
FOR ENGINEERS AND ENGIN EERING MANAG ERS 

Improvements in power semis 
have increased their applications 
but have not made specifying 
easier. First you must decide 
whether to use a transistor or 

NOV. 8. 1973 

a thyristor - and then which of 
the many devices available in 
each class. Ratings can mislead 
and safe operating area specs 
are often ignored. See page 80. 
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A quality LED for just 9¢*. 

01333 

Now you can get HP quality in an LED lamp for only 9 '!!' 
That's your price when you order one million. If you only need 

one thousand. the price is a low l 7<i. '!f' And HP is ready to 
deliver that kind of volume to meet your schedule. 

This T-1 size lamp features a new low profile lens for 
high density application in calculators. cameras. computers. appliances 

and automobi les. The 5082-4487 and 5082-4488 both 
have a clear lens and a 0.8 med at 20 mA typical light output. 

Get the full story from your nearby HP distributor 
or. write Hewlett-Packard directly. 

·us Domestic only 
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HEWLETT"' PACKARD 

Sales. service and support in 172 centers in 65 countries. 
P1l0Alto. Cal•lorma 9'13D4 O!t1ces 1n p1.ncitial t•l•H tllroughou1 tne U S 
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WHAT MADE 
CRYSTAL CAN 
RELAYS 
OBSOLETE? 

THE T0-5 REtAYI 
Crystal can relays (full size and fractional 
sizes) have been obsoleted by the 
outstanding performance, high reliability, low 
power requirement and cost effectiveness of 
the T0-5 Relay. 

All possibility of contamination is eliminated 
in the T0-5 Relay. It is completely welded, 
including the coil termination. This cannot be 
said for crystal can relays. 

Reliability and long life, over ten times 
greater than the crystal can units, have been 
designed into the T0-5 Relay. 

Teledyne's T0-5 Relays come in hundreds of 
models, all in the same basic configuration. 
Typical available models include SPOT, 
OPOT, sensitive SPOT and OPOT and 
magnetic latching SPOT and OPOT. Units are 
also available with transistor drive and 
diodes for arc suppression, all packaged 
within the T0-5 case. 

By using the T0-5 Relay, reduction in size, 
weight and number of circuit board 
components can be realized in your product 
- all measurable in dollars and cents. 

When you buy a Teledyne T0-5 Relay, you 
buy a 10-year record of remarkable 
reliability, superior performance, on-time 
delivery and service from people who really 
care. Teledyne provides experienced 
application engineers anxious to assist you 
with your relay problems. 

Send for. complete technical data. 

3155 West El Segundo Boulevard 
Hawthorne, California 90250 
Telephone (213) 679-2205 

~~TELEDYNE 
RELAYS 
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Reduce Your Power Supply Size 
and Weight By 70% for $49 

A new way has been found to sub­
stantially reduce power supply size 
and weight. Consider the large 
power supply shown at left in the 
above photo - it uses an input 
transformer, into a bridge rectifier, 
to convert 60 Hz to 5 volts DC at 
5 amperes. This unit measures 
6W'x4"x1W' and weighs 13 pounds. 
It sells for $170 in small quantities. 
For just $49.00 more, Abbott's new 
model Z5Tl0, shown at right, pro­
vides the same performance with 
70% less weight and volume. It 
measures only 2)~'x4"x6" a nd 
weighs just 3 pounds. 

This size reduction in the Model 
Z5Tl0 is primarily accomplished 
by eliminatin g the large input 
transformer and instead using high 
voltage, high efficiency, DC to DC 
conversion circuits. Abbott engi­
neers have been able to control the 
output ripple to less than 0.02% 
RMS or 50 millivolts peak-to-peak 

maximum. This design approach 
also allows the unit to operate from 
100 to 132 Volts RMS and 47 to 440 
Hertz. Close regulation of 0.15% and 
a typical temperature coefficient of 
0.01% per degree Centigrade are 
some .of its many outstanding fea­
tures. This new Model "Z" series is 
available in output voltages of 2.7 
to 31 VDC in 9 days from receipt 
of order. 

Abbott also manufacturers 3,000 
other models of power supplies 
with output voltages from 5 to 740 
VDC and with output currents from 
2 milliamps to 20 amps. They are 
all listed wi th prices in the new 
Abbott catalog with various inputs: 

60~to DC, Regulated 
400~to DC, Regulated 
28 VDC to DC, Regulated 
28 voe to 400~, 1<1> 
24 voe to 60~, l <P 

Please see pages 581-593 al your 1973-74 EEM (ELECTRONIC ENGINEERS MASTER Catalog) 
for complete information on Abbott Modules. 

Send for our new 56 page FREE catalog. 

abbott transistor 
LABORATORIES, 

general offiet"l!f 

5200 W. Jefferson Blvd./los Angeles 90016 
(213) 936-8185 Telex: 69-1398 

NCORPORATED 
en8tern office 

1224 Anderson Ave. / Fort lee, N.J. 07024 
(201) 224-6900 Telex: 13-5332 
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(across the desk) 

Watergate Decoder: 
It leaves you up creek 

Here is an MSI microprocesso-r 
circuit termed a Watergate De­
coder (see "Introducing a New 
Gate With Expandable Output," 
ED No. 16, Aug. 2, 1973, p. 7). It 
contains the three basic negative 
logic gates. Information presented 
in binary by each faction of the 
Senate subcommittee is entered at 
either of the two inputs A, B: 

y 

The data are then processed and 
extracted at output Y, in which the 
resultant is shown by the following 
logic equation: 
AB + AB + AB+ AB '= y 
B (A+ A) + AB + AB = Y 
B (A+ A)+ (A+ A)B=Y 
B (1) + (l)B = Y: 
B+B=Y 
l=Y 
Y=O 

Ford 

Ken Slotkowski 
Body Engineering 

Electriool Components 

20000 Rotunda Dr. 
Dearborn, Mich. 48121 

. And the "IF" gate 
Regarding the recent discovery 

of the H 20 gate and its subsequent 
bugs, we at Beckman Instruments 
would like to inform you of de­
velopment of an "IF'" gate. In its 

most common form the inverted 
"IF" drives an R-C Tee network. 
We haven't been able to figure out 
if it is of any use yet, but it sure 
is NIF-T: 

~~A~~~ ----LJ--··T··~ 1;' C/2 

Russell L. Gephart 
Test Equipment Design Engineer 

Beckman Instruments, Inc. 
Spinco Div. 
1117 California Ave. 
Palo Alto, Calif. 94304 

Nonexploitable woman 
decries •bad taste' ads 

It is totally inconceivable to this 
nonexploitable woman why an EE 
would cancel his subscription to 
ELECTRONIC DESIGN because of 
"pornographic advertisements," 
(see "Women," ED No. 17, Aug. 
16, 1973, p. 41). 

Webster defines pornography as 
follows : "The depiction of erotic 
behavior intended to cause sexual 
excitement." I have looked at every 
ad in every issue of ED for years. 
The most erotic material I can re­
member is an ad on mating con­
nectors. 

I fully concur with your position. 
Bad taste in advertising is abun­
dant. But all too often it is suc­
cessful. Guardian is a prime ex­
ample of an advertiser whose taste 
is all in the mouth. I have no ob­
jections to the "Guardian Angel," 
as it is a great tie-in. But I do ob­
ject to the over-all clutter and gar-

( continued on page 13) 

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

ASSEMBLIES 
LOW PRICED 

IMMEDIATE DELIVERY 
CUSTOM DESIGNS AVAILABLE 

OPTRON transmissive optical switch and 
reflective transducer assemblies consist 
of infrared LED's coupled with silicon 
phototransistors or photodarli ngtons. 
Both use discrete hermetically sealed 
devices for maximum reliability and sen ­
sitivity. The assemblies feature non­
contact switching, TIL compatibility and 
fast switching speeds. Low priced stand­
ard assemblies are immediately available 
and custom designed versions for special 
applications are available on request. 

OPB 120 TRANSMISSIVE 
OPTICAL SWITCH uses an 
infrared LED aligned 
across a gap with a sili­
con phototransistor. The 

OPB 120 replaces mechanical switching 
elements with solid state dependability. 
Typical applications include rotary en­
coders, tachometers and motion sensors. 
Standard gap widths are 0.125 and 
0.200 inches. 

OPB 125 OPTOELECTRON­
IC REFLECTIVE TRANS­
DUCER consists of a 
gallium arsenide infrared 
LED coupled with a sili­

con phototransistor in compact low· 
cost molded plastic housing. It has 
extremely high sensitivity and is ideal 
for such applications as EQT / BOT sens­
ing, line finding, and edge and flaw 
detection. 

Detailed technical information on these 
and other OPTRON optoelectronic prod­
ucts . . . chips, components and PC 
board arrays . . . . is available from 
your nearest OPTRON sales representa· 
tive or the factory direct. 

OPTRON, I NC. 
1201 Tappan Circle 
Carroll ton. Texas 75006 
214/ 242-6571 
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TEMPERATURE POWER DIMENSIONS IN INCHES 
IRC RESISTANCE COEFFICIENTS TOLERANCES RATING VOLTAGE Body Length Body Diameter Lead Gage 

TYPE RANGE -20° C to +85° C L!:. %) (Ct 85 c RATINGS (L Max) (D Max) (A) 
(Ohms) (±ppmi'C) (Watts) (Volts) 

MAR3 20-100K T10 = 15 1.00, 0.50, 0.25, 1/ 20 200 .191 .082 #26 .016 ''"'' 
MARS 20-250K T13 = 10 0.10, 0.05 , 0.02 , 1 / 10 250 .281 .102 r 22 .025 
MAR6 20-SOOK T16 = 5 0.01 1/ 8 300 .425 .155 :t 22 .025 
MAR? 20-1 Meg 1 / 4 500 .650 .195 =22 .025 
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minal negative voltage regulators 
have a rating for all reasons. Besides 
the -5.0, -6.0, -8.0, -12, -15, -18, 
and -24 V complements to our MC-
7800 series, new-2 .0 and -5.2 V ver­
sions offer superb MECL* system 
compatibility. 

It's difficult to foil these fast paced 
protectors. Their rated output cur­
rent is a strong 1.0 A plus; even up 
to 1.5 A with the proper heat sink 
and input voltage. 

No matter how delicate the situ­
ation, these single monolithic chip 
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MC7915 

Voltage 

devices put voltage in its place. Inter­
nal short-circuit current limiting, 
internal thermal overload protec­
tion, and safe-area compensation 
make them uncorruptible in nearly 
any operating condition. 

Line and load regulation are well 
controlled, too, with output voltage 
tolerances of less than ±53 . 

And these guardians come fully 
prepared for the job. In most appli­
cations, only a capacitor is necessary. 

Thermopad .. packaged escorts for an 
economical $2.75 (100-up) for any 
of the voltage ratings. They're wait­
ing at your local Motorola sales office 
or franchised distributor. For your 
peace of mind, post us at Box 20912, 
Phoenix, Arizona, 85036, to get 
further information. 

The MC7900 series IC voltage 
regulators. 

Upholding the virtues of your 
system. " Trademark of Motorola Inc. 

MOTOROLA LINEAR 
- practical innovations for systems design! 
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We make 
components for 
guys who can't 
stand failures. 

There's no such thing as a little 
failure to some guys. Either your 
system will perform as you designed 
it, or it won't. Either the right an­
swer comes out or it doesn't. Any­
thing less is too much to bear. 

At Corning we make our com­
ponents as if all your customers 
were just that demanding. We build 
an extra measure of performance 
into everything we make. Because, 
like you and the guys who use your 
equipment, we can't stand failures 
either. 

Some examples: 

We make components you can 
depend on, like our metal film 
resistors-both standard and flame­
proofs. Components like our glass, 
ceramic and glass/ceramic capaci­
tors. Like our solid tantalum capaci­
tors-hermetic and non-hermetic, 
polar and non-polar, miniature and 
microminiature. And like our dis­
crete component networks-avail­
able with custom combinations of 
discrete microminiature resistors, 
capacitor chips and diodes in a dual 
in-line package. 

Metal films in particular: 

Take our metal film resistors, 

for example. They've demonstrated 
the extremely low failure rate of 
0.00013 % per 1000 hours, based on 
approximately one billion unit test 
hours. This quality is why Coming 
resistors have been used in high 
reliability programs such as Minute­
man, Safeguard, Mercury, Gemini, 
Apollo, Mariner and Poseidon, and 
in virtually every other military 
program requiring resistors. They' re 
qualified to the new Established 
Reliability specs, too. 

100,000 hours without failure: 

The following will demonstrate 
what we mean when we say that our 
metal film resistors have proven 
stability : In 1956, Remington Rand 
Univac Division of Sperry Rand 
Corporation began testing 1500 
Corning N20, lf2 watt, 1 % resistors 
in a 40°C ambient under various 
power stressing conditions. Resist­
ance deviations resulting from this 
program were minimal and unsurr 
passed in the industry. To confirm 
the stability characteristics demon­
strated in the Remington Rand 
Univac Test, Corning remounted 
600 of the original resistors in a 
25°C ambient early in 1962, accu-
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mulating more than 100,000 total 
test hours to date. Not a single unit 
has exceeded a 2 % 6 R from initial 
resistance at time zero! 

Flame proof, too: 

Our metal film resistors are 
available in flame-proof grades, too. 
Their unique coating precludes 
flaming. And they're constructed to 
open under overload-rather than 
shorting-out as many resistors do­
to protect other more expensive 
parts of your system. 

For complete details on our 
metal film resistors and all of Corn-· 
ing's other extra reliability com­
ponents, write for our new "General 
Design Guide" to: Corning Glass 
Works, Electronic Products Divi­
sion, Coming, New York 14830. 

And for information on avail­
abilities, call your local authorized 
Corning distributor or D.I.A.L. 
EEM: (800) 645-9200, toll free. 
Or in New York state, call collect: 
(516) 294-0990. 

CORNING 
ELECTRONICS 



Dia light 
sees a need: 

(Need: A large 5/a" high LED readout at a low $4.95* price.) 

See Dialight. 
Each digit in this bezel assembly contains a Dialight light­
emitting diOde, decoder/driver, and resistor network that 
produces a bright, highly visible readout that can be 
easily installed in a panel. The readout d isplay is supplied 
with discrete gallium phosphide or gallium arsenide phos­
phide diodes arranged in a seven-segment format. These 
generate a bright , highly legible red character (0.625 inch 

--\__j-

high-the largest size character in the industry) with the 
lowest power consumption for a character of this size. 
Ideal for mounting on a control panel , or in a digital 
clock, meter, credit-card verifier, TV channel indicator, or 
hospital room status-board indicator. The contrast ratio 
between the illuminated and non-illuminated segments is 
further enhanced by a one-piece red nonglare window. 



Dialight is a company that looks for 
needs .. . and develops solutions. That's 
how we developed the industry's 
broadest line of LED light sources, 
indicator lights and readouts. No 
other company offers you one-stop 
shopping in LED viswal ~isplay~. And 
no one has more experience in the 
visual display field . Dialight can help 
you do more with LEDs than anyone 
else because we have done more with 
them. Talk to the specialists at Dia­
light first. You won't have to talk to 
anyone else. , 

Here are a few products in th is 
family: 1. Multidigit readout assem­
bly in 0.205" character he ight 2. 
Status display module with 6 LEDs 
with adjustable light cells 3. LED 
readout in character height 0.625"4. 
Alphanumeric display complete with 
code generator /driver character 
height 0.300" 5. 5 x 7 dot matrix al­
phanumeric display in character 
height 0.300"6.Hexadecimal display 
with logic character height 0.270"?· 
Single digit LED readout module in 
0.125" character height. 8. Numeri~ 
display with integral TIL MSI cir~u1t 
chip with counter character height 
0.270" 9. Single digit LED readout 
module in 0.270" character height 
(MAN 1 equiv.). •1000 iot quant ity tor 130.1003 

Please send data on your LED readouts. 

NAME 

TITLE 

COMPANY 

ADDRESS 

CITY STATE 

DIALIGHT 
Oialight Corpcration , A North American Philips Company 
60 Stewart Avenue, Brooklyn, N.Y. 11237 (212) 497-7600 
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ACROSS THE DESK 
(continued from page 7) 

ish colors. Yet the ad won in1your 
"Top Ten" awards. (Bourns' adver­
tising falls into this nauseous cate­
gory also.) 

If a reader does not like or ap­
prove of an ad, then he shouldn't 
buy the product. Conversely he 
should buy products contained in 
appealing ads . Or write the adver­
t iser expressing his feelings. But 
don't put the responsibility for 
censorship on you-or anybody for 
that matter. 

Let me corTect an earlier state­
ment. There is something more 
erotic in ELECTRONIC DESIGN than 
ads for mating connectors. YouT 
picture, Mr. Rostky. 

Marci Williams 
President 

Spectra Advertising Inc. 
3822 Campus Dr. 
Newport Beach, Calif. 92660 

Bourns replies 
Ms. Williams, like any citizen of 

this nation, is certainly entitled to 
express her opinion on any sub­
ject-as an individual. However, 
her comments, made in the mode 
of a professional advertising prac­
titioner, are quite another matter, 
because to the noninvolved reader 
such comments take on the weight 
of an authoritative, expert opin­
ion, when in actuality they merely 
reflect her individual, subjective 
reactions. 

What is tasteful? What is gar­
ish? It's all in the eyes of the in­
dividual beholder. Ugly is some­
times appealing! How many people 
would rave about the tasteful ele­
gance of the Volkswagen? Or sigh 
with ecstasy over the muted, well­
ordered colors and uncluttered com­
position of a Picasso or Braque! 

A client employs advertising 
people for one simple objective: 
to communicate the product mes­
sage. He pays a significant 
amount of dollars to attain this 
objective. In an environment where 
competition for the reader's atten­
tion is .ixtremely fierce, sometimes 
it becomes necessary to employ 
brilliant (garish ) colors, points-of­
emphasis (cluttered ) layout as 

tools to make extraordinary impact 
on the reader's ad-saturated mind. 
Just such tools were employed in 
two recent Bourns ads. Neither ad 
would ever win so much as an 
honorable mention in the Art Di­
rectors Show for "clean layout," 
"tasteful" color coordination, etc. 
Nor were they so designed. 

They did, however, generate 
more readers inquiries about the 
products than any other two ads 
in the company's 25-year history! 
Bad taste? We leave that to each 
reader's personal judgement. Suc­
cessful ? It attained the objectives. 

Ms. Williams' further statement 
was ever so much more intriguing: 
"If a reader doesn't like or ap­
prove of an ad, he shouldn't buy 
the product." If that doesn't smack 
of a cut-off-your-nose-to-spite-your­
face philosophy! If ad readers, 
or TV viewers, were to follow 
that advice, multitudes wouldn't 
buy toothpaste, bath or laundry 
soap, aspirin, laxatives or deodor­
ant. Whew! Think of all the foul­
mouthed, stinking, constipated peo­
ple with headaches! 

Bourns 

Roland R . Shane 
Director of Advertising 

1200 Columbia Ave. 
Riverside, Calif. 92507 

Guardian replies 
I am very distressed by Ms. 

Williams' reference to me as a 
"great tie-in." Evidently she is 
under the misapprehension that I 
am not truly the Guardian Angel 
of electronic engineers, and be­
lieves that I am merely the fig­
ment of some adman's imagina­
tion. 

I suppose I should become used 
to this sort of agnosticism. After 
all, there are probably many people 
who don't believe in Santa Claus, 
the J oily Green Giant or the Man 
from Glad. Ah, how empty must 
be a life without faith! 

I completely agree, however, 
with Ms. Williams' objection to the 
"garish color" and "over-all clut­
ter" with which I'm surrounded in 
Guardian ads. I much prefer a 

(continued on page 16) 
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Who has the broadest 
line of Potentiometers? 
It stands to reason that we wouldn't ask the headline question 
unless we were certain of the answer. 

And we are. Unquestionably, the answer is J30URNS 
Compare catalogs if you like. You'll find over 12,000 
model/ terminal/ resistance combinations offered in our 
TRIMMER POTENTIOMETER section. Single-turn and 
multi-turn ... round, square and rectangular - BOURNS has 
them all, in wirewound or cermet models. 

No need to look elsewhere for a complete line of PRECISION 
POTENTIOMETERS. Check the precision section of the 
Bourns catalog. Over 20 different standard bushing mount 
models are displayed, including the unique KNOBPOT® 
integral dial/potentiometer family. If you have servo-mount 
requirements, or need "something special" ... our fully staffed 
custom design and manufacturing organization is at your 
service. Promptly. 

More? You bet. 

Bourns popular "SP ACE SA VER" line of cermet CONTROLS 
are finding wide acceptance in cost-conscious consumer and 
industrial applications. You can expect to see exciting 
developments in this line. 

Our cermet and composition open frame VARIABLE 
RESISTORS are super for budget PC board applications. 
They're priced as low as 10¢ in production quantities. 
They're from Bourns, so you can count on cost-effective quality 
and service ... even at such low prices. 

- - -. . ~ ·-
4 

: 'f 

~ .. , 

When you think of variable resistive components . .. 
look no farther than your Bourns Master Catalog. It's your 
supermarket of quality, cost-effective resistive components. 

TRIMPOT PRODUCTS DIVISION • 1200 COLUMBIA AVE., RIVERSIDE, CALIF. 92507 
INFORMATION RETRIEVAL NUMBER 11 
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SERIES 480 

SEGMENT DRIVERS 

-+ DIGIT 
SELECTOR 

. 
: 

DIGIT DRIVERS 

SPRAGUE 
SERIES 480 and 490 

... with DISPlAY DRIVERS 

16 

Sprague High-Voltage Display Drivers are bipolar monolithic 
integrated circuits designed for interfacing MOS, open col­
lector TTL, or other low-voltage circuitry with high-voltage 
gas discharge displays. They replace most of the discrete 
components normally required in interface appl ications of this 
type. Series 480/ 481 are high-voltage switches intended for 
use in the cathode portion of the display, while Series 490/491 
drivers are designed for use in the anode portion. Their high 
reliability and small size make them an excellent choice where 
space-saving and dependability are important factors. 

Sprague No. Drivers 
Catalog Package of per 

Input 

Number Leads Package 
Voltage 

UHP-480 Plastic DIP 14 5 30 
UHP-481 Plastic DIP 16 7 30 
UHP-490 Plastic DIP 14 5 -30 
UHP-491 Plastic DIP 16 6 -30 

For more information, write for 
Engineering Bulletins 29301 and 
29302 to : Technical Literature 
Service, Sprague Electric Co ., 
347 Marshall Street, North Adams, 
Mass. 01247. 

Diode 
Operating Forward Output 

Temperature 
Current Voltage 
(mA) Range 

50 130 O"C to + 85°~ 
50 130 0°C to + 85°C 
20 -80 0°C to + 85°C 
20 - 80 0°C to+ 85°C 

SPRAGUE" 
THE MARK OF RELIABILITY 

DIGITAL INTERFACE PRODUCTS 

INFORMATION RETRIEVAL NUMBER 12 

ACROSS THE DESK 
(continued from page 13) 

serene environment of soft pastels, 
but they insist on displaying t heir 
products and they insist on their 
Guardian blue and gold. If only I 
were the Guardian Angel of art 
directors, I would sure do some­
thing about it. 

I find myself in agreement with 
another of Ms. Williams' points : 
Your picture is erotic, Mr. Rostky. 

The Guardian Angel 

Guardian Electric 
Manufacturing Co. 

1550 W. Carroll Ave. 
Chicago, Ill. 60607 

A bald, unashamed, 
unsolicited plug 

Your magazine was of such help 
to me recently in suggesting an in­
expensive practical solution to a 
motor-control program that I want 
you to know of my appreciation. 

For the past few years I have 
been designing special-purpose in­
dustrial-control systems, and these 
are mostly to JIC specifications-a 
very different world from the mili­
tary and commercial electronics 
areas in which I first worked. 
Presently this world is oriented 
predominantly to electro-mechani ­
cal devices, but it is rapidly open­
ing up to the advantages of solid­
state controls. Designs are often a 
hybrid of relays, with some solid 
state added. 

Since I work in industrial con­
trols, I find your magazine very 
useful. It is my link with the 
working man's state of the art in 
electronics. I read several other 
trade magazines, too. However, 
yours has unique features that I 
appreciate especially, such as (1) 
Focus, which tells in depth the pit­
falls of working in a particular 
area; ( 2) The articles by mana­
gerial engineers; and (3) Your 
general editorial policy of telling 
it as it is without the rose-colored 
glasses of vendor specs. These 
things make your magazine unique­
ly useful. 

113 Richmond Ave. 
Ridgewood, N.J. 07450 

Peter Haas 
Consultant 
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AMP cuts on-board 
programming problems 
down to size. 

Down to the size of a DIP header­
with our miniature Dual In-Line Switch. 
Because you can use it to program !Cs 
right on the board without remote wiring, 
it cuts packaging costs, too. 

This versatile switch gives you 4 to 10 
single-pole, single-throw switches packaged 
in a housing with leads on .100 x .300-inch 
centers. Rocker buttons 
operate at the touch of 
a pencil to permit 
instant programming of 
data input terminals, 

computer peripherals, testing and control 
instrumentation. Plug it into a DIP header or 
into one of several other AMP IC 
interconnection products. Or flow solder 
it directly into the pc board. Gold-over-nickel 
plating on phosphor bronze contacts makes 
the DIP switch ideal for "dry circuit" 
applications. Protective covers are available 

for all switch sizes, 4 to 
10 positions. 

For information 
on other AMP switches, 
just turn the page. 



AMP pc board switches match 
AMP pc ooard switches are suitable for a broad range of digital memory, sequencing, X-Y 

coordinate, input/output, and other program switching applications. Some are designed to be 
mounted to the same pc ooard as other circuit components. Other AMP switches can be panel 
mounted and interconnected to mother/daughter board withAMP pc connectors for fast, 
dependable connect/ disconnects. All provide savings in packaging space and assembly costs by 
performing required program functions without remote switch wiring. 

Thumbwheel switches offer broad 
interconnection flexibility. 

Wide choice of back-end design options 
include contacts for use with post and 
receptacle interconnection systems or wrap-type 
and TERMl-POINT clip wiring 
methods, as well as 
extended ooard terminals. 
Extended board 
terminals can be flow 
soldered and will 
accept pc edge con­
nectors and soldered 
wires. Compact 10-
position switches can 
be used singly or in 
"ganged" units; are 
easily mounted in 
panel cutouts-from 
front or rear. Decimal 
and BCD outputs are 
standard, with optional 
coded formats available 
for special data entry, 
control or programming 
applications. 

PC rotary switches 
minimize output leads. 

All coding is internal to reduce required number 
of tab outputs and simplify on-board mounting. 
Output capabilities include 8-position 
BCO, 10-positionBCD, 16-position hexadecimal 
plus single-pole decimal versions. Small 
diameter, low profile styles available with coin 
slot, bar-type knob or thumbwheel, to meet 
specific packaging requirements. Switch tabs 
can be flow soldered or hand soldered to 
etched circuit patterns. 

Decimal rotary switch kits eliminate 
need for external switch wiring. 

Because they can be readily designed into 
the logic ooard with related components, 
switch kits offer substantial savings 
in space and costs. 
Fully assembled 
switches in matrix 
configurations 
need less 
space than 
apinboard 
of equal 
output. 

fOtary switch 
provides easy coding changes. 

A wide variety of coded outputs are possible in volume requirements 
by simple substitution of internal pc circuit discs. Output 

capabilities include decimal, hexadecimal and hexadecimal 
complement codes with up to 6 contacts and 16 positions per 

switch layer. Switches are stacked on a common shaft for 
space-saving installation. Available with post contacts for flow soldering 

directly to pc board, or with pin type receptacles snapped over posts 
for terminating to pc board connectors. 



your programming needs. 

Mabix slide switches feature unique visual readout, 
greater positioning accaracy. 

Roll-up design of the visual display 
indicator tape simplifies verification 
of data prior to entry, and permits 
maximum slide positions in minimum 
switch size. Ball detent slide 
positioning ensures positive, 
accurate slide setting at required 
switch location, prevents wear 
and abrasion between pc board 
conductors. The special, 
5-position version replaces 
two switch units for compact, 
hand held calculators and 
similar applications. Other 
row and column matrix 
switches are available with 
up to SO data entry output 
slides, and as many as 40 
positions per slide. 

Versatile 
pushbutton 
keyboard switch. 

Fast acting pushbut choice 
can be manufactured for specific needs: one SPNO or 
SPNC ; one NO and one NC in the same switch. 

A contact bounce of less than 1 millisecond makes this the ideal 
component for momentary switching applications. Gold-over-nickel 
contacts meet low-level logic current requirements. Pushbutton 
switches can be snapped into panel cutout or soldered directly to pc board. 



AMP also has switch designs 
for unusual applications. 

Developing special products to help individual 
customers speed production and reduce electrical 
assembly costs has always set AMP apart. So it is with 
AMP switches. In addition to our complete line of 
rotary, slide, rocker, thumbwheel and keyboard 
switches for electronic packaging, we 
offer products designed especially for 
automotive, appliance, and other 
industrial and commercial 
applications. AMP engineering 
specialists will work with 
you to adapt ... or de­
velop new ideas for 
your special needs. 

Appliance 
switch contact 
assembly. 

Automotive dashboard 
toggle switch. 

utomotive safety belt 
sensing switch. 

rake safety switch. 

AMP engineering ... 
the key to reliable switch performance. Worldwide. 
Standard or special, every AMP switch is back~d by the full resources of 
our engineering and customer services staffs. More than 700 qualified 
application, sales and service engineers are ready to assist you from 
the earliest stages of equipment design, to determine the best programming 
or switching method. AMP products and services are available at AMP 
plant locations and distribution centers in 16 international markets 
throughout the world. In United States, district offices are located in 
California, Georgia, Illinois, Massachusetts, Michigan, Minnesota, 
New Jersey, Ohio, Pennsylvania, Texas, and the District of Columbia. 

For more information on AMP pc board switches, circle reader service 
number 75, or write AMP Industrial Division, Harrisburg, Pa. 17105. 

AIVIP 
INCORPORATED 

AMP and TERMl-POINT trademarks of AMP Incorporated. 



Our FIFO: #1 Draft Choice 
of the MOS/LSI Pros. 

More MOS/LSI engineering pros 
specify Western Digital's FIFO (First-In 
First-Out) buffer memory because it's the 
most cost-effective method of data speed 
buffering available. 

The 40 characters x 9 bit formation 

Or now you have the option of half-time 
at 500 kHz for less price .. . the FR1502E-Ol. 

There is no industry blackout on 
delivery at Western Digital. FIFO's are 
available immediately in 28 pin DIP 
packages. 

matches your data. And you don' t have Free NH Pennant 
to pay for two devices to tackle the job of Our FIFO is the winner in the MOS/ 
one. It's ideal for terminals, computers or LSI league. Find out why. Write us on 
data communications systems. For inter- your letterhead and tell us 
facing high and low speed data with syn- the name of your favorite 
chronous or asynchronous systems. For National Football League 
formatting. Or even as a digital delay line. team We will send you a 

Simply insert the FR1502E FIFO into pennant for your favorite 
your data stream. Features like full TTL NFL team, along with data 
compatability, tri-state data lines, master on our MOS/LSI favorite. Write Western 
reset and status flags will make you stand Digital Corporation, 19242 Redhill Ave., 
up and cheer. ~----------~ Newport Beach, California 

Order our FIFO in the 1 WESTERN j5 DIGITAL 92663. Tel: 714/557-3550. 
MHz input/output version. c 0 R p 0 R A T I 0 N TWX: 910-595-1139. 

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

Go with the action ... Go Western Digital! 
INFORMATION RETRIEVAL NUMBER 141 
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ATTENTION PROGRAM MANAGERS: 

Bow to win a $10 million 
government contract with the new 

I \ ' " • "' . ' \ • 11 ' \ 

$20,250 Bolm luggednova: 
For $20,250 you can meet Mil Specs E-5400 
airborne environment, E-16400 shipboard 
environment, eliminate software and interfacing 
problems . . . and still buy the world's toughest 
computer system with BK of memory and teletype. 

I f you're in the business of producing 
military systems, we don't have to tell 

you about budgets, risks, deliveries and 
design problems. Instead, let's talk about 
the Ruggednova 1602 . . . and how Rolm 
can help you win those big contracts. 

- gEBlililHl :i ·, 
t~: l1 : ···~••t=. 1 

El ~ 
·~ ( -- -1 

.. 
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A new technique for armchair control of RPVs 
(Remotely Piloted Vehicles) has been developed 
by Motorola Government Electronics Division for 
the Navy. The Ruggednova in the background 
helps provide either discrete or proportional con­
trol for up to six RPVs of any variety at ranges 
exceeding 250 nautical miles. 

SOFTWARE IS THE FIRST SAVING 
You can effectively reduce the most ex­
pensive and longest lead-time item in a 
system's task with our wide selection 
of proven and documented software. 
You'll see your program working on the 
1602 in less time because the Rolm soft­
ware set includes assemblers, compilers, 
debugging aids, utility routines, math li­
braries and powerful operating systems. 
A significant benefit of our system Is 
the availability of a compatible commer­
cial equivalent. Any program written on 
the Data General Corporation's Nova 
series will operate on the Ruggednova. 
Our licensing agreement with Data Gen­
eral allows us to provide more software 
than any other mil spec computer. 

OUR EXPANDED INSTRUCTION SET 
GIVES GREATER FLEXIBILITY 
With the Ruggednova 1602 your appli­
cations programming task has been sim­
plified with a new extended instruction 
set. For example, our file search instruc­
tion enables you to do an "in limits / 
out of limits" comparison on a file up 
to 64,000 words long with one single 
instruction. Other examples include 
1602's stack processing capability, auto-

20H 

matic branching and nesting of inter­
rupts, immediate mode instructions and 
double precision arithmetic. 

INTERFACING IS MADE EASY 
Over 30 general purpose interfaces to 
select from gives you another edge on 
that contract. No design costs. No tech­
nical risks. The 1/0 Interfaces range 
from series and parallel digital interfaces 
to communication interfaces to D/ A and 
A/D converters all the way to NTDS 
interfaces. If you have your own special 
interface it can be placed inside the 1602 
chassis. You save money by not having 
to design a rugged chassis or rugged 
power supply. 

This new prototype, 30-ton buoy, built by Lock­
heed Missile & Space Company for the National 
Oceanic and Atmospheric Administration, has 
been placed in the Gull of Mexico to record 
meteorological and oceanographic data. It Is 
equipped with a Rolm Ruggednova for data ac­
quisition and communications processing. 

MIL SPECS ARE ALREADY MET 
We supply you with a qualification test 
report free. You don't have the hassle, 
risk, or expense of qualification testing. 
The 1602 meets Mil-E-5400 airborne en­
vironments, Class II; Mil-E-16400 ship­
board environments, Class I; Mil-Std-
461 A electromagnetic interference and 
Mil-S-901 for high impact shock. It has 
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an operating temperature range of - 55° 
to + 95°C case temperature, at altitudes 
from sea level to 80,000 feet. The 1602 
meets shock specifications of 15 g's with 
11 ms duration and vibration tests of 10 
g's, 5 to 2000 Hz. 

AND THERE'S A SUPPORT 
PACKAGE AT NO EXTRA COST 
Rolm's program doesn't stop with just 
hardware and software. We also help 
you reduce your budget and design risk 
with a number of back-up items. These 
include detailed reliability reports, two 
weeks of training, complete documen­
tation and a 90-day warranty. For soft­
ware support there's also a " how-to" soft­
ware manual , individual software write­
ups, and full diagnostic software. 

NEW DEBUGGING FEATURE 
Within the first 15 minutes of loading 
a program into the 1602 you can 
localize most program errors. A new 
"panel breakpoint" switch allows you 
to execute your program until it hits 
the address located on the 16 data 
switches. This allows you to verify 
good routines and identify program 
bugs. No more single stepping through 
2,000 word subroutines or keying halts. 
It's a great time-saving software fea­
ture. 

Now that we've told you about all the 
ways Rolm can help you get that multi­
million dollar contract, there's no space 
left to describe a host of other features 
about the Ruggednova 1602. So, drop us 
a line and we'll send you complete data 
on the world's toughest computer. If 
you're interested in getting a head start 
on that contract ... give us a call. 

RDbm 
CORPORATION 

18922 Forge Drive, Cupertino, Ca. 95014 
(408) 257-6440 • TWX 910-338-0247 

REGIONAL SALES OFFICES: Los Angeles 213-
784-8500; Palo Alto 415-965-2224; Washington 
D.C. 703-893-2696; Boston 617-237-5752; New 
York 914-297-9533; Texas 214-661-8905. 

DOMESTIC REPRESENTATIVES: Kansas 913-
362-0919; Minnesota 612-941-5400; Missouri 314-
895-4100; Washington 206-762-231 O; Canada 
416-742-8015. 
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Si111ply the best 
IOY# cost counter 
you can buy ••••• $199. 
Now you can buy an economical counter with noise immunity and 
programmable offset to measure frequency, read rpm directly, or totalize events. 

From lab to the production line, here's a 
rugged low-cost counter with all the most 
needed features to make industrial and lab­
oratory measurements. 

A unique digital frequency counter, the 
new Fluke Model 1941A operates over a fre­
quency range of 5 Hz to 40 MHz. It measures 
frequency, reads rpm directly and totalizes. 
Sensitivity is better than 40 mV rms. Aging 
rate is a low 6 x 10-1 /day. 

All functions are easily selectable and 
clearly marked. Read out is a big six-digit 
display clearly readable from a distance in 
high ambient light. 

frequency 

rpm 

totallze 

Functional "burn-in" eliminates marginal 
parts. 

Options include programmable offset for 
fast, accurate go-no-go decisions even with 
an unskilled operator and a four line BCD 
output to directly drive printers and other 
peripheral equipment. 

Best of all, there's no need to wait to put 
the 1941A to work. Throughout the U.S., 
Canada, and western Europe, this counter 
is in stock and available for immediate dem­
onstration or delivery. A worldwide network 
of service centers provides 48 hour turn­
around repairs. 

In the continental U.S., dial our toll free number 800-426-0361 for the name and address of your nearest local 
source. Abroad and in Canada, call or write the office nearest you listed below, John Fluke Mfg. Co., Inc., P.O. 
Box 7428, Seattle , Wash ington 98133. Phone (206) 774-2211 . TWX : 910-449-2850. In Europe, address Fluke Neder­
land (B.V.), P.O. Box 5053, Tilburg , The Netherlands. Phone 013-67-3973. Telex : 844-52237. In the U.K. , address 
Fluke International Corp., Garnett Close, Watford , WD2 4TT. Phone, Watford , 33066. Telex : 934583. In Canada, 

IFLUKEI 
address ACA, Ltd ., 6427 Northam Drive, Mississauga, Ontario. Phone 416-678-1500. TWX: 610-492-211 9. =======® INFORMATION RETRIEVAL NUMBER 143 
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INTRODUCING 
THE TWO•FACED SWITCH 

EECO introduces the . . 
Stripswitc~M-a v~rsa~ile, ~ .. rr~ : ·: ~ '. ·~ J - - ~ 
low cost pnnted .circuit ;"'"; . ·: _ ~ __ ·-,._ :'. ~~( , . ~ ~ -. :_ 
~witc~ that's available ·~=- J = = = [ l : ~~ ~/Ji/ l \ \\\ : ··ti:_~.:~ ,, 
ln strips of one to r~ : -. . . . . . ~ ?,-·->- ., 
eleven Stations for -.. -: _-_ -....... - ~ :; ~ - r"'·., 

' ... ~~ ~ .... , -,;> 

ease of handling and 
installation. 

Because it's two­
faced, you can mount 

it either 
horizon­
tally or 

vertically. 
And you can wave-solder 
it directly to the printed 
circuit board. 

Sawes you money 
Stripswitch is inexpen­

sive to begin with - less 
than $1 per station in 
quantity. 

And, because you can 
wave-solder it directly to 
the printed circuit board, 
the need for rivetting, 
eyeletting, mounting hard­
ware, switch-to-board 
wiring or expensive 
special plating is normally 
eliminated. 

Ac'C:ua'C:es 'C:hree ways 
You can actuate Strip­

switch by means of 

knurled wheels. Or, if you 
mount it behind a panel, 
you can actuate Strip­
switch by means of a 
screwdriver or shaft 

extension and knobs. 
Guaran'C:eed ruaaed 

The Stripswitch is a 
simple, rugged design 
available in a variety of 

codes and switching func­
tions, backed by an ex -
elusive two-year warranty. 
And it's constructed from 
materials that can 
withstand caustic 
cleaning solutions. 

That's the 
straightforward 
story of our two­
faced switch. 

For more in­
formation write 
to Electronic 
Engineering 
Company of 
California, 1441 East 
Chestnut Ave., Santa Ana, 
California 90701. Or phone 
(714) 835-6000. 

S~ripswi~ch by EECO 
Distributed by Sch weber, Hall• Mark and G. S. Marshall 
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A MINI-LIBRARY 
OF SEMICONDUCTOR GUIDES FROM HAYDEN ... 

THICK FILM TECHNOLOGY 
By Jeremy Agnew 

This volume constitutes an actual working guide to hybrid 
circuit manufacture and packaging. It begins with an over­
view of the processes and equipment used, compares them, 
and underscores the advantages of each. The book details 
each processing phase, fully describing what to do and what 
pitfalls to avoid. Other valuable sections cover packaging 
schemes and processing hazards and cautions. The volume 's 
abundance of practical adVice and data make it ideal as an 
on-the-job reference. 176 pages, 6 x 9, illus., =5803-9, $8.50 

TRANSISTOR AND DIODE NETWORK PROBLEMS AND 
SOLUTIONS By Harry E. StoGkman 

This guide demonstrates the latest mathematical solutions for 
the entire field of transistor and tunnel diode calculations, 
including linear as well as non-linear applications. It shows 
how to select the best type of solution, set up the network 
equations, and carry out the solutions. It also uses new 
theories - including the author ' s " Equivalent Generator 
Theorem " - in the treatment of function sources. In addition , 
a valu ab le " do" or " don 't " list enables you to avoid any time­
wasting calculations. 352 pages, 6 x 9, illus., = 5694-x, cloth, 
$9.95 

TRANSISTOR AND DIODE LABORATORY COURSE 
By Harry E. Stockman 

A practical, self- learning course that progresses systematically 
from simple fundamentals to highly intricate experiments. The 
experiments in the first half of the course lay a working founda­
tion in transistor technology with twoport-theory viewpoints 
applied continuously to give all the experiments a practical 
engineering slant. One valu able feature is the neg ative resist­
ance demonstration - the first presentation of this device 
ever to appear in print. All experiments can be performed on 
very low-cost equipment. 128 pages, 73/s x 10Ys , illus., paper, 
= 5511-0, $3.95 

MATERIALS FOR SEMICONDUCTOR FUNCTIONS 
By E. G. By lander 

This comprehensive reference enables you to select semi­
conductor materials aimed at optimum performance, reliability, 
and profitability. It provides complete selection criteria for a 
variety, of functional applications: diodes and transistors , solar 
cells, thermoelectric devices, transducers, etc . The guide also 
covers material processing techniques and device design and 
manufacturing , listing variables in material manufacturing that 
influence device performance. 220 pages, 6 x 9, illus., ""5638-9, 
cloth, $13.50 

FUNDAMENTALS OF INTEGRATED CIRCUITS 
By Lothar Stern 

Here is a book offering complete coverage of the various 
techniques of IC fabrication and their importance to circuit 
performance. Included is a valuable marketing discussion 
comparing the relative qualit ies of the IC's currently available 
in terms of economics and logistics. The guide focuses on 
basic semiconductor principles, monolithic integrated circuits , 
thin-film circuits , and hybrid and other integrated structures. 
Here too is a discussion of packaging, design, and layout 
principles , and large-scale integration. 208pages,7x10, illus., 
=5695-8, cloth, $8.95 

DURABILITY AND RELIABILITY IN ENGINEERING 
DESIGN By Gilbert Kivenson 

A unique combination of materials science, reliability , and 
design , this book examines crucial concepts•of material 
strength , service longevity, and reliability, and describes the 
fundamentals of breakdown analysis. It covers new materials, 
design techniques, and fabricating methods and focuses on 
their probable uses in future products. Current trends in de­
sign " philosophies " are outlined , as well as practical design 
considerations relating to the requirements of the end user. 
200 pages, 6 x 9, illus., '"' 5851-9, cloth, $9.95 

15-DAY FREE EXAMINATION 
Please send me the book(s) circled below on 15-day free 
examination. At the end of that time , I will remit pay­
ment, plus postage, or return the book(s) with no further 
obligation. 
5803-9 
5694-x 

Save Money! 

5671-0 
5638-9 

5695-8 
5851-9 

O Payment enclosed. Publisher wi ll pay all shipping 
and handling charges - same 15-day guarantee. 

Name _________________ ~ 

Firm __________________ _ 

Address _________________ _ 

City / State ____________ Zip __ _ 

$10.00 minimum for free exam orders. Because of higher 
billing and collection costs, we must ask for payment 
in full with any order for less than $10.00. Same 15-day 
guarantee. 

[{] HAYDEN BOOK COMPANY, INC., 50 Essex Street, Rochelle Park, N. J. 07662 
73-64 

J-------------------------------------------------
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$52995 

Oscilloscopes for most production, inspection, QC and 
lab applications are not used to their full capability. 

