTO-POLARITY 
FET VO-M SPEEDS 
TESTING 
You've probably imagined the convenience and time
saving you'd enjoy if you could just clip one of 
the V-0-M leads to ground or to the chassis, and 
have your meter always read upscale regardless of 
the polarity of any other terminal you touched. 

No need to imagine it any more ... you can see it and 
try it right now at your Triplett distributor. Called the 
Triplett Model 602, it's probably the most convenient 
V-0-M ever built. Its convenience goes well beyond 
the auto-polarity feature, though ... to AC and DC 
measurements from 10 mV to 1000 V in 8 ranges at 
11 megohms DC and 10 megohms AC input resistance 
... AC and DC from 0.02 to 1000 mA in 4 ranges ... 
resistances from 0.2 ohms to 1000 megohms in 6 ranges. 
And with an accuracy of 3% on voltage measurements, 
and a rugged suspension-type meter movement, 
the Model 602 has what it takes to make your job easier. 

This' great new V-0-M is only $100 suggested USA 
user net. For more information, or for a free, no-obligation 
demonstration, call your local Triplett distributor or your 
Triplett sales representative. Triplett Corporation, 
Bluffton, Ohio 45817. 

'nfTRIPLETT 
The World's most complete line of V-0-M's . .. 
choose the one that's just right for you. 

MODEL 602 
TYPE I 

AUTO POLARITY 

1fili? :..IPLETT 

SOLID STATE 
Y·O·M 

OHMS 
ADJ. 

1. Auto Polarity . . . convenient and time-saving; creates 
memory and suppressed scale . 

2. High sensitivity (.3V AC and DC) at constant 11 megohms 
input resistance. 

3. Simplified scale with only 2 arcs for 24 AC/ DC ranges. 

INFORMATION RETRIEVAL NUMBER 11 
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Designer's 
Calendar 

JANUARY1971 f-

s M T w T F s 
1 2 

3 4 5 6 7 8 9 

10 11 12 13 14 15 16 

17 18 19 20 21 22 23 

24 25 26 27 28 29 30 

31 

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

Jan. 12-14 
Symposium on Reliability (Wash
ington, D. C. ) Sponsors: IEEE et 
al. J. W. Thomas, Vitro Labs., 
14000 Georgia Ave., Silver Spring, 
Md. 20910. 

CIRCLE NO. 401 

Jan. 25-26 
Optics in Microelectronics Con
ference (Las Vegas, Nev. ) Spon
sor: Optical Society of America, 
Microelectronics Meeting, 2100 
Pennsylvania Ave., N. W., Wash
ington, D. C. 20037. 

CIRCLE NO. 402 

FEBRUARY 1971 t-

s M T w T F s 
1 2 3 4 5 6 

7 8 9 10 11 12 13 

14 15 16 17 18 19 20 

21 22 23 24 25 26 27 

28 

l 
Feb. 9-11 
Aerospace & Electronic Systems 
Winter Convention (WINCON) , 
(Los Angeles ) . Sponsors: IEEE 
et al. William H. Herrman, Win
con '71, IEEE Los Angeles Coun
cil, 3600 Wilshire Blvd., Los An
geles, Calif. 90005. 

CIRCLE NO. 403 

Feb. 17-19 
International Solid State Circuits 
Conference (Philadelphia, Pa. ) 
Sponsors: IEEE et al. Lewis Win
ner, 152 W. 42nd St., New York, 
N. Y. 10036. 

CIRCLE NO. 404 

The UniPower series of compact, wide voltage range, regulated power supplies will 
reduce your power supply inventory drastically. A unique design concept, developed 
by Power/Mate Corp., allows any UniPower supply to be set for a range of voltages. 
Therefore, you need only inventory one supply in place of dozens. The entire UniPower 
Series replaces literally thousands of narrow- range supplies! Find out more about how 
to cut down your power supply inventory. Write or call POWER/MATE CORP. today. 

The UniPower Series of Nine 
Uni-76 - 0-34 volts, 0.5 amps - $76.00 
Uni-88 - 0-34 volts, 1.5 amps - $99.00 
Uni-30C - 0-30 volts, up to 4 amps - $134.00 
Uni-300 - 0·30 volts, up to 6 amps - $151.00 
Uni-30E - 0-30 volts, up to 12 amps - $174.00 
Uni-30F - 0-30 volts, up to 15 amps - $205.00 
Uni-30G - 0-30 volts, up to 24 amps - $265.00 

Uni·30C Uni-30H - 0-30 volts, up to 34 amps - $315.00 
Price: $134.00 UniTwin-164 - dual output 0·25 volts, 0.75 amps - $164.00 

OUTPUT VOLTAGE vs. OUTPUT CURRENT FOR VARI-RATED UNI SERIES 

MODEL 
0·3 5 6 8 10 12 14 15 

VOLTAGE 
16 18 20 22 24 26 28 30 

UNl·76 0.5 amp throughout range 
UNl-88 1.5 amps throughout range 
UNl·3DC 4 4 4 4 4 3.75 3.6 3.5 3.4 3.25 3.0 2.9 2.75 2.5 2.5 2.1 
UNl·3DD 6 6 6 5.6 5.2 5.0 4.7 4.5 4.3 4.2 4.1 3.7 3.5 3.4 3.3 3.1 

UNl·30E 12 12 11 10.5 9.5 9.3 8.5 8.0 7.7 7.5 7.0 6.5 6.0 5.7 5.5 5.2 

UNl·3DF 15 15 15 14.2 12.8 12.0 11.5 11.0 10.0 9.9 9.4 8.9 8.7 8.5 8.0 7.6 
UNl·30G 24 22 21 20 18 17 16.5 16.0 15.5 15 14 13.5 13 12.5 12 11.5 
UNl-30H 34 32 31 29 25 23 22 21 20 19 17 16.5 16 15.5 15 14.3 

SPECIFICATIONS: Regulation - up to ± 0.005% or 1 MV for line and load ; Ripple - Less than 250 
microvolts; Response Tim'e - Less than 20 microseconds; Overload and Short Circuit Protection - Solid 
state. Instantaneous recovery, and automatic reset. Cannot be damaged by prolonged short circui! or 
overload. Internal or External Adjustable OVP Available. 

FREE : Send for complete catalog . Write to : 

POWER/MATE CORPORATION 
514 SOUTH RIVER ST. , HACKENSACK, NEW JERSEY 07601 
PHONE : (201) 343-6294 TWX : (710) 990-5023 

INFORMATION RETRIEVAL NUMBER 12 
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Want to do something about the 
high cost of interconnections? 

... about runaway impedance values? 

... about reliability? 

Call for Mektron® jumpers by Rogers! 
Mektron jumpers are designed for point-to-point signal transmis
sion following practically any path - in any kind of computer or 
peripheral equipment. Their economies begin with proprietary 
manufacturing techniques like continuous etching and mass termi
nation ... and extend all the way to simple, foolproof installation. 

Impedance? In each and every jumper, we'll guarantee to control 
it to within ± 50/o of the value you specify. 

Reliability? There are scores of connections in every jumper. 
While the connections we've made now number in the millions, 
no failure has ever occurred! And wiring errors just can't happen. 

If this is the kind of signal or current-carrying hardware YOU 
need, let us tackle your interconnection requirements today. Call 
Bob Sanders at (203) 774-9605. 