In fact their full capability in bandwidth may even need 
to be limited by an external bandpass filter for easier 
trace readability. In one electronics manufacturing 
facility a survey of 22 applications discovered 19 
applications which were appropriately served by our 
least expensive $179.95 oscilloscope with recurrent 
sweep and 2MHz bandwidth. A survey of your facility 
may reveal similar opportunities for saving. Our triggered 
sweep scopes with 1 OM Hz bandwidth and 35 
nanosecond rise time answer the needs of more than 
80% of all applications. Sensitivity of 10mV/cm offered 
by both our single and dual trace triggered sweep 
scopes is similarly suitable for over 80% of all 
applications. 

Why overspecify your oscilloscopes? It's not necessary 
if the intent is to be sure you get the repeatability, 
reliability, ruggedness and versatility that is 
characteristic of every B&K oscilloscope. Move your 
ultra-wide bandwidth scopes to other applications 
where you need them. You'll find the B&K scopes 
easier to use with their simplified, human-engineered 
panels and controls. 

10 Day Free Trial 

With more than 20 years successful experience in 
manufacturing fine test equipment at competitive 
prices, Dynascan has the confidence in its new B&K 
instruments to offer them on a 10 day free trial basis. 
Just properly identify yourself, your company and your 
application and we'll supply a new oscilloscope that 
will prove our claim to quality and value. Write on your 
letterhead for complete specifications and Free Trial. 

CONDENSED 
SPECIFICATIONS 

Model 
1470 

B&K Model 1470 Dual Trace Triggered Sweep Scope 
DC to 10MHz at 10mV/cm. Two separate vertical amplifiers. 
35 n sec rise time. Six dual pattern modes including 
chopped, alternate, add and Channel 2 inverted. Auto and 
triggered sweep 1 usec/cm to 0.1 sec/cm. $

529
_
95 5X magnification. 

B&K Model 1460 T.riggered Sweep Scope 
DC to 10MHz at 10mV/cm. 35 n sec rise time. 0.5 Lisee/cm to 
0.5 sec/cm auto and triggered sweep. 5X 
magnification. 5V p-p 1 KHz calibration voltage. $399.95 
B&K Model 1431 3" Triggered "Mini-Scope" 
As above, but Va the size. $399.95 

B&K Model 1403 Portable 3" "Mini-Scope" 
3" solid state scope only 5Y4"x73/s"x11 V4". DC to 2MHz 
bandwidth and 20mV/cm sensitivity. Recurrent $

179
_
95 sweep 1 OHz to 1 OOkHz. Weighs only 8Y2 pounds. 

fBl/f !!f !f !:!f!!/!.,, "'°"', '"'"' ,,,,, m mo 
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Complete line of Analog and Digital Multimeters, Oscilloscopes, Signal Generators, 
Semiconductor Testers, Power Supplies, Probes, Tube Testers and Substitution Boxes . 
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If you 've been getting more than your share of 
faulty plug-in and wire-wrapped panels lately, you 
should talk to us : Garry Manufacturing . 

At Garry, we take extra care to insure that you 
get a better wire-wrapped panel. Whether you buy 
a plug-in panel from us (and wrap it yourself). Or, 
whether you let us wrap it for you. 

Either way, you get a better panel. Because our 
unwrapped panels are more " wrappable" (squa're­
ness, for example, is 
exactly .025 inch. 

, 
• 

It never varies). Our precision beryllium spring clip 
has the most consistent l.C. insertion/ withdrawal 
ratio in the industry. All this because our facilitie s 
are among the world 's best. 

This attent ion to quality is nothing new to 
Garry. For 25 years we have been supplying con­
tacts to the connector field . We have the largest 
facilities for making contacts and do not rely on 
outside suppliers for our parts . We have plants in 
the U.S. and Switzerland . And we have a long list 
of very satisfied customers, including the 5 largest 
electronics manufacturers in the Un ited States. 

Why not f i nd out more about Garry panels? 
About our ultra-reliable contact s. Our design 
and engineer ing servi ce . Our e x tra -fa st de­

livery / turnaround . And our techn ical ly­
oriented sales staff . 

They just might help you beat 
a bum wrap. 

Garry 's panels are available for less 
cost , with up to three levels of wire 
wrap~ in any quanti t y. Get all the details . 
Send for Garry 's literature . 

Garry Manufacturing Co.,1010 Jer sey 
Ave., New Brunswick, New Jersey 08902. Gar G .. ·-"·~· 

Manufactu,;ng !Y' 
We won't 

pin a bum wrap 
on you. 
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Announcing standard off-the-shelf SH P packaging components . .. 

Navy Standard 
Hardware Program packaging 

made easy and profitable 

If you're supplying equipment to Navy 
Standard Hardware Program guide­
lines, our ingenious new SHP Packag­
ing System will make coming up 
with the packaging absolutely 
simplistic and halve your 
packaging costs at the 
same time. 

No sweat SHP 
First off, we make de­

signing the packaging so 
effortless we estimate 
you'll cut your total 
design load for the pro­
curement by a third 
because that's what 
our first custom­
ers are expe­
riencing. 

Production 
consists of putting parts 
together - just a handful of 
different kinds - like an erector 
set. Only easier. That saves you thou­
sands of dollars in design time, in dies 
and other tooling and a lot of trouble 
to boot. 

Conductive, convective and strong 
And when you get finished you'll have 

packaging for your circuitry with the 
high order of thermal efficiency you'd 
expect from industry's leading manu­
facturer of circuit heat dissipating de­
vices. Plus mechanical integrity that's 
ready for the most demand­
ing environments. 

Packaging that cannot 
be individually pro­
duced for twice 
the price. 
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Hold 
that cost 
proposal 

That's a pencil-
sharpening fact you can ill afford to 
ignore if you're in the middle of prepar­
ing a proposal in response to an RFP 
that calls out SHP - or if you ever ex­
pect to bid an SHP program. 

Here's how our new SHP Packaging 
System works: 

We've designed six basic parts -
plus a few specials for unusual con­
figurations - with which you can build 

circuit module housings conforming to 
Navy Avionics Facility, Indianapolis, 

guidelines an4 dimensions for any of 
the common SHP-defined circuit 

modules using nothing but a 
screwdriver. 

Ad infinitum 
You can build these pack-
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ages to accommodate any combina­
tions of the various SHP mod­

ules, and the poten­
tial dimensions 
of the packag­
ing in span and 
depth are for 
practical pur­
poses limitless. 

In fact, our. 
system is so 

versatile it can 
be adjusted to han­

dle non-SHP-dimen­
sion modules as well. If 

you need any kind of mod­
ule housings and like to save 

money, the IERC SHP Pack­
aging System is for you, too. 
OK, you say, I'm interested . 

Wha~s the first step? 
Paper reveals all 

Phone, write, or circle to get our hot­
off-the-press 17-page paper that gives all 
the details including engineering draw­
ings of parts and assemblies and a sec­
tion on how to design SHP packaging 
using the IERC system. 

lf you're involved in SHP or ever ex­
pect to be, get involved with the IERC 
SHP Packaging System today. 

Ask about our SHP module plates 
including our revolutionary Metal Core 
Circuit Board plates for extremely high 
power densities, too. International Elec­
tronic Research Corporation, a subsid­
iary of Dynamics Corporation of Amer­
ica, 135 West Magnolia Blvd. , Burbank, 
Calif. 91502. (213) 849-2481. 

I 1ERCl~I 
Heat Sinks/ Dissipators 
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inverter 
rated™ 

Ferramic® components 
guarantee circuit 
performance 

Ferrites for inverters 
Inverter-Rated compo-
nents were developed 
specifically for inverter 
circuits. This advanced 
ferrite technology gives 
you components optimized 
for low power loss. They 
keep their cool to 150°C. 

Specs that make 
sense 
The improved character­
istics of Inverter-Rated 
components are spelled 
out in terms of their circuit 
performance under both 
maximum and recom-
mended conditions. You 
get design flexibility and 
data you can use directly-
not just routine magnetic 
parameters. 

You can design precisely 
with guaranteed component 0 
characteristics. And you 
can select optimum com­
ponents without using 
trial-and-error approxima-
tions in meeting your 
power conditioning re-

quirements in computers, 
motor controls, lighting, 
telephone systems, igni­
tion systems, displays, 
watches, appliances, etc. 

Circuit 
performance 
We test Inverter-Rated 
components as inverters to 
assure performance in 
your circuit. These new 
components meet speci­
fied electrical character­
istics in addition to closer 
magnetic tolerances. 

The performance you 
design in-stays in. And 
the production version of 
your design meets your 
circuit conditions. 

Expanded line 
You get design flexibility 
with the full range of Cross 
Cores, Pot Cores, Toroids, 
U Cores, and E Cores. 
Inverter-Rated components 
are available now in produc­
tion quantities. All with 
factory-ready hardware. 

New design guide 
Our new design guide 
speaks your language and 
gives you complete compo­
nent specifications, tem­
perature characteristics, 
application data. Key infor­
mation you need in applying 
the latest ferrite technology 
to your inverter designs. 

The reader service card 
will get you a copy of our 
design guide and (201) 
826-5100 will put you in 
touch with the men who 
wrote it. Either way, if 
you' re talking inverters, 
talk to the ferrite experts. 

That's us. 

Indiana General, 
Electronic Products, 
Keasbey, N.J. 08832. 

National distribution 
through eight Permag 
locations. 

Indiana general ~ 
a division of Electronic Memories & Magnetics Corp. 
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KEMET® Ceramics: 

new ••m 
Meet the KEMET "Blue Max" maxi­
mum-range line-a whole new flight of 
subminiature, precision epoxy-dipped, 
radial-leaded, monolithic ceramic ca­
pacitors. 

"Blue Max" Capacitors achieve new 
heights in precision manufacturing. 
With a protective epoxy sheath that 
coats the case, not the leads. 

And "Blue Max" Capacitors win high­
est honors for selection range. 

Ultra-stable NPO, stable X7R, or gen­
eral-purpose ZSU dielectric. Six basic 
case sizes in over 300 different models, 
in values from 2.2 pf to 4.7 uf. For 50, 
100 or 200 VDC working voltages. All 

with easy-to-read markings and solder­
coated, copper-clad steel leads- ready 
to assemble in your circuits. 

For excellence of performance, 
specify new KEMET "Blue Max" Ca­
p~citors-a new achievement in pre­
cision-dipped, radial-leaded ceramics 
from Union Carbide. Available now. 

Write for specification data and free 
engineering samples. 

• COMPONENTS DEPARTMENT 

P.O. Box 5928, Greenville, S.C. 29606 
Phone: (803) 963-7421 TWX: 810-287-2536 
In Europe: Union Carbide Europe, S.A. 
5 Rue Pedro Meylan, Geneva 17, Switzerland 
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(news scope) 
NOVEMBER 8, 1973 

U.S. weighs Israeli request 
for latest ECM equipment 

The U.S. State Dept. is studying 
a request from Israel for first­
line American electronic counter­
measures equipment. In keeping 
with Defense Dept. rules, U.S. al­
lies ordinarily are not supplied 
with first-line weapons, for fear 
they might fall into the hands of 
a common enemy. 

The Israelis' specific need is for 
airborne ECM equipment to foil 
the Soviet-built SA-6 ground-to­
air missile radars, which have been 
used so successfully by the Syrians 
and Egyptians to shoot down many 
Israeli planes. The Israeli aircraf•t 
carry Sylvania-built ECM packages 
to cope with the SA-2 and SA-3, 
but they have nothing to counter the 
SA-6. The SA-2 uses a slant range 
of about 20 miles for defense 
against high-altitude approaches, 
and the SA-3 slant range of about 
17 miles for low-level attacks. Some 
Israeli planes also carry the pas­
sive radar-homing, air-to-surface 
Shrike missile, built by Texas In­
struments. 

Most ECM equipment in Israeli 
aircraft has been of the deceptive 
type, as opposed to the straight­
forward noise jammers, which 
transmit high-powered noise with a 
gaussian distribution. 

Deceptive ECM receives an en­
emy radar signal, examines it, re­
organizes it and sends it back. The 
result is an erroneous signal on the 
enemy radar screen. The pulse re­
organization may consist of a 
change in shape, phase or polariza­
tion. These changes cause the radar 
to present a false reading for the 
aircraft's direction, speed or dis­
tance. 

Such ECM has been used by Is­
rael rather than noise jammers for 
a number of reasons: 

• It's simple; noise jammers re­
quire a separate receiver in addi­
tion to the jammer and also a tun­
ing device to find the enemy's fre-
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quency. 
• The deceptive ECM package is 

small and does not require the 
large amount of power the jammer 
does. 

• The jammer can only handle 
one frequency at a time, whereas 
the deceptive package can receive 
100 signals, each at a different fre­
quency. And 

• Since deceptive equipment op­
erates in nanoseconds, it can han­
dle all the signals. 

• The deceptive kits can be pro­
grammed to deceive a variety of 
radars. 

Israeli units have been effective 
against SA-2 and SA-3 radars be­
cause there is abundant data on 
the SA-2 and some on the SA-3. 
U.S. pilots in Vietnam had seven 
years' experience with the SA-2, 
and the SA-3 has been in Egypt 
and elsewhere for several years. 
Experience with the SA-6, how­
ever, has been extremely limited. 

The American EA-6B electronic­
warfare aircraft, built by Grum­
man, is equipped to counter the 
SA-6 missile radar. But, the U.S. 
has not tested the plane in combat 
against the SA-6. 

"What's needed," says Roger 
Bush, Grumman, EA-6B business­
development manager in Bethpage, 
N.Y. "is complete data on the SA-6 
acquisition radar-operating fre­
quencies, pulse-repetition frequen­
cies, power capabilities and anten­
na characteristics, like beam width 
and scan angle. 

Bubble-memory material 
promises faster readout 

A new bubble-material compound 
promises optical readout of bubble 
memories with low-power light 
sources and a hundredfold increase 
in readout speed. 

Developed at RCA's Physical 

Electronics Laboratory in Prince­
ton, N.J., the compound-known 
as bismuth thulium garnet-could 
hasten the commercial application 
of bubble-memory technology to 
information processing. 

Until now, says Dr. George D. 
Cody, director of the laboratory, 
bubble-memory technology resisted 
optical-readout approaches because 
bulky and expensive, high-powered 
light sources-such as gas lasers­
were required. With bismuth 
thulium garnet, light sources as 
low-powered as light-emitting 
diodes can be used to read out 
bubble-memory data, he reports. 

This is possible, Cody explains, 
because light interacts with the 
new compound 10 times more readi­
ly than with other garnets previ­
ously used for bubble memories. 
The interaction is called Faraday 
rotation. 

To detect bubbles optically, it's 
necessary to shine a polarized light 
through the garnet material onto 
photodetectors. When bubbles move 
through the polarized beam, Fara­
day rotation causes the amount of 
light that reaches the detector to 
vary, and a change in signal is 
produced. 

Non-optical techniques-such as 
magneto-resistive--have been used 
in the past to read data out of 
bubble memories. However, these 
techniques are slow and reduce the 
inherent data-storage capacity of 
the bubble memory by as much as 
25%. Optical readout techniques 
are faster. And since the optical­
readout technique doesn't take up 
a lot of real estate, it should be 
possible to use many detectors­
which would increase the readout 
speed even more. 

AF data link to use 
time~shared system 

A time-shared, X-band data­
communication system that allows 
several thousand users to. send, 
receive or share information simul­
taneously-but doesn't require any 
message center or switching facili­
ty-is under development by the 
Air Force. 

"Information is not switched 
from point to point, like in conven­
tional communications systems," 
explains Lt. Col. K. H. Krunlund, 
project officer at the Air Force 
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Electronic Systems Div. in Bed­
ford, Mass. Instead, he says, the 
individual message data bits are 
broadcast one after another in a 
periodic sequence of time slots. 
Every station receives all the data, 
but the receiver selects only the 
data addressed to it. 

Known as the Seek-Bus pro­
gram, a prototype was tested suc­
cessfully in recent military air ex­
ercises in Europe and on the West 
Coast, according to Colonel Krun­
lund. 

Each user's Seek-Bus equipment 
is synchronized to operate with all 
other elements in the system on 
an exact time schedule. Every sec­
ond is divided into more than 1200 
time slots, and each user is allo­
cated as many time slots as he 
requires. 

"For example," Krunlund says, 
"a flying radar station would be 
given enough time slots to report 
the position, speed, heading and 
identity of all aircraft which it is 
capable of detecting." 

The number of Seek-Bus sub­
scribers is limited only by the num­
ber of time slots available and by 
the user access rate. There is no 
limit on the number of receivers. 
The access rate to the system lies 
anywhere between once every 8 ms 
and once every 12.8 minutes. 

The system has features to en­
sure that command and control 
messages are processed only by the 
addressed receiver. 

Users beyond the line of sight 
can be connected by an airborne 
relay. Any aircraft or ground unit 
equipped with a terminal can per­
form the relay task without added 
equipment. 

Medium-scale computer 
announced by Univac 

A medium-scale, general-purpose 
computer has been introduced by 
Univac. Called the 90/ 60, the proc­
essor has an instruction rate that 
is 60 % higher than the .IBM 
370/ 135 but costs 6 to 16% less, 
according to Univac. 

The new computer uses semi­
conductor memories, which repre­
sent Univac's complete switch 
from plated-wire to solid-state 
technology. 

The main memory of the 90/60 
is a MOS-made with 1-k RAMs-
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that operates in a byte-oriented 
mode. Access occurs with a cycle 
rate of 600 ns for each full word 
(four bytes ) . A writeable control 
store (microprogram) implements 
each computer instruction and al­
lows emulation of selected Univac 
and IBM machines. Memory size 
is ·expandable from the initial 131-
k bytes to 262 in 32-k steps. 

The processor's I / 0 structure in­
cludes a byte-multiplexer channel 
that can operate at raites up to 175-
k bytes and up to three selector 
channels (for block-data) with 
1.1-M byte/s throughputs. And up 
to 30 phone lines-a capacity of 
about 100 CRT terminals-can be 
supported with an external con­
troller. 

The computer handles Univac's 
full peripheral line, which includes 
119-M byte disc drives with 30-ms 
access time. The byte orientation 
provides compatibility with most 
data formats. 

Acoustic-wave filters 
studied for TV use 

Surface acoustic-wave filters are' 
fast approaching the point where 
they will be used in common, band­
pass applications instead of the 
discrete-element filters now used, 
according to Roger H. Tancrell, 
principal research scientist at Ray­
theon Research Div., Waltham, 
Mass. A number of laboratories are 
working toward this goal, Tancrell 
says, including Zenith and other 
TV companies that plan to use 
lithium niobate acoustic-wave fil­
ters for the i-f stages. The prob­
lems in producing filters like this 
were described by Tancrell this 
week at an IEEE Ultrasonics 
Symposium, held at the Naval Post­
graduate School, Monterey, Calif. 

In a paper on "Design Considera­
tions for Surface Acoustic Wave 
Filters," Tancrell said: "The range 
we're interested in lies between 
0.1 % to a 30 or 40 % bandwidth, 
with a center frequency from 10 
MHz to as high as 800 MHz." 

The latter frequency, he pointed 
out, is still fairly experimental, 
whereas the lower-frequency de­
vices are close to mass production. 
To illustrate the acoustic surface­
wave filter design, Tancrell cited 
a filter centered at 50 MHz with a 
17% bandwidth. 

"The principal problem in this 
type of filter," he noted, "is to 
keep the ripple in the bandpass as 
low as possible. While we've been 
able to get the ripple down to ±0.2 
dB, a number of · adverse factors 
have to be overcome. These include 
triple-transit echo and reflections 
from the edges of the me.talization 
pattern. 

"Triple-transit echo," he ex­
plained, "is due to reflections 
bouncing back and forth between 
the input and output transducers. 
A principal means of reducing this 
echo was the specific use of some 
22 dB of insertion loss in the filter 
design. This loss was obtained by 
using a multistrip coupler between 
the two transducers as well as de­
liberately mismatching the input 
impedance of the device. 

"Reflections off the edges of the 
metalization pattern were mini­
mized by splitting the electrodes in 
the transducer, thus changing its 
mechanical resonance. 

A novel use of mass-producible, 
acoustic surface-wave filters was 
reported by Paul H. Carr, chief of 
the microwave acoustics branch of 
the Air Force Cambridge Research 
Laboratories, Bedford, Mass. He 
described the use of 21 filters on a 
2-cm-long-by-9/10-cm-wide lithium 
tantalate slab as a narrowband fil­
ter bank. 

Carr explained that for the syn­
thesizers, a comb of frequencies 
ranging between 520 and 650 MHz, 
with 5.3 MHz between individual 
frequencies, was generated from a 
quartz oscillator. 

"In our case," he said, "21 dis­
crete outputs are selected by the 
acoustic filter. The very small, 
surface-wave filter size as well as 
the fact that it can be reproduced 
by standard photolithic techniques, 
makes the device unique." 

"Based upon our experiments," 
Carr explained, "we can eventually 
double the frequency of the device .. 
To do this, we 'al'e now investigat­
ing thin films of aluminum nitride 
on sapphire, which has roughly 
twice the velocity of lithium tan­
talate. 

"In developing the Synthesizer 
filter, a basic problem-that of re­
flections from the hundreds of 
lines on the filter-was overcome 
by a technique of "line thinning. 
"We omitted transducer lines in 
a regu1ar pattern," he explained. 
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The Tektronix 
programmable 
calculator! 
At $2,850, itS a 
natural! 
If you know the math language, 
you're ready to program our 
Model 31. No computer language 
is needed ... that's how natural it is! 
It lets you write the way you think. 
Sequentials stay the same. 

It's powerful! A problem-solver 
close at hand. You have over 30 
math functions built into our 
keyboard. Plus 24 more keys and an 
exclusive plug-in PROM for 
functions you define. The 31 's 
memory is expandable up to 8, 192 
program steps and 1,010 data 
registers. And it interfaces with 
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peripherals ... including our 4010 
graphic terminal. That's power. 

It's much less expensive. We think 
when you compare our31 (or our 
21, at $1,850!) in price and function, 
you'll decide to own a Tektronix 
programmable calculator. 

Prices do not include silent alpha­
numeric printer ($700-TEK 31; 
$450-TEK 21) and additional 
memory. The next step is to send 
this coupon to Dwain Quandt at 
P.O. Box 500, Beaverton, Oregon 
97005. Dwain will send you our 16-
page brochure and a free demon­
stration, naturally, if you like. 

,. . ,. 
, .. 

-----------1 am In the market for a calculator within 
D 30 days D 60 days 090 days or more 

I would like to have a sales engineer call D Yes D No 

My professional activity IS--------~ 

Calculators I am considering are _______ _, 

Name 

Title Fi rm 

Address 

City State Zip 

Please add me to your malling list ______ __, ------------TEKTRONIX® -



Just a few reasons why we're 

30 

That's right. We've got the largest selection of LED's anywhere, just 
waiting to fit into one of your clever application plans. All our GaAsLITE light 

emitting diodes are versatile and many work for practically nothing (like the MV54 @ lOC 
apiece in quantities of 100,000). And they're more than prepared to put 

most conventional lamps out of the picture-from auto dashboards and appliances 
to computer panels and test instruments. Check into our broad line, 

now. We've got an LED that's just right for your next application. 
GaAsLITES are in stock, worldwide, at a distributor near you. 

Ask for the LED's with the reputation for outstanding quality. 
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first in Light Emitting Diodes. 
· Putting innovation to work. 

Monsanto Commercial Products Co. Electronic Special Products 
10131 Bubb Road, Cupertino, CA. 95104 (408) 257-2140 
A unit of Monsanto Company Monsanto 
EASTERN HAMILTON/ AVNET. Atlanta . GA (404) 448-0800 Baltimore. MO (301) 796-5000 Boston. MA (617) 273-2120 Cedar Grove. NJ (201) 239-0800 Long Island. NY (516) 333-5800 M1am1, FL (305) 925-5401 
Mount Laurel , NJ (609) 234-2133 Syracuse. NY (315) 437-2642 KIERULFF ELECTRONICS, Gaithersburg, MD (301) 948-0250 H1cksv1lle. N Y (516) 433-5530 Rutherford , NJ (201) 935-2120 Paoli , PA (215) 
64 7-2612 Needham Heights. MA (61 7) 449-3600 SCHWEBER ELECTRONICS. Atlanta . GA (404) 449-91 70 Rockville. MD (30 I} 881 -2970 Hollywood. Fl (305) 927-0511 Raleigh . NC (919) 832-8881 Rochester, NY 
(716) 328-4180 Westbury, NV (516) 334-7474 Somerset , NJ (201) 469·6008 HAMMOND ELECTRONICS. Orlando. FL (305) 241 -6601 SEMICONDUCTOR SPECIALISTS. INC , Pittsburgh. PA (412) 781-8120. 
MIDWEST HAMILTON/AVNET. Chicago, IL (312) 678·6310 Dallas. TX (214) 638-2850 Detroit , Ml (313) 522 -4700 Houston . TX (713) 526·4661 Kansas City. MO (913) 362·3250 Minneapohs. MN (612) 854-4800 
St Louis. MO (314) 731 · 1144 HARRISON EQUIPMENT, Houston. TX (713) 224-9131 KIERULFF ELECTRONICS. Garland, TX (214) 271 -2471 SEMICONDUCTOR SPECIALISTS, INC,, Dayton. OH (513) 278·9455 
Chicago, IL (312) 279- lCXX> Detroit , Ml (313) 255-0300 Indianapolis. IN (317) 243-8271 Minneapolis. MN (612) 854 ·8842 Kansas City, MO (816) 452-3900 St Louis . MO (314) 428·6100 Dallas. TX (214) 
358· 5211 SCHWEBER ELECTRONICS. Elk Grove V1l~ge. IL (312) 593 -2740 Cedar Rapids, IA (319) 366-0774 Beachwood. OH (216) 464·2970 Troy, Ml (313} 583·9242 WESTERN ALTA ELECTRONICS, INC 
Salt Lake City, UT (801) 486-7227 ELMAR ELECTRONICS. Mountam View. CA (415) 961 ·3611 Denver, CO (303) 287·9611 . HAMILTON ELECTRO SALES. Culver City, CA (213) 870·7171 , HAMILTON/AVNET, Denver, 
CO {303) 534·1212 Mountain View, CA (415) 961 ·7000 Phoen1•. AZ (602) 269- 1391 Salt Lake City, UT (801) 262-8451 San Diego. CA (714) 279·2421 Seattle. WA (206) 624·5930. KIERULFF ELECTRONICS. 
Palo Alto. CA (415) 968-6292 Phoem•. AZ (602) 273-7331 Denver. CO (303) 343·7090 Seattle . WA (206) 763·1550 San Diego, CA (714) 278·2112 LIBERTY ELECTRONICS. Phoen••. AZ (602} 264-4438 Seattle. 
WA (206) 763-8200 El Segundo, CA (213) 322·8100. WESCO ELEC . Los Angeles, CA (213) 685·9525 WESTERN RADtO, San Diego, CA (714) 235-6571 CANADA CANADIAN DYNAMICS, LTD . Vancouver, 
8 .C (604) 325·3201 Calgary, ALB (403) 265-6500 CESCO ELECTRONICS. LTD Montreal (504) 735·551 l Ottawa (613 ) 729 5118 Toronto {416) 638· 5250 Quebec (418) 524-4641 Vancouver (604) 433-7834 
HAMILTON/ AVNET. Montreal (514) 735-6393 Ottawa (613) 725-30 71 Toronto (416) 677- 743~ SCHWEBER ELECTRONICS Toronto (416) 925-2471 SEMICONDUCTOR SPECIALISTS . Ontario (416) 678·1444 
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(news) 

Laser control system operates 
vehicles in hazardous areas 

A multichannel laser remote 
control system that can be used to 
control vehicles and other equip­
ment in hazardous locations has 
been developed by engineers at 
NASA's Langley Research Center 
in Hampton, Va. 

The system is said to be particu­
larly useful in areas where radio 
or hardwire control is unsatisfac­
tory or prohibited. It provides, for 
example, a means of remotely con­
trolling vehicles vacuuming and 
removing radioactive debris and 
waste material from nuclear en­
gine test sites. 

Tests have shown the system to 
be operational over distances great­
er than 360 feet in direct sunlight. 

The over-all system consists of a 
control station on which is mount­
ed the laser transmitter and a 
receiving station on the controlled 
vehicle. A key element in the sys-

Jim McDermott 
Eastern Editor 

FROM 
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REFLECTED 
ENERGY 
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tern, according to E. E. Burcher, 
one of the developers, is the opti­
cal "antenna" located on the ve­
hicle. To capture energy during all 
vehicle maneuvers the optical an­
tenna accepts a laser signal 
through an azimuth angle of 360°. 

This performance is provided by 
a "parabocone"-an optically pol­
ished conical surface that has a 
shape defined by rotating one leg 
of a parabola about an axis through 
the focus and perpendicular to the 
parabolic axis (see photo) . Incident 
light from any direction in a plane 
normal to the parabocone axis is 
automatically focused on a photo­
sensitive detector. 

Around the cylindrical base of 
the parabocone is a strip of 
"Scotchlite" reflecting tape. This 
reflects a portion of the laser ener­
gy-the beam is deliberately spread 
for this purpose--back to the 
transmitter and to a special track­
ing receiver that keeps the trans­
mitter pointed at the parobocone 

TO 

TUNED CIRCUITS 
SWITCHING 
CIRCUITS 

RIGHT DRIVE OFF 
MOTOR 

FORWARO ON 

RIGHT DRIVE OFF 

MOTOR 
REVERSE ON 

LEFT DRIVE 
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WIDE 
BAN> MOTOR 
Flll'ER FORWARD ON 

LEFT DRIVE OFF 

MOTOR 
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ON 

Receiving system for laser control reflects beam onto a photodetector. Five 
s ubca rrier signals between 10 and 200 kHz are ampl ified and passed on to 
tuned circuits that control the switch ing functions of motors. 
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antenna as the vehicle moves 
about. 

The laser, a 1-mW helium-neon 
unit that radiates a:t 0.6328 '{-LID, 
is amplitude modulated by sine­
wave subcarrier oscillators-one 
for each of the five command 
channels necessary to control two 
vehicle propelling motors and a 
vacuum blower. A sixth subcarrier 
channel provides a signal that is 
used in the transmitter-tracking 
receiver to keep the transmitter 
aimed at the parabocone. Six wide­
ly separated frequencies in a 10 
to 200 kHz range of the laser 
modulator allow sufficient band 
and harmonic separation. 

Receiver tracks vehicle 

The tracking receiver is mount­
ed atop the laser on a turntable 
that rotates in azimuth to follow 
the vehicle motion. The tracking 
receiver, which is boresighted with 
the laser beam, consists of a pair 

Optical antenna for a laser remote 
control system, a " parabocone," re­
ceives energy throughout 360 de­
grees. 
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Just what the doctor ordered: "Instant access" and "tell-all data" on scores 
of basic Cherry Snap-Action Switches and tens of thousands of variations. 
Complete with the unique Switch Selector-Locator that lets you choose-
in seconds!-the right snap switch for any application. Pl.us engineering 
drawings, specifications, operating characteristics and technical data. 
Plus, never-before-published "inside" information on Cherry's plant 
facilities, equipment, in-house manufacturing capabilities and worldwide 
sales offices. All in a handsome new, easy-to-use 72-page format. 
And it's yours for the asking: Just TWX 910-235-1572 . .. 
or PHONE 312-689-n02 ... and ask for Frank. 

-.. ... 
CHERRY ELECTRICAL PRODUCTS CORP. 
J609 Sunset Avenue, Waukegan, Illinois 60085 

f1¢~~~~!e•• Cherry affiliates w orldwide • Hirose Cherry Prec1s1on Co .. Ltd .. Tokyo • G. W. Engineering Pty. Ltd .. Sydney 
~ Cherry Elect rical Products (U .K.} Ltd .. St. Albans. Herts • Cherry M ikroschalter GmbH. Bayreuth, Germany 



of photomultiplier tubes with lens 
systems. 

The laser energy reflected from 
the Scotchlite tape on the parabo­
cone is split in the tracking receiv­
er by an aluminized prism that 
directs half of the reflected energy 
onto the face of each phototube. 
This receiver responds only to the 
frequency of the sixth subcarrier 
channel. 

The outputs of the phototubes 
are amplified, filtered, rectified and 
sent through a nulling circuit that 
produces a signal when any differ­
ence between the outputs occurs, 
as when the controlled vehicle 
moves. For such an unbalance, the 
tracking system output is applied 
to a de motor that rotates the 
turntable until a null position is 
attained. This keeps the transmit­
ter pointed at the moving vehicle 
antenna. To reject background 
noise a narrowband interference 
filter is employed m the tracking 
receiver. 

To make capture and control of 
the moving vehicle easy, the laser 
beam is spread to a 15-inch diam­
eter at the parabocone antenna 
location. Spreading is accomplish­
ed by using a negative lens at the 
transmitter aperture. 

The controlled vehicle station 
consists of the parabocone, a solid­
state detector, a demodulator and 
switching circuits. 

The parabocone collects energy 
from all directions. The upper sup­
port is designed for minimum ob­
scuration, while the lower cylindri­
cal section houses the electronics 
and also acts as a background-noise 
shield. 

The laser signal from the de­
tector is amplified and fed to the 
demodulator, which consists of cir­
cuits tuned to the individual (five ) 
command functions. When a volt­
age appears across one of the tuned 
circuits a field-effect transistor 
energizes a switching circuit re­
lated to that particular command 

frequency. 
The switching circuits control 

the rotation of the two de motors 
that propel the vehicle. A high de­
gree of maneuverability is obtain­
ed because both right and left 
motors may be commanded back­
ward and forward simultaneously. 

The system is fail-safe because 
the presence of a subcarrier is 
necessary to provide the driving 
function. Obstruction of the beam 
or loss of tracking halts the 
vehicle. 

Tracking response of the sys­
tem is measured by positioning the 
parabocone Scotchlite area in the 
center of the laser beam, 45 feet 
from the transmitter and adjusting 
the tracker output to zero. The 
retroflector is then moved laterally 
until the tracker follows. In the 
prototype equipment a dead-zone 
of ± 1.25 minutes of arc was 
found, that was due to relatively 
high friction in the prototype 
turntable. •• 

Mars Photo process finding earth uses 
A digital image processing and 

comparison technique, used to proc­
ess transmitted images of the sur­
face of Mars, is expected to find 
eventual application in aerial 
reconnaissance and topographic 
mapping. 

Developed by Dr. Lynn H. Quam 
of the Stanford University Arti­
ficial Intelligence Laboratory, Palo 
Alto, Calif., the technique was de­
signed to process the images trans­
mitted by Mariner 9 during its 
orbits of Mars last year. By proc­
essing two overlapping pictures of 
the same object and normalizing 
the images to remove the perspec­
tive effects of different camera 
angles and lighting, it is possible 
to digitally subtract one image 
from the other. Thus, it is pos­
sible to compare pictures of the 
same feature regardless of when 
they were taken and under differ­
ent camera and lighting conditions. 

The digitized pictures from 
Mariner 9 were submitted to the 
laboratory in the form of mag­
netic tapes which contained more 
than 50,000 elements per picture. 
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Each element consisted of a 9-bit 
word showing 512 possible gray 
shades. Each photographic frame 
consisted of an 832-by-700 element 
array. The information from up to 
500 individual frames was stored 
in two IBM 3330 disc packs. The 
actual image processing and com­
parison was done with a PDP-10 
computer. 

A display is then generated 
showing all the frames that cover 
a desired area. Two frames are 
selected that give the best cover­
age. By · using information about 
the position of the camera in re­
lation to the surface the computer 
transforms both pictures to a com­
mon scale, as though the two· pic­
tures were taken from the same 
distance and position. Because of 
uncertainties in the camera-point­
ing information, the two images 
must then be brought into regis­
tration. This is done by breaking 
the picture up into 25-by-25 ele­
ment areas, correlating the requir­
ed displacements of each element 
and finally distorting one picture 
to make it match the other. Final-

ly, one picture is subtracted from 
the other, leaving only the picture 
elements which are different. 

The new technique makes sev­
eral important contributions to 
picture processing technology. It 
permits accurate geometric regis­
tration of two images. Similar 
techniques have been used in char­
acter recognition experiments, but 
they have never been used to align 
two complex pictures. Also, normal­
izing the image illumination per­
mits pictures to be compared with­
out the confusion caused by 
different lighting levels. 

Although the technique was de­
vised for astronomical purposes, 
Dr. Quam is currently experiment­
ing with other possibilities. 

"By matching the areas of two 
parallax views of a scene, the depth 
of points in the scene can be lo­
cated rapidly, practically in real 
time," according to Quam. This 
means that by comparing two 
aerial pictures of an area, the map 
contours can be generated auto­
matically-and accurately, impor­
tant for military applications. • ·• 
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• • 
re • two-timer. 

The timer of 1001 uses. 
(Priced io low it\ measured in cents.) 

Man, did you inundate us with 
applications for the 555 single timer. 

You used it for every possible 
function from light switches to audio 

generators to RF outputs. And 
then, you often used a second 555 

to control the function you'd 
generated with the first one. 

We got the message: put two of 
these babies on one chip. Here it is 
- the 556 dual timer. Two 555's on 

a chip. Twice the product at less 
than twice the cost. 100 up: $1 .25. 

How's that for responsiveness? 
Think of what you can do. Each timer on the 556 

chip is independent, and needs only the appro­
priate values of C and R to function as a time delay, 

oscillator, pulse detector, power modulator, or what 
have you. Any kind of output you can dream up 
from one side, and the control from the other side. 
Go wild - it can become anything from a toy to a house­
hold appliance to a communications breakthrough. 

Run free or latch with external triggering . You've 
got a time span from microseconds to an hour, and 

duty cycles are adjustable from 50% 
down to 0.01%. If you're a knob 
twirler, enjoy yourself by changing 
timing at will on a 10:1 ratio. 

No sweat on power, either. Any­
where from 5 to 15 volts does the 
job, with only 1% maximum timing 
change from bottom to top. And 
what you get out will source or sink 
100mA. Temperature stability is 
instrumentation grade, 0.005%/°C. 

Intrigued? Curious? Want to try 
one for yourself? For our own 
amazement, send us any applica­

tion diagram you can think up for the 556 dual timer. 
We'll reward you with a FREE sample to tinker with. 
In timely fashion . 

CLIP THIS TO YOUR LETTERHEAD FOR FAST REPLY. 

Signettcs Linear- Dual Timer 
811 East Arques Avenue 
Sunnyvale, C81ifomia 94086 (408) 739-7700 
O Here it la, my application suggestion for the 556 universal 

dual IC timer. Shoot me out my FREE sample unit. 
D Just send me the specs and data on the 556, please. 
0 Somehow, I never got the word on the 555 single timer­

throw in some poop on that dealie, too. please. 

Name Title 

Company 

Address 

City State Zip 

!ii!JDDliC!i 
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Laser point-of-sale 
system speeds checkout 

Do you sometimes get nervous 
watching the checker ring up your 
grocery bill in the supermarket? 
Didn't she hold down 79¢ fiv!3_ 
times instead of four? 

IBM has developed a point-of­
sale system that will let a laser 
do the job without making mis­
takes-and do it faster than a 
clerk ever could. 

Using a fast, two-handed mo­
tion, a single clerk can both check 
an item-by pull ing it across a 
6.5-inch scanning window-and 
bag it at the same time. No spe­
cial alignment of the code is neces­
sary. The checker merely holds it 

A laser scans the Universal Prod uct 
Code for groceries in IBM 's point-of­
sale system for supermarket s. 

face down, and the code can be 
read on i>tems moving as fast as 
100 inches per second. 

Called the IBM 3660, the super­
market system consists of a ter­
minal that is equipped with its 
own buffered storage where scan­
ned or keyed data are entered and 
checked for accuracy before trans­
mittal to the store controller. 
When a message is received at the 
terminal, it is edited and trans­
ferred to the unit's display and 
printer .. 
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Terminal adapters are available 
for the attachment of electronic 
scales and dispensers at the check­
stand. A high degree of accuracy 
results when produce and meat are 
weighed, and when change and 
trading stamps are issued to 
customers. 

The terminal uses a two-station 
printer that produces the system's 
descriptive customer receipt and a 
summary journal tape for the 
store. Each printer position prints 
up to 30 characters with fu ll 
alphanumeric capabi lity. The jour­
nal tape is printed at 50 lines per 
minute; and the document insert 
station, which can be used to print 
information on customer checks, 
prints at 35 lines per minute. 

The comprehensive sales receipt 
is printed at 80 lines per minute 
and can contain each item's name 
or description, number, price and 
tax status, total amount due, 
amount tendered and the change 
and stamps due to the customer. 
The receipt can also contain the 
date, . time, checkstand number and 
a promotional statement custom­
ized for each store. 

A character-display panel shows 
an alphanumeric message up to 22 
characters long. During a transac­
tion, for example, when a checker 
scans a loaf of bread, the display 
will show "BREAD .42" ; thus 
visual verification of the entry is 
provided. 

The keyboard consists of a 10-
key numeric pad and 25 function 
keys. These keys are for transac­
tions in which the checker must 
enter information about items not 
marked with the grocery product 
code-for example, item or depart­
ment number, price, quantity or 
weight--as well as when the check­
er must issue a refund, handle a 
check, food stamps or coupons. 

A system that includes a termi­
nal station and a terminal control 
unit can be bought for $5800. The 
terminal station alone costs $2700 . 
The scanner wi ll cost $4000. First 
shipments are scheduled to begin 
in the third quarter of 1974. •• 
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What this country needs 
is a good $1,000 

full-scale c0111puter. 

Introducing the computer 
for everybody. NAKED MINI™/LSI. 

It's the computer for people who 
never thought they could afford a computer for 
their product. 

Ifs also for people who have always been 
able to afford more, but have always gotten less 
computer than this. 

NAKED MINI/LSI is the first OEM mini­
computer designed for widespread, multi-level 
use. The first computer able to do more jobs 
than any computer could ever do before. 

To do this, we had to give it an unheard of 
combination: extensive 16-bit computing power, 
large memory, and a small price tag. Specifically, 
NAKED MINI/LSI is the first computer pow­
ered to satisfy 90% of all potential minicomputer 
applications-and yet be priced as low as $990 
in OEM quantities of 200. And that price includes 
4K words of memory. 

Imagine it. For a price less than most 
hardwired circuitry or even a microcomputer, 

your product can benefit from a 
general purpose computer having 

powerful arithmetic capabilities, 
up to 256K 16-bit words of memory, 

both byte and word processing, and 
uniquely flexible input/output. 

Without going into all the jazzy widget 
features, let's just say that the NAKED MINI/LSI 
gives your product all the performance it 
could need to monitor, sequence, and control ef­
fectively. Which means your product will be more 
competitive, more flexible, and more immune to 
obsolescence. 

And because we used LSI technology to 
make our new computer, you can add all this clout 
simply by plugging in a single card that measures 
l"x15"x17" and weighs only 4 pounds. 

For full details on the NAKED MINI/LSI 
(or its stand-alone counterpart, ALPHA/LSI), 
write Computer Automation, Inc., 18651 Von 
Karman, Irvine, Calif. 92664. Or call: (714) 
833-8830. TWX 910-595-1767. 

The NAKED MINl™/LSI from Computer Automation. 
INFORMATION RETRIEVAL NUMBER 23 



WHEN THE 
CHIPS ARE DOWN 

WE DELIVER! 

CAPACITORS 
THAT IS 

We said it and we meant it. We're USCC/Centralab and we 
said we were preparing to meet the capacitor delivery crisis by 
substantial commitment to automated production machinery 
and facilities expansion. 

We did it, and we've got the chips to prove it - ELEVEN 
MILLION in stock, most in the following popular sizes: 
• BC - .080-+-.010 x .050-+-.010 .045 T MAX 
• BF - .100-+-.010 x .050-+-.010 .060 T MAX 
• BI - .150-+-.010 x .050-+-.010 .060 T MAX 
• DJ - .180-+-.010 x .080-+-.010 .065 T MAX 
• FH - .125-+-.010 x .095-+-.010 .065 T MAX 

We'll also deliver non stock and custom chips in not more 
than 8 to 12 weeks A.RO. 

Whether it's an immediate or future requirement, contact 
our applications engineering department now at 
(213) 843-4222, or our local representative. 

- USCC/Centralab 
Electronics Division • Globe-Union. Inc. 

2151 North Lincoln Street • Burbank, California 91504 
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LEDs check transient 
response of sensors 

The light output from a LED 
array is used in a new test sys­
•tem for measuring the transient 
response of sensors such as charge­
coupled devices, and television 
camera tubes. 

The fast response of the LEDs 
-in the order of a few nanosec­
onds-allows a single horizontal 
line of a TV tube to be checked, 
according to James M. Moore, sys­
tem designer. In the test setup, 
the camera is focused on the out­
put of the LED array. 

Developed at the Na val Air De­
velopment Center, Warminster, 
Pa., the system is used to check 
the transient response, or lag, of 
TV tubes, which has an important 
effect on the dynamic resolution 
and image quality. 

Previous equipment built for 
this purpose has been cumbersome 
and somewhat unreliable, says 
Moore. Such data, he notes, is nor­
mally obtained from the video 
waveform displayed on an oscillo­
scope and covers one or more fields 
at a time. The accuracy of this 
data is limited by distortion of the 
waveform due to preamplifier 
noise, 60-Hz hum and shading and 
shifting of the clamping levels. 

4f1.S 

u 
Ho-----

2MS 
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DELAY CIRCUIT 

TRIGGER PULSE 
CIRCUIT 

JL 

Several desirable features are 
incorporated in the new equip­
ment: 

• The on and off periods of the 
LEDs are independently adjust­
able. Long periods are provided to 
check for tube hysteresis and over­
load recovery. 

• A method of measuring lag as 
a function of position on the 
raster is incorporated. 

• Special triggering signals are 
generated to provide stable, re­
petitive waveforms on the oscillo­
scope. A triggering function is in­
cluded that permits the selection 
of any single line for viewing, 
thereby obtaining a high degree of 
accuracy in measuring the data. 

• A means for presenting the 
total buildup and decay lag is de­
signed into the equipment. 

• The driving pulses for the 
LEDs are adjustable in magnitude 
to permit measuring tube output 
levels over the operating range of 
the tube. 

A delay circuit provides the main 
timing pulses for the unit. A verti­
cal sweep drive input initiates a 
gate that allows programmable 
counters to count the number of 
horizontal drive pulses. • • 

COUNT FROM 1-262 
HORIZONTAL LINES 

Li 
4f1.s TURN ON /TURN OFF 

CIRCUIT 

ON OR OFF FROM 

nn ~FRAMES 
ON OR OFF FROM ON O~F J 
I TO 99 FRAMES nn 

......--....._----, ON 

LED DRIVER CIRCUIT 

Horizontal and vertical drive signals control the circuits of the tester for 
measuring lag in TV camera tubes and other image devices. The output of a 
LED array is pulsed to provide a fast light source for the camera. 
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WE DELIVER! 