Convent ion al 
(wired) 
jumper 

® 

~~~~rp~o~~sr~r?~~~1~~~ ~~O~~~~' !:~~~~~!~;~!n~!~~~ ~ 
Circuit Systems Division, Chandler, Arizona; Mektron N.V. , Ghent, Belgium. ~ 
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SOLID-LITE 

SOLID STATE LAMPS 
AND 

NUMERIC INDICATORS 
New Solid-Lite semiconductor display 
devices use gallium phosphide, the 
most efficient of all visible-light elec
troluminescent materials. You get bright 
light at lower current. 

SOLID-LITE Solid State Lamps 
Provide an area source 
of light-not just a pin
point. These IC-com
patible light-emitting 
diodes produce a lumi

nous intensity of 2 millicandelas at 15 
mA and 2.1 volts with easy wide-angle 
viewing. They offer: 

• Low power consumption 

• Excellent shock and vibration 
resistance 

• High reliability-long life 

• Low cost 

SOLID-LITE Solid State 
Numeric Indicators 

Actual 
Size 

Low-cost, seven-segment numeric in
dicators in standard 14-pin dual in
line packages are compatible with TTL 
and DTL IC's. Large, bright numerals 
are pleasing to the eye. They offer: 

• Low voltage operation at less than 1/4 
watt total power 

• Large character size-.33" x .21" 

• Single-plane wide-angle viewing 

• High reliability-long life 

• Excellent shock and vibration 
resistance 

For technical literature ·or applications 
assistance, write or call OPCOA, Inc., 
330 Talmadge Road, Edison, New Jer
sey 08817; phone (201) 287-0355. 

OPCOAINC. 
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tt;{i,:~;; . Changes in offset voltage caused by supply irregu-
7~ .' 2'·· • larities are eliminated. Four external resistors are 

,,·. • ~;~ ..... eliminated . .... , ,~ ~ ~-

. - '·, ' r At the other end of the multiplier the differ-
·:- . 

Second generation IC 
"Multiplier Plus" 

Plus What? ... Plus built-in voltage 
regulator and current converter 

Motorola's new MC1594/ 1494 introduces the 
second generation of monolithic IC four-quadrant 
multipliers based on the variable transconduct
ance principle. The "multiplier plus" is easier to 
use than the familiar industry standard MC1595/ 
1495, and it offers a new high level of performance. 

"Plus" features for cost reduction 
The built-in current and voltage regulator 

eliminates the effects of power supply fluctuation 
and reduces the number of external components 
required. It regulates all current sources on the 
monolithic chip, effectively immunizing the mul
tiplier to supply voltage fluctuations. It also pro
vides two ( +4.3 V) regulated voltages to bias 
the offset adjust potentiometers. Interaction 
among the pots during adjustment is eliminated. 

ential current converter provides a single-ended 
output current referenced to ground. 

"Plus" features 
for Improved Performance 

Linearity of 0.5% max (X or Y) for the 
MC1594 sets a new standard of excellence, and 
the MC1494 offers a fine 1.0% max error (X or 
Y). The "multiplier plus" is easier for the designer 
to use because it handles input and output volt
ages of ±10 V with ±15 V supplies. And power 
supply sensitivity is also significantly improved. 

~ LINEARITY VS TEMPERATURE 
a: 1 . 00r---.---.--.-----.---..----~-~ 
0 
a: 
a: 
;;'. 0.75r------t----t--+---+---+----+-----l 
..... 
a: 
::5 0.50t---+---+--+---+--+----+----I 

~ ,~---1----+-~-+~~~~-1-~--.J~~~ 
~ 0.25r-----t----t--+---+---+----+-----l 

w 
a: 
o o~-~---'----'-----'---L-.--'--__J 
~ - 55 - 25 +25 +50 +75 +100 +125 

w 
TA• AMBIENT TEMPERATURE ("Cl 

Please turn page for circuit information 



Here Is The Second Generation Monolithic IC Multiplier 
Motorola's MC1594/1494 "Multiplier Plus" 

CURRENT 
AND VOLTAGE 

REGULATOR 

BLOCK DIAGRAM 

COMPLETE CIRCUIT SCHEMATIC 

DIF FERENTIAL 
CURRENT + 

CONVERTER 

v• 
15 0.,.---..,i----r--~-...-~----.------------<i---r--..--.---. 

DIFFERENTIAL CURRENT CONVERTER 

TYPICAL MULTIPLIER CONNECTION 

v+ " +15 Vdc 
Rx • 30 k Ry • 62 k 

K ADJUST 

Vy r GND 

v- = - 15 Vdc 

Check these performance features Learn all about the 
"Multiplier Plus" right away 
T he MC1594L and MC1494L a re 

avai la ble now fro m you r n earest 
Motorola distributor at 100-up prices 
of $12.00 - MC1594 and $8.00 - MC-
1494. Both devices are in the 16-pin 
ceramic dual in-line package. For a 
14-page applications-specifications 
data sheet, circle the reader service 
number or write Motorola Semicon
ductor Products Inc .. P.O. Box 20912. 
P hoenix, Arizona 85036. 

• Excellent linearity 
0.5% max (X or Y) - MC1594L 
1.0% max (X or Y) - MC1494L 

• Wide input voltage range - ± 10 V 

• ± 15 V supply operation 

• Single ended output referenced 
to ground 

• Improved offset adjust circuitry 

• Adjustable scale factor 

• Power supply sensitivity -
30 mV / V (typ) 

Ci rcl e No. 121 

The circuitry shown external to Motorola products is for illustrative purposes 
only, and Motorola does not assume any responsibility for its use or warrant its 
performance or that it is free from patent infringement. 

"Multiplier Plus" 
Special Introductory Offer 

Complete MC1594 or MC1494 
Evaluation a nd Experimen t K it D C 
and AC applications - All you need 
to build it for Multiply • Square • 
Divide • Squa r e R oot • Balanced 
Modulator • Amplitude Modulator • 
Phase Detector • Frequency D oubler. 

403 Off total 1-up price of a ll com
ponents a nd ha rdware! 

MCK1594 K it . . T his $38.45 value 
only $23.10 

MCK1494 Kit ... A $32.45 value at 
only $19.50 (substitu te MC1494L 
m ultiplier ) 

Parts list 
MCK1594 and MCK1494 

Quantity 

1 

1 
2 
2 

1 
1 
1 
1 
2 

2 

2 
3 
1 
1 
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Part Description 

MC1594L or 
MC1494L 
MCl 741CG op amp 
1N5241B Zener Diodes 
510 ohm, 1/ 4 W, 
20% carbon resistors 
16K, 1/ 4 W, 5% film resistor 
22K, 1/ 4 W, 5% film resistor 
30K, 114 W, 5% film resistor 
62K, 1/ 4 W, 5% film resistor 
20K, 15 turn cermet 
potentiometers 
SOK, 15 turn cermet 
potentiometers 
O.lµF ceramic disc capacitors 
lOpF ceramic disc capacitors 
16-pin dual in-line socket 
PC board 
terminals 

Also contains complete "How To 
Do It" construction note and data 
sheet with applications information. 

Specify by MCK1594 or MCK1494 
- state quantity - enclose check 
(P.O. is OK for order over $20.00) -
offer expires May 20. 1971 - limit . 
5 (five) kits. Send order to Motorola 
Semiconductor Products Inc., P.O. 
Box 20912, Phoenix, Arizona 85036. 

MOTOROLA LINEAR 
- serv111g a greater range of analog designs I 



Don't take any chip 
from anybody ... 

for more than a 
"spec" of difference 

· specify Aerovox 
If other manufacturers could supply chips of 

"CERALAM" construction, then and only then 
would you be getting the ultimate in chip capaci
tors. The fact remains however, that only AERO
VOX manufactures chip capacitors using the 
superior "CERALAM"® construction .. . rugged 
chips combining ceramic dielectric layers and 
noble metal electrodes, all fired into a dense, 
monolithic block. 

Along with state-of-the-art chips to meet mi
crominiature size configurations, Aerovox offers 
you chips in any one of the three standard cera-

mic formulations including "NPO", the most 
stable capacitor dielectric available. TC materials 
are also avai lable on order, as are chip capaci
tors with leads and th in epoxy coating for pro
tection during handling. Take advantage of our 
capability to put more capacity into any size 
package. 

If you're tired of waiting for your "chips" to 
come in and are more interested in deliveries 
and not promises, and you want the best chip 
capacitor available today and tomorrow, call 
Aerovox. 

/:..\vh:< Aerovox® 
A EROVOX CO RPORATION , N EW BE D FOR D, MASSAC HU SETT S 02741 • TEL. 6 17- 994-9 66 1 
PLANTS IN , N EW BEDFORD, MA., OLEAN & FRANKLINVIL LE, N.Y., MYRTLE BEACH, S.C . AND HAMILTON, ONT., CANADA 
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Core 
·cutability. 
Surprise! Only Arnold offers nickel/iron cut cores. 
Most people are pleasantly surprised to dis
cover that we can produce nickel_:iron cut cores. 
They are, in fact, an Arnold exclusive. Includ
ing C-cores, E-cores, cut toroids, and special 
shapes. 

So, if you're looking for a cut core for a low
loss, high-frequency transformer or for a simi
lar specialized application, come to Arnold 

first. We've got cut cores (made from Deltamax, 
4-79 Mo-Permalloy, Square Permalloy, Super
malloy, and Supermendur) with the high in
ductance, low loss, and economy you want. 

Just one of the surprising things in magnetics 
that come from Arnold. Let's talk things over. 
Information on cut cores is yours when you 
call or write. 

A_~!!-~2~ 
The Arnold Engineering Co ., Dept. Al . Marengo. Illinois 60152 •Member Company of Allegheny Ludlum Industries• Branch Offices and Representatives in Principal Cities 

INFORMATION RETRIEVAL NUMBER 18 
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essthe 
priceof 's 
new counter 

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

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

That modest sum also buys a counter 
with a built-in integrating digital volt
meter. So it's the only counter that can 
measure internal trigger level settings or 
other inputs with DVM precision. Now 
you can measure 10 to 90 % rise times, half 
p~wer points and other voltage-dependent 
time intervals. That means unprecedented 
simplicity, for example, in propagation 

delay measurements. The counter also 
features four integration times. As a DVM, 
it provides three voltage ranges, 60 dB 
noise rejection and 0.05 % accuracy. 

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

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

INFORMATION RETRIEVAL NUMBER 19 

You can get all of these benefits in the 
5 326B for $15 50, or buy the same counter, 
less the DVM, in the 5326A for $1195. Any 
way you look at the 5 3 26 A or B-either is 
a great counter value. Your local field 
engineer has all the facts about HP's new 
IC counter line. Give him a call or write to 
Hewlett-Packard, Palo Alto, California 
94304; Europe: 1217 Meyrin-Geneva, 
Switzerland. 

HEWLETT WP PACKARD 

ELECTRONIC COUNTERS 

02003 



... want a tantalum capacitor with proven performance? 

Buy TYPE lSOD TANTALEX® 

INFORMATION RETRIEVAL NUMBER 821 

SOLID-ELECTROLYTE 
CAPACITORS 
• Hermetically-sealed in metal cases • Four case sizes, ranging from 

V<i" to =!4" length • Value-packed performance characteristics

low impedances· at high frequencies, low dissipation factor, minimal 

capacitance drift with temperature, practically no change in 

capacitance with life • Low leakage current limits • New higher 

capacitance ratings • Request Engineering Bulletin 3520F 

4SC·9144R3 

Buy resistors with built-in dependability ... 

Vitreous-enamel BLUE JACKET® 

INFORMATION RETRIEVAL NUMBER 822 

POWER WIREWOUND 
RESISTORS 
• All-welded end-cap construction eliminates moisture along 

leads, also anchors leads securely to resistor body • Expansion 

coefficients of vitreous coating, ceramic core, and end caps 

are closely matched • Standard wattage ratings include l, 2, 2.5, 

3, 5, 7, 10, and 11 watts • Also available with radial tab terminals 

in ratings from 8 to 230 watts • Request Engineering Bulletin 74100 

4S R-9145 R2 

For Engineering Bulletins as noted above, write to: 
Technical Literature Service, Sprague Electric Co., 347 
Marshall Street, North Adams, Massachusetts 01247. SPRAGUE® 

THE MARK OF RELIABILITY 
THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

· spru:ue' and ·@· ire re1istered trademarks of the Spr11ue Eledric Co. 
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Medical electronics seeks 
prescription for standards 

WASHINGTON, D. C.-With the 
demand for electronic medical de
vices rising, who will set the stand
ards for products? Delegates to an 
Electronic Industries Association 
conference on health-care elec
tronics wrestled with the issue in
conclusively here this month. 

After presentation of a paper 
and discussion by conferees, the fol
lowing points were raised: 

• Manufacturers often can't 
agree on standards. 

• Standards are no good unless 
they can be monitored, and this is 
the role of the Government. 

• If the Government steps in 
with "czar-like powers" to certify 
and enforce standards, both indus
try and users could be hurt. 

• If users of electronic equip
ment-such as the American Hos
pitals Association-set u·p stand
ards, people who know little about 
engineering would be specifying op
erational requirements. 

• If organizations such as the 
Association for the Advancement 
of Medical Instrumentation, Ameri
can National Standards Institute, 
the National Electrical Manufac
turers Association and the EIA set 
standards, the members who finan
cially support such organizations 
would be in the position of regu
lating themselves. 

Meeting in the Washington Hil
ton Hotel, the conferees heard Dr. 
John Collins, president of the As
sociation for the Advancement of 
Medical Instrumentation, present a 
paper strongly advocating a U. S. 
Government-funded standards 
group comprised of representatives 
from manufacturers, the medical 
profession, government and engi
neering fields. 

But, Collins told ELECTRONIC 
DESIGN later, he would "like to see 
someone who is not the government 
set up standards." He said they 
should be formulated by "people 

Medical electronics, such as that 
used to record arterial pulse (above) 
is part of a new market searching 
for standards. 

who know how to make and oper
ate the devices." 

The economic outlook for health
care electronics is good. Dr. Theo
dore Cooper, director of the Na
tional Heart and Lung Institute at 
the National Institutes of Health, 
said there were about 5000 types 
of medical devices on the market, 
produced by some 1300 manufac
turers in the U. S. 

He quoted Dept. of Commerce 
figures-"which may be underesti
mates," he said-showing that the 
total value of medical and dental 
instruments sold this year was 
$2-billion and proj ecting a rise to 
$2.8-billion by 1975. 

Minicomputer joins 
heart disease fight 

A low-cost minicomputer may 
soon relieve doctors of the tedious 
job of analyzing electrocardiograms. 
Instead of printing out the results 
of an EKG alongside the patient, 
an EKG cart sends a 3-channel, 
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multiplexed, composite analog FM 
signal over common voice grade 
telephone lines to a central com
puter facility. There, a low-priced 
35-pound, Varian 620/ i minicom
puter demodulates the signal, yield
ing three signals. 

These are converted from analog 
to a digital representation. They 
are then formated on magnetic tape 
and stored for further analysis. 

The tape is then taken to the 
central processor-an IBM 360/ 65 
-which examines the heart cycle 
intervals in terms of amplitude in 
millivolts and durations in seconds. 
The results are sent back to the 
user via teletypewriter or mail. 
The system was developed by the 
Boeing Co.'s Computer Services 
Div., Philadelphia, Pa. 

New weather satellite 
to offer better coverage 

A satellite intended to provide 
more weather coverage than ever 
before is slated to be launched next 
month by NASA from the Western 
Test Range, Lomboc, Calif. The 
new spacecraft is designated 
NOAA-1 after the recently formed 
National Oceanic and Atmospheric 
Administration, which will operate 
it: 

The satellite's sensing system 
contains advanced vidicon cameras 
and scanning radiometers that 
gather data around the clock
visually by day and with infrared 
techniques at night. The informa
tion is being transmitted automati
cally with systems developed by the 
spacecraft's manufacturer, RCA 
Defense EI e ctr on i cs Products, 
Moorestown, N. J. 

IBM's minicomputer 
worries competitors 

The announcement of IBM's new 
sensor-bas e d minicomputer- the 
System/ 7-has stirred ripples of 
uneasiness in the remainder of the 
minicomputer industry. The day 
after the announcement the stocks 
of leading competitors dropped 
noticeably. 

The shudders among competi
tors come from System/ 7's mini
mum price- $352 per month rental 
of $16,060 to buy. This is low 
enough to cause some buyers to 
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SCOP8coNTINUED 

pass up the competition, even if the 
latter offers slightly lower prices. 

System/ 7, a ready-to-operate 
system for gathering and process
ing analog or digital data, is aimed 
at the largest and most lucrative 
segment of the minicomputer mar
ket-the control of processes and 
manufacturing. Most mini manu
facturers do not sell to this market 
directly but deal through OEMs. 
IBM is now a direct competitor of 
both the makers and marketers of 
minicomputers. 

The front end of the IBM system 
contains input/ output modules to 
condition the incoming information 
to match the needs of the central 
processing unit. ln addition to the 
I / 0 and CPU, System/ 7 contains 
an operator's station to allow com
munication with the system. The 
CPU features a 400-ns cycle time, 
16-bit words and a memory of 2000 
words, expandable to 16,000. The 
CPU and memory are constructed 
of monolithic semiconductors. 

Optional telecommunication con
trols are available to interface the 
S/ 7 with the S/ 360 or 370 or other 
IBM machines. System/ 7 cannot be 
used as a stand-alone computer. 

Panel criticizes AT&T 
on data communications 

Dissatisfaction with American 
Telephone and Telegraph's han
dling of the needs of digital com
munications users was aired at a 
recent conference held in New 
York City. 

Panelists at the conference con
sisted of AT&T competitors in data 
communications hardware and pos
sible future competitors as data 
communications common carriers. 

The major charges against the 
Bell System were: 

• transmission via telephone 
lines is slow and error rate high 
with respect to cost. 

• with data communications 
growing at 50 percent annually, the 
Bell System is not expanding fast 
enough to meet user needs. 

• telephone lines-designed for 
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voice transmission-are basically 
incompatible with optimum digital 
transmission. 

• the Bell System has purposely 
used the courts to slow down the 
construction of a competing data 
transmission system. 

The conference was sponsored by 
Computer Decisions magazine. 

Univac posts new entry 
in large-computer derby 

With the largest plated-wire 
memory ever installed in a comput
er, Univac hopes to compete with 
IBM's System/ 370 and RCA's 
Models 2, 3, 6 and 7. The new 
Univac machine, which is scheduled 
to reach the market in November, 
1971, is the Model 1110. 

It has a capacity of 260,000 36-
bit words with a 320-nsec read 
time and 520-nsec write time. It 
contains a disc subsystem-a de
parture from Univac's usual prac
tice of using drums only. 

The basic 1110 system is said 
to be capable of performing three 
million calculations a second, pro
viding 300 to 500 % more computer 
power than the Univac 1108, previ
ously the company's most powerful 
computer. 

Without peripherals the Model 
1110 will rent for about $44,200 a 
month, with a purchase price of 
$2-million. 

Univac's entry into this price 
range appears to confirm RCA's be
lief that this is currently the most 
lucrative segment of the computer 
market. 

Infrared test system 
measures car exhaust 

A small infrared test system to 
measure the emissions in automo
tive engine exhaust has been de
veloped by Chrysler Corp.'s Space 
Operations in Huntsville, Ala. 

To be used in manufacturing 
plants, automobile dealerships and 
by regulatory agencies, the system 
is "the first diagnotic tool that 
successfully measures all types of 
exhaust emissions together at the 
same time," the company says. 
Other devices sample gas emission 
components one at a time. The 
usual components of automotive ex
haust are carbon monoxide, carbon 

dioxide and hydrocarbons. 
A typical test starts with an 

exhaust sample drawn from the en
gine to the analyzer test cell. As 
the exhaust gas passes through the 
cell, energy from the infrared beam 
is absorbed by each emission com
ponent. Electrical detectors at the 
opposite end of the cell convert 
the energy into electrical signals, 
which · are then scribed on a graph 
or chart. 

About one-third the size of com
parable nondispersive- infrared test 
equipment, the vehicle exhaust 
analyzer is four feet long and three 
feet wide. The size reduction, the 
company says, is possible because 
the infrared dispersive energy 
beams use only one cell to sample 
exhaust, whereas other such de
vices need five. 

Chrysler hopes to begin manu
facturing the uni.t next month. 

Tl sees good prospects 
for standard hybrids 

"After approximately three years 
of selling custom hybrids and s·ix 
years of in-house use, Texas In
struments has decided that there is 
also a large market for standard 
components." 

That's how Lloyd Norman, man
ager of hybrid circuits for TI in 
Dallas expla ins the company's re
cently announced entry into the 
standard hybrid circuit market. 

According to Norman, there is 
a large market for linear devices 
that require higher current or 
voltage breakdown than monolithics 
can supply. Hybrids can meet these 
voltage and current requirements 
at lower cost and in less space than 
a combination of monolithics and 
discrete components, he says. 

Another large market, Norman 
predicts, will be in computer inter
face circuits, especially in meeting 
high-speed requirements . He ex
pects much of his initial business 
to be with the military. 

The first products released by TI 
include a positive voltage regulator 
that provides 1 A over an output 
range from 2 to 37.5 V. 

"I don't believe anyone has a 
similar device with this packaging 
density," Norman says. 

Other standard hybrids released 
include three different quad drivers 
and a power Darlington. 
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THEY'RE MOLEX EDGE CONNECTORS. 
"Straight-on" or "right-angle" types for 
printed circuit boards. Terminals crimped 
to wires automatically. Reliable? And how! 
Connector terminals are bifurcated. Provide 
a really solid contact. Yet you can slip the 
connector on and off time after time without 
any damage to the printed circuits. And it's 
not a preload unit. Carries only contacts re
quired. From six to twenty-four. Comes in 
white or six other colors. Terminals available 
in tin-plated brass with gold plating or selec-

tive gold plating. • A good example of how 
Molex helps create high-speed low-cost de
vices that simplify circuitry. If you want to 
save assembly time, steps and money, take 
a close look at these Molex edge connectors. 
For free samples write: Molex Incorporated, 
Downers Grove, Illinois 60515. Or you can 
make connections by 
calling (312) 969-4550. 

••• creating components that 
simplify circuitry 

~ 
111olex 
'-..../ 



SOLID 
STATE 

DIGITAL DISPLAYS 
THATLET 

YOU 
LIGHT UP ~-~-

FOR LESS 

The MOD Line now has winning 
numbers. Digits to turn you on. 
Today the men from MOD can 
deliver gallium arsenide phosphide 
displays, brightly lit red digits 

with easy-to-read character set, solid state 
reliability, and full IC compatibility. Low 
power requirements and easy readability of the 
1/a-inch characters are ideal for portable or desk
top instruments and calculators. Price, packaging, 
flexibility, availability. Fairchild MOD has it all. 
PRICE IS A BREAKTHROUGH . . . $5.80 per digit 
in quantities of 1,000 for the FND 10 single digit. 
Comparable competitive devices sell for over $7.00 
a digit. We are ready (and anxious) now to give firm 
price and delivery quotes on large quantities. Small 
quantities cost is a competitive $12.00 per digit. 
PACKAGING IS SUPERIOR ... Easiest-to
apply packages in the industry fit either sockets 
or PC boards. Plug-in modules retrofit into old 
designs or give maximum flexibility in new 
concepts. Custom packaging as well. 

APPLICATION IS FLEXIBLE ... 
Three series from which to choose. 
FND 10 ... discrete, single-digit 
modules available now. Coming 
soon , the FND 20 ... six- or ten
character arrays in a single, plug-in 

package. Or FND 30 . .. multiple-digit arrays in 
plug-in package, complete with full multiplexing 
logic, input data storage, and decode/drive 
functions ... a logic/display package that can 
hasten product introduction by months. 
AVAILABILITY IS NOW . .. The MOD Line 
distributors listed below have FND 10 displays 
on the shelf. Call the office nearest you and 
pick some winning numbers. 

SCHWEBER ELECTRONICS (516) 334-7474 (617) 891-8484 
(416) 925-2471 (305) 927-0511 (301) 427-4977 (205) 539-2756 (216)464-2970 
HAMILTON /AVNET SALES (213) 870-7171 (415) 961-7000 
(713) 526-4661 (602) 272-2601 (714) 279-2421 (206) 624-5930 
(303) 433-8551 (503) 255-8550 
COMPUTER COMPONENTS CORP (214) 239-0271 
SEMICONDUCTOR SPECIALISTS, INC. (312) 279-1000 
(313) 255-0300 (513) 278-9455 (412) 781-8120 (317) 243-8271 
(612) 866-3434 (314) 423-6500 
FAIRCHILD MOD WESTERN AND CENTRAL SALES REGION (415) 962-3363 
FAIRCHILD MOD EASTERN SALES REGION (617) 272-8150 

THE MOD LINE 

l=AIRCHILCJ 

MICROWAVE AND OPTOELECTRONICS 
A DIVISION OF FAIRCHILD CAMERA AND INSTRUMENT CORPORATION 

2557 Charleston Road, Mountain View, California 94040 
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The mini-est computer is a house of cards 
Stacked printed-circuit machine is smaller than 
a desk phone without sacrifice in performance 
Milton J . Lowenstein 
Computer Editor 

By stacking printed-circuit cards 
-and with no other wiring-de
signers on the West Coast have 
come up with the smallest mini
computer yet built. 

No bigger than the base of an 
ordinary desk telephone, the mini
mini does not sacrifice perform
ance eithe1:. An 18-bit machine, it 
has a memory of 8192 words and 
a i·epertoire of 43 instructions. It 
can multiply in 33 µ,s and divide in 
43 µ,s. 

The tiny computer was designed 
by Bunker-Ramo Corp., Electronic 
Systems Div., Westlake, Calif., for 
military use-in guidance systems 
for missiles and torpedoes, among 
other applications. But plans are 
to offer it eventually on the civ
ilian market, where it might be 

used in air and ground traffic con
trol and for process control in in
dus'trial, chemical and machine 
plants, the company says. The new 
machine lends itself to distributed 
computing-the handling of data
processing tasks at the site of an 
operation or activity. 

Pilot production for military ap
plications is due to start in 1971, 
and the current price of the mili
tary version-designated BR-1018 
-is-$30,000. But Ralph S. LaMon
tagne, vice president of Bunker
Ramo, says: 

"The packaging technique used 
c;m make possible sharp reductions 
in cost through mass production. 
The price can be expected to fall 
as low as $5000 when full-scale 
production is reached." 

Three basic .types of two-sided 
wafers are used to assemble the 

BERYLLIUM 

computer components, central proc
essing unit and input/ output unit. 
The wafers-component, intercon
nection and connector-screen types 
-are stacked and then pressed to
gether firmly to make electrical 
connections. 

LSI or MSI semiconductors are 
mounted on the component wafers, 
and their leads are brought out to 
small beryll ium-cepper buttons (see 
diagram ) . The interconnection wa
fers carry the conductors up or 
down the stack and provide spac
ing. The connector-screen wafers 
then provide the wiring that runs 
across the stack. 

A typical subassembly for one 
component wafer is a fraction of 
an inch thick; a stack of several 
subassemblies occupies very little 
volume. Wafers are typically 2 by 
2 inches and can be used to pack
age up to 200 MSI semiconductor 
devices per cubic inch. 

All heat-generating components 

INTERCONNECTION 
WAFER 

CONNECTOR 
SCREEN 

LSI OR MSI PACKAGE 

A 42-lead IC (right) mounts on a 
component wafer in Bunker·Ramo's 
Planar-Coax packaging technique. 
Different kinds of wafers are stacked 
to create a rugged package with 
high component density (left). 

COPPER BUTTONS----
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NEWS 

(mini-est, continued) 

are in intimate contact with the 
beryllium-copper, which is an ex
cellent thermal conductor. Hot 
spots are thus eliminated, and tem
perature differentials throughout 
the assemblies do not exceed a few 
degrees, according to LaMontagne. 

The use of the stacked connec
tions also provides good electrical 
shie lding, he says, thus minimizing 
the effects of cross talk, which 
can be a serious problem in such 
a compact structure. The elimina
tion of most wiring, with its at
tendent problems of soldering and 
connectors, gives the system very 
high reliability, the Bunker-Ramo 
official reports. 

The final assembly is made by 
stacking all of the cards and then 
clamping them together ·with 
~crews. Once the screws are re
moved, any wafer can be replaced 
or repaired. 

The central processing unit 
(CPU ) and the input/output unit 

High density packaging compresses 
rnemory, CPU and 1/0 units into this 
rugged subminiature computer. 

(I/0 ) are essentially identical in 
construction. They each make us~ 

of nine LSI chips on the component 
wafers. The CPU has six compo
nent wafers containing a total of 
10,000 gates. 

The computer uses a binary, 
s ingle-address, stored-program, 
parallel organization. It occupies 
only 67 cubic inches including 
memory. The I / 0 section has ana
log and digital capabilities. The sys-

Power record set by GaAs lmpatt diode 
A new Impatt-diode cw power, 

record-2.94 W at 6.1 GHz-has 
been set by a gallium arsenide 
diode developed by Bell Telephone 
Laboratories. The work was de
scribed by Dr. John C. Irvin of 
Bell's center in Murray Hill, N. J ., 
at the International Electron De
vices Meeting in Washington, D. C. 

As Dr. Irvin pointed out, the 
significance of the achievement is 
not in the exact power level that was 
obtained-other researchers1 re
ported 2.1 W at 9.2 GHz last July 
-but rather in the fact that a 
GaAs diode has now produced more 
ow power than even si li con units 
mounted on diamond heat sinks. 
The GaAs diode was mounted on a 
copper stud. 

With this achievement, the GaAs 
Impatt diode now leads the Si type 
in three major areas: power, effi
ciency and low-noise performance. 
Unfortunately, as Irvin was care
ful to mention, it is more costly 
than the others. So, while it is not 
obvious that GaAs will be the pre-
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ferred material for solid-state 
microwav e generation in the 
future, it is now clear that the 
material cannot be automatically 
ruled out when high-power applica
tions are being considered. 

Light doping is used 

As described by Dr. Irvin, the 
new diode is a Schottky-barrier 

-----0.2.mm•----

GOLD CONTACT 

n + SUBSTRATE 

GOLO 

COPPER HEAT SINK 

n- TYPE 
ACTIVE 
LAYER 

2.94 W of cw power was obtained 
from this GaAs Schottky·barrier Im· 
patt diode. It operated with an effi· 
ciency of 13.8% at 6.1 GHz. 

tern clock frequency is 1 MHz. 
Maximum memory size supplied 

in the unit is 8192 words although 
smaller memories down to 2048 
words are available at lower cost. 
The memory is expandable in steps 
to 131,072 words. 

Staked, or planar-coax, assembly 
has made the most significant size 
reduction in the BR-1018 computer, 
but it is not limited only to that 
unit. Any electronic assembly can 
be built using the technique. In 
particular, Bunker-Ramo has fab
ricated a programmable counter 
and a pseudo random code genera
tor. Both occupy less than one 
cubic inch and weigh less than 2· 
ounces. 

Size is not the only advantage 
of the method, however. In produc
tion, fabrication cost reduction of 
over five times are expected in 
comparison to more conventional 
techniques. 

The first models of the BR-1018 
make use of a plated-wire memory. 
Semiconductor memories will be 
used when they become available, 
LaMontagne says. •• 

type in which plat inum is used as 
the barrier metal (see illustration ) . 
The GaAs is a three-layer epitaxial 
slice consisting of an n-type active 
layer and an n +-type buffer layer 
on a Te-doped substrate. 

"The relatively modest doping of 
the substrate [8 x 101 7 cm-3 ] is 
thought to permit higher crystalline 
and chemical perfection in the 
structure with a consequent im
provement in performance," Dr. 
Irvin said. 

The buffer layer has a doping 
concentration of 5 x 101 7 cm-3 and 
is 8 µ, thick. The active layer is 
7 µ, thick and has a doping density 
of 6 x l01 G cm-3 • The metallization 
consists of 4000 A of platinum fol
lowed by 7000.A of gold. 

Tiie efficiency of the 2.94-W 
diode was 13.8 % , although a lower
power unit reached 14.3 % . ·•• 

Reference 

1. Yong Sik Lee a nd C. K. Kim, 
"Two-Watt CW GaAs Schottky-Bar
rier IMPATT Diodes," Proc. IEEE, 
July, 1970, pp 1153-1154. 

INFORMATION RETRIEVAL NUMBER 22 ... 



VOLUMETRIC EFFICIENCY. Big words 
that explain why Allen-Bradley type CL 
feed-thru capacitors are so small. Our 
unique multi-layer concept shaves size 
to a minimum, without affecting per
formance. It took Allen-Bradley to get 
filter capacitors down to their fighting 
weight. Now rolled capacitors are no 
longer a design alternative. 
Concentric layers of proprietary Allen
Bradley ceramic and noble metal elec
trodes are fired together for unmatched 
protection against moisture and con
tamination. Rugged . Non-polar. With 
lower inductance and far less noise. 

EC70-12 Cl Allen-Bradley Company 1970 

Voltages to 200 WVDC. Temperatures to 
125°C. Capacities to 1.0 µF. High dielec
tric strength and reliability. 
Several styles and sizes are available 
through your appointed A-B industrial 
electronic distributors. For further in
formation write: Marketing Department, 
Electronics Division, Allen-Bradley Co., 
1201 South Second Street, Milwaukee, 

Wisconsin 53204. Export office: 1293 
Broad Street, Bloomfield, N.J. 07003 
U.S.A. In Canada: Allen-Bradley Cana
da Ltd., 135 Dundas St., Galt, Ontario. 

ALLEN-BRADLEY 



NEWS 

Displays to help CATV stand on its own feet 
2 new systems roll 1local origination' text across 
viewers' screens at a smooth one line per second 
Elizabeth de Atley 
West Coast Editor 

Two competing electronic sys. 
terns that provide rapidly rolling 
dis'plays of key-board entered text 
have been designed to help cable 
TV stations meet t he Federal Com
munications Commission require
ment for " local origination" pro
grams. 

The requirement goes into ef
fect in April, 1971, and, according 
to a recent Rand Corp. study, will 
affect some 400 stations immedi
ately. And the prospects are that 
cable TV will grow dramatically 
in the 1970s (see "Cable TV : 
Slumbering Giant-A Mult ibillion 
Industry?" ED 8, April 12, 1970, 
pp. 62-72) . 

But what is "local origination"? 
The FCC order doesn't spell it out, 
and right now CATV owners are 
interpreting it loosely. Some show 
old movies. Ot hers pan t he T 
camera back and forth across the 
faces of a barometer, a t hermom
eter and an electric clock. Still 

·····.· .. , ....... .. ... ........ ~ .,,.,,. 

·Daconics display system allows the 
station editor to change copy for any 
of the channels without interrupting 
the program on the air (shown on 
the monitor at right). This permits 
almost instantaneous updating of 
news, sports scores, weather, or 
other information. The system in· 
eludes a Hewlett-Packard compute~ 
(shown in the background) . 
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GENERATOR 

!ROM) 
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SIGNAL 
CONDITIONER 

AID 
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KEYBOARD 
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SHIFT REGISTER 

INPUT 
PROGRAM 

(ROM) 

ADDRESS 
LOGIC 

MEMORY 
TIMING 

CHARACTER 
GENERATOR 

!ROM) 

ROLL 
LOGIC 

VIDEO 
MIXER 

TV SYNC 
GENERATOR 

This Data Technology system is set up for a weather display. The system dis· 
plays two fixed lines of alphanumeri c weather information plus six roll ing 
l ines of a 32-line stored text . It uses no computer. 
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others subscribe to a t icker-tape 
display from a national news serv
ice t hat taps out t he news at tele
type rate a character at a time. 
As one CAT V program director puts 
it, "Such displays are tiresome to 
watch and won't sell CATV to com
munities t hat don't absolutely have 
to have it to receive t he major net
works." 

Both of t he new systems roll the 
text across t he screen smoothly at 
about one line per second. They 
were designed by Data Technology, 
I nc., of Palo Alto, Calif ., and Da
conics, Inc., of nearby Sunnyvale. 

Simplicity vs elaborateness 

The s impler of the two systems 
is Data Technology's. It stores 32 
lines of keyboard-entered text and 
displays it in rolling format six 
lines at a t ime-about six words 
to t he line. It a lso includes a two
line stationary alphanumeric dis
play of weather information that 
is updated every few seconds. The 
big advantage of t he system is its 
price-$3500, compared with over 
$4000 for a typical weather display 
system wit h a camera that pans 
weather instruments and a clock. 

The Daconics system, which was 
designed for t he San Jose CA TV 
Co., is much more elaborate-and 
also much more expensive. Under 
t he control of a Hewlett-Packard 
computer, it displays 15 lines of 
text at a t ime-approximately five 
wor ds a line-in roll ing format. 
The operator types in text of any 
desired length, and it is stored on 
a drum. Then he divides the text 
'into pages of 14 lines each and as
signs a separate label to each set 
of three pages. A special formal 
t hat the operator can call up on his 
monitor gives h im step-by-step in
structions for assigning labels. 

A single-channel system, includ
ing keyboard, HP computer, drum, 
video generator, special hardware 
and operating software, leases for 
$1350 a month . Additional chan
nels, with different text displayed 
on each channel, add $110 each to 
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and ifs nice to know ifs there. 
For the same prices as plastic devices, you can get up to 5 times 
greater surge protection. In fact, you can use ¢-line 1 and 5 watt 
zeners instead of conventional 10 and 50 watt chassis mounted types. 
And for far less money. Unitrode's unique fused-in-glass construction 
assures you of monolithic, void-free zener diodes with permanently 
stable electrical characteristics. And they'll withstand voltage surges 
high enough to make them hot enough to glow. They're in 
stock now, ready for immediate delivery. (1 watt ratings as low as 19<t 
in 100k lots.) Can you afford not to use them? For fast action, call 
Sales Engineering collect at (617) 926-0404 
Unitrode Corporation , 
580 Pleasant St., Watertown, Mass. 02172 

U N IT R 0 DE quality takes the worry out of paying less. 

~------~------------------------------~ Unllrocle Corporation 
Inquiry Processing Dept. 118, 63 Atlantic Ave., Boston, Mass. 02110 

D Please send ¢-line zener samples in D 1 watt, D 5 watt rating 
with complete specifications. 

NAME-- ----------TITLE---------

COMPANY--------- ------------

ADDRESS---------------------

CITY---------STAT~-----ZIP-----

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



NEWS 

(CATV, continued) 

t he leasing price. 
Both Data Technology and Da

conics visualize other applications 
for their systems besides CATV 
stations. Data Technology, for ex
ample, expects to interest hotels, 
airports and possibly supermarkets, 
as a means of displaying special
ties, paging customers, etc. Dacon
ics believes its system will be use
ful in hospitals for recording and 
displaying patient information. 

How the systems work 

The display circuitry for both 
the Data TechnoIOgy system (see 
diagram) and the Daconics (see 
photo) is similar in concept. It in
cludes two sets of recirculating 
shift registers and a read-only 
memory (ROM) character genera
tor. One set of shift registers 
stores the entire display, while the 

other stores a single line, feeding 
it a character at a time into the 
character generator for display. In 
both systems, information from the 
keyboard is first stored in the dis
play shift register. But in the 
Daconics system, each page of in
formation is transferred by com
puter to a drum when the operator 
is satisfied that it is correct. Then 
when the operator sets the display 
into the rolling mode, the computer 
calls up the appropriate pages one 
after another into the recirculating 
shift registers for display. 

The Data Technology system has 
no computer or drum, and operates 
only in the rolling mode. The in
formation from the keyboard is 
stored in the larger of the two 
shift registers (the "text memory" 
in the diagram). The weather data 
is obtained from a roof-mounted 
instrument package. A signal con
ditioner converts the instrument 
outputs (temperature, wind veloc
ity, etc.) into proportional analog 
voltages, which are then converted 

Most sensitive strain gauge developed 
A linear-response, field-effect 

strain gauge, said to be the most 
sensitive yet developed, offers a 
gauge factor of 5800 and a signal
to-noise ratio of greater than 5 to 1, 
And it has applications besides its 
role as a strain gauge, says its 
developer, Sandia Laboratories in 
Albuquerque, N. M. 

It can be used, Sandia says, as 
the active element of an accelerom
eter or seismometer, as well as a 
receiver transducer for low-intensi
ty acoustic waves. 

According to Dr. John C. Craw
ford, supervisor of Sandia's Solid
State E lectronics Research Div., 
the device is made by evaporating a 
thin-film semiconductor on a sub
strate of polished lead zirconate
lead titanate ceramic. 

Since the ceramic material is 
piezoelectric, applied stress causes 
charges to concentrate at its two 
surfaces. Through field-effect cou
pling, these charges alter the 
charge density of the semiconductor 
-vapor-deposited p-type tellurium 
-thereby increasing or decreasing 
its conductivity. A gate electrode is 
provided on the back surface of the 
ceramic substrate by using gold 
electrodes to form ohmic contacts 
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to the tellurium fi lm. 
The current flowing between the 

two contacts on the tellurium film 
thus is changed by field-effect cou
pling to the ceramic substrate. This 
change is directly proportional to 
the deformation in the ceramic. 

With the exception of the rela
tively expensive tunnel diode trans
ducer, the new device is the most 
sensitive of its type available, 
Sandia says. The gauge factor, or 
gain, of 5800-achieved in labora
tory experiments-means, for ex
ample, that a mechanical deforma-

SOURCE 
ELECTRODE 

GATE 
ELECTRODE 

SEMICONDUCTOR 
THIN FILM 

PIEZOELECTRIC 
SUBSTRATE 

New FET ceramic strain gauge is 
sensitive and has a good S / N. 

to digital signals by the A/ D con
verter. In the "store and encode" 
modes, each signal is assigned an 
address in the display and convert
ed to ASCII code. The title gen
erator is a microprogrammed ROM 
that contains addressing and en
coding for the weather titles
"temp," "wind velocity," etc.-and 
two instructions. One instruction 
is "read title directly"; the other 
is "read instrument measurement." 

When the multiplexer receives a 
pulse from the memory timing cir
cuit (a quartz crystal and fre
quency divider ) , it obtains the next 
instruction from the title genera
tor and transfers either a title or 
an instrument reading into the line 
memory for display. The "input 
program" is a microprogramed 
ROM that allows information from 
the keyboard to enter the display 
shift register at the proper bit 
time. The display program is a mi
croprogramed ROM that times the 
display to the normal scanning 
rate for TV. •• 

tion of 0.01 % can produce a 
change in current of 58 % . Conven
tional semiconductor gauges are 
generally limited to a gauge factor 
of 100 to 200, and conventional 
metal foil gauges to a factor of 1 to 
2. The device, therefore, provides 
an unusually high signal-to-noise 
ratio. Even at strain levels as low 
as 1.4 by 10-1 (indicating a change 
in length due to deformation of 
0.000014 %, the signal-to-noise 
ratio is greater than 5 :1 when 
monitored ori an ammeter. For 
greater accuracy a resistance 
bridge circuit might be used, Craw
ford says, "but only when operat
ing in the lower strain areas, such 
as 10-1 ." 

The semiconductor film exhibits 
an electronic instability-a carrier 
trapping at the semiconductor
piezoelectric interface-that limits 
its present use to transient meas
urements with frequencies above 
one cycle per second. 

Though the device is sensitive to 
temperature, this disadvantage can 
be countered by calibrating it elec
trically in place after it is bonded. 
'The device is reported usable as a 
transducer up to at least 115°C 
(239 °F ) . •• 
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Leners 
Controversy rages over R&D cutbacks: 
Do we need more PhD engineers? 
Reader challenges views 
of 'so-called educators' 
Sir: 

The tone of your editorial in the 
August 16 issue (ED 17) and the 
ar"ticle by your news editor, John 
Kessler, in the same issue, puzzles 
me ·in view of the many highly 
trained engineers and scientists 
who are currently pounding the 
pavement tooking for work. 'i'he 
job market for these people is 
lousy, and yet you state the opinion 
that our most important problem 
is that we do not produce enough 
highly trained scientists and engi
neers, including PhDs. 

The samples of opinions ex
pressed in Kessler's article come 
for the most part from so-called 
educators whose only concern seems 
to be to do their own things with 
slave labor in the form of graduate 
students and then throwing them 
into the job market without any 
concern for their future. 

Once a graduate student receives 
his MS or PhD he still has, on the 
average, 35 or 40 years of his life 
to devote to his profession and 
hopefully to contribute to our prog
ress. Yet, in accord with these so
called educators, the editorial em
phasizes that for our progress we 
need young scientists and engi
neers who are flexible and able to 
accept change. This is ridiculous 
and unfair. 

Has anyone established scientif
ically that only inexperienced youth 
in the 20-30 age category could 
contribute to our technological 
progress? The cult of youth, which 
seem to be practiced in our univer
sities and in certain industries, is 
in any case self-defeating. Why 
would any intelligent young man 
choose to enter a profession that 
requires years of training but 
promises only a few years of ten
ure afterward? 

I suggest that your editorial is 
not serving the profession and the 
development of science and tech
nology. I hope :you will rethink the 
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issues involved with due emphasis 
on human values. 

B. W. Lee, PhD 
Vice-President 
N oiler Control Systems 
Richmond, Calif. 

Educators ·reply 
Sir: 

The gist of Mr. Lee's rather 
emotional complaint is that the "so
called educators" insist on training 
graduates in science and engineer
ing without considering the latters' 
predicament in the present job 
market nor their personal future. 

A change in professional careers 
is usually not a loss but an enrich
ment of the individual or society. 
It is easy to show that we need a 
great deal of cross-fertilization
that is, a pool of manpower with 
technological training whose mem
bers can address themselves intel
ligently to modern problems, wheth
er purely technological or not. 

The present depression in job 
markets can be traced to a particu
lar fashion in the political and so
cial climate of this country. Since 
fashion changes are greatly accel
erated by modern means of com
munication, we may assume that 
turns, from and to technology, 
from and to environmental protec
tion, etc., will continue to go 
through cycles. If we were to fol
low these cycles, we would surely 
always lag behind the moment of 
need because the time required be
tween when young people become 
interested in problems and choose 
a career until they are proficient 
in their professions is today five 
to ten years. Thus, at the crest of 
one fashion, we would regularly 
train people for the next slump
as we have just done. 

Barring the unforeseen . . . the 
American society will continue to 
be a technocratic one and · will 
stand and fall by virtue of its tech
nological prowess in competition 
with the other technological top 
nations .... In view of this, tech-

nological manpower, whether or not 
to be used exactly in the area of 
the original competence, is going 
to be vital for many years to come, 
and we have to plan accordingly. 

Frederick R. Eirich 
Dean of Research 
Polytechnic Institute 
Brooklyn, N. Y. 

Sir: 
Apparently this year is open sea

son on educators. Perhaps we are 
open to Dr. Lee's criticism for hav
ing failed to foresee five or six 
years ago, when our present crop 
of students was admitted to gradu
ate school, that cutbacks in federal 
R&D expenditures would drastical
ly alter the employment picture for 
scientists and engineers by the 
time they had earned their de
grees. Dr. Lee, perhaps, does not 
recall that at that time there were 
20 job offers for every new PhD. 

I can find nothing in your edi
torial that suggests only young 
men contribute to technological 
progress. It is a matter of record, 
however, that many of the most 
original and innovative pieces of 
new technology have resulted from 
the work of relatively young men. 
One need cite only the laser, the 
Gunn oscillator, the tunnel diode, 
and hundreds of other inventions, 
all of which came from men under 
40. On the other hand, many of 
these inventions would not have 
found their way to commercial suc
cess if it had not been for the work 
of more experienced · older engi
neers ·who knew how to transform 
a laboratory device into reality. 

I believe our technological inno
vativeness comes from the inter
action of men of varying ages, ex
perience, and background, but that 
the continuous injection of young 
men into the system is essential to 
its over-all health. 

Harve'IJ Brooks 
Dean of Engineering 
and Applied Physics 
Harvard University 
Boston, Mass. 
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TRY TO 
MATCH 
THIS 

you can't! 
For their size, Type BB resistors pack a tremendous power 
dissipating ability. Rated 1 /8 watt at 70°C in a 0.0004375 
cu. in. volume. 

And miniaturization has not reduced reliability. Tests 
prove it. They satisfy the highest level-the S level-of the 
latest MIL-R-39008 Established Reliability Specifications 
in all resistance values. 

The key is hot molding-the Allen-Bradley way. A-B 
developed and built the machines. Only A-B uses them. 
They're fully automatic. Built-in precision control. A high 
degree of uniformity. Predictable performance from resis
tor to resistor-year after year. 

For immediate delivery at factory prices call your 
authorized A-B industrial electronics distributor. Or write 
Marketing Dept., Electronics Division, Allen-Bradley Co., 
1201 South Second St., Milwaukee, Wis. 53204. Export 
Office: 1293 Broad St., Bloomfield, N.J. , U.S.A. 07003. In 
Canada: Allen-Bradley Canada Limited. 
©Allen·Bradley Company 1969 

Exclusive 
Only A-B Type BB 
RCROS meets MIL-R-39008 
ER (established reliability) 
for 1/8-watt resistors 
at the S level. 
Shown actual size. 

EC69 ·80 



\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 



Circuits and synergy 
To fi 11 a variety of communications needs, 

Bel I Labs and Western Electric have worked to
gether to develop a special kind of integrated 
circuit. Based on two compatible and comple
mentary technologies-silicon and tantalum 
-this "hybrid integrated circuit" is hundreds 
of times smaller and more reliable than circuits 
using discrete solid-state components. 

The silicon portions of the circuit contain 
active components such as diodes and tran
sistors; some low-precision resistors and the 
necessary interconnections are also formed on 
the tiny silicon chips. Hundreds of these chips 
are fabricated on one silicon slice. Tiny gold 
conductors-"beam leads" -are formed on 
each chip at the same time. Then the chips are 
separated and the beam leads bonded to tan
talum thin-film circuits. Typically no more 
than one or two square inches, tantalum cir
cuits contain precision resistors, capacitors, 
and interconnections etched into the metal 
fi Im, previously deposited on glass or ceramic 
substrates. 

Hybrid integrated circuits open new op
portunities for circuit designers in many areas 
of communications systems engineering
telephoneequipment transmission, switching. 

In this hybrid integration technology, de
sign and manufacturing are intimately related. 
Designer and maker must work closely to
gether. The Bell System fosters this concerted 
action-this synergy-with Bell Labs, for 
research and development and Western 
Electric for manufacturing and supply. At 
several plants Bel I Labs and Western Electric 
engineers work together in Process Ca pa bi I ity 
Laboratories, speeding new designs into manu
facture. 

Here are a few examples of their team
work. 

The tantalum portion of a hybrid circuit 
starts as a 2000-Angstrom layer of tantalum, 
deposited on glass or ceramic. This process, 
invented at Bell Labs, was first carried out in 
a vacuum under bell jars. Western Electric 
designed and built " open ended" machines. 

Now, deposition takes place as the glass or 
ceramic chips move through the machine on 
a chain . 

For highest precision, newly formed tan
talum thin-film resistors require adjustment. 
This is done by removing, electrochemically, 
just the right amount of tantalum to raise the 
resistance to the required value. Bell Labs de
vised the process; Western Electric computer
ized and automated it. 

Silicon circuits are sensitive to impuri
ties such as sodium ions in the air. So, they 
used to be sealed into expensive evacuated 
cans. But now, a gold and si I icon-nitride shield 
gives the required protection at low cost . Ori
ginated by Bell Labs, it was put to wprk by 
Western Electric . 

Making connections to integrated cir
cuits once called for individual attachment 
of fine gold wires. Then Bell Labs came up 
with " beam leads": gold conductors plated 
into place on silicon circuits. In addition to 
being conductors, the leads also give mechani
cal support. Western Electric developed meth
ods for bonding them to circuits. 

Beam leads are fabricated as part of the 
silicon circuit but their free ends must be at
tached to other circuitry. Bell Labs and 
Western Electric have developed thermocom
pression bonding techniques for this job. 
With the proper combination of time, tem
perature, and pressure all leads on the silicon 
circuit are bonded simultaneously to a thin
film circuit. 

In the future, we hope to get more cir
cuitry into less space and to find new func
tions for the technology. The circuit shown 
here, for instance, is one of some 200 logic 
" building blocks" for use in private branch 
exchanges, data sets, and other customer tele
phone equipment. It could not have been built 
with " discrete-component" technology. And 
we will not stop with silicon and tantalum. For 
other jobs, other materials may be better. Bell 
Labs and Western Electric areworking together 
to find and apply them. 

@ Bell labs 
Western Electric 
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Technology 
Abroad 

The first of six medium-range air
traffic-control radar antennas for 
the West German Government has 
been installed at Bremen by AEG
Telefunken, Ulm. The 4.2-ton an
tenna is 47.5 by 30 feet and has an 
antenna gain of 38 dB at 23 cm. 
Transmitting power will be about 
4 MW. The six-station system, de
signed to cope with growing air 
traffic over European routes, can 
acquire targets with an echo area 
of 15 square meters at 60,000 feet 
altitude and a distance of 150 
nautical miles. 

An experimental high-voltage, 
solid-state rectifier is to be test
ed soon at the Lydd, England, 
terminal of a de power link oper
ated jointly across the English 
Channel by France and Britain. 
The rectifier-developed by Eng
lish Electric of Stafford with the 
assistance of Britain's Ministry of 
Technology-includes three thyris
tor stacks clad with ceramic for 
outdoor mounting. Design capaci
ty is for 150-kV, 1250-A bridge 
rating with the use of 4 kV thy
ristors. At Lydd, the assembly, 
down-rated to 100 kV, will replace 
one arm of a 100-kV mercury arc 
bridge. 

A four-pound, portable electro-
cardiogram recorder, based on the 
familiar cassette tape recorder, 
has been developed by Philips NV 
of the Nether lands for use by pa
tients. The device can be used 
anywhere-a useful feature, since 
symptoms a doctor may want to 
monitor may occur when the pa
tient is far from the doctor's of
fice. The recordei· consists of an 
electrode set and an amplifier that 
plugs into a standard cassette re
corder. The patient attaches the 
electrodes to prescribed areas of 
his chest and connects them to 
the machine. The electrocardio
gram record can be fed later into 
conventional laboratory equip
ment for analysis. 

A three-million-volt electron mi
croscope, developed by Hitachi, 
Ltd., in collaboration with Osaka 

University in Japan, is 36 feet 
tall, weighs 67 tons and can mag
nify up to 100,000 times. Its high 
power enables ~the researcher to 
examine thick samples. The sys
tem includes a ·Tv camera that is 
highly sensitive to electronics. It 
can thus detect low-energy elec
tron beams in cases where sam
ples might be damaged by irradia
tion at higher levels. Another 
feature permits suspension of 
·specimens, including living cells, 
in a suitable environment as they 
are viewed through the electron
transparen t walls of a pressure 
chamber. 

The world's first fully automated 
natural gas pipeline-a 700-mile 
project in Iran-is to be served 
by an extensive telecommunica
tions system· operating at 7 GHz. 
The system will provide automatic 
control of eight compressor sta
tions and · will relay information 
by telemetry as either teleprinter 
code or voice communication. It 
will monitor control positions 
along the pipeline, giving operat
ing personnel a continuing picture 
of various conditions, including 
pressure and flow. Initial design 
of the microwave system and as
sistance on optimum microwave 
site locations was carried out by 
International Aeradio, Ltd., of 
Southall, England. 

The study of radio galaxies will 
be conducted at a new radiotele
scope at Ootacamund, in southern 
India. The reflective surface of 
the telescope is a 530-by-30-meter 
array of 1100 stainless steel wires 
mounted parallel to the earth and 
supported by 24 equidistant steel 
towers. Radio waves reflected 
from the wire grid are focused on 
an array of 968 dipoles mounted 
along the telescope's focal line. 
The reflector can be rotated 
through a 140-degree angle. Now 
operating in the 324-to-329-MHz 
band, future additions will allow 
100-MHz reception. The program 
is being sponsored by the Indian 
Government. 
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A new low in power supply design. 

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

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

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

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

1.68 

-1_ 

"depending on rating 

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

For the full low-down on the new 
low-down power supply, write or call 
Acopian Corp., Easton, Pa. 18042. 
Telephone: 215-258-5441. And re
member, Acopian offers 82,000 
other power supplies, each shipped 
with this tag ... 
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Refractory metallization -
the new breakthrough technology in 

pellet processing In the TA7706-leads the way 
to high-temperature, high-reliability 

designs in RF communications. 
TA 7706, the first of a new generation 

of high-power, high-frequency transistors 
using this new refractory-metal process, 

can revolutionize your RF power equipment 
designs and provide long-life performance 

under all rated conditions. 
Exemplifying the high state of the "overlay" 
art in transistor design, the TA7706 features 

emitter ballasting, Improved overdrive capability, 
and a ruggedized ceramic-metal package 

suitable for both strlpline 
and lumped-constant circuits. 

Power output is 30 W (minimum) at 400 MHz 
with a minimum gain of 5 dB. 

Efficiency is in excess of 65%. 
The TA7706 is excellent for 

broadband applications, and is designed to 
provide rated output with 

infinite VSWR. 
For more information, 

see your local RCA Representative 
or your RCA Distributor. 
For technical data, write: 

RCA, Commercial Engineering,* Harrison, N. J. 07029. 
International : RCA 2-4 rue du Lievre, 

1227 Geneva, Switzerland, or P. 0 . Box 112, Hong Kong. 

RCll 

TA7706 Reliability Squadron 
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Airlines want bigger say in R&D done by FAA 
The nation's airlines, which will be paying higher taxes as a result 

of the passage of the Airport and Airways Development Act in Congress, 
have told the Federal Aviation Administration that they want better 
results from federal money spent on R&D. Through the Air Transport 
Association (AT A), the airlines told the FAA that they believe its R&D 
efforts have in the past be.en irrelevant and "largely a series of failures." 
In a position paper, the a irlines stated that F AA's R&D efforts, when 
viewed from an engineering point of view, have often been stifled by a 
lack of vision and a lack of willingness to innovate and "even to clearly 
spell out needs." Referring to air traffic control needs, the AT A said, "Each 
R&D effort must also be considered in terms of its specific cost, the results 
to be expected in quantitative terms and the timetable on which the im
provement can be expected to be implemented." 

Navy will ask permission for long ship leases 
The Navy will ask Congress in January for permission to sign 10-year 

leases for 10 multipurpose ships. The new ships would take the place 
of the planned 30 Fast Deployment Logistics (FDL) ships that earlier 
this year were rejected by Congress. By leasing the ships, the Navy 
will avoid the cost of building, while the long leases will make the 
deal attractive to private ship builders. At present, the Navy is not 
allowed to sign a lease over five years. The ships are estimated to cost 
about $25-million each, 10 % to 15 % of which will be spent for electronic 
equipment. 

NASA sees possible microwave-band expansion 
NASA says that early results of its millimeter-wave experiment aboard 

the Applications Technology Satellite-5 (ATS-5) indicate that the over
crowded microwave band may be opened up to frequencies above 10,000 
megahertz. Millimeter-wave frequencies, NASA says, offer better gain-to
antenna characteristics, extremely wide bandwidths and allowance for 
a size and weight reduction in components. The space agency also reported 
that expected interference with the millimeter-wave portion of the fre
quency spectrum by snow and rain has not materialized; tests so far have 
shown that only a very heavy rain will affect communications. NASA is 
now trying to find out how far apart ground receiver stations must be 
placed so that one large storm doesn't entirely block communications. 

SST and imports move to front burner 
As Congress reconvenes this week in a lame-duck session, the super

sonic transport and import duties are expected to be in the first order 
of business. SST supporters say they expect to be able to get the $297 -
million measure through the Senate-it has already cleared the House. 
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Washington ReoorlcaNTINUED 

They feel that they will pick up supporters who, before election, were 
wary of the issue. Environmental safeguards are also expected to be added 
to the SST provision, thus drawing additional liberal support. 

The question of protective import duties will come before the House 
early, but the fate of the bill is at best cloudy. The feeling is that so 
many amendments will be hung on it in the House or Senate that it will 
either be totally unacceptable, or, if passed, will be vetoed by the Presi
dent. Compromises that may clear the way for passage are being sought. 

DOD personnel cuts to be higher than expected 
The Dept. of Defense estimated that 35,000 jobs would be cut in the 

coming year due to budg.et tightening, but Civil Service Commission 
sources now say that as many as 100,000 DOD civilian employees may 
get the ax. The CSC is urging that the firings be accomplished as soon 
as possible to fit the coming budget. Layoffs are expected to begin around 
the first of the year. 

Western Union seeks deal with Comsat 
Western Union, an entrant in the domestic communications satellite 

competition, has said it would like the Communications Satellite Corp. 
to handle the space segment of its proposed system. Comsat has already 
joined with AT&T in a filing with the Federal Communications Com
mission for a domestic satellite system. 

Meanwhile FCC Chairman Dean Burch has warned firms in the 
domestic-satellite field that they face serious problems-the key ones 
being limited orbital slots, costs and local distribution. It must be decided 
for example, Burch said, whether the role of CATV should be expanded, 
whether telephone company facilities should be utilized or whether 
new facilities should be constructed. Of tremendous importance to 
companies planning general-use networks, he pointed out, is whether 
the broadcast networks will decide to buy service from these carriers or 
put up their own networks. 

Capital Capsules: Congressional sources say that the Navy will mothball at least four 
carriers in the coming year to cut operational costs. Types of carrier are 
not indicated. . . . The House of Representatives has awarded contracts 
amounting to $450,000 to eight firms to study its automatic data-process
ing requirements .... Western Union has told the FCC that its existing 
New York-Washington microwave link will be saturated within two years 
and asks permission to add a 20-million-bit-per-second digital transmis
sion capability. The proposed link would be opened by 1972 and would 
eventually serve New York, Philadelphia, Baltimore, Pittsburgh, Cincin
nati, Cleveland, Columbus, Detroit and Indianapolis .... AT&T and Com
sat have two weeks to file with the FCC details on land interconnection 
arrangements for their proposed domestic satellite system. FCC asked for 
the additional data by December 1, stating that a "system proposal is not 
complete without some provisions for a terrestrial interconnection." 
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NEW . .. 
A PULSED 
HIGH-CURRENT 
FIXTURE 

TYPE 576 CURVE TRACER 
~ .. .._....... . . •It~ .... 1tl• 

FOR THE 576 1 
CURVE TRACER Jt 

~ TYPf.178 CURV ETll.ACUI . , .. _ ... ---... 

576 Curve Tracer with Standard Test Fixture 

T EKTRONI><® 
committed to technical excellence 

ELECTRONIC DESIGN 24, November 22, 1970 

~---iiiiiiiiiii0iiiiiiiiii!!•1 

The 176 Pulsed High-Current Fixture increases the Step Generator 
and Collector Supply ranges of the 576 Curve Tracer by a factor of 
ten (to 20 A Peak and 200 A Peak respectively). Pulsing the col
lector and base steps permits checking diode characteristics, and 
collector emitter breakdown, . at currents much higher than pre
viously possible as dissipation limits ·are not exceeded. The need 
for heat sinks is also eliminated. The 176 is easily added to the 
576 in place of the standard test fixture. 

The 576 offers many advanced features for semiconductor testing: 
• Expanded Viewing Area - combines a 10 cm x 12 cm graticule with 
fiber-optic readout of scale factors, step amplitude, and Beta/div 
or gm/div • Swept or DC Collector Supply to 1500 V • Leakage Mea
surements to , 1 nA/div • Multi-function Switching - direct-reading 
power limits, polarity tracking, auto positioning , mode changes • Cali
brated Display Offset - improved accuracy (-1- 2% ), increased reso
lution • Step Generator Range to 2 A or 40 V • Calibrated Step Off
set - aid or oppose • Pulsed Base Operation • Interlock Operator 
Protection. 

Your local Tektronix field engineer will be happy to demonstrate the 576 and 
176 in your application. For additional information, please call him or write: 
Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97005. 

576 Curve Tracer .. . . . .. . .... .. . . .... .. . . . . ... . . . ......... .. . .. . $2250 
176 Pulsed High-Current Fixture ......................... . .. . ...... $1400 

U.S. Sales Prices FOB Beaverton , Oregon 
Available in U.S. through the Tektronix lease plan 
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When multi-faceted display problems dictate 9 to 9 work 
days, it's high time you saw things in a new light, on 

a single plane with no " dancing" digits and with no 
eye strain. 
Legi DG 12C numerical indicator tube segments are an 
eye-easy phosphor green for a readout as bright and 

clear as day, legible at distances over 35 feet. 
These tubes offer low-voltage, low current 

drain, arid high stability advantages so de
finitive .and pack a performance punch so 
large, you can't afford not to afford to 
examine full particulars. They fit to the 
"T" perfectly portable and cir cu it- board 
mounting applications and are available at 

mass production prices. Look at these im
portant particulars, then write for com

prehensive dat a 

DG 12H 

I 

om•o••m __J 

\ 

that show display tube performance in an' entirely new 

light: 

LEGI DG 12C 
Filament voltage at 95 mA ....... .. ... 0.85volts ± 10% 

Phosphor segments & control grid ........... 20 Vdc 

Brightness ........................... 80 foot -lamberts 

Operating temperature ...... - 10° to + 70° C 

* Dynamic life expectancy ..... 200,000 hrs. 

/:r-1; U.S. PATENT 3508101 

~Sole U.S. Distributor: 

Legi Electronics Corporation 
3118 West Jefferson Blvd. Los Angeles, California 90018 U.S.A. 
Phone : RE 3-4508, 733-9105 

<@i> Manufacturer: 

lse Electronics Corporation 
P.O. Box 46, lse City Mie Pref., Japan Phone: Mie (059627)-26 

DG 10A 
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General Electric B•l1111 
maintain DC load voltage precisely* . .. 

recisely, precisel , precisely, pre€· ~R3r,, i~~iseily, 
recisely, precisely ~ ... 

Send in this coupon for free bulletin giving complete details 
on GE Regulated DC Power Supply features, ratings and . 
application data; or see your GE sales representative today. 

• Maintains ± 1 % output voltage for a vari ation in input voltage of ± 15%. 

GENERAL. ELECTRIC 

• ••••••••••••••••••••••••••••••••••••••••••••• 
Section 413-36 
General Electric Company 
Schenectady, New York 12305 

Please send me free bulletin GEA-73538 on 
Regulated DC Power Supplies. 

NAME----------------~ COMPANY ___________ __;, ___ _ 

TITLE-----------------
ADDRESS _______________ _ 

CITY _______ STATE _____ ZIP_ 



Resistance networks for A/D and 
D/A conversion , digital volt meters 
and numerical control systems de
mand extreme precision . Allen
Bradley can deliver. Precision that 
starts with a patented chromium
cobalt resistive material vacuum 
deposited on a substrate made to 
Allen-Bradley specifications. Preci
sion based on exclusive computer 
drawn grids. Precision backed by 
extensive design and testing facili
ties. Precision on a continuing basis 
assured by Allen-Bradley's 14 solid 
years of experience. 
Add the rel iability of a single sub
strate, uniform temperature char
acteristics, much lower attachment 
costs and you see why Allen-

EC70·9A C Allen· Bradley Company 1970 

Bradley thin film networks are the 
logical replacement for discrete 
precision resistors. 

SELECTED SPECIFICATIONS 

RESISTANCE IK ohms to 2 megs. standard 
RANGE 2.5 ohms to 50 megs, special 

(Single substrate range -
10,000 to I ) 

TCR LEVELS ± 25 ppm/ °C 
- 55°C to + 125•c ± 10 ppm/°C 

± 5 ppm/°C 

TCR TRACKING ± 5 ppm/ ° C standard 
to ± I ppm/ °C special 

TOLERANCES Absolute to 

RESOLUTION 

EN OU RANCE 

± .01% @ +25°c 
Matching to 
± .oo5% @ +25°c 

Line width and spacing to 
.0001 inch 

Exceeds MIL-R-10509F 
Characteristic E 
Procedure: MIL-STD-2020 

Investigate the superiority of Allen
Bradley thin film networks. Write: 
Marketing Department. Electronics 
Division , Allen-Bradley Co., 1201 
South Second Street, Milwaukee, 
Wisconsin 53204. Export office : 
1293 Broad St. , Bloomfield, N. J . 
07003, U.S.A. In Canada: Allen
Bradley Canada Ltd., 135 Dundas 
Street, Galt, Ontario. Several stand
ard networks are available through 
your appointed A-B industrial elec
tronic distributors. 



Publisher 
Hugh R. Roome 

Editors 
New York Office 
580 Third Ave. 
New York, N.Y., 10022 
(212) 751 -5530 

Editor: Frank Egan 
Managing Editor: Ralph Dobriner 
Managing Editor: Raymond D. Speer 