CAPACITORS 
THAT IS 

REPRESENTATIVES 

ALASKA 

USCC/Centralab 
(213) 843-4222 

ARIZONA 
Jarko Associates 
(602) 966-3020 

CALIFORNIA (Northern) 
Cal-Tronix 
( 408) 296-1366 

CALIFORNIA (Southern) 
USCC/Centralab 
(213) 843-4222 

COLORADO 
Electro-Rep, Inc. 
(303) 7 44-2821 

HAWAII 
USCC/Centralab 
(213) 843-4222 

IDAHO 
H. S. Thorpe Company 
(206) 454-0667 

MONTANA 
USCC/Centralab 
(213) 843-4222 

NEVADA (Clark County only) 
Jarko Associates 
(602) 966-3020 

NEVADA 
USCC/Centralab 
(213) 843-4222 

NEW MEXICO 
Electro-Rep, Inc. 
(505) 256-1749 

OREGON 
H. S. Thorpe Company 
(206) 454-0667 

UTAH 
Electro-Rep, Inc. 
(303) 744-2821 

WASHINGTON 
H. S. Thorpe Company 
(206) 454-0667 

WYOMING 
Electro-Rep, Inc . 
(303) 744-2821 

- ~~~~!.~~~~~~n·~b \...•..J 
2151 North Lincoln Street • Burbank. California 91504 
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Oak ~resents a short course 
in keyboard switch selection 
you can't afford to miss. 
Our course could be called "Basic Economics in Keyboard Switch Design." 
It sums up more than 40 years of leadership in switch design and manufacture 
at Oak. Take a look at our course: 

At the top: the Oak Series 400 Standard Keyboard 
Switch. It's what you're looking for if you want 
economy plus reliability. Millions are in use today 
in every kind of keyboard application. 
And our Series 475 Compac.t Keyboard Switches 
(bottom) are about the shortest premium quality 
units you can buy. And, like the Series 400, they're 
ultra-reliable and economical. 

Next subject: Oak Series 415 Low-Profile Keyboard 
Switches designed for calculators, security devices 
and data entry equipment. Note the streamlined 
silhouette. Select colors, custom caps and legends, 
%" or %", single and double keys to fit your needs 
exactly. 

llAI~ hul11~tri~~ hit:. 
SWITCH DIVISION/ cRVSTAL LAKE, 1LL1No1s 60014 
TELEPHONE : eis. 4 59 . 5 000 • TWX : gio. 634. 3 3 5 3 • TELE X ; 7 2. 2447 

We make so many types and sizes, you can specify 
Oak across the keyboard. Call on us for complete 
assemblies to your specifications or standard key­
pads. The most frequently used 10, 12 or 16 button 
arrays are stocked in quantity by Oak distributors. 

We can say that because our automated manufac­
turing and test equipment ensures quality. And we 
design our keyboard switches with the operator 
feel , reliability, and economy it takes for such 
applications as data terminals, calculators, business 
machines, and more. 
That's it. Just be sure to follow up on what you've 
learned. Write for Oak Keyboard Bulletins. 
Class dismissed. 
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Who to call 
for fast 
delivery on 
Oak 
Keyboard 
Switches 

Oak Series 400 and Series 415 Key­
board Switches are available from a 
distributor near you. He'll supply your 
desired quantities and ship standard 10, 
12 and 16-button keypads as well. It's 
the way to get Oak quality switches fast I 

DEMAMBRO ELECTRONICS 
MASSACHUSETTS, Boston . ...... (617) 787-1200 

DRW 
MASSACHUSETTS, Watertown .. .. (617) 923-1900 
NEW YORK. Farmingdale .. . ...... (516) 249-2660 

EDMAR ELECTRONICS 
ILLINOIS. OesPlaines ... . .... .... (312) 298-8580 

FEDERATED PURCHASER 
NEW JERSEY. Springfield ........ (201) 376-8900 

GRAHAM ELECTRONICS 
INOIANA, Indianapolis ... . . . ..... (317) 634-8486 

G. S. MARSHALL 
ALL BRANCH LOCATIONS-HOME OFFICE : 

CALIFORNIA. El Monte .. . ..... . . (213-686-1500) 

HALL-MARK 
ALL BRANCH LOCATIONS-HOME OFFICE : 

TEXAS, Dallas .... .... .... . .. . . (214-231-6111) 

HERBACH & RADEMAN 
PENNSYLVANIA, Philadelphia ..... (215) 426-1700 

INDUSTRIAL COMPONENTS 
MINNESOTA, Minneapolis .. . . .... (612) 831-2666 

MILGRAY/WASHINGTON 
MARYLAND, Hyattsville .. . ...... (301) 864-1111 

OHM/ELECTRONICS 
ILLINOIS, Palatine ...•.......... (312) 359-5500 

RADAR ELECTRIC CO. 
WASHINGTON. Seattle ........ .. (206) 282-2511 

SCHOMBURG SALES 
NEW YORK. Rochester . . ... . .•... (716) 244-0920 

SOLID STATE ELECTRONICS 
TEXAS, Dallas . ....... . ........ . (214) 352-2601 

llAI~ huh1~trie~ hie. 
SWITCH OIVISION / cRVSTAL LAKE, ILL1No1s eoo14 
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Energy meter improves 
aircraft performance 

A new type of electronic air­
craft instrument called an energy 
meter has been developed for use 
in high-performance aircraft. The 
instrument promises to substantial­
ly improve a pilot's flight effi­
ciency and aircraft performance. 

Developed by Honeywell, Inc., 
Minneapolis, Minn., the device pro­
vides the pilot with new param­
eters that have not been directly 
monitored before in flight opera­
tions. These parameters are: the 
potential energy of the aircraft due 
to its height above ground, and 
the rate at which the aircraft's 
potential energy is being ex­
changed with kinetic energy during 
climbs, dives or turns. 

Use of this meter permits the 
pilot to rapidly and accurately set 
up optimum flight conditions for a 
variety of maneuvers, including: 

• A minimum-time climb to a 
given altitude. 

• A minimum use of fuel dur­
ing a climb or during a mission. 

• A minimum loss of energy 
during turns. 

The meter is packaged in a 
standard 3-1/8-inch panel-instru­
ment case and is solid state, ac­
cording to Nelson R. Zagalsky, 
project program manager. Both 
thick and thin-film circuits were 
investigated, but lowest cost and 
minimum design time was provided 
with the thick-film circuitry. 

Nine printed-circuit cards plus 
two needle-driving servos are com­
bined in the instrument, Zagalsky 
explains. 

Two energies are computed and 
displayed in the energy meter: spe­
cific total energy (outside scale) 
and the rate of energy exchange 
(inner scale ). The dynamic ranges 
of the scales were selected by 
analysis and simulation in F-4J 
aircraft. 

The dial and servo assembly use 
three of the nine PC cards con­
sisting of an unregulated power 
supply, a transformer and motor 
mounting plate and an interconnect 
card. The latter mates with the 
first of a series of six PC cards 

containing the analog computer 
circuits. These cards include the 
following: de inverter supply and 
voltage regulators for positive and 
negative supplies; true-airspeed 
squaring circuit and instrument 
servo drivers; energy rate compu­
tation, including angle of attack 
sine and cosine function genera­
tion; angle of attack and alti­
tude interfaces; and true airspeed 

Adjustments are being made to 
Honeywell energy meter by Nelson 
Zagalsky, program manager of in· 
strument development. 

and accelerometer interfaces. 
There is some initial concern re­

garding the signal-to-noise ratios 
that could be expected in the ac­
celerometer outputs. But the initial 
flight test results indicated that 
additional filtering was not needed 
and also verified the suitability of 
equations. 

The initial investigation of the 
energy meter concept was funded 
by Honeywell's Internal Invest­
ment Program for the development 
of new ideas. • • 
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Ten-year chemical battery could 
power future heart pacemakers 

The answer to the problem of 
providing a long-life power source 
for heart pacemakers lies in the 
chemical battery and not in nu­
clear power or even rechargeable 
cells. 

This is the finding of Arthur M. 
Bueche, vice president for re­
search and development at the Gen­
eral Electric Research and De­
velopment Center in Syracuse, 
N.Y. 

The most promising answer to 
this old and vital problem, he says, 
is a sodium-bromine battery the 
company is developing that will 
operate continuously for 10 years. 
The battery is already being test­
ed by GE in animals and will ulti­
mately be implanted in humans. 

Besides lasting as long as nu­
clear batteries do, and without the 
hazard associated with radioac­
tivity, the chemical battery is ex­
pected to be "a fraction of the cost 
of nuclear pacemakers, which are 

now estimated to be $4800," GE 
says. 

The sodium-bromine battery is 
only half the size and a quarter 
the weight of mercury-zinc chemi­
cal cells now used to power con­
ventional pacemakers, which have 
to be replaced every 24 to 36 
months. In addition its volt­
age (3 .6 V) is nearly three times 
that developed by mercury-zinc 
cells. 

The sodium-bromine battery is 
the size of five stacked fifty-cent 
pieces ( 1.25 inches in diameter and 
3/8 inch high), and weighs about 
one ounce. It consists of a bro­
mine cathode, a sodium-amalgam 
anode, and a beta alumina ceramic 
electrolyte. 

Unlike the liquid electrolyte in 
conventional batteries, the solid 
ceramic membrane prevents the 
growth of metal dendrites and 
thus prevents contact between the 
reactive materials. This eliminates 

Sodium-bromine battery for heart pacemakers has a life expectancy of 10 
years, equivalent to that predicted for nuclear sources. 
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the self-discharge and cell short­
ing that reduces the life of today's 
chemical batteries. 

Ceramic membrane a key feature 

The solid ceramic membrane, 
which is only 2 mm thick (0.008 
inch), is a key factor in the bat­
tery design, according to one of 
the developers, Fritz G. Will. Be­
sides preventing shorts, the mem­
brane prevents the formation of 
gas found in liquid electrolytes. 
Another advantage is that shelf 
life is virtually unlimited. 

When the sodium-bromine bat­
tery is used in a heart pacemaker, 
sodium ions travel through the ce­
ramic electrolyte and react with 
the bromine, forming sodium bro­
mide salt. The anode transmits 
electrons to the pacemaker, pro­
ducing electrical impulses which 
are delivered to the heart by wires 
forcing the heart to contract. 

The new cell can store as much 
as 170 watt-hours of energy per 
pound, or 15 watt-hours per cubic 
inch. By comparison, the energy 
density of a mercury-zinc battery 
is about 8 watt-hours per cubic 
inch, and the nickel cadmium bat­
tery-being developed by at least 
two organizations as rechargeable 
batteries-can store 1 watt-hour 
per cubic inch. 

An estimated 50,000 to 60,000 
people in the United States use 
conventional battery-powered pace­
makers, with some 25,000 more 
expected to receive them annually. 
Conventional devices sell for 
about $1000 to $1500 including the 
required mercury-zinc battery. 

Meanwhile, GE has also an­
nounced a new pulse generator-a 
ventricular inhibited pacemaker, 
called the Sentry 75, which uses an 
improved mercury-zinc battery. 
The battery life has been length­
ened from two years to five. • • 
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Plug this High-Speed Digital Cassette 
Tiger into your punched tape system 

Fully interchangeable with 
punched tape units, this new 
P.T.E. digital cassette system 
now offers added speed, 
capacity and convenience, 
with absolutely no change in 
interface equipment or 
software programming. It can 
turn any punched tape system 
into a digital tiger! 

The Remex P.T.E. offers 
simultaneous read/write capa­
bility in a two-drive system, 
with completely asynchronous 
operation from 0 to 300 cps. 
Storage capacity is 1.6 million 
bits per cassette, the equiva­
lent of ten 130-foot punched 
tapes. 

New Remex Punched 
Tape Emulator 
boosts speed 
four times, 
storage capacity 
ten times! 

Built-in microprocessor adds 
flexibility. A microprocessor 
functions as a small computer 
in the control logic. This 
permits program stacking with 
a dial-in automatic file search, 
TTY or RS-232-C capability . 
and internal automatic tape 
duplication. It also offers 
off-line capabilities, allowing 
key-to-cassette, cassette-to­
printer, and punched tape-to­
cassette operation. 

Reliability plus convenience. 
The Remex P.T.E. assures high 
data reliability, with less than 
one error per 108 bits. Designed 
to the new proposed ANSI and 
ECMA standards, it can be 

A UN IT OF 

XLO 
® 

EX·CELL-0 CORPORATION 

used with minicomputers, data 
communications terminals, 
NC, communications and test 
equipment to enhance the per­
formance of a data system. 
Automatic tape rewind before 
unload assures maximum data 
protection. 

For details on performance 
and low price of this new 
Punched Tape Emulator, con­
tact REM EX, 1733 Alton St., 
Santa Ana, Calif. 92705. 
Call (714) 557-6860. In Europe, 
contact S.P.A. Microtecnica, 
Torino, Italy. 

We work with you! 

REM EX 



FROM DELCO, THREE 
POWER TRANSISTORS. 

We'd like to simplify your life while you 
simplify your high energy circuits. 

These three new devices are all NPN, 

TYPE VCEO 

triple diffused and packaged in Delco's solid 
copper T0-204MA packages (T0-3 to you 
old-timers) for man-sized power handling. 

DTS-708 and 709 are designed for use 

VCEV 

in high voltage switching applications-where 
inductive loads or fault conditions may be 
giving you problems now. The DTS-710 is 
ideal for linear regulators and power 
amplifiers. 

Iii 
Safe Operating Curves on the data sheets 

let you know where it's at. And our applica­
tions engineering assistance is available, too . 
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SQUARE PULSES Of THE SPECIFIED 
I--- LENGTH AT A REPETITION RATE Qf --+---+-------t--r--1 

4 PULSES PER SECOND 

I I 1
0

1 

Tc~ 75 C 

You probably know about our reputation 
for making really tough transistors-for 
high peak energy handling. You'll find we 
can deliver, too. 

All of the Delco distributors listed have 
the DTS-700 series in stock. 

Give yours a call now for the prices you'll 
like and the data you'll need. 

NOW AVAILABLE FROM THESE DISTRIBUTORS 
IN PRODUCTION QUANTITIES. 

ALABAMA, Birmingham 
Forbes Distributing Co., Inc. 
(205) 251-4104 

CALIFORNIA, Goleta 
Radio Products Sales, Inc. 
(805) 964-4764 

0 .01 ALABAMA, Huntsville CALIFORNIA, Los Angeles 
Kierulff Electronics, Inc. 
(213) 685-5511 

10 100 600 Powell Electronics 
COLLECTOR-EMITTER VOLTAGE (volts) (205) 539-2731 

SAFE OPERATING 
CURVES 

ARIZONA, Phoenix 
Sterling Electronics, Inc. 
(602) 258-4531 

CALIFORNIA, Los Angeles 
Radio Products Sales, Inc. 
(213) 748-1271 
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NEW 900·YOLT SILICON 

VCEO(sus) IC = lA 

600V 

600V 

600V 

CALIFORNIA, Palo Alto 
Kierulff Electronics, Inc. 
(415) 968-6292 

CALIFORNIA, Sunnyvale 
Cramer/San Francisco 
(408) 739-3011 

CALIFORNIA, San Diego 
Kierulff Electronics, Inc. 
(714) 278-2112 

CALIFORNIA, San Diego 
Radio Products Sales, Inc. 
(714) 292-5611 

COLORADO, Denver 
Cramer I Denver 
(303) 758-2100 

CONNECTICUT, Norwalk 
Harvey /Connecticut 
(203) 853-1515 

FLORIDA, Miami Springs 
Powell Electronics/Florida 
(305) 592-3260 

FLORIDA, Orlando 
Powell Electronics/Florida 
(305) 859-1450 

ILLINOIS, Rosemont 
Kierulff Electronics, Inc. 
(312) 678-8560 

ILLINOIS, Skokie 
Bell Industries 
Electronics Distributors Div. 
(312) 282-5400 

INDIANA, Indianapolis 
Graham Electronics Supply, Inc. 
(317) 634-8202 

MARYLAND, Baltimore 
Radio Electric Service Co. 
(301) 823-0070 

MASSACHUSETTS, 
Needham Heights 
Kierulff Electronics, Inc. 
(617) 449-3600 

VCE(sat) 

2 .0V 

(IC = 1 A, IB = 250mA) 

l.OV 

(IC = 2A, IB = 800mA) 

-

MASSACHUSETTS, Newton 
The Greene-Shaw Co., Inc. 
(617) 969-8900 

MICHIGAN, Farmin ;ton 
Harvey/Michigan 
(313) 477-1650 

MINNESOTA, Minneapolis 
Stark Electronics Supply Co. 
(612) 332-1325 

MISSOURI, Kansas City 
Walters Radio Supply, Inc. 
(816) 531-7015 

MISSOURI, North Kansas City 
LCOMP-Kansas City 
(816) 221-2400 

MISSOURI, St. Louis 
LCOMP-St. Louis 
(314) 647-5505 

NEW JERSEY, Clifton 
Wilshire Electronics/New Jersey 
(201) 365-2600 (212) 244-8930 

NEW YORK, Binghamton 
Harvey/Federal 
(607) 748-8211 

NEW YORK, East Syracuse 
Cramer/Syracuse 
(315) 437-6671 

NEW YORK, Rochester 
Cramer I Rochester 
(716) 275-0300 

NEW YORK, Woodbury 
Harvey/New York 
(516) 921-8700 (212) 895-9260 

OHIO, Cincinnati 
United Radio, Inc. 
(513) 761 -4030 

OHIO, Cleve!and 
Pattison Supply Co. 
Industrial Electronics Division 
(216) 441 -3000 

hFE Min/Max 

-

-

10/50 

OHIO, Dayton 
Kierulff Electronics, Inc. 
(513) 278-9411 

PENNSYLVANIA, Philadelphia 
Almo Electronics 
(215) 676-6000 

PENNSYLVANIA, Pittsburgh 
RPC Electronics 
(412) 782-3770 

SOUTH CAROLINA, Columbia 
Dixie Radio Supply Co., Inc. 
(803) 253-5333 

TEXAS, Dallas 
Adleta Electronics Company 
(214) 741-3151 

TEXAS, Fort Worth 
Adleta Electronics Company 
(817) 336-7446 

TEXAS, Garland 
Kierulff Electronics, Inc. 
(214) 271 -2471 

TEXAS, Houston 
Harrison Equipment Co., Inc. 
(713) 224-9131 
UTAH, Salt Lake City 
Cramer/Utah 
(801) 487-3681 

Delco 
Electronics 

IC 

3A 

3A 

3A 

VIRGINIA, Richmond 
Meridian Electronics, Inc. 
(703) 353-6648 

WASHINGTON, Seattle 
Kierulff Electronics, Inc. 
(206) 763-1550 

IN CANADA 
ONTARIO, Scarborough 
Lake Engineering Co., Ltd. 
(416) 751-5980 

ALL OVERSEAS INQUIRIES: 
General Motors Overseas Operations 
Power and Industrial Products Dept., 
767 Fifth Avenue, New York, N.Y. 
10022. Phone: (212)-486-3723. 

Delco Electronics 
Regional Sales Offices 
Union, New Je;sey 07083 
Box 1018 Chestnut Station 
(201) 687-3770 

El Segundo, California 90245 
354 Coral Circle 
(213) 640-0443 

General Sales Office 
700 E. Firmin, Kokomo, Ind. 46901 
(317) 459-2175 
Operator (317) 457-8461 

Delco Electronics, Division of General Motors. 
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The 
GI 

book club 

Here's a book 
club for capacitor 
guys. Almost everything 
you want to know about capacitors. 
Types. Specifications. Cross references. 
A real "how to" manual in an easy-to-use 
three ring binder. A binder we register 
in your name and periodically 
update. It's not a club for 
everybody, but if you're a qualified 
capacitor guy, membership is yours 
for the asking. From General 
Instrument ... the people who wrote 
the book on capacitors. Capacitor 
Division, General Instrument Corporation, 
165 Front Street, Chicopee, MA 01014. 
Phone (413) 594-4781. 

l[l~ ,[ ~ 
the capacitor company 

Off the shelf delivery from Miconics/G.I. distributors coast to coast. 
Call (N.Y.) 212/361-2266 or (Calif.) 213/769-6782 for the name of the distributor nearest you. 
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washington 
report 

Mideast war may block defense cuts 

Heather M. David 
Washington Bureau 

As the U.S.-Soviet detente strains under pressure of the Mideast war, 
there is less talk on Capitol Hill of massive cuts of the defense budget 
by the Appropriations Committees. The committees are getting ready to 
act on the appropriations bill now that the conferees of the House and 
Senate Armed Service Committees have reported a military authorization 
bill totalling $21,299,520,000 covering procurement and R&D funding. 
The bill includes almost the full funding requested by the Defense Dept. 
for the F-14 ($693.1-million) and F-15 ($918.5-million) fighter aircraft 
program. 

The conferees voted to cut the $8.5-billion R&D budget by $363-million. 
As part of that funding they voted $13.5-million for a start on a reorient­
ed, three-service strategic cruise missile program. This would permit 
development of components and subsystems, including terrain contour­
matching guidance. 

The conferees also approved $135-million for a prototype antiballistic 
missile system for Minuteman sites and $5-million for improvements on 
the Maverick air-to-.ground missile. Of the missile money $3-million is 
to be spent to adapt for Maverick the laser seeker developed for the 
Bulldog missile and $2-million for further improvements on Maverick's 
TV guidance system. Maverick will have two distinct guidance systems. 

B-1 employment protected by Congress 
Congress has voted special protection against the firing of Rockwell 

International employees who are working on the B-1 bomber program. 
The brunt of a $25-million reduction that Congress made in the B-1 pro­
gram, therefore, will be borne by electronics contractors and subcontrac­
tors. The bill stipulated that the reduction be achieved partly by a delay 
in the award of a contract for defensive avionics and partly by a reduction 
in the effort on offensive electronics. 

White House organizes Federal communications 
Industry should get some beneficial fallout in the form of better design 

and market planning information in the Government communications 
field as a result of a plan by the White House Office of Telecommunica­
tions Policy to tighten the management of Government communications 
systems. 

The plan calls for long-range planning (annual and five-year programs) 
and for management of specific functions by experts in the field. For 
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example, the Defense Dept. has responsibility for the national security 
of all Government communications systems. Transportation involved in 
Government communications will be the responsibility of the Transpor­
tation Dept., and environment, that of the Dept. of Commerce, law en­
forcement by the Justice Dept., and Government administrative com­
munications by the General Services Administration. 

OTP hopes that supervision by categories by agencies with experience 
in the particular field will eventually trim 20 % from the annual $6-billion 
spent for Government communications. 

Air Force looking for cheap missile 
The Air Force plans to develop a new dog-fight air-to-air missile, 

guidance system unspecified. One thing the Air Force does specify, how­
ever, is that it will be cheap, the exact figure to be in black and white in 
the design contract. The contractor who wins the award will design, de­
velop, fabricate and flight test 30 missiles-extensively-before the 
service will consider production. 

Capital Capsules: The Defense Dept. is proposing an amendment to the Armed Service 
Procurement Regulations to protect contractors who use software develop­
ed at company expense in a subsequent Government contract. The pro­
posed regulation recognizes thi't software is "much more easily dupli­
cated than hardware" and present rules do not afford adequate protection 
to contractors .... Fairchild Industries vice president Dr. Wernher vqn 
Braun told the Senate Space Committee that NASA's move out of thtl 
communications satellite field was a bad one. This, he said, could "giv.:e 
the game back to the established monopolies, who, in view of their vast 
investments in old fashioned wire communications, never had much of 
an incentive to explore the satellite potential in the first place" .... The 
National Science Foundation has awarded three contracts to industry I 
university teams to explore the feasibility of using solar energy to heat, 
cool and provide hot water for buildings. Winners are General Electric/ 
University of Pennsylvania; TRW, Inc./ Arizona State; Westinghouse 
Electric/ Colorado State University/ Carnegie-Mellon University .... The 
Senate Aeronautical and Space Sciences Committee has published a 199-
page booklet entitled "Toward a Better Tomorrow With Aeronautical 
and Space Technology." It describes applications and potential achieve­
ments for technology developed by NASA. The booklet is available from 
the committee, Room 231, Russell Senate Office Building, Washington, 
D.C. 20515 .... Another useful publication available is a ''Printer on G<>v­
ernment Contract Claims," by the Senate Small Business Committee. The 
aim is to aid small-business contractors, who accounted for $12.5-billion 
in Government procurement in 1972. Copies are available from the com­
mittee, Room 424, Russell Senate Office Building, Washington, D.C. 20515 . 
. . . The U.S. Postal Service has asked seven companies to bid on a con­
tract for development of a five-year master plan for using information 
systems technology throughout the Postal Service. Other requests for 
proposals have gone to IBM, Holmes and Narver, Inc., and Computer 
Sciences for a systems analysis of the National Bulk Mail System now 
being installed in 33 centers. . . . The Defense Dept. has asked Congress 
for $5.5-million for engineering development of two over-the-horizon back­
scatter radars--one in Maine facing east and one.in the state of Washing­
ton facing west. They will be used for aircraft detection. 
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Our microelectronic 
business has P40Wl1 
in two directions. 

So now we have 
two divisions: 

Microelectronic Device Division 
If you need help in designing or building 
microelectronic circuits for your product, read 
here. We've formed a separate division with 
separate engineering staff to serve you. 

Our product line now includes a family of 
powerful one-chip calculator and slide rule 
circuits, a multi-circuit four-bit microprocessor 
system with software for microprogramming by 
equipment manufacturers and telephone 
frequency tone generation circuits_:_all at more­
functions-per-dollar prices. 

Future developments: an 8-bit microprocessor; 
SOS-LSI logic and memory circuits with bipolar 
speeds at MOS prices; magnetic bubble domain 
devices for mass data storage; CCD devices 
for batch storage, scratchpad memories and 
video systems. 

Want to hear more? Write C. V. Kovac, Vice 
President and General Manager, Microelectronic 
Device Division, P.O. Box 3669, Anaheim, 
California 92803. 

-~- Rockwell International 

... where science gets down to business 

Microelectronic Product Division 
Interested in "private label" or custom calculators, 
or other microelectronic products? 

Read here. We've formed a separate division 
with its own engineering and manufacturing 
departments to design and produce a broadening 
line of microelectronic products and subassemblies. 

Right now, our biggest market is in calculators 
for mass merchandisers-hand held, desk top, 
display, and printing machines ... all low cost. 

Other new products? Microelectronic wrist 
watches with digital liquid crystal displays. 
Digital anti-skid systems for hydraulic brakes of 
automobiles. Subsystems for business and 
telecommunications terminals, including: our 
MOS/ LSI 4800 b/ s modem, the only one 
working in field equipment to our knowledge, 
and our embossed credit card reader for P-0-S 
systems. 

Want to hear more? Write H. L. Edge, Vice 
President and General Manager, Microelectronic 
Product Division, 3430 Miraloma A venue, 
Anaheim, California 92803. 
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Quick Permanent Repairs with Confidence. 

The 067 ends troubleshooting 
guesswork in complex TV and 
audio circuits-at a low price. 

TV and audio equipment 
servicing is outdistancing the 
capabilities of older test 
instruments. Also, greater use of 
electronics in consumer products 
(pocket calculators, microwave 
ovens, digital clocks, home 
intruder alarms, etc.) is opening 
up new service opportunities. 
Telequipment offers you the high 
performance you need in a low­
cost scope for this new 
service business. 
The 067 combines dual-trace, 
delayed sweep, and 25 MHz 
bandwidth, at a very low price. 
Non-delayed sweep scopes just 
can't compete with the D67's 
delayed sweep measurement 
flexibility . It allows quick, 
accurate troubleshooting of IF 
tuning and color bandpass 
problems. You can also see fast 
circuit conditions after relatively 
long time delays. 

If you don't require delayed sweep but need 
dual trace at 25 MHz, here 's another eco­
nomical , quality scope-the 066. Trouble­
shooting consumer digital products such as 
mini-calculators is made easier by using 
dual trace. Also a "SUM" mode with normal­
invert capability makes it possible to look at 
small signals in the presence of common 
mode noise-such as power supply hum. 

This simple to use, dual trace, 10 MHz 054 
gives you low-cost, dependable performance 
in a wide variety of applications. Like all 
Telequ ipment scopes, it is light weight, 
easy to carry and is backed by Tektronix' 
warranty and reputation for quality. Students 
shown are testing amplifier circuit by meas­
uring the gain between input and output 
signals. 

TELEQU I PM ENT 
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Dual-trace waveforms displayed 
on a bright CRT are essential for 
servicing TV and high quality 
audio systems, where time and 
phase relationships between 
signals are critical. Whatever 
the consumer's electronic 
service problem, 25 MHz is 
probably all the bandwidth you 
will need. 

Telequipment products are 
marketed and supported in the 
U.S. through the Tektronix 
network of 52 Field Offices and 35 
Service Centers. Telequipment 
prices range from $245 to $1495. 
For a Telequipment catalog, and 
a reprint of the ET /D review of 
the 067, write: Tektronix, Inc., 
Box 500, Beaverton, Oregon 
97005 

••• TEKTRONIX® 
committed ro 

reehnlcal excellence 
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Meet our new series of 
high-frequency problem solvers 

High-Performance 
VHF/UHF FET Runily 

Remember the U310? Some people 
call it the SuperFET. We introduced 
it a year ago: worst-case 75!1 input 
match VSWR of 1.25: 1. Figure of 
merit 2.35 x 109 typical. Third order 
intercept point of + 29 dBm. 

Single-bala nced active mixer- 100 dB dynamic range , 

Now we've extended the U3 l 0 
technology to produce an entire family 
of high-performance N-channel 
junction FETs. They' re ideal for 
VHF/UHF applications such as the 
two circuits shown below: 

____ .... 
_,, __ . .., __ .. _ .. -i-.··- .... - 22µ.Hy 2.2µ.Hy Vo • +20V 

Wideband amplifier-225 MHz center freq uency. 
+ 2.5 dB conversion gain.+ 32 d Bm intercept poi nt . 50-250 M H1. I d B bandwidth of 50 MH z, 24 d B gain. 

U310 family characteristics 
include: 
•High power gain (common gate)-

16 dB at 100 MHz, 11 dB at 
450 MHz. 

EJ08 
Epoxy 
T().106 V., ::: IOto - 6.0V 

r--U-JO-B --+-~~~-ct;~~ ___, 11,1!1' = 12 to 60 mA 

El09 

UJ09 

CJIO 

Ul!O 

Epoxy 
T0.106 
Metal 
T0·S2 
Epoxy 
T0·106 
Mc1al 
T0·52 

V,.=- 1.0 10-4.0 V 
lu&!I= 1210 JOmA 

v .. =-2.0 10 -6.0V 
l,..,.=241060 mA 

Applicalions 

High· frequenc y. small 
11gnalVHF orUHF 
source followers. 
amphtkrs, m1urs, or 
osc1Ua1ors 

• Noise figure = 3 dB typical at 
450 MHz. UJI 0 family dual FETs have V,., 111u. and g1• parameters ma1ched 10 10 %. 

Packages designed for cas) 1nser11on mto printed c1rcu11 boards. 

• High transconductance = 10,000 to 
20,000 µ.mhos. 

Select the right FET for your 
application from this array: 

E430 
Dual 
U430 
Dual 
E4ll 
0 ... 1 
U431 
Dual 

Epo•y 
s •. 1m 
Metal 
TQ.99 
Epoxy 
S1· IO.S 
Mc1al 
T0·99 

Vr =- l .Oto-4.0V 
l i>u= ll!o)OmA 
I r.= 10 to 20 mmho 

V1.=-2.0 10 - 6.0V 
1°'11=24to60mA 
&r. = 1010 20 mmho 

VHF/ UHF balanced 
m1xcn and cucodc 
amplifiers 

Get the complete story on this advanced high-frequency FET family . 
For application notes and technical information 

write for data 
Applications Engineering: (408) 246-8000 Ext. 802 

Silicanix incorporated 
2201 Laurelwood Road. Santa Clara, Cal ifornia 95054 

Price 
O K uni ts) 

s 0 .$7 

s 3.70 

S 0.7S 

$445 

s 0.7' 

s 4.4~ 

s 1.70 
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(editorial) 

Can designers be goaded 
to innovate? Let's try it 

The National Bureau of Standards is about 
to conduct an unusual experimental program 
that could have far-reaching effects on the 
electronics industry. The objective is to spur 
the pace of technological innovation. 

Under the Experimental Technology Incen­
tive Program, the bureau-in conjunction with 
industry-will issue periodically specifica­
tions on consumer products to stimulate 
companies to introduce product innovations. 
These specs will not be forced on industry. 
Instead, the Government-particularly the Gen­
eral Services Administration-hopes to use 
them to set bidding standards for its equipment purchases. In this way, 
instead of providing seed money to industry for product development, 
the Government hopes that the GSA's $2-billion annual purchasing budget 
will stimulate manufacturers to innovate. It is also hoped that these im­
provements will gradually move into the consumer marketplace as well 
as the export market, thereby helping the balance of payments. 

Sometime this month the NBS Institute for Applied Technology, which 
is overseeing the new program, will release the first series of production 
specs on air-conditioners and power mowers. The spocs will ask that the 
energy-efficiency ratio for air-conditioners be raised from seven times 
the cooling power per watt to 11 times. They will also ask that the power­
mower noise level be reduced from 72 to 62 decibels. Government scientists 
believe that both goals are technically feasible in the industry today. 

Manufacturers and Government officials have some valid fears about 
the program: Will the innovations make the products too expensive and 
thereby noncompetitive? Will the specs be so tight that one company 
could become the sole source of supply to the Government? How can the 
technical requirements be set so that equal competition is maintained 
among companies? 

Since the program is still experimental, the real answers to questions 
like these may not be clear for three or four years. Meanwhile why an­
ticipate abuses? Although we don't believe it's possible to legislate in­
novation, we do applaud the Government's attempt to speed technological 
improvements. In the long run we'll all benefit, if it's done right. The 
designer will be challenged to come up with new ideas, the public will get 
a better product and industry will profit. 

Managing Editor 
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How do you 
know when 
choose a power 
transistor and when 
to choose a thyristor? In 
many applications the choice 
is easy. For low power de you usually choose 
transistors, while for very-high-power applica­
tions, thyristors are most commonly selected. 
There is, however, an increasing grey area be­
tween these two extremes where the newer high 
power transistors and Darlingtons are replacing 
thyristors. At the same time low-current thy­
ristors are being used instead of power transis­
tors in many applications. 

Choosing between power transistors and thy­
ristors is only part of the problem. Once you've 
decided on one, you must select a specific device 
to use. This is not always easy, especially if you 
rely heavily on the data sheets for help. They 
don't always give the full story of device capa­
bilities, and often they are deceptive, misleading 
or ambiguous. 

JEDEC devices have problems, too 

Pay particular attention to devices registered 
by the Electronic Industries Association's Joint 
Electron Device Engineering Council (JED EC). 
Such devices are assigned 2N numbers and must 
meet a JEDEC spec, but the specs don't always 
give enough information. 

Since JEDEC is composed of representatives 
of the different semiconductor manufacturers and 
must be approved by them, its specs are neces­
sarily broad. The result is that two transistors 
from different manufacturers can have the same 
number and quite different characteristics. One 
reason for this is that the manufacturing process 
is not specified. 

And in the last few years, notes Herbert Roth, 

Jules H. Gilder 
Associate Editor 
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president of Power Designs, a power-supply 
manufacturer in Westbury, N.Y., semiconductor 
manufacturers have found a new game: Find a 
home for the overrun device. It is not unusual 
for a manufacturer to ship you, under the same 
part number, devices with chip size, geometry 
and electrical characteristics that are substan­
tially different from those of the basic device. 
A good example is the 2N3055, one of the most 
widely used power transistors. 

"It is common knowledge among semiconductor 
manufacturers," says Roth, "that the 2N3055 is 
the garbage dump for everything that falls off 
of every other line. It is not the least bit unusual 
to get chip sizes ranging from 65 mils to 240 
mils." 

Since f t is always specified as a minimum and 
never as a maximum, it can vary so widely that 
devices with the same JEDEC number will have 
completely different high-frequency characteris­
tics, even though they will be similar for low 
frequencies. 

Differences in the device characteristics are 
related to the different processes used in produc­
tion. The 2N3055 has been produced by at least 
three different methods; single-diffused, triple­
diffused and epi-base. 

The single-diffused technique was used on the 
original 2N3055 registered by RCA. It led to a 
rugged device with an excellent safe operating 
area-a measure of its power handling capability. 
Then a triple-diffused version came out, with a 
decreased safe operating area. An epi-base ver­
sion followed, and while smaller and therefore 
cheaper than the two other versions, it had a 
different high-frequency characteristic. 

Is anything being done about improving 
power-transistor spec sheets. Yes, but progress 
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is slow. After the introduction of the 2N3055, 
RCA attempted to improve the device's JEDEC 
specs by adding a spec for safe operating area. 
But there was intense resistance from other 
manufacturers and the attempt to update the 
data sheets failed. For new devices, however, 
improvements are being made. Devices now be­
ing registered have spec sheets that are much 
better than those of the older devices. These 
devices, in the 2N5000 and 2N6000 series, have 
safe-operating-area specs, data for switching 
applications, fewer typical specs and more min/ 
max. 

If you must use the older, inadequately speci­
fied devices, evaluate your application and the 
devices thoroughly. 

Look out for those deceptive specs! 

Deceptive specs often found on power semi­
conductor data sheets include unrealistic operat-

Power semiconductors come in a variety of different 
shapes and sizes. Selection of the right device require~ 

ELECTRuNIC D ES IGN 23, ove mbe r 8. 1973 

ing conditions. For example, a current or power 
rating for a device is generally given at a case 
temperature of 25 C. This is an unrealistic rat­
ing; as one user put it, the only way you can 
hold the device at that temperature is to mount 
it on the side of a battleship in the Arctic Ocean. 

Adding to the problem of semiconductor-device 
power ratings is the practice of rating diodes 
and thyristors by both average and rms current. 
A so-called 1800-A rating for such a device is 
meaningless. A device can be rated 1800 A rms 
and have only a 1100-A average rating. 

Assuming you know if the rating is average 
or rms, you've still got trouble. You will never 
be able to get the full rated current out of the 
device. 

Engineers often forget that the maximum cur­
rent, voltage and dissipation ratings may not 
correspond. Some manufacturers list these pa­
rameters separately, and when you multiply the 
maximum voltage drop by the maximum load 

that you know how these devices are processed and 
packaged as well as how they are going to be used . 
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High power thyristors, like this one from Westinghouse, 
are finding increasing use in transportation systems. 

current, you may find that the maximum allow­
able dissipation has been exceeded. The solution 
is to do some cross-checking to find out the al­
lowable load current. 

Realizing that current ratings are confusing 
to the designer, at least one manufacturer, Power 
Semiconductors, Inc., of Devon, Conn., has added 
to the traditional average and rms ratings a third 
value-usable current. This tells the engineer 
how much current he can expect under typical 
conditions of ambient temperature, coolant flow, 
practical heat sinks, conduction angles, etc. 

If you take a device with an average rating of 
1100 A and an rms rating of 1800 A, you'll find 
that the usable current is only 450 A when 
forced-air cooling is used and the air is at 50 C. 
That's a far cry from 1800 A. 

Another thing to watch out for is a spec that 
gives the operating current capability for an in­
verter device at a very low frequency-say, 60 
Hz-while at the same time the device is adver­
tised as operating at 5 to 10 kHz. The current 
looks terrific at low frequency, but wait until 
you get to the higher region. 

An ambiguity found with many power semis 
is that devices are specified at current levels 
that require larger wire sizes than the device 
terminals can accommodate. For example, many 
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devices are rated at currents that require a No. 
8 wire or larger. The terminal eyelets, however, 
can only accept No. 12 or 14 wires. 

Typical specs are anything but 

Data sheets, particularly the older ones, con­
tain typical parameter values in addition to some 
min/ max values. The designer's assumption­
and one that many manufacturers try to foster­
is that "typical" means that a majority of de­
vices in the shipment will approximate the typi­
cal value. 

The assumption may be true at times for one 
of many specific parameters. but it is decidedly 
not true for all parameters all of the time. Typi­
cal values will fluctuate with the variation in the 
intrinsic characteristics of the raw silicon wafer, 
with the thickness and parallelism of the wafer, 
and with different diffusion runs-which them­
selves depend on temperature, gas density con­
tamination level, cooling slope, etc. Another fac­
tor affecting typical values is that manufacturers 
screen out various device types from a single 
wafer diffusion. This causes a highly skewed 
distribution that will vary from one side of the 
norm to the other as different types are drawn 
from the over-all yield. It is for this reason that 
manufacturers do not guarantee that some speci­
fied percentage of the yield will be within, say, 
10 % of the so-called typical value. 

It's unwise to design for volume production 
using typical values of power semiconductors 
without allowance for the worst worst-case con­
ditions-minimum and maximum values at tem­
perature extremes. There is a serious risk of 
receiving devices that meet the letter of the spec­
ification but do not function in the system. 

Surface contamination can cause failures 

Often unexplained device failures can be at­
tributed to surface contamination. Most power 
semiconductors are made in open air instead of 
clean rooms, thus ·the junction is exposed to all 
sorts o~ dirt. Though manufacturers clean and 
passivate the chips, there is always the danger 
that passivation will seal in contaminants. The 
contaminants can degrade or even destroy the 
junction in time. 

A controversy exists as to the affect, if any, 
of surface contamination. Vendors claim that 
while contamination often occurs, it is non­
destructive. Some users, however, disagree. 

One method suggested for detecting the pres­
ence of surface contamination in a power tran­
sistor is to test the device on a curve tracer and 
bring either the base-emitter or base-collector 
junction to the point of avalanche. At that point 
the junction is stressed to its maximum potential, 
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and any stray materials or contaminants will 
tend to ionize and form leakage paths, which will 
make the avalanche breakdown characteristic 
unstable, soft or even resistive. 

Once the contaminated devices have been de­
tected, it may be wise to store them for one to 
three years. Where contamination degrades the 
junction, one user-Roth of Power Designs-has 
found, it will destroy 20 % of the junctions after 
the first year .and 10 to 15 % more in the second 
and third years. After storage, the devices should 
be inspected and the bad ones pulled out. Those. 
that show no change can be used, the assumption 
being that if the junctions haven't degraded by 
then, they're okay. 

What are the tradeoffs? 

There are numerous tradeoffs an engineer must 
make when choosing a power semiconductor. Just 
how the tradeoffs are made depends on the ap­
plication. One fundamental one is price vs per­
formance. You cannot expect to pay 50 cents 
for a high-reliability power device with burn-in 
and data logging. Other economic tradeoffs in­
clude reliability vs cost and size and weight vs 
cost. 

On the technical side there are more tradeoffs. 
Generally larger chips can handle higher maxi­
mum currents and provide greater pulse-power 
capability, but these are at the expense of larger 
capacitance and slower switching speeds. 

For thyristors, there is a tradeoff between the 
current rating, the turn-off time and the blocking 
voltage. For example, if the turn-off time of a 
thyristor is reduced from 40 ,µ,s to 10 µ,s either 
the blocking voltage rating must be decreased 
from 1200 V to 600 V for the same current or 
the current rating must be substantially reduced 
to maintain the 1200-V blocking voltage. 

A tradeoff frequently encountered in high­
power rectifiers involves junction temperature, 
current rating and the voltage rating. If the 
voltage rating is to be increased, the junction 
temperature must be derated and the current 
rating must decrease. 

Power transistor vs thyristor 

One of the big advantages of power transistors 
is that their switching characteristics are easy to 
control. Since transistor switching is controlled 
by base current, a transistor can be turned off 
simply by removal of its base -current. Silicon­
controlled rectifiers, on the other hand, require 
more complex circuitry to turn off the device. 

Another advantage of the transistor is that it 
operates at much higher frequencies than the 
thyristor and thus can provide quieter operation, 
higher efficiency and lower output ripple. In ad-
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Silicon power transistors from Unitrode come in a va­
riety of current ratings ranging from 0.5 A to 20 A. 

Disc packages, like the one used for Power Semicon­
ductors' 6000-A diode, permit double-sided cooling. 
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Thyristors that operate at 25 kHz and at a di/dt as high 
as 2000 A/ µs, are the result of recent advances in 
tech no logy. 

dition transistors have superior operating tem­
peratures and, unlike thyristors, are not subject 
to accidental turn-on by a high dv I dt. 

Power transistors are the best choice for de 
circuits that require precise control, for self­
oscillating low-power inverters and for high­
frequency pulse shapers. Also, the new high­
voltage devices are especially suitable for 
automobile ignition systems, TV deflection cir­
cuits, choppers and medium-power, high-frequen­
cy regulator and inverter circuits. 

Thyristors are generally chosen when ac phase­
control systems or control of high-power systems 
are needed. They have a much higher control 
gain than power transistors and are generally 
less susceptible to overvoltage transients. Also, 
because of the latching capability of thyristors, 
they don't require a constant gate current­
unlike transistors which require constant base 
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Darlington devices are gaining ground in applications 
formerly restricted to thyristors. Newer Darlingtons bring 
out the second base to form a 4-terminal device. 

current. In general, thyristors are superior to 
power transistors in ac applications. 

Understanding the safe operating area 

Quite often one of the most significant specs 
for power transistors-the safe operating area 
-is completely ignored. This is a family of 
curves that indicate the peak watts, at a given 
collector-to-emitter voltage, that the device can 
dissipate for some specific time, ranging from 
seconds to microseconds. 

The safe-operating-area spec is important be­
cause no matter how uniformly the junction is 
manufactured, it is possible to get nonhomogene­
ity of collector current. This lack of uniformity 
causes the collector current to flow through only 
a portion of the junction, thus creating local 
overheating. Since the thermal time constant for 
the junction is slow and the peak wattage is very 
high, one area of the junction can actually ex­
plode, thus destroying the device. 

Sometimes the peak power conditions don't 
destroy the junction; they just damage it sur­
reptitiously. This damage can be cumulative, and 
you wind up unexpectedly with reduced life for 
the device. 

Mistakes commonly made in specifying power 
semiconductors run a wide gamut. Perhaps the 
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Power modules that contain several thyristors and diodes 
in various circuit configurations are available from In­
ternational Rectifier. 

most common is overreliance on the spec sheets, 
making assumptions about parameter distribu­
tions and limits that may not be valid and failing 
to employ the product and application services 
of the manufacturer. 

Another common mistake engineers make is 
using a manufacturer's data sheet as a specifica­
tion rather than the actual operating conditions 
imposed upon the device by the circuit. 

Sometimes a designer severely limits his 
sources of supply by marking up a manufac­
turer's data sheet rather than starting from the 
external constraints placed on the device. The 
remedy: Talk to the manufacturer about your 
application and let him suggest the best device. 

Overspecification is another big problem. En­
gineers often add too much of a voltage safety 
factor without informing the manufacturer. Con­
sequently they pay dearly for an overrated de­
vice that isn't really needed. 

Suppression of voltage spikes and current 
surges is all too often neglected by designers. 
Device breakdown caused by these surges must 
be prevented to achieve reliable operation. 

The increasing demand for power commonly 
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The power transistor with the highest current capability 
is PowerTech's new 500-A device. The chip is almost 
an inch in diameter and has a voltage rating of 80 V. 

results in a need to connect devices in series and 
parallel. This calls for special device testing and 
matching to ensure proper blocking-voltage divi­
sion, and matching of turn-on delays, forward 
voltage drops, etc. 

The latest trends in power semiconductors are 
toward devices that can handle larger powers. 
These newer devices simplify circuit design and 
eliminate the need to connect devices in parallel 
for higher current or in series for higher voltage. 

The transistor with highest current capability 
will be announced this month. PowerTech, Inc., 
of Clifton, N.J., is introducing a 500-A, single­
diffused transistor intended for application in 
high-current inverters, switching regulators and 
motor controllers. The device is fabricated on a 
0.825-inch chip and has a voltage rating of 500 
A at 80 V. 

In thyristors, the device with the highest cur­
rent appears to be one developed by Power Semi­
conductors, Inc., of Devon, Conn. It is a 4000-A 
device fabricated on a 102-mm chip. Since the 
newer thyristors are handling larger power loads, 
their packages must be designed for good thermal 
dissipation. Nearly all employ the f latpack, or 
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disc, pressure package, which allows more effi­
cient double-side cooling, as contrasted with the 
single-side cooiing of threaded stud packages. 

The disc package also lends itself well to a 
variety of assemblies-series or parallel arrays 
and water or vapor-cooling techniques. 
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Need more information? 
We wish to thank the companies that pro­

vided infol'mation for this report. The products 
cited in the report have been selected for their 
illustrative, or in some cases, unique qualities. 
However, manufacturers not mentioned in the 
report may offer similar products. Readers may 
consult with the manufacturers listed here for 
further details by circling the appropriate in­
formation retrieval number. 

AEG-Telefunken Corp., 570 Sylvan Ave., Englewood Cliffs, 
N.J . 07632. (201) 568-8570. (K. Kyser) Circle No. 380 

Amperex Electronic, Solid State & Active Devices Div., 
Providence Pike, Slatersville, R.I. 02876. (401) 762-9000. 
(J. Lorea) Circle No. 381 

Ampower Semiconductor Co. , 375 Kings Hwy.. Hauppauge. 
L.1., N.Y. 11787. (516) 582-6767. (Gilbert Le<:ricie No. 
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Calvert Electronics, Inc., 220 E. 23rd St., New York, N.Y. 

10010. (212) 679-1340. (S. Pearlmutter) Circle No. 383 
Canadian Westinghouse, Box 510, Hamilton, Ontario, Canada. 

(416) 528-8811. Clrcle No. 384 
Carter Semiconductor, 374 Bayview Ave., Amityville, N.Y. 

11701. (516) 598-0660. (J. Carter, Jr.) Circle No. 385 
Centralab Semiconductor, Div. of Globe-Union, 4501 Arden 

Dr., El Monte, Calif. 91734. (213) 579-0700. \Iirc% ~~-n~~ 

Crystalonics Div., Teledyne, Inc., 147 Sherman St., Cam­
bridge, Mass. 02140. (617) 491 -1670. (T. J. Paradise) 

Circle No. 387 
Delco Electronics Div., General Motors Corp., Dept. 5146, 

700 E. Firmin St., Kokomo, Ind. 46901. (317) 459-2175. 
(Edwin Marx) Circle No. 388 

E C C Corp., 1011 Pamela Dr., Euless, Tex . 76039. (817) 
267-2601. Circle No. 389 

Electro! Co., Inc .. , 771 Spring Lane, York, Pa. 17403. (717) 
843-0242. (R. T. Dudley) Circle No. 390 

Electronic Transistors, 153-13 Northern Blvd., Flushing, N.Y. 
11354. (212) 539-6700. (M. F. Byrnes) Circle No. 391 

English Electric, England Electric House, Strand, London 
W C 2, England. Clrcle No. 392 

Erie Technological Products, 644 W. 12th St., Erie, Pa. 16512. 
(814) 453-5611. (W. R. Crotty) Circle No. 393 

Fairchild Semiconductor, 464 Ellis St., Mountain View, Calif. 
94040. (415) 962-5011. (A. Procassini) Circle No. 394 

Fansteel Inc., One Tantalum Pl., North Chicago, Ill. 60064. 
(312) 689-4900. (D. V. Caldwell) Circle No. 395 

Ferranti Ltd., Hollinwood, Lancaster, England. Circle No. 396 
Fuji Electric, 1 1-Chm Chiyoda-Ku, Marunouchi, Tokyo, Japan. 

Circle No. 397 
G E C, A E I International Ltd., Box 120, London W 1, England. 

Circle No. 398 
GTE Sylvania Inc., Electronic Systems Group, 100 First Ave., 

Waltham, Mass. 02154. (617) 890-9200. (W. V. Taylor) 
Clrcle No. 399 

General Electric, 7 Electronic Park, Syracuse, N.Y. 13201. 
(315) 456-2357. (Dave Seefeld) Circle No. 400 

General Instrument Corp., Semiconductor Products Group, 
600 W. John St., Hicksville, N.Y. 11802. (516) 733-3333. 
(Bob Brown) Circle No. 401 

General Semiconductor Industries, 230 W. 5th St., Tempe, 
Ariz. 85281. (602) 968-3101. (Dick Winters) Circle No. 402 

Hunt Electronics Co., 2617 Andjon Dr., Dallas, Tex. 75221. 
(214) 350-5571. Circle No. 403 

Hutson Industries, 2019 W. Valley View, Dallas, Tex. 75234. 
(214) 241-3511. (J. Birdsong) Circle No. 404 

ITT Semiconductors, 3301 Electronics Way, W. Palm Beach, 
Fla. 33407. (305) 842-2411. (R. Bender) Circle No. 405 

International Diode Corp., 90 Forrest St., Jersey City, N.J . 
07304. (201) 432-7151. Circle No. 406 

International Rectifier, Semiconductor Div., 233 Kansas St., 
El Segundo, Calif. 90245. (213) 678-6281. (F. Schulze) 

Circle No. 407 
Kertron , Inc., 7516 Central Industrial Dr., Riviera Beach, Fla. 

33404 .. (305) 848-9606. (George W. Reiland) Circle No. 408 
Lambda Electronics, 515 Broad Hollow Rd., Melville, N.Y. 

11746. (516) 694-4200. (J. Albers) Circle No. 409 

Another trend in power devices is toward 
faster-switching and higher-voltage monolithic 
Darlington transistors. Four terminal Darling­
ton devkes are being developed. They would 
enable the designer to customize the Darlington 
device to his needs. • • 

Lansdale Transistor & Electronics, Inc., 19 Jenkins Ave., 
Lansdale, Pa. 19446. (215) 855-9002. (L. Gana) 

Circle No. 410 
Motorola Semiconductor Products, P.O. Box 20912, Phoenix, 

Ariz. 85036. (602) 244-3466. (John R. Golaszewski) 
Circle No. 411 

Mullard Ltd., Mullard House, Torrington Pl., London W C 1, 
England. Circle No. 412 

National Electronics, A Varian Subs., Box 269, Geneva, Ill. 
60134. (312) 232-4300. (W. D. Ball) Circle No. 413 

National Semiconductor, 2900 Semiconductor Dr., Santa 
Clara, Calif. 95051. (408) 732-5000. (Gary Hess) 

INQUIRE DIRECT 
Nippon Electric/NEC America, 200 Park Ave., New York, N.Y. 

10017. (212) 661-3420. (S. Abe) Circle No. 415 
Nucleonic Products, 6660 Variel Ave., Canoga Park, Calif. 

91303. (213) 887-1010. (C. R. Kaiden) Circle No. 416 
N. V. Philips, Elcoma Div., Eindhoven, the Netherlands. 

(M. D. Hull) Circle No. 417 
Piher International Corp., 1239 Rand Rd., Des Plaines, Ill. 

60018. (312) 297-1560. (M. I. Price) Circle No. 418 
Power Physics Corp., Box 626, Eatontown, N.J . 07724. (201) 

542-1393. (V. Melin) Circle No. 419 
Power Semiconductors, Inc., 90 Munson St., Devon, Conn. 

06460. (203) 874-6747. Circle No. 420 
PowerTech, Inc., 9 Baker Ct., Clifton, N.J. 07011. (201) 478-

6205. Circle No. 421 
RCA Solid State Div., Route 202, Somerville, N.J. 08876. 

(201) 722-3200. (Walter Dennen) Circle No. 422 
RSM Sensitron Semiconductor, 221 W. Industry Ct., Deer 

Park, N.Y. 11729. (516) 586-7600. Circle No. 423 
Raytheon Semiconductor, 350 Ellis St., Mountain View, Calif. 

94040. (415) 968-9211. (E. R. Selven) Circle No. 424 
Sarkes Tarzian, Inc., Semiconductor Div., 415 N. College Ave., 

Bloomington, Ind . 47402. (812) 332-1435. (F. Lucas) 
Circle No. 425 

Semicon Inc., 10 North Ave., Burlington, Mass. 01803. (617) 
272-9015. (R. A. Irvin) Circle No. 426 

Semiconductor Specialists, Inc., P.O. Box 66125, O'Hare In· 
ternational Airport, Chicago, Ill. 60666. (312) 279-1000. 

Circle No. 427 
Semitronics Corp., 265 Canal St., New York, N.Y. 10013. 

(212) CA-6-5400. (Jerry Rizman) Circle No. 428 
Semtech Corp., 652 Mitchell Rd., Newbury Park, Calif. 91320. 

(213) 628-5392. (W. B. Krause) Circle No. 429 
Shigoto Industries, Ltd., 350 Fifth Ave., New York, N.Y. 10001. 

(212) 695-0200. (M. N . Rubin) Circle No. 430 
Siemens Corp., Components Div., 186 Wood Ave. S., lselin, 

N.J . 08830. (201) 494-1000. (D. Kobes) Circle No. 431 
Signetics Corp., 811 E. Arques Ave., Sunnyvale, Calif. 94086. 

(408) 739-7700. (Roy Twitty) INQUIRE DIRECT 
Silicon Transistor Corp., Katrina Rd ., Chelmsford, Mass. 

01824. (617) 256-3321. (Charles Carroll) Circle No. 433 
Solid Power Corp., 440 Eastern Pkwy., Farmingdale, N .Y. 

11735. (516) 694-2883. (G. A. Hildebrand) Circle No. 434 
Solid State Devices, 12741 Los Nietos Rd., Sant& Fe Springs, 

Calif. 90607. (213) 698-0529. (M. V. Rican) Circle No. 435 
Solitron Devices, Inc., 1177 Blue Heron Blvd ., Riviera Beach, 

Fla. 33404. (305) 848-4311. (J . Piazza) Circle No. 436 
Sprague Electric Co., 481 Marshall St., North Adams, Mass. 

01247. (413) 664-4411. (Sid Chertok) Circle No. 437 
Syntron Div., FMC Corp., 264 Lexington, Homer City, Pa. 

15748. (412) 479-8011. · (E. A. Kreuder) Circle No. 438 
TRW Semiconductors, 14520 Aviation Blvd., Lawndale, Calif. 

90260. (213) 679-4561. (R. Knaub) Circle No. 439 
Texas Instruments, Components Group, Box 5012., M/S 84, 

Dallas, Tex. 75222. (214) 238-3741. (Dan Garza) 
Circle No. 440 

Theta Instrument Corp., 24 Dwight Pl., Fairfield, N.J. 07006. 
(201) 227-1700. (T. Villano) Circle No. 441 

Thomson-CSF Electron Tubes, 50 Rockefeller Plaza, Dept. 916, 
New York, N .Y. 10020. (212) 489-0400. (W. McLaughlin) 

Circle No. 442 
Transitron Electronics, 168 Albion, Wakefield, Mass. 01880. 

(617) 245-4500. (Philip Stevens) Circle No. 443 
Unitrode Corp., 580 Pleasant St., Watertown, Mass. 02172. 

(617) 926-0404. (Richard E. Amsterdam) Circle No. 444 
Unitron Industries Corp., 61·1 NanKing West Rd., Taipei, 

Taiwan, Republic of China. (A. Chew) Circle No. 445 
Varo Semiconductor, Inc., Box 676, Garland, T&x. 75040. 

(214) 272-4551. (H. Hess) Circle No. 446 
Westinghouse Electric, Semiconductor Div., Youngwood, Pa. 

15697. (412) WA-5-7272. (Mauri Sardi) Circle No. 447 
Workman Electronic Products, Inc., Box 3828, Sarasota, Fla. 

33578. (813) 955-4242. (James M. Price) Circle No. 448 
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*standard unit with plain bushing and hardware, 20')1. tolerance in 
1,000 piece quantities. Prices subject to change wllhout notice. 

Type W variable resistors feature a 
solid hot molded resistance track 
for long operating life. Tests show 
less than 10% resistance change 
after 50,000 complete rotations. The 
noise level is low and the resolution 
is virtually infinite. Low inductance 
permits operation at high frequen-

cies where wirewound variable re­
sistors are useless. A lot of variable 
resistor for less than a dollar. Y2 inch 
diameter, Y2 watt rating at 70°C. Can 
be operated at 120°C ambient. The 
entire unit is immersion sealed. 
Available in resistance values from 
100 ohms to 5 megohms. Available 

If you're really 
serious about cost, 

be serious about quality. Act ual 
size 

INFORMATION RETRIEVAL NUMBER 34 

through your appointed Allen-Bradley 
Electronic Distributor, or write Allen­
Bradley Electronics Division , 1201 
S. Second St., Milwaukee, WI 53204. 
Export: Bloomfield, NJ 07003. Canada 
Allen-Bradley Canada Limited , Cam­
bridge, Ontario. United Kingdom : 
Jarrow, County Durham NE32 3EN . 

Allen-Bradley 
Milwaukee, Wisconsin 53204 
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THE QUADS THAT 
CONQUERED THE WWORLD. 

You saw the first exciting saga. 
The 7 400 series and multiple devices 

gobbled up the digital planet. 
Now comes a brand new epic 

adventure. 
National quads are taking over the 

linear world. And who can stop them? 
Low cost and greater reliability make 
the quads invincible. 

Don't miss the thrills. Don't settle 
for imitators. See the original, dynamic 
performers from National. . 

LM 3900: Tap dancing its way into 
your heart. 

Yesterday a nobody. Today a star. 
An inexpensive general purpose amp 
whose performance is different from 
the standard op amp because it makes 
use of a current mirror at input stage. 
Designed to operate off a single power 
supply and provide a large output 
voltage swing. 

All America is cheering. 
LM 324: For mature audiences only. 
A new and inexpensive quad. Bold. 

Daring. The most complex product 
in the line. Sophisticated enough to be 
used with a low voltage power supply 
and still eliminate the need for dual 
supplies. It is compatible with all forms 
of logic and can operate over wide 
voltage supplies. 

Amazing performance. 
LM 339: The comparator they said 

could never be made. 
Unbelievable, but true. The new com­

parator that's compatible with all forms 
of logic and is the only device suitable 

for interfacing with CMOS logic. More 
kudos. It's the only comparator that 
can be supplied with two millivolts guar­
anteed. It operates from a single supply 
which means it may be powered by 
batteries. 

The most versatile, high-class device 
ever to hit the big time. 

Held over for second 
smash month. 

You've read the ad, now see the 
applications book that inspired the quad 
success (the uncut version) and enter 
our super-colossal applications design 
contest-anytime before November30th. 

You could win a 4-channel sound 
system. 

Or a Zenith color television set. 
Or the Incredible Time Machine­

digital clock/calculator. 
For the book and contest particulars, 

send to National Semiconductor 
Corporation, 2900 Semiconductor Drive, 
Santa Clara, California 95051. 

Please don't reveal the ending 
of this ad. 

National wants you to be ready for 
the quads. 

So our new Seminar on Quads and 
Other Linear Devices is coming soon. 
Watch f~r it at Na1·1onal 
your neighbor-
hood National 
distributor. 

No one seated 
during the last 
ten minutes. 

... 
.... --~,~ 

National Semiconductor Corp., 2900 Semiconductor Drive, Santa Clara, Calif. 95051 : Scottsdale, Ariz. (602) 945-84 73, Mountain View, Calif. ( 415) 961 -4740, 
Sherman Oaks, Calif. (213) 783-8272,Tustin, Calif. (714) 832-8113, Miami, Fla. (305) 446-8309, Chicago, Ill. (312) 693-2660, Indianapolis, Ind. (317) 255-5822, 

Lenexa, Kan. (816) 358-8102, Glen Burnie, Md. (301) 760-5220, Burlington, Mass. (617) 273-1350, Farmington, Mich. (313) 477-0400, Minneapolis, Minn. 
(612) 888-4666, Englewood Cliffs, N.J . (201) 871 -4410, Syracuse, N.Y. (315) 455-5858, Dayton. Ohio (513) 434-0097, Dallas.Tex. (214) 233-6801 . 



Calculate large-signal behavior of rt power 
transistors using an equivalent circuit and equations that provide 
more information than can be obtained from Y or S parameters. 

A complete analysis of rf-transistor perform­
ance requires a comprehensive equivalent circuit 
and formulas for large-signal behavior. In addi­
tion to large-signal applications, the circuit and 
formulas permit calculations to determine a va­
riety of functions, ranging from precise, narrow­
band performance to a check on the accuracy of 
test measurements. 

The usual approach--calculating S parameters 
-can be used only for small-signal applications. 
And while wideband information can be obtained, 
the use of S parameters isn't suitable for the 
investigation of such problems as unwanted 
resonances. The comprehensive equivalent circuit 
oan handle all such cases. 

Most spec sheets don't list all the characteris­
tics · for the equivalent circuit, but the informa­
tion can be obtained from the device manufac­
turer or by making your own simple measure­
ments (see box "Transistor Parameters"). One 
bonus with the equivalent-circuit approach: The 
formulas are easily handled by a computer. 

The equivalent circuit 

The equivalent circuit (Fig. 1) includes three 
external components-Rb., R bc and Co-that al­
low for a wide variety of applications. 

The external base-emitter, Rb•• provides stabili­
zation in Class C amplifiers at relatively low fre­
quencies. Without this resistor, drive power and 
input resistance of the transistor may become 
negative, which would lead to instability. 

In wideband amplifiers for ssb operation, the 
collector-base feedback resistor, R bc• reduces the 
variation in gain and the input impedance. 

Cross-neutralization is accomplished in push­
pull amplifiers by two capacitors, Cn (for which 
an approximate value is Ccbi + Ccbo). At high 
frequencies this gives an increase of power gain 
and input impedance. 

The analysis is entirely ac, and the amplitude 
of the fundamental component is always used. 
The calculation begins with voltage and current 
between the internal collector and emitter points 

A. H. Hilbers and M. H. Burden, Amperex, Hicksville, · 
N.Y. 11802. 
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1. An rf·transistor equivalent circuit can be used for 
large-signal analysis or a precise determination of nar­
rowband performance. Components Rb., Rbc and C0 per­
mit the handling of a wide variety of applications. 

4 and 5 in Fig. 1. From there, the calculation is 
made outward in both directions until voltage 
and current are known at both input and output. 

When making a choice of voltage and current 
between points 4 and 5 you must distinguish 
between linear operation-as in a Class AB am­
plifier-or nonlinear-as in Class B or C. 

The linear Class AB amplifier 

In the Class AB amplifier the collector current 
source, ic, is loaded with a real impedance. This 
means that the shift between the internal col­
lector-emitter voltage, v 45 • and ic can be equal 
to 180°. For linear operation <Pis 0°. The ampli­
tude of v. 5 is approximately 10 to 20 % below 
the collector-emitter de voltage, based on lineari­
ty considerations. 

The following problem exists when the output 
power is calculated : In general, power is speci­
fied between points 8 and 0, not between 4 and 5. 
But you need the 4-to-5 power for the calculation. 

To get around this problem, begin by choosing 
the power between points 4 and 5 so that it is 
equal to the specified power. Account for the dif­
ference by a ratio of the two powers. In a sue-

ELECTRONIC DESIGN 23, November 8, 1973 



ceeding calculation use the ratio as a correction 
factor for the power between points 4 and 5. 
Generally only one iteration is sufficient to ap­
proach the desired output power to within 1 % . 

In a Class AB amplifier a positive-bias voltage 
of approximately 0.6 to 0.7 V is applied between 
base and emitter. This voltage source has, of 
course, an internal resistance also (Fig. 2). Both 
are important for the required ac voltage be­
tween points 3 and 5. 

The Class B/C amplifier 

Most Class B/ C amplifiers are of the narrow­
band, tuned type. The matching network at the 
output is chosen so that the output power, and 
consequently the gain, is maximum. The phase 
angle ·cf>, as previously defined, will certainly not 
be equal to zero. 

In this type of amplifier v. 5 takes the highest 
possible amplitude. This value depends on the 
ratio of the operating .frequency and the maxi­
mum frequency that can be handled by the tran­
sistor with reasonable gain. However v.5 is al­
ways higher than the collector-emitter de voltage. 

Transistor Parameters 
f - frequency of operation, w = 27T f. 
fT - transition frequency. Available from the 

spec sheet. Depending on the amount of 
fall-off of fT at high collector currents, 
a somewhat lower value than the maxi­
mum must be used for the_ calculation. 
Usually this will be approximately 90 % 
of the maximum fT, WT = 27T fT. 

hFE - de current gain. Given by transistor 
manufacturer. 

Rb - base resistance. Derived from Rb + R. 
measurement at 100 MHz with suitable 
impedance bridge. 

R0 - emitter resistance. Given by transistor 
manufacturer or derived from V CE rioating 
measurement. 

Re - collector series resistance. Derived from 
V cE sat measurement. 

Lb - base inductance. Available from manu-
facturer. 

L. - emitter inductance. Available from man-
ufacturer. 

L0 - collector inductance. Available from 
manufacturer. 

Cbe - base-emitter depletion capacitance. Can 
be measured at a low frequency and 
zero-volt bias. The ac measuring voltage 
has to be sufficiently small- less than 
100 mV. 

Cctirr base-emitter diffusion capacitor. Avail­
able from manufacturer. 
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This seems to be unlikely, but it isn't if we con­
sider the following phenomena: 

First, at high frequencies the harmonic con­
tent of the collector current is small. This is not 
so for the collector voltage, because of the non­
linear behavior of the collector capacitance. The 
phase of the second harmonic is such in this 
case that the amplitude of the fundamental com­
ponent will rise approximately 10 to 20 % above 
the collector supply voltage (Fig. 3). 

Secondly, at low frequencies the influence of 
the nonlinear collector capacitance is relatively 
small, because rather big external capacitors are 
used from collector to ground. The Class C ad­
justment applied in this case is, however, re­
sponsible for a strong harmonic content of the 
collector current. Since the reactance of the col­
lector-ground capacitance for the second har­
monic can certainly not be neglected, a large 
second-harmonic component in the collector volt-' 
age can be expected. In practice it appears that 
the phase angle preferred by the transistor for 
maximum gain, together with the present second 
harmonic voltage, make possible a strong in­
crease of the fundamental voltage. Measurements 

Ccbi - internal part of collector-base capaci­
tance (the part that is physically under 
the emitter) . This capacitance is a part 
of the total collector capacitance, which 
can be measured directly. The division 
must be derived from the mask draw­
ings of the transistor. 

ccbo - external part of the collector-base capac­
itance. See remark for Ccbi . 

Cce - collector-emitter capacitance. Formed by 
emitter resistance and metallization. See 
remark for c cbi· 

C. collector-stud cap ac i tan c e. Available 
from i:nanufacturer, or can be measured 
on an empty encapsulation. 

vbo - external de bias voltage between base 
and emitter. 

Rbo - de resistance in base circuit. 
cf> - phase angle between v.10 and i0 minus 

180°; thus the real loading of i0 gives 
cf> = 0. 

R35 - base-emitter internal resistance. Avail-
able from manufacturer. 

P 01 - Output power between internal collector 
and emitter (points 4 and 5). Dependent 
on output power. 

V0 - Amplitude of internal co llector-emitter 
voltage between points 4 and 5. It is 10 
to 20 % below collector-emitter de volt­
age for linear operation and 10 to 20 % 
above for Class B or C operation. 
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have shown increases of over 50 '.fo . 
Since the analysis is exclusively based on 

fundamental components, an approximate value of 
v." must be introduced. 

In a Class C amplifier negative-bias voltage be­
tween base and emitter is often applied by a base 
resistor. This, of course, influences the required 
ac voltage between the internal base and emitter 
points 3 and 5. 

Calculate power and impedance 

The final equations for the calculation of pow­
er and impedance at both the input and output of 
the tr.ansistor seem straightforward, but many 
other calculations must be made first to deter­
mine the input voltages and currents (see box 
"Required Equations"). 

Note the use of the subscripts r and i to desig­
nate the real and imaginary parts uf the currents 
and voltages. This breakdown is useful if the 
calculations are performed by a computer with 
a language that cannot handle complex numbers. 

With i" as the total current flowing out of the 
transistor at point 1, the drive power is equal to 
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p . _ V10r i1 .. + V10i i1i 
,- 2 

Required Equations 
The equations for calculating input and out­

put power and impedance are derived from the 
known data between the internal collector and 
emitter points 4 and 5. 

If between points 4 and 5, P oil V0 and cf> are 
known, the amplitude of the collector current 
source can be determined with the formula 

· 2 p ol 
le= . 

V0 COS cP 
The voltage required between the internal base 

and emitter points 3 and 5, v35, is approximately 
0.8 to 0.9 V for all transistors in the vicinity of 
their maximum power level. This holds when 
there is no external or internal de bias voltage 
between base and emitter. However, if a bias 
voltage is present, this voltage has to be sub­
tracted from the 0.9 V. Assuming an external 
voltage source V bo• an external base resistance 
Rbo (only active for de ) and the internal emitter 
resistor R. , we get: 

V 35 = 0.9 - vbo + I . R. +lb (Rbo +Rb) = 

( 
Rbo + Rb) 0.9 - V bo + I 0 Re + hFE . 

In this equation le, l b and I 0 are direct currents. 
Depending on the angle of collector curren~ 

flow, i0 will be between I 0 (Class A ) and 2( 
(Class C with very small angle of current flow ). 

The input impedance is represented by resist­
ance R i in series with reactance X i : 

Ri = V1or i1r + ~lO i .iii 
L .. 2 + 11;

2 

Xi= V101 i1 .. - .V1or i1 i 
i1 .. 2 + l 1i 2 

2. The internal resistance of a real voltage source must 
be considered, along with the voltage, to determine 
Class AB amplifier performance. 

The geometric mean value will be used in all 
cases, so 

i 0 = 1.4 I 0 • 

From this it follows that 

0 9 V ic ( R R bo + Rb ) 
V 35 ·= · - bo + -- e + h · 

1.4 FE 

The parts of the collector capacitance-Ccb l• 
C000 and C0 e-are voltage-dependent. Consequent­
ly these capacitances will increase when there is 
an ac voltage across them in addition to the col­
lector supply voltage. Theoretically the maximum 
increase for a pure abrupt junction is equal to 
v'T.5 = 1.225. As practical junctions are between 
abrupt and graded ones, a factor of 1.15 is used. 

Then we get 
C34 = 1.15 C0 b 11 

C24 = 1.15 Ccbo• 
C4 6 = 1.15 C0 • • 

Capacitance Cbe is also voltage-dependent. 
However, with a negative bias voltage across R., 
this capacitance will decrease approximately as 
much as it is increased by an ac voltage. There­
fore no correction factor is applied in this case. 

Voltage v35 has been chosen as a phase refer­
ence in this system. This means that the phase 
angle of this voltage is 0. The same holds for the 
collector current source i0 when it takes the di­
rection indicated in Fig. 1. 
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With Is as the total current flowing out of the · 
transistor at point 8, the output power is equal to 

P _ Vsor isr + Vsot is1 
o ·- 2 • 

The load impedance is presented by the parallel 
connection of a resistance RL and capacitance CL, 
which will be negative in most cases: 

R ·- Vso/ + Vso i2 

L - Vso r isr + Vso t is1 ' 
C _ Vsor is1 - Vsot isr 
L- o.i(V8or2 + Vso12) 

To calculate the effect of external feedback 
networks, it is necessary to know, also, the 
phase difference between the collector voltage and 
the base voltage, !f>vcb : 

!/>vcb ·= arctan Vsoi - arctan Vio t • 
Vsor V1or 

For verification of calculations by measure­
ments, it is sometimes useful to know the ampli­
tude of the output voltage: 

Vo= Y Vsor2 + Vso i2. 

How well do the equations work? 

Two examples, one linear and one Class C, 
show- that the calculated values are in a close 

Then, 
V35 r = V35, V351 = 0. 

According to definitions given before: 

iasl = W ( ~: + V35 Cbe } 

ia•r = <U Ca• V451 ia41 = W Ca• (Vasr -V•sr) 

V2sr =Rb Ciasr + ia.r) . V231 =Rb Osst + is.1) 

Vi2r = - w Lb ( i241 + i34i + is51) 
V121 = W Lb (i24r + i3'4r + issr) 

i46r = W e .6 (V451 + Vs'6i) 
i461 ·= <U e.<l (V45r + Vsar) 

Vaor = - w L. ( i461 + issi ) 
Vaot = W Le (i46r + iasr + ic) 

i47r = - ic + i34r + i24r - j46r 
i471 = i341 + i241 - i461 
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agreement with measured values. A BLX14 vhf 
power transistor is used for both examples. The 
transistor data follow : 
fT = 300 MHz; Lb = 2 nH, 
hFE= 50, L . = 1 nH, 
Rb= 0.4.fl, Le= 0, 
R. = 0.33 !1, Cb• = 2300 pF, 
Re= 0.165 !1, Ccbi = 61.9 pF, 

Ccbo •= 31.9 pF, 
Cb• = 26.3 pF, 
C. = 3.5 pF. 

Inductance Le has been set equal to zero be­
cause its influence at 7 MHz can be neglected. 

Operating data for a linear amplifier are 
f = 7 MHz, Vbo = 0.72 V, R bc = oo, 
P o= 50W, R bo =2.8!1, "' =O, 
V0 =27V, Rbe=oo, Cn=O. 

Voltag·e Vo has been chosen so that the load 
resistance becomes 6.25 .n. This results in a v o- of 
25 V. Accordingly the load resistance in the test 
circuit has been adjusted to 6.25 .n. The collector 
supply voltage is 28 V. The base-bias voltage is 
delivered by a resistor-diode potentiometer and 
adjusted for a collector quiescent current (col­
lector de current without drive power) of 100 
mA. These adjustments yield the required V bo 
and R bo values. 

Calculations produce the following results : 
RL = 6.25 n, R i = 2.59 .n, Pi= o.173 w, 
cL = - 124 pF, x i = 6.76 n, G ·= 24.6 dB. 

V10r = V74r + V45r + Vssr + Vaor 
V101 ·= VHI + V451 + v56i + Vaoi 

V10r = V12r '+ V2sr + Vssr + Vsar + Vaor 

Vsor = V1or + Vs1r 

· V10r 
11or = R 

be 

V1oi := V121 + V2a1 + V5a1 + Vaot 

V101 
i101 = -R 

be 

jnr ·= - Wen (V101 +· Vsot) 
in t= Wen (V1or + Vsor ) 

iir := i24r + ia•r + issr + i10r + iisr + inr 
il l = i241 + i34i + i351 + ilOi + i18i + int 
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Photo courtesy Burroughs Corporation 

Now, thats sales appeal! 
The ILLIAC IV, one of the world's largest computers, 

is another masterpiece of electronic engineering .. , 

and it looks it. Even sophisticated equipment such as 

this requires housing design that says beauty, pur­

pose and durability. And nothing says it better than 

unique MET-L-WOOD® panels. 

Met-L-Wood is a structural laminate combining the 

best qualities of wood and metal. It features high 

rigidity, strength, durability and lightweight. It has 

the solid feel and characteristics of steel plate with­

out the weight, and a beautiful, smooth surface for 

immediate and lasting eye appeal. 

First impressions often influence final decisions and 

acceptance. Met-L-Wood panels add more sales 

appeal than any other material you can use. Send for 

complete information today. Write: MET-L-WOOD 

CORPORATION, 6755 West 65th Street, Chicago, 

Illinois 60638. 

MET-L-WOOD Corporation 
STRUCTURAL LAMINATES SINCE 1925 

INFORMATION RETRIEVAL NUMBER 36 
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FUNDAMENTAL 

3 . Harmonics can affect calculations based on the 
fundamental frequency, especially when an harmonic and 
fundamental are in phase. 

The measured values are 
RL = 6.25 n, R i = 2.61 n, P i = o.178 w, 
c L = o, x i= - 6.86 n, G = 24.5 dB. 

The differences in complex quantities can be 
evaluated from absolute values and phase angles. 
For the load impedance, this becomes 

~ 1 z L 1 = 0.06% , ~c/JL = 1.9 °. 
And for the input impedance: 

~ 1 z i 1 = 1.4 % , ~<P1 = o.13 °. 
The deviation of drive power is ~P 1 = 2.8 % , 
corresponding to ~G = 0.1 dB. 

For this example, the agreement between cal­
culation and measurement is extremely good. 

For Class C amplifier operation, the transistor 
data are, of course, the same as in the previous 
example. The operating data become 
f = 7 MHz, V bo = 0, Rbe = co, 
P 0 = 50 W, Rbo = 0, cp = optimum, 
Ve = 43.4 v, Rbe = 27 n, Cn = 0. 

The value of Ve is chosen to equal the measured 
value of the output voltage. 

The value of Rbe = 27 n is chosen to achieve 
st able operation. With this resistor value, we 
avoid a negative drive power and a negative real 
part of the input impedance. 

Calculations yield the following results: 
R L = 17.7 n, R1 = 1.29 n, P 1 = 0.114 w, 
c L = - 1303 pF, X1 = - 6.29 n, G = 26.4 dB. 

The results for these two examples cannot be 
obtained using S-parameter techniques. • • 
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New 100x100 CCD solid state area image sensor 
for low resolution applications. 

Our new CCD201: Small. Low voltage. Metrically 
accurate. Long Life. Wide dynamic range. 10,000 
elements on a sing le chip. Price: $965.00. 

THE CCD201 solid state 2-phase self-scanning 
device is the first CCD area imager in production. The 
device uses charge-coupled and buried N-channel 
implanted barrier technology to create an electronic 
image. It's the second Fairchild CCD device to go into 
production (our 500-element linear image sensor 
was introduced earlier this year). 

CCD advantages over vacuum tube imaging devices 
• smaller size 
• longer life 
• lower power ( 50mw typically) 
• lower operating voltages (20V max) 
• solid state ruggedness and reliability 
• on-chip video preamp and compensating circuit 
• inherent spatial accuracy to 1 part in 10,000 
• low impedance output 
• excellent dynamic range 
• highly sensitive to both visible and near-infra-red 

radiation 

CCD201 format size is compatible with low cost 
lenses, which represents considerably lower system 
cost. This makes the device attractive in existing low­
resolution CCTV applications for example, where 

11111 
AREA UNDER VIEW 

there can be a dramatic reduction in camera size and 
voltage requirements (20V instead of 2KV) . Plus 
the elimination of sensor replacement because of 
tube aging. 
The availability of both our linear and our area image 
sensors takes CCD out of the R&D lab and into a 
proven Fairchild production technology. (Example: 
the CCD101 linear image sensor has already been 
reduced from $1200 to $800). 
For more information ask for data sheets and techni­
cal papers on the physics and applications of charge 
coupled devices. Call our Hot Line: ( 415) 962-3333 
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SENSOR 

CCD outputs can go to a TV 
Monitor for area display, to an 
A-Scope for line-by-line analy­
sis of the signal, or to a com­
puter for signal processing. 
The CCD201, because of its 
small size, lower power con­
sumption, and reliable opera­
tion over a broad range of 
conditions, is ideal for surveil­
lance, medical instrumenta­
tion, and process control. This 
CCD image sensor opens up a 
world of new applications, 
pa1ticularly where extremely 
precise image analysis is 
important. 

The sensor region consists of 
100 columns of 100 1.2 mil x 0.8 
mil light-sensitive elements, on 
1.2 x 1.6 mil centers, arranged 
in a standard 4 x 3 aspect 
ratio. The entire device is con­
tained in a 24-lead, dual-in­
line package with an optical 
glass window. 

Ill 

TV MONITOR 

A-SCOPE 

COMPUTER 

•••••••••••••••• 
••••••••••• 
• • • ••• • • • • • 

SE~IICONDUCTOR COMPONENTS GROUP. Fairchild Cam!'ra & ! 11,trunw111 Corp .. ~1; .1 F.lli> St .. ~l ountain View. Ca. 94042. C 415 ) 962-50 11. TWX: 910-~79-64:35. 

INFORMATION RETRIEVAL NUMBER 37 
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Multiple-output NAND networks 
synthesized in seconds with computer program that 
accounts for fan-in and fan-out limits. 

NAND and NOR gates find wide use in logic 
design. Yet, despite the availability of computer­
aided circuit-design techniques, much of the logic 
design used continues to be performed by hand. 
Recently, however, Su and Nam' presented an 
efficient computer algorithm for the synthesis 
of multiple-output, multiple-level NAND (NOR) 
combinational networks that accounts for the 
practical fan-in and fan-out limits of these logic 
gates. 

The algorithm, programmed in Fortran on the 
CDC-6400 computer, provides efficient logic de­
sign for truth tables or function-arrays that have 
up to 75 variables (the sum of the input and out­
put variables) . Requirements of time and storage 
are moderate-several seconds and 51.2 kbytes of 
main memory. 

The program's ability to handle many vari­
ables and to realize solutions with near minimum 

Stephen Y.H. Su, Associate Professor, Department of 
Electrical Engineering, City College of the City University 
of New York, New York, N.Y. 10031. 

numbers of gates makes it ideally suited for prac­
tical computer designs. Other benefits derived 
from use of the program include: 
• Output of detailed logic diagram ; each gate 
satisfies the fan-in and fan-out limitations. 
• Ability of the designer to tackle problems be­
yond the scope of hand methods. 
• Program can be used as a subroutine in a gen­
eral logic-design program (logic-synthesizer) or 
as a hardware compiler. 

Program execution 

The programs accept truth-table inputs in cu­
bic notation 2-a compact notation for Boolean 
products (see Box 1)-along with specifications 
for the following integer variables : 
• NC - no. of cubes (rows) 
• NV no. of input variables 
• NVO no. of output variables 
• IFI N AND gate fan-in limit 
• IFO N AND gate fan-out limit 
• IWFI fan-in weight 
• IFWFO fan-out weight 

Matrix representation of the truth table 
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Cubic notation permits compact matrix repre­
sentation of a given truth table. To convert to 
this type of notation, exp1·ess each output as the 
sum of Boolean products, then reserve a matrix 
in which the number of rows equals the total 
number of products-one row (cube) for each 
distinct product. Reserve one column for each 
input variable X i and one column for each out­
put zj. 

Proceed column-by-column with each row; 
place a 1 if xi appears in the product; a 0 if 
the complement appears, or an X if the literal 
does not appear in the product. 

In the output columns, use 0 and 1 to repre­
sent on and off, respectively; use D to indicate 
a "don't care" condition. For example, the logic 
equations 

Z, = X 1 X 2 X3+X1X 2 X3+ (X 1 X 2X 3 +X1 X 2 X3) 

z. = X,X2X3+X,X2X3 + (X,X2X3), 

where the parenthesized terms are "don't cares," 
are represented as shown in the table. The input 
combinations X, X 2 X 3 , X, X 2 X 3 and X 1 X 2 X 3 

correspond to Z
1 
= 0 and Z2 = 0 and needn't be 

shown in the array. 

Array representation for Z 1 and Z2 

outputs 

Cube* 
Input variables Output variables 

number x, x, x, Z, Z, 
1 0 0 0 1 0 
2 0 0 1 0 1 

3 1 0 1 D 0 
4 1 1 0 D 1 

5 1 1 1 1 D 

• Not part of array representation 
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where the fan-in and fan-out weights determine 
the relative importance of fan-in and fan-out re­
duction. For example, 

IWFI = 2 and IWFO = 1 
mean that it is twice as important to solve fan-in 
than fan-out problems. 

Data inputs for a job consist of a card in 715 
format that contains the seven integer variables, 
followed by cards for the truth table or function­
array. Array data are in row-by-row order; each 
array element occupies one space on the card. One 
space is to be left between input and output vari­
ables, and each row of the matrix begins on a new 
card. A given row may occupy a total of 75 card­
columns-on successive cards. 

More than one problem can be done at each 
execution of the program, provided the data cards 
for each problem are placed behind one another. 
A blank card placed after one or more data decks 
terminates the run. Computer output for each 
problem consists of a recapitulation of the input 
data (Fig. la) and a cryptic description of the 
detailed logic diagram (Fig. lb). 

The example shown has 10 inputs, six outputs, 
and the truth table contains 13 rows. The print­
out of the truth table follows the format de­
scribed in the box. 

The solution to the problem contains 44 NAND 
gates (Fig. lb). Six gates, numbered 39 through 
44, respectively, generate the six output-variables, 
Z, through Z6 • Inputs to the gates are defined as 
follows: a number signifies input from a like­
n umbered gate; symbols such Xl, X9, XlO de­
note input literals X ,, X9 and X,o; a f-like symbol 
preceding the X indicates use of the complement 
of variable X. Commas separate the individual 
inputs. 

Other than elimination of rows for which there 
are no ONEs in the output columns, the eighth 
row in the sample case, the program does not 
simplify the given truth table or function-array. 
But the N AND-gate count is often less if such a 
reduction or simplification is made before this 
program is run. Programs that reduce the truth 
table may be found in appendices I and H of Ref. 
3. These use the reduction algorithms of Su and 
Dietmeyer. 3

• ' ·
5 
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NO. OF CUBES 13 
NO. OF INPUT VARIABLES 10 
NO. OF OUTPUT VARIABLES b 
FANIN LIMIT 5 
FAN OUT LIMIT 3 
FANIN WEIGHT l 
FAN OUT WEIGHT l 

INPUT OUTPUT 
x l z ® 123q5b 79qo 123q5b 

c l lllllXXXlO 101101 
c 2 lllXXUOOl 110110 
c 3 lllOOOOXXX OlODDl 
c q OXXXOOOlOX 011011 
c 5 XOXXOOOXl O 0011 11 
c b OOOOOXlOXl 111001 
c 7 OOOOOXlXOO 010010 
C 8 lllOXXUXO 000000 
c q OXlXOUXOl 110000 
ClO OllXOllllX DllllD 
cu lXUOXlXlX 010111 
Cl2 DOOOXOOOXl 100111 
Cl3 OOOOOXXlll DODOU 

DELETED CUBES 
C 8 

NANO xq 
NANO l 
NANO XlD 
NANO 3 
NANO ...x1 • ...x2 • .,x3,.,xq 
NANO 5 
NANO x1 . x2 . x3 

8 NANO 7 
q NANO X3 , ..XS,X7 

lD NANO q 
11 NANO ..X5,...Xb , ...X7 
12 NANO 11 
13 NANO X7 ,XlD 
H NANO 13 
15 NANO ..x5.b 
lb NANO 15 
17 NANO ..x1 • ...xq 
18 NANO 17 ® lq NANO x't,xs.xq,...x10.s 
20 NANO Xb • ...xe,..,xq , s,1it 
21 NANO .,xq , 9,12 
22 NANO X8,12.18 
23 NANO ..x2 , xq • ..xw, 12 
2q NANO .,x9 , 1q.ib 
25 NANO x 1 • ...xq,...x10 . 1b 
2b NANO Xb,q , 10 , 18 
27 NANO ..x1.x2 . xb . X8 . 2 
28 NANO 27 
2q NANO 28.lD 
30 NANO x1.xq , 2 .io 
31 NANO .,Xb , ...X7,...X8 , q , b 
32 NANO X8 , 2 , q , lb 
33 NANO 2q 
3q NANO 33 
35 NANO 20 . 22,2q , 30 
3b NANO 35 
37 NANO lq,23.31.3b 
38 NANO 37 

z l 3q NANO l q. 20. 2q. 2b. 31 
z 2 qo NANO 21.3q,25.2b . 3b 
z 3 u NANO iq.22 . 23,31f,2q 
z q q2 NANO 38 
z 5 B NANO 25.32,38 
z b H NANO 21.3q , 32,39 

Note . _.,xn derootn the complement ol the ~rlable; Xn the v1ro1bl11tMl l . 

1. Program output consists of a recapitulation of input 
data as well as the completed NANO network design. 
The program accepts truth-table inputs in the form of 
matrix notation (a) along with fan-in and fan-out limits. 
Symbols containing X's indicate input variables or their 
complement (b); numbers refer to inputs from other 
NANO gates. 
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Table 1. Functional breakdown of 
program, LOGIC 

Section Tasks performed 

1 Print headers; read and print input data; 
encode and store input-data arrays; 
check for input errors. 

2 Count the number of O's and l's in each 
row and column of ICUBE. 

3 Check output array for rows with only 0 or 
X elements; if any exist, delete the entire 
row from the input and output arrays; 
print list of deleted rows. 

4 Check output array for fan-in or fan-out 
problems; form array IW that contains 
only elements with this problem. 

5 Do same as in section 4 with the input 
array. 

6 Form the factors of rows in IW; store 
pointers to these rows. in IM. 

7 Call subroutines for further array process-
ing. 

8 Set up to process output array. 

LOGIC, the main program, controls the flow of 
operations (Fig. 2). The program's functions are 
to read and to print input data, to encode the 
incoming arrays, to prepare them then for proc­
essing by the subroutines and to call these sub­
routines. 

Procedural subdivisions 

Functionally, LOGIC is divided into eight sec­
tions, which perform eight tasks (Table 1). Proc­
essing begins with section 1. All input informa­
tion is printed out as a check to the programmer. 
Array rows are read with a DO loop. The input 
information is .encoded to occupy two bits of the 
CDC-6400, 60-bit word. Input characters are 
checked against IRCL for error. IRCL contains 
only five elements: 0, 1, 2, X and D. If the input 
contains any other elements there is an error and 
an error message is printed. The program contin­
ues to check the remaining rows for errors, then 
terminates. At the end of this section the out­
put array (the Z's) are stored in ICUBE and 
ISTORE; the input array in IM. 

Then program execution proceeds to section 2 
to -count O's and l's in the output array-con­
tained in ICUBE-and continues to the third 
section. The third section is used only once. At 
completion of section 3, the input array is stored 
in I CUBE; the output array remains in IS TORE. 
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READ INPUT DATA 

ENCODE ARRAYS INTO FORM USED BY MACHINE 

SET UP NECESSARY VARIABLES TO 
PROCESS INPUT ARRAY 

CHECK EACH ELEMENT OF INPUT OR 

OUTPUT ARRAY TO SEE IF IT HAS A 

FANIN OR FANOUT PROBLEM, AND 

FORM NEW ARRAY WHICH CONTAINS 
ONLY THESE ELEMENTS WITH PROBLEMS 

FIND FACTOR FROM THIS ARRAY 
WHICH CONTAINS THE GREATEST 

FIGURE-OF-MERIT 

MODIFY ORIGINAL ARRAY AS 
DESCRIBED IN ALGORITHM 

OUTPUT ON LINE RRINTER THE GATE 
CONFIGURATION FOR THIS ARRAY 

SET UP PROGRAM TO PROCESS OUTPUT ARRAY 

NO 

2. Over-all program flow. The mainline program controls 
the operations, reads input data, encodes the arrays 
and then forwards them for processing by subroutines. 

This completes preliminary processing. 
Processing of the input array according to the 

algorithm begins. The program returns to sec~ 
tion 2, then to sections 5, 6 and 7. LOGIC calls 
subroutines IFACT and CUBE in section 7. The 
program keeps cycling-section 2, 5, 6 and 7-
until no additional factors can be found in section 
6. At this point, section 7 is entered and subrou­
tine OUTPUT is called to produce the necessary 
gate connections for the input array. 

When processing of the input array is complet­
ed, control goes to section 8, where the variables 
necessary to process the output array are set. 
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The output array previously stored in !STORE is 
placed in ICUBE. 

A cycle similar to the one used to process the 
input array occurs that involves sections 2, 4, 6 
and 7. Once again, when no additional factors are 
found in section 6, subroutine OUTPUT is called 
to post the output-array information. The pro­
gram is now completed, so it terminates. A num­
ber of important functions are performed by sub­
routines (Fig. 3). LOGIC, the mainline program, 
calls the three major subroutines-IF ACT, 
CUBE and OUTPUT. In turn, OUTPUT calls on 
five minor subroutines-OUTl, OUT2, F ANSUB, 
FANOUT and ORDER. 

Subroutine IF ACT finds the common factor 
with the largest figure-of-merit that can reduce 
fan-in or fan-out problems. The program consists 
of three sections as follows : 

Major 
subroutines 

IFACT 

IFACT 

OUT I OUT 2 

Function 

LOGIC 

(MAINLINE) 

CUBE 

FAN SUB 

Finds factor in ICUBE with greatest 
figure-of -merit. 

Section 1 - finds factors to be tested. 
Section 2 calculates figures-of-merit for the 

input array. 
Section 3 calculates figures-of-merit for the 

output array. 
According to the algorithm, an auxiliary row 

and variable must be added to ICUBE for each 
term found with IF ACT. Elements in I CUBE 
covered by the factor must be replaced by "don't­
care" elements. Both tasks are performed by 
CUBE. 

When LOGIC, IF ACT and I CUBE complete the 
processing of either the input or output array, the 
array is passed to OUTPUT to produce the neces­
sary gate connections. OUTPUT examines the 
variables contained in each row, locates fan-in 
or fan-out problems and keeps track of the gate 
numbers. Calls to the minor subroutines carry 

OUTPUT 

FANOUT ORDER 

Minor 
subroutines 

OUTl 

Subtask performed 

Pads characters for gate connections 
in IOUT with 6·bit BCD code. 

Adds auxiliary row and variable for 
each factor found in ICUBE. Deletes OUT2 Prints gate connections formed in 
elements in ICU BE covered by that-+---------+-o_th_e_r_su_b_r_o_u_ti_ne_s_. _______ _. 

CUBE 
factor and replaces them with "don't FANSU B Stores pertinent information on fan-
care" elements for the output array out problems in any row or variable. 

OUTPUT 

and X's for the input array. 

Generates gate connections for input 
or output arrays. Calls on five addi­
tional subroutines for selected sub­
tasks. 

3. Subroutines play an important role in the execution 
of the algorithm . IFACT and CUBE embody the iterative 
portions of the algorithm. Once processing by LOGIC, 
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FANOUT 

ORDER 

Determines if fan-out problem exists 
and if so, which gate should receive 
the connection. Uses mostly infor­
mation processed in FANSUB. 

Assures proper processing sequence 
of auxiliary terms or variables to 
avoid use of undefined variables in 
the algorithm . 

IFACT and CUBE is completed, OUTPUT generates gate 
connections, keeps track of gate numbers and locates 
fan-in and fan-out problems. 
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Table 2. Computer-dependent 
program changes 

Sub­
routine 

OUTl 

OUT2 

Statement Statement or 
or line no. variable change 

1 IH = (Internal repre­
sentation of numeral 
zero) + ICHAR/ 100 

1, 3 ICOMMA = (Internal 
representation for a 
comma) 

3 IPACK = (Symbol to 
denote a complement­
ed variable) 

4 IPACK = (Internal rep­
resentation of an "X") 

3, 9 IBC = IBC-N* (IBC/ 
N), where N = no. of 
characters that can be 
stored in the computer 
word. For the CDC-
6400, N = 60 bits/ 
word + 6 bits/char. 

738 IS = (N-1) - IBC; 
N as shown for OUTl 

741, 744 IOUT (IWC) = IOUT 
(IWC) + (Internal rep­
resentation for a blank) 

Note: The internal CDC-6400 representations for numeral zero, X, 
comma, and blank are 27, 308, 568 and 558, respectively. 

out selected tasks that include printout of the 
final results-from OUT2 (Fig. 3). 

Program limitations and modifications 

As written (in Fortran V) the program can 
accept input arrays with a maximum limit of 50 
rows and 75 variables-input and output. Word 
usage is minimized when each entry occupies 
only two bits of the 60-bit CDC-6400 word. Each 
CDC-6400 word contains 60 bits, and therefore 
stores 30 variables. The five words allocated to 
each row of the truth table permit the handling 
of up to 150 variables. More words can be allo­
cated-to handle more variables-but the number 
of allowable rows is reduced. Each matrix row is 
stored in successive elements of array ICUBE, 
such as ICUBE (I, 1), ICUBE (I, 2), etc. 

Variables in labelled-common occupy about 
50 % of the total memory space used. Consider 
the following dimensioned variables in COM­
MON: ICUBE (100, 5) IM (50, 200) !STORE 
(50, 5) and IW (100, 5). To reduce memory re­
quirements-as well as the capacity of the pro­
gram-certain relations must be maintained be­
tween the size parameters, that are defined by 
writing ICUBE (I, J), IM (L, M), !STORE (K, 
J) and IW (I, J). The meaning of the dimension­
al parameters I, J, K, Land Mis as follows: 

I - total number of rows which the program 
can process ; 
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J - varies with I, increases by one for every 
30 variables or part thereof processed; 

K - maximum number of rows that can be 
read into the program; 

L - largest number of elements in a factor; 
M - largest number of factors that can have 

the same number of elements. 
And the following relationships must be satisfied : 

K <I 
L :::::,,,. K 
M :::::,,,. K and :::::,,,. 2 · Max (I, J). 

To have the program occupy more or less memory 
space, modify the dimension statements for ICO 
(I), I Cl (I), ICCl (I), ICC (I), IM (L, M), IMU 
(L), !ORDER (K), ISA VE (K), IKEEP (I), 
IKEEPI (I), !STORE (K, J) and IW (I, J). Use 
of larger arrays necessitates program changes 
along with changes to the field lengths specified 
to the program. 

Users of ANS Fortran IV will have to replace 
the ENCODE and DECODE statements-which 
are part of Fortran V-with equivalent charac­
ter manipulations and input/ output statements. 
The ENCODE statement converts the data items 
specified in the list following the parenthesis to 
a character string according to a specified For­
mat-statement number. The characters are placed 
in consecutive locations of the array, array ele­
ment or variable named as the starting location 
for the character string. The items within the 
parenthesis following the ENCODE verb specify 
the length of record, the number of the Format 
statement used, the name of the array to receive 
the characters and the name of a variable to re­
ceive the count of the number of characters gen­
erated by execution of the statement. 

The DECODE statement corresponds roughly 
to the standard READ statement. Use of the 
statement causes characters in internal records 
to be converted to data items. The list portion 
specifies the items to be decoded as in the READ 
statement. The items in the parenthegis specify 
the number of characters to generate per record, 
the Format statement used, the name of an array, 
array element or variable that is the starting 
location for data and the n'ame of a variable to 
receive a count of the number of characters 
scanned during the execution of the statement. 

In all cases the following Fortran statements 
in the program listing must be changed to con­
form to the values selected for these dimensional 
parameters: Line nos. 24, 26, 214, 450, 523, 524, 
532 and 804. 

Certain changes must also be made in the pro­
gram depending on the computer you are using. 
These changes depend on. the number of bits in a 

(continued on page 105) 
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Program listing of NANO synthesis algorithm 

Mainline program for data 
input and control 

=i:u,;1-1 ..... 
... Ill "°911:&11 LOllC UflPUT •OUTPuT I 
...... D111111NS10N ICOllDOI •JClUOOI .,ccs llOH ,,ccueo1 ·••s.1211 ·••S«I tlOl 1 

....,1 1 u1Aa1 .. 1,ac'9l.1100,,.,1•cuo,,1,r111Ucat1,1•1so•••o1,10110t11, 
HHM &lllCLCll•ISTCHllCH1'Sl1 .... lll1,..TIJJ 
llllH Co-GN /A/ ..C:tf"h&C01IC1•tCC,1Cl.81:11Sl:TJ.11ll'111"0 
...... COMMON 18/ MAlll.11eASU,""SKI 
tHH1 COMON IC/ &lhlW•IMU 
...... COMOH /DJ .llWChlWI 
...... coM0N It/ ICCI 
tlM&I c~ 1•1 &Orlllf 

=:~ f:'v~"fi'O:":if;l~l=•:,~lts IN COlllP\ITIW WOflD 
Mllll DATA lllTIH/ 
.... ,. 1an 11 11n11 
Hllll JllAS«UllTJ & I 
.... ,. MA•tUlllTJ • l 
Htll't MAIAIUBITt a I 
.... 11 lllfl • JIU • I 
""'' 00 lit I a 11 IBIT& 
MtllO .J a JllT •I 
IHUl MAlllJI • •••Akl.,.Ud 
tMnt NAStUIJI a ••MA5KllJ+1Hl 

- tfl ::":•:~!.:O • .-."'•'"•a••a 
..... ll. a.1 
lllH6 OOlJlllrl 

==~ t~=:~f;'! : 0 

...... ISTDICth.,U a O =n l =·t~:,0..c,H.AtNY01l,hl,01llfFl1l_.O 
MIU& 1181 POMAYUlllt 
.... p ll'OIC ,la, eJ to TO 100 
...... "'INT lllh NCtNAtNVOtlP'hl,OtlWl•IWO 
lllhl lOH 'ORMAtl•J.NO• ~S a Ull• NO• Dtr INll'UT VAflt•BL!S • = i ;~r.·,~~Lt•n' va"uaus11·.;~,~·,..::~!"~~~ =·: 
lfftll I 111'• ,ANOuY CltMT t •tSll/I 
... M HP•J. 
...... 1-.•1 
H.,_1 ..VS•NA 
MMU MAI a 1.-..A/I 
1ttM1 NVI • UNA'9NVOl111•1 
...... &rcNVO •I.I• •t N¥2 • ...,..,, 
...... 1.cac111UOl•'MT•HA2·•• 
...... llU '°"*Tl&HCll1tMX•INPUT•ll110ttlreOUTPuhll 
1tff117 NlfrlT ,.., 
....... IP a l+MO:OINAtfllYOt/lO 
lllMt 00 I lSZtJP 
...... 1101u • 1-1 
1 ... 11 IP• 1...,10 
HHll 1011) s J.MX 
Hefti NINT ""' 11ou1. Js1,IPI 
....... lOH Poat1All7X1Al1191•Jl0l 
...... NVI • .,..,._ 

::::r, ~:J':foo11.,•nl N¥1 
Hffle HO• FottMAYfllttf•••U1UHlt.Al119tllll011 
...... ,,, • l+HV0/10 
...... ll'tl:INT FMT1UOUJ1 1•1•1~1 
..... 1 IP• MAXOtNAtNVOI 
ltM6I 00 I 1111 r I~ 
IHMI a IOCll : l•l.l/lOUlO 
HG161t PRINT 1005• IJOUh J&lfNAI 
...... 100& 'OIUfiATf7X15oh I 
...... lfllCOQl.IHrlCJ061FlfTI NYZ 
H ... 1 1186 "Olt*tcllMl• .. U•btJh50Un Hff.. PRINT ll'NTt tlOUlr hl1HVOI 
...... Hft&NA+ftYO+l 
HllJO PRINT 1007 
H .. 71 l007 FOllMATC• •I 
tl0111 DO H 1•11NC 
tlll71 ,_.;:: NA+Z """" -=· MHTI JlfV a IQO 
llttM Rl:AQ 100.t {JOlJft.PhNRI 
ttl071 ION PORiiATIOOA1J 
Htl11 PRINT 1009• hUOfJJ, Jal•Nftl 
IOt0'19 1009 FORMAtc• C•1Z15JCtlOl•U 
HIO.. 10 00 16 N&NH,Mlll 
HIDal ./aft 
.. IOllZ llll'fJ .&T • NA) J : J-NA-1 
HIOl:S lJ s 1 + tJ-11,lllT 
ffHM ® 11 IC•l•l 
HOHi U l~U•tJI a &MtlolJhlMIJ,lJI 
HOOa• KaO 
OHOa7 00 11 L•h5 
0009.. lFIIOlNI .t4il• tftCl.ILlt to TO tJ .hllhU•lS•l!Ut L 
toet1t 11 1.0NTI~ 

::::~ 1011 ~:!,!~u. [Allt(IR ·~ ,,.,u, OATl• acc. LlST Pt'1HT!D Lii'([ ,OR IHVAL 
tltlta 110 CMAAACTl:it•,55JC•Pll:OIWI~ .. llflLL T[AMJfUf[ lJ'TEft ALL ,....,,. DATA IS C 
IHOtl lHl.Cl!.l.D fOR UlftORS+n 
Hlfflt i!AROR :i: 2 
lllOH 15 Kai 
HOl>tfl to TO 15 
111197 1• ua 
H009e U IMll•JJI s 111111,IJl+K 
HIO" 16 COfflS"'-'l 
110100 GO TO 117t1Vl1 l&RAOR 
110101 17 luP a l+IHW•ll/llJT 
HtlOI IS: Z•llll1-NV+l8lh1IUP..,llJ 
ffllH IF'CIS .u. UI to TO _H 
IHlO• 1.>0 11 IC•ltlS 
lllH& I.I IMfl,IJI 11 111111,J..il +JM(l,JJ) 
HllM 19 IFtN .LE. "6AI 00 TO 22 
111107 ,... • 1 
MOHO MM a NA 
Hll09 lllV a NA 
tHUI IHI TO IZOtlOh IERROR 
HHU IO UO Z1 J.,1 a i•ILP 
,_e1ua ISYOMU1IJI :I. JMll.JJI 
... lU ICU81.1hl..il I: JMtlolJI 
Hilt• 2l IMl&•IJI a U 
MIUI bO 10 lO 
110116 H CONTlNUI: 
191117 "" • NYO 
IOOUI bO TO C.l01UIOlo IDAOFI 
IHU9 50 UO 51 ISltlUO 
llHIO ICCUU a 0 
111111 ICOlll a 0 
HOlH IClfU : O 
IOHH .JI ICCIII a 0 
IHll• jjQ 51 J&l olrft 
00121 IX> 5" J.ltltNV 
11112' JJ.J : IJJ-11/JIJT 
OIOU7 "' a .JJ-!BJY..,_,,J 
110121 IJ • 1•.l.JJ 
Hout , .. a JCue&ll .. t"J ·""°· MA5Kc.JI 
ltlUO IFfl ........ SIUtJll 51ttHo.l3 
HOUI $1 ICOl"""I • 1'01JJl•1 
ffllU ICctll a ICC.Ill •1 
HOUI 10 TO>" 
ffOUlt JS lClC.IJI s ICltJJl+l 
HOUI JCCUU s J'Cltll+l 
ff0116 3" 'ONTINUE 
HOU? lCClll a lCClll•ICCltll 
I001H 55 r;ONTll'«Jlt. 
llOUt II.II' : l•,~V·U/1111' 
l .. lltO irO TO l•O•fth60J 1 15£1 
toll•• •O u:o 
OIOIW NOUT : 0 
000111J HV : NA 
Olllltlt """ :: MA)l.OCNArNVOI 
ttlhl 11.11' z 1•t,.....ll/l&IT 
... ,,. DO lllt 1:11NC 
Ht1•7 1Ft1CC1'11 .Et. II &O TO Ill 
ttl.llll 11 :I 11•1 
otlh9 uo ,, lJ•1.ilJP 
OI0150 ICUBEU1,1JI :I lMU.t..il 
llOH.l •1 ISIOA£1ll•l•.U & ISTOAElltlJI 
000112 GO TO ltlt 
OOHIJ ltl IFOMMJT .NC. ~1 to TO 115 
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IODlP 
to0151 
100116 
HOH? 
ftllH 
IHH9 
Htl60 
HH61 
IOH6Z 
ltOlH 

"" .. """ H1166 
Oll167 
ff0l61 
111169 
ffOl?O 
Olll71 
Ht17f: 
Ott.l71 
H117• 
10017' 
110176 
011177 
Olll71 
HllH 
HIHO 
HIHl 
fftlN 
HOH~ 
HOHit 
HOHi 
tlOH6 
Ht117 
HOHi 
Htte9 
ffHto 
OH191 
OIOHI 
OOOHI 
HOHit 
H0.195 
ltolH 
111197 
OIOIH 
1'8199 
MUOI 
000201 ...... " .... ...... ...... ...... ..... , 
" .... ...... ...... 
OINU 
ffOlll 
Hiil~ 
0002&• 
111211 
111216 
11017 
HHll 
llN19 
HUIO 
110211 ...... 
llNIJ ...... 
Hlltl 
001126 
oooau oooua 
111129 
f01250 
111251 
oeoua 
ltlU3 
Hoal4 
0002.H 
OOOU6 
000137 
OGOUI 
000239 
8002•0 
0002•1 
OOOZltZ 
I0021tS 
H021t1t 
IOOl!tl 
HOllJ6 
H021t7 
1112111 
1002•9 
OOOHO 
000251 
111151 
OON53 
HH&a 
llHH 
OOIH6 
000211 
000211 
000259 
OOOlbO 
011161 
H026Z 
OOOZ6S ...... 
000269 

0002M 
IOOZ67 
000161 
000l69 
ooono 
000171 
I0017Z 
OIOl?I 
Hl271t 
011211 
000276 
llOZ77 
OIOZ71 
000279 
000210 
001211 
HHN 
000213 
tooae11 
000115 
OOOH6 
tl0111 
OIOll8 
OIOZ89 
000290 
OOOZ91 
110292 
I0029S 
OIH9' 
00119& 
DOHM 
H0297 
OOl291 
0012" 
IOOIOI 
000101 
oouoa 
HOIH 
OIOJO• 
OOOIH 
OOOS06 
Oto SOT 
OOOHI 
OOOHt 
tl03l0 
000311 
000)12 
OIOllS 
OOHlll 

"°"' • I 
PRINY UU 

1012 FOllMATlll• gl:LIJ&D CIMl:S•I 
•I PRINT 1'113• I 

1013 fOIUIATC• C•UI 
114 COMTJNUl 

NCS •II 
NC• 11 
IS&T a I 
PtUNY 101" 

1011t 'OIUIATl//I 
H TO JO 

50 DO ff lla11NC 
DO 11 IJal•ll.I' 

51 hlllltl•fl •• 
IOC a O 
00 ar ..._,.l•r.Y 
IPClCll""'I .LE. 1111'1> 10 TO la 
IWMD a 1+1..W-U/IBIT 
.J a ..W-ll~U•lllT 
tc• a 1c.-111.1.oRD1 •• ,., • ..aa1.11 
IJ'llCM •IC• Of IOC a IOC•l 
IWllltllJOROI • llflllolllOllDI eOA• ICM 

II COtn'INUl 
u • 177fT7777?77TT't771771 
IJ'UCCUUI .et. llll'Ol IO TO 15 
1,.flOC •"• U IO TO M 
DOU l.,,.lrlU" 

U IWlflJ 1 J.,JI a 0 
IO TO &9 ...... 

H 00 II JJal•NV 
1.-0 a 1+1.W-11/llZT 
.J a JJ-llWIU>-U•lllT 
~ a l~tlltl•OltCU .ANO. USKIJl 
llll'OU,,...SllUCJI I 17•Ht96 

56 IN a hll111WON>J •°"• op:tlJI 
llfUlrJWO.Ol a UM .ANQ. JU .OI:. IWIUJ•lllOllOJ 
iO TOH 

57 lWCllrl-.01 • IWIU,llOflOI ••• 9'ASKl{JI 
II CONTI ..... 
59 'otn'INI.& 

iO TO 70 
60 DO .. U :1 l•NC 

DO 61 lolalrlU" 
6l IWUl,l.JI at 

l'UCCClll .LI. JFU 80 TO 65 
l)061 JJllh11.1' 

u lwllltJ.n a 1c.-111,IJJ 
IO TO .. 

H DO .. .loll&h"°' 
IWORO a 1....,.U /lllT 
.J • J.1-IWOllO'eHJT 
llll'llCOt ..... I .I.£. 1,.0, 10 TO M 
1wc1111wotto+11 • 1wcn.11110110+11+nc..u1.110110eu .-. .-.wtt 

M IFUCU....,J .Lr. IPOI 10 TO M 
JwfUrJllOlllD+ll a lWIJl1llfCMllOe.ll+UC\a'Cll•l ...... J .AID. llAIUt.llt 

65 COMTUIU~ 
M CONTI ... 
70 NCC a NC•l 

00 11 M&lrH 
71 ~Mt.IOU & 0 

...... 0 
f.)O 11 lla1.NCC 
IU a 11•1 
00 76 .NirUhlC 
DO 71 1,,,_l•I_,. 

71 MullJI a lWlllol.JI .A~. l•IJ•hl.IJ 
lFllU.:T .H. SI IO TO ?ft 
INDl a 0 
llCIJ •• 
00 73 U.:lltNY 
llC :I: l+ILL•il/1111 
L a U.•lllT• i IK•U 
Mf'ACI :I o•u1J1C1 .AfrlD. ICUllUlthUI .AND • ...a•L• 
MF'ACJ z OIJUICI .AND. lCUllC.Nrlllll .AND. MASQfLI 
,,. .. ACI .H. teASIC.ltLI I UGI • lfehl 
IPf ... ACJ •'"• MASIC.ZCLU INOJ a l..,.,.l 
IFIUllDl el£• ZI •AND• CINl)..I ••• IJI IO Te 7' 

1S COlfTJ.a 
90 TO 76 

7• .... , 
00 75 KKlll1fOI 
IJ • 1+111.11.-1111an 
K & 11.ll•tlJ-lUllJT 
IFllMUUJI .AND. MAS«CKJJ •'•• II IO TO 71 
Ill a M•l 

Tl '°""HU[ llll'IM .L.E. OJ 90 TO 76 
DIUIMI a IMUOO+I 
IMUC a IMUIMI 
lllltM1JMUCJ a 1100•U....., 
1111'1111 .1T. llA•I MU s • 

76 CONTINUl 
77 CONTINUE. 

Ist:Tl a 151.J•l 
llll'lllAX •&.le OI tO 70 IO 
C&LL IP'ACTCMAX) 
CALL C\U 
WO TO SO 

80 CILL OUl'PUTOCStNVSI 
1'U51Y .It. II IO fO UO 
IS&T •I 
fllC a NCS. 

"'" a NVO 
~VS • NVO 
DO 90 l•hNCS 
UO 90 lhleluP 

to ICUll', .. lJI a ISTOl'EcJ.J.n 
IHI TO SQ 

100 S'T~ .... 
Major Subroutines 

iUMOUTllC !FACTOIA., 
OJMINslON l'OIU10)1ICUlOOt11CClUllhtCCUOlhMAIKlllh•A8.lllth 

1 MA11Ca1101,1clm1100.11.1111cuo,51,1MUcat111•c11.atoJ,Utc111,1t1 
2 IVVllJ•MUAl&l111JUllJrUl9ltl01llll 

COMON Ut/ NC•NYrJCO,Jta•ICC,lC...tll&Tl1IP'lt1" 
r;o-GN 181 MAM rMtK I tMASKI 
COMON /Cl l••l••I"'-' 
CO'llOM ID/ JWlll'Otl.,.I '°""°" 1E1 1cc1 
COMON IP/ IST1MUU•IVVrN 
COlllMOH II/ IO,lllT 
h. 1 
INC>I :a Z 
IND..i a Z ... 
ISA~ c I 
IR • 1 
MX :a MU 
I• & lllUllllA.ICI 
1'CMA1t•ZI llohl 

I IFt lllUCllAll•U .u. 01 IO TO 11 ......... , 
, .. :I l~l .. &l 
IA & 2 
lloO TO 11 

a llll'llMUf .. AJl•U .&a. 01 IO TO , 
MX a MU-1 
I• a IMUCllltf 
1R & Z 

S IPCIMUtflU.IC~I .n. OJ 10 TO 11 M• • MU•Z 
1• a lMl.ICMltl 
lR a 111+1 .. ,,, . '" 
IP & •)I. 
100 a IMM 
IVVCNI a 0 
l,ACI z IMIMllolVl/1000 
IFlC.J : JM1MX1 IYJ •iODO•IFACI 
luP C l•fNV•ll/IO 
00 10 J.,l&lf '"" 

10 11\JUCl.JI : .. Cllll'AClrlJI .AND. IWCIPACJ,IJI 
J1 uo 19 l!f.:1111100 

ITI : UftMXt ... 111000 
ITJ t: JMtMlCoJUC. I •lOCJl•ITI 
00 11 l.Jz1ou• 
MUAUJ) c tlWllTl11.J1 .AND, JWllYJrlJU .AND. MIUU_, 
1'1MUAllJI ,Mt, llUJllJU 10 TO 19 

1Z r;QNTINUl 
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ooo;us 
OOOl16 
000l17 
I00118 
OOOl19 
000)20 
OOl;Nl 
800.NZ 
IOOlU 
OOOl.Zllt 
001125 
OOO)Ztt 
100327 
ooo:ue 
000:)29 
OIOJSO 
OIHSl 
0003.S.Z 
0003» 
OOHSllt 
OIOHIS 
OIOlS6 
HIH7 
llOH8 
000559 
0005"0 
000,..l ooos..a 
ooos..s 
OOOS..llt 
OOOS.5 
0005"6 
0005"1 
ooos.• 
OOOS..'f 
000550 
OOOHl 
0003&2 
OOOHl 
oou,-. 
000555 
000356 
OIOS51 
oooaa 
OIOU9 
OOOJ60 
000361 
080362 
000S6l 
008.\6" 
000365 
GOO~ 
00067 
000368 
000369 
ooono 
ooon1 
OGO;>l2 
oonn 
otOllll 
ooons 
000576 
000317 
OOUH 
OOOl7'J 
OOOHO 
oonu 
OOOJH 
OOOHl 
OOOHll 
000.)8') 
000386 
OOOH7 
oonee 
000319 
000390 
OOUH 
000392 
000l9l 
OOHM 
OOOHS 
000~ 
OOH97 
00019• 
000l99 
0001100 
0001101 
000110.Z 
000•03 
OOOltOll 
0001105 
000tt06 
0001t07 
0001108 
00011t09 
000•10 
0001111 
OOOllH! 
0001113 
00011111 
0001115 
0001116 
000•17 
0001118 
0001619 
000lt20 
0001121 
0001622 
0001623 
00016Zll 
0001125 
0001126 
0001121 
0001128 
0001629 
00011ll) 
OOOllll 
0001632 
000lt33 
00016311 
0001tl5 
0001616 
000ltl7 
OOOltl& 
0001t39 
OOOlt1tO 
0001tltl 

000ltlt2 
0001t"1 
00041llt 
000•11~ 
00011116 
000lllt7 
00011168 
00011169 
0001t50 
0001151 
0001151! 
0001153 
0001t51t 
000it5S 
0001t56 
OOOllS7 
OOOlt!:tli 
0001tS9 
000 .. 00 
OOOttol 
0001t6i 
0001t63 
000"6" 
000lt65 
0001t60 
000ito7 
000•68 
0001to'f 
000 .. 10 
000•11 
000•7i 
OOOitU 
000lt71t 
OOOIHS 
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lF USETl .ce. 21 GO TO lit 
l~l = 0 
UitOJ :Ii " 
00 u J.J:hl'lll 
lJ :s l•IJ.J-1 J/ltUl 
J :s JJ•&aIT•llJ•ll 
MF'ACl :s IMUAllJI • .t.H0 0 lCU!l!1lflelJll 0 AN0 0 llAIKltJI 
..-aCJ: IMUAllJJ 0 AN0 0 IClll!IElllJ•IJJJ ,ANO. QSK.llJI 
l"OWACl oEWo MASll.2'JIJ lNDI :s INOl•l 
lFl•ACJ .£Q 0 .. ASfl.llJJJ lfC)J : lfrl)J•l 
IFllJNOI .111.o 21 oANOo llNOJ .K. IJI tO TO U 

U CQfilTINuE 
lit IPtlVVIPO .w!. 11 .. TO U 

ISTUtNI : lTt 
ISTU•NJ :r. ,TJ 
IVVIN1 : 2 
ffO to 19 

15 IVff S IVVlNI 
l"llNOJ oLT• 21 IO TO 11 
00 16 llM:lo!VN 
IFllTI .£Q, ISTl••Nll GO TO 11 

16 CONTINI.It 
IV'ltNJ : IV'llNUl 
IVN : lllVlNI 
•STI JVN1NI & ITI 

17 l"UNOJ oLTo 21 GO TO 19 

~~ltf..1"':£t'J;ttMM•h11 oo TO 19 
18 CONTINUt. 

lVVINI : IVlllNHJ 
lllN : IVVINI 
lSTIJVN•NI : ITJ 

19 CONTINUE 
ijQ To caa.2.,.20.211. JR 

20 100 : JMU(fltAX1 

"':' 111111 : MAX 
1tO TO U 

21 100 z l~lMAX•U 
Ut : 2 
M'( s MU•l 
ffO TO U 

22 IR : ISS 
10,: ISM 
lVN : IVVlNI 
NTOT.t.I. a IMA•lt•IY"'•llWfl'O•lllf"l1 
lFlNTOTAI. 01.E. JSO£J 10 TO &l 
•OTO 130,ltUl•IS[Tl 

30 NMAl : 0 
NJllAXl : 0 
1.10 33 ic:11JVN 
l : ISTUl. oNI 
UO ll JJ:J 1 &UP 

31 UllJI : lCul!Cl1JJ1 0 AND 0 MuUllJI 
hCC : O 
L)Q 32 JJ:loNV 
JJJ a fJJ-Ulll!UT 
"' = JJ-JJJ• un T 
IJ z JJJ•l 
18 : IAIJJI ,ANO, ll(A§ll2tJI 
lFlll&-JllASllUJU ,LE, 01 GO TO :11: 
hCC : NCC•l 
JFCICltJJI .LE. IFll GO TO 32 
NM.t.JIT : HJllUT+l 

32 tO'<TINUC 
1,.llCClC11 oLE. IFOI GO TO :Sl ,_ .. = ,.,.••nwoeNCc 

33 CONTIHUI:. 
NMAX : fdl"ll •l_.1•,...Alll 
i..o to 5u 

ltO t.CC : 0 
UO ltl6 Kk:loP.11 
ICKlt : lltK•l llll'tlT 
It : ltlt-llltlte181T 
IJ : KKl'.•I 
IUU : MUUUJl ,.t.NO. "'"Sfll.110 
IP:l IUU•MASltl 11() I ltltoltlolt2 

ltl lFCICOll'.10 .I.E. IFOI GO TO •• 
WO TO it3 

lti 1FClC11KI() ,I,.[:, IFOI GO TO ltiit 
1t3 ltCC : NCC•l 
ltlt C ... TJNtJt. 

,._..,. : HCC •lVN•llll'FO 
i.10 165 1<;1 0 J 11N 
J: ISTlkoNI 
IFllCCtll .1.E. JFll GO TO •5 
Nfllf"l : NNA.OlfllflC+ll•IWFl 

•5 CONTINUE 
50 IFINMAX oLEo ISAV[) 60 TO 51 

ISAVE : HMO 
1'9& , .... 

!:ti IV : 1V•1 
IFUV ol.E. Jfllfflil) GO TO " 
IV• I 
ffO TO IOZ06U•6016llo ISS 

00 I• : lflilUl'4Alll 
lR : l 
fllf)I :MAX 
NTOTAL: I"'••tMC+lhtl•FO+l"FIJ 
lFINTOTAL .LEo ISAV[I CiO TO 62 
WO TO 'l 

61 IM" : I MU1'4AX-ll 
111 : a 
MX : MAX-1 
.-.TOTAi. : 1 l•M• CMX•\ l +I MUIM"lll • IMAlC•J 11•1fllFO+l'liP:l1 
iFINTOTAI. .1.f. ISAVEI GO tO 60 
(,0 TO It 

Oi N : 3•N 
JN : IV'llNI 
&I : ISTll1NI 
JJ : ISTl2• I 
IFllSETl . Ew . 11 60 TO 80 
uo 70 JJ:JdUP 

70 MUIJllJI : hCltolJI •""°• l'li1JJ,IJI 
RI:. TURN 

110 UO 81 JJ:11•UP 
•uAIJJI : hCIJ olJ) . Allio. 1111JJolJI 

tU MUIJllJI : '4vAllJI oAflO, t,NOT. ICU-Elll•IJJI 
00 82 1=1.1111 
1.10 ec 1J:1.1UP 
11 : ISl l1111I 

82 fllfUIJCIJI : "'vllll.JI ,ANO, !,NOT, ICuFICIU•l.Jll 
lJO 63 IJ:i.•uP 

83 P4UVllJI : •vAt1JI ,A...O, l,NOt. MWllJI) 
ltETURN 
l..0 

SUBROUTINE. CU8£ 
Ulill£NSJON U.O 1100I1JCIC1001oJCC1100 I 1fllft.SI< t 20 I olOfAS« t 120IoM•SKll201 o 

1 ICLIBEC 1001 bl• IST I lOOo2I•lllll121 •I I l~l 1 J 8!51 o IC lSI o 10151 o 
'- fl4UUISlolOUOOI 

COMMON IA/ l'IC•NV1lCoJolCl•ICColCU8C•IS[Tl ol'"l1IFO 
l..0'1fl40N IBI MASK 1'4ASK1 0,..ASK2 
i.;OltfllfON /F/ ,sT,!llUUolVVoN 
lQYlllON Iii JOolblT 
oo 1 1::1.s 
Utll:: 0 
IRlll : 0 
•CCII: 0 

1 10111 : 0 
11 : lSTU1r.I 
JJ : lSTtiuO 

IF I ISf:Tl . Ew . ll GO TO 20 
10 vO 12 .JJ:lol'IV 

JJJ : CJJ-11/llUT 
.J : JJ•JJJ•HHT 
1.J : JJ.J•l 
I\ : lllUUltJI ,•NO, '4ASKtJI 
IFCK ,[Q, 01 GO TO ll 
JAii.Ji : l.\llJJolt 
bO TO l.? 

11 !CCIJI : JCllJJoJO.SKCJI 
li lONTJNut 

NC : NC•l 
UO 13 tJ:101UP 

13 ICUdEIHColJI :: UtlJI 
11V : NV•l 
luP : l• {lllV-1 lll81T 
NVI : NV•ClvP-ll • liHT 
H~lluPI : lt•SK21NVll 

oHC'NP•TUPNloFR'l'P 

000•76 
000•77 
0001t71 
OD01t79 
0801110 ...... 
H01tl2 
OOOltel 
.. _ 
000lt89 ...... 
000•87 
000"8 
OI01tl9 
000490 
IOP91 
OOM92 ..... .., 
OI0119" 
0001195 
0001196 
tlllt97 
0011t98 
eooi.99 
000&00 
000&01 
OOOiOI 
OOOiO.J 
IOHO• 
111509 
001606 
OIOfl07 
000901 
00H09 
IOH10 
OOHU 

000&12 
OOHll .... , .. 
000619 
OIHl.6 
OOH1T 
IOOflll 
00Db19 
OODNO 
000621 
OOOW2 
000523 
OOHZa. 
OOON5 
000'26 
000'27 
OOH.II 
000'29 
000&30 
000531 
oooua 
000533 
000b31t 
ooous 
OOOU6 
OOOU7 
ooou8 
OOOU9 
000~11 
ooo~ ... 
OOOS..2 
000&113 
OOOklt 
000545 
000546 
OOO!tt!7 
OOOkll 
00Hlt9 
OOHbO 
DOOb51 
000b52 
000H3 
OOOt.64 
080$$5 
000&56 
000557 
OOHU 
000159 
000660 
000561 
OOObbZ 
000663 
OOOMAI 
000565 
000666 
000567 
000568 
000569 
000b70 
000671 
00057i 
000573 
O•O•T .. 
000b75 
000576 
000~71 
OOOHI 
000~79 
000!>80 
OOOHl 
ooowa 
000'63 
OOOUlt 
OOOH5 
DOH66 
000!>87 
080588 
000~19 
OIOb90 
OOOS91 
000b92 
OOO!:o9l 
000591t 
OOOHS 
ot0596 
000b97 
000!198 
OOOH9 
000000 
000601 
OOOM>i 
000605 
000..011 
IOOMI~ 
000.06 
000007 
000608 
0006U9 
000610 
OI0611. 
000612 
000011 
OD0611t 
000615 
00Qo16 
000617 
00061.8 
OOOti.19 
000620 
000621 
000022 
0006U 
OOOHlt 
000625 
000H6 
000627 
0001:128 
0001:129 
000630 
000631 
000632 
OIOoll 
0000111 
Oll0635 
000636 

IN : IVVINI 
~0 lit tl:h!N 
Mil a IHllhfO 
uo lit IJ&l11UP 

lit 1CUl!IMIJ1IJI : ClCU8[tMJ:l.IJI ,ANO, JCllJ,, 00R, ll1IJI 
WO TO 30 

20 00 22 J,J:11HV 
JJ.J a IJJ•UllBIT 
J : J.J-JJJ•IBIT 
IJ I: .l.JJ+l 
K : MUUUJ1 oANO. MASKtJI 
JFIK .!U. 01 90 TO 21 
UUJI a UllJl+K 
iO TO 12 

21. UllJI : JAllJ1•MAM11JJ 
ICllJI : ICIJJl..USK1JJ 

22 CONTINUt 
NC : NC•l 
NV : NV•l 
00 25 IJ:11IUP 

23 &CUBllNC•IJJ = UllJI 
IUP a l•INV•111181T 
NWI s NW•UuP•ll•lllJT 
IBCIUP> : ltAS*tllNWIJ 
lOtlUPI S OUSftllNVIJ 
00 zi. KKShNC 
UO 2" IJ:Sl•lUP 

Zit lC"9!1JlJl,JJI : ICll!l£Ul.K1IJI •°"• IDllJI 
lN a IVWINI 
QO 25 J:SltlN 
Mii : JSTUoNI 
00 H IJ:sl•luP 

as lCUHlflilllelJI : UCUll[CMll.IJI •• ND. ICllJ11 .OR. J81IJ1 
30 M!TURN 

END 

gr.:~uNN[l~~l':~~,~~i~Ig~ I 1JCC11100 I •ICC 1100 I •MASfl uo I •MASKI 110,. 
l JCu8!UOO•!H 1 ll([[p UOO I• IKE!PJ 1100 I• JOll:OOU!SQl • JMl50t200J • 
a IOUTUOOI 

Co-MON /A/ NC•lllVolCO•ICl•ICC,lCUIK•l2Tl.•IFlolFO 
~C)MlllQN Ill MAM1•.t.Ml•lllA5"2 
COMMON IC/ &M 
c.-oN 1r.1 1cc1 
CD'INON Iii lOUT1181T 
COMMON IHI lOROEJI 
C ......... /OUT/ 19C•l•C 
go 1 l:11MI 
UO 1 J•l•IOU 

I 1Mtl,J1 : 0 
00 Z lahl.OU 

2 lOUTlll :s 0 
II.IP : J•INV00 llll81T 
IWC :; l 
18C • 0 
lFllSl:Tl .Et.to 11 iO TO •0 
uo 3 1:1.100 

l IKE!Pltll : 0 
HCC : 0 
HO : 2 
U :; l\KO+l 
JJ : NC 
1.10 13 J:tt',,VO 
IFllCllJI ,11T, IFOI GO TO 11 

10 1FtlCOIJI .1.!. lFOI GO TO 13 
lCiOO :s 1 
lCHAR : •J 
1US£ = 1co1 .• 11 
{1;0 TO 12 

111600:2 
4CMAR : J 
lUSE : ICllJI 

12 11. : 2•.,,•1600•2 
CALL FAlllSUSI IL 1lUSE.NCC1 IFO•NC1NVo ICHAR • 1 •0 I 
00 TO cu.1111t HOO 

13 l..:ONTINuE 
IFINCO ,EQ, NCI 00 TO 30 
C.ll.L 0R0£Rt HIP1NC01NVO.NCtNVtJCIJ8[t 1un. 

iO 1.10 21 ••lloJJ 
HI;;-
lFllto o[O, 21 Itl:IOROEltlMK-NCOI 
NCC : NCC+l 
LC :; 0 
I.CT : 0 
UO 27 .NJ:toNll 
1LA8 : 0 
iCOM :s Cl 
JJJJ : I JJJ• ll 118 IT 
J : JJJ-JJJJ•l91T 
lJ : JJJJ•l 

21 U : ICUl[Ull,JJI ,AN(), M•SKIJI 
IFllA .... ASl(llJll 27•22•23 

22 CALI. F""•OUTl.IJJ1lolfll£ToJCHlfll1Jr:01llill 
lF1 IR£T .EG. 21 00 TO Z• 
ICt.!AR :t -J.JJ 
, ..... " : 1 
iO TO 21t 

23 CALL P:AhOUTIJJJo2olREt,JCt.iAR,IF'0 0lllllJ 
lF'llRET oCG. 21 GO TO 2 .. 
ICHAR : JJJ 
1LA8 : I 
1FllKEEPllJJJI .[Q, 01 GO TO 21t 
!LA& : 0 
JCHAfll : IKEt.PI tJJJI 

21t LC : LC•l 
LCT : LCT+l 
IFILC ,NE, 1F'11 50 TO 25 
lFll.CT oEG, ICCclll)) 10 TO 26 
CALI. OUTlCICHAR1lLA810I 
CALL 0Ul2CNCC) 
NS : NCC 
NCC:NCC+l 
LC:& 
CALI. OUTlll\IS.oOoOI 
CALL OUT2 t"ff.C I 
CALL OUfllN!.'.:Ct01ll 
NCC : MCCH 
1110 TO 27 

25 IFILCT o[Q, lCCllllJI GO TO i6 
lCOM : 1 

26 CALL OUTlllCHAlt•lLA8 0lCOflll 
27 CONTINUl 

CALI. OUT2CliltCCI 
1FCl11 •LEo NCOI GO TO 2& 
NS : NCC 
NCC : NCC•l 
CALL OUfltNSoO•OI 
CALL 0Ul2lNCCI 
lSCfll : NV~C•lll 
lK[£PI llSCAI : NCC 
lFUCUISCRI ,LE. IFOI GO TO 28 
CALL F1,fllSl..8 C2•ISCR• lC1IJSCRI1NCCt IF'01NC oNVoNcC oOoOI 

H IKE!Plllll : NCC 
30 IFCllO ,[Q. II CiO lO 70 

HO z 1 
II : 1 
JJ : NCO 
iO TO 20 

ltO II :; NVO•l 
JJ : NV 
HO : 2 
00 i.1 1 : toNCO 
lFllCCllll .LC. JFOI eo TO Ill 
IL : 2•1 
CALI. F'ANSu81IL1JCCH11,NCC 1 JF'OoNC1NV1 J1tEl:Pll I 1010 I 

•t CONTINI.It. 
HCC : NCC•I 
lFINVO o!Q . NVI GO TO 60 
CALL OR0£flC IUP,NC01NVO,NC,NV 1 ICUllE• JR:Tll 

so 00 57 Ll.:1l1JJ 
JJJ : LI. 
lFlllO oEQ, ii JJJ: JOROEflllLL-NYOI 
IJ : 1+1JJJ-ll1181T 
J : JJJ•llJ•lHl81T 
LC : 0 
LCT : 0 
00 5• t1t:11NC 
lL"8 : 0 
!COit : D 
U: ICU8£Clll1IJI oANJ , MAS.C.l.Jt 
1FCIJl,-MASll.11Jll ol.E, 01 GO TO 511 
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00 .. l7 
H .. H 
HOtll9 
HOMO 
000641 
HOMI 
000 .. l 
00064'1 
000645 
110646 
000 .. 1 ....... 
OI0 .. 9 
OIOHO 
000651 
000612 
OOOHl 
0006•• 
OOHH 
000H6 
000617 
1006&1 
OHH9 ...... 
000661 
011661 
00066> ...... 
000665 
OI0666 
110667 
too ... 
000669 
H0670 
000611 
110612 
OI06U 
11061• 
110611 
lt061t 
OOINl71 
000611 
110679 
HOMO 
IOOMl 
OIDNa 

OOONl ....... 
OOOH5 .. _ 
IOON7 "­...... 
OllffO 
110691 ...... ..... , ....... 
OIOM& ...... 
tltM7 
000691 
H0•99 
011700 
000101 
110701 
00070l 
00010• 
0007H 
000706 
000707 
000701 
000109 
000710 
t007U 
0D0711 
0007U 
00011• 
000715 
000716 
000717 
000711 
000719 
000720 
000711 
OI0712 
0007U 
00072• 
00072' 
000726 
000721 
000721 
ooou• 
ooouo 

0007l1 
0007ll 
00073> 
OOOU• 
ooon5 
GOOU6 
OOOU7 
oooU6 
0007l9 
0007110 
0007111 
0007112 
OOOhJ 
0007•• 
0007d 
0007•6 
0007•7 
OOOhl 
0007119 
000750 
00011il 
0007$2 
00075l 

10075 .. 
00075$ 
0007S6 
000757 
000756 
000759 
000760 
000761 
0007'2 
00076l 
0007611 
000765 
000766 
0CI0767 
000761 
000769 
000770 
000711 
000772 
00077l 
00077• 
000775 
000776 

000777 
000771 
000719 
000110 
000781 
000782 
000713 
0007alt 
0007H 

1.C : LC•l 
LCT : LCT+l 
CALL FA~OUT l1ll1211"ET o ICHAR1JF01 JMI 
1FllR£T .EG. 11 eo TO 51 
lkEEPCJJll : ICHAR 

51 !CHAR : lK[EPCUII 
JFILC .NE. iFJI GO TO 52 
IFILCT .CG. ICll.JJJll to TO 5l 
CALL OUTlUCl'4AR1010I 
CALL OUU INCC I 
NS : NCC 
NCC a NCC+l 
1.C : 1 
CALL OUTHNS•010I 
CAL.I. OUUCNCCI 
CALL. OUT1INCC10oll 
NCC : NCC+l 
eo To 5• 

52 lFll.CT •ECil• ICllJJJll GO TO 53 
lCO!lt : 1 

53 CALL outu1CHAJt1011COMJ 
511 CONTJNUC 

CALL OUTaCNCCI 
NCC a NCC+l 
l.C :: 0 
IFIJMI .cg. 11 WO TO 56 
NS a NCC•l 