Microelectronics, Steven A. Erenburg 
Computers, Milton J. Lowenstein 
Microwaves, Michael J. Riezenman 
Management, Richard L, Turmail 
News, John N. Kessler 
Military-Aerospace, John F. Mason 
New Products, Roger Allan 
New Products, Lucinda Mattera 
Copy, Marion Allen 

Field Off ices 
Massachusetts 
Jim McDermott 
P.O. Box 272 
Easthampton, Mass. 01027 
(413) 527-3632 

San Francisco 
Elizabeth de Atley 
Suite 6, 95 Main St. 
Los Gatos, Calif. 94022 
(415) 941-3087 

Los Angeles 
David Kaye 
2930 Imperial Highway 
Inglewood , Calif. 90303 
(213) 757-0183 

Washington 
Don Byrne 
1425 N St. NW 
Washington , D.C. 20005 
(202) 667-6568 

Editorial Production 
Dollie S. Viebig 
Richard D. Grissom 

Art 
Art Director, Clifford M. Gardiner 
Assistant, William Kelly 
Rita Jendrzejewski 

Production 
Manager, Thomas V. Sedit!'I_ 
Helen De Polo 
Kathleen Mcconkey 
Leslie Stein 

Circulation 
Manager, Nancy L. Merritt 

Information Retrieval 
Peggy Long 

.... INFORMATION RETRIEVAL NUMBER 34 

EDITORIAL 

Introducing civionics - a term 
you'll be hearing more about 

Pick up a magazine or newspaper, listen to a radio or television 
broadcast, and you will hear the language of the 70s: "Thermal 
pollution ... anticrime legislation . . . postal reform . . . urban 
transportation . . . aircraft collision avoidance" and more. What 
is the common message that these words convey? Change. 

Change in our society. Change in the electronics industry. Change 
in the education and skills demanded of the design engineer. 

These changes, spurred by new national priorities, are even now 
creating new opportunities for the electronics industry. The ulti
mate size of these markets is hard to gauge, but there's little doubt 
that in time they will reshape the electronics industry. 

Recognizing the importance of these shifts and their significance 
to the designer, ELECTRONIC DESIGN plans to carry a series of 
special reports next year, ranging from urban mass-transportation 
and anticrime electronics to pollution monitoring and control. These 
reports will be strictly hardware and design-oriented, not merely 
"blue sky" surveys. They will inform readers of hardware needs, 
as well as circuit and system problems and proposed solutions. 

What is the most meaningful term we can apply to this changing 
technology? ELECTRONIC DESIGN suggests civionics-civilization 
electronics. By civionics we mean the application of electronics for 
the public good, as opposed to electronics that benefits the indi
vidual or a private business. For example, a highwa~ traffic-control 
system would be considered civionics, since it is designed to allay 
auto congestion for the public. On the other hand, a solid-state 
car ignition system would be considered consumer electronics since 
it benefits individuals. 

Highway traffic control already has a healthy headstart on some 
of the other civionics areas in creating a new market for the elec
tronics industry. More than 40 cities in the U. S. have installed or 
are planning to install electronic traffic-control systems during the 
next two or three years. Improvements now under development or 
in the planning stage include vehicle-identification systems, car
passing devices and antiskid systems. 

The electronics industry is on the threshold of breaking its de
pendence on aerospace and defense contracts. So, too, must the 
designer as he looks toward new opportunities in civionics in the 
years ahead. 

RALPH DOBRINER 

47 



COVER FEATURE 

The patient comes first in telemetry. 
Hospital system design must consider transmitter 
size and weight, noise and FCC rules. 

Biomedical telemetry will hav.e a great impact 
on hospital care. By keeping an ambulatory 
patient under continuous observation, it can in
stantly warn the hospital staff of a medical 
crisis. And it can allow a patient, who otherwis.e 
might b.e forced to remain bedridden, almost com
plete freedom of movement. Finally, telemetry 
can save mon.ey, by giving older hospitals the 
capability of continuous patient monitoring with-

Edited by Milton J. Lowenstein 

Philip A. Delangis, President, Verite Scientific, Inc., 
4060 226th St., Torrance, Calif. 90505 
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out the need for expensive rewiring. 
At the moment, there are not many biomedical 

telem.etry systems in operation. The only reason 
is that not enough of the necessary equipment is 
available. To make biomedical telemetry a reality, 
engineers must become aware of the needs of 
both hospitals and patients, and must be especial
ly aware of the parameters that govern the de
sign of such systems. 

Although many forms of communication have 
been propos.ed for hospital telemetry-magnetic, 
coherent and noncoherent light and ultrasonics
only electromagnetic radiation now has the ef
ficiency and ease of transmission suitable to meet 
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all the requirements. 
Once this obvious choice has been made, it is 

necessary to decide how information is to be car
ried. Power levels and the kind of modulation will 
have significant effects on system design. There
fore, basic specifications must be enumerated. 

The most obvious parameters to be considered 
are the size of the transmitter, the design of the 
patient sensors and the interconnections between 
these devices. Since sensors for puls.e and respira
tion rates, blood pressure, EKG, EEG and body 
temperature have their own design parameters, 
it can be assumed that these devices are available 
and can be directly wired to the transmitter. 

To avoid burdening the patient and to ensure 
his cooperation in using the device, the transmit
ter must be as small and light as possible. An 
ideal size would be 1 by 1 by 1/ 4 inch with a 
weight of 1 ounce. Market surveys indicate that 
it could be as large as a pack of king-size cigar
ettes and weigh up to a pound and still be tolera
able, but the lower limits are a more suitable 
design objective. If the transmitter is too large 
and heavy, certain patients-old people and 
children-will not be able to use it. Table 1 lists 
the basic transmitter specifications consistent with 
patient comfort, hospital environment and FCC 
regulations. 

The transmitter must be shockproof and stable 
and able to withstand the normal hospital en
vironment. Adjustments should not be necessary 
-tuning by means of packaged crystals, for in
stance, is almost mandatory. Table 1 lists sev
eral of the physical and operating parameters 
that define the transmitter. 

Modular design of the transmitter is desirable, 
too. An attractive possibility is separately pack
aged power amplifiers and oscillators, for match
ing plug-in preamplifiers and modulators for 
different sensors. 

What kind of modulation? 

Regulations of the FCC bear heavily on the 
choice of communication system. Part 15 of the 
FCC Rules and Regulations is especially signifi
cant to the design of biomedical telemetering. 
Some pertinent excerpts from this section are: 

Operation in the band 88-108 MHz is limited 
to low power communication devices employed as 
telemetering devices or as wireless microphones. 
This band shall not be used for two-way commu
nication. 

Users of these devices shall take adequate pre
cautions to insure that harmful interference is 
not caused to the reception of transmissions 
from any FM or television broadcast station or 
any other class of station licensed by the Com
mission. In the event that such interference does 
occur, operation of the telemetering device or 
wireless microphone shall be promptly suspended 
and shall not be resumed until the interference 
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Table 1. Transmitter parameters 
Size 
Weight 
Temperature range 
Frequency stability 
Radiated power 
Frequency range 
Number of channels 

Bandwidth 
Modulation 
Operating range 
Signal/ noise 
Antenna 
Installation time 
Adjustments 
Calibration 
Power 

Effect on patient 

1 by 1 by V4 inches 
1 ounce 
O to 40°C 
0.01% 
50 µ,VI m at 50 feet 
88 to 108 MHz 
1, with plug-in module 
capability for others 

0 .05 to 150 Hz 
FM, or PCM 
70 m 
> 40:1 
whip 
< 5 min. 
none 
1 mV pushbutton for EKG 
One 1.35 V mercury battery 

(hearing aid type, 60 day 
life) 

None 

Hospital corridors offer no telemetering 
problems when they are straight. 
However, bends can shield the receiver 
from the transmitter. 
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1. An electrocardiogram telemetering 
transmitter is attached to patient Clifford W. 

Longell of Berkeley Heights, N. J. prior to 
placing him in a wheel chair. Although there 

are 12 points on the body that must be 
monitored for a complete EKG, present 

transmitters and receivers are limited to only one. 

has been eliminated. User s of these devices must 
accept any interference which may be caused by 
the operation of any licensed station operating 
in accordance with the t erms of its license. 

The field strength of emissions radiated with
in the specified 200-kHz band shall not exceed 
50 ,f-l V / m at a distance of 50 feet or more from 
,the device. 

The field strength of emissions radiated on 
any frequency outside the specified 200-kHz 
band shall not exceed 40 µ, V / m at a distance of 
10 feet or more from the device. 

Other paragraphs of the FCC regulations 
limit telemetering services to frequencies below 
70 MHz, except for the 88-108 MHz band. Be
cause low-frequency antennas become too large, 
the higher frequency band is the only one suit
able for medical telemetry. A possible point of 
conflict is a requirement for periodic announce
ment of call letters. This is clearly impossible in 
the kind of transmitter we are considering. Care
ful study of legal ramificatiom; mmit be made by 
the design.er before he commits himself to a final 
design. 

On a technical level, decisions are based on 
more solid information. Five basic types of 
modulation can be considered: amplitude modu
lation (AM) ; frequency modulation (narrow or 
broadband FM) ; pulse-amplitude modulation 
(PAM); pulse-position modulation (PPM); and 
pulse-code modulation (PCM)-sometim.es called 
pulse-width modulation (PWM). For lowest 
equipment cost, AM is the best. However, when 
the performance requirements involved in the 
system, 'such as reliability and electrically noisy 
hospital environments (primarily radiated noise 
from other equipment) , are considered wideband 
FM or PCM is the best choice. 

Since noise is one of the major problems in a 
hospital environment, good signal-to-noise ratio 
is vital. A comparison of signal-to-noise ratios 
(S/ N) is useful. Note that the subscript c in 
the following equations denotes the unmodulated 
carrier with the minimum bandwidth required to 
transmit information. 

(S/ N) AM = Sc/Ne 
(S/ NhM = 3(32 (Sc/Ne) 

For a modulation index, /3 > > 1, which is the case 
in wideband FM, S/ N is significantly better than 
AM. The FM equation also shows that S/ N for 
wideband FM is better than narrowband FM. A 
wider bandwidth system, of course, requires 
more stages of gain. 

Performing the same comparison for PAM. and 
PPM, we have (S/ N) PAM = Sc/No 
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and (S/ N) PPM = 1/ 2 (to/T,. ) Sc/Ne, 
where t o is the maximum frequency deviation 
and T r is the rise time of the pulse. 

It can be seen from these equations that PPM 
is a better choice than PAM and that 

(S/ N) AM= (S/ N)rAM• 
Increasing the modulation index (t0 ) in PPM, 

or decreasing the pulse rise time, increases the 
S/ N. It is more difficult to characterize S/ N for 
PCM, but it improves exponentially, once past 
the threshold level, rather than linearly as in the 
case of FM or PPM. 

To choose the best system in terms of both 
performance and cost criteria, a complete analysis 
of all the variables, including actual radiated 
noise levels in hospitals, must be made. Then 
competing systems-AM, FM, PCM-can b~ 

blocked out and compared on a cost-effective 
basis. 

Determine output l e~els 

Assuming that the FM band will be used, the 
FCC maximum for radiated output must he less 
than 50 µ, V / m at 50 feet. If a half-wave dipole 
is used as the transmitter antenna, the following 
relation between powe:r: and field intensity apply: 

E = (49.2 P 1 t 2 ) / R 
where E is field intensity in volts, P is transmit
ted power in watts, and R is distance in meters. 

In this case E is 50 µ, V, R is 50 feet or 17 m, 
and 

P = (ER) 2/ 49.2 = (50 x 10-6 x 17)2/ 49.2 
= 147 x 10-10 w. 

Maximum power output, therefore, from the 
transmitter is 0.0147 µ,W. 

This power output, although feasible with a 
miniaturized transmitter, is very close to hos
pital noise levels. The FCC regulations that de
termine this low power were not written with 
the special prob~ems of hospitals in mind. 

One way to overcome this inherent difficulty 
is to have the regulations changed. Another is 
to view the FCC limitation as referring to aver
age output power. A pulse-modulated signal, 
rather than FM, can then concentrate energy at 
much higher power levels over a short duty cycle. 

The earlier discussion of S/ N and this power 
restriction suggest strongly the advantage of 
PCM in producing a strong, clear signal. Existing 
hospital telemetering systems rely on FM; future 
systems, it seems, should be built using PCM. 

The possibility of power transmitted by the 
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2. This biomedical transmitter, in use in 
Overlook Hospital, Summit, N. J., is larger 
than ideal size. Additional design is necessary 

·to make it small enough for young children 
or for transmission of several 
channels of medical data .. 
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Table 2. Receiver parameters 

52 

Frequency range 

Bandwidth 

Modulation 

Frequency stability 

Temperature range 

Number of 
signals/ channel 

Signal/ noise 

Baseline drift at 
display device 

Antenna 

Adjustments 

Calibration 

Power 

88 to 108 MHz 

0.05 to 150 Hz 

FM or PCM 

0.01 %. crystal controlled 

0 to 65°C 

1 with possible addition of 
3 more 

> 40:1 

< 1 mm/min; ±2 cm/day 

external 

none 

none 

115/230 V, 50/60 Hz 

telemetry transmitter causing interference with 
other vital medical equipment must be explored, 
particularly in the case of a cardiac pacemaker 
used by a heart patient. But so far, the results 
of studies on pacemakers has indicated that there 
is no severe interference. And by shielding thE 
leads of the transmitter and positioning it so that 
the patient's body is between it and the pace
maker, any interfering signal will be highly 
attenuated. 

Receiver design is important 

Because of the severe limitations on the trans
mitter, a carefully designed receiver is necessary. 
Low noise characteristics are a must. Since sev
eral patients may be monitored simultaneously, 
there must be frequency channel allocations to 
keep them separate. Front-end modules can be 
used to match each transmitter, or several sepa
rate channels can be incorporated into a single 
receiver. 

Size and weight are not critical parameters 
for the receiver, but stability and reliability are. 
Table 2 lists receiver specifications based on 
previously determined transmitter parameters. 
The transmitter is the limiting element in the 
design. Much more design freedom is possible 
with the receiver. However, there should be no 
need for adjustments or calibration-hospital 
personnel are not skilled in this area. 

Receiving antennas should be placed at strate
gic locations to eliminate dead areas and to make 
the system operate satisfactorily with low trans
mitter power. One possibility is to make use of 
electrical wiring as a receiving antenna, provided 
this wiring is not shielded and contains no inter
vening transformers. 
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System complexity depends on the hospital and 
the kind of installation. Small and large hospitals 
have different needs. Installation in an existing 
hospital or designing into a new hospital will 
effect the specifications and performance. Radio 
noise levels are different in city and country. 
Obviously, each system must be carefully assem
bled for best results. 

Another area that should be given careful con
sideration is that of proper human engineering. 
The elimination of adjustments and calibrations 
has beep mentioned. Color coding and indexing of 
connectors are other areas where good design can 
prevent accidents. The hospital environment is 
one in which the staff is under pressure. The 
engineer must make his equipment simple and 
easy to use. •• 

Test your retention 

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

1. What are the major benefits of telem
etry to the patient? to the hospital staff? 

2. Why are transmission power limita
tions imposed on hospital telemetry by the 
FCC? 

3. What kind of modulation has the best 
signal-to-noise ratio for hospital telemetry? 

4. Why should hospital telemetry equip
ment be designed with no adjustments? 
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3. This display is located near the telemetry 
receiver in Overlook Hospital. Oscilloscope 
and alarm units are mounted below a 
hard-copy oscillograph which produces a 
permanent record, like that shown at the top 
of the page. The use of the scopes and 
oscillograph is desirable; the alarm 
units are mandatory. 
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What makes ours 
the world's best MOS? 

Unique features. 
Like PSG passivation, 

cerdip, MOSAB. 

Things that make Philco® MOS the most 
reliable on the market. 

First, our PSG passivation. We apply a 
unique phosphosilicate glass over the entire 
surface of the chip-not just over the metalliza
tion. This produces the most trouble-free MOS 
you can buy. 

All-over PSG passivation Passivation over metal only 
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Our special PSG process ends surface ion 
migration and eliminates field inversion voltage 
effects-the "Fahrenheit freakout" that can 
cause all sorts of logic errors when chip tern- ~ 
peratures rise. It also prevents corrosion, 
scratched metallization, and bridging of metal 
lines by stray conductive particles. 

Sealing cerdip at 550° C 

Then there's our patented MOSAB input 
device. It ensures permanent over-voltage pro
tection at every input on every circuit. In con
ventional MOS circuits the voltage limit in
creases each time there's a transient surge, as 
shown on the curve tracer. Until eventually~ 
there's no over-voltage protection left. 

And PSG's high-temperature capability 
lets us give you MOS in cerdip-the low-cost 
hermetic packaging that meets all the environ
mental requirements of MIL Standard 883. 

These all add up to yields that are double the industry 
average ... from a plant that can make up to a million 
perfect chips a week. And that means top reliability at 
attractive prices. See for yourself. Write Philco-Ford 
Corporation, Microelectronics Division, MOS Marketing, 
Blue Bell, Pa. 19422. (215) 646-9100. 

Or call our nearest sales office: Los Angeles, Calif. , 
(213) 641-8105• Palo Alto, Calif., (415) 321-8740 •Melrose 
Park, Ill., (312) 345-1000 •Burlington, Mass. , (617) 272-
1600 • Dearborn, Mich., (313) 323-3797 • Union, N.J. , 
(201) 686-7512 •Syracuse, N.Y., (315) 422-3154 •Dayton, 
Ohio, (513) 223-1832 •Don Mills, Ontario, (416) 444-2541. 

The better idea people in MOS. 
INFORMATION RETRIEVAL NUMBER 35 
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Three-level logic eliminates inverters. 
The use of all NANO logic can reduce gate count 
by inherent generation of complemented variables. 

Standard synthesis of logic circuits uses the 
2-level AND-OR logic that results from Kar
naugh maps or the Quine-McCluskey chart. The 
conventional results of this approach produce a 
design in which delay is minimized. But it is pos
sible to make use of 3-level NAND logic1

•
2 only 

and to reduce total gate count. 
This is possible because the NAND design re

quires no complemented variables as inputs, and, 
consequently, no inversion gates. If complemented 
variables are needed, they can be produced within 
the designed logic structure. 

A second advantage is that only one kind of 
logic gate need be kept in stock. This is most 
useful to engineers who have infrequent demands 
for logic circuits. The only disadvantage of the 
method is the increase in propagation time 
through the logic network as a result of the addi
tional stage. 

Careful design reduces gate count 

If minimum gate count is the design objective, 
the logic network should reflect alternate design 
techniques. There is no criterion by which the 
minimum gate count is assured, so the designer 
must investigate many possibilities. 

Two-level AND-OR logic is related to all 
N AND logic by the following expression, based 
on DeMorgan's theorem: 

ABC + DEF + GHI = [(ABC) ' (DEF) ' 
(GHI)'] ' . (1) 

The left-hand side of Eq. 1 is expressed in terms 
of two levels of AND-OR logic, while the right
hand side is three-level N AND only. The follow
ing identities, which can be derived from funda
mentals, also prove especially useful in reducing 
gate count: 

[XY(Z) '] ' = [XY(XZ)'] ' = [XY(XZ) '] ' 
= [XY(XYZ)']', (2) 

and 
[ (W) ' (XY) ']'[ (X) I (XY) ']' 

c [(WX) ' (XY)'] ' . (3) 

Edmond I. Vinarub, Electronic Systems Engineer, Reflec
tone, Inc., 2051 W. Main St., Stamford, Conn. 06904 
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The most direct way of describing the use of 
three-level NAND logic is to work through some 
examples. 
Example 1: 

Let F = W'XYZ + WX'YZ + WXY'Z + 
WXYZ' be the desired expression and W, X, Y 
and Z be the inputs. Substituting into Eq. 1, the 
expression becomes 

F = [(W'XYZ) ' (WX'YZ) ' (WXY'Z) ' 
(WXYZ' ) '] ' . 

The logic structure for this equation is shown in 
Fig. la. It uses nine NAND gates. 

If F is further modified by the identities of 
Eq. 2, 
F = [ (WXYZ) I (XYZ) (WXYZ) I 
(WYZ) (WXYZ)'(WXZ) (WXYZ)'(WXY)] '. 

x 
y 
z 

1. All-NANO logic can be used to perform any logic func
tion. Straightforward application of NAND gating (a) 
makes use of nine gates. With manipulation, the count 
is reduced to six by eliminating inverters (b). 
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The implementation of this logic (Fig. lb) re
quires only six NAND gates. The original two
level logic used four AND gates, one OR gate and 
four inverters, for a total of nine gates. 
Example 2: 

Let G = X'Y'Z + W'Y'Z. 
If only uncomplemented variables are available, 
the implementation of this equation requires two 
AND gates, an OR gate and three inverters, or a 
total of six gates. The direct conversion into 
N AND logic results in 

G = [(X'Y'Z)'(W'Y'Z) ']'. 
Figure 2a is the corresponding logic diagram. 

The circuit uses six NAND gates, which is no 
improvement. However, if the identity of Eq. 3 
is used, the equation can be rewritten as 

G = [ (WX)'Y'Z]", 
and this may be implemented as in Fig. 2b, using 
only four N AND gates. 
Example 3: 

The first two examples made use of either ~q. 

WO----' 

XO----' 

G 

G 

2. An original network with six gates (a) can be reduced 
to four by using all·NAND logic (b). Note that the final 
gate in "b" is a NANO gate with only one input, or 
simply an inverter. 

ELECTRONIC D ESIGN 24, November 22, 1970 

2 or Eq. 3 for simplification. This final example 
makes use of both relationships. 

Let H = WXY' + WXZ' + XYZ'. The conven
tional solution uses six gates. Converting to 
NAND also uses six gates (Fig. 3) 
~ = [(WXY' )'(WXZ' ) ' (XYZ')']'. 
Applying first Eq. 2 and then Eq. 3, the modi

fied function is 
H = [(WX(YZ)')'(XY(YZ) ' )']'. 

This yields the structure of Fig. 3b, which uses 
only four N AND ga.tes. 

The use of three-level N AND logic is one more 
tool for logic designers. It is an additional option 
when gate count or parts supply is critical. • ·• 

References 

1. Starr, Gilbert, "Be Logical-Consider Unfamiliar 
Gating," Electronic Design, Sept. 13, 1970, pp. 90-91. 

2. Ellis, D. A., "A Synthesis of Combinational Logic 
with NAND or NOR Elements," IEEE Transactions on 
Electronic Cornputers, October, 1965, pp. 701-705. 

yo----1 

zo----t 
H 

3. Two simplifying equations are used to reduce the gate 
count in this final example. The number of gates is re · 
duced even with an extra level by producing comple· 
mented variables within the logic structure. 

57 



It's true. 

After helping a jillion feet of paper 
tape wind and unwind its way 
through communications systems 
everywhere, Teletype announces the 
addition of magnetic tape data 
terminals. 

There are some basic advantages in 
both mediums. But as you are well 
aware, the medium that's right for a 
system depends a lot on the applica
tion criteria. 

The new magnetic tape data termi
nals have many operational features 
that make life less complicated for 
the operator. 

Teletype is a trademark registered in the U.S. Pat. Office. 
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New, modular line of Teletype® 4210 
magnetic tape data terminals. 

yes, mag 
tape 

terminals 

For example, take a look at the tape 
cartridge, which was specifically de
signed for reliability required fo r 
data transmission. 

Its vital statistics are: 3H x 3H x 1 ". 

It contains 100 feet of X" precision 
magnetic tape. 

It will hold 150,000 characters of 
data, recorded at a density of 125 
characters per inch. The equivalent 
of a 1000 foot rol I of paper tape. 

This means that your data is easier 
to store, easier to handle, easier to 
work with than ever before. And it's 
reusable. 
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The units have a "fast access" switch 
which will move tape forward or 
reverse at a speed of 33 inches per 
second. A digit counter provides a 
reference point to help locate vari
ous areas of the tape. 

Four ASCII control code characters 
can be recorded in the data format 
to aid character search operations. 
When the terminal's "search" but
ton is pressed, tape moves at the 
rate of 400 characters per second 

until the control code selected is 
detected . Then the terminal stops 
the tape automatically. 

A "single step" switch is also pro
vided which enables you to move the 
tape forward or backward one char
acter at a time. In editing or correct
ing tape, you can send a single 
character using this feature. 

machines that make data move 

ELECTRONIC DESIGN 24, November 22, 1970 

DATA COMMUNICATIONS 
equipment for on-line, real-time processing 

Also magnetic tape adds high speed 
on-line capability to low speed data 
terminals. 

You can zip data along the line at up 
to 2400 words per minute. For ex
ample: Take a standard speed Tele
type keyboard send-receive set, and 
a typical typist. Add a new magnetic 
tape unit to this combination and 
the on-line time savings can pay for 
the magnetic tape terminal in short 
order. 

You can take better advantage of 
voice grade line speed capabilities. 

An operator can prepare data for 
magnetic tape transmission using 
the keyboard terminal in local mode. 
Then send it on-line via the magnetic 
tape terminal up to 2400 words per 
minute. 

These new modular magnetic tape 
data terminals offered by Teletype 
are perfectly compatible with model 
33, model 35, model 37 and lnktronic® 
keyboard send-receive equipment. 

INFORMATION RETRIEVAL NUMBER 36 

Straight-through threading makes 
tape loading and unloading excep
tionally easy. 

They can send or receive at high or 
low speed. Or can be used indepen
dently as stand-alone terminals on
line. 

If you would like to know more about 
this new line of Teletype magnetic 
tape data terminals, please write 
Teletype. Corporation, Dept. 89-15, 
5555 Touhy Avenue, Skokie, Illinois 
60076. 

Teletype 4210 magnetic tape data ter
minal with 37 keyboard send-receive 
set. 

TELETYPE 

r lrul ~ 
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Ideas For Design 

Vary op-amp gain by 2048:1 in steps of 2:1 

An inexpensive circuit can lower · the gain of 
an operational amplifier by a factor of two each 
time the binary outputs of a 4-bit binary counter 
increase. A total gain change of 21 1 or 2048 is 
possible using a circuit with only five spst minia
ture, dual-in-line relays and one quad-NAND gate 
(Fig. 1). The truth table for the circuit is shown 
in Fig. 2, in which a ZERO at a relay coil termi
nal indicates that the relay is energized. 

Initially, relays 1, 2 and 3 are not energized 
(open) and relays 4 and 5 are energized 
(closed). The gain of the op amp is 1 Mfi/ 4990 
= 2000. 

On the first three counts relays 1, 2 and 3 turn 
on during the count that their respective inputs 
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IN 

BINARY 
COUNTER 

2' t----+-<>---i 

@ ® 

•SY 

® 

•meo 

lftle9 

1. A gain variation of 2048:1 is accomplished by 
the circu it. The logic (a) uses only three gates of 
t he quad NAND. The relay coils (a) operate con
tacts (b) to change gain . 

I--- COUNTER RELAY 
COUNT 

23 :I! 21 20 I 2 3 4 5 

0 0 0 0 0 I I I 0 0 

I 0 0 0 I 0 I I 0 0 

2 0 0 I 0 I 0 I 0 0 

3 0 0 I I I I 0 0 0 

4 0 I 0 0 I I I I 0 

5 0 I 0 I 0 I I I· 0 

6 0 I I 0 I 0 I I 0 

7 0 I I I I I 0 I 0 

8 I 0 0 0 I I I 0 I 

9 I 0 0 I 0 I I 0 I 

I() I 0 I 0 I 0 I 0 I 

II I 0 I I I I 0 0 I 

2. The truth table of relay operation uses ONE for 
a de-energized and ZERO for (jn energized relay as 
the circuit steps through 12 counts .. 

are ZERO, and the gain isi progressively lowered 
by factors of two. On the fourth count relay 4 
opens. Since relays 1, 2 and 3 are also open, the 
gain is 1 Mfi/ 7.99 k = 125. During the fifth, 
sixth and seventh count, relays 1, 2, and 3 again 
close. On the eighth count relay 5 opens and relay 
4 closes. Since relays 1, 2, and 3 are again open, 
the gain is 1 Mfi/ 127.499 k = 7.84. 

On the ninth, tenth and eleventh counts, relays 
1, 2 and 3 again turn on. On the eleventh count 
the gain is 125k/ 127.499k = 0.98, for a total re
duction in gain of 2048. 

Norman Tobey, Senior Electrical Engineer, 
Itek Corp., Optical Systems Div., 10 Maguire 
Rd.; Lexington, Mass. 02173. 

VOTE FOR 311 
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NewHelipot 
DAC & ADC Hybrids 

are MOS system 

Model 847 DAC & Model 871 ADC offer : 

• Integration of the best DAC/ ADC func
tional elements from MOS/LSI, Bipolar and 
cermet thick-f i lm technologies into complete 
hybrid converters. 

• MOS system compatibi lity (using 3750 
& 3751) . 

• Small , hermetic metal package & 
environmental specs per MIL-STD-883. 

[ eeckman3 INSTRUMENTS, INC. 

HELIPOT DIVISION FULLERTON, CALIFORNIA 

• Resolution 

• Accuracy : (Code) 
at 25° C 
- 20 to 85° C 

• Price (50-99 Quantity) 

• Power Consumption 

compatible 

MODEL 847 DAC 
10 bit 

D1 D2 D3 
±0.025% ±0.05% 
±0.05% ±0.1 % 

±0.1% 
±0.2% 

$165.00 $148.75 $136.00 

350mW max. 

MODEL 871 ADC 
12 bit 

D1 D2 D3 
±0.025% ±0.05% ±0.1 % 
±0.05% ±0.1 % ±0.2% 

$252.25 $191 .25 $165.00 

950mW max. 

Call your local Helipot Sales Engineering Representative for additional information and 
application assistance. 

INTERNATI ONAL SUBSIDIARIES: AMSTERDAM ; CAPETOWN ; GENEVA: GLENROTHES. SCOTLAND ; LONDON ; MEXICO CI TY: MU NICH: PARI S; STOCKHOLM; TOKYO: VIENNA 

INFORMATION RETRIEVAL NUMBER 37 
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IDEAS FOR DESIGN 

Transistor protects 
sensitive meter movements 

Diode protection, often used for meter-move
ment overload protection, is useless for micro
ammeters in which the meter voltage drop is 
below that required for conduction. But the cir
cuit shown will limit the current through any 
meter to a predetermined value. 

The transistor is connected so that the meter 
current flows through the collector circuit. The 
maximum base current is established by the bat
tery and the resistor. The resistor is chosen so 
that the maximum collector current is between 
1.5 and 2 times the full-scale meter current, a 
value the meter can stand. The resistor shown is 
the nominal value for a 20-µ,A meter and must 
be changed for other movements. Also, because 
of the wide variation in beta for inexpensive 

R 
l.2M 

2N3394 

+ 

The current limiting action of the transistor pro· 
vides a better method for meter-movement protec· 
tion than the use of a diode. This circuit can be 
used with anx meter by changing the resistor. 

transistors, the maximum meter current should 
be checked. 

Paul C. Krueger, Electronic Consultant, 20 
Wabash Ave., Wharton, N. J. 07885 

VOTE FOR 312 

Generate normally distributed random numbers with BASIC 
Normally distributed random numbers are 

often required for statistical problems such as 
sampling. BASIC language contains the instruc
tion RND ( - 1), which generates uniformly
as opposed to normally-distributed random 
numbers, ri, in the interval 0 to 1. 
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10 READ KrSrM 
20 DATA 2it,10,so 
30 FOR I=l TO SO 
lf-0 LET T=O 
SO FOR J=l TO K 
bO LET R=RND<-1> 
70 LET T=T+R 
80 NEXT J 
qo LET N=S*SQR(l21K>*<T-K/2)+M 
100 PRINT N 
110 NEXT I 
120 END 

Uniformly distributed random numbers are convert
ed to normal distribution by this BASIC program. 
Any mean or standard deviation can be specified. 

Using the central limit theorem, the following 
formula, which yields normally distributed ran
dom numbers from a set of uniformly distributed 
numbers, can be derived: 

:where 
er = standard deviation, 
µ, = mean, 

and 
k = some quantity of uniformly distributed 

random numbers. 1 This equation appears in line 
90 of the program shown. 

The value of k is selected large for accuracy or 
small for computational efficiency. 

The program listing is shown in the figure. In 
line 10, S is c:r, M is µ,. 

Reference 

1. Naylor, Balintfy, Burdick, and Chu. Computer 
Simulation Techniques, John Wiley & Sons, New York, 
1966. 

Marvin Perlman, Senior Systems Engineer, 
Singer-General Precision Inc., Link Division, 
Silver Spring, Md. 

VOTE FOR 313 
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CENTRALAB 
SEMICONDUCTOR 

Division • GLOBE-UNION INC. 
4501 NORTH ARDEN DRIVE 

EL MONTE, CALIFORNIA 91734 
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,IDEAS FOR DESIGN 

Operate remote relays with 
low control-line voltage 

The voltage level on equipment control lines 
in many new aircraft must be ~ept low. This 
makes it difficult to operate relays without re
sorting to a low-voltage control-line supply
something that is usually not available. Other 
published' solutions to this problem use trans
formers, which take up valuable space, or zener 
diodes, which dissipate power either in standby 
or when the relay is energized. The following 
method is inexpensive, compact and dissipates 
little power. 

When the remote switch is closed, the SCR 
conducts every half cycle as required by the 400-
Hz relay coil. With the switch open, D, prevents 
gate current flow through R2. R, and R2 establish 

r--------- --- · 1 400 Hz RELAY COIL 

11!1 v 
rm1 

I I 
I I 
I I 
I I 
I I 

o-~~--,_..__. ·--.......... ~~---. 
RI 

IOOk 

R2 
IOk 

I 
I 
I 
I 
I I .. _______________ .. 

01 
IN424S 

R3 
lk 

2N2326 

CONTROL LINE 

r/~ 
Compact relay control consumes little power and 
meets modern aircraft design requirements. The 
control-line voltage never exceeds 15-V peak. 

a maximum control-line voltage of 15 V peak at 
the highest aircraft supply ( 122 V rms) . 

Reference 
1. ARINC Sj>ec. No. 413 
Peter Lenerson, Electronic Communications 

Inc., 1501 72nd St. N., St. Petersburg, Fla. 
33733. 

VOTE FOR 314 

Solid-state circuit gives wide-range motor speed control 
The speed of 12-V permanent-magnet motors 

may be smoothly controlled over a wide range by 
means of the circuit shown. The two transistors 
are connected so that when the emitter Q, is 
positive with respect to its base, the impedance 
between the emitters of Q , and Q 2 is very low. 
When the emitter of Q, is negative with respect 
to its base, the impedance is very high. 

The base of Q , is fed from a fullwave rectified 
voltage. The voltage on the emitter of Q1 starts 
from zero every half cycle, but its waveform is 
modified by the exponential charging current of 
C,. The zero crossover point of the waveform can 
thus be varied by the adjustment of R, .. When 
the crossover point is reached, C, is discharged 
through R5, turning the SCR on. This provides a 
de pulse to the motor, and the voltage across the 
transistors drops to zero. The action repeats 