CAI.I. OUTl INi10oOI 
CA"-L 0UT2tNCCI 
ISCR a NC~OJJJ 
lKEIEP llSCllU : NCC 
lFClCCllISCRI .u:. lFOI eo TO 55 
CAI.I. FANSU812•1SCRo JCCl 1 lSCR I oNCC, JF01NC1NV0NCC oOoOI 

55 NCC : NCC'+l 
liO TO 57 

56 PRINT 1000• LL 
1000 FOllUtATCUZ•l2l 

57 CONTINUE 
60 1FC180 .u. 11 eo TO 70 

180 = 1 
11: 1 
J.,t : NVO 
liO TO 50 

70 RETURN 
ENO 

Minor Subroutines 
SUSJIOUTINE OUT1 l ICHARo lLABo ICOM) 
01"11:NSJON IOUTtlOOI 
CQlllMON Iii 10UTol8H 
COMMON IOUU l8C1IWC 
lTA: 6 
IST : l 
lFUCOM .fGo 01 lfA : ITA•l 
IFllLA8 .EG. 01 aO TO l 
lST : 2 
IFUCHAR .CK. 01 GO TO 1 
lCHAR : •IC"AR 
IST a 1 

1 IH : U*IC"Allt/100 
IT : Z7•CIC"'""'l00•11H-2711110 
IU : 27•JCHAR•100•tlM•271·10•UT•27t 
lCOlllMA : 56b 
IFllCMAR .G£. 1011 60 TO 2 
ITA : ITA-1 
IM : IT 
IT : JU 
IU : lCOMMA 
IFllCMAR .GE. 101 IO TO 2 
ITA : JTA-1 
lH : IT 
IT : lU 

2 DO 10 IOO : ISTolTA 
GO TO Cl1lhS160718lo 100 

l !PACK : 768 
GO TO 9 

It lPACK : l08 
GO TO 9 

5 lPAClt : IH 
GO TO 9 

6 lPACK : IT 
GO TO 9 

1 lPACK : JU 
60 TO 9 

8 IPliCK : lCO"IMli 
9 IOUTI h 'CI : lOUTC HIC l+JP&Clt 

lBC : 18C+l 
IVC :::. I•C•ldC/10 
18C : I8C•lU•llBCl101 
DO 10 1t:106 
lOUTCIWCI : IOUTllWCl+lOUTIJllCI 

10 CONTJHU[: 
MET URN 
END 

SUBROUTINE t.IUTZCNCCI 
OIMENSJON lOUTUOOI 
COMMON llil 10UTol81T 
COMMON IOUTI IBColWC 
lWC : lllC•1 
lFtlBC ofG. 01 GO TO 11 
lllC : JWC+l 
15 : ,.IBC 
IFtlSI lo:Sol 

1 co 2 11.1:1,1s 
lOUTCIWCI : 10UTUlllCl+558 
00 2 11.:116 

2 IOUTC!WCI : 10UTllWCl+10UTllWCI 
l IOUTll.CI : IOUTIHfCl•558 
-. PRINT 1000• NCCo llOUTlll1J:lofWCJ 

1000 FORMATt7Xol:So• NANO OOAlOI 
DO 5 J:lollllC 

5 IOUTCll : 0 
IVC : l 
1ec : o 
RETURN 
ENO 

SUSROUTINE FANSU8 CIL 1 IUSC•NCC o IFOoNC oNV• IST~• ll..AB• lCOflll 
l)JMf.NSJON 111115012001 
CQ'ltMON IC/ 1M 
ICMAR : ISTUR 
IL.EFT : IUS"-
lNN : ILEFT•IFO 
IN: ClNN•lllltFO•ll 
NCC : lllCC•l 
IMl11JLI : 1 
UU2olLI :::. NCC•J. 
IMClolLI : lHN•lN•llFO-ll 
IMl .. oli.1 : II.EFT 
!N : 2•1N+l 
Ct.Ll. OUT1llCHAR0Il.fi81JCO"l.i 
CALl. 0UT2 INCC I 
DO 1 11.:101~ 
NS : NCC 
NCC : NCC+l 
CALL OUT1INS•010I 

1 CALI. OUT2 CNCC I 
MET URN 
ENO 

Sl.IJROUT lr«: FANOUT I IARR. rco. 1RfT 1ICMARt lFO+ tM) 
UIMENSJON IMl50o2001 
11.. : 2•1ARR+IE0•2 
IRET : 1 
lFllMCl•lLI ,EQ, 01 RETURN 
IFllMPhlLI .GT, lFOI GO TO 1 
ICMAR : lMCColl.1 
i.RET : 2 
ME TURN 
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00071ft 
000717 
0007H 
000769 
000790 
000791 
000792 
000793 
0007911 
000795 
000796 
000197 

000791 
000799 
OOOIOO 
000601 
ootaoa 
OOOIOl 
OIHOlt 
000605 
OOOI06 
OOOI07 
000601 ...... 
000610 
OOHU 
001812 
OOOIU 
00081• 
000115 
000816 
000817 
OOOl11 
001119 
OOOIH 
OOOlal 
0Hla2 
00062> 
0006211 
OOHH 
000126 
000127 
00tl26 
oooea9 
ooouo 
OIOlll 
OOOIJI 
OOOIU .... ~ 
ooous 
OOOU6 
0006)7 
0006'8 
OOOU9 ...... ..... , 
OOOkl 
0008-l 
OOOk• 
000k5 
0006"6 
000147 
000146 
000149 
110650 
000851 
oooesa 
OOOHl 
000114 
000155 
001156 

1 lFCIMU•ILJ oNEo II M> TO I 
lCHAR : IMll•ILI 
lRET :i: 2 

2 i,-UMU11LI .NE. 11 aO TO 3 
iMUoU.I a &MCZ11LI • 2•CJMUolLl•U 
lMUoU.I : 2 
lMllolLI : IFO 

:5 llltlltolLI • lMllloJLl•l 
Uf1J1ll.I s IMllolLI •1 
Rl:TURN 
ENO 

SLeROUTJNE Qllll:Offt I JUPoNCO•NVO,N(,NV• ICUBE• JSlTll 
DININSJON JSAY£'50l 1JOllOU1501 tMASIU C201 •1111Ak1120 I oMASK CIQl 1 

1 ICU81Ul001511IOUOOI 
CCIMCIN Ill MASKoMASKloMAS.CI 
C()MM()fril ltl IOo lll'T 
CotMON IHI lCHltDl.1111: 
DO 1 Js1,50 

1 J5AVflJI 11 I 
.IS: O 
IND a 0 
JFllKT1 .Uh 11 .0 TO 10 
,,._, : l•NVO/JalT 
NyS a l+NVO-CNVOlllJTt•IBJT 
II • NCO+l 

10 DO H J;:Jl ,JIC 
IFUSAVt:ll-HCOI .lo. OJ eo TO 16 
DO U IJS.A.JP•IUP 
lFUCUIEllol.n ••• MASKlCN'IStl 80 TO u 

U CONTJNUE 
U .IS : JS•l 

JCHll:Dl.1111:1.JSI • I 
JSAVll 1-HCOJ • 0 
iO TO l6 

U NVl : NVO+l 
DO 1• JPOS • NVloNV 
J ::i: JPOS-IBlh1tlPOS-U1llllT1 
lJ : l+CIPOS•111181T 
U : ICU8El1'1.tl .ANO. MAP.Coll 
lFIJA .EG, 01 ao TO &fl 
JFllSAv£HC-NV•JPOS-NCOI .Nl. OJ 10 TO l!J 

lit COHTJNUC 
iO TO 12 

15 IND : 1 
16 CONTJHUt 

IFCJNO .e:o. 01 ao TO JO 
IND: O 
tiO TO 10 

20 JI : NVO+l 
21 DO Zfl .l=lltNV 

IFllSAVEl.,,....,l/01 .lO. OI IO TO ltt 
NCI : NCO+l 
JSl.8 s 1+(J-11118JT 
NVS : ..t""lllT•CIJ-llllBITI 
DO 22 l=NCloNC 
lFllJCUBl:UolSllU .AICI. MASKIUtvSJI .l:I• 01 IO TO 12 
IFIJSAv£(NV-NC•l~VOI .IC. 01 M TO H 

22 CONTINI.JI: 
.IS a JS•l 
IO'IDEAl..tSI s J 
ISA¥£CJ-NVOI s 0 
iO To 2• 

2l IND: 1 
2• CONTJNIA: 

lFCJND olG. OJ iO TO SO 
IND a 0 
i>O TO 21 

lO RETURN 
ENO 

( continued from page 10f) 

computer word and the number of output char­
acters that can be stored in a word. The changes 
are as follows : 
1. In the main program the user must supply the 
initial value for IBIT in the DAT A statement. 
This value is the number of bits per word in the 
computer being used. 
2. The output routines, OUTl and OUT2, must 
be changed, as shown in Table 2, to reflect the 
different internal codes used to represent char­
acters and also the number of characters that can 
be stored in a word. • • 

References 

1. Su, S.Y.H. and Nam, C.W., "Computer-Aided Syn­
thesis of Multiple-Output Multi-level NAND Networks with 
Fan-In and Fan-out Constraints," IEEE Transactions on 
Computers, Vol. C-20, No. 12, Dec., 1971, pp. 1445-1455. 
2. Su, S.Y.H., "Trade your Karnaugh Maps for Topo­
logical Procedures that Easily Reduce Switching Func­
tions that have Many Variables," Electronic Design, No. 
21, Oct. 11, 1973, pp. 88-92. 
3. Dietmeyer, D.L., "Logic Design of Digital Systems," 
Allyn and Bacon, Boston, 1971, Chapter 3. 
4. Su, S.Y.H., "Computer-Oriented Algorithms for Syn­
thesizing Multiple-Output Combinational and Finite 
Memory Sequential Circuits," Ph. D. Thesis, Univ. of 
Wisconsin, Madison, Wis., 1967. 
5. Su, S.Y.H., and Dietmeyer, D.L., "Computer Reduc­
tion of Two-Level Multipl e-Output Switching Circuits," 
IEEE Transactions on Computers, Vol. C-18, No. 1, Jan., 
1969, pp. 58-63. 

105 



-----, 
613/ 6C I 

Advanced Products Division 
10900 Wolfe Road • Dept. 232-D 
Cupertino, California 95014 

Send now for FREE INFORMATION 
O Please send me a brochure on the HP-45 and the HP-35. 

O Please send me an H P-45. Enclosed is my check for $395. * 

O Please send me an HP-35. Enclosed is my check for $295. * 
•Add state and local taxes. Domestic U.S.A. prices only. Full refund 
within 15 days if not satisfied! 

Name ______________ Oept. ___ _ 

Company __________________ _ 

Address. __________________ _ 

City ________ State _____ Zip ____ _ 
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I 
I 
I 
I 
I New reduced price on 

the popular H P-35 ... $295 

The H P-35-the original scientific pocket calculator that"s now 
the standard of the industry-is available at a new, reduced 
price . .. $295. It has all the trigonometric, logarithmic, arith ­
metic and data manipulation capabilities that have made it the 
indisp<!nsable tool of more than 75,000 scientists and engineers. 
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in size or price! Only $395! 
Compare the HP-45's advanced features with 

those of any other scientific calculator! 

( 
y 

' 
z 

x 

Gold "shift" key doubles the 
function of 24 keys ... helps 
give the H P-45 increased capability 
with no increase in size! Primary 
functions are labeled on the keys, 
alternate functions above. Gold 
key lets you shift from one to 
the other. 

~ 
T 

J 

Operational stack 
has 4 registers ... for 
automatic storage and 
retrieval of intermediate 
solutions. The stack 
design permits review of 
stored data at any time. 

DEG RAD GRD 

ENTERt CHS EEX 

Trig functions may be performed in any of 
3 selectable angular modes ... degrees. radians 
or grads. Decimal angles are calculated in 
whichever mode is specified. The H P-45 also 
computes natural and common logarithms. as well 
as antilogarithms. 

+D.MS D.MS+ 

STO RCL 

Instant conversion from an angle in any 
angular mode to degrees/minutes/seconds 
(e.g .. 45.89° = 45° 53' 24") .. . wi th the answer 
automatica lly rounded to the nearest second. Or 
convert from 0/M/S to the equiva lent decimal angle. 

n! 
Factorial function allows rapid 
calculations of combinations 
and permutations ... to reduce 
problem-solving time to seconds. 
You can quickly find the factorial 
of positive integers. 

SCI 

• Display formatting in fixed 
decimal or scientific notation 
... at the press of a key. And 
you can round off answers to any 
number of digits (0 to 9) displayed 
after the decimal point in either 
mode. Full accuracy is always 
maintained internally. 

9 additional memory registers 
are addressable ... can be 
used for storage and retrieval of 
data. or to perform register 
arithmetic. A 10th ("Last X") 
register lets you recall last input 
argument for error correction 
or for multiple functions of same 
argument. 

cm/in kg/lb ltr/gal 

000 
Permanent U .S./metric constants permit 
instant conversion ... for rapid calculation 
of problems involving length. weight or volume. 
And you get 1 0-digit accuracy! 

+R 

Ill Instant conversion from polar 
to rectangular coordinates 

. or vice-versa. And vector 
ca lculations are simple when 
you also use the 2:+ key to 
simultaneously accumulate 
two coordinates. 

~- x,s 

8 R+ 
Statistical analysis is easier ... because 
the 2:+ key provides a running total when 
summing numbers. keeps track of the number 
of entries. and automatically computes the sum 
of the squares. The x.s key calculates the 
arithmetic mean and the standard deviation. 

Hewlett-Packard pocket calculators .•. 
If you work with numbers, you can't afford to be without one I 

HEWLETT PACKARD 

Sates. service and support in 172 centers in 65 countries 
Advanced f>roducta Division • 10900 Wolfe Road • Cupertino. California 95014 

INFORMATION RETRIEVAL NUMBER 38 
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Sine 
Ale line 
Cosine 
Arccoline 
Tangent 
Ate tangent 

Common logarithm 
Natural logeri1hm 
Common entilogerithm 
Natural antilogarithm 

Serief Cllculetione 
Milced serlel oelculatlona 
Chain Clllculeliona 
Mixed chein celculatlona 

The aquare root of the number 
displayed 
The aquare of the numbar 
dilpleyed 
The recipl'ocel of the number 
displayed 
The rei81ng of any poaltlve 
number to any power 
The factorial of positive imeg.s 
Percentage end percent 
differencel 
Sum of the aqua-
The mean of entrlea mede with 
the "l:+"bv 
The atanderd deviation of entrlt8 
with the"%+" by 

The decimal angle In any of the 
angular modes In the display to 
deg..-/minutes/eeconda 
The deo-t/mlnutes'-'1da 
angle In the dleptay to a 
decimal angle 
Polar coordinates to reataneular 
coordinate& 
Rectenguler coordlnatee to 
polar coordlnatea 
Centimetenl to incllel 
lnchaa to cenllmel9ra 
Kllogrema to pounds 
Pounds to kllog1111111 
Uten to gaftona 
Gallons to lltara 

Simultaneously accumulllll 
two Mts of entries for 8llttisticll 
and vector calculatiom1 
Allow for deletion of enoneoua 
entries 
Recall the last argument of a 
calculation to check for accuracy 
Display the constant Pi It the 
touch of aby 
Pennit selective date storage 
and retrieval In up to 9 registers 
Operate in any of three 
trigonometric modes-deg-. 
radians or grads 
Perform register arithmetic 
Perform vector arithmetic 
Fit in your shin pocket 
Operate O!l rechargeable 
batteries or AC 

Q1111nthy dllU:Ollnta av.,lable. 
Aalc about the complete 
Hawlett-Paclcard lln#I. 

Domestic U.SA. prices only. 
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Dust filters can block cooling air and overheat 
electronic equipment. Here's data on how to select them, 
how they affect airflow and when to change them. 

Dust destroys electronic components, upsets 
calibrations and wears out bearings and other 
sliding surfaces. Dust also hinders the transfer 
of heat from components to cooling air, and the 
result is premature failure. So it's important, 
obviously, to filter the cooling air before it enters 
the electronic equipment. But surprisingly little 
has been published about the effects of filters on 
cooling capacity and filter life. The filter should 
match the environment. However, the filter you 
choose is, at best, a compromise between the fil­
ter's efficiency and its life or air-pressure loss. 

Dust comes in all sizes. The average size of 
particles in the atmosphere is about 3 µ, in di­
ameter. For test purposes, the AFI-USA (Air 
Filter Institute) code provides a standard dust­
composition atmosphere as follows : 

Dust type 

Street dust 

Carbon soot 
Cotton dust 

Particle size 

! 
0-5 µ. - 39 % l 
5-10 µ. - 18 % 

10-20 µ.-16 % 
20-40 µ. - 18 % 
40-80 µ. - 9 % 

0.8 µ. 

Composition 

72% 

25 % 
3 % 

100 % 

The amount and composition of the dirt in 
your equipment's environment is the first factor 
you must estimate before you choose a filter 
material. A working estimate of the weight of 
dust per cubic meter that can be expected in 
various environments is: 
Zone 1 : Heavy industrial - 0.0030 g/ m8 

Zone 2: Average industrial - 0.0008 g/ m3 

Zone 3: Average residential - 0.0003 g/ m8 

Zone 4: Relatively clean room - 0.00014 g / m8 

Woven fiberglass is probably the most widely 
used filter material. It can trap particles in sizes 
from 3 µ, up; it provides good efficiencies that 
range from 63 to 98 % , which depends on weave 
and thickness; and it holds large quantities of 
dirt. However, plastic foam is best for very small 

Lawrence F. Edwards, Product Manager, Amphenol Sales 
Div., Component Marketing Service, Broadview, Ill. 
60153. 
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particles. It can trap 1-µ particles, has a very 
high efficiency-roughly 98 to 99 %-but it clogs 
rapidly and requires frequent cleaning or chang-

. ing. For large-particle filtering-or merely as a 
fan guard-wire mesh is often used. Its particle­
·trapping capability and efficiency are very poor 
initially, but this tends to improve as lint accu­
mulates. 

Slitted, expanded aluminum foil is a filter ma­
terial particularly advantageous to electronic ap~ 
plications. It traps fine particles, as does plastic 
foam, and it is more easily washed for reuse. A 
spray coating of adhesive restores its ability to 
capture fine dust particles. Of special value to 
electronic equipment is its RFI and EMI attenu­
ation capability. And since it is metal and non­
flammable, UL approval is more easily obtained. 

Calculating filter life 

Fig. 1 shows how the efficiency ( % dust re­
moved) of a typical woven fiberglass filter pad 
for a 4-11/ 16-in. fan varies with dust accumula­
tion. The efficiency remains constant at about 
75 % for most of the operating life of the pad, 
and it increases rapidly when the trapped dust 
finally prevents proper "breathing." At this point 
the pressure drop caused by the clogged pad pro­
duces an unacceptable loss in cooling capacity, 
and the pad must be replaced or cleaned. 

To determine how frequently a filter should be 
changed, use the simple equation 

c 
T = W' 

where T = filter operating life in hours (h), 
C = filter capacity in grams. (g), 
W = weight of dust deposited in one hour 

(g/ h). 
To find W: 

W = F x D x 3.6, 
where F = air flow in liters/ sec (l / s), 

D = dust density of environment in g / m3
• 

For example, from the efficiency plot of the 
fiberglass filter in Fig. 1, we see that the filter's 
maximum trapping capacity is 14 g. However, 
the final filter capacity could be less if, instead 
of by efficiency, the capacity was determined by 
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FIG. 3 
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Filter efficiency remains nearly constant until accumu ­
lated trapped dust causes it to suddenly increase--a sig­
nal that the filter should be cleaned or replaced . While 

this is the ultimate filter life, allowable pressure-loss 
may be a prior criterion and thus require earlier replace-
ment or cleaning of the filter. · · · 
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maximum allowable air-pressure drop. 
For a filter of this size a typical airflow rate 

is 40 l/s. Let's assume a relatively clean-room en­
vironment (Zone 4). With a value of 0.00014 
g / m 3 of dust, we get 

w = 40 x 0.00014 x 3.6 
= 0.02 g / h 

14 
and T = 0.02 = 700 h. 

On the other hand, suppose periodic mainte­
nance is done every 500 hours. The filter capacity 
is then 

c = 0.02 g / h x 500 h 
= 10 g. 

Both dust-trapping capacity and filter efficiency 
are specifications that can be obtained from the 
filter-material manufacturer. 

Designing around the pressure drop 

Two approaches can be used to offset the air­
pressure loss in a filter as it clogs up: 

1. Pick a suitable fan; determine maximum 
tolerable pressure drop for the required airflow; 
and specify a filter that will not exceed this loss 
within a reasonable replacement time. 

2. Pick the filter first and then calculate the 
worst-case pressure loss. Choose a fan large 
enough to overcome the loss. 

For the fiber filter considered thus far, curve 

C in Fig. 2 shows the variation of pressure drop 
with airflow for a clean filter, and curve B, the 
pressure drop build-up as dirt accumulates. 

To apply either approach in filter selection, 
you start with curve C and determine the clean­
filter pressure drop at the required rate of flow. 
For instance, a 40 l/s flow causes a drop of 3.5 
mm H"O in a clean filter. 

In the first approach, deduct the clean-filter 
loss from the maximum tolerable pressure drop. 
Then find the weight of trapped dust that will 
cause this loss on curve B. If, say, the maximum 
tolerable drop is 10 mm H 20, then 10- 3.5 = 6.5. 
At 6.5 mm H,O, the weight of dust trapped is 5 g. 
The filter would have to be changed at intervals of 

5 
T = 0.02 = 250 h for a flow of 40 l/s and Zone 4 

dust conditions. 
In the second approach, if you had selected the 

4-11/ 16-in. fiber filter, the maximum filter ca­
pacity would then be 14 g (from Fig. 1). On curve 
B of Fig. 2, 14 g of trapped dirt yields a pressure 
drop of 16.5 mm H20. Add 16.5 to the clean filter 
drop of 3.5 mm H,O to get a total pressure drop 
of 20 mm H 20. The fan must be able to overcome 
this pressure drop and still deliver the required 
flow. 

Typical fiber-filter characteristics curves, as 
might be supplied by a filter manufacturer, are 
shown in Fig. 3. • • 

CELCO 
makes CRT 
Camera 
Sy_ stems 
that will 

make 
YOU Smile! 
Address inquiries to CELCO: 
70 Constantine Drive, Mahwah, NJ 07430 
1150 E. Eighth Street, Upland, CA 91786 

Introducing CELCO COF /FIC: Computer-On-Film/Film-Into-Computer 

CELCO DSC I: to 1000 TV lines, 16mm Camera • Low-Cost & Compact 
CELCO DSC II: to 2000 TV lines, 35mm Camera • Ultra-High Stability 
CELCO DSC Ill: to 4000 TV lines, 70mm Camera • Ultra-Low Distortion to 0.05% 
CONSTANTINE ENGINEERING LABORATORIES COMPANY 
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The market is ripe for product breakthroughs. Just look, 
for example, at the growth of such items as the hand­
held calculator, small camera flashguns, ultra-mini porta­
ble radios and recorders. The key to these tremendous 
sales successes is high frequency power conversion 
circuits .. 

And the key to still more efficient, high-frequency pow­
er conversion is Ferroxcube's new 3C8! 

This important new ferrite material gives significantly 
higher flux densities at higher temperatures, and lower 
losses at high excitation levels than any other magnetic 
core material. It is available in practical size cores for use 
up to kilowatt power levels. 

3C8 is already being used with great success in: in­
verters, battery chargers, fluorescent lamp ballasts, 

strobe light devices for highway markers and harbor 
buoys, power oscillators, power amplifiers, ultrasonic 
generators. 

In all of these circuits Ferroxcube's 3C8 material has 
led to greater efficiency, lower cost, less weight, and 
smaller sized units. In one power supply, for example, 
the size of the core was reduced from 13 lbs. at 60Hz to 
4 lbs. at 20,000 Hz and the volume from 35 to 9 cu. inches 
-savings of 70 to 75%! 

Can 3C8 improve your present products or suggest 
new products and markets for your company? If you 've 
got the imagination , we've got the core! Call 914• 
246-2811 , TWX 510-247-5410 or write today. 

Ferroxcube linear ferrites-made in Saugerties, N. Y. 
and stocked in seven U. S. locations. 

FERROXCUBE CORPORATION. SAUGERTIES, N. Y. 1 2477 
A ORTH AMER ICAN PHILIPS COMPANY 

Distributed through North American Philips Electronic Components Corporation with warehouses in Boston . 617•449-1406; New York . 516•538-2300; 
Saugerties . 914 • 246-586 1; Ph i ladelphia . 2 1 5 •927-6262 ; Chicago , 31 2 •593 -8220 ; Santa Clara . 408•249- 11 34 ; San Diego , 714 •4 53-9250 

16404 
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Linearize your v/f converter. By adding 
a constant-current source to the usual feedback arrangement, 
you can cover five decades with 0.0005% linearity. 

You can design a voltage-to-frequency ( v / f) 
oonverter that covers five decades with excep­
tional linearity and with a minimum of trim­
ming. The secret lies in precise control of the 
discharge of a capacitor used as an op-amp feed­
back element. Here's how the circuit works. 

Most v / f converters depend upon the charging 
of a capacitor in the feedback loop of an op amp; 
the capacitor is discharged when a certain out­
put level is reached. With this arrangement it 
turns out that nonlinearity is almost strictly a 
function of the discharge circuit. 

The usual way to improve linearity is with 
compensating circuits or some form of feedback 
correction. For example, to control the discharge, 
a reference capacitor, C1, can be charged to a de­
fined level, then switched into the charging cir­
cuit with a comparator (Fig. 1). The charge of 
C1 then flows into C and the charging is repeated. 

In the ideal case, the switching time can be 
neglected and the frequency is then : 

I 
f = -V C- = constant x V 1 • 

r e f 1 

However, with the conventional scheme, the op 
amp will overload momentarily during the dis-

Bengt Alvsten, University of Lund, Solvegatan 14, S-223 
Gz, Lund , Sweden 

1. Linearity is improved in feedback-type v /f converter 
(a) by discharging feedback capacitor through C, at the 
right moment during the cycle (b). 

112 

charge, which will result in a change in current, 
I, and-consequently-in frequency, f. 

But the discharge process can be controlled 
better if the discharge current is taken from a 
controlled-current source (Fig. 2). 

Current source improves linearity 

In Fig. 2 the op amp operates normally even 
during the discharge of C, and there's no inter­
ruption in the integration. 

When Vz reaches Vrer in value, ·a circuit is 
triggered, that delivers a pulse of length, T c1. 
This pulse activates the current generator 
through which C is discharged. During the 
cycling time, T, a charge, I ct x T c1 , is remo•ved 
from, and an equal amount I x T is transferred 
to C. Thus: 

and 

f= _!_= _ I _ 
T l.1Trt . 

The stability of the v / f conversion depends 
now on that of the current generntor and the 
timing circuit. A high degree of stability is 
achieved by using a crystal-controlled clock oscil­
lator as the timing element (Fig. 3). 

Again, the purpose of the timing circuit is to 
deliver a pulse with a well-defined lengt~. The 

TIME 
CIRCUIT 

2. Best linearity is obtained by discharging C through a 
constant-current generator (a). Improved output occurs 
during Tc1 (b). 
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I NTEGRATOR 

CU RRENT 
GENERATOR 

~-----0 OUTPUT 

CLOCK 
X-TAL OSC 

COMPARATOR FLI P- FLOP 

OUTPUT 

3. Using a crystal oscillator as the timing control device 
ensures high stability. 

INPUT 

I 

V /f converter performance: 

Viu ± 10-s volts Output (Hz ) 

0.00023 1.25670 

0.00203 10.3181 

0.02003 100.294 

0.04003 200.284 

0.08003 400 .286 

0.20003 1000.22 

0.40003 2000.24 

0.80003 4000.15 

2.00003 10000.2 

4.00003 20000.7 

8.00003 40000.6 

r- - - - - - - - - - - - - -, 
1 1156°kctf, 1 
I x-101 OSC 7474 I 
I J1IlJL I 
I JL_Jl_ _ _ _ C Pr 

Deviation (%) 

1.5 

0.7 

0.05 

0.02 

0.01 

0.003 

0.001 

0.003 

0.001 

0.001 

0.0003 

+5 V 

OUTPUT 

,,_i_ 
Id Td 

D 0 1--1--e---O OUTPUT 

18 k 

500 

I 
I 
I 

I + 5 v CLEAR a I. k v i 
-~51V6v-k--' I 

100 

INTEGRATOR _JI -------- -= vref L----

4 . Complete v /t converter (a) combines FETs, I Cs and 
bipolar transistors to achieve high linearity over a wide 
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span. Waveforms are shown in (b). Linearity can be fur ­
ther increased by modifications-see text. 
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pulse starts when the integrator output signal 
passes a certain level. Since the length of the 
pulse is determined by a free-running clock, syn­
chronization is needed between the signals from 
the integrator and the clock. 

To synchronize, a comparator senses the inte­
grator signal and sets a flip-flop in a state such 
that the flip-flop is triggered by the next clock 
pulse. The flip-flop's output pulse then activates 
the current generator. 

Since the comparator signal changes during 
discharge, and the next clock pulse resets the 
flip-flop, the discharge time, T,i, is thus deter­
mined by the clock frequency. 

Note that the comparator pulse appears arbi­
trarily in the time interval between two clock 
pulses. This causes the integrator output level 
to be modulated and the time interval between 
two discharge pulses to oscillate around the 
shown value for l / f. However, these don't affect 
the v / f accuracy in the steady state. 

Circuit verifies theory 

A practical design for a complete converter is 
shown in Fig. 4. The integrator is a µA 715 op 
amp equipped with FET inputs to minimize 
input-bias currents. The voltage-to-current con­
verter consists of two resistors, with one resistor 
variable for calibration. The µ,A 734 comparator 

couples directly to the output of the integrator ; 
the signal at this point is shown in Fig. 4. 

The µ,A 734 comparator signal is fed into t he 
D-input of a 7474, D-type, edge-triggered flip­
flop. With a clock-oscillator frequency of 100 
kHz, a 10-µs pulse will be produced at Q. This 
pulse controls the path of the discharge current. 

The current generator is designed in a conven­
tional way. A µ,A 7 41 controls t he current in a 
BC107 transistor. Two FETs in t he collector cir­
cuit of the BC107 shift the current to capacitor C 
or to ground. Thus, the current t hrough t he 
BC107 stays constant; this increases t he accu­
racy of the current generator. 

The FETs are controlled by a Schmitt-trigger 
activated by the pulse at the Q output. Active 
FET resistors are used in the trigger circuit to 
improve the pulse shape. An emitter follower, 
together with a zener diode, matches the fli p-flop 
and the Schmitt. The output can be taken from 
the pulse at Q or directly at the integrator output. 

Output frequency as a function of input vol~ 

age, and the percei:itage deviations from a 
straight line, are listed in the table. 

Linearity can be increased by: 1. increasing 
integrator gain; 2. driving the input of t he inte­
grator symmetrically relative to ground ; 3. re­
placing the input resistor with an active voltage­
to current converter; and 4. including a feedback 
loop. •• 

Immediate 
Delivery 
From stock or 
one of our 20-plus 
local stocking 
distributors. 

We make everything from IC sockets to a total 
IC interconnect system. Any size or con­

figuration you might require. All backed by 
R-N's reputation for quality. All at substantial 

savings. Whatever your connection need, 
we can fi ll it ... fast! The Socket People 

ROBINSON 
NUGENT one 

800 East Eighth Street 
New Albany, Indiana 47150 
(812) 945-0211/TWX 810-540-4082 
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Choose from 23 CTS Space Saver Cermet 
Resistor Networks to Increase Circuit Density ... 
At Economical Prices 

You'll like how much they can save you, 
and your circuit. Less space ... fewer 
components ... greater system reliability 
. . . quicker, easier installation ... reduced 
handling costs ... and faster inspection. 
Consolidate up to 13 discrete resistors 
into one compact in-line Saver Pac 
resistor module. 
CTS can do it easily with an expanded 
line of 23 modules ... available in .100", 
.125" , or .150" lead centers ... including 
NEW 10 and 12-pin .125" and.low profile 
8-pin .100" designs. High power 
capabilities to 4.3 watts @ 70°C per 
module. 

CTS 750 series cermet thick-film resistors 
assure proven performance-ultra high 
stability and reliability-backed by over 
700,000,000 hours of test data. Hand 
install or use automatic assembly 
equipment . .. they're designed for either. 
Pick a CTS SAVER PAC resistor network 
today. Large or small orders welcome. 
CTS of Berne, Inc., Berne, Indiana 46711 . 
Phone: (219) 589-3111 . 

A world leader in cermet and variable resistor technology 
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This switch 
does eve~ &om mother baby chicks 
to brew fresh coffee. 

used :~~·~:is~~i~=~~ ~41~~~~¥1 
snap-action switch a ,~.,~~·}%~1~:·?~'"~.>::~.\? 
h d . d d'd ' ~'>Ji'' ..... ~ ... ,..,,,,,,@,. ... t ousan times an 1 n t "~·: ··,\'" >'·,;~,~~ .. :·~f 

knowit.Since1947,it'sbeen '4i<. ,.::-··· -";;~~ 
standard equipment on 
applications ranging from -·~·'.: .·. 
incubators to vending machines. <:;.~;. /.i~"'''• 

It offers thousands · ~'!' 
of variations in circuitry, electrical capacity, 
actuators and terminals. 

For example, various 
.,/i, .... ,.. . .lJ. contact designs provide 

(<l_'·: ... '?;;>:~:g:< ,,,.:1} switching capacities 
;:t~r~... , that range from milliamps 

·· to a V2 hp rating . A choice 
of integral or auxiliary 
actuators turns difficult 
jobs into routine ones. 
While a selection of 
terminals, including 

screw and quick-connect, further 
uncomplicates your application. 

For special jobs, there are 
special versions. Some can 

MICRO SWITCH makes your ideas work. 

MICRO SWITCH 
FREEPORT ILLINOIS 61032 

A DIVISION O F HONEYWELL 

handle temperatures down to -100°F. Others 

other specials meet 

~~ ~~~~:.rds for ·-~~,t· ~:: . . ".~: ·Jh :·r .. ~ 
""·" '1;''. . ' . 'l .. ~~~·~ 1. "".'3: 

The V 3 offers th is ~f':~ f..\' .·. · . .· .· _;,:~~tt : ~~11 
~-y~?. ~ .. 'i"t,-'·'· 0 · .. ~)~'rit1:: 1~ N:ld 

versatility without -'""'''~:.""•;; ··:<i.:'.li .. '~r~a: 
sacrificing quality or ·::;;~~µ{>ii~~i;. ·F:~~ 
low price. -::t;l1/fA 

Contact your MICRO · llL~;; .. ,·,~7 
SWITCH Branch Office or ~·V;;~7MI.i:ik 

, . ; q~ • 

Authorized Distributor (Yellow ~/W;, 
Pages, "Switches, Electric"). They can ~! 
provide everything from more information 

to actual products. 

MICRO SWITCH products are available worldw ide through Honeywell International. 
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If you\re been looking for a miniature 
crystal-controlled clock oscillator 
in a 14 pin DIP package to fit standanl 
PC boanl sockets, stop looking and 
start ordering. Get details on model 
Kl091A from Motorola Component 
Products Dept. 2553 No. Edgington 
franklin Park, Ill. 60131 @.~!?,0~?.,~~~.~ 

Specifications : 4 to 20 M Hz range; 0.01 % stability; prototype 
quantities available for immediate delivery in 4.9152 MHz, or 5.0, 10.0 or 20.0 MHz. 



Use thyristor switches for proportional 
temperature control. These zero-switching circuits 
provide rapid but smooth control. 

Proportional temperature control offers major 
advantages in applications that require fast 
warm-up. This type of circuit controis power 
smoothly and rapidly. By contrast "burst" con­
trollers tend to cause temperature fluctuations 
due to their intermittent extremes of power. 

In the proportional system of Fig. 1, an error 
signal can control a thyristor switch. The switch, 
in turn, applies the line voltage to the load. To 
avoid generation of any electrical interference, 
the thyristor switch is always either ON or OFF 
for one or more complete cycles. 

The proportional controller has several ad­
vantages. 

• The average power delivered to the load is 
directly proportional to the input current. 

• At all power levels, the particular ac line 
cycles selected for application to the load give 
the smoothest supply of power. 

• A step change of input current results in a 
step change of output power within a maximum 
delay time of one cycle. 

Figure 2 shows a practical version of the sys­
tem outlined in Fig. 1. The input error current 
charges the timing capacitor, c., of unijunction­
relaxation oscillator, Q". The oscillator output 
pulses vary in frequency from zero to 60 Hz, 
and the frequency is linearly related to the input 
current. These pulses are then applied to the set 
terminal while the reset terminal of the bistable 
element receives 60 Hz pulses each time the ac 
lines change polarity. However, the bistable out­
put can only change from the SET to RESET 
state if an oscillator pulse has occurred during 
the previous cycle. 

Whenever the bistable changes between the 
SET and RESET states, it triggers a pulse gen­
erator and, thus, the full wave thyristor switch. 
Each oscillator output pulse causes one full cycle 
of line power to be applied to the load. Also, the 
bistable element "remembers" the output pulse 
and won't change state until the next positive­
going zero crossing of the line. 

Maurice Wright, Group Research Center, Joseph Lucas 
Ltd., Solihull, Warwick, England. 
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INPUT 
CURRENT 

LIVE 

VARIABLE FREQUENCY 0 TO 60Hz PULSES 
UJT OSCILLATOR y 

LOAO 

AC MAINS 

FULL-WAVE 
THYRISTOR 

SWITCH 

NEUTRAL 

1. A closed-loop feedback system controls the tempera­
ture of any small oven. 

If, for example, the oscillator frequency is 20 
Hz, every third cycle is applied to the load. If 
the frequency is 40 Hz, two successive full cycles, 
followed by one OFF cycle, are applied to the 
load. If we use a "l" to represent a cycle applied 
to the load and a "O" to .represent a missing 
cycle, some typical load patterns are: 
20 Hz 100100100100100100100100100100 
30 Hz 101010101010101010101010101010 
36 Hz 101101011010110101101011010110 
40 Hz 110110110110110110110110110110 
42 Hz 110110111011011011101101101110 
50 Hz 111110111110111110111110111110 
Step change 111111111111111111110000000000 
from 60 to 0 Hz 
This system guarantees that the ON and OFF 
cycles are uniformly spaced throughout any time 
period. 

Building a practical circuit 

Following the schematic through, we see that 
the zero detector consists of a tunnel diode, CR,, 
feeding the base-emitter junction of Qi. To elimi­
nate false outputs caused by transients on the ac 
power lines, an RC filter precedes the zero de­
tector. The same filter gives sufficient phase ad­
vance to ensure that the tunnel diode switches 
from its low impedance to high impedance con­
dition about 1 ms before the ac lines pass 
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l '. I ISOLATING 

21'-F 

C2 

11'-F 

820 
5W 

MAINS FILTER 
a PHASE ADVANCE 

3.9k 

IN914 

3.9k 

PASSAGE 
THRU ZERO 
OETECTOR 
I- TO+I 

NOTE : Cl THRU C7 ARE PLASTIC NON EL.ECTROLYTIC 

CURRENT 
CONTROU.EO 
OSCILLATOR 

lk 

MEMORY 
BISTABLE 

2. The circuit uses a full -wave thyristor switch and a 
UJT oscillator to cont rol the heater current and thus the 

through zero - to + (positive going). 
The pulse generator output pulse has a dura­

tion of 3 ms. This ensures that the thyristor 
switch .is gated to conduct as the ac line voltage 
passes through zero. To avoid the loss of a select­
ed cycle due to the coincidence of the oscillator 
and line trigger pulses, the bistable design 
should guarantee that: 

• All trigger pulses have short duration. 
• The oscillator SET pulse has a shorter dura­

tion t han the zero RESET pulse--say 20 µs and 
60 µs, respectively. 

• If both output pulses are present simultane­
ously, the bistable output should depend on the 
oscillator pulse. Thus, for coincident pulses, the 
bistable output will be in its SET condition for 
at least 20 µs and in its RESET condition for at 
least 40 µs (this being the time difference when 
the zero pulse only is applied). 

• The bistable output time constant of 8 1-ts is 
short enough to differentiate a 20 µs output pulse 
and ensure triggering of the pulse generator. 

The pulse generator gates SCR, for the posi­
tive half-cycle. During this half-cycle, the load 
voltage charges C0 to provide gate current for 
SCR2 when the ac lines change polarity. Thus, a 
full cycle is applied to the load. 

Controlling furnace temperature for a furnace 
temperature-control application, the output volt­
age of a thermocouple and a reference voltage 
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IN4007 CR5 

60Hz 
115V 
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temperature. This stable, closed-loop system also uses a 
neon lamp as a telltale ind icator. 

feed the input terminals of a difference amplifier. 
The amplifier output feeds a current to the oscil­
lator circuit in Fig. 2. During the initial furnace 
warm-up, the reference voltage exceeds the 
thermocouple voltage and the amplifier is satu­
rated, giving a maximum output current. This 
output current, from the collector of a pnp 
transistor, operates the oscillator at a frequency 
just over 60 Hz (for a 60-Hz line frequency). 
Thus, there is at least one SET pulse during each 
cycle and the heater is fully energized. The am­
plifier gain is such that the amplifier stays in 
saturation until the furnace temperature is with­
in about 3 % (30 C for control at 1000 C) of the 
required temperature. Further increases in tem­
perature cause a drop in oscillator frequency. 

Once the frequency falls below 60 Hz, heater 
power drops. Because the controller is a closed 
loop system, aging and variations in ambient 
temperature have little effect on the furnace tem­
perature control. 

A neon lamp in parallel with the heater forms 
a useful indicator since: 

• A continuous glow confirms that both SCRs 
are conducting during the initial warm-up. 

• Once the furnace temperature stabilizes the 
lamp flickers steadily. 

• If the glow around each electrode is differ­
ent, there is a fault in the circuit (usually an 
SCR failure). •• 
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The Avantek Fundamentals. 

Only Avantek, among all YIG oscillator sup­
pliers, offers fundamental YIG-tuned oscillators 
covering 2 GHz to 10 GHz. What's more, we 
back our statement with the thousands of 
Avantek oscillators currently operating in our 
customers' spectrum analyzers, sweepers, syn­
thesizers and tuners. Our YI G's have met the 
rigid requirements of E.W system manufac­
turers to whom maximizing sweep rates and 
high reliability are paramount. 

And now you can leave the driving to us, since 
we have just introduced YIG-drivers to com­
plement these YIG oscillators and ease the 
design burden of the system engineer. 

Avantek's leadership in transistor design and 
manufacture, coupled with total mastery of 
thin film circuit techniques, has spearheaded 
these wideband oscillator breakthroughs and 
set the stage for developments into even higher 
frequencies. 

Avantek ... years ahead today 
Write or ca ll Avantek. 3 175 Bowers Avenue. Santa Clara, 
Californiil %0!'>1 Phone (40R) 249 0700 
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LOW COST 
IC D/A'S ... made easy! 
8 & 10-bit Models 
Internal Reference 
100% Power Burn-In 
Specs guaranteed 0°to 70°C 
Available From Stock 
From ss.95* 

COMPLETE FAST CURRENT OUTPUT DAC IN A 16-PIN DIPI 
At last - an l.C. DI A converter that's easy to apply! The 
aimDAC 100 series provides its own internal reference 
voltage for low full-scale tempco and high supply rejec­
tion without complex external circuitry - and the fast 
current output settles in 250ns for use directly in high­
speed AID converters. Need a voltage output? Just add 
an op-amp - the tracking feedback resistor's already 
in the package! (Use our monoOP-01 High Speed Op 
Amp for totci.I settling in less than 1.0JLsec!) 

I 

Every aimDAC 100 guarantees its critical linearity and 
tempco over the entire 0° to 70°C temp range - and all 
devices are 100% burned-in for maximum stability and 
reliability. Military temperature range models and MIL-
38510 processing are available, too. 

Best of all, aimDAC 100's are available from stock - try 
one and see how easy l.C. DI A conversion can be! 

* 100 pc. quantity 

AIMDAC 100 "T" SERIES 
Application Guaranteed 

10 BITS 

8 

8 BITS 

Max. Linearity 
0° to 70°C 

0.05% 

0.3% 

Guaranteed 
Max. Tempco 
0° to 70°C 

60 ppm 

120 ppm 

Model* 

almDAC 
100 BCTl(T2) 

almDAC $12.00 100 CCTl(T2) 

almDAC 
$ 9.95 100 DDTl(T2) 

• T1 models contain inte rn al feedback resistor for + 10V, ± 5V operation 
T2 models contai n internal feedback resistor for +5V, ± 2.5V operation 

AUTHORIZED DISTRIBUTORS 

1500 SPACE PARK DRIVE, SANTA CLARA, CALIFORNIA 95050 
TEL. (408) 246-9225 • TWX 910-338-05 28 • CAB LE MONO 

NEW YORK METROPOLITAN AREA Harvey Radio, Woodbury, N.Y.: (516) 921-8700 • NEW ENGLAND AREA Gerber 
Electronics, Oedham, Mass.: (617) 329-2400 • UPSTATE NEW YORK Harvey Federa l Electronics, Binghamton, 
N.Y.: (607) 748-8211 • NORTHEAST Newark Electronics, Malden, Mass.: (617) 321-3930 • BALTIMORE-WASH­
INGTON Whitney Distributors.Baltimore, Md.: (301) 944-8080 • PHILADELPHIA Hallmark Electronics, Hunti ngdon 
Valley, Pa. : (215) 355-7300 • MICHIGAN RS Electronics, Detroit, Mich.: (313) 491 -1000 • SOUTHEAST Kirkman 
Electronics, Winston-Salem, N.C.: (919) 724-0541 • EAST CENTRAL Pioneer/Cleve land, Cleveland, Ohio: (216) 
587-3600 • Pioneer/Dayton, Dayton, Ohio: (513) 236-9900 • CENTRAL Hallmark Electronics, Elk Grove Vill age , 
I ll. : (312) 437-8800 • Minneapolis, Minn.: (612) 925-2944 • St. Louis, Mo.: (314) 521-3800 • TEXAS-OKLAHOMA 
Sterling Electronics, Houston, Texas: (713) 623-6600 • Dallas, Texas (214) 357-9131 • SOUTHWEST Sterling 
Electronics, Albuquerque, N.M.: (505) 247-2486 • Phoenix, Ariz.: (602) 258-4531 • WEST Westates Electroni cs 
Corp., Chatsworth, Calif.: (213) 341-4411 • Sterling Electronics, San Carlos, Cal if: (415) 592-2353 • lntermark 
Electronics, San Carlos, Calif.: (415) 592-1641 • Denver, Colo.: (303) 936-8284 • Salt Lake City, Utah: (801) 
359-0531 • San D i~go, Calif.: (714) 279-5200 • Santa Ana, Calif.: (714) 540-1322 • Almac-Stroum, Seattle , 
Wash .: (206) 763-2300 • Portland, Ore .: (503) 292-3534 . 
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CHALLENGES TO THE ENGINEER WHO MANAGES 

Giving engineers the 'business' 
via vertical organization, says this division head, has improved 
both our project success and the company's ability to manage. 

Once upon a time there was a company that 
maintained more engineering talent than the av­
erage company its size did. It felt that if it could 
create technically superior products, it could gain 
the No. 1 spot in the marketplace. But, alas, it 
didn't work. While the company recognized the 
importance of its products, it didn't appreciate 
what the market really wanted. It didn't, that is, 
until it tried vertical management and used engi­
neers as program managers under that system. 

The company is my employer, Instrument Sys­
tems Div., Gould, Inc., and the reason no one suc­
cessfully determined what the customer would 
buy was that each program was managed hori­
zontally : Each department head interipreted a 
defined marketing need in his own way; only the 
general manager knew what the grand business 
plan was for the product. 

Under vertical management, which was started 
at Gould a few months ago, the directors of 
marketing, engineering, operations, quality con­
trol, and probably a sales manager, formulate a 
business plan together around a new product or 
idea. A business plan recognizes all aspects of 
what has to go into this product. The plan says: 
This is what the market wants ; this is what the 
product must look like; this is how we're going 
to produce it; this is the investment we're going 
to make in it; and this is the profit we expect 
on it. 

Engineers learn the business 

The job of the program manager is to see to 
it that this business plan is met. I pick engineers 
for this job because they have excellent educa­
tional backgrounds and the technical expertise 
to make those tough initial design decisions. We 
have outstanding technical men who may never 
become program managers ; they're looked on 
favorably for their innovative ability, and they're 
not expected to carry an idea all the way through 
to a product. 

But there are other engineers here who are 
more geared to the business world. They're dy-

Joseph J. Sacco, Vice President and General Manager, 
Instrument Systems [}iv., Gould, Inc., Cleveland, Ohio 
44114. 
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namic, and although they may well be as inno­
vative as the others, their motivation is that one 
day they want to be president of Gould and they 
recognize that they're not going to get there by 
sitting on a bench in a corner and inventing 
things. That's the class of engineer I want to 
talk about, along with an example of how vertical 
management is working for us. 

The advantage in use of a vertical management 
concept over a horizontal concept are dramatized 
in the handling of our data-acquisition system 
project. We decided that the best way to make 
that system was to formulate a business plan in 
which all of the department heads discuss the 
problems from the beginning. What are the limi­
tations of the engineering group, for example, 
and can they meet these specs? What are the 
reliability requirements on the product? Do we 
have the kind of equipment that will allow us 
to make our design; and if we don't, can the 
equipment be procured in time to allow us to get 
the kind of factory cost we need to make the kind 
of return on investment we must have? 

In the past, the engineer that we chose to 
manage this project would not have been exposed 
to the business plan and, in all probability, would 
not have related to the customers' needs. In most 
cases he would not have known how the quality­
control people were going to measure the product 
against the market. He would not have talked with 
the manufacturing people, and in many cases, his 
limited understanding of our manufacturing 
capability would have dictated his design. He 
might not have created a design that he believed 
was perfect if he thought it meant committing 
the company to buying a $50,000 piece of test 
equipment. And that may be a wrong decision. 
To remain competitive we may be forced to make 
an investment of $50,000 or even $500,000 to help 
us to design the right products, and it's impor­
tant to know what our investments are going to 
be as early as possible. 

The need to invest in more automated assembly 
equipment and automated circuit-board test 
equipment for our data-acquisition system project 
was recognized from the first day. I have to be­
lieve that these changes would not have been 
made if we had managed horizontally where 
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Joseph J. Sacco 
Education: B.S., Chemistry, Northeastern Uni­
versity. 

Responsibility: Vice President and General 
Manager of Instrument Systems Div. of Gould, 
Inc., and responsible for Data Systems Div., 
Measurement Systems Div., and Gould Instru­
ments Europe. 

Experience: President of Ferroxcube Corpora­
tion, a subsidiary of North American Philips 
Corporation; managed memory products in the 
Electronics Instrument Division of Burroughs 
Corp. . and was general manager of the 
Electronic Memory Systems Division; directed 
product development at Memory Products Divi­
sion, RCA, and memory core manufacturing 
and test operations were established under his 
management; conducted research in ferrite 
materials for digital applications at the MIT 
Lincoln Laboratory-helped develop the pilot 
production facility for the SAGE Air Defense 
Program and the first transistorized computer. 

Employer: Following World War I, Charles 
Brush, Jr., TheodoTe C. Browne and R. C. Bald­
win Sawyer founded the Brush Laboratories 
Company, which engaged in diversified indus-
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trial research. In the late 1920's, Bengt Kjell­
gren joined the firm and developed a technique 
for growing synthetic piezoelectric crystals for 
use in a variety of acoustic applications. The 
resulting expansion into sales of microphones, 
loudspeakers and phonograph pickups was 
largely responsible for the organization of the 
Brush Development Company. The magnetic 
pen motor and wire-tape recorder, among other 
instruments, were introduced and marketed by 
Brush following World War II. 

In 1952, Brush merged with the Cleveland 
Graphite Bronze Company and formed Clevite 
Corporation. Brush continued as a maJor inno~ 
vator and manufacturer of direct writing re­
corders and expanded into experimental work 
in piezoelectric ceramic materials and the de­
velopment of underwater acoustic sending and 
receiving devices. Dix Brown's patents for pres­
sure ink recording (1962) and improved pen 
linkage, coupled with other improvements in pens 
and pen motors in the late 1960's, were the 
catalysts for Instrument Systems Division's pres­
ent leadership position in the industry. Present 
developments include the X-Y printer / plotter, 
digital recording devices and new 0.E.M. re­
corders. 
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everyone was concerned only with his own little 
piece of the action. 

The engineer-in-charge now realizes that his 
sole responsibility is to make this project go. 
He has assets available to him that he never had 
before, and he begins to understand things like 
gross margin and expense levels. He learns about 
cash flow and profit before tax and what that 
means to the division. In fact he's running his 
own business-with all the tools he needs to do it 
-and he's relating to the two major goals in 
business : to make a profit and to satisfy the 
customer. 

Cultivating the business engineer 

Fifteen years ago an engineer was happy to 
sit on the bench; there W1µ3 status in being a 
Ph.D. But engineers have gone through a frus­
trating time because their ultimate promotion 
was to chief engineer and, in this division, that's 
a thankless job. He's not supposed to do the engi­
neering, and he's hung with a budget and the 
assignment of people to projects. I can get a 
clerk to do that job. That's not managing any­
thing. It's overseeing a budget and a distribution 
of manpower and you can't afford a $30,000-a­
year technical man doing something like that. 

In most cases you know pretty early in 
the game who of your engineering people is 
motivated in the management direction. You find 
out in simple ways-the guy who likes to go to 
a trade show, who likes to talk to people, who 
likes to demonstrate the product, who likes to go 
on calls with the field engineers and the mar­
keting people. He really has an appreciation of 
the business world in general and he's motivated 
to create something to which he can tie his name. 

That's a different motivation from the guy 
who's satisfied with his name on as many patents 
and technical papers as possible. There's nothing 
wrong with that either. The business-oriented en­
gineers· could innovate, too, but we found that 
many of them saw that all they were doing was 
overseeing the budget and they were worried 
about where they were going from there. The 
business engineer wants to be able to do his own 
thing; and his job satisfaction comes from re­
lating to how many units are sold, seeing how 
much profit the company makes on them and 
speculating on the next great thing he can do 
for the world. 

The bouquets and the brickbats 

One tremendous side-effect benefit we've gotten 
from the vertical management concept is that it 
develops our management ability. In the final 
analysis, a lack of good managers can really slow 
down a company's growth and can affect its 
profits. But when you hire someone from the out-
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side you're buying an unknown quantity. Gould 
believes in hiring from within. Of course, one of 
the pitfalls is the syndrome: "He's a nice guy 
and he's been around for a long time, so let's 
give him a shot at it." That doesn't happen here. 

We have a philosophy in the company: Nobody 
gets anything by divine right, by right of ac­
cession, or because he's been around a long time. 
For our engineers this is a tremendous oppor­
tunity. If we gave a man a small plant to run 
and he couldn't handle the first big problem that 
came along, i.t could destroy him. But if we bring 
a man along slowly, let him make his mistakes 
where they can be controlled so that no mistake 
becomes a disaster, he's allowed to do his own 
thing and to implement it. 

He works with the accounting department to 
pick up a fair amount of factory cost accounting, 
and with the purchasing department to under­
stand purchase-price variance. It's great to say 
that if we're going to build ten-million compo­
nents, we can buy these transistors for half a 
buck apiece. But he has to be realistic enough to 
know what he's doing during the two years be­
fore he reaches that ten-million-dollar level. And 
who's going to absorb those losses? You don't 
say, "If volume is there, the price ought to be 
all right." So people are very sensitive about what 
can and cannot be done in a factory. 

Vertical management also allows people to 
work as a team. They work from a total prob­
lem point of view, with a recognition that, to be 
responsive, things have to occur that are going 
to be somewhat different from the setup of the 
old system. All become much better planners. 
They can adjust schedules and can adapt them 
to any problem they may have. That was never 
going to happen with the old system because 
everybody said, "This is my responsibility and 
this must happen this way because I have no 
authority to do it any other way." 

The only serious drawback of the vertical sys­
tem is that if the entire project is not successful, 
for whatever reason, it can have a tremendous 
negative impact on the fellow who's managing 
it. My job is tougher now because I have to man­
age people who have more authority than they 
once had. There's a higher risk, too, because we're 
not documenting as much as with the old system; 
but the schedule has certainly been maintained. 

You had to be very lucky to satisfy the cus­
tomer and to make a profit under the old system. 
With the new it's a real-time situation on a con­
tinuing basis with a .total involvement on the 
part of a group of people who have the best feel 
for what they're doing and where they stand on 
it. If I suspect that something is wrong, I de­
mand a meeting-just to give me a nice warm 
feeling. The way it should work is that these 
people should call a meeting whenever they hit 
upon a problem. • '• 
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"Scotchflex" Flat Cable and Connectors 
can offer you trouble-free packaging for 
your next generation equipment. 

There's built-in reliability for your circuit 
inter-connects. Our flat, flexible PVC Cable 
has up to 50 precisely spaced conductors. 
The gold plated U-contacts are set into a 
plastic body to provide positive alignment. 
They strip through the insulation, capture 
the conductor, and provide a gas-tight 
pressure connection. 

Assembly cost reductions are built-in, 
too. "Scotchflex" Connectors make up to 
50 simultaneous connections without strip­
ping or soldering . No special training or 

costly assembly equipment is needed. 
Off-the-shelf stock offers you flat cable 

in a choice of lengths and number of con­
ductors from 14 to 50. Connector models 
interface with standard DIP sockets, wrap 
posts on .100 x .100 in. grid, or printed 
circuit boards. Headers are available to 
provide a de-pluggable inter-connection 
between cable jumpers and printed circuit 
boards (aSo shown) . Custom assemblies are 
also available on request. 

For full information on the " Scotchflex" 
systems approach to circuit- 3m 
ry, write to Dept. EAH-1 , 3M 
Center, St. Paul , Minn. 55101. comPANY 
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The custo111MOS. 
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If you haven't been able to turn up an 
off-the-shelf MOS device for a high 
volume application from us-or 
anybody else-come back to us. Because 
you could be in a good position to 
take advantage of custom MOS. 

We'd like to point out a couple of 
things. First, custom design doesn't 
have to cost you an arm and a leg. 
That may be true at some companies, 
but not at AMI. As long as your 
volume requirements are high 
enough, we'll bring in your 
custom circuit at a competitive 
price. We've designed more 
than a thousand in the past 
seven years, so we know how 
to get where you 
want to be in the 
fastest , most 
economical 
way possible. 

And second, 
designing a custom 
MOS doesn't take forever. 
At AMI, it 's normally l~ss than a 
year from start to full production. 

And production is where dealing 
with AMI really pays off. As the 
world's largest producer of MOS, 
we're way ahead of the others, with a 
monthly volume in excess of one 
million LSI devices-and climbing. 

We're the only company to design 

in seven MOS processes-from 
P Channel to N Channel, 12, Si Gate 
and CMOS. So we can choose the 
design that fits your application exactly 
-whether it 's a calculator, dishwasher, 
musical instrument, car dashboard 
control, watch, clock or whatever. 

Although we're a large supplier of 
standard MOS products, we got our 

It can put you 
miles ahead 

of the competition. 

start as a custom MOS 
company and we're 

not about to 
forget it. 
That's worth 
remembering 
when you're 

looking for a 
proprietary circuit 

that will give you 
the jump on your 
competitors. 
We've just published 
a brochure that 

outlines our custom 
capabilities. It's yours for the asking. 
And if you want to get right down 
to business, why don't you tell us your 
MOS problems at the same time? 
That way, you'll be another lap ahead. 
Phone or write our Custom Marketing 
Department. 

American Microsystems, Inc., 
3800 Homestead Road, Santa Clara, 
Ca. 95051. Phone: (408) 246-0330. 

AMI 
AME RICAN MICROSYSTEMS. INC. 

First with the MOS. 
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New PM 
motors/gearmotors 

The people at Bodine have a new 
permanent magnet field D-C 
motor line: The 42A. But, there's a 
lot more to it than meets the eye. 

High quality barium ferrite magnet 
material, magnetized and 
stabilized by Bodine gives you 
consistent output capabilities. 
Day to day. Over the long haul. 

42A Motor Line: Diameter is 4.3 
inches. Standard continuous duty 

ratings are ~, l/6 and ~ hp at 
2500 rpm, 115V D-C. Available with 

or without NEMA Type C face 
mounting shield. 

From motor to motor, lot to lot. 
The 42A delivers more power from 
a smaller, lighter package. It runs 
cool. Quiet. Has surprising control 
capabilities. Other design benefits 
indude: High-starting torque, low­
speed operation and self-braking. 
Brush life is outstanding: A unique 
thermoplastic end-shield assembly 

42A-E Gearm'otor Line: Output 
torques to 350 lb-in. Output shaft rota 
in large needle bearings providing 
high overhung load capabilities. 

I· I 

has precision metal brush boxes 
and constant force roll-type 
springs that continuously maintain 
even brush pressure. 

Bodine application engineers are 
ready to help you apply the 42A. 
Bodine Electric Company, 
2500 W. Bradley Place, 
Chicago, Ill. 60618. 

l:l.81IHll 
+Hii+•;iM 
G•MhHfr' 
BODINE MOTORS 
GEARMOTORS 
SPEED CONTROLS 
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(ideas for design) 

Modified current-limiter circuit ensures turn-on 
of power supply with constant-current loads 

Short-circuit protection of series-regulated 
power supplies usually includes current limiting 
plus foldback. Foldback is desirable since it 
limits the short-circuit dissipation of the pass 
transistors. However, if the load characteristics 
approximate those of a current sink, the power 
supply-during turn-on time-will settle at the 
first stable point and not reach the expected out­
put voltage. 

The turn-on problem can be solved and the 
foldback feature retained in the series-regulated 
supply (Fig. 1) by addition of the components 
shown in Fig. 2b. As long as 

(V1 N - VouT) < (Vz + V cR2 + V BE (Qa)), 
CR1 remains reverse biased and the current lim­
iter has the characteristics shown in Fig. 1. If 
the output terminals are shorted, then 

(Vrn - V ouT) > (Vz + V cR2 + V eE (Qa)), 
and the current flowing through CR 11 CR2 and 
R z forces Qa into saturation. Since Q,1 does not 
rely on I L to stay in saturation, I L drops to a few 
milliamps. With the short removed, the output 
voltage increases again to its nominal value. 

Representative values are shown on the sche-
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Vo 

2ov1------------~ 

-- --
~-----....&.-------'-~IL 

IA 2A 

15 k 

2. Addition of a single resistor (a) gives the fold· 
back characteristic (b). Use of the two diodes (c) 

matic. The technique described can be used with 
any series-regulated power supply. 

Kjeld K. Christensen, S enior Engineer, Kruse 
Electronics Div., Systron Donner Corp. , 735 
Palomar Ave., Sunnyvale, Calif. 94086. 

3 

Yoh 
"LL 

IA 2A IL 

CIRCLE No. 311 

ZLOAD 

1. Transistor Q3 limits the load current IL even if 
the output is shorted, but it does not provide fold· 
back for the series-regulated supply. 

Vo 

20 v 

... --_ ... 
--------

CR 2 IN446 

CRI 

I 
/ ,, 

R2 
5.6 k 

10 k 

2 

modifies the VI characteristic to ensure full out­
put with current-sink loads. 
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fl GE Planar Ceramic Triodes deliver acknowl­
edged state-of-the-art performance : thirty years' 
GE tube research with triodes has resulted in ex­
ceptional tolerance to the most adverse thermal , 
shock and vibration environments; very high ratio 
of power, efficiency, reliability and gain bandwidth 
to product size and weight ; fast warm up; lower 
noise levels ; and more efficient operation at higher 
frequencies. 

And we've put our extensive knowledge of triode 
technology to work developing a family of pre­
packaged microwave circuits called General 
Electric MCM's (Microwave Circuit Modules) 
[El- each built around a GE triode or solid-state 
diode. And each MCM is built with such care and 
precision that it, too , is fast becoming a recog­
nized standard of excellence. 

Functioning as an oscillator, an amplifier , or as a 
complete assembly (with a power supply, and/ or 
integrated isolator / circulator, and/or modulator), 
GE MCM 's solve five of your toughest problems: 
O circuit-active component interfaces 
O reproducibility O on-time delivery 
O in-line rejects O field failures . 

Chances are there's a GE MCM already available 
for your microwave system. If not, we ' ll design and 
build the exact module you need . And we'll get 
it to you fast. 

Contact: Microwave Devices, General Electric 
Company, 316 East 9th Street, Owensboro, Ken­
tucky 42301 . Or use the reader service card. 

*In a recent Brand Recognition Study by a leading 
business publication, more designers expressed a 
preference for General Electric Planar Ceramic 
Triodes . . . 11 % more chose GE over the next 
leading brand. (Copies of the Study are available 
upon request.) 



Circuit based on four-bit addition 
finds average value of BCD numbers 

In certain monitoring applications, the param­
eter of interest is the average value of an analog 
quantity taken over the sampling period. As is 
often the case, the average value and inputs must 
be expressed in BCD format. 

The expreRsion 
C-A+B 

- 2 
gives the average value of two numbers A and 

C•A+B 0 0 
2 

s(64.5) 15 2 6 9 

Se S4 Sz S1 

Co 74B3 C1N Co 

be b4 bz bl a8 -= 04 Oz al 

3 8 10 

SUM: 1129) 0 0 0 

B : (76) 

A ' (53) 

BCD ADDER 

0 I 0 I 0 I 

1. Average-value circuit uses two levels of full­
adder logic. BCD adder blocks perform BCD addi-

be 

16 

B. The computation involves two algorithms­
addition and division-by-two. 

The algorithm for BCD addition is well-known: 
Add individual digits together as in binary addi­
tion; if the sum exceeds nine, add six to it and 
output a "carry" bit to the next higher decade. 

b4 

Division by two requires the follow.ing steps : 
Shift each digit to the right by one bit position; 
add five to the next lowest digit if the bit shifted 

DECIMAL 
0 0 0 POINT 0 I 0 I 

• 15 2 6 9 

Se S4 Sz S1 
13 

7483 C1N 

bz bl a8 04 -= Oz al 

4 7 II 3 8 10 

0 0 LEVEL 2 

LEVEL I 

BCD ADDER 

0 I I 0 0 0 I 

tion of numbers A and B. The second logic level 
performs a divided-by-two algorithm. 

--- -------- - -- --- -
.------=15'--L:.2 __,.::..,6 __._9"--------_- - - - - - , 
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----------------

2. Addition of BCD digits is done on a digit-by­
digit basis. If a given ·sum exceeds nine, a six is 
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added thereto and a carry to the next higher 
decade is generated. 
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All in the family. 

Three neW" dual-gates join Tis 
ever-groW"ing nutnber of MOS FETs. 

Tl's new N-Channel dual-gate 
MOS FE Ts are a family of real 
performers. The 3N211, 3N212 
and the 3N213 deliver 6dB 
more gain than our 3N204 fam­
ily. And up to 8dB more gain 
than any other MOS FET you 
may presently be using. 

You also get high output im -
pedance, low noise figure, high 
forward transconductance. 

TI builds this dual-gate fam­
ily with monolithic, back-to­
back diode protection that 
blocks out troublesome tran­
sients. Nitride passivation is 
also used for better reliability. 
This eliminates time-con-

suming precautionary assem­
bly steps and means lower 
production costs, fewer wasted 
devices. 

This all new dual-gate family 

Noise Figure and Gain Parameters 

NF Gps 
(Max) @Freq (Min) @Freq 

Type Application dB MHz dB MHz 

3N201 FM, VHF AF amp 4.5 200 15 200 
3N202 VHF mixers 15 200 
3N203 Intermediate 

freq amp 6.0 45 20 45 
3N204 VHF, UHF, 

RF amps 3.5 200 14 450 
3N205 VHF mixers 17 200 
3N206 Intermediate 

freq amp 4.0 45 25 45 
3N211 VHF RF amp 3.5 200 24 200 
3N212 VHF mixers 21 200 
3N213 Intermediate 

freq amp 4.0 45 27 45 

gives you the competitive edge 
you'd expect from the people 
who offer the industry's broad­
est line of N- and P-Channel J­
FETs and MOS FETs. And 
more are coming. UHF and 
new VHF dual-gate MOS FETs 
will be arriving soon. 

Prices for the 3N211 and 
3N312 are 70¢ in 1,000-piece 
quantities. And 75¢ for the 
3N213. 

For data sheets, indicate by 
type number and write: Texas 
Instruments Incor-~ 
porated, P. 0. Box V 
5012, M/S 308, Dallas, 
Texas 75222. 

TEXAS INSTRUMENTS 
INCORPORATED 84143 



I DEAS FOR DESIGN 

out is a ONE; add zero if a ZERO is shifted out. 
In the example, A = 53 and B = 76. With the 
implied decimal point included, the output is the 
average value 64.5. 

Two levels of full-adder logic implement the 
average-value circuit (Fig. 1). BCD adders-in 
the first level-perform the addition of numbers 
A and B, two four-bit adders in the second level 
implement the divide-by-two algorithm. 

The right-shift operation is achieved by con­
necting the S8, S4 and S2 outputs of the BCD 
adders to the a4 , a 2 and a, inputs of the second­
level adders; and by wiring the a8 inputs to logic 
ZERO. 

The following connections implement the add­
five portion of the averaging algorithm: S1 out­
puts are connected to the b, and b., inputs of the 
next lowest output stage; the carryout of the last 

BCD stage is connected to b, and b. of the high­
est output digits; the b0 and b2 inputs of the 
second level are connected to logic ZERO. 

Two stages of logic are needed to implement 
the BCD full adders shown in Fig. 2. If the sum 
of the digits exceeds nine, it is corrected by add­
ing six to it in the second stage. Note that only 
single 4-bit adders are required .in the averaging 
stage since the sum never exceeds nine. The cir­
cuit has the following features: 

• The BCD nature of the inputs is preserved, 
which minimizes hardware costs. 

• Circuit operation is static, which allows high­
speed operation. 

• Longer numbers can be handled simply by 
cascading ICs. 

V. R . Godbole, Systems Design E ngineer, 
North Electric Co., P.O. Box 688, Galion, Ohio 
44833. 

CIRCLE No. 312 

Temporal-priority circuit latches 
after receipt of first input signal 

Certain data-processing applications require 
identification of which of several signals arrives 
first. The circuit shown latches the first pulse 
received and inhibits further change until it 
receives an external reset command. 

Initially, all six signal inputs are at logic 
ZERO; the reset line is at logic ONE. Conse­
quently, all eight inputs to the 8-input NAND 
gate are ONEs, which makes the clock input to 
the flip-flop a ZERO. 

A pulse that occurs on one of the input lines 
makes the corresponding input to G, a ZERO, 
which changes the output of G, to a ONE. This 
has two consequences : First, the output transi­
tion causes the data at the flip-flop's input to be 
transferred to the output. Second, the output of 
G2 becomes a ZERO, which thereby latches G,. 
Pulses that occur on any of the other lines will 
not be transferred since the output of G, remains 
a ONE. 

When the reset line is set to ZERO, the output 
of the flip-flop is cleared and the latching condi­
tion is removed because G, becomes a ONE. The 
circuit is reinitialized when the reset line re­
turns to ONE. 

Propagation delays in the inverters and G, 
limit the circuit's ability to discriminate between 
nearly coincident inputs. The minimum delay is 
17 ns-based on the maximum delays specified 
by the manufacturer. 
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Fred E. Hicks, Junior E ngineer, General Elec­
tric Co., 831 Broad St., Utica, N.Y. 13503. 

CIRCLE No. 313 

INPUTS SN74174 OUTPUTS 

A o-----------10 0 0 IJ!.----<J A 
B v--+-<...----------10 I 0 I B 
c 0 2 02 c 
0 0 3 03 0 
E 0 4 04 E 
F 0 5 05 F 

GI • SN74H30 
G2 • SN7400 

..-----tC 
MR 

HEX "o" 
FLIP- FLOP 

INPUTS 

A ----•~----
B 
c 
D ______.T\.__ 

E 

RElET ======-=======::; 
OUTPUTS 

: -_,~==============:;-L. 
c 
0 
E 
F 

Hex flip-flop provides a logical output of the first 
pulse received. Once G1 and G2 latch, the pulse 
on the input line is transferred to the output of 
the flip-flop, and further output transitions are 
inhibited. A momentary ZERO on the reset line 
clears the flip-flop and arms the circuit for the 
next set of inputs. 
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The CRT display 
isn't really obsolete. 

DIGIVUE®just makes..._ 
it look that way. 

And Rear Projection Capability 
Is One Reason Why ... 
Digivue is the plasma display 
device from Owens-Illinois that 
delivers computer-generated alpha­
numeric and graphic displays at 
microsecond speeds. Digivue pro­
vides drift-free images, selective 
write/erase, inherent memory, 
hard copy printout potential. And 
rear-projection capability. 

You get coordinated computer­
driven displays and optically pro­
jected images. Rear project a blank 
graph, chart, table, blueprint or 
cutaway drawing, for example, 
while computer-generated data fills 
in the blanks. Theoretically, any­
thing that can be photographed can 
be rear-projected through a 
Digivue screen. From maps to the 
Mona Lisa. 

Try that with a CRT. 
If you 'd like to know more about 
the next generation in display 
systems, take a look at tomorrow­
take a look at Digivue. 

Call or write: 
Electro/Optical Display Business 
Owens-Illinois, Inc. 
P.O. Box 1035, Toledo, Ohio 43666 
(419) 242-6543 Ext. 66-415 

01 
INFORMATION RETRIEVAL NUMBER 51 

Simulation of rear 
projection on screen . 



Feedback circuit improves electron-gun aim 
by limiting acceleration-voltage changes 

Many devices, such as spot welders, gas ioniz­
ers and gamma-ray spectrometers, use an elec­
tron gun that is operated under pulsed condi­
tions. The drop in accelerating potential during 
pulsing often causes unacceptable aiming accu­
racy of the electron beam. The use of additional 
capacitors across the high-voltage supply is often 
unacceptable-because of excessive currents that 
may develop in case of a short-circuit or arcing. 

But an inexpensive feedback circuit that keeps 
the voltage drop of the accelerating potential 
within prescribed limits provides a reliable and 
safe way to reduce beam wander. 

The accelerating potential, the cathode voltage 
in Fig. 1, is attenuated 1000 times and is ac­
coupled to the input of the feedback circuit 
(Fig. 2). This blocks the de component, but al­
lows the circuit to sense the ac variations. 

The ac variations are amplified, then applied 
to the input of a Schmitt trigger, which has an 
adjustable threshold. Monostable multivibrator 
MM, normally provides a logic ONE output to 
the gate. A logic ONE from the external pulser 
passes through t he gate, is inverted, and pro­
duces a pulse at the output of A 2-which turns 
on the electron beam. 

When the input voltage to the Schmitt trigger 
falls below the level set by R,, the trigger fires, 

POWER 
SUPPLY 

GRID 
PULSING 

UNIT 

FOCUS 
POW ER SUPPLY 

DELECTION 
POWER SUPPLY 

DIFFERENTIAL 
SECTION 

10 

.-----1~ TO FEEDBACK CIRCUIT 

FILAMENT AND CATHODE 

----+-ELECTRON BEAM 

GRID 

t<--+---- ANODE 

-+---- FOCUS 

t<----~- DEFLECTION COIL 

EVACUATION 
PUMP 

GAS CHAMBER 

1. Poor voltage regulation causes focus change 
and beam deflection in pulsed operation of an 
electron gun. 

r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -..., 
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MMI GATE INVERTER 

2. Feedback circuit mm1m1zes effect of accelerat­
ing-voltage changes by cutting the beam off when 

IOOpF 

~~--+------i>-(---0 TO GRID PULSING UNIT 
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I LEVEL CHANGER AND AMPLI Fl ER A2 
----------------~ 

the cathode voltage changes by a preset amount. 
Potentiometer R1 determines the cut-off point. 
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3. Beam current that passes through the electron­
gun aperture is approximately the same for each 
pulse (a) with use of the feedback circu it. With­
out the feedback circuit, the current pulses are 
nonuniform (b), an indication of beam wander. 

and causes MM1 to change state. The output of 
MMlJ now a logic ZERO, closes gate G1 and there­
by terminates the electron-beam pulse. 

The monostable remains set for 10 ms to pre­
vent the gate from being enabled more than once 
during a single-trigger pulse. The delay prevents 
the Schmitt trigger from enabling the gate, 
should the cathode voltage rise to the point where 
the trigger resets-before the external pulse 
ends. 

Under full-beam current, the cathode voltage 
drop is about 1.5 kV, which gives a 4.5 V input 
swing to the Schmitt trigger. If the swing is 
olamped 800 V-by adjustment of R1-the opera­
tor can obtain satisfactory deflection and focus 
of the beam. An LM311 voltage comparator can 
be substituted for the Schmitt trigger without 
addition of another negative power supply. 

Samir K. Dalal, Systems Engineer, Wyle Labo­
ratories, 3200 Magruder Blvd., Hampton, Va. 
23366. 

CIRCLE No. 314 

Two resistors remove limiting effects 
of input voltages on current-mode amplifiers 

When designing with current-mode amplifiers, 
you must also consider input voltages. The base­
emitter voltages of the input transistors can limit 
the reproducibility of a circuit. But by adding 
just two resistors, you can eliminate their influ­
ence and simplify circuit calculations as well. 

The output voltage of the simple stage is 
shown by the expression 

e0 = r [ ( ~: - ~3 ) 

+ VBE (-2..-~ + 2_ _ 2-)J. (1) 
Ra R2 R. R1 

The addition of two extra resistors, R z and R., 
eliminates the influence of V RE if you choose R. = 
R1 and R z = R 3 • This reduces Eq. 1 to 

eo = r ( ; : - ~), (2) 

in which V BE no longer appears. You can now 
compute the current difference as if V BE were 
zero and the extra resistors were not present. 

With more complex input arrangements, you 
must use equivalent source resistances-Thevenin 
equivalents. Then the diagram applies, where 
R1 and Ri are the equivalent source resistances. 

Dr. J. E. Sigdell, F. Hoffmann-La Roche & Co. 
Ltd., Bioelectronics Dept., CH-4002, Basel, 
Switzerland 

CIRCLE No. 315 
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R4 R2 

Effect of input V BE on current-mode amplifiers can 
be eliminated if R. and R2 are added to the cir­
cuit, provided R4 = R1 and R2 = R3 • The ampli­
fier output equals a constant times the difference 
in input currents, as usual. 
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The 5 fastest 
ways to make 

better inverters. 
0 The new 81RM - fastest 

125 Amp inverter SCR around. 

It has 201-'S turn-off, th rough 1 OOOV, wit 
efficiency that cuts filtering , 
commutating and snubbing 
costs up to 30% in new 
designs. Plugged into existing 
circuits, it can increase overload 
capability or power rating by 50% . 
Its 30% lower switching losses let you 
operate efficiently at 1 OK Hz. And for 
today's circuits , a guaranteed turn-off 
time of 251-'S with an anti parallel diode 
gives unequalled speed. The best " soft 
recovery" in the busi ness assures the 
lowest RFI generation, minimizes false 
triggering and improves re liability. 
Voltage ratings from 100-1 OOOV. dv / dt is 
2oov I /Ls. and di/dt is 800A/ I'S . 

a New 35 Amp IR140/ 141 's. 
None faster. 
Lowest switching losses. 

At 151-'S and 1 01-'S 
turn-off , there are no 
faster SCRs in their 
range. But what really 
sets them apart is the 
30% lower switching 
loss for unequalled 
efficiency at high 
frequen cies. No derating to 
4KHz, and 50% of the rated 
current at 20KHz. Excell ent as 
commutating SCR s. Conforms to 
JEDEC 2N3649-58. Reapplied dv / dt is 
2oov I /Ls. and di / dt is 400A/ l's 
Voltage rating s: 50-400V. 

To get our Inverter 
SCR "Data pack" 

fast , write Dept. ED 
International Rectifier 

233 Kansas Street 
El Segundo, CA 90245 

New - The fastest Turn-Off (10~tS) 
high-current inverter SCRs available! 

These low-frequency inverter SCRs turn 
off four times faster than others at their 
power level. You can reduce 
commutating component size and cost 
Y3 and still increase inverter ratings with 
greater reliability. Higher surge ratings 
give you bigger safety margins, easier 
fuse selection . To top it off , you can 
choose from three package types in 
50-600V ratings to optimize your design . 
E) New 430 Amp (RMS) , 275RF Series. 
The only stud-mounted 430 Amp (RMS) 
inverter SCR available. 7000 Amp 
surge rating . 200,000A1Sec. l2t rating . 
0 New 710 Amp (RMS), 450PF Series. 
Rated 710 Amp (RMS), this ceramic 
" Hockey Puk" has a surge rating of 
9000 Amps and 12t of 340,000A1Sec. 
0 New 710 Amp (RMS), 451 PF Series. 
For maximum economy, the first and 
only plastic encapsulated 710 Amp 
(RMS) " Hockey Puk" SCR. Surge rating : 
9000 Amps. l2t is 340,000A1Sec. 

International 
Rectifier 

... the innovative power people I I~~R I 



IDEAS FOR DESIGN 

Line-voltage control technique 
improves resolution, lowers parts cost 

The classic method of varying the power-line 
voltage for design or production testing is to 
connect the load to the power source through a 
variable autotransformer (a). But there are 
three shortcomings. 

First, the 105-to-125-V range over which most 
equipment is tested uses only a small percentage 
of the total rotation of the autotransformer's 
control knob. This may make it difficult to set the 
desired output voltage precisely. Second, con­
trolling a large amount of power requires a 
large, and therefore expensive, variable auto­
transformer. Third, variable autotransformers 
have poor load regulation. This may necessitate 
continual readjustment. 

The voltage-control method in the diagram (b) 
overcomes these problems. A low-power-and 
low-cost-variable autotransformer controls the 
primary current of a filament transformer whose 
high-current secondary winding is connected in 
series with the load and power source. The DPDT 
switch in the filament transformer primary cir­
cuit allows the secondary winding's output volt­
age either to aid or to oppose the power-source 
voltage. Since a full revolution of the autotrans­
former's control knob will either increase or de­
crease the line voltage by an amount equal to the 
filament transformer's rated output voltage, very 
precise control is achieved easily. Moreover, use 
of the comparatively low impedance of the sec­
ondary winding results in excellent load regula­
tion (compared with that of an autotransformer 
alone). 

The secondary winding of the filament trans­
former must be rated to handle the maximum 

IFD Winner of July 5, 1973 

Walter Jung, 1946 Pleasantville Rd., Forrest 
Hill, Md. 21050. His idea "Simple de current 
controller adapts easily to any supply voltage 
and load current" has been voted the Most 
Valuable of Issue Award. 

Vote for the Best Idea in this issue by circling 
the number for your selection on the Informa­
tion Retrieval Card at the back of this issue. 

expected load current. The current rating of the 
variable autotransformer must equal the maxi­
mum expected load current divided by the voltage 
step-down ratio of the filament transformer. 

The technique is especially attractive, from 
both a control and monetary standpoint, when 
the desired output-voltage range is small. 

Michael J. Salvati, Staff Engineer, Sony Corp. 
of Amerioa, 47-47 Van Dam St., Long Island 
City, N. Y. 11101. 

115V 

10-12 v 

CIRCLE No. 316 

0
105 

115 

25 

0 140V 

115 105 OR 
125V 

Autotransformer technique for setting load voltage 
(a) often requires expensive transformers and 
gives poor voltage resolution. The improved tech· 
nique (b) gives better resolution at lower cost. 

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

ELECTRONIC DESIGN cannot assume responsibility for circuits shown nor represent freedom from patent infringement. 
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i nternationa I 
technology 

Computer graphics prepare 
numerical control tapes 

A system that prepares numeri­
cal-control ( N-C ) tapes with the 
aid of a low-cost computer-graphics 
terminal has been developed by the 
Computer-Aided Design Centre in 
Cambridge, England. Advantages 
over other methods include simpli­
fied parts-programming proced­
ures, less opportunity for parts­
programming errors, easier and 
cheaper correction of errors and 
considerable reduction in the lead 
time needed to reproduce control 
tapes. 

The terminal used is a Tek­
tronix storage tube, which is con­
nected to a computer system via 
the switched public-telephone net­
work. The system can be run on a 
range of different computers. 

The basic structure differs from 
other systems because component­
geometry definition is divorced for 

Sea mines destroyed 
by remote vehicle 

A remotely controlled vehicle for 
destroying sea mines has been de­
veloped by a British division of 
Sperry at Bracknell, England. 

Known as the Sperry Cat sys­
tem, the vehicle is designed to op­
erate in conjunction with a mine­
hunting vessel, which acts as the 
mother ship. The system consists 
of a small, low-profile, unmanned 
surface catamaran known as the 
mine-disposal vehicle (MDV ) , a 
submersible weapon carrier and a 
radio-control console aboard the 
mine hunter. The object is to place 
a charge close enough to a mine to 
destroy it. 

When a mine-like echo is de­
tected by the sonar and the target 
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cutter-path definition. The three 
stages of N-C processing are kept 
separate and are dealt with by 
three different programs-bound­
ed-geometry definition, machining­
sequence definition and post-proc­
essing. The user calls them up as 
required. 

The definition of bounded geom­
etry is carried out by a program 
that processes descriptions of 2-D 
composite curves. Alternatively the 
definition may be the output of a 
CAD process. The geometry data 
are inputted to the computer, and 
the program is executed from a 
terminal. 

Diagnostic messages can be in­
spected at the terminal, and the 
geometry data file can be amended 
as necessary. Users can also in­
spect the successfully processed 
geometry graphically, to check for 

range and bearing are identified, 
the MDV and an armed-weapon 
carrier are sent to the area. The 
weapon carrier is lowered, allowed 
to flood and sink, and is main­
tained at a controlled height from 
the sea bed by use of a drag rope. 

A sonar transponder mounted in 
the tail of the weapon carrier as­
sists the mine-hunting control of­
ficer to identify the carrier and 
steer it remotely along the sonar 
beam. When the slant range of the 
target and the weapon carrier are 
the same, the officer releases the 
charge from the carrier so it drops 
adjacent to the mine. The drag 
rope is jettisoned and the carrier, 
now buoyant, rises to the surface 
and is winched in aboard the 
MDV. The latter retires to a dis­
tance while the mine is exploded. 

shape errors not indicated by nor­
mal-error diagnostics. The cycle 
may be repeated until the user is 
satisfied that the geometry is cor­
rect. 

The second program is an inter­
acti\'e one that accepts the geom­
etric description of the curves 
outputted from the first program. 
Sequences of cutter movements 
may be specified in relation to this 
predefined geometry by a simple 
command language and by use of 
the graphical facilities of the ter­
minal. 

Users need not refer directly to 
component coordinates or to geom­
etry parts that are less-than-com­
plete composite curves. All supple­
mentary information required on 
the final control tape can also be 
specified and finally processed 
with cutter-path information to 
produce an APT-compatib le CLF­
ILE. 

Post-processing and tape pro­
duction can be carried out with 
post-processors that are written 
for the APT or 2CL system. The 
first two programs may be re­
entered and new control tapes may 
be produced if the simple inter­
mediate data files are kept in 
1·eadable character form . In this 
way error-free production tapes 
can be produced in hours-rather 
than days-with a minimum of 
computer processing. 

CIRCLE NO. 202 

Signal processing uses 
thin-film waveguides 

Acoustic surface-wave, thin-film 
waveguides have been used for a 
variety of nonlinear signal-proc­
essing techniques by reasearchers 
at University College in London. 
By use of nonlinear effects, thin­
film waveguides are used to re­
ceive a surface-wave beam that 
travels at right angles to the wave­
guide axis. Tapered funnels have 
been used to solve the problem of 
coupling a transducer structure 
that is tens of wavelengths wide to 
a wa\'eguide that is typically one 
wavelength wide. The functions of 
conYolution and imaging have been 
carried out. but other forms of 
signal processing are possible with 
the basic system. • • 
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Improve your hybrid yields with 

INL - RIP 
Z E 

rom D 
• . . .. .. ·-.... •).~ • • 

You can now design temperature compensated voltage 
reference diodes in your hybrid circuits with assurance that 
temperature coefficients will meet your design require­
ments. Dickson provides them on a single-chip, 100% 
tested, to help save time, simplify circuit fabrication and 
improve your yields. 

.. ""'~ ·r~==W41 
GOLD META LIZATION 

CROSS SECTION OF SINGLE CHIP TC ZENER 

Each 37 mil square Dickson chip contains two totally 
passivated junctions ·with a 6.2 Volt or 6.4 Volt tempera­
ture compensated reference. Temperature coefficients to 
0.0005%/°C are available. The chips are electrically equiva­
lent to the J EDEC 1 N821-829 and 1 N4565A-4584A series. 

The Dickson chips have gold metalization on the back, 
compatible with all common die bonding and soldering 

. . ........ . . .. . ... 

techniques. Aluminum metalization on upper surface is 
compatible with ultrasonic and thermocompression wire 
bonding. 

FOR COMPLETE TECHNICAL INFORMATION contact 
your local Dickson Sales Representative, or wr ite to 
Dickson . 

AVAILABLE IN ASSEMBLIES, TOO! 
Dickson "single-chip" 
TC diodes are also 
available bonded in a 
ceramic channel for 
ease of handling and 
testing. These UD's 
are available with sol­

der coated runners for reflow 
mounting or with gold runners for wire 

bonding. In addition, Dickson supplies a wide variety of 
components in chip assembly form to hybrid manufac­
turers. Ask for details. 

"Where Quality Makes the Difference" 

ecf.e~~~!!'! 
PHONE (602) 947·2231 TWX 910·950·1292 TELEX 667·406 

L_;;;._~=-.-.;:.--" P. 0 . BOX 13 90 • SCOTTSDALE, ARIZONA 85252 
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(new products) 

Uninterruptible power 
source delivers 3 kVA 

• 

•• 
:o 

• 
. I 

Topaz Electronics, 3855 Ruffin Rd., 
San Diego, Calif . 92123. (714) 
279-0111. $4400. 

The "Mini-UPS" uninterruptible 
power system can deliver 3 kVA. 
It will operate on power lines of 
95 to 130 V ac and provide excel­
lent attenuation of power-line noise 
spikes. Each unit comes complete 
with battery charger, inverter and 
choice of either relay or solid-state 
transfer switch. Integral meters 
show battery voltage and output 
voltage. The operation mode is in­
dicated by panel lights. A wide 
choice of full load back-up time is 
available through battery selection. 

CIRCLE NO. 250 

Mini de-to-de converters 
fit in flatpack case 
LRC Inc., 11 Hazelwood Rd., Hud­
son, N.H. 03051. (603 ) 883-8001. 

De-to-de oonverter Models PS-
1501 and PS-1502 flatpack supplies 
operate from ± 5 to ± 25 V and 
± 10 to ± 25 V and provide out­
put voltages from + 45 to - 70 V 
and output currents of ± 30 mA 
(PS-1501 ) and ±50 mA (PS-
1502). Both miniature supplies 
operate with efficiencies up to 
80%. The supplies are only 0.65 
in. square by 0.15 in. high and are 
ruggedized for use in stringent 
military environments. Screening 
to MIL-STD-883 is available. 

CIRCLE NO. 251 
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Single output supplies 
deliver 0.1 % regulation 
ACDC Electronics, Oceanside In­
dustrial Center, Oceanside, Calif. 
92054. (714) 757-1880. From $32; 
stock . 

Series OEM5N low current pow­
er supplies offer five more models 
ranging from 5 V at 3 A to 24 V 
at 1 A. These units deliver 0.1 % 
regulation and have protection 
against overload and short-circuit. 
Provisions are made for overvolt­
age protection, remote sensing, 
remote programming and rack 
mounting. 

CIRCLE NO. 252 

High voltage sputtering 
supply has 60 kW output 

Spellman High Voltage Electronics 
Corp., 1930 Adee Ave., Bronx, N.Y. 
10469. (212) 671-0000. $16,000; 10 
to 12 wk. 

The Model HP6-10,000RX high­
voltage sputtering power supply has 
been designed for a 60 kW con­
tinuous de output (0 to 6 kV at 
10 A) with a 90 kW short term 
capability. It is servo regulated 
against ±5 % line voltage varia­
tions and uses primary reactors to 
limit short-circuit output current 
to 30 A and maintain constant 
output power for load variations in 
the 4.5 to 60 kV nutput voltage 
range. Input powe1 requirements 
are 480 V / 60 Hz, three phase at 
100 kV A. The main power cabinet 
measures 52 by 53 by 58 in. in­
cluding casters, and weighs approx­
imately 3000 lb. The remote con­
trol panel measures 8-3/ 4 by 24 
by 7 in. and weighs 30 lb. 

CIRCLE NO. 253 

Lone output de supplies 
require no blower 
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Lambda Electronics Corp., 515 
Broad Hollow Rd., Melville, N.Y. 
11746. (516) 694-4200. $300. 

The LX-E series of single output 
power supplies is convection cooled 
and requires no blowers. The 5-V 
models have built-in, fixed, over­
voltage protection at 6.8 V ± 10%. 
These supplies use power hybrid 
voltage regulators and are availa­
ble in seven single voltage output 
models: 5, 6, 12, 15, 20, 24 and 28 
V, all adjustable ±5 %. Currents 
at 40 C for these voltages are 35, 
34, 21, 19, 15, 13 and 11 A, respec­
tively. Package size for all units 
is about 5 by 7-1/2 by 11-3/4. 

CIRCLE NO. 254 

Get three-phase power 
from single-phase lines 

Ronk Electrical Ind., 106 E. State 
St., Nokomis, JU. 62075. (217 ) 563-
8333. 

The Roto-Con rotary phase con­
verter transforms single-phase 
power to three-phase. It gives up 
to 150 % breakdown torque. It can 
be used with variable-speed, in­
stant-reverse, frequently-started 
and continuous-duty motors. It can 
also provide power to several mo­
tors separately or simultaneously. 
Roto-Con models are available for 
multimotor installations up to 100 
hp total load, with any individual 
motor not exceeding 50 hp. 

CIRCLE NO. 255 
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Nf.W 63A SCRs FROM GENERAL ELECTR 
C147-FOR PHASE CONTROL 

63A RMS @ 95° C Case 
Up to 1,200V AC 

200A/ µsec. di/ dt 
1,000A Peak One-Cycle Surge 

Priced as low as *$9.25 

C149-FOR INVERTERS 
63A RMS @ 95° C Case 
Up to 600V AC/DC 
10 µsec. t off 
1,000A Peak One-Cycle Surge 
Priced as low as *$12.75 

·suggested resale prices. 10-99 quantities 

30 -==1 MAXIMUM ALLOWABLE CASE TEMPERATURE FOR 1800 
~ HALF-WA1 RECTIFIED SINE WAVE OF CURRENT 
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more efficient operation allows the General Electric Semiconductor, Build-
use of smaller, lower cost heatsinks. ing 7-49, Electronics Park, Syracuse, 

N.Y., 13201, U.S.A. 
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Our congratulations and FIVE $50 U.S. 
Savings Bonds from the Struthers-Dunn SOth 
Anniversary Relay Contest are awarded to: 

Dr. M. Sayar 
Rehovot, Israel 

for this solution to a relay problem, independ­
ently judged the third most imaginative entry 
of wide interest to users of relays. 

LIGHT DEFLECTION BY RELA VS 
Relays not only trigger but actually deflect a laser beam in this 

extraordinary application . Following delays of 0, 30, 10, and 70mS after 
control command , four dye cells are illuminated by a pulsed nitrogen 
laser according to a sequence programmed by control logic. 

Deflection of the laser is done as shown in Fig . 1 using relays with 
polished and coated armatures which act as front surface mirrors. 
Relays are also adjusted for the required delays: 10mS for A, 30mS 
for B, 70mS for C. Except for the first control logic input, the N.0 . 
relay contacts trigger the laser as shown in Fig. 2 assuring that the 
reflective armatures are properly positioned to deflect the beam before 
the laser is triggered. 

Believe it or not Struthers-Dunn can furnish relays fo r such a 
specialized application . For relay A we suggest an open-type 219 
Frame modified to have a mirrored armature extension. Similar arma­
ture modifications can be furnished on our A 112 Frame sensitive relays 
which will serve for Band C since operate time can be closely adjusted. 

TRIGGER 
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1 vs. 4 WIRE REMOTE 
MOTOR CONTROL 

Two relays and a few inexpensive 
electronics allow remote control of any 
size motor with just one wire plus a 
common as shown in Fig. 3. By contrast, 
4 wires plus a common are needed in 
the conventional circuit of Fig 4. The 
diagrams are arranged to separate the 
components at the control area from 
those at the remote area. 

Key to this cable saver is the use of 
diodes D1 through D4 to provide a one­
way path for the Start signal and indica­
tor while using the same path, but with 
reversed polarity, for the Stop signal and 
indicator. Resistors R1 through R4 
merely reduce any series interaction 
between relay coils and indicator lights, 
while capacitors C1 through C4 block de 
components introduced by the diodes. 
Any Struthers-Dunn de relay could be 
used in this 'line-saving' circuit by 
properly matching capacitors, lamps, and 
relay coils. Specifically recommended is 
the 283 Frame, 10 amp, general purpose 
relay. The 283 offers quick-connect 
terminals spaced for standard plug-in 
mounting and pierced to accommodate 
solder-wiring. Congratulations and $50 
to A. C. M., Dumas, Texas for calling this 
suggestion to our attention. 
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150 PAGES OF RELAYS FOR 
MOST ANY CIRCUIT 

~~= ~:tt~~t .:':r:'d\>~l~~~ande~: ..---~ 
relay lines from the company ~ 
that has developed an aver- -;:;:;:--

=g~:~t~ :1~~ .. ~·:13 .d~l1r~~= ~ ~·~ 
reader service card number 
for your copy. 
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Optimum Q/C relationship is 
only one reason for choosing 
the 283 Frame family over other 
10-amp control relays. Few GP 
relays have such excellent pack­
aging density capabilities, or are 
so readily available in so many 
enclosed and open styles, with 
ac & de coils, 1-3 pole contact 
arrangements, 3-way terminals 
for solder, quick-connect, or 
plug-in, to matching sockets, and 
so on. Popular styles are stocked 
by S-D distributors. All are 
quickly available from the factory. 

To learn more, ask for a copy 
of our latest Relay Catalog. 

• 

STRUTH•RB-DUNN, INC. 
Pitman, New Jeraey 08071 

Canada: Struthers-Dunn Relay Div., 
Renfrew Electric Co. Ltd . 
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POWER SOURCES 

High voltage supply has 
three adjustable ou't~uts 

Sierra Systems, Inc., 650 Vaquer­
os, Sunnyvale, Calif. 94086. (415) 
969-3056. $1050 ( 10-up); 4 to 6 wk. 

Model 752 CRT power supply de­
livers four output voltages, three 
of which are adjustable. The ad­
justable ranges are: accelerator 
voltage, 24 kV to 28 kV at 25 ,µA, 
focus voltage, 7 kV to 9 kV at 10 
µ,A and intensity control voltage, 
500 V to 700 V at 10 ,µ,A. The 
fourth output is a photomultiplier 
supply voltage that is factory set 
at - 1.5 kV at 2 mA. The regula­
tion and ripple specifications for 
all voltages are ±0.5% and 0.1% 
pk-pk, respectively. The output 
voltages can also be monitored at 
externally accessible · test points 
with a microammeter. The input 
supply voltage for the 752 is 28 
V de. The unit is fully shielded 
and filtered for both radiated and 
conducted RFI. 

CIRCLE NO. 256 

Current supply can be 
pulsed to give 200 A 
Merrick Engineering Inc., 725 M el­
park Dr., Nashville, Tenn. 37204. 
( 615) 383-0502. 

The TXR-200 pulsed current sup­
ply can be used to deliver straight 
de or pulsed de over the range of 
0.25 to 200 A, with a pulse repeti­
tion rate of 2000 to 25,000 pulses/s. 
Welding current consists of two 
separate components, background 
and pulsed current. Background 
current (nonpulsating de) 0.2 to 
99.9 A is controlled by a direct 
reading digital dial. Pulse peak is 
indirectly adjustable up to 500 A. 
Speed of regulator response is 4 
µs and corrections are made instan­
taneously for changes in either arc 
length or line voltage. 

CIRCLE NO. 257 

Dual tracking supply 
tracks to within 0.1 % 
Power-One, 10526 Jordan, Chats­
worth, Calif. 91311. (213) 887-
5730. $31.96 ( 100-up). 

Dual tracking power supply Mod­
el AA15-0.8 delivers + 15 V at 800 
mA or ± 12 V at 1 A. Some of its 
other features are: tracking accu­
racy of 0.1 %, line regulation of 
0.01 %, load regulation of 0.02% 
and ripple content of 1.5 m V pk-pk. 

CIRCLE NO. 258 

Series of drive controls 
handles m·otor.s to 700 hp 

WER Industrial Div. of Emerson 
Electric Co., Grand Island, N.Y. 
14072. (716) 773-2321. 

The Electrostat 600 Series is a 
six-SCR drive control designed for 
single motor or system applications. 
Options can be added for multi­
motor drive, torque, followers, field 
r eguJ.ator control or field regener­
ation applications. The same regu­
lator control is used for all motor 
horsepower ratings. Drives to 150 
hp are supplied in a NEMA I 24 
by 30 by 12 in. enclosure or on a 21 
by 21 in. panel. Larger drives, from 
200 to 700 hp, are supplied in 
NEMA I 30 by 36 by 14 in. wall 
mounted enclosure or on a 27 by 
33 in. panel. Standard features in­
clude an up-front drive monitor 
test meter, an adjustable current 
limit with light indicator, ac line 
reactors with de circuits, instan­
taneous fault trip, line and arma" 
ture current limiting fusing, phase 
loss and low voltage protection and 
adj us table accelemtion/.deceleration 
and jog. 

CIRCLE NO. 259 
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l.973 Edition ... 
General Electric 's 

condensed reference 
guide to industry's 

broadest Ii ne of 
microwave devices 
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You can "one-stop shop" w ith 
t hi s new cata log of 
microwave devices from 
General Electric ... your 
source for the most complete 
line of microwave devi ces. 
The new microwave guide 
is clear ly indexed to give 
fa st , easy reference to 
devices for al l popular 
microw ave applications. 
To get your free copy, use 
the reader service card or 
write: Genera/ Electric 
Company, 316 East 9th Street, 
Owensboro, Kentucky 42301. 

• GENERAL 
ELECTRIC 

360-08 
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POWER SOURCES 

Modular de supplies have 
dual regulated outputs 

S emiconductor Circuits, Inc., 306 
River St., Haverhill, Mass. 01830. 
( 617) 373-9104. $98 (1to9); stock 
to 2 wk. 

The P2.12.300 and P2.15 .300 
modular power supplies provide 
dual regulated outputs of ± 12 V 
de and ± 15 V de, respectively, at 
± 300 mA. These units are epoxy 
encapsulated in a black anodized 
aluminum case measuring 2.5 by 
3.5 by 1.56 in. For both supplies 
regulation is 0.01 % (max. ) for 
line (105 to 125 V ac ) and 0.05 % 
(max. ) for load (NL to FL). Rip­
ple and noise is less than 1 m V 
rms and the temperature coefficient 
is 0.02 %/°C. There is no derating 
in performance over the operating 
temperature range of - 25 to 71 C. 

CIRCLE NO. 260 

Power supply drives 
33 different lamp types 
Schoefj el Instrument Corp., 24 
Booker St., Westwood, N.J. 07675. 
(201 ) 664-7263. $275; stock to 30 
day . 

A universal spectral power sup­
ply can operate over 33 spectral 
lamps with a useful range of 1800 
to 7000 A. The supply current is 
adjustable by a front panel control 
from 0.9 to 1.5 A. Typical lamps 
which can be used with the system 
include: cadmium, zinc, mercury, 
argon, krypton, sodium and caes­
ium. The supply is in a 10 by 12 
by 7 in. case and weighs 15 lb. 

CIRCLE NO. 261 

Ac line conditioner 
delivers up to 5000 VA 

OP I 
l 

Deltec Corp., 3849 Gaines St., San 
Diego, Calif. 92110. (714) 297-
4466. $50 per 100 VA. 

The DLC 1260 ac line conditioner 
can deliver 1200 VA. The input to 
the unit is 75 to 130 V ac with an 
output of 117 V ac ± 3 % . Noise 
suppression and common-mode re­
jection is greater t han 120 dB. The 
1260 is supplied in a rack mount 
cabinet 7 by 17 by 14 in. and 
weighs approximately 35 lb. Addi­
tional units of the DLC series are 
available to power levels of 5000 
VA and inputs of 240 V ac and 50 
Hz. 

CIRCLE NO. 262 

Modular supplies offer 
Lambda compatibility 

NJE, 50 Culver Rd., Dayton, N.J . 
08810. (201 ) 329-4616. 

The RSI / RXI line of system 
power supplies offers more than 
130 models that are interchange­
able with Lambda modules. In ad­
dition, the OEM designer has the 
choice in same unit size of output 
current/ regulation tradeoffs at no 
change in price. Specifications for 
the RSI line are 105 to 132 V ac 
input operating range, 47 to 400 
Hz input frequency, 1 mV rms 
ripple (3 mV pk-pk ), - 20 to 71 C 
operating temperature range, 25 
µ,s transient recovery time, ± 25 % 
internally adjustable overload pro­
tection and remote programming/ 
remote sensing terminals. Options 
available are overvoltage protec­
tion, 205 to 265 V ac input voltage 
and MIL coatings. 

CIRCLE NO. 263 
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It's our latest monolithic analog multiplexer 
with internal overvoltage protection--the 
H 1-507 A Dual 8 Multiplexer. And its pin 
for pin interchangeable with the DG-507. 
Just recently we introduced the 
first monolithic multiplexer with 
internal overvoltage protection­
our Hl-506A 16-channel multi­
plexer, featuring performance 
characteristics previously unavail­
able. Now we offer a dual 8-channel 
unit incorporating all the 
advantages of the 16-channel unit. 

As with the Hl-506A, this new 
device combines our DI / CMOS 
(dielectric isolation) process with a 
unique circuit design to provide 
on-board protection against analog 
input overvoltage. In the event of 

overvoltage in one channel there is 
no output error when other 
channels are being addressed. This 
same protection circuit also 
eliminates latch-up, as well as 
unpredictable operational 
characteristics that could result 
from transient voltages originating 
in either the signal or supply. A 
second similar circuit provides the 
necessary safeguards against static 
charges. Additionally, break-before­
make switching eliminates 
undesirable channel interaction. 
Applications for the new device 

·----------, 
I V •} I 
I S P I 
I I 
I I 

=ESS~n : 

Digital overvoltage 
protection circuit 

TO INPUT 
ADDRESS 
BUFFER 

I I 
I I 
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Analog overvoltage 
protection circuit 

include data acquisition, telemetry 
systems, process control and 
general analog switching. The 
device is available in volume now 
for off-the-shelf delivery. For 
details see your Harris distributor 
or representative. 

Features: 
Internal overvoltage protection, 
both analog and digital 
No channel interaction with 
power loss 
Break-before-make switching 
DTL/TTL and CMOS compatibility 
Supply current 4mA at 1 MHz 

toggle rate 
Power requirement 7.5mW disabled 
Power requirement 7.5mW enabled 
Access time 500 ns 
Power supply ± 15V 
Signal range ± 15Vdc 
Supplied 28-pin DIP 

100-999 units 
HI 1-506A-5/ HI 1-507A-5 
0°C to + 75°C $28.60 

HI 1-506A-2/HI 1-507A-2 
- 55°C to + 125°C $57.20 

EB 
HARRIS 

SEMICONDUCTOR 
A DIVISION OF HARRIS- INTERTYPE CORPORATION 

P.O. Box 883, Melbourne, Florida 32901 
(305) 727-5430 

WHERE TO BUY THEM: ARIZONA: Phoenix-Liberty. Weatherford; Scottsdale-HAR (602) 94&3556 CALIFORNIA: Anaheim- Weatherford; El Segundo-Liberty; Glendale-Weatherford; Long Beach-HAR 
(213) 426-7687; Mountain View-Elmar: Palo Alto-Weatherford. HAR (415) 964-6443; P0<n0na-Weatherford; San Diego-Weatherford. Western COLORADO: Denver-Elmar. Weatherford WASHINGTON. D.C.: 
HAR (202) 337-3170 FLORIDA: Hollywood-Schweber: Melbourne-HAR (305) 727-5430 GEORGIA: Atlanta-Schweber ILLINOIS: Chicago- Schweber; Schaumburg- HAR (31 2) 894-8824 MARYLAND: 
Rockv1lle-Schweber MASSACHUSETTS: Lexington- R&D: Waltham-Schweber; Wellesley-HAR (617) 237-5430 NEW MEXICO: A lbuQuerQue-Wea1herford NEW YORK: Melville-HAR (516) 249-4500; 
Syracuse- HAR (315) 463-3373; Rochester-Schweber: Westbury-Schweber OHIO: Beachwood-Schweber; Dayton- HAR (513) 226-0636 PENNSYLVANIA: Wayne-HAR (215) 687~680 TEXAS: Dallas­
Weatherford, HAR (214) 231-0031; Houston-Weatherford WASHINGTON: Seattle-Liberty, Weatherford. 

LEGEND FOR HARRIS SALES OFFICES & DISTRIBUTORS: Hams Semiconductor (HAR); Elmar Electronics (Elmar); Harvey/ R&D Electronics (R&D); Liberty Electronics (Liberty); Schweber Electronics 
(Schweber); A. v . Weatherford Co. (Weatherford); Western Radio (Western) 

INFORMATION RETRIEVAL NUMBER 60 
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COMPONENTS 

Decade inductors are 
accurate to ± 1 % 

Sprague Electric Co., 347 Marshall 
St., North Adams, Mass . 01247. 
(413) 664-4411. 

Type 4W precision decade induc­
tors for design and experimental 
work in the frequency range of 150 
to 20,000 Hz, are avai lable in units 
with 0.001, 0.01, 0.1, and 1.0 H 
steps. Each unit has 10 steps. 
With four decades inductors in 
series, any inductance from 0 to 
11.11 H can be selected in 0.001 H 
steps with a guaranteed accuracy 
of ± 1 % at 1 kHz and 25 C. 

CIRCLE NO. 264 

Heat-actuated flow 
switch responds in 2 sec 
Fluid Components, Inc., P.O. Box 
1165, Canoga Park, Calif . 91304. 
(213) 883-0806. 

A new fast-acting thermal flow 
switch, Model F R-72-FS, pro­
vides a response in the neghbor­
hood of two seconds in either 
liquids or gases. The switch will 
operate in any size line and 
makes use of a conventional 
mounting port. Versions are 
available for liquid flow rates 
from 0.01 to 2 ft / s, and gas f low 
rates from 0.1 to 15 ft/ s. Oper­
ating temperatures range from 
- 100 to 300 F. All surfaces in 
contact with the medium are of 
stainless steel. The switch is heat 
actuated, has no moving parts 
and is field adjustable. Electri­
cal circuity is all solid state, 
modular construction and enclosed 
in an explosion proof housing. 
An external circuit may be con­
nected to either the normally­
open or normally-closed contacts of 
the output relay. 

CIRCLE NO. 265 

Screwdriver sets rotary 
PC-board switch 

Electronic Engineering Company 
of California, 1441 E. Chestnut 
Ave., Santa Ana, Calif. 92701. 
(714) 835-6000. $1 per station 
(OEM qty) ; stock to 6 wks. 

EECO 21-S switches are single­
piece, multistation units with one 
to 11 separate switch stations. 
Solder pins provide both input and 
output interconnections as well as 
a firm mount to either or both 
sides of a PC board. Code circuitry 
is integral and no rivets, stator 
pattern or special board platings 
are required. The switches are 0.44 
deep x 0.775 high x 0.80 wide in. 
per switch station. 

CIRCLE NO. 266 

Light sensor measures 
with built-in electronics 

Photon Products, Inc., P.O. Box 
1230, Cupertino, Calif. 95014. ( 408) 
296-5226. $235 (unit qty). 

A new series of light sensors 
comes complete with a silicon de­
tector, fi lter, amplifier and micro­
circuitry in a single compact unit. 
Three models cover the complete 
visible and near-visible photometric 
range: ISP-610; 610-7 40 nm ; ISP-
55; 380-740 nm; and ISR-590; 410 
nm to 1.0 µ. Dark-current noise is 
as low as 10 pA with zero bias. All 
models feature binary program­
mable range selection for auto­
matic or manual ranging. Adjust­
able gain and ambient offset con­
trols permit interfacing to micro­
scopes, probe stations or other pro­
duction facilities. The units are 
powered by 18 V de. 

CIRCLE NO. 267 
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Linear COS/MOS .•• 
RCMsCA3600E 

• premieres 
CA3600E transistor pair biased 

for linear-mode operation 
Analog timer using CA3600E 

Meet the linear IC with the 
advantages of COS/MOS. The new 
RCA CA3600E Transistor Array .. . 
three pairs of complementary 
enhancement-type MOS (p-channel/ 
n-channel) transistors on a single chip. 

The CA3600E is designed for 
a great variety of applications req ui ring 
virtually infinite input impedance, wide 
bandwidth, matched characteristics, 
lower power consumption and 
general purpose circuitry. 

And that's not all. With the 
new CA3600E you get performance 
advantages that include square-law 
characteristics, superior cross­
modulation performance, and a 
greater dynamic range than bipolar 
transistors . 

Whether you 're working in 
timing , sensing and measuring or any 
other applications, or if you 're tired 
of fighting beta variation in your bipolar 
circuit, let your " linear" imagination 
run wild . The features offered in the 
new CA3600E COS/MOS Linear IC 

(tl lol ( 0[L.IY • 60MINUTU, WITH Cl "CUlt VAt..U£5 SHOWN} 

are too good to pass up. 

LAMP 
GElYPE 
2201 

0 Virtually infinite input resistance/ 
100 gigohms 
0 Each transistor rated for operation 
up tci 15Vand 10 mA 
0 Low gate-terminal current/ 
10 picoamps 
0 No "popcorn" (burst) noise 
0 Matched p-channel pair/gate­
voltage differential (l o= -1 OOuA) 
. .. +20mV (max), 
0 Stable transfer characteristics over 
a temperature range of -55°C to 
+125°C 
0 High voltage gain/up to 53dB per 
COS/MOS pair. 

Supplied in the 14-lead dual­
in-line plastic package, the CA3600E 
is available in production quantities 
from your local distributor or direct 
from RCA. 

For complete data sheet/ 
application note write: RCA Solid 
State, Section 57K 11 , Box 3200, 
Somerville. N.J . 08876. Or phone: 
(201) 722-3200. 

Ren Solid 
State 

products that make products pay off 
lr1tcmJ11 on,1I , RCA , Sunbury on Tham es. U .K .. or Fup B u dding , 7 4 Kasum1gasek1, 3 ·Chome , Ch1yoda Ku, Tokyo, Japan . In Canada . RCA L1m11ed , Ste . Anne de Bellevue 810 , Canada. 
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THE SMALLEST LED 
SWITCH/INDICATOR 

ON THE MARKET 

ACTUAL 
SIZE 

NOW AVAILABLE IN 
RED, GREEN, YELLOW 
AND REDUCED 10% ! 

$3 70 Each in 
ONLY • 100Qtys. 

Subminiature SSBL Series combines long 
life LED and SPST-NO-OB switch in a low 
cost, highly reliable unit that fills a 
variety of display and control functions 
- especially where .space is limited. 
Projects only Ya" behind panel with 
turret lug terminals (as shown) or 1" 
with .025" square Wire-Wrap terminals. 
Mounts in 1.4'' hole on %" centers. 

Bright indication, low power consump­
tion and resistance to shock, vibration 
and extreme temperature changes make 
this LED the perfect replacement for 
incandescent or neon lamps in low cur­
rent, solid state applications. Lens has 
Fresnel rings that distribute light for 
maximum visibility. 

Momentary contact pushbutton switch 
has rating of 100 mA @ 115 VAe and life 
exceeding 1 million operations at rated 
current. The SSBL operates from a 5 voe 
supply; however, can accommodate up 
to 28 voe by adding an external series 
resistor. 

MATCHING 
LED 

INDICATOR 

Only $2.70 Each in 
100 Qtys . 

The SSIL Series has all the outstanding 
features of the SSBL, but is an indicator 
only. Bu ilt-in resistor adapts un it for 5 
to 28 voe operation. 
TEe also has a matching switch only -
the SBS - plus submin iature indicators 
and switch / indicators with neon and 
incandescent lamps. 
NOTE: Green and yel low LED's are avai lable 
only with SV rating. 

1 Et 9800 N. ORACLE ROAD 
TUCSON, AZ. 85704 

~c:.~ (602)297-1111 

~CORPORATEO 
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COMPONENTS 

Second source for 
Be.ckman ladder network 

ILG Data Device Corp., 100 Tee 
St., Hicksville, N.Y. 11801. (516) 
433-5330. $10 to $25 (OEM qty). 

DDC's Series 811 Ladder Net­
works are miniature, 12-bit binary 
ladder networks for use in digital­
to-analog conversion. These cermet 
thick-film units are available in 
eight standard models with resist­
ance values of 5 k, 10 k or 20 kn. 
The networks are directly inter­
changeable with like units of 
Beckman Instruments Co. Maxi­
mum voltage ratio errors are as 
low as 122 ppm over a - 55 to 125 
C or -20 to 80 C operating tem­
perature range. 

CIRCLE NO. 2 68 

General-purpose relay 
has built-in amplifier 

Magnecraft Electric Co., 5575 N. 
Lynch Ave., Chicago, Ill. 60630. 
(312) 282-5500. 

Class 388 amplifier-driven, gen­
eral-purpose relay allows 10-A 
switching with extremely low pow­
er control. The amplifier circuit 
presents a very-high impedance to 
the control circuit. This makes it 
especially suited for IC low-power 
signal levels. A control voltage as 
small as 2.4 V de will energize the 
relay via its 24-V-dc supply volt­
age. Polarity and transient protec­
tion are standard. The relay has 
either plug-in or surface mounting. 

CIRCLE NO. 2 69 

Timing motor made with 
barium-ferrite rotor 

Cramer Div., Conrac Corp., Mill 
Rock Rd., Old Saybrook, Conn. 
06475. (203) 388-3574. 

The Ci·amer 105 motor is a high­
torque, permanent-magnet syn­
chronous motor with both mechani­
cal and electrical direction control. 
It has a barium-ferrite rotor, and 
stato'r poles of different widths to 
provide high starting and running 
torque under all load conditions. 
The power input is 2.7 W at 115 V 
and 60 Hz. Starting and running 
torque for this permanently lubri­
cated motor is 300 oz-in. at 1 rpm 
and 60 Hz. Motor output speeds 
range from 1 to 60 rpm. This motor 
is particularly suited to timing 
applications. 

CIRCLE NO. 270 

Push button tests 
plug-in relay 
Deltrol Controls, 2745 S . 19th St., 
Milwaukee, Wis. 53215. ( 414) 671-
6800. 

A test button in the cover of 
Series 165B/ 166B plug-in relay en­
ables maintenance personnel to 
manually check circuit functions 
without energizing the relay coil. 
The relay is available in SPDT, 
DPDT and 3PDT contact configu­
rations with contact ratings of 5 
and 10 A. Terminals are a 3/ 16-in. 
quick-connect type that are spaced 
for a standard plug-in receptacle 
or for single-lead quick-connect 
lugs or solder connections. The se­
ries comes in a large selection of 
ac or de coil voltages. 

CIRCLE NO. 271 

ELECTRONIC DESIGN 23 , November 8, 1973 



RCA COS/MOS 
in lovv cost ceramic. 

RCA now offers COS/MOS in 
a new low cost ceramic package. So 
you can select, from our complete 
line of COS/MOS circuits, an IC 
package to meet your exact needs tor 
performance and price. 

Compare the prices of our 
new ceramic IC's. If you 've needed 
the temperature range and hermetic 
features of ceramic, but couldn 't afford 

AF PRICE 
TYPE NO. FUNCTION (1000+) 

CD4001AF Quad 2-input NOR gate $ .98 
CD4011 .l\F Quad 2- input NANO gate .98 
CD4013AF Dual ·u · master-slave 

Flip-Flop 203 
CD4020AF 14-stage binary/ ripple 

counter 5.90 
CD4027AF Dual J-K master-slave 

Flip-Flop 3.14 
CD4029AF Presettable up/down 

counter 7.94 
CD4042AF Quad clocked "D" latch 4.23 
CD4046AF Micropower phase-

locked loop 5.63 
CD4047AF Monostable/ As table 

multivibrator 3.75 

the price, now you can discover the 
digital world of COS/MOS in RCA's 
new low cost ceramic package. 

Our complete new line of 
COS/MOS CD4000AF Series Ceramic 
IC's, in 14-lead or 16-lead dual-in-line 
packages, are available at your local 
distributor. Or you can order them 
direct from RCA. 

For complete pricing and data 
sheet write: RCA Solid State, Section 
57Kl 1 Box 3200, Somerville. N.J . 
08876.0r phone: (201) 722-3200. 

Ren Solid 
State 

products that make products pay off 

Interna tional : RCA , Sunbury o n -Th am es. U K ., o r F uj i Burlding, 7 4 Kasum 19asek 1, 3 Cherne Ch1 yoda Ku , T okvo . Japan. In Canada RC A L 1m1 ted , S te . A n n e d e Be llevue 810 , Canada. 
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COMPONENTS Avtron Manufacturing, Inc., 10409 
Meech Ave., Cleveland, Ohio 44105. 
(216) 641-8310. Tach generator output 

rate is selectable Super Tach generates a choice 
of 15, 30, 60, 120, 150, 300, 600, 
or 1200 pulses per revolution by 
just setting the internal switch. 
The unit uses a LED source, has 
zero-speed direction sensing, and a 
NEMA-56C face. Output is a 15-V 
square wave. An analog de output 
that is proportional to speed is also 
available. 

CIRCLE NO. 272 

·i'm 
1ee rm A 

mAIL-LITE® 
/HIPPER 

1 CASE of Mail-Lite FREE when you buy my 
$50 table model heat sealer. 

2 CASES of Mail-Lite FREE when you buy my 
$100 floor model heat sealer. 

MAIL-LITE 
TABLE MODEL 

$50 OFFER 

Labor Savings: Can be heat sealed closed in 2 seconds 
Waterproof • Pi/ferproof • Lightweight· Clean 

THIS SPECIAL OFFER EXPIRES DECEMBER 31, 1973 ...................................................... • • • 
: I AM INTERESTED IN THE 0 $50 OFFER 0 $100 OFFER : 

•1 PLEASE FORWARD ADDITIONAL INFORMATION ON; i. 
0 MAIL-LITE SHIPPERS 0 MAIL-LITE HEAT SEALING SYSTEM 

• • 
: ••• COMPANY : 

I ••• NAME ADDRESS I 
: ••• CITY STATE ZIP__ : • • i Sealed t\lr Corporation PHONE i 
I 19-01 State Highway 208. Fair Lawn, New Jersey 07410 I ...................................................... 
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Cassette tape transport 
uses one reel motor 

The Amilon Corp., 49-12 30th Ave., 
Woodside, N.Y. 11377. (212) 274-
1794. From $125 (1000 up). 

Designated the A 7 system, Ami­
lon's one-reel-motor and one-cap­
stan-motor tape transport is func­
tionally superior to two or three 
motor mechanisms for cassette ap­
plications, according to the com­
pany. Two or three motor systems 
are better suited to the stronger 
tape of reel-to-reel devices, which 
require the tape to pull the rotor 
of the unused motor. Additional 
features include front loading, 
separate BOT and EOT sensors 
and single or dual direction read/ 
write. 

CIRCLE NO. 273 

Incremental encoder has 
metric or English output 

Trump-Ross Industrial Controls, 
Div. of Datametrics, 265 Boston 
Post Rd., North BiUerica, Mass. 
01862. ( 617} 663-3451. 

Tru-Rota is a dual-count, opti­
cal, rotary, incremental encoder 
that is compatible for use in Eng­
lish or metric systems. Resolution 
in English units is as high as 2000 
lines and in metric up to 2540 
lines . 

CIRCLE NO. 274 
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For fast, accurate answers to com- THE SCIENTIFIC rithmic. In addition, 64 steps of pro­
plex everyday scientific and engi- gramming or 8 registers are available 
neering problems-count on Sharp's PROGRAMMABLE for formula and equation evaluation. 

new PC-1?01. Because not only is the BIG ENOUGH And you can use both decimal point 
PC-100~ l~~al as a desktop, scratch positioning systems. Both the floating 
pad, ~cientific, programmabl.e .cal?ula- FOR YOUR decimal point and the exponential system 
tor. .. 1t also f.eatures a 10-di~it di.spl~~ -with exponential display capacity from 
that ~utomat1cally operates in ~c1ent1f1c DESKTOP 10-99 to 10100_1 and o. 
notation. Results of the functions can 
be computed in degress or AND SMART ENOUGH The PC-1001 also features a new 
radians at the touch of a switch. simplified keyboard operation. 

With the PC-1001, difficult program-TO OPERATE IN Get the full information on Sharp's PC­
ming of functions is already incorporated. SCIENTIFIC 1001-the desktop, scientific program-
So you compute instantly with just a one- mable scratch pad calculator. Just plug 
touch key operation. A total of "15"differ- in its AC cord and try it. You'll find it indis-
ent scientific functions are hardwired in, NOTATION. pensable. Phone toll-free (800) 447-4700 for 
including trigonometrical, inverse trigono- FROM your nearest Sharp Dealer. In Illinois (800) 
metrical, hyperbolic, exponential, and loga- 322-4400. Or just mail the coupon today. 

In Canada: Dodwell & Co. Ltd. Head Office: Ontario, Canada. 

(Check Yellow Pages for other offices.) 

SHARP 

THE COMPANY 
THAT CREATED 
THE INDUSTRY™ 

®--------------------
Sharp Electronics Corporation, Dept. ED-1 
10 Keystone Place, Paramus, N. J. 07652 
Gentlemen : Please send me full information on 
Sharp's PC-1001. 

Name Company 

Address 

City State Zip 
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Better yet, what you set is what you get! 

When you set a DIGIVIDER voltage divi­
der or DIGIDECADE resistance decade at 
a value, you get only that-- value (within 
1/10 of 1% accuracy). We make them 
with more liberal tolerances, too. But, 
regardless of your accuracy requirements, 
( 1.0%,0.5%,0.25% or 0.1 %) you get ... 

• In-line readout• Positive detent action 
•Absolute repeatability (no hysteresis) 

... in less space and for less money per digit 
than a 10 turn precision potentiometer. 

We make DIGIVIDERS or DIGIDECADE 
assemblies in any of our modular switch 
lines. 

Send for our DIGIVIDER, DIGIDECADE 
Catalog today and see what you get. 

There is a Digitran authorized distri­
butor and a sales engineerin~ 
group in your area. 

See pages 1148 and ~ ®> 
1149, Vol. 2 in the 

1973-74 EEM ~ ~ 
Directory for , 