every half cycle. D5 and DG protect the circuit 
from the motor back-emf. R 6 limits the open-cir
cuit voltage. 

J. Johnston e, Consultant Electronic E ngineer, 
P. 0. Box 4, Macclesfield, Cheshire, Englan d. 

VOTE FOR 315 
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01-04 
IOOI 

RI 

S.6k l/2W 4.7k 
l/2W 

R3 ~~ 

OS 
1001 

06 
IO DI 

R6 
l.Sk 

112W 

IOOk 
LINEAR 

FUSE 
IA 

TO 
MOTOR 

The setting of variable resistor Rv controls the 
speed of a 12-V permanent-magnet motor. Stepless 
control with wide range of operation is a feature 
of the circuit, which makes use of readily available 
semiconductor components. 

Don't miss an issue of Electronic Design; return your 
renewal card today. See Nov. 8 issue. 
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IDEAS FOR DESIGN 

Build two monostable multis 
with a single IC 

Two independent monostable multivibrators on 
a single monolithic chip can be obtained by using 
a quad two-input NAND gate connected as 
shown. These monostable circuits are capable of 
output pulse widths that can be varied from less 
than 1 µ,s up to several seconds. If simultaneous 
triggering is desired, just connect terminals 5 
and 13 together and apply the trigger puls.e to 
that connection. 

The output pulse width is controlled by the 
time required for the coupling capacitor ( C1 or 
CJ to charge to a voltage that initiates turn-on 
of the gate input transistor. For the MC846P 
the input transistor starts to turn on when the 
input voltage is on the order of 1.6 V. Since 
V ee<sat> is approximately 0.3 V, the capacitor must 
charge to approximately 1.3 V. The total effective 
resistanc.e in the charging circuit is 3.75 kn in 
parallel with the coupling resistor R1 (or RJ . 
The charge time, t, can be determined from the 
equation 

1.3 = V ee R1 (1 - et/RO) 
3.75+R1 

where R = 3.75k x Ri and 
3.75k + R1 

C = C1. 

The coupling resistor R1 should be restricted 
to the following range of values: 

[ 4.875 x 10
3

] < R i < [ - 1 - ] 
V ee - 1.3 10 fC 

where f = trigger frequency. 
The lower limit on R1 is the valu.e that produces 

an infinite-width output pulse. In other words, 
the circuit behaves as a Set/ Reset bistable multi
vibrator. The upper limit on R1 is necessary since 
R1 provides the only discharge path for the cou
pling capacitor (due to the fact that the input 
diode internal to the IC is revers.e-biased). 

Since the capacitor must be completely dis
charged before any subsequent trigger puls.e is 
applied, R, should be sufficiently small to permit 
this. The upper limit allows a minimum of 10 RC 
time constants between trigg.er pulses. Larger 
values of R1 would cause the coupling capacitor 
to have an initial non-zero charge a.t the begin
ning of the next trigger pulse, and as a result 
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2 O-+----t 3 01.__f 

9 O-+----t 

10 O-+----t 

MC846P 

Two independently triggered, variable pulse-width 
monostable multivibrators can be built with this 
single quad two-input NANO gate. Connecting pins 
5 and 13 together provides simultaneous triggering. 

the output pulse width would be shorter than that 
predicted. 

C. F. Reeves, Electronics Engineer, Code 2300, 
U. S. Navy E lectronics Laboratory, 271 Catalina 
Blvd., San Diego, Calif. 92152. 

V OTE FOR 316 

VOTE! Go through all Idea-for-Design entries, select the 
best, and circle the appropriate number on the Reader
Service-Card. 

SEND US YOUR IDEAS FOR DESIGN. You may win a 
grand total of $1050 (cash)! Here's how. Submit your 
IFD describing a new or important circuit or design 
techn ique, the clever use of a new component or test 
equipment, packaging tips, cost-saving ideas to our 
Ideas-for-Design editor. You will receive $20 for each 
accepted idea, $30 more if it is voted best-of·issue by 
our readers. The best-of-issue winners become eligible 
for the Idea Of the Year award of $1000. 

Have you sent us your subscription renewal card? See 
Nov. 8 issue. 
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Baltimore 
Cramer/Baltimore 
922-24 Patapsco Avenue 
Baltimore, Maryland 21230 
Boston 
Cramer Electronics, Incorporated 
85 Wells Street 
Newton, Massachusetts 02159 
Chicago 
Newark Electronics Corporation 
500 North Pulaski Road 
Chicago, Illinois 60624 
Cleveland 
Schweber Electronics Corporation 
23880 Commerce Park Drive 
Cleveland, Ohio 44122 
Denver 
Cramer/Denver, Incorporated 
5465 East Evans Place at Hudson 
Denver, Colorado 80222 
Detroit 
Newark-Detroit Electronics, Incorporated 
20700 Hubbell Avenue 
Oak Park, Michigan 48237 
Los Angeles 
Kierulff Electronics, Incorporated 
2585 Commerce Way 
Los Angeles , California 90022 
New York 
Schweber Electronics 
Jericho Turnpike 
Westbury, New York 11590 
Philadelphia 
Almo Electronics Corporation 
Roosevelt Blvd . at Blue Grass Rd . 
Philadelphia, Pa. 19114 
Phoenix 
Kierulff Electronics Corporation 
2633 East Buckeye Road 
Phoenix, Arizona 85034 
San Diego 
Kierulff Electronics 
8797 Balboa Avenue 
San Diego, California 92133 
San Franc;isco 
Elmar Electronics, Incorporated 
2288 Charleston Road 
Mountain View, California 94040 
Seattle 
Kierulff Electronics, Incorporated 
5940 Sixth Avenue, South 
Seattle, Washington 98134 
Washington, D. C. 
Cramer/ Washington 
692 Lofstrand Lane 
Rockville, Maryland 20850 

IN CANADA: 
Montreal 
Cesco Electronics Ltd . 
4050 Jean Talon 
Montreal, Quebec 
Ottawa 
Cesco Electronics Ltd . 
1300 Carling Avenue 
Ottawa, Ontario 
Quebec 
Cesco Electronics Ltd . 
98 Rue St. Vallier, Quest 
Quebec P. O . 
Toronto 

40 pages of specs and 
operating characteristics 
to supplement 
A-8 distributors' catalog listings 
Comprehensive reference manual. Provides 
in-depth information on Allen-Bradley precision 
resistor networks, trimmers, variable resistors, 
feed-thru and stand-off capacitors, feed-thru 
filters, composition fixed resistors. All are 
available off the shelf from your appointed 
Allen-Bradley distributor. 

·-------------------• MAIL TO THE A-B DISTRIBUTOR NEAREST YOU 
I 
I 
•• 
I 

Send me free catalog RD. 

CitY-----------------------

State ___________ ZiP----------

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Cesco Electronics Ltd . 
24 Martin Ross Avenue 
Downsview, Ontario 

I 
I 
I 
I 
I 
I 
I #. 

~# C Allen-Bradley Company 1970 EC?0-27 
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Product source 
Directory 

Test Instruments 
The test instruments covered in this Product 

Source Directory are divided into four groups
digital voltmeters, frequency counters, oscillo
scopes and spectrum analyzers. 

Each table lists the instruments in ascending 
order of a major parameter, like maximum volt
ag.e or frequency. Units are subsequently arrang
ed alphabetically according to manufacturer. 

This directory updates last year's compilation. 
It includes only the instruments introduced or 

~ .. -
> =-0 E~ " ~ l;I =- = .. Info. .... ,g •N 

~ 
,, ... ... > 

Ret. ... = u-.. = ·~ .... 
Abbrev. Company > -o =-= No. Cl ...... Cl enc:( 

AM C Automated Measu rements Corp. 
sub. of E·H Research Labs, Inc. 
638 University Ave. 
Box 1225 x 424 
Los Gatos, Calif. 95030 
(408) 354-6491 

Anadex Anadex Instruments Inc. 
7833 Haskel l Ave. x 425 Van Nuys, Calif. 91406 
(213) 873-6620 

Atec Atec Inc. 
Box 19426 x 426 Houston, Texas 77024 
(713) 468·797 1 

B& F B& F Instruments, Inc. 
Cornwells Heights, Pa. 19020 x 427 
(215) 639-7100 

B&K B&K Instruments, Inc. 
5111 W. 164th St. x 428 Cleveland; Oh io 44 124 
(2 16) 267-4800 

SAC BAC Electronics 
7300 Crescent Blvd. x 429 Pensau ken, N .J. 081 10 
(609) 662-303 1 

Beckman Beckman Instruments, Inc. 
Electronic Instruments Div. 
2200 Wright Ave. x 430 
Richmond, Ca lif. 94804 
( 41 5) 526-7730 

Boonton Boonton Electronics Corp. 
Route 287 at Smith Rd. x 431 Parsippany, N.J. 07054 
(20 1) 887-5110 

CMC CMC (Computer Measurements Co.) 
Div. of Pacific Industries 
12970 Bradley Ave. x 432 
San Fernando, Calif. 91342 
(2 13) 367-216 1 
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significantly modified since Nov. 22, 1969. For 
more information on how to obtain a copy of 
last year's directory, see page 83. A vital adden
dum to our word g.enerator directory (ED 17, 
Aug. 16, 1970) is also in this issue. 

Manufacturers are identified by the abbrevia
tions shown in the Master Cross Index below. 
The following abbreviations are used in the 
tables: ina-information not available; n/ a-not 
applicable; typ-typical. 

~ .. 
> =-" ~ 0 E~ =- l;I = .. Info. .. .. ,g ::;~ ~ = ... Ret. ... = 'i;j u-
e IS .. .. 

Abbrev. Company > =-= No. Cl ...... Cl enc:( 

Ca lico California Instruments Corp . 
5150 Convoy St. x x 433 San Diego, Ca lif. 92 111 
(714) 279-8620 

Cimron Cimron Div. 
Lear Sieg ler Inc. 
11 52 Morena Blvd. x 434 
San Diego, Calif. 92110 
(7 14) 276-3200 

Dana Dana Laboratories, Inc. 
2401 Campus Dr. x x 435 Irvine, Calif. 92664 
(7 14) 833-1234 

Dumont Dumont Oscil loscope Labs., Inc. 
40 Fairfield Pl. x 436 W. Caldwel l, N.J. 07006 
(20 1) 228-3665 

Dynascience Dynascience Div. 
Whittaker Corp. 
583 Monterey Pass Rd. x 437 
Monterey Park, Cali f. 91754 
(2 13) 341-0800 

E-N Electro-Numerics Corp. 
2961 Corvin Dr. x 438 Santa Clara, Calif. 95051 
(408) 738-1840 

Eldorado Eldorado Electrodata Corp. 
601 Chalomar Rd. x x 439 Concord, Calif. 94520 
(4 15) 686-4200 

FSC Federal Scientif ic Corp. 
615 W. 131st St. x 440 New York, N.Y. 10027 
(212) 286-4400 

Fluke John Fluke Manufacturing Co. 
Box 7428 x 441 Seatt le, Wash. 98133 
(206) 774-22 11 

GR General Radio Co. 
22 Baker Ave. x x 442 W. Concord, Mass. 01781 
(617) 369-4400 
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H·P Hewlett Packard Co. Contact Quan-Tech Quan-Tech Laboratories 
1501 Page Mill Rd. x x x x local 
Palo Alto, Calif. 94304 sales 
( 415) 326-7000 office 

45 S. Jefferson Rd. x 458 Whippany, N.J. 07981 
(201) 887-5508 

Heath Heath Co. R&S Rohde & Schwarz 
Benton Harbor, Mich. 49022 x 443 
(616) 983-3961 

111 Lexington Ave. x x 459 Passaic, N.J. 07055 
(201) 773-8010 -

lwatsu lwatsu Electric Co., Ltd. 
E-H Research Labs. 
515 11th St. x 444 Box 1289 
Oakland, Calif. 94604 

RCA RCA 
Electronic Components & Devices x 460 Harrison, N .J. 07029 
(201) 485-3900 

(4 15) 834-3030 
Siemens Siemens Corp. 

J-Omega J-Omega Co. 
2271 Mora Or. x 445 Mountain View, Calif. 94040 

186 Wood Ave. S. x 461 lselin, N.J. 08830 
(201) 494-1 ODO 

(415) 961-2000 

Keithley Keithley Instruments Corp. 
28775 Aurora Rd . x 446 Cleveland, Ohio 44139 
(2 16) 248-0400 

Simpson Simpson Electric Co. 
5220 W. Kinzie St. 
Chicago, Ill. 60644 x x 462 
(312) 379-1121 

Kikusui Kikusui Electronics Corp. 
Marubeni-Iida (America). Inc. 
200 Park Ave. x 447 
New York, N.Y. 10017 
(212) 973-7152 

Singer Singer Co. 
Ballantine Operation 
Box 97 x 463 
Boonton, N .J. 07005 
(201) 334-1432 

Leader Leader Instruments Corp. Singer Singer Co. 
37-27 27th St. x 448 Long Island City, N.Y. 11101 
(2 12) 729-7411 

Instrument Div. 
915 Pembroke St. x 464 
Bridgeport, Conn. 06608 
(203) 366-3201 

Micro Micro Instrument Co. 
12901 Crenshaw Blvd. x 449 Hawthorne, Calif. 90250 
(213) 772-1275 

Spectral Spectral Dynamics Corp. 
Box 671 
San Diego, Calif. 92112 x 465 
(714) 278-2501 

Millivac Millivac Instruments, Inc. 
11 DO Altamont Ave. 
Box 997 x 450 
Schnectady, N.Y. 12301 
( 518) 355-8300 

Systrori Systron-Donner Corp. 
888 Galindo St. x x x 466 Concord, Calif. 94520 
(415) 682-6161 

Monsanto Monsanto Electronic Instruments 
620 Passaic Ave. x x 451 W. Caldwell, N.J. 07006 
(201) 235-6010 

TSC Time Systems Corp. 
265 Whisman Rd. x 467 Mt. View, Calif. 94040 
(4 15) 961-9321 

NLS Non- Linear Systems Inc. .. 
Box N x 452 Del Mar, Calif. 92014 
(714) 755-1134 

Tektronix Tektronix Inc. 
Box 500 x x x x 468 Beaverton, Oregon 97005 
(503) 644-0161 

N. Ross Nelson-Ross Electronics, Inc. 
5 Delaware Dr. x 453 Lake Success, N.Y. 11040 
(516) 328-11 OD 

Telonic Telonic Industries, Inc. 
Box 277 x 469 Laguna Beach, Calif. 92652 
(714) 494-9401 

Novatronics Novatronics Inc. 
Spectran Div. 
Box 878 x 454 
Pompano Beach, Fla. 33061 
(305) 942-5200 

Triplett Triplett Electrical Instr. Co. 
286 Harmon Rd. x 470 Bluffton, Ohio 45817 
(419) 358-5015 

Numeric Numeric Laboratories 
329 S. Greenwood Ave. x 455 Palatine, Ill. 60067 
(321) 359-5985 

United United Systems Corp. 
918 Woodley Rd. x 471 Dayton, Ohio 45903 
(513) 254-6251 

Philips Philips Electronic Instruments 
Div. of PEPI, Inc. 
750 S. Fulton Ave. x 456 
Mt. Vernon, N.Y. 10550 
(914) 664-4500 

Vu-Data Vu-Data Corp. 
7595 Convoy Ct. x 472 San Diego, Calif. 92111 
(714) 279-6572 

Precision Precision Standards Corp. Xetex Xetex 
1701 Reynolds Marconi Instruments 
(Irvine Industrial Complex) x 457 111 Cedar Lane x 473 
Santa Ana, Calif. 92705 Englewood, N.J. 07631 
(7 14) 546-0431 (201) 567-0607 
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Select the right oscilloscope 

There are probably more good oscilloscopes 
available on today's market than ever before. 
Picking the one that solves your measurement 
problem can be simplified if some in-depth 
thought is given to its use. 

Is it to b.e used as a general-purpose lab scope 
on a production line or on a short-term project 
such as a proposal? Is it to be used in an air
conditioned environment, the Sahara desert, the 
South Pole, or maybe atop Pikes Peak? Will it 
continuously test microvolt circuits, or must it 
record only a one-time occurrence? Perhaps you 
need a scope with a bandwidth of several hun
dred megaHertz for designing state-of-the-art 
computers. 

Will the new oscilloscope be used only five 
hours a day or twenty-four hours a day? Is it to 
be carried on-board a commercial jet or will it 
always sit comfortably on a bench or scope cart? 
Will you be looking at the scope from 10 feet 
away? 

By mentally answering these questions, you 
will be much closer to obtaining a scope that will 
solve your problems, without emptying your com
pany's pocketbook needlessly. 

Lab scopes must do tomorrow's job today 

General-purpose laboratory oscilloscopes are 
used in the fundamental design of almost every 
electronic product and circuit. Picking a lab 
scope to do only today's job is unwise since the 
engineer or technician who gets it tomorrow will 
probably be short-changed. For laboratory use, 
it is best to select a mainframe that will accept 
a variety of plug-in amplifiers for both the ver
tical and horizontal deflection axes. 

There are several good reasons for this. First, 
the instrument's flexibility is vastly increased 
since the user can make special types of measure
ments without having to invest in a whole new 
oscilloscope. Secondly, manufacturers of plug-in 

Robert Bell, Product Manager, Hewlett-Packard Co., 1900 
Garden of The Gods Rd., Colorado Springs, Colo. 80907. 
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scopes generally keep close pace with the de
signer's requirements, so that new plug-ins par
allel state-of-the-art needs as they occur. 

Today's lab scopes are not the big brutes of 
yesterday, which took up half the designer's 
bench. Power requirements for a good lab scope 
are now around 150 W and are achieved with 
solid-state devices, smaller power supplies, and 
convection cooling. This is probably not much of 
an issue in buying a single scope, but think of 
the wasted power-and money-used by 200 to 
500-W scopes in big design labs. 

A good mainframe should not limit the versa
tility of the available ·plug-ins. Ev.en if you are 
doing millisecond work today, you will be dol
lars ahead tomorrow -if you purchase a main
frame capable of at least 100-MHz performance 
in its vertical axis. 

The heart of the entire oscilloscope is the dis
play, since it is here that waveforms are evalu
ated. Be sure you can see what you are evaluat
ing-today's lab scopes typically have 8 by 10-cm 
displays, and some are even larger. 

If yours is a generally used lab scope, be sure 
the CRT has an internally scribed graticule 
where the phosphor and graticule are deposited 
in the same plane. This eliminates parallax errors 
and insures easier and more accurate interpreta
tion of waveform characteristics. 

Most lab-scope CRT graticules are divided into 
10 divisions horizontally and eight divisions ver
tically. These are further subdivided into 0.2-
division markings on the major axes. 

If display size is important to you, remember 
that a division is not always equal to 1 cm; 
manufacturers have standardized somewhat on 
the number of divisions rather than the size. 
Divisions come in many sizes-some are 0.6 cm 
to the division while others are 0.8, 0.95, 1, 1.27 
or 1.34. 

A few manufacturers put horizontal rows of 
dots 10 % below the top of the uppermost division 
and 10 % above the bottommost division. These 
dots are spaced 0.2 divisions apart and offer an
other finely divided scale for waveform evalua
tion. More important, though, they allow accu
rate measurement of the 10 % and 90 % points 
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(rise time) on pulses, when the signal base is 
located along the bottom graticule line and the 
peak along the top graticule line. 

Most scope manufacturers use the same P-31 
phosphor since it is the brightest, most burn
resistant, and is pleasing to the eye. Its persist
ence is very short (approximately 40 µ,s) so no 
confusing traces caused by display afterglow are 
viewed. Other important characteristics of the 
display are brightness, spot size and fidelity. 
Generally these are not specified, but a side-by
side instrument comparison will quickly tell the 
whole story. 

Before you reach that final decision, spend 
some time with the technicians who must cali
brate and repair the oscilloscope, and see what 
they think. If they cannot keep your wonderful 
choice operating, then you are out of business. 

One final word on lab scopes. If you are the 
small consumer-and most users are-ask about 
some of the extras you can buy for a minimal 
investment. Some of these are shown as opera
tions on the data sheet, but not always. They in
clude rear-panel outputs, higher sensitivities 
and outputs for cascading channels. Ignoring 
small trimmings may limit your most profitable 
.tool-your design team. 

. Portable scopes must be rugged 

With most test equipment going solid-state to
day, it is somewhat difficult to distinguish be
tween the lab and the portable oscilloscope. For 
our purposes, a portable scope will be considered 
one used for a specific field service requirement, 
such as on-site computer servicing. Generally 
speaking, portable oscilloscopes should be capable 
of line, 28-V, 400-Hz and battery operation for 
true on-site operation. 

A desirable feature of battery operation is 
self-contained rechargeable batteries. Self-con
tained, rather than strapped-on batteries, keep 
the scope portable and easy to handle. The bat
teries should be capable of several hundred 

Special scopes have a niche, too 
As the name implies, special oscilloscopes are 

usually employed for s ingle-use applications. 
They may start from standard models but be
come highly directed toward a single application. 
They are more expensive than the standard uni t, 
since the manufacturer must spend additional 
time on modifications. Special r equirements can 
vary, from a different paint job all the way to 
new controls or a differ ent mechanical chassis. 
Almost any requirement can be met if you are 
willing to pay for it. 
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recharges and at least several hours of continu
ous operation per charge. Battery-check indica
tors are very helpful. 

Portable models put the true test to environ
mental specifications, since they are more likely 
to operate in extremes than laboratory instru
ments. An oscilloscope used under field conditions 
must be ruggedly constructed. 

The frills and calibrated gadgets on lab scopes 
are seldom needed on a portable model, since the 
waveforms being examined are already known. 
The portable scope is usually used to observe the 
qualitative nature of a waveform rather than its 
quantitative characteristics. The CRT traces of 
the portable scope must be especially bright, since 
the ambient light level ranges from that of a com
puter room to bright sunlight. 

Oscilloscope performance comes first 

The adage, "It's performance that counts," is 
certainly true with respect to oscilloscopes. A 
scope that has all the frills and gadgets but can
not make the required measurement is a wasted 
investment. 

Traditionally, oscilloscope performance is meas
ured by frequency response or bandwidth. Most 
creditable scope manufacturers define bandwidth 
as the upper frequency limit at which the dis
played signal amplitude drops 3 dB below the 
amplitude of a lower reference frequency (the 
display size is 71 % of the reference). 

The reference frequency should be at least 20 
times less than the listed upper frequency limit. 
Also, the bandwidth should be measured when 
the scope is driven by a low-impedance source
nominally 25 to 50 ohms. If you have reason to 
question a manufacturer's bandwidth specifica
tions, ask him what the measurement conditions 
are or insist on a demonstration. 

You should also beware of oscilloscopes that 
have non-Gaussian-responding amplifiers. Gaus
sian amplifiers roll off at 6 dB/ octave. Other 
types of amplifiers may have excessive peaking 
(to increase the upper frequency limit) and may 
severely alter the fidelity of the displayed signal. 

The range of vertical deflection factors deter
mines the maximum and minimum signal ampli
tudes you are able to view. Some vertical ampil
fier designs obtain low deflection factors by 
merely reducing the specified bandwidth-a fact 
not always noted on the data sheet. Full-system 
bandwidth at low deflection factors is another 
figure of merit to consider, and may determine 
if a scope will fit your application. 

In recent years, the trend in oscilloscope design 
has been toward smaller frames and larger dis
plays. This has been achieved mainly by using 
solid-state devices and field-expanding cathode
ray tubes. Solid-state circuitry has in almost all 
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Take a close look at oscilloscope data sheets. 
Vertical Amplifier CRT Display General 

Time Base Characteristics Characteristics Characteristics Features 

Sweep speed Calibrated delay Bandwidth Screen size Weight (pounds) 

Sweep time magnifier External-trigger Deflection factor Accelerating potential Weight with batteries 
delayed sweep 

Mixed sweep mode Variable trigger hold- Cascaded deflection Graticule illumination Operating time, 
off factor with batteries 

Main gate out High-frequency Input impedance Single-shot writing Power (watts) 
trigger hold-off speed 

Delayed gate out Single-sweep Composite trigger De-coupled Z-axis Fan 
operation (alternate) input 

Main sweep out Automatic-sweep Selectable triggering Beam finder X-Y operation 
operation 

Delayed sweep out Trigger coupling Differential-channel Internal graticule Price 
operation 

Delayed trigger out Line synchronization 

respects replaced vacuum-tube designs and has 
proved to be more reliable, particularly under 
severe environmental conditions like humidity, 
temperature, and shock 

A vacuum-tube design is probably a poor in
vestment today. Even though the purchase price 
may be less, the costs of maintenance and calibra
tion are considerably greater than that of a 
solid-state design. Also, the drift, noise and fre
quency response obtainable are usually poorer. 
It might be worthwhile to consider that most 
technical trade schools have all but eliminated 
courses in vacuum-tube trouble shooting. 

Another performance specification is a meas
ure of the scope amplifier's ability to reject 60-
Hz and other common-mode signals. This number, 
expressed in decibels or as a voltage ratio, is 
called the common-mode rejection ratio ( CMRR). 
Most good oscilloscopes incorporate differential 
amplifiers to achieve a high CMRR. The com
mon-mode signals developed across each side of 
a differential amplifier literally cancel each 
other. 

An interesting characteristic of oscilloscopes is 
that poor circuit design always shows up in some 
way on the display. Few test instruments so 
dramatically show their problems in this way. 
The table is a listing of oscilloscope features to 
help you make a worthwhile comparison be-

72 

Price with batteries 

Type of probes 
included 

Plug-ins available 

Line filter 

Options available 

tween competitive choices by looking at impor
tant specifications. 

Should you buy, rent or lease that scope? 

After you decide which oscilloscope you want, 
you must then consider whether to rent or to 
buy. If the anticipated use is for only a few 
months, your best bet is to rent the scope. There 
are many good rental companies that will have 
the scope you want on hand. Some will even go 
out and buy what you want if guaranteed only 
a few months' rental. 

Most rental companies shy away from special 
oscilloscopes, simply because they try to turn 
over rentals as quickly as possible, and special 
units have little selling appeal. Rental companies 
typically recover the price of an oscilloscope with
in one year. Therefore, if you want to buy but 
cannot afford to now, you may want to lease. 

Leasing generally costs a little more than rent
ing, but offers the option of purchasing at a later 
date. If the purchase option is exercised, only a 
portion of the money paid for leasing applies to 
the purchase. 

One last word of advice-always renew your 
evaluation at each new buying opportunity, be
cause new product innovations may make last 
year's decisions obsolete. •• 
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If your present application utilizes 
precision frequency selection and 
highly accurate sweep characteris
tics, then Spectra has just solved your 
problem with the SE-1200. Spectra 
Electronics has implemented into 
the SE-1200 a unique sweep design 
that digitally selects each discrete 
frequency with basic synthesizer ac
curacy. A high degree of reset-abil
ity and start-stop sweep accuracy is 
achieved that has been untouchable 
by commonly used analog sweeps. 
If you are involved in designing sys
tems in the following areas, you 
need to further consider the SE-1200. 

Frequency Agile Receivers D Mul

tiple Channel Surveillance Receivers 

D Chirp Radar D Doppler Radar D 

Short Term Stability Measurements 

D Nuclear Magnetic Resonance 

Spectroscopy D Automatic Test Sta

tions D Programmed Test Equipment 

SPECIFICATIONS 

Frequency Range 
1 Hz-1.999999 MHz 

Frequency Increments 

Stability 

Selection 

Switching Speed 

Spurious Signals 

Harmonic Signals 

Output Level 

1 Hz 

1 pp 107/day 

Digital 

400 µsec 

-90dB 

-35dB 

1 to 2 Volts 

Sweep increments are selectable 
from 1 Hz to full band; Sweep start
stop accuracy is basic synthesizer 
accuracy; Sweep characteristics are 
linear, frequency versus time; and 
selectable sweep rates are 10 Hz/ 
sec, 100 Hz/sec, 1 KHz/sec, 10 
KHz/sec. 

Price: $3595.00 

* spectra electronics 
915 Linda Vista Avenue 

Mountain View, California 94040 
Telephone (415) 964-4170 

Tl/o/X 910-379-6447 
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Spectrum analyzers
let's loolc at the field 

Today's spectrum analyzers make possible fast 
precise frequency-domain measurements because 
of improved instrument designs. Some of these 
new units now employ sophisticated digital sam
pling techniques or can directly compute Fourier 
transforms at very high speeds. There are several 
types of analyzers from which to choose, and the 
buyer can even elect to perform his measure
ments in real time. 

Review practical spectrum analysis 

The Fourier transform of a sine wave that 
lasts from minus infinity to plus infinity is a 
deltic function. Since no practical instrument is 
capable of observing an infinitely long function, 
it must measure a time-limited segment of the 
signal. 

The Fourier transform of a truncated sine 
wave lasting for T seconds is of the form 
(sin x) / x with an approximate 3-dB bandwidth 
of 1/7 seconds. The signal to be measured may 
be time-limited by the observation time of the 
spectrum analyzer itself, or the signal may last 
for only a short duration as a pulsed sine wave. 

Any spectrum analyzer that is capable of ana
lyzing a signal within its frequency coverage in 
T seconds with a resolution of 1/7 is considered 
a real-time spectrum analyzer. An instrument 
like this is capable of displaying changes in either 
frequency or amplitude that occur within a period 
of T seconds. 

As an example, consider a spectrum analyzer 
that can perform over a band from 0 to 500 Hz 
with a resolution of 1 Hz. When supplied with a 
one-second sample of the signal, the instrument 
can display all the frequencies that exist within 
the analysis range with a resolution of 1 Hz. 
If the signal changes at a rate faster than one 
second, then the instrument must be capable of 
displaying a full analysis range with a shorter 
time interval. However, the resolution will not 

Harold Klipper, Vice President, Federal Scientific Corp., 
615 W. 131 St., New York, N. Y. 10027. 
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be as fine since it is the reciprocal of the shorter 
time interval. 

Swept analyzers are used most 

The most commonly used spectrum analyzer is 
the swept-frequency type. It employs a single 
narrowband filter whose center frequency is 
varied over the frequency-analysis range, while 
the filter bandwidth is held constant. As the 
filter is swept across the analysis range, its out
put is the magnitude of each frequency compo
nent of the input signal. 

If we consider the example just given, the 
swept analyzer would move a 1-Hz filter from 0 
to 500 Hz in order to perform the spectrum anal
ysis. Since the effective time constant of a 1-Hz
wide filter is one second, the tilter must remain 
at each frequency location for one second. 

Thus, to perform an analysis from 0 to 500 Hz, 
approximately 500 seconds would be required. 
This may be entirely satisfactory if the signal 
lasts for 500 seconds and do.es not change during 
this time interval. However, if the signal is 
changing at a rate of one second, then real-time 
analysis is required. 

The swept spectrum analyzer can be imple
mented in a number of forms. In most cases, this 
type of analyzer uses heterodyning to move the 
signal past a stationary filter by sweeping a local 
oscillator. Usually, the narrowband filter needed 
is implemented by using a narrowband i-f ampli
fier. When high resolution is required, the swept/ 
i-f spectrum analyzer (Fig. 1) is normally used. 
In this system, however, the wideband i-f ampli
fier normally limits the analysis range. The 
swept-front-end spectrum analyzer (Fig. 2) is 
usually used when a wider analysis range is re
quired with moderate resolution. The electron
ically tuned filter spectrum analyzer (Fig. 3) is 
fairly new and is at present limited to measure
ments not requiring fine resolution. 

As mentioned previously, the rate at which the 
filter may be moved across the band is limited 
by the time constant of the filter. Because of the 
long processing time required by the swept spec-
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1. The swept/i-f spectrum analyzer is the most useful 
swept-type analyzer for making high-resolution measure
ments. Like other swept analyzers, it moves the input 
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2. The swept-front-end spectrum analyzer provides a 
reasonably wide frequency analysis range while giving 
moderate-resolution performance. 

trum analyzer, it is not suitable to analyze spec
tra for short-duration signals. 

Real-time instruments speed analysis 

One of the first and simplest real-time spec
trum analyzers uses multiple filters (Fig. 4) ar
ranged so that the bandpass of each filter over
laps the adjacent filter, providing complete 
coverage of the analysis range. The output of 
each filter channel is proportional to the ampli
tude of the frequency component within the 
bandpass of the filter that is present at the input 
signal. The time constant of each filter is the 
reciprocal of its bandwidth. 

Since each filter channel contains its own de
tector and low-pass filter, the output of the en
tire filter bank may be scanned as fast as neces
sary. It is possible, therefore, to scan the entire 
filter bank in the time constant of one filter, thus 
op.erating in real time. 

There are two basic types of filter banks: one 
with constant bandwidth, and other with constant 
Q or constant percentage-bandwidth (one-third 
or one-octave bandwidth, .etc.)_ In the constant
bandwidth filter bank, the bandwidth of each 
filter is the same, but the center frequency of 
each filter is separated by approximately one 
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signal past a stationary narrowband filter by sweeping 
a local oscillator. Its wideband i-f amplifier, however, 
normally limits the analysis range. 
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v 

DISPLAY 
DEVICE 

3. Electronically tuned filter spectrum analyzers a re 
swept-type instruments, but are fairly new and limited 
to measurements not requiring fine resolution. 

bandwidth from the previous filter. In the con
stant Q filter bank, filter bandwidth and spacing 
increase with center frequency, thus requiring 
fewer filters for coverage of a given analysis range. 

Multiple-filter spectrum analyzers employing 
constant-bandwidth filter banks normally contain 
a few hundred individual filter channels. In or
der to obtain narrow bandwidth, these filters 
are generally centered at some frequency higher 
than that of the input signal. In order for the 
electronically switched filter scanning systems 
to operate properly, all filter channels must have 
the same amplitude response and a constant cen
ter frequency_ The constant-Q filter banks gen
erally operate at lower frequencies than the con
stant-bandwidth filters and consist of less than 
100 channels. 

Signal's time base can be compressed 

The time-compression real-time spectrum ana
lyzer (Fig. 5) compresses the time base of the 
input signal, thus expanding its spectrum and 
permitting it to be analyzed at very fast rates. 
The input signal is sampled with an analog-to
digital converter, and the digitized samples are 
passed, in parallel binary form, into a recircu
lating digital memory. 
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4. Multiple-filter real-time spectrum analyzers cover the analysis range with adjacent 
filter channels having overlapping passbands. There are two basic types of filter 
banks-one with constant bandwidth and the other with constant Q. 

Samples emerging from the memory output are 
fed back into the memory input. These samples 
are sequenced (with respect to the newly obtained 
input samples) so that the memory contains all 
samples in their order of arrival. 

Thus, the time interval between successive 
digitized samples that emerge from the memory 
is extremely short compared to the interval be
tween samples of the analog input signal. This 
1>peedup contracts the signal's time base. 

The digital memory output is fed to a digi
tal-to-analog converter. The output of this con
verter is an accelerated version of the original 
input signal. This waveform, after being passed 
through a low-pass filter to eliminate the 
sampling frequency, is applied to the equivalent 
of a swept spectrum analyzer. 

For this application, the swept spectrum ana
lyzer must cover a band that is S (the speedup 
factor) times the analysis range desired and has 
a filter bandwidth S times gr.eater than the reso
lution required. The speedup factor is equal to 
the ratio of the length of the input sample to the 
length of the time-compressed sample (or the 
time between input samples to the time between 
samples after compression) . 

Consider the previous example of analyzing a 
band from 0 to 500 Hz with a 1-Hz resolution. 
Using swept techniques, the duration of the input 
signal should be one sec;ond. If this signal is com
pressed to 2 ms, the speedup factor is 500. 

The input analysis range, which went from 
0 to 500 Hz, would ·go from 0 to 250 kHz at the 
output, and the analysis filter required would go 
from 1 to 500 Hz. Since a filter with a bandwidth 
of 500 Hz has a time constant of 2 ms, it can be 
made to scan the range from 0 to 250 kHz in 
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exactly one second, thus completing the analysis 
of the input signal. 

Advantages of time compression 

The time-compression spectrum analyzer allows 
the effective analysis range and bandwidth to be 
changed by simply varying the input sampling 
rate. In our example, if the input sampling rate 
is decreased by a factor of 10, then it will take 
10 seconds · to accumulate the same number of 
samples previously accumulated in one second. 
Since the output is still compressed to 2 ms, the 
speedup factor will be 5000 instead of the previ
ous 500. The band of 0 to 250 kHz would then be 
equivalent to 0 to 50 Hz, and the 500-Hz filter 
bandwidth would yield a 0.1-Hz resoltuion. 

The time-compress10n spectrum analyzer with 
its digital memory offers a major advantage. If 
at any time new data is prevented from entering 
the memory, the compressed input signal will 
continue to circulate in the digital memory. Thus, 
a transient or a short duration of the input signal 
is captured and may be continuously displayed 
and analyzed. In this respect, the time-compres
sion analyzer with a digital memory behaves very 
much like a tape loop. 

Besides the digital time-compression technique, 
there are a number of analog implementations for · 
real-time analyzers, including the use of tape 
loops and magnetic drums. These, in general, are 
not widely and commercially available. 

Other types of analyzers available 

Another kind of spectrum analyzer is called 
the Coherent Memory Filter. It is a coherent 
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5. Time-compression real-time spectrum analyzers 
squeeze a signal's time base, thereby expanding its 
spectrum and perm itt ing very fast analysis rates. The 

delay-line integrator that performs spectrum 
analysis by means of an ultrasonic delay line and 
a heterodyning circuit in a closely regulated unity
gain feedback loop. The physical phenomenon by 
which the spectrum analysis is performed can 
best be described as wave interference. This tech
nique has not been applied to general laboratory 
spectrum analyzers but to system applications. 

More recently, a number of signal-processing 
instruments are based on FFT (Fast Fourier 
Transform) techniques. These analyzers general
ly use a digital computer to obtain the Fourier 
transform of an input signal in real time up to 
a limited frequency, depending on their speed. 

FFT spectrum analyzers can also find other 
characteristics of the input signal like the power 
spectral density, cross spectrum, cross power 
spectrum, transfer function, autocorrelation func
tion, and the crosscorrelation :function. As a rule, 
they are not used as general-purpose laboratory 
instruments, but rather as signal-processing 
equipment where more than the Fourier trans
form is required. 

A glossary of terms 

Analysis range, dispersion, or frequency cover
age generally describe the frequency band over 
which spectrum analysis may be performed in a 
specified time period or in one scan or sweep. The 
resolution or selectivity of a spectrum analyzer is 
its ability to display two equal-amplitude signals 
separated by one resolution element. It should be 
noted that the complete filter shape of the ana
lyzer is important because it influences noise 
bandwidth. 

Sweep rate, sometimes called scan time or dis-
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instrument shown above uses digital sampling and a re
ci rcu lati ng digital memory to capture even signal t ran 
sients for continuous display and analysis. 

play period, is the time required to perform a 
spectrum analysis. All sweep rates available on 
a given instrument may not be usable for all 
analysis ranges and resolutions. For example, 
the selected resolution will determine the maxi
mum rate for swept-type analyzers. For multiple
filter analyzers or time-compression analyzers, a ll 
display rates are usable with all analysis ranges. 
However, for real time -operation, a sweep rate 
that is equal to the reciprocal of the selected reso
lution is required. 

Sensitivity has been defined for a number of 
different measurements, including the minimum 
discernible signal, the minimum rms signal for 
full-scale deflection, or the condition that occurs 
when the signal plus noise is equal to twice th e 
noise. The dynamic range is normally defined as 
the ratio of the signal for full-scale readout to 
the signal for minimum discernible readout. 

Frequency linearity or frequency accuracy is 
a measure of the reliability of the display device 
(either supplied with the instrument or generated 
by the instrument's sweep output) to determine 
the frequency of a given response to a certain 
accuracy. Amplitude linearity (amplitude accu
racy) is the error of the relative response of two 
output amplitudes with respect to the input 
amplitudes. • • 
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Digital Voltmeters, de 
Voltage Ranges 

Min 
Manufacturer Model No. (mV) 

Keithley 615 4 100 
Calico 8420 4 1000 
Dana 5330/600, 5370/600 5 0.001 
Dana 5330/700, 5370/700 5 0.001 
Dana 5333/600 5 0.001 
Dana 5333/603 5 0.001 
Dana 5333/700 5 0.001 
Dana 5333/703 5 0.001 
Dana 5400 5 100 
Dana 5403 5 100 
Dana 5800 6 10 
Dynascience 414 6 10 
H-P 3480A/B 5 100 
Keithley 160 7 0.001 
Keithley 163 7 0.001 
Millivac MV-754A 7 0.1 
Monsanto 200A 4 1000 
NLS LX-2 4 0.1 
NLS LX-3 4 0.1 
NLS MX-2 5 0.01 
NLS MX-3 6 0.01 
Numeric 350 4 2000 
Numeric 351 4 2000 
Singer 3600 4 1000 
Systron 7005 5 1 
Tektronix 7D14 4 2000 
United 266 4 1000.0 
United 268 5 100.00 
Cimron 6453A 5 100 
E-N lOOOA 6 20.00 
E-N 1400 5 199.99 
Fluke 81 lOA 4 0.1 
Precision DM42 5 100 
Triplett 8000 5 100 
Triplett BODDA 5 100 
Dana 3800 5 200 
Dana 3860 5 200 
J-Omega 415A-16 6 320 

Digital Voltmeters, ac 
Frequency 

Min Max 
Manufacturer Model (Hz) (kHz) 

NLS LX-2 50 10 
NLS LX-3 50 10 
NLS MX-2 50 10 
Numeric 351 50 10 
Eldorado 1800 40 20 
Eldorado 1820A 40 20 
NLS MX-3 50 20 
Precision DM42 20 20 
Simpson 2700-02 40 20 
Triplett 8000 40 20 
Triplett BODDA 40 20 
Keithley 160 45 45 
Keithley 163 45 45 
Calico 8420 50 100 
Cimron 6453A 50 100 
Dana 5330/600, 5370/600 50 100 
Dana 5333/603 50 100 
Dana series 5400 50 100 
E-N 1200 40 100 
Dana 5330/700, 5370/700 30 250 
Dana 5333/600 
Dana 5333/700 
Dana 5333/703 
Dana 5800 
Micro 5206 
H-P 3480A/B 
Singer 3573 
Micro 5204A 
Boonton 92AD 
Millivac MV-722A 

a. True-rms-responding unit 
b. Digital multimeter 
c. Ac/de voltmeter 
d. Features auto-polarity 
e. Features auto ranging 
f. Programmable 

30 250 
30 250 
30 250 
10 300 
de 500 
1 10,000 
10 11,000 
de 20,000 
10,000 1.2 GHz 
10,000 1.2 GH z 

g. Includes printer output 
h. Full ratio capability 
i. Systems compatible 
j. Rack-mounted model available 
k. De or ac-coupled rms conversion 
m. Solid-state rf voltmeter 
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No . 

4 
4 
4 
4 
5 
4 
3 
4 
4 
5 

5 
7 
7 
4 
4 
4 
4 
4 
4 
4 

4 
11 
4 
4 
5 
5 
6 
4 
8 
8 

146 
Number 

Max of Average Speed Basic Price 
(V) Digits (%) (readings per sec) ($) Notes 

100 3-Y, 0.2 24 1195 s 
1000 4-Y, 0.01 3 695 b,y 
1000 5 0.005 2 1275 b,j 
1000 5 0.005 2 1375 b,j 
1000 5 0.005 2 1425 b,i 
1000 5 0.005 2 1625 b,f 
1000 5 0.005 2 1525 b,i 
1000 5 0.005 2 1725 b,f 
1000 4 0.01 500 1495 b,h,i 
1000 4 0.01 500 1695 b,h,i 

1000 5 0.003 10 3150 b,i 
1000 4 0.01 10 795 b 
1000 4-Y, 0.01-0.02 1000 900 i,q 
1000 3-Y, 0.1 2 545 b 
1000 3-Y, 0.1 2 495 
1000 3-Y, 0.1 5 1100 b 
1000 4-Y, 0.01 4 795 e,f,p,v 
1000 4 0.008 2 795 b,e 
1000 3 0.05 2 495 b,e 
1000 4 0.008 10 1645 b 
1000 3 0.05 1 595 b 
1000 3 1 60 179 b 
1000 3 1 60 195 b 
1000 4-Y, 0.01 5 645 
1000 5-Y, 0.003 5 1295 
1000 3-Y, 0.1 5 495 b,w 
1000.0 4-Y, 0.02 2 500 p,v 
1000.0 4-Y, 0.02 2 600 p,v 
11999 4 0.01 4 995 d,e,f,g 
1200 3-Y, 0.1 20 295 n,p 

1200.0 4-Y, 0.01 20 495 b,p 
1200 4.y, 0.01 4 850 b 
1200 4.y, 0.02 5 690 b 
1200 3-Y, 0.1 6 575 b 
1200 3.y, 0.1 6 630 b,x 
2000 3 0.1 4 350 b 
2000 3 0.1 4 425 b 
16,000 4 0.1 1 860 

147 
Voltage Ranges 

Number Speed Basic 
Min Max Acc. of (readings Price 
(mV) (V) (%) Digits per sec) ($) Notes 

0.1 1000 0.04 4 2 795 b,e 
0.1 1000 0.05 3 2 495 b,e 
0.1 1000 0.05 4 2 16'15 b 
2000 1000 1.5 3 60 195 b 
1 1000 0.1 3-Y, 5 275 n 
1 1000 0.01 4-Y, 10 695 
10 300 2 3 1 595 b 
1000 1200 0.2 4-Y, 1 690 b 
9999 1000 0.1 4 5 730 b 
100 1200 0.2 3.y, 6 575 b 
100 1200 0.2 3-Y, 6 630 b,x 
100 250 1 3-Y, 2 595 c 
100 250 1 3-Y, 2 550 c 
1000 1000 0.1 4-Y, 3 695 b,y 
1 1199.9 0.1 4 4 1370 c,d,e,f,g 
1000 1000 0.1 5 2 1695 b,j 
1000 1000 0.1 5 2 2050 b,f 
1000 1000 0.04 4 500 2290 b,h,i,z 
1200.0 12,000 0.25 4-Y, 20 595 b,n,p 
1000 1000 0.1 5 2 1900 b,j 

1000 1000 0.1 5 2 1425 b,i 
1000 1000 0.1 5 2 1525 b,i 
1000 1000 0.1 5 2 2250 b,f 
0.01 1000 0.05 5 10 3950 b,k 
10 100 1 4 10 1950 t 
100 1000 0.1-2 4-Y, 1 1700 a,q,r 
10 1000 0.2 4.y, 5 1995 a 
1000 1000 1 4 10 1550 LI 

1 3 2 3.17, 4 1200 f 
1 10 3-10 3 5 1150 m 

n. Battery operation standard u. Includes built-in printer 
p. BCD output v. Features solid-state readout 
q. Price includes model 3484A plug-in w. Plug-in for all series 7000 oscilloscopes 
r. Price includes Option 043 plug-in x. Features memory storage capability 
s. Electrometer y. Includes 10-MHz frequency counter 
t. Reads one-shot and single pulses z. Includes Computing RMS™ converter plug-in 
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Frequency Counters 148 
frequency Number 

Min Max Stability of Input Sensitivity Gate Time Display Time Basic Price 
Manufacturer Model (Hz) (MHz) (ppm) Digits (mV, Min-Max) (s, Min-Max) (s, Min-Max) ($) Notes 

TSC 270 1 1 10 5 100 typ 0.1-1 0.1 typ 750 u 
R&S FEG 2 de 2 1 4-6 100 typ 5ms-6 s 5ms-6 s 1295 
TSC 400-1 de 2 2 6 100 typ lOµs-10 s 0.1 typ 850 b,e 
A tee 1151A 10 3 d 5 20 typ 0.1-10 0.9 fixed 375 
Systron 6654 de 10 2 6 100 typ 1 µs-10 s 0.2 typ 1175 b,s 
Anadex CF-602 3 15 1 4-6 10 mV-300 V 0.1 ms-100 s 0.1-8 1245 b.c 
Anadex OC-600 3 15 ina 4-7 10 mV-300 V ina a 375 
Eldorado 1635 de 15 1 5 100 mV-100 V 1 ms-1 s 1 ms-1 s 650 
Monsanto 103B 5 20 0.1% typ 4-6 50 typ 0.1or1 0.1·5 420 r 
Monsanto 107A 0.1 20 0.02 5 100 typ p 0.2·2 1250 m 

A tee 2200A 2 32 1 5-6 15-32 MHz 0.01-10 0.2-5 495 b,e 
Eldorado 3258 de 32 1 5 100rnV-100V 0.1-10 0.1- 10 475 b,j 
Simpson 2726 5 32 10 6 100 mV-200 V 10 ms-10s 5 typ 575 b,e 
Monsanto lOOB 5 40 2 5 50 typ 1 µs-10 s 0.1·5 575 
GR 1192-B de 50 2 5-7 10 mV-400 V 10 ms-10s 1-10 625 b 
H-P 5326A de 50 0.3 7-8 100 mV-250 V 0.1 µs-10 s lOOµs typ 1195 b,f 
H-P 5326B de 50 0.3 7-8 100 mV-250 V 0.1 µs-10 s 100 µs typ 1550 b,f ,k 
H-P 5326C de 50 0.3 7-8 100 mV-250 V 0.1 µs-10s 100 µs typ 950 b 
Monsanto 101B 5 50 2 5-7 50 typ 1 µs-10 s 0.1-5 695 i 
Beckman 1248 de 136 0.003 8 100 mV-500 V 1 µs-10 s 0.1-10 2500 b,f,h 
Beckman 6401A de 136 0.003 8 100 mV-500 V 1 µs-10s 0.1-10 1875 b.f 
Dana 8010 de 150 0.005 8-9 50-100 1 µs-100 s 1µs·100 s 1495 i 
Dana 80 15 de 150 0.005 8-9 50-100 1 µs-100 s 1 µs- 100 s 1995 i 
Monsanto l lOB de 150 0.07 8 10 typ 1 µs-·100 s 2-5 1285 q 
Monsanto l 14A 5 150 0.02 9 max 100 typ lOµs-1 s 0.2·5 995 
Monsanto 1500B de 150 0.001 8 100 typ 1 ms-10s 0.2·5 2400 
CMC 904 de 200 0.0007 8 10ms-100s 1 µs-100s 100 ms-10 s 1975 
A tee 4058 10 500 0.4 7 100 mV-5 V 0.08-10 0.2-5 1475 b 
Dana 8020 de 500 0.005 8-9 1-100 1 µs-100 s 1 µs-100 s 2195 i 
Dana 8030 de 500 0.005 8-9 1-100 1 µs- 100 s 1 µs-100 s 2495 i 
Dana 8035 de 500 0.005 8-9 1-100 1 µs- 100 s 1 µs- lOOs 2995 i 
Tektronix 70 14 de 500 0.5 8 100 mV-10 V 1 ms-10 s 0.1-5 1400 b,t 
Mons1rn1n 120A rlr. 517 007 9 max 10 lyp 1 µs-lOO s 3ms-5s 1775 m.n 
Beckman 6421 10 525 0.003 8 50 mV-10 V 1 µs-10 s 0.1-10 1575 g 
Dana 8060 de 3000 0.005 8-9 -lO dBmtyp 1 µs-100s 1 µs-100 s 2795 I 

Dana 8075 de 3000 0.005 8-9 -10 dBm typ 1 µs-lOOs 1 µs- 100 s 3595 i 
Systron 6053 de 3000 0.003 9 10 typ 1 ms-10s 0.2 typ 2295 b,h 

Frequency-Counter Ex.tenders 149 
f requency 

Counter Used With Min Max Input Sensitivity Basic Price 
Manufacturer Model (Model) (MHz) (MHz) (mV) 

CMC 933 901. 904 0.5 Hz 250 v 
R&S BN47376 FET 2 10 800 10 
CMC 935 901, 904 150 3000 50 

a. Display time is customer selected (optional) 
b. Display can be held 

f. Full counter-timer 
g. Offers battery-operation option 

k. Includes digital voltmeter 
m. Features solid-state readout 

c. Offers multi-channel inputs 
d. Uses line time base for 0.1% accuracy 

h. Programmable 
i. Offers systems interface 

n. Offers autoranging 
p. Gate time selected automatically 

e. Universal counter j. BCD output q. Display is continuously ad1ustable 

Word Generator Addendum 
Clock Rate 

Word Number Bit Rise & 
Min Max Length of Bit Width Fall Time 

Manufacturer Model Hz MHz (Bits) Channels (ns) (ns) 

Tau-Tron OFE-4 1 35 16 48 15 ns-10 ms 5 

Tau-Tron OG -7 1 35 16 1 15 ns-10 ms 5 

Tau-Tron OFE-8 1 75 16 16 8 ns-10 ms 1.8 

Tau-Tron OG-700A 1 75 16 1 8 ns-10 ms 1 8 

Tau-Tron OG -1200A 1 120 16 1 4 ns-10 ms 1.5 

Tau-Tron WG-11 1 1 125 8 8 4 ns-10 ms 1 

Tau-Tron OG-525 1 330 8 1 3 0.9 

Tau-Tron System 1000/1100 250 MHz 330 32,767 1 3 0.9 

(a) Dual-function instrument designed to be used as word generator and/or pulse generator. 
(b) Can be used as pseudo-random signal generator for word lengths up to 1,000,000 bits. 
(c) Pseudo-random signal generator only. Includes built-in error detection and automatic synchronization. 

($) Notes 

325 
1250 
1085 

r. Crysta l clock is optional 
s. Features variable preset time base 
t. Plug-in for all series 7000 oscilloscopes 
u. Computing counter 
v. Increases counter sensitivity by a factor of 30 

119a 

Output Output 
Voltage Impedance Price 

(VI (.QI Notes ($) 

10 50 req 

10 50 (a) 990 

5 50 (b) req 

5 50 (a) 2395 

2.5 50 (a) 3385 

1 50 req 

1 50 req 

1 50 (cl req 

More information on the word generators in the above table can be obtained from Tau-Tron Inc., 685 Lawrence St., Lowell, Mass. 01852, phone: (617) 
458-6871 ; or by circling 474 on the Information Retr ieval card . 



Up-to-date and thorough 
PE Examination Guides 
These two volumes offer the most convenient and eco
nomical coverage of the subject matter that must be 
mastered to successfully pass the preliminary exami
nation (Eng ineer- in-Tra ining) and the final examination 
for the professional license in electrical engineering. 

Each concise, carefully organized volume presents 
problems from recent state examinations together with 
complete step-by-step solutions. Providing rapid access 

BASIC 
ENGINEERING 

SCIENCES 
AND 

STRUCTURAL 
ENGINEERING 

FOR 
ENGINEER

IN-TRAINING 
EXAMINATIONS 

H. JACK APFELBAUM, P.E. , Department of Mechanical 
Engineering, Lowell Technological Institute; and 
WALTER 0. OTTESEN, P.E. , Patent Counsel 

Comprehensi ve and well balanced in its coverage of the ·concepts 
and techniques fundamental to all areas of engineering practice, 
this volume presents nearly two-hundred problems carefully 
chosen from recent examinations given by the individual states. 
Typical of the material the reader is likely to encounter in Engi
neer-in-Training Examinations, these are conveniently arranged 
by subject, and cover three broad areas: background material in 
mathematics, physics, and chemistry; the basic engineering 
sciences: statics, dynamics, fluid mechanics, thermodynamics, 
electricity, and engineering economy; and seven chapters detail
ing topics in structural engineering. Introductory sections pre
cede each subject area and its fully worked-out problems, pro
viding background in the specific concepts, principles, and 
terminology. More than three-hundred detailed illustrations in
sure a complete grasp of problem-solving techniques. #571 2. 
408 pages, illustrated, $13.95 

to important topics, vital for "open book" examinations, 
each also includes numerous pertinent illustrations and 
lists of references for further study. 

Prepared by practicing engineers, the books have 
been written on the premise that the reader is versed 
in engineering, and that he is approaching the time 
when his State Board of Examiners will consider him 
qualified for taking the examinations. 

ELECTRICAL 
ENGINEERING 
AND 
ECONOMICS 
AND ETHICS 
FOR 
PROFESSIONAL 
ENGINEERING 
EXAMINATIONS 

JOHNS. LYONS, P.E.; and STANLEY W. DUBLIN, Insti
tute of Environmental Medicine, New York University 
Medical Center 

Presenti ng a wide range of problems in electrical engineering, 
this book concentrates on the subjects and topics that form the 
basis for an ever-changing technology. The portion of the book 
devoted to economics and legal and ethical cons iderations is 
equally complete, providing in-depth understanding that will 
prove valuable in futu re engineering assignments. 

Almost one-hundred problems in electrical engineering 
range from basic circuitry to the uncategorizable "bonus" prob
lems frequently encountered in examinations. More than one
hundred-seventy illustrations illustrate the text. The section on 
economics features an unusual approach to such topics as inter
est, costs, valuation, and the like - the summarized use of for
mulas in solving nearly fifty typical problems. # 5715, 320 pages, 
illustrated, $12.95. 

Hayden Professional Engineering Examination Series, LAWRENCE J. HOLLANDER, P.E., 
Editor-in-Chief. Subsequent volumes will focus on mechanical and civil engineering. 

Send no money - clip or duplicate thi~ coupon today! 

r-----------------------------------------------1 
15-DAY FREE EXAMINATION 
Please send the book(s) checked below on a 15-day free exam i
n at ion basis. At the end of that time, I will remit payment, plus 
postage, or return the book(s) without further obligation. 

D #5712, Basic Engineering Sciences and Structural Engineering 
for Engineer-in-Training Examinations, $13.95 

D 5715, Electrical Engineering and Economics and Ethics for 
Professional Engineering Examinations, $12.95 

D Further information on the Hayden Professional Engineering 
Examinations Series 

til HAYDEN BOOK COMPANY, INC. I 
~ 116 W. 14 St., New York, N.Y. 10011 I 

Firm/ Institution ______________ _ 

Address ____ ____________ _ 

City/ State _______ ________ _ 

71-34 1 
0 Payment enclosed (Hayden pays postage) . Same return guar
antee. On all overseas orders payment in U.S. dollars must be 
enclosed. 

I 
I 
I 
I 
I 
I 
I 
I 
I _______________________________________________ J 
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Oscilloscopes, general purpose 150 
Frequency Sensitivity Sweep Speed 

Min Max Max Min Max Min Basic Price 
Manufacturer Model (Hz) (MHz) (mV/cm) {V/cm) {µs/cm) {s/cm) {$) Notes 

Kikusui 5121 de 0.01 >5 20 h h 580 e 
Kikusui 5122 de 0.01 >5 20 h h 798 a,e 
Telonic 101 de 0.04 50 10 ina ina 395 e 
Telonic 121 de 0.04 0.5 10 ina ina 425 e 
Kikusui 573 de 0.2 >1 20 i i 410 e 
Kikusui 572 de 0.6 >20 20 1 DO kHz 1 Hz 589 e 
Tektronix 5031 de 1 0.01 10 1 5 2500 d,k,m 
Kikusui 536A de 1.5 >20 20 100 Hz 10 Hz 167 
Kikusui 556A de 1.5 >20 20 100 Hz 10 Hz 239 
lwatsu SS-5020 de 2 20 50 0.2 1.25 250 

lwatsu SS-5050 de 5 10 25 0.1 1.25 550 a 
Kikusui 557 de 5 >20 20 1 OD kHz 10 Hz 249 
RCA WD-505A de 5 15 mV/in. ina 1 MHz 10 Hz 299 (5) 
H-P 1215A/B de 7 5 20 1 5 950 d 
H-P 1217 A/B de 7 5 20 1 5 1175 d,f 
Leader LBD-301 de 7 10 5 1 µs/div 50 ms/div 335 j 
BAC 555 de 10 20 10 1000 1 346 
Calico 7000 de 10 100 mV/in. 10 V/in. 1 DO kHz 10 Hz 2995 (6) (7) 
Calico 7005 de 10 100 mV/in. 10 V/in. 100 kHz 10 Hz 4495 (6) (8) 
Kikusui 553 de 10 10 20 1 1 538 a 

Kikusui 555G de 10 20 10 1 1 349 
Leader LBD-501 de 10 20 10 1 0.2 340 j 
Vu-Data MS200A 10 10 70 mV/div 7 V/div o.1 µs/div 0.01 s/div 2995 n,p 
Vu-Data MS300A 10 10 70 mV/div 7 V/div 0.1 µs/div 0.01 s/div 10,304 q 
Heath EU-70A de 15 50 20 0.04 0.1 565 a,e 
lwatsu SS-4200M de 15 5 mV/div 25 V/div 10 ns/div 1.25 s/div 1360 a,g 
Xetex DS1000 de 15 5 50 0.04 5 635 a 
B&F SM111 de 18 2 50 0.2 2.5 995 g 
Dumont 1051 de 50 10 20 0.1 1 1995 a,b,c,d 
Dumont 1052 de 50 10 20 0.1 1 2045 a,b,c,d 

Dumont 1053 de 50 10 20 0.1 1 1845 a,b,c,d 
lwatsu SS-4500 de 50 5 10 10 ns/div 0.5 s/div 1875 a,g 
lwatsu SS-200 de 200 5 12.5 1 ns/div 1.25 s/div 3590 a 

Oscilloscopes, sampling 151 
Sensitivity Sweep Speed 

Frequency Max Min Max Min Rise Time Basic Price 
Manufacturer Model {de to GHz) {mV/cm) {mV/cm) {ns/cm) {µs/cm) {ps) {$) Notes 

AMC 1100 1 2 mV/div 100 mV/div 2 ps/div 100 µs/div 350 5895 r 
Philips PM 3400 2 1 200 1 20 200 2890 s 

Oscilloscopes, main frame 152 
Frequency Sensitivity Sweep Speed 

Min Max Max Min Max Min Basic Price 
Manufacturer Model {Hz) {MHz) {mV/cm) {V/cm) {ns/cm) {s/cm) {$) Notes 

Telonic 201 de 0.02 0.05 100 106 1 2700 v 
Telonic 202 de 0.02 0.05 10 106 1 2450 
Tektronix 7503 de 90 t t t t 1775 m 
Tektronix 7514 de 90 t t t t 3200 k,m 
H-P 182A de 100 t t t t 1100 
H-P 183C/D de >600 t t t t 2500-2600 d,u 

Osc"illoscope Plug-Ins, vertical amplifier 153 
Number Frequency Sensitivity 

Basic 
of Min Max Max Min Price 

Manufacturer Model Traces {Hz) {MHz ) {mV/cm) {V/cm) Main Frames for Plug-In {$) Notes 

H-P 1806A 2 de 0.5 0.1 20 180A/AR, 181A/AR, 182A, 183A/B 675 x 
Tektronix 3Al0 1 de 1 0.01 10 series 560 750 ( 1) 
H-P 1801 A option 001 1or2 de 50 0.5 20 180A/AR, 181A/AR, 182A, 183A/B, 183C/0 845 y 
Tektronix 7A 15 1 de 75 5 5 all series 7000 250 
H-P 18318 1 <20 k >500 ina 5.75 183A/B, 183C/D 425 w 
H-P 1831A 1 <20 k >600 ina 5.75 183A/B, 183C/0 375 
Tektronix 3S7 1 n/a n/a 5 0.5 series 561 and 564 425 (2) 
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Oscilloscope Plug-Ins, horizontal amplifier 154 
Delay Time Sweep Speed 

Min Max Acc. Max Min Acc. Basic Price 
Manufacturer Model Type {µs) (s) (%) {µs/cm) (s/cm) (%) Main Frames for Plug·ln ($) Notes 

H·P 1841A time base or delay 0.05 1 1 0.01 0.1 3 183A/B, 183C/D 11 50 z 
Tektronix 7B52 time base 0.05 50 2 0.05 5 2 all series 7000 900 (4) 
Tektronix 3T7 (3) n/a n/a n/a 100 ps 1 µ s 3 series 561 and 564 575 

a. Dual-trace scope g. Portable scope n. Seven discrete displays for multi-point u. High-writing-speed scope 
b. Dual modulated triggering system h. Alignment oscillator system monitoring v. Tr i-color display 
c. Low-level constant-amplitude triggering i. No sweep p. Slave-display and biomedical monitors available w. Includes built-in delay line 

at full bandwidth 
d. Rack-mounted model available 
e. X-Y capability 
f. Dual-channel scope 
( 1) Uses differential/transducer amp I ifier 
(2) TOR sampler for use with 3T7 TOR 

sweep gives 140-ps TD R system 

j. Triggered and automatic sweep q. Sixteen-channel military scope 
k. Offers split-screen storage r. Four-channel four-trace capability 
m. Features automatic scale-factor s. Variable sampl ing rate 

readout t. See pl ug-in tables for specifications 

(3) TOR sweep for use with 3S7 TOR sampler (5) Non-triggered scope with preset sweep 
gives 140-ps TOR system positions for TV frequencies 

(4) Dual unit with delayed and mixed sweeps (6) Features seven dual channels 

x. Dual differential inputs 
y. Times-five multiplier provides dual-trace 

operation 
z. Sweep speeds of 1 ns available 

(7) Includes times-ten sweep magnifier 
(8) Features automatic sweep from 

10 Hz to 10 kHz 

Spectrum Analyzers, plug-in 155 
Frequency Sensitivity 

Sweep Width Sweep Rate Basic 
Min Max Acc. Max Min Min-Max Min-Max Price 

Manufacturer Model (Hz) (MHz) (%) (mV/cm) (V/cm) (kHz) (Hz) ($) Notes 

N. Ross PSA-200 500 kHz 100 q -100dBm ina 10 Hz/cm min 0.02-10 800 r 
N. Ross PSA-230 500 kHz 100 q -100 dBm ina 10 Hz/cm min 0.02-10 900 s 
N. Ross PSA-512 10 MHz 6500 5 -92dBm ina 0- 1 GHz 1-60 2200 r,t. 

Spectrum Analyzers 156 
Frequency Sensitivity 

Sweep Width Sweep Rate Basic 
Min Max Acc. Max Min Min-Max Min-Max Price 

Manufacturer Model (Hz) (MHz) (%) (mV/cm) (V/cm) (kHz) (Hz) ($) Notes 

Quan-Tech 304-TOL 1 0.005 0.01 30 µV total 300 V total 0.05-5 5 s-5000 s 4200 w 
FSC PSD-10 de 0.02 0.5 0.4 20 0.02-20 50 ms-50 s 13,300 a,d,e 
FSC PS0-14 de 0.02 0.25 0.4 20 V total 0.02-20 100 ms-100 s 17,800 a,d,e 
FSC SP-6 de 0.02 f 0.4 20 V total 0.02-20 ina 30,000 g,h 
FSC UA-10 de 0.02 0.5 0.4 20 0.02-20 50 µs-50 s 9800 a,d,e 
FSC UA-14 de 0.02 0.25 0.4 20 V total 0.02-20 100 ms-100 s 13,900 a,d,e 
GR 1922 de 0.02 1 100 mV total ina ina ina 32,000 a,b 
R&S FAT 1 5 0.02 ina 300 30 0.005-20 4 s-200 s 5999 
R&S FAT 3 5 0.02 ina 30 3 0.005-20 4 s-200 s 8150 i 
Spectral 301B 0.03 0.02 0.2 100 mV total 10 V total n/a n/a 14,900 a,b,n,u 
Singer SA-2 20 0.035 1 3 30 0.025-25 ina 3350 m 
Novatronics 500-5MSS 10 0.06 ina ina ina ina 0-100 49,820 p 
R&S FAT 2 10 0.06 ina 300 30 0.01-60 4 s-200 s 6200 
B&K 21 13 2 0.2 0.5 dB 10 µV/cm 300 one-third octave ina 3405 a,b 
B&K 3347 2 0.2 0.5 dB ina ina 20 fixed ina 14,250 a,b,c 
Singer SA-3 100 0.7 1 0.003 30 1-400 1-60 3450 m 
N. Ross TA1013 100 1.3 1 30 µV/cm ina 0.5-1250 1-10 4200 
Quan-Tech 350 10 kHz 10 1 kHz 10 µV total 10 V total 4-40 x 2495 
Siemens K1023 10 kHz 25 0.15 dB 0.05 dB/cm 5 dB/cm 50 Hz typ 25 kHz typ 18,000 
Singer SA-4 1000 27.5 5 0.003 3 0.5-5000 1-60 4550 m 
Singer SA-518 10 40 1 0.5 3 0.15-14 0.1-30 6060 m 
Systron 720 10 56 1 0.03 µV/cm 3 mV/cm 0.01-50 3 ms/cm-10 s/cm 4500 d 
H-P 8552B/8553B/141 T 1000 110 1 MHz -140 dBm +10 dBm 0.2-100,000 1 ms-100 s 6750 i 
R&S EZF 6000 170 k 0.5 3.5 6-136,000 21ms-175ms 11 ,300 
Tektronix 1401 1 MHz 500 5 MHz -100 dBm ina 100-500,000 1-100 1900 d,u,v 
Singer SA-70A 500 kHz 1300 1 -120dBm +20 dBm 3 kHz- 1.3 GHz 1-330 5730 m 
Singer SPA-30005 10 MHz 40,000 1 -105 dBm +30 dBm 10 kHz-3 GHz 1-330 11,395 
Systron 761 10 MHz 40,000 1 -60 dBm ina 100 kHz-500 MHz 3 ms/cm-10 s/cm 5950 d 

a. Real-time analyzer g. Includes computer m. Storage display available s. Plugs into Hewlett-Packard series 140/141 
b. Primarily intended for acoustical 

analysis 
h. Features data scaling, pattern 

recognition and equalization 
n. Sweep performance depends on oscilloscopes 

frequency selected t. Features phase-lock local oscillator 
c. Frequency performance depends 

on input transducer 
i. Features absolute amplitude 

calibration 
p. Includes fiber-optic recorder u. Does not include built-in display. X and Y 
q. Accuracy depends on external outputs compatible with most oscilloscopes 

d. Portable j. Includes built-in sweeper local oscillator v. Battery operated 
e. Computer compatible 
f. One resolution element 

k. Accuracy depends on frequency 
marker used 

r. Plugs into Tektronix letter w. Features logarithmic scale 
series oscilloscopes x. Has manually operated sweep 

Complete your test instrument directory ... 

If you did not save your Nov. 22, 1969 issue, your guide 
to test instruments and the ir sources is not complete. Our 
72-page reprint of last year 's Product Source Directory is now 
available for only $2.00 each. Just use the handy order blank 
to get your own copy . 

Mail to : Hayden Publishing Company, Inc. 
c/o Box 24 
850 Third Avenue 
New York, N.Y. 10022 

r-----------------------------------------1 
: Please send me ___ copies of the 1969 test instrument Product Source Directory at $2.00 per 1 

1 copy, including postage and handling. I am enclosing$ . O check D Money order I 
I 
I 
1 Name ________________________________ _ 

I 
1 Firm _________________________________ _ 
I 
1 Address _______________________________ _ 
I Street 

A check or money order must accompany this order blank. _________ C_'.'.v _ ___________ 5_'.."'.".. _____________ :_;p ____ _! 
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no lower price 
for 
mechanical 
refrigeration 
to -100° F 

~' 

Single compressor and 
solid state controller 

mean economy plus reliability 
Associated's Model SW-5101 Temperature Chamber 
offers a new concept in mechanical refrigeration that 
enables you to perform all military low-high tempera· 
ture tests. 

• full 1 cubic foot test area 
•temperature range from -100 to +350°F. 
• all solid state controller with ±34 • F stability 
• delivery from stock 
• adjustable high-temperature fail-safe with 

signal lamp 
• indicating thermometer in door 
• combination hinged and removable door 
• bench-top design, can be modified for stacking 
• stainless steel feed-through port, 34" diameter 

Check the SW-5101 specifications against your test· 
ing requirements. You'll find they add up to outstand
ing performance at a down-to-earth price-without 
sacrifice of quality or reliability. 

The new Associated catalog of environmental 
chambers is yours for the asking. Write for your 
free copy today. 

~ ASSOCIAT•D T•STINO 
~ LABOllATOlll•S INC. 

200 Route 46, Wayne, N. J . 07470 • (201) 256-2800 

West Coast Office: 
1304 Seventh St., Santa Monica, Calif. 90401 • (213) 451·8521 

INFORMATION RETRIEVAL NUMBER 44 

MinifBus 
by Rogers 

A small , voltage-distributing 
busbar for PC card application, 
each Mini / Bus gives you built-in 
capacitance ... noise-cutting 
capacitance that means more 
reliable, compact circuit 
packaging at a fraction of 
multilayer prices. Write for data. 

Rogers Corporation I Rogers, Conn. 06263 

INFORMATION RETRIEVAL NUMBER 45 

INFORMATION RETRIEVAL NUMBER 46 

ELECTRON IC DESIGN 24, November 22, 1970 



Haw Products 
Multiplying d/a converters 
slash prices down to $125 

Hybrid Systems Corp., 95 Terrace 
Hall Ave., Burlington, Mass. 
Phone: (617) 272-1522. P&A: 
$125, $150, $175; stock to 4 weeks. 

Utilizing four-quadrant multipli
cation, a series of three new low
cost multiplying d/ a converters 
with 10, 11 and 12-bit capabilities 
feature price breakthroughs with 
costs of only $125, $150 and $175, 
respectively, in single units. 

T he models 315-10, -11 and -12 
multiplying converters with 10, 11 
and 12 bits respectively, accept de 
or ac reference signals and produce 
an output that is the mathematical 
product of this reference and the 
applied digital input. 

They can accept positive and 
negative analog signals and posi
tive and negative digital numbers. 
Outputs include the effect of the 

AC reference multiplies a digital in
put which counts up at 100 Hz. 

ELECTRONIC DESIGN 24, November 22, 1970 

input and reference polarities. 
The new converters can be used 

as conventional d/ a converters in 
addition to their multiplying capa
bilities. Except for resolution, the 
three models are mechanicallx and 
electrically identical. 

Typical electrical specifications 
include an output voltage range 
from -10 to + 10 V, a 400-kHz 
bandwidth, a slew rate of 6 VI µs 
and output impedance of less than 
1 in. Input impedance is 10 kn and 
the analog-reference voltage range 
is also -10 to +10 V. Operation 
is from ± 15-V power supplies. 

Mechanical specifications include 
completely self-contained modules 
measuring 2.8 by 3.1 by 0.4 in . 
Each is suitable for printed-circuit 
board mounting on 0.5-in. centers. 

CIRCLE NO. 250 

De reference switches digital input 
from ZERO to ONE state repeatedly. 

Modular power supplies 
are 75% efficient 

Power/ Mate Corp., 514 S. River 
St., Hackensack, N. J . Phone: 
(201 ) 343-6294. 

The HE series of power-supply 
modules features efficiencies of bet
ter than 75 % at current and volt
age ratings up to 200 A and up to 
50 V de. Forty-six models are of
fered in four package sizes. Built
in overvoltage and self-restoring 
current limiting are provided. Out
put current is limited on external 
loads. Remote sensing and pro
gramming are additional features. 

CIRCLE NO. 25 1 

Functional modules 
generate waveforms 

; ~ • • ' 1i:-w., 

r Ii ill" Iii 
j • ... 

Wavetek, P. 0. Box 651, San Diego, 
Calif. Phone : (714) 279-2200. 
P&A: $54 to $465; stock. 

A unique series of modules with 
triggered and tone-burst capabili
ties can generate sine, square, tri
angle, pulse and ramp waveforms 
from de to 100 kHz. The 120 series 
generators function as voltage-to
frequency converters, voltage-con
trolled oscillators, cw oscillators, 
timing signals, sweep generators, 
or tone-burst sources. They include 
four separate elements. 

CIRCLE NO. 2 52 
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... Prompt Delivery -

~~() ! 
... Immediate Delivery 

''l:S I ~I-~• .. 

GLASS 
CONTAINERS 

METAL CAN 
CONTAINERS 

Our list of satisfied "blue chip" 

customers is growing and growing 

which necessitated a large expan

sion of our manufacturing and en

gineering facilities. Now, we can 

supply a complete range of voltages 

. from 2,000 to 50,000 volt capaci
tors from our expanded "stock on 

hand". Don't take excuses, we'll 
supply you faster than at any time 

in our many years in the field_:_ 

BETTER PRODUCTION FROM US

BETTER DELIVERY FOR YOU! 

Write for complete 
list of Standard High 
Voltage Capacitors 
in stock-or, send 
specifications for 
custom quotations. 

@ 
rr=-l..!:!. ..... -

""'4tu ~t INC. 

2620 N. Clybourn • Chica10 14, Ill. 
DI 8-3735 
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IC's & SEMICONDUCTORS 

Monolithic clock driver 
dual sinks 1 

Intersil, Inc., 10900 N. Tant;au 
Ave., Cupertino, Calif. Phone: 
( 408) 257-5450. P&A: $10.7-0; 
stock. 

Containing four independent out
puts, each capable of sinking and 
sourcing up to 500 mA of current 
on the same MOS monolithic chip, 
the new IM5003 integrated-circuit 
clock driver can function as a dual 
N AND gate with a current-sinking 
capability of 1 A per output, when 
two or more outputs are paralleled 
with each other. 

It also features a supply voltage 
capabi li ty as high as 30 V, with a 
resultant output-voltage swing ·of 
2 V less than the supply differ
ential voltage. 

Any TTL quad driver can be used 
to drive the new monolithic IC 
clock driver to give four complete 
clock-driven circuits with TTL in
puts in only two integrated-circuit 
packages. 

The· IM5003 clock driver can also 
be driven directly if the most 
negative MOS voltage is at gxound 
level. It can also be driven through 
a capacitor when level-shifting ap
plications are required . 

With its 1-A current-sinking 
capability, the new IM5003 clock 
driver becomes ideal for applica
tions requiring clock drivers that 
can handle large currents. 

A dual version of the IM5003 
clock driver, known as the IM50l3, 
will soon become available. It will 
contain two pairs of driver cir
cuits that are internally wired in 
paraflel with each other. 

The new clock driver is current
ly available· in two packaging con
figurations: either in a standard 
14-pin dual-in-line case or in a 
T0-8 case. It is priced at $10.70 
for 100-piece quantities and is 
available from stock. 

CIRCLE NO. 253 

Flatpack analog switch 
has 50-f! ON resistance 

C'l"'lJStalonics, A Teledyne Co., 147 
Sherman St., Cambridge, Mass. 
Phone: (617) 491-1670. P&A: $40; 
stock . 

The flatpack CAG13C dual FET 
analog gate is a spst break-before
make switch with maximum ON 
resistance of 50 n. It consists of 
two separate switch circuits capa
ble of switching up to ± 9-V sig
nals and being controlled directly 
from most logic circuits. In addi
tion to its zei;o-offset voltage, it 
turns off faster than it turns on 
for multiplexing without cross
talk. 

CIRCLE NO. 254 

MOS/ LSI static registel'i 
has six 32-bit content 

Texas Instruments, Inc., 13500 N. 
Central Expwy, Dallas, Texas. 
Phone: (214) 238-2011. P&A: 
$11.20; stock. 

The TMS3112 is a MOS/LSI 
static shift register organized as 
six registers by 32 bits. Standard 
power-supply requirements for the 
new register are + 5 and - 12 V. 
Direct interface is possible with 
TTL and DTL circuits without in
put or output resistors. Only a 
single clock with a TTL swing is 
required, which can be easily ob
tained from a normal TTL gate. 

CIRCLE NO. 255 
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DATA PROCESSING 

Flexible processor 
starts from $2450 

Ferroxcube Corp., 5455 S. Valentia 
Way, Englewood, Colo. Phone: 
(3()3) 771-2000. P&A: $245() (basic 
FDC-302 unit); 60 days. 

Designed for the OEM user who 
needs a low-cost and high-speed 
flexible processor, the new FDC-
300 programmable digital control
ler features building-block system 
expandability starting with a low 
basic price of $2450 (100-unit 
quantities or more ). 

The new system is composed of 
a frame with memory on plug-in 
cards. Additional plug-in cards con
taining logic circuitry turns the 
system into a processor. Further
more, the user has the advantage 
of optionally purchasing whatever 
I / 0 hardware he needs, such as 
Teletype or punch cards, all of 
which are on plug-in cards. 

The FDC-302 is the basic con
troller unit housed in a 5-1/ 4-in. 
rack-mountable chassis, which in
cludes a core memory configuration 
of 4096 words by 18 bits with a 
full cycle time of 2.5 µ s. It is made 
up of 9 plug-in cards. 

The system's memory is field ex-
pandable up to 32,768 words which 
are directly addressable. It can 
logically operate upon full 18-bit 
words of 6 octal 3-bit bytes. 

The controller organization uses 
minimal hardware in a logical con
figuration that also provides 
processfog capabilities through 11 
basic software techniques. This ap
proach provides a controller system 
with sufficient processing speed at 
a low cost for most OEM process
ing applications. 

The FDC-300 system is DTL/ 
TTL-interface compatible and con
tains program-interrupt control. It 
includes a plug-in control panel 
that contains sense ·switches and 
data indicators. Direct memory ac
cess is optionally available with a 
transfer rate of 400 kHz. 

CIRCLE NO. 256 
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!g It's here - the first rf millivoltmeter to digitally readout both mV and dBm. !g 
-g The Model 92AD also is programmable, has binary coded decimal , range, -g 
; and function outputs, and offers autoranging. Added to these features is the ; 
E final touch of a vertical edge-meter that simplifies zeroing , peaking, and E 
-g nulling operations. -g 
"' Accuracy at all frequencies and voltage levels is the best ever offered by "' 
~ Boonton, long a leader in the rf millivoltmeter field . ~ 
~ Created as the last word in " no-involvement" rf voltage measurement, ~ 
~ the 92AD may be easily integrated into a test console or computer-con- ~ 
> trolled test system. > 
E E 

-g STANDARD FEATURES -g ., ., 
E D Basic Accuracy 1 % of Reading + 1 % of Full Scale E 
,g D Measures200µVto3V* from10kHzto1.2GHz ,g 
-g D 3 digits + 1 for 5% overrange -g 
"' D BCD outputs ., 
~ D Programmable ranges and functions ~ 
-g D DC output -g 
., D Half-rack package ., 
~ D High overload tolerance ~ 
-o D RMS response to 30 mV* * -o 
"O "O 

~ OPTIONAL FEATURES ~ 
~ D Digital dBm readout ~ 
-g D Autoranging -g 
~ D Logic level programming ~ 

~ Price $1,200 standard unit ~ 
"O "O 

~ •To 300 V, up to 700 MHz with accessory 100:1 divider ~ 
~ **To 3 V, up to 700 MHz with accessory 100:1 divider ~ 

-g Call or Write for Details or Demonstration -g 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ;., BOONTONllll ROUTE287 ! PARSIPPANY, N.J. 07054 ~ 

~.. EC L
0 

ERCPTORRQANT l
1
C

0
SN Telephone: 201-887-5110 ~ 

TWX: 710-986-8241 ~ 
E E 
~dBm and mV and dBm and mV and dBm and mV and dBm and mV and dbm and mV and dBm and mV~ 
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I , d . I I chances are we ve ma e 1t I 
I Atlee Corporation's standard Mil Specifications 

line includes component holders and clips in a 
wide variety of configurations, materials, 

I finishes, electrical characteristics and sizes. 
Atlee has also produced over 400 specials to fill 

I customer requirements. Fill out the king-size 
coupon below and we'll do our royal best to 

I 
match your needs. You may save a lot of 
money by eliminating tooling costs. 

I ®~!~,.~~~ 
Gentlemen : Above is a rough drawing of the component holder we require. 

I If you can match it with an item you are presently tooled up for, please quote 
cost and delivery. 

I Quantity 

Diameter I Material Thickness 

Length 

Application 

Height 

Other 

I 
Electrical Characteristics 

O Spring Steel O Beryllium Copper O Phosphor Bronze 
O Brass O Aluminum (anod.) O Other I Name 

I Com an 

Address 

I 
I 
I .. 
88 
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DATA PROCESSING 

Miniature calculator 
weighs only 38 oz 

SCM Corp., 299 Park Ave., N ew 
York, N. Y. Phone: (212) 752-
2700. Price: ,$495. 

A new lightweight portable cal
culator features dimensions of only 
10 by 5 by 2 in. in a 38-oz package. 
It contains a built-in memory and 
an eight-numeral readout for dis
playing divisions, multiplications, 
additions, subtractions and accumu
lated products or quotients. It can 
also retain a constant multiplier 
or divisor for applications requir
ing repetitive calculations. 

CIRCLE NO. 257 

MOS/ LSI keyboaret 
encodes on one chip 

Clare-Pendar Co., P. 0. Box 785, 
Post Falls, Idaho. Phone : (208) 
773-4541. Availability: stock. 

Up to 9 bits and 4 levels of en
coding are accomplished on one chip 
in a new 88-key LSI / MOS key
board. It uses a scanning technique 
that searches for a switch closure. 
Upon detecting a closure, valid en
coded data appears at the bit out
puts and a strobe appears to signal 
valid data. Features include 200-
m W power drain, two-key rollover 
and TTL/ DTL/ MOS compatibility . 

CIRCLE NO. 258 
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MICROWAVES & LASERS 

Broadband rf devices 
use tiny flatpacks 

Anzac Electronics Div. of Adams
Russell Co., Inc., 39 Green St., 
Waltham, Mass . Phone: (617) 899-
1900. 

A new series of rf signal-proc
essing components features sub
miniature flatpack configurations 
of only 0.125 by 0.375 by 0.5-in. 
The devices include a double bal
anced mixer (MD-113 ), a two-way 
isolated power divider (DS-109 ) 
and a hybrid magic-tee (HH-104), 
all covering the range of 10 MHz 
to 1 GHz. 

CIRCLE NO. 259 

Schottky mixer diodes 
lower noise to 6 dB 

• 

Aertech Industries, 825 Stewart 
Dr., Sunnyvale, Calif . Phone: ( 408) 
732-0880. P&A: $12 to $36.50 
(single units) $26 to $80.50 
(matched pairs); stock to 3 wks. 

Two new series of silicon 
Schottky-barrier mixer diodes fea
ture noise figures as low as 6 dB. 
The A2S106 series provides 6 dB 
maximum noise figure at 9.375 
GHz, while the A2S122 series pro
vides 6.5 dB maximum noise f igure 
at 16 GHz. Other units are avai l
able in fl at-p ill, prong-pill, chip 
and carrier configurations . 

CIRCLE NO. 260 
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If you'd like to 
make your FM radio 
20 times smaller, 
we've got just the 
filter for you. 

Our new 10.7 megahertz FM filter-the FM-4- measures 
only 0.016 cubic inches in volume. But it replaces four tuned 
circuits more than twenty times its size. Price is competitive 
with IF cans, and it saves additional dollars by reducing the 
number of components and interconnections in your IF strip. 
It's just a sample of what Vernitron can do in piezoelectric 
filters - in which we've done the lion's share of development. 

The FM-4 is based on the coupled-mode monolithic 
technique developed for our quartz filters. Result is a new level 
of performance - higher adjacent channel rejection, distortion 
less than ~ percent, bandwidths characteristically 235 kHz at 
3 dB and 825 kHz at 40 dB. Insertion loss about 3.5 dB. 
It's just a sample of what we can do in piezoelectric filters -
in which we've done the lion's share of development. 

So, if you're on a size-reduction kick - or a cost reduction 
kick - our neat little FM-4 is a good place to start. In fact, for 
high-quality filters for almost any kind of communication 
equipment - military, commercial or consumer - get in touch . 

Vernitron Piezoelectric Division, 232 Forbes Road, Bedford, 
Ohio 44146. Or: Vernitron (U .K.) limited, Southampton, England. 

~ Vernitron Piezoelectric Division 
~ 232 Forbes Road I Bedford, Ohio 44146 I (216) 232-8600 
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The 
"no maintenance" 
PUNCHED TAPE 

READER 

No edge guides 
No capstans, pinch 

rolls or brakes 
No lenses 
No lubrication 
No adjustments 

You may have to 
replace this bulb 
after 25,000 hours. 

New DECITEK Punched Tape Readers 
give greater accuracy, freedom from 
maintenance and longer tape life. 
With 20% to 30% fewer parts than 
units of comparable performance, 
they start, stop and hold tape ac
curately through a stepping motor/ 
dual sprocket bi-directional drive. 
Tests at 300 cps for more than a 
quarter-million cycles showed insig
nificant sprocket hole wear. 
DECITEK Readers interchangeably 
read 5, 6, 7 or 8-level paper, paper
polyester or metallized polyester 
tapes at 60 to 600 cps. Fiber optic 
elements illuminated by a single, 
easily replaced bulb eliminate cross
talk and partial or bit failure. Photo
transistor sensing delivers high 
signal-to-noise ratio outputs. Input
outputs are TTL or DTL compatible. 
For technical brochure, write 
DECITEK, 16 Sagamore Rd., 
Worcester, Mass. 01605. Call (617) 
757-4577. 

JD)mJCCTIUJrmJTIK 
A DIVISION OF JAMESBURY CORP. 
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MICROWAVES & LASERS 

Beam-lead arrays 
use 1000 sensors 
Texas Instruments, Inc., 13500 N. 
Central Expressway, DaUas, T ex. 
Phone: (214) 238-2011. Availabil
ity: 3 to 5 wks. 

Custom-designed beam-lead sen
sor arrays are now available with 
anywhere from 50 to 1000 ·beam
lead phototransistors on a PC 
board. They are available for 
either X-Y or linear addressing. 
Phototransistor beam-tip-to-beam
tip size is 0.055 in. permitting ar
ray construction with center-to
center spacing of 0.06 in. Place
ment accuracy for individual sen
sors is ± 0.002 in. Light and dark 
currents are 0.75 mA at 20 mW I 
cm 2 and. 0.1 µ,A, respectively. 

CIRCLE NO. 261 

Red GaAsP LEDs 
emit 5000 foot-lamberts 
Monsanto Electronic Special Prod
ucts., 10131 Bubb Rd., Cupertino, 
Calif. Phone: ( 408) 257-2140. 
P&A: $13.50; stock. 

-A new series of high-power red 
LEDs make possible typical light 
output levels of 5000 foot-lamberts 
at 2 V and 1 A . The MV 4 series 
has light output wavelength of 
6700.A. which is controlled to ± 200 
A, we11 above the sensitivity range 
of most photographic films. The 
series can allow peak currents to 
25 A for 1-µ,s durations at rates 
to 300 pulses/ second. The MV 4 
series are diffused planar GaAsP 
diodes. 

CIRCLE NO. 262 

Wideband attenuator 
holds down phase shift 
Koch Industries, 401 S. Dale St., 
Anaheim, Calif. Phone: (714) 527-
1864. P&A: $175 ; 30 days. 

Operating over the frequency 
range of 3 to 65 MHz, the model 
1001 wide-band voltage-controlled 
attenuator provides very low phase 
shifts of ± 4, ± 1.5 and ± 0. 7 de
grees for 30-dB attenuation at 50, 
20 and 5 MHz, respectively. Its 
maximum attenuation is 50 dB. 

CIRCLE NO. 263 

Rent-a 
Hz 

When your laboratory needs a precision 
oscillator, or a pulse generator, or some 
other reasonably sophisticated instrument, 
should you buy it? Maybe not. As with a 
house or a car or a computer, there's a 
time to buy and a time to rent. 

Actually there are a number of pretty good 
reasons for renting precision instruments 
any time ... the elimination of problems like 
maintenance and calibration for example, 
or how to handle peak loads, or what to do 
with instruments that are obsolete or no 
longer needed. But let's face it, the most 
important reason is money. Frequently, 
renting instead of purchasing can save dol
lars, free capital for other uses, or provide 
financial advantages in other ways. So be
fore you pay till it Hz, think RENTAL. 

R.E.I. can give you the fastest service, the 
widest selection and the lowest rates of any 
rental firm in the country. One of our inven
tory centers is located near you, wherever 
you are, for instant delivery. Let us tell you 
more about the many advantages of renting 
vs. buying. Send today for your free copy of 
the new R.E.I. Instrument Rental Handbook. 

Amplifiers 
Analyzers 
Attenuators 
Bridges 
Cameras 
Counters 
Detectors 

Filters Power Supplies 
Generators Recorders 
Meters Sources 
Oscillators Stroboscopes 
Oscilloscopes Synthesizers 
Plug-In Units Test Chambers 
Generator /Synch ron izer 

INSTANT INSTRUMENTS FROM 
THESE INVENTORY CENTERS: 
Waltham, Mass. 02154 
69 Hickory Drive 
(617) 891-7610-Telex 923472 
Anaheim, Calif. 92801 
159 East Freedom Ave. 
(714) 879-0561 - Telex 655473 
Gaithersburg, Md. 20760 
16600 Oakmont Ave. 
(301) 948-0620-Telex 898446 
Rosemont, Ill. 60018 
5607 Pearl St. 
(312) 671-2464-Telex 726488 
Ft. Lauderdale, Fla. 33308 
4808 N.E. 10th Ave. 
(305) 771-3500-Telex 51-4467 

ltfNYAl l!LfCHOHICS, INC. 
:::-..:::..:::.."::::"-

Dallas, Texas 75207 
1341 Crampton St. 
(214) 638-4180 
Telex 732617 

MORE INVENTORY CENTERS COMING SOON 

Rental 
Electronics 

inc. 
A J2EPSICQ LEASING COMPANY 
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He-Ne laser line 
drops price to $275 
RCA Electronic Components, 415 
S. 5th St., Harrison, N. J. Phone: 
(201) 485-3900. P&A: from $275; 
stock. 

A new line of cw He-Ne lasers 
features price reductions with a 
typical 1-mW He-Ne laser costing 
$275. The line consists of the LD-
2118 and LD2131 Vl plasma tubes, 
the Jl5404 laser head and the 
J15405 laser power exciter. The 
LD 2118 is a 1-mW tube that pro
vides 633 nm of coherent red light. 
The LD2131 Vl plasma tube pro
vides a 1-mW double-ended or a 
2-m W single-ended model at 632.8 
nm. The Jl5404 He-Ne laser head 
has a 1-mW cw output. 

CIRCLE NO. 264 

175-MHz transistors 
sock out 90 W peak 
Motorola S emiconductor 
Inc., P.O. Box 20912, 
Ariz. Phone : (602) 
Price. $43.50. 

Products, 
Phoenix, 

273-6900. 

Two new npn silicon rf power 
transistors operating from 100 to 
175 MHz provide 90-W peak power 
outputs. Types MM1552 and MM-
1553 utilize balanced-emitter con
struction. The MM1552 is rated at 
90 W for 18 W of input power at 
150 MHz. The MM1553 has the 
same output at 150 MHz for a 
13.5-W maximum input. 

CIRCLE NO. 265 

Small planar triode 
packs 100 W at 2.3 GHz 
Siemens Corp., Components Div., 
186 Wood Ave., Jselin, N. J. Phone: 
(201) 949-1000. 

A new conduction-cooled minia
ture planar triode of metal-cer
amic design delivers as much as 
100 W of cw output power at fre
quencies as high as 2.3 GHz. The 
triode, type YD1380 / 81 has a max
imum plate dissipation of 250 W 
and will provide the 100-W cw 
power output with 1300 V on its 
plate when used in Class-B ground
ed -grid operation. 

CIRCLE NO. 266 
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how to get a 
s400 frequency counter 

fors1999s* 

... build the new 
Heathkit® IB-101 

•Accurate counting, 1 Hz to over 15 MHz 
• Automatic trigger level for wide range input without adjustment 
• Five digit readout with Hz/kHz ranges & overrange indicators 

give eight digit capability 
• High Z input 
• Computer-type integrated circuitry eliminates divider chain adjustment 

The latest Heath breakthrough in low cost, high quality instrumentation. New 18-101 
counts from 1 Hz to over 15 MHz; advanced integrated circuitry eliminates blinking 
readout & divider chain adjustment. 
Overrange indicator & HZ/kHz switch give the 18-101 8-digit capability. Set the range 
switch to kHz & the display reads out to the nearest kHz ... push the range switch to 
Hz and read down to the last Hz. Overrange & Hz/kHz indicators light up to give 
error-free measurement & correct range at all times. Automatic decimal locator elim
inates interpolation & figuring. 
Exclusive Heath-designed input circuit uses a dual-gate, diode-protected MOSFET 
... provides proper triggering without adjustment from less than 100 mV to over 200 
V. Input Z is 1 megohm shunted by less than 20 pF to minimize circuit loading & error. 
Other features include sockets for all 26 IC's & 5 display tubes ... 120/240 V AC 
operation & convenient handle/tilt stand. 
Compare the new Heathkit 18-101 ... then order yours. Kit IB-101, 7 lbs . ... $199.95* 
IB-101 SPECIFICATIONS: Frequency Range: 1 Hz to greater than 15 MHz. Accuracy: ± 1 count ±time 
base stability. Gate Times: 1 millisecond or 1 second with automatic reset. INPUT CHARACTERISTICS 
- Sen1ltivity: 1 Hz to 1 MHz, less than 100 mV rms. 1 MHz to 15 MHz, less than 250 mV rms, after 
30 minutes warmup. Trigger Level : Automatic . Impedance: 1 Megohm shunted by less than 20 pF. 
Maximum Input: 200 V rms, DC - 1 kHz. Derate at 48 V per frequency decade. TIME BASE: Frequency: 
1 MHz, crystal controlled . Aging Rate: Less than 1 PPM/ month after 30 days. Temperature: Less than 
±2 parts in 107 / degree C. 20 to 35 degrees C after 30 minutes warmup. ±.002% from O to 50 degrees 
C. GENERAL: Readout: 5 digits plus overrange. Temperature Range: Storage ; -55 to 80 degrees C. 
Ope rating; 0 to 50 degrees C. Power Requirements: 105-125 or 210-250 V AC, 50/60 Hz, 8 watts. Cabinet 
Dimensions: BY•" W x 3Ya" H x 911 D not including handle. Net Weight: 4Y2 lbs. 

r---------------- l~Hf,f$'¥!i*F•I---, 
I HEATH COMPANY, Dept. 520·26 I 
I Benton Harbor, Michigan 49022 a Schlumberger company I 
I D Enclosed is $ , plus shipping. I 
I Please send model (s) I 
I D Please send FREE Heathkit Catalog. D Please send Credit Application. I 
I Name I 
I ~~ I 
I City State Zip I 
L-~~~:~c=;~~~~~ ~i~s: specif~t~~~j~t~~a~:::~~.:'.~e~T_:2~_J 
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If you can't stand 
the heat 
stay out 
of the 
kitchen! 

Send for Catalog and.complete details. 

CONDENSER CORPORATION 

Dept. ED -11 

1065 West Addison Street 
Chicago, Illinois 60613 • (312) 327-5440 
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COMPONENTS 

5-kV /µ.,s surge arrestor 
reacts in zero time _.. ___ _ 

Signalite, Div. of General Instn;,
ment Corp., Neptune, N. J. Phone: 
(201 ) 775-2490. 

Uni-Imp is a gas-filled surge 
arrestor with a unity impulse ratio 
that will absorb all transient pulse 
wavefronts up to 5 kV I µ,s in zero 
reaction time. Two models are 
available: model UBD which is 
available in 22 ratings from 550 
V to 3 kV and model UGT which 
is available in 18 ratings from 3.1 
to 15 kV. Impedance is infinite to 
the trip voltage and capacitance is 
15 pF. 

CIRCLE NO. 267 

Stable thermistors 
1/8-in. in dia 

Cal-R, Inc., Thermonetics Div., 
1601 Olympic Blvd., Santa Monica, 
Calif. Phone : (213 ) 451-9761. 

New small stable epoxy-coated 
disc thermistors shaped as tear
drops measure only 1/ 8-in. in di
ameter or less. Their long-term 
stability results from epoxy coat
ings which provide insulation of 
up to 500 V de. Thermistors with 
insulated leads are available to cus
tomer specifications in resistance 
values from 100 to 20,000 n, at tol
erances from 0.5 to 20 %. 
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Low-profile reed relays 
build-in shielding 

C. P :·Clare & Co., 3101 Pratt Blvd., 
Chicago, Ill. Phone: (312 ) AM2-
7700. 

With 0.225 to 0.35-in.-high pro
files and 0.375-in. mounting cen
ters, the PRB series of multi-pole 
reed relays provides standard in'
ternal electromagnetic and optional 
electrostatic shielding. They have 
contacts rated to switch 500 mA 
at 10 V and 10 VA and can carry 
as much as 2 A of current. Maxi
mum contact resistance is 200 mn. 
In-line pins used are arranged in 
spacings of 0.1 by 0.7 in. 

CIRCLE NO. 269 

Low-cost reed relays 
offer $1.84 price tags 

S elf-Organizing Systems, Inc., P.O. 
Box 9918, Dallas, Tex. Phone: 
(214) 276-9487. P&A: $1.84, $2.44;_ 
stock. 

The new Zestron series 360 line 
of reed relays with encapsulated 
magnetically shielded housings are 
priced at only $1.84 for spst and 
$2.44 for dpdt models (100 quan
tities ) . Available in 12 and 4.5-V 
coils, the series uses rhodium con
tacts rated at 0.5 A and 50 V de 
and 120 V ac at 10 VA with 0.2-n 
maximum contact resistance. 

CIRCLE NO. 270 
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0.5-in.-dia trimmer 
dissipates 1 watt 
Bourns, Inc., Trimpot Products 
Div., 1200 Columbia Ave., River
side, Calif. Phone: (714) 684-1700. 
Price: $1.15. 

A 1-W power rating in a 1/ 2-
in. dia case (125 °C) is what dis
tinguishes the new model 3369 cer
met single-tum potentiometer. T his 
cermet element with a ± 150-
ppm/° C temperature coefficient of
fers stab ili ty over an operating 
temperature range of - 65 to 
+ 175 ° C. Model 3369 comes in two 
terminal styles : with printed-cir
cuit pins or with solder lugs. Spec
ifications include a standard resist
ance range of 100 n to 5 Mn and 
standard tolerance of 10%. 
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Open-frame reed relays 
plug into 0.15-in. grids 
Precision Products, 11161 W . Pico 
Blvd., Los Angeles, Calif. P&A: 
from $1.75; stock to 2 wks. 

Designed to plug-in on 0.15-in. 
grids is a new line of open-frame 
reed relays . Over 150 of t hese reed 
relays can be mounted on a single 
4-by-6-in. PC board. They are 
avai lable in 6, 12 and 24-V de rat- ' 
ings. T hey include a switching 
speed of 0.5 ms nominal, a de power 
rating of 7 W at 0.25 A, a sens itiv
ity as low as 240 mW. 
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10-µ F 50-V capacitor 
is 0.5 by 1.87 in. 
W esco Electrical Co., Inc., 27 Olive 
St., Greenfield, Mass. Phone: ( 413) 
774-4358. Availability: 4 to 5 wks. 

Type 321VIPC metall ized polycar
bonate capacitors are available in 
voltage ratings from 50 to 200 V 
de with a 50-V 10-µ,F unit measur
ing only 0.4 in. in dia by 1.187 in. 
long. Temperature range is - 55 to 
+ 85° C. Retrace or stability is less 
than 0:3 3 and capacitance change 
is less - than ±0.25 % from + 25 to 
+85° C. Capacitance range is 0.012 
through 10 µ,F and standard toler
ance · is - ± 10 % . Tolerance to ± 1 % 
is also availab le. 

CIRCLE NO. 273 
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A Compact S-Band 
TRAVELING-WAVE TUBE 
Performing with 
45% EFFICIENCY 
100 WATTS POWER OUTPUT 

That's what you'll get from the WJ-395-1! 

And you can vary the output level from 60 to 120 watts 
while maintaining a fixed value of rf drive with no sig
nificant change in efficiency by simply operat ing 
the tube under different sets of voltages. 

Metal-ceramic construc
tion of the WJ-395-1 is just one of the 

design features that ensures the maximum in 
reliable, long-life operation. Other features include small 
size (1.6 x 1.8 x 13.5 inches and 2.8 lbs.) and the ability 
to withstand extreme temperature, vibration, shock and 
static acceleration. 

Power output, gain and overall efficiency are very nearly 
constant over the guaranteed frequency range of 2.2 to 
2.3 GHz. The tube is designed to meet the power ampli
fier requirements of earth-orbit and deep-space missions, 
where high reliability, small size, light weight, and maxi
mum overall effi ciency are essential. 

WATKINS-JOHNSON 

3333 HILLVIEW AVE., STANFORD INDUSTRIAL PARK, PALO ALTO, CALIF. 94304 • (415) 326-8830 
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INSTRUMENTATION 

Tiny 3-1/2-digit DPM 
has GaAs LED readouts 

Digilin, Inc., 1007 Air Way, Glen
dale, Calif. Phone: (213) 240-1200. 

Containing a 3-1/2-digit display, 
type 3330 digital panel meter 
shrinks its size with a ruby-red 
GaAs LED readout. It measures 
just 1.15-in. high by 2.04-in. wide 
by 5-in. deep and is accurate 
to 0.1 % full scale ± 1 digit. It 
automatically zero-adjusts itself, 
has external programming, is front
panel relampable and offers option
al BCD output. Input impedance i·s 
100 Mn. 

CIRCLE NO. 274 

3-1/2-digit multimeter 
retails for just $275 

Eldorado Electrodata Corp., 601 
Chalomar Rd., Concord, Calif. 
Phone: ( 415) 686-4200. P&A: 
$275; stock. 

The model 1800 is a 3-1/ 2-digit 
0.1 % digital multimeter retailing 
for the low price of $275. It meas
ures 0.2 to 1000 V ac and de in 5 
ranges each, 200 n to 2 Mn in 5 
ranges, and currents of 200 µA ac 
and de with 200-nA resolution. In
put impedance is 10 Mn and meas
urement is by the dual-slope inte
.gration method. Battery operation 
is optionally available. 

CIRCLE NO. 275 

,_. ____________ 1·-----------
~ CERAMIC CAPACITORS I I GUARANTEED UNIFORMITY : 

WITH SUPERIOR I I IN ELECTRICAL, PHYSICAL 
TEMPERATURE COEFFICIENT ~ I CHARACTERISTICS I 

• Available in range of 0.1 to 10 pico
farads. 
• Tolerances of 5%-10%-20%, at rated 
working voltage of 500V DC. 
• Temperature coefficient is ± 2% for 
values of 0.1 to 5.1 pf over a tempera
ture range of -55° C to 85° C. 
• Only ± 3% temperature coefficient 
for values of 5.1 to 10.0 for temperatures 
ranging from -55° C to + 85° C. 
• Power factor less than 1 % at 1 mega
cycle at less than 80% RH. 
• Write for bulletin. 

~-· CARBON COMPANY 
Electronic Components Division 

I 1 I 

l I t 
I I 

: : , I 
~ I 

I 
• Available in 2, 1, 1/2 and lf.i watt sizes. I 
• Uniform from resistor to resistor, I 
order to order. 
• 100% tested for resistance value. ~ 
• Solderability, load life and humidity- I 
temperature characteristic checked. I 
• Impregnated to assure moisture resist- : ance. 
• Write for literature. 

- -- __ ~· ~y~a~s_:: _ _J 
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Versatile curve tracer 
comes in a $79.95 kit 

EIGO Electronic Instruments, 283 
Malta St., Brooklyn, N . Y. Phone: 
(212) 949-1100. P&A: $79.95 (kit), 
$119.95 (wired); stock. 

Diodes and signal and power 
transistors can easily be tested by 
the model 443 curve tracer which 
is available in kit form for only 
$79.95. Its output is displayed on 
an oscilloscope. Diode tests include 
forward and reverse currents and 
voltages with variable O-to-1400-V 
PIV tests. Transistor tests include 
hFE• hoE• IcEo• V CE and BV cEo· 
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TWO, NEW 
POWERFUL CERAMAG8 

FERRITE MATERIALS 

24H 
5000 

PERM 

24K 
7500 

PERM 

• True 5000 and 7500 permeability 
ratings. 

• Both 24H and 24K stay at designated 
perm over a wide range of sizes. 

• Curie point for 24H and 24K is 175°C, 
typical. 

• Precision engineered materials pro
duced through exact processing, den
sity checks and controls. 

I 
I 
I I • Terrific inductance in a small size. 

I • Residual magnetism is 850 (24Hl and 

I
.I • ~~~t:

2

~; ::t~s:.bout these production 
materials. 

I ~STACKPOlE . 
I T @ CARBON COMPANY 
I Electronic Components Division I I St. Marys, Pa. 15857 I 

L----------------J 
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PACKAGING & MATERIALS 

One-part silver epoxy 
bonds hybrid strips 

Epoxy Technology, Inc ., 65 Grove 
St., Watertoum, Mass. Phone: 
(617) 926-0136. Price: $15/trial 
kit. 

A new single-component electri
cally-conductive silver epoxy bonds 
chips in hybrid circuits. Epo-Tek 
H31 is a soft, smooth, slightly 
thixotropic, fiowable paste of 
100 %-solids composition. Its vol
ume resistivity is 0.0001 to 0.0005 
ohm-cm and it cu-res in 15 minutes 
at 150°C or in 45 minutes at 
120°C. It may be used at 200°C 
continuously or 350°C for short 
durations. 
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Series-parallel plugs 
build voltage networks 

P0omona Electronics Co., Inc., 15()0 
E. 9th St., Pomona, Calif. Phone: 
(714) 623-3463. P&A: $1.50, $3.25; 
stock. 

A new group of series-parallel 
isolation plugs can be used to build 
voltage dividers, attenuators, and 
other networks. The group consists 
of two versions: model 3501 single 
plug and model 3502 dual plug. 
Both items provide top banana 
jacks and upper pairs of cross 
holes isolated from lower cross 
hole pairs and banana plugs. 

CIRCLE NO. 278 

Nov. 8 issue has your renewal card, 
inside front cover. Mail it today. 
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New hybrid thick-film 
driver switches 325 watts 

LMD-5 POWER DRIVER 
now available from the shelf. 

Typical Application and Connection Diagram 

Typical Specifications 

Control voltage +12V 
+65V 
5Amp 
7 Amp 

Output voltage 
Continuous current 
Pulsed current 
Operating temp. range -65 to + 150°C 

Need fast, custom designed hybrid electronics? Come 
to us. 

We designed this unit to drive 5 to 7 amp lamps, sole
noids, motors or other peripheral components. It converts 
low level input control signals into output levels high 
enough to drive the heavier loads. 

Fast Custom Design 
We're equipped to give you fast design and prototype service on any 
custom hybrid microelectronics package. Our engineers will come to 
you, if that's what you need. 

You'll find our delivery dependable and our production standards 
among the highest in the industry. 

The circuit described above is now stocked. Ask for catalog sheet. 
Or, for the whole story on our capability, write for brochure "Custom 
Hybrid Microcircuits." 

Specialists in hybrid microelectronic circuits 

. -------, 
LED EX . . ··- . 

LEDEX MICROELECTRONICS, LEDEX INC. 
123. Webster Street, Dayton, Ohio 45401 phone ( 513) 222-6992 
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Put yaur frequen1:y 
in stiape far 
data transmission 

INFORMATION RETRI EVAL NUMBER 60 

new generaHon 
of coaxial 

switches 

LATCHING 
OR FAIL-SAFE 

New actuator .. .fewer parts ... more reliability. 
Electromagnets move R .F. contactors with
out any mechanical linkage. Excellent R .F. 
and temperature- vibration-shock specifica
tions. Light weight. Write for the data sheet. 

Transco Products, Inc. 4241 Glencoe Ave., Venice, Calif. 90291 
INFORMATION RETRIEVAL NUMBER 6 1 

PACKAGING & MATERIALS 

Low-cost potting kit 
makes instant connector 

Wiring Analyzers, Inc., 9015 Wil
shire Blvd., B ev erly Hills, Calif. 
Phone: (213 ) 657-0122. P&A : $72; 
stock. 

Using a heat gun, polyethylene 
cartridges and connector contacts, 
a mate -can be made to any existing 
connector configuration in a mat
ter of minutes for as low as .50¢. 
The polyethylene also serves as an 
agent for potting and waterproof
ing. Kits containing a heat gun, 
polyethylene cartridges and con
nectors are available. 

CIRCLE NO. 279 

Tiny PC connector 
houses 80 pins 

Fabritek, Inc., National Connector 
Div., 9210 Science Center Dr ., Min
neapolis, Minn. Phone : (612 ) 533-
5361. 

A new tiny high-density PC
board connector for 1/ 16 and 1/ 32-
in. boards, with contacts spaced on 
0.05-in. centers, offers a choice of 
20, 40, 60, or 80 terminations. 
Gold-plated solder tai ls on the con
nector back are staggered for easy 
access and are available hooked or 
straight. The connector can be po
larized as required. 

CIRCLE NO. 280 

Have you sent us your subscription 
renewal card? See Nov. 8 issue. 
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TOOLS & ENGINEERING AIDS 

Micromanipulator unit 
eliminates vibration 

Brinkman Instruments, Inc ., Canti
ague Rd., Westbury, N. Y. Phone: 
!_516) 334-7500. Price: from $195. 

A new versatile shock-absorbing 
micromanipulator called the RP-F 
uses a unique flexible drive shaft 
to reduce component vibration to 
virtually zero. A slight touch is all 
that is needed for trouble-free 
micro-movements at magnifications 
up to 500 times. This is accomplish
ed by having the fine motion actu
ated by a flexible shaft so that vi
brations are completely eliminated. 
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Ratchet tool handles 
accept many blades 
y:-:: , :;.---
~ ·:~ 
~ 
~ 
~ 
Xcelite, Inc., Thorne & Bank St., 
Orchard Park, N. Y . Phone: (716) 
6 62-4461. Availability: stock. 

The regular model 99-lR and the 
Tee-type model 99-4R plastic han
dles incorporating a reversible 
ratchet mechanism accommodate 
more than 60 individually available 
nutdriver, screwdriver and special
purpose snap-in blades to speed and 
simplify assembly and service work. 
A patented spring chuck holds the 
blades firmly. The ratchet mechan
ism is fully enclosed to keep out 
dirt and grit. 
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Analog and Digital 
Data Transmission 

Distributing Systems 
Information Retrieval 

Telemetry· Television 
Antenna Switching 

Voice Communication 
Surveillance · Computer Logic 

For Free Catalog I Complete Information: 

Available in 

COAX-TWINAX-TRIAX 
Programmable • Electrically 
or Mechanically Actuated. 
Low Cross Talk-High 

TROMPETER Electronics, Inc. 
8936 COMANCHE AVE. • CHATSWORTH, CAL. 91311 

TEL. (213) 882-1020 TWX: 910-494-121 0 

INFORMATION RETRIEVAL NUMBER 62 

MICRO-VECTORBORD AND ' 
D. I. P. PLUGBORDS ARE HERE! t~ ......... _.._~•,•·- ~•~m~,,•··•~~-• 

Save time - Save work - Save money 

WIDE SELECTI O N O F SIZ E S A ND M ATE RIALS 

MICRD-VECTORBORD " P" .042" holes match 
D.l.P. leads. Epoxy glass or paper, cop. cld. also 
I / 64" to I / I6" thk. 

MICRO-VECTORBORD "M'' .025" holes match 
Flat-Paks, 1/32" Epoxy glass, cop. cld. also or 
.007" Mylar . 

NEW SOLDER-PAD D.l.P. PLUGBORDS - 3677 
Series Epoxy glass, "P" pat .. I / I6" thick with 44 
etched plug contacts (2 side total) power, ground 

busses, pads for up to 24 0 .1.P.'s (I4"s). Also 21 
units 16-leads 0 .1.P.'s, T·O's and discretes. 

NEW WIRE WRAP D. l .P. PLUGBORDS - 3682 
Series Similar to above but closely spaced bus 
lines for higher density. Up to 48 0.1.P. 14 lead 
wire wrap sockets mountable or T·O's and dis· 
cretes. 

TERMINALS - Micro-Klips. M1n1-Wire·Wraps, Rd . 
Pins. Patch Cords, etc .. available. 

- E L E ~~d ~ ;m~t; ~era~•O .' I N C. r\t))} 
12460 Gladstone Ave. , Sylmar, California 91342 ~ 
Phone (213) 365 -9661 • TWX (910) 496 - 1539 

INFORMATION RETR IEVAL NUMBER 63 

97 



TOOLS & ENGINEERING AIDS 

Three-section system 
eases parts handling 

Microfiche projector 
displays up to 4 feet 

Er 
U~ E 

u 
c 
B 
.\ 

Foredom Electric Co., Sto'Y111J Hill, 
B ethel, Conn. Phone: (203) 748-
3521 . 

Taylor-Merchant Corp., 25 W. 45 
St., New York, N. Y. Phone: (212) 
757-7700. Price: $69.50. 

A versatile miniature parts
handling system in kit form con
sists of a heavy-duty oil-less elec
tric vacuum pump, a vacuum probe 
handpiece and a selection of five 
probes for handling a wide variety 
of small parts. The system is es
pecially designed for separating, 
sorting, grading, positioning and 
assembly operations. Five probes 
are offered with the kit. 

The 300 XF COSATI microfi che 
projector weighing only 3 lbs and 
measuring 8 by 6-1 / 4 by 3 in. will 
project the full size of a standard 
8-1 / 2-by-11-in. page a distance of 
48 in. The fan-cooled unit contains 
a three-element condenser system 
that affords a bright and sharp 
image even in ambient and incan
descent office light. It has its own 
built-in screen. 

CIRCLE NO. 283 

Lafayette's 
1971 

Golden Jubilee 
Catalog 

Your 1st Guide To 
Everything in Electronics 

• Stereo/ Hi-Fi Components • Musical Instruments and 
Amplif iers • Photography Equipment • Ham and CB Gear 
• Public Address Systems • Tools and Test Equipment 
• Educational and Optical Equipment • Black and White/ 
Color Televisions • Pol ice and Fire Monitor Receivers 
• Books and Parts 
Plus Thousands of Additional Items 

Lafayette Radio Electronics, Dept. 45110 
P.O. Box 10, Syosset, LI., N.Y. 11791 

Send For 

Your Free 
1971 

Lafayette 
Catalog 
Today! 

r-------------
1 Send Me the Free Lafayette Golden Jubilee I 

1971 Catalog 71 o 
45110 

I Name .... ................ ...... ........... ..... I 
I Address . .. .. ..... . .. .. ...... . I 
I City ........... .. ..... .... . . . . I 
I State Zip I 

(Please include your zip code) L-------------.1 
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Compact soldering iron 
supplies 40 or 50 W 

\ 

Edsyn, Inc., 15954 A rminta St ., 
Van Nuys, Calif. Phone: (213) 
989-2324. A vailabuity: stock. 

The Ersa Variu·s is a rugged, 
easy-to-handle industrial soldering 
iron available in 40 or 50 W sizes . 
It is suited for continuous heavy
duty line soldering operations and 
is designed to lessen operator fa
tigue with its light weight of less 
than 8 oz. It has an adjustable 
pistol grip and a long-life tip which 
requires no filing or shaping dur
ing its life. 

CIRCLE NO. 285 
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Evaluation 
samples 

Cable ties 
A new line of one-piece, all-nylon 

Pan-Ty cable ties offers all the ad
vantages of 90-degree tie insertion 
into a self-locking head, .as well as 
a curved-tip and low-profile design. 
Six cable ties are available for 
bundle sizes up to 4 in. in dia. 
These are available in miniature, 
intermediate, standard and heavy 
cross-section sizes. They meet all 
applicable military specifications 
and are offered in natural nylon 
and ten other colors. New Pan-Ty 
cable ties can be installed by hand 
or with tension-controlled produc
tion harnessing tools. They contain 
no metal barbs and require no 
twisting. Serrations at the top of 
the lead end of the cable tie pro
vide a finger-grip tip which assists 
in pulling cable ties tight. Free 
samples are available. Panduit 
Corp. 

CIRCLE NO. 286 

Foil chips 
A complete range of baked epoxy

coated foil chips is available in 
many colors, textures and shapes. 
They are composed of minute uni
formly cut particles of highly pol
ished aluminum foil, with or with
out li ght-fast color pigments baked 
into an epoxy coating. They are 
compatible with polyester and 
epoxy resins, acrylic lacquers, vinyl 
or plastisol. Individual pigment 
particle size ranges from 0.004 by 
0.002 by 0.00045 in. to 0.125-in. 
square by 0.002-in. thick in rec
tangular, square, hexagonal and 
star shapes. Additional sizes and 
shapes can be made to order. A 
chip sample folder is available . 
Meadowbrook Inventions, Inc. 
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~7!!!i)((J DISCAPS 
~®00 TI~~[p~OOillTilliJOOrn 
SENSITIVE APPLICATIONS 
Perma-Power , a division of Chamberlain Mfg. Corp., a leading manufac
turer of radio controlled garage door openers , specifies RMC DISCAPS 
to assure reliability under extreme environmental conditions . 

RMC produces a full range of DISCAPS for temperature sensitive cir
cuitry or applications requiring exact temperature compensation. Fre
quency and temperatu re stable types, as well as units of predictable 
variability, are available. 

DISCAPS ate produced to the highest standard of quality and may be 
specified with complete confidence. 

If your application requires special physical or electrical characteris
tics , contact RMC's Engineering Department. 

Write today on your company letterhead 
for your copy of the complete RMC catalog. 

RADIO MATERIALS COMPANY 
A DIVISION OF P. R. MALLO RY & CO ., INC. 

GENERAL OFFICE : 4242 W . Bryn Mawr A ve., Chicago 46 , Ill. 
Two RMC Plants D ev oted E1u.luslvely to Ceramic Capacitors 

FACTORIES AT CHICAGO , ILL. AND ATTICA, IND. 
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This $99 panel meter 
remembers to zero adjust itself 

60 times every second 

So you can forget about It. 
And you can forget about circuit 
loading, too. The exclusive Digilio in
put amplifier keeps impedance high 
throughout the measurement cycle. 
You never worry about transient noise 
creeping in like you do when such in
put techniques as dual slope integratfon 
and chopper stabilized amplifiers are 
used. And Digilio meters give you all-

external programming, front-panel cal
ibration and elegan·t appearance to boot. 

Digilio digital panel meters. Full 
performance plus automatic zero ad
just and constant high input imped
ance starting at $99 (lots of 100). 
Call or write today. Digilin, Inc. 
6533 San Fernando Rd., Glendale, 
Calif. 91201. 213/246-8161. 

INFORMATION RETRIEVAL NUMBER 67 

liQuid RiVET 
One drop bonds almost anything to almost anything for 

almost forever. We call it Eastman 91 O® Adhesive. 
It works with metals. With plastics. With rubber. With 

glass. With bonds that are often stronger than the 
materials being bonded. 

It works without heat. Without solvents. Without pressure. 
Without catalysts. And without a lot of waiting . 

Philco-Ford uses Eastman 910 to bond aluminum to 
aluminum. Cessna uses it to bond rubber to acrylic 

plastic. Bendix uses it to bond steel to br~ss. 
For more information, call your Eastman representative. 

Or write Eastman Chemical Products, Inc. Kingsport, 
Tennessee. 

You may find that Eastman 910 bonding is a lot easier 
than what you're doing now. 

More economical. Maybe even 
quieter. 

INFORMATION RETRIEVAL NUMBER 68 

oasian Aids 

Drafting tool 
The Roto-Angle Drafter is a new 

low-cost portable drafting tool that 
works from either a parallel edge 
or a T-square. With its use, the 
construction of angles from 0 to 
180 degrees is greatly simplified. 
It is ideal for the economy-minded 
student, engineer, designer, archi
tect or draftsman. It is made of 
tough unbreakable Lexan plastic 
and comes complete ·with a vinyl 
carrying case and a detailed in
struction booklet for a price of less 
than $10. Alvin & Co. 

CIRCLE NO. 288 

Drafting template 
A new drafting template is avail

able for applications involving 
fault-tree analysis. The new fault
tree template, No. 555, contains 
the generally accepted symbols used 
to graphically display anticipated 
trouble areas, in chart form, for 
systems safety analysis. All the 
template's symbols are precision
milled for professional quality. 
The template's cost is only $2.25. 
Rapidesign, Inc., sub. of Bero] 
Corp. 

CIRCLE NO. 289 

Circular slide rule 
From West Germany comes a 

modern and high-precision circular 
slide rule for multiplication, divi
sion, percentages, interest, frac
tions, currency conversion and 
technical calculations. The Multor 
circular slide rule can be used by 
engineers, technicians, students 
and merchants. The absolute accu
racy of its graduations provided in 
three colors on solid metal discs, 
together with its easy operation, 
make the Multor an ideal calculat
ing device. It has a 3-1/2-in. dj.a 
and is available with a case for 
only $5.95. Lykins Imports. 

CIRCLE NO. 29.0 
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Here's The First 
Of Our New 

µverters 

8-BIT D/A CONVERTER 

. 14-Pin Hermetic Dip $~~ . Completely Self-contained 
• Y:z LSB linearity 
. ±lOV Buffered Output 

. DTL, TTL Compatible 
±0.1% Output Stabil ity 

The Model ZD430E is only one 
of our new series of "µ.verters" 
-- a complete line of hybrid/ 
monolithic conversion products 
in 14-pin hermetically-sealed 
DI P's. Completely self-contain~d, 
our hybrid D/A Converter . in
cludes internal reference, th1ck
film ladder network, current 
switches and compensated,short
circuit-p~oof output amplifier. 

Other ZEL TEX "µ.verters" in
clude: A/D Converters with 
choice of successive approxima
tion or staircase conversion: Four 
channel Analog Multiplexer fea
turing MOSFET switches an~ 
drivers· and a Track/Hold Ampli
fier with internal hold capacitor 
and input buffer. 

See us for your signal condition
ing requirements too! ~e hav~ a 
complete line of operational, in
strumentation and programmable 
hybrid /monolithic amplifiers. 

"See our complete catalog 
in the 1970-71 eem " 

~elte~NC 
A SUBSIDIARY OF REDCOR CORP. 
1000 Ch;1fu111:Jr Roorl Com mrl. C.1hl11m1.1 94520 

APPllCBllOD 
Notes 

Crystal filters 
Entit led "Selecting, Specifying 

and Optimizing Modern Cr ystal 
F ilters,'' a new crystal fi lter man
ual contains information a circui t 
designer needs to select, specif y 
and optimize his crystal fil ter de
sign. Its contents include such 
material as fil ter t heory, nomen
clature, symbology and specifica
tions. It also discusses tradeoffs 
and parametric optimization. In 
addition, standard fil ter families 
are listed. Bulova Watch Co., Inc. 

CIRCLE NO. 291 

Servomechanisms 
A new handbook contains a 

wealth of theoretical and practical 
information on testing and evalu
ating servomechanisms. It includes 
sections on servomechanism prin
ciples, test objectives and methods, 
common difficul ties and data inter
pretation. The booklet's 56 pages 
are well illustrated. Ling Elec
tronics, Oiv. of LTV Ling Altec, 
Inc. 

CIRCLE NO. 292 

Radiation detectors 
A new basic guide discusses 

solid-state radiation detectors . It 
provides direction to applications 
of high-resolution x-ray and par
ticle detectors. Discussed in the 
guide are various properties of 
Ii thi um-drifted, diffused-j unction 
and surface-barrier detectors of 
silicon and germanium. T.he publi
cation's six pages give attention tO' 
problems associated with x-ray 
spec tr o s copy, charged-particle 
counters, dE / dX detectors, timing 
and coincident experiments and 
ionization chambers. Nuclear Semi
conductor,_ Inc. 

CIRCLE NO. 293 
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a 
little 

about 
pots. 

When space is limited , 
buy the Weston 1/4-inch trim
mers. The 566-569 Series is a 
new If.I-inch round, single-turn, 
CERMET, commercial , tr im
ming potentiometer rated at 
0.50 watts at 70°C. 

The main features are: 
small size 

If.I-inch round 
wide resistance range 

lOn to 1 meg 
low-cost 

on ly $1.11 in 500 quantities, 
with substantial reductions in 

larger quantities . 
temperature coefficient 

± 100 ppm /°C, maximum 
delivery from stock 

You have two configu
rat ions to choose from . The 
Models 566-567 are 1/4-inch 
round top adjust, with PC pins 
base mounted. The Models 568-
569 are side adjust 
w i t h PC p i n s e d g e
m ou nted. To provide a 
model for your design, 
several pin arrange
ments are availa.ble. 

For samples, or com
plete details, cal l 717-876-1500 
or write Weston Components 
Division, Archba ld, Pa. 18403, 
a Schlumberger company. 

WESTON® 
INFORMATION RETRIEVAL NUMBER 70 
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IMMEDIATE SHIPMENT 

ANY voltage from 2 .0 to 1 6 .0 
at the industry's LOWEST 
PRICES! 

Quantity Price each 

1-99 $1.07 

100-499 
500-999 
1000-4999 
5000 up 

THE 
HI-RELIABLE I 

.97 

.91 

.86 

.82 

No fragile nail heads . 
Silicon junction aligned be
tween two, parallel, offset 
tantalum heat sinks . .. great 
lead tension strength. 
All welded and brazed 
assembly. 
High pressure molded pack
age. 
Gold plated nickel-clad cop
per leads. 
Write or phone for Form 68-4 
for complete rating data and 
other tolerance prices. 

Semiconductor Division 

SCHAUER 
MAN U FACTU RI NG 
CORP. 4511 Alpine Avenue 

Cincinnati, 0. 45242 
Ph. (513) 791-3030 

INFORMATION RETRIEVAL NUMBER 71 

New 
Literature 

A/d/a catalog 
A 16-page short-form catalog 

summarizes a complete line of ana
log/ digital/ analog conversion, sig
nal-conditioning and digital-display 
products. Analogic. 

CIRCLE NO. 294 

High-current supplies 
The newly revised catalog AC-70 

covers a complete line of high
current de power supplies. Christie 
·Electric Corp. 

CIRCLE NO. 295 

Relays 
A 27-page technical manual de

scribes new high-speed standard 
mercury-wetted relays for PC 
boards which provide bounce-free, 
hard-contact switching up to 250 
Hz with significant reduction in 
contact noise. C. P. Clare & Co. 

CIRCLE NO. 296 

Instrument cases 
A sixteen-page brochure details 

a line of hardwood cases for test 
equipment, spare parts and meas
uring devices . Schry-Way Cases. 

CIRCLE NO. 297 

Tools 
A line of assembly tools is dis

played in a 56-page catalog geared 
for eiectronic production. Electron
ic Tool Co. 

CIRCLE NO. 298 

Timers 
A 16-page brochure about timers 

and time delay relays includes se
lection charts, specifications, out
line drawings and wiring di·agrams. 
Timeco, Inc. 

Control handbook 
A 408-page handbook includes an 

introduction to solid-state logic and 
chapters on DEC's K series indus
trial control logic, A series analog 
modules, PDP-14 programmable 
controller, and the K series logic 
and computer laboratory for use 
as training and design aids. Digital 
Equipment Corp. 

CIRCLE NO. 335 

Rfi/ emi filters 
A line of miniature rfi / emi 

filters is described in a 12-page 
catalog. Included are design data, 
descriptions and illustrations of 
five separate series. Lundy Elec
tronics & Systems, Inc. 

CIRCLE NO. 336 

Optical materials 
An extensive technical brochure 

on optical fused quartz and fused 
silica provides complete informa
tion on uses and physical charac
teristics of eight specific qualities. 
Described are general applications 
and advantages of the optical ma
terials, as well as technical infor
mation of optical transmission, ra
diation resistance and fluorescence 
data. Amersil, Inc. 

CIRCLE NO. 337 

Timing motors 
Industrial timing motors for 50 

and 60-Hz applications are spot
lighted in a bulletin. A. W. Hay
don Co. 

CIRCLE NO. 338 

Digital instruments 
Solid-state digital indicators, 

servo-digital instruments, manual 
multi-point indicators and digital 
data systems are shown in a cata
log. Howell Instruments, Inc. 

CIRCLE NO. 299 CIRCLE NO. 339 
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Electronic tools 
A new catalog contains 72 pages 

of tools for electronic assembly and 
precision mechanics. Over 1700 in
dividual items are described. A 
separate solder section lists tin
lead solders with four pages de
voted to tips on tool selection. Jen
sen Tools and Allo~s. 

CIRCLE NO. 340 

Beryllia substrates 
Properties of stock beryllia sub

strates are listed in a new bro
chure. Listed are such properties 
as water absorption, specific grav
ity, color, temperature, hardness, 
thermal expansion linear coeffi
cient and shear modulus. American 
Lava Corp. sub. of 3M Co. 

CIRCLE NO. 341 

De-to-de supplies 

Over 700 standard de-to-de pow- · 
er supplies are shown in a 20-page 
catalog. Models range in power 
levels from less than 1 W to 15 W 
and in sizes from 1/ 2 cubic in. to 
15 cubic in. MIL Electronics, Inc. 

CIRCLE NO. 342 

Microwave modules 
A 16-page brochure presents 

capabilities and applications of 
various microwave circuit modules. 
General Electric Co. 

CIRCLE NO. 343 

Capacitors 

Recently developed data on the 
performance of precision trimmer 
capacitors at uhf and microwave 
frequencies is outlined on a data 
sheet. Voltronics Corp. 

CIRCLE NO. 344 
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a little 
more 

about pots. 
When you need a wide range of resistance 

with high resolution in a %-inch Squaretrim® buy Weston's 
CERMET 546-548 Series. These 25-turn trimming poten
tiometers are rated at 0.50 watt at 85°C with a tempera
ture coefficient of ±100 ppmj°C maximum, from -55°C 
to +150°C. Prices are as low as $3.81 each in quantities 
of 500 units, with substantial reductions in larger quan
tities. Delivery is from stock. 

T he 5 2 0- 5 2 3 Seri es is a N EW, 
%-inch commercial, rectangular 
trimming potentiometer. Models 

520 and 521 are wirewound units and Models 522 and 
523 are CERMET. All models are rated at 0.3 watts at 
85°C. Write for samples. 

The 561-562 Series are V4-inch square, mul
titurn, wirewound trimmers designed to meet MIL-R-
27208 Style RT26. The main features are: small size; 
excellent resolution; a temperature coefficient of -+-50 
ppm/ °C maximum; low cost, only $4.40 each in quan
tities of 500, lower prices · in larger quantities. Delivery 
is from stock. MIL qualification is in process. " 

For samples or complete details please call 
717-876-1500 or write Weston Components Division, 
Archbald, Pa. 18403, a Schlumberger company. 

WESTON® 
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power 
module 
users: 

DON'T 
ORDER 
ANOTHER 
POWER 
MODULE 
until you've · 
checked De Itron' s 
series "N" 

WE GUARANTEE 
the BE ST at the 
LOWE ST price 

II 
ii •

...... .,, .. 
& tUCON 
PCMleR MOOU\,£6 

~ 
~ -
~-

GET 
THE 
FACTS 
send for 
FREE 
catalog 

·--:s:::: 
Del,.rarL 

~ 
WISSAHICKON AVE., NORTH Wi!tES, PA. 19454 
PHONE: (215) 699·9261 • TWX: (510) 661 ·8061 

D t1Z. 
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NEW LITERATURE 

STOCK LO CAT ION CONTR OL 7 
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A complete line of visual control 
boards is fully described in a 28-
page catalog. Featured are white 
write-on magnetic boards with 
satin non-glare finishes. Methods 
Research Co·rp. 

CIRCLE NO. 345 

Puslibuttons 
A new catalog describes several 

series of molded push buttons for 
use with switches and keyboards. 
These include illuminated, single 
or double-light-cavity, single or 
multiple-station, engraved or dou
ble-shot molded-character types. 
Maxi-Switch Co. 

CIRCLE NO. 346 

Connectors 
An expanded series of pin and 

socket connectors for rack-and
panel cable applications is fully de
scribed in a 32-page catalog. AMP, 
Inc. 

CIRCL! NO. 347 

Linear-IC test modules 
Seven low-cost linear-IC test 

modules are described in a bro
chure. The modules are designed 
for interconnection with laboratory 
instruments to form test circuits. 
I. C. Metrics, Inc. 

CIRCLE NO. 348 

Rf instrumentation 
A new short-form catalog de

scribes a complete line of rf in
strumentation products. Microdot, 
Inc. 

CIRCLE NO. 349 

Don't miss an issue of Electronic 
Design; return your renewal card 
today. See Nov. 8 issue. 

Microwave 
Capacitors 
4--~atl-~ .......... tt..MrtDI 
~, ....... DI lll!!A ~~ 0 '''"'-1. 
~!~Vl1~.UH,.-..,.C'U•¥ .. 
~·t~.t'""Woll9· 

Microwave capacitors 
Featured in a product brochure 

are eight new micro·wave variable 
capacitors of a unique internal de
sign. Graphically detailed are op
erating life, temperature coeffi
cient, dynamic noise and rotational 
life characteristics. Johanson Man
ufacturing Corp. 

CIRCLE NO. 350 

Telemetering modules 
A 52-page catalog describes a 

line of FM-FM telemetering mod
ules which include voltage-con
trolled osci llators, de amplifiers 
and signal isolators, frequency-to
dc converters, discriminators and 
transducers. Solid State Scientific 
Corp. 

Cl RCLE NO. 351 

Optical components 
Described in a four-page bro

chure are optoelectronic and solid
state display components. Electri
cal characteristics and package out
line drawings with dimensions are 
given for numeric and alphanu
meric displays, including the new
est monolithic displays. Hewlett
Packard. 

CIRCLE NO. 352 

Capacitors 
Thousands of de filter, pulse, rf, 

low-inductance, fast-discharge and 
instrumentation capacitors along 
with t heir performance charts and 
tables are featured in a 20-page 
catalog. Condenser Products Corp. 

CIRCLE NO. 353 

Beryllia adhesives 
A technical bulletin describes 

three new beryllia-filled epoxy ad
hesives for bonding ICs and for 
preparing electrically insulating 
and heat-sinking barrier coats. 
N atiol}al Bery Ilia Corp. 

CIRCLE NO. 354 
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a outpots. 

When you need a trimming potentiometer to meet any configura
tion, you can depend on WESTON to supply the right unit. Volume 

production of %-inch rectangular pots, the 530-533 Series enables Weston to 
supply these models at the lowest prices in the industry. We'll supply them 
in wirewound with a temperature coefficient of + 70 ppm/CC maximum, or 
CERMET with a T.C. of + 100 ppm/CC, maximum. Prices are as low as $1.09 
each in quantities of 500 units, with substantial reductions in larger quantities. 
Delivery is from stock. 

Then, too, it's hard to beat our 1/2-inch 701 Series 
Squaretrim® potentiometer available with either commercial or military specs. 
Prices are as low as $1.85 each in quantities of 500 units. 

When you want a small, single-turn , wirewound Squaretrim® 
potentiometer, order the 501-505 Series. Prices are as low as $1.95 
each in quantities of 500 units. 

Buy them all from WESTON. 

For samples or complete details on any or all of these un its, call 
717-876-1500, or write Weston Components Division, Archbald, Pa. 18403, 
a Schlumberger company. 

""ESTON® 
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In the vending business, a 
would-be customer with 
dollar bills and no coins 
might just as well be flat 
broke. Unless there's a bill 
changer around. Like this 
one made by Rowe 
International. 

Feed it a dollar bill and, 
presto! Instant alchemy. 
That useless paper is 
turned into spendable 
change. 

The acceptance of the 
bill provides a signal which 
is transformed into multiple 
pulses in a Hansen-actuated 
electromechanical pulse 
chopper. Impulses are then 
sent to a memory unit and 
the payoff is actuated. The 
major reason why Hansen 
motors are specified: 
"Dependability." 
Contact your 
Hansen man 
and find out 
how Hansen 
dependability 
can helP you. 

HANSEN 
Manufacturing Company, Inc. 
Princeton, Indiana 47570 

II HANSEN REPRE
SENTATIVES: CAREY 
& ASSOCIATES, 
Houston and Dallas, 
Texas; R . S. HOPKINS 
CO., Sherman Oaks, 
Calif.; MELCHIOR 

ASSOCIATES, INC., San Carlos, Calif.; 
THE FROMM CO., River Forest, Ill .; 
JOHN ORR ASSOCIATES, Grand 
Rapids, Mich.; H. C. JOHNSON 
AGENCY, INC., Rochester, N.Y.; 
WINSLOW ELECTRIC CO ., Essex, 
Conn., Villanova, Pa., and Teaneck, N .J . 
EXPORT DEPARTMENT: 2200 
Shames Drive, Westbury, N.Y. 11590 

INFORMATION RETRIEVAL NUMBER 75 

Bulletin board 
of product news 
and developments 

A new video playback system 
known as Video Disc., utilizing 
thin plastic discs that play at 
1500 revolutions/ minute, has been 
jointly developed by London Rec
ords, subsidiary of British Decca 
of England, Teldec, and AEG
Telefunken of Western Germany. 
The new system uses 12-in. re
corded discs containing five or 
twelve minutes of moving picture/ 
sound information. These are re
produced through a color or mono
chrome television set to which 
a video disc player is attached via 
the TV set's antenna terminals. 
The system is expected to be avail
able for marketing in about 18 
months. Tentative prices are $150 
for a manual player and from 
$250 to $300 for an automatic 
player. 

CIRCLE NO. 355 

Signetics Corp., Sunnyvale, Calif., 
is adding 50% more circuits to its 
Utilogic II line of dual-in-line 
silicone packages during the 
months of October and November, 
1970. The new products include 3 
MSI elements (two counters and 
one shift register), several AND 
gates, power drivers, a dual type
D flip flop and other devices. 

CIRCLE NO. 356 

Lockheed Electronics Data Prod
ucts Div. has developed an 18-mil 
core for data-storage memories, 
known as the 18MT05, that re
quires a drive current of only 420 
mA yet features switching speeds 
as fast as 270 ns. According to 
Lockheed, this low drive current 
compares favorably with typical 
drive-current requirements for 
18-mil cores of 750 to 800 mA for 
the same switching speeds. Lock
heed says that future cores with 
14-mil sizes and with the same 
low drive currents will become 
available. 

CIRCLE NO. 357 

Nov. 8 issue has your renewal card, 
inside front cover. Mail it today. 

SPACERS 
STANDOFFS 

SHIPPED 
SAME 
DAY 
FROM 
STOCK 

MIL 

ELECTRONICS CORPORATION 
37 GREAT JONES ST. • NEW YORK . N.Y. 10012 

:2121777-6571 TWX 710·581 ·4930 

INFORMATION RETRIEVAL NUMBER 76 

TTL Oscillators 
in DIP's Plug Into 
Standard Sockets 

• ~ 
Series 5404 and 5405 are crystal oscillators 
which plug into standard DIP sockets 
{Augat 8136, Barnes, etc.), far designs using 
wire~wrap. Frequencies are from 80 KHz 
ta 15 MHz. Typical specs are: 

Input Voltage 5 V ± 5% 
Frequency 

Stability 

Output 

Package 

Price 

As specified from 5 ta 
15 MHz 

50 ppm from O ta 65 ° ( 

Standard TTL, drives 3 
loads 

Plugs into DIP socket 

Very competitive 

We make many other types of oscillators, e.g. 
Sinewave with variable frequency, sine wave 
voltage controlled, narrow band, wide band. 
high stability, moderate stability, gated sine or 
square, with coherence, low spurious, multi -tone , 
crystal-controlled, SV TCXO, gated crystal, and 
many others. 

We have probably produced a u~it similar to your 
present requirement, however unusual, at lower 
than in -house price . We will be glad to quote 
your "special" or our catalog units. 

M F ELECTRONICS CORP. 
118 East 25th St., New Yark, NY 10010 

Tel: 212 674-5360 

INFORMATION RETRIEVAL NUMBER 77 
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(Adver t isemen t) 

NEW RELAY SOCKET ASSEMBLIES CATALOG 

·cuRTIS 

@j) .• ""' ..... 

The new Curtis line of printed circuit snap-in 
track-mounted relay socket assemblies is com
pletely illustrated in this new 2-color, 6 page cata
log. Variations include RS8 octal relay sockets, 
as well as RSll and RS15 with eleven and fifteen 
pin relay sockets. Complete dimensional draw
ings and list prices are included. All units snap 
in or pop out vertically from prepunched vinyl 
track and feature Curtis barrier terminal blocks. 
CSA approved. Send today for your free copy. 

CIRCLE NO. 171 

Curtis Development & Mfg. Co. 
3236 North 33rd Street 

Milwaukee, Wisconsin 53216 

Bus Bars For Noise Reduction 

BUS BARS 

ti 

A 16 page Technical Bulletin is now available , 
describing a new concept in power or signal dis
tribution. Basic mechanical and electrical design 
principles , along with descriptive pictures and 
diagrams, are included in this bulletin . These 
compact buses can replace bulky cable harnesses 
and repetitive wiring for computer or modular 
application. This method of construction satisfies 
the demanding requirements of low inductance 
and resistance of high speed, solid state systems. 
while controlling electrical noises. 

Send For Free Sample 
Cll!CLE NO. 172 

Eldre Components, Inc. 
1239 University Avenue 

Roche5ter. New York 14607 

Devices, subsystems & design methods 
in computer data display 

.. 
· ~~'c::o~tPUTER~ 

of:.:,, ~'."-""'. DATA~ 
• ;·~ .. }!: 

· . DISPLAYS ~ 
BY SAMUEL DAVIS 

A 416-page guide to computer data displays, in
cluding the latest devices, subsystems, & tech
niques found in cathode ray tube displays. Brings 
you vital know-how on the latest techniques in 
character & line generation - provides hardware
oriented descriptions to thoroughly acquaint you 
with details for a wide variety of alphanumeric & 
graphic display systems. Detailed explanations, 
such as for deflection , Z-axis , & display process
ing subsystems, help you improvise on current 
techniques & create your own designs. Pub. Dec. 
1969, 416 pp., 233 illus., 6" x 9" , $15.95. Circle 
the reader-service number below for a 15-day 
examination copy. 

Prentice-Hall, Inc. c1RcLE No. 173 

Englewood Cliffs, N. J. 07632 
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Electronic Design 
ELECTRONIC DESIGN'S function is: 

• To aid progress in the electronics 
manufacturing industry by promoting 
good des ign. 

• To g ive the electronic design engi
neer c'.lncepts and ideas that make his 
job ea sier and more productive. 

• To provide a central source of timely 
electronics information. 

• To promote two-way communication 
between manufacturer and engineer. 

Want a subscription? ELECTRONIC DE
SIGN is sent free io qualified engineers 
and engineering managers dCJ.ing de
sign work, supervising design or set
ting standards in the United States 
and Western Europe. For a free sub
scription, use the postfree application 
form inside the back cover. If none is 
included, write to us direct for an ap
plication form. 

If you do not qualify, you may take 
out a paid subscription for $25 a year 
in the U.S.A., $35 a year elsewhere. 
Single copies are $1.50 each. 

If you change your address, send us an 
old mailing label and your new ad
dress; there is generally a prepaid 
postcard for this inside the back cover. 
You will have to requalify to continue 
receiving ELECTRONIC DESIGN free. 

The accuracy policy of ELECTRONIC 
DESIGN is: 

• To make reasonable efforts to ensure 
the accuracy of editorial matter. 

• To publish prompt corrections when
ever inaccuracies are brought to our 
attention. Corrections ;i.ppear at the 
end of the Letters column. 

• To refuse any advertisement deemed 
to be misleading or fraudulent. 

Mi cr ofilm co pies a re ava il able of 
compl ete volumes of ELECTROr\ IC DE
S IGN at $19.00 per vol um e, beginnin g· 
wi t h Volume 9, 196 1. Work is now 
in process to com plete t he mi crofi lm 
editi on of Volumes 1-8. Reprints of 
indi vidua l articles may be obta ined 
fo r $2 .00 each , prepa id ( $.50 fo r 
each additiona l copy of the same 
a rticle) no matter how long t he 
a rti cle. F or f urther det a il s a nd to 
pl ace order s, co ntac t t he Customer 
Services Depa r tment , Un iver sity Mi 
cr ofilms, 300 North Zeeb Road, A nn 
Arbor , Mi chiga n 48 10(); t elephone 
( 313) 7Hl-4700. 

Want to contact us? If you have any 
comments or wish to submit a manu
script or article outline, address your 
correspondence to: 
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E di tor 
ELECTRONIC DESIGN, 
850 Third Avenue, 

New York, N.Y. 10022. 

Design Data from 

Quality Fasteners For All Designs 

--

. 

-~-"2; -· 
• 0 

Cf 
/ • ~·,. ••"• ••••o•• .,• •••· 

I r°-"l:"•'=-- -

This 8-page catalog provides design data on the 
complete group of DZUS 1/4-turn self-locking 
fasteners for standard, high speed and panel ap
plications, as well as universal high strength 
multiple thread fasteners for high tensile and 
shear stresses. Dzus stud assemblies, wire forms 
and receptacles offer an exceptional, wide variety 
of combinations from stock to fit specific fasten
ing requirements. Diagrams and tables give full 
details for rapid, unlimited design selection. Con
densed or complete Catalog available on request. 

CIRCLE NO. 174 

Dzus Fastener Co., Inc. 
425 Union Boulevard 

West Islip, L. I., N. Y. 11795 

PEMHEX Self-clinching, Self -locking Nuts 

I ..). ~ -

PEMHEX® fasteners are self-clinching to ensure 
permanent mounting in metal sheets 0 .040" and 
thicker, and they mount with a squeeze into pre
drilled holes. A blue nylon element in each 
PEMHEX fastener provides thread-locking capabil
ities meeting or exceeding MIL-N-25027C"' speci
fications, and its hexagonal configuration pre
vents loosening or rotating in service. A PEMHEX 
nut can be used 15 times or more while main
taining prevailing torque. Here's a fastener that 
is reliable, economical and permanently mount
able on thin metal. It's patented using PEM® 
self-clinching design. 
*Independent laboratory test reports available. 

CIRCLE NO. 175 

Penn Engineering & Manufacturing Corp. 
Doylestown, Pa. 18901 

Mini-Computer Mated with Real-Time Analyzer for Automatic 
Testing 

- Complete Spectrum Processing System SP-6-1 
automatically scales, equalizes , processes under-

UBIQUITOUS'+COMPUTER water acoustic data and noise/vibration signa-
Automatic Real-Time tures for production testing. Monitors on-line 
SpectrumAnalysis signals (nuclear reactor noise, heart sounds, ma

chine tool vibration), recognizes aberrations, gives 
alarm. Setup conditions are entered via teletype 
unit as requested by computer. System prints 
out all spectral data or only frequency amplitude 
above preset levels. Data also pre-recordable on 
tape , played back often faster than real time. 
Analysis over frequency bands as wide as 40 
kHz are possible. Many options. CIRCLE NO. 176 

Federal Scientific Corporation 
a subsidiary of Elgin National Industries, Inc. 
615 West 131st Street, New York, N. Y. 10027. 

ELECTRONIC DESIGN 24, November 22, 1970 



Manufacturers 
Advertisements of booklets, brochures, catalog.< and data sheets . To order use R eader-S erviceCar d 

(Advertise ment ) 

NEW PLUG-IN PRINTED CIRCUIT POWER SUPPLIES 

Pl.U<>IN l'RINlID CIRCUIT DC POWER SUPPLIES 

Power /Mate Corp. has introduced a new complete 
line of 129 models of Printed Circuit DC regulated 
power supplies-now described in this 4 page cata
log. These 129 CARD-PAC models collectively 
cover from 3.6 to 48 vdc and currents up to 2 
amps. The CARD-PACS feature adjustable DC 
outputs, low cost, high performance and Power/ 
Mate's full five year warranty. The catalog covers 
complete specifications, model numbers, sizes 
and prices. Write, call or twx for your free copy. 

CIRCLE NO. 177 

Power/Mate Corporation 
514 South River Street 

Hackensack, New Jersey 07601 
(201) 343-6294 

Plastic Parts 

Nylomatic 

CUSTOM production to your specs from patented , 
low-cost tooling. Any size, any quantity in Nylon , 
Delrin , other thermoplastics. Let us quote. We 
have 20 years experience. 
STANDARD gears, racks , bearings, sprockets , 
pulleys, washers , insulators, many other com
ponents available quickly from stock tools. Over 
2 ,500 items described in our 48-page catalogue. 
Write today for a free copy. 

CIRCLE NO. 178 

28 Nolan Ave .. Morrisville, Pa. 19067 

A guide to computerized analysis & design 

Discret e-Time 
n.nd Computer 

Control Systems 

IE 
n1101e111..,u 

tll(UtCUllOe•lolUIWGUlllJ 

Use this new 448-page guide in putting the speed. 
& accuracy of the computer to work in solving 
your analysis & design problems. Shows how to 
use z-transform in analyzing & synthesizing dis
crete time systems. Information on the analytical 
design of discrete systems helps you solve modern 
discrete-control problems such as minimum time 
& energy problems. Includes many analog, digital 
& hybrid computer techniques for systems simula
tion. Worked out sample problems & computer 
programs further help you in both solving analysis 
problems & implementing design objectives. Pub. 
Aug. 1970, 448 pp., 224 illus ., 6" x 9" , $15.95. 
Circle the reader-service number below for a 15-
day examination copy. CIRCLE NO. 179 

Prentice-Hall, Inc. 
Englewood-Cliffs, N. J. 07632 
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lti8N A CIRCUIT BOARD . ;: 

•can be made for a lesser number down to one 

We can help you refine your small 
lamp application . Write , describ
ing the requ irement. Tung-Sol 
Division, Wagner Electric Corpo
ration , 630 W. Mt. Pleasant Ave
nue, Livingston, N.J. 07039. TWX: 
710-994-4865. Phone: (201) 992-
1100; (212) 732-5426. 

TUNG·SDr 
WHERE BIG THINGS ARE 

DONE WITH SMALL LAMPS 
® Reg. T.M. Wagner Electric Corporation 

INFORMATION RETRIEVAL NUMBER 78 

Components 
capacitors (NL) 103 344 
capacitors (NL) 104 350 
capacitors (NL) 104 353 
capacitors, metall ized 93 273 
components (NL) 104 352 
filters , rfi-emi (NL) 102 336 
motors, timing (NL) 102 338 
potentiometer, cerm~t 93 271 
relays (NL) 102 296 
relays (NL) 102 299 
relays, reed 92 269 
relays , reed 92 270 
relays , reed 93 272 
surge arresto~ 92 267 
ther mistors 92 268 
Nmers (NL) 102 299 

Data Processing 
calculator , portable 88 257 
controller systems 87 256 
keyboard, MOS/ LSI 88 258 

ICs & Semiconductors 
driver, clock 86 253 
IC modules (NL) 104 348 
register, shift 86 255 
switch, analog 86 254 

Instrumentation 
curve tracer 94 276 
DPM, LED 94 274 
instrumentation 104 349 
instruments (NL) 102 339 
multimeter, digital 94 275 

Microwaves & Lasers 
arrays, custom sensor 90 261 
attenuator 90 263 
capacitors (NL) 104 350 
diodes, mixer 89 260 
flatpacks , rf 89 259 
lasers, He-Ne 91 264 
LEDs, GaAsP 90 262 
optical materials (NL) 102 337 
transistors, rf power 91 265 
triode, high -power 91 266 

Modules & Subassemblies 
converters, a/ d (NL) 102 294 
converters, d /a (NL) 102 294 
converters , multiplying 85 250 
filters, crystal (AN) 101 291 
modules, FM-FM 104 351 
modules, generator 85 252 
power supplies (NL) 103 342 
pushbuttons (NL) 104 346 
supplies, power 85 251 

Packaging & Materials 
adhesives (NL) 104 

(NL) 102 
96 
96 

cases, instrument 
connector, PC 
connector kit 

354 
297 
280 
279 

Tools & Engineering Aids 
iron , soldering 98 
micromanipulator 97 
parts-handling kit 98 
projector, microfiche 98 
tool handles 97 

Mew Literature 
adhesives, beryllia 
boards, control 
capacitors 
capacitors 
capacitors, microwave 
cases, instrument 
connectors 
converters, a/ d 
converters, d /a 
display components 
filters, rfi / emi 
handbook, control 
IC modules 
instrumentation, rt 
instruments, digital 
materials, optical 
microwave modules 
motors, timing 
power supplies 
pushbuttons 
relays 
substrates, beryllia 
supplies, high-current 
telemetering modules 
timers 
tools 
tools 

104 
104 
103 
104 
104 
102 
104 
102 
102 
104 
102 
102 
104 
104 
102 
102 
103 
102 
103 
104 
102 
103 
102 
104 
102 
.102 
'i103 

APPiication Notes 
detectors, radiation 101 
filters, crystal 101 
servomechanisms 101 

aas1an Aids 
drafting template 100 
drafting tool 100 
slide rule, circular 100 

Eva1uat1on samples 
cable ties 
chips, foil 

99 
99 

285 
281 
283 
284 
282 

354 
345 
344 
353 
350 
297 
347 
294 
294 
352 
336 
335 
348 
349 
339 
337 
343 
338 
342 
346 
296 
341 
295 
351 
299 
298 
340 

293 
291 
292 

289 
288 
290 

286 
287 
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RF 
TRANSFORMERS 

AND 
INDUCTORS 

ROLL 
COATED 

AND 
CUSTOM 
CHOKES 

New 
HighQ 
Toroids 

Now PC-mount toroids designed to 
meet MIL-T-27C are part of Dale's 

growing standard inductor line. Two 
epoxy encapsulated styles: 

TE-2 (.437d x .270h) and 
TE-3 (.685d x .385h) conform to 

Type TF5SX20ZZ. Inductance range : 
.05 mh to 400 mh ; Frequency : 

Audio to 5 mHz. And there are more 
styles coming to meet your 
applications for wave filters , 

frequency discriminators, DC 
power supplies and loading coils. 

Give Dale a shot at your next toroid 
requirement. Standard or special , 
you ' ll find there's plenty of time 

and money to be saved 
in Coil Country. 

CALL TODAY 
605-665-9301 

DALE ELECTRONICS, INC. 
Box 180, Yankton , South Dakota 57078 

In Canada : Dale Electron ics Canada, Ltd . 
A subsidiary of The Lionel Corporation 

INFORMATION RETRIEVAL NUMBER 102 

VARIABLE 
PITCH 

INDUCTORS 

\ 
SERIES 

RESONANT 
TRAPS 



COMPARE! 
In cost-effectiveness, 
RCA 111 Vidicons outperform 
111 lead-oxide types ! 

Add to this the typical life of 10,000 hours 
for a Vidicon at a cost of about 2ri. per hour . 
In educational and industrial CCTV, RCA 
Vidicons offer a combination of perform 
ance, reliability and low cost that lead-oxide 
types just can't meet. Take a look at the 
chart. Compare. Make your own decision . 
For more information on RCA's complete 

Registered Tmk 
XQ1070 Series 

line of long-life Vidicon tubes, see your local 
RCA Representative or your RCA Industrial 
Tube Distributor. For additional technical 
information, write: RCA, Commercial Engi 
neering, Section 57K-22 / ZC8, Harrison, N . J. 
07029. Internat ional: RCA, 2-4 rue du 
Lievre, 1227 Geneva, Switzerland, or P.O. 
Box 112, Hong Kong. 
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