~~~"&~~;~ 
-Q~~.I~~ 

4._ \j o'<-'<.-j4~ c,O~ 
-Q"' (;,~ 

Division of Becton, Dickinson and Company [IQ] 
855 South Arroyo Parkway I Pasadena, Ca. 91105 
Telephone: (213) 449-3110 I TWX 910-588-3794 
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COMPONENTS 

Precision linear pots 
measure to 5 ft long 

Servo Instrument Corp., Gamewell 
Div., 235 Lynn St., Baraboo, Wis. 
53.91."I. ( 608} 356-909.5. 

Conductive-plastic and wire­
w ou n d, prec1s10n, linear-motion 
potentiometers in 1/ 2, 3/4 and 
1-1 / 4-in. D models have lengths 
from 0.125 to 12 in. in conductive­
plastic types and 0.25 to 5 ft in 
wirewound. Resistance ranges cov­
er 50 n to 100 kn with linearities 
as low as 0.1 %. Single and dual 
elements are available with both 
linear and nonlinear functions. 
Taps and switches can be installed 
to order. Dissipation is 1.5 W / in. 

CIRCLE NO. 275 

Precision wirewound 
resistor replaces film 

Kelvin, 5919 Noble Ave., Van Nuys, 
Calif. 91401. (213) 782-6662. As 
quickly as 4 days (additional 
charge). 

Designed to interchange with 
Vishay S102 bulk metal-film resis­
tors, the K747 resistor is claimed 
to have a wider resistance range, 
a lower temperature coefficient 
and better tracking. The K747 is -
available with resistance tolerances 
to ±0.005 % and TCs to 1 ppm. 
Cost savings of up to 50 % can be 
realized over bulk metal-film re­
sistors. 

CIRCLE NO. 276 

PM gearmotors meet 
military specifications 

Wertronix Corp., 2673 Culver Ave., 
Dayton, Ohio 45429. (513) 299-
5596. $35 typical (OEM qty); 4 to 
6 wks. 

The type DMR gearmotor is de­
signed for compact-size and high­
torque applications. Diameters 
range from 1-1/ 4 to 3.53 in. There 
are a total of 21 different stand­
ard gear-box ratios available-­
from 3.81: 1 through 19,841: 1-
with maximum torque capacities 
to 1250 oz-in. for continuous duty. 
Voltages range from 3 to 50 V de. 
Both 1-1/ 4 and 1-7 / 16-in. square 
mounting flanges are available 
with a choice of either a 1/ 4 or 
5/ 16-in. diameter output shaft. 
Both commercial and MIL-M-8609 
versions are available. 

CIRCLE NO. 277 

Rotary switch handles 
900 circuits 
Cole Instrument Corp., 2034 Pla­
centia A ve., Costa M esa, Calif. 
92627 . (714) 642-8080. 

A specialized precision rotary 
switch with nine decks and 900 
usable circuits has static shields 
between decks and a removable 
cover to protect the switch from 
dust and outside interference. All 
connections are brought OU't to 
prewired terminal boards for fast 
and easy wiring. Ball bearings are 
provided in both end plates to keep 
the rotational torque at a mini­
mum. and to allow the use of sole­
noid or motor drive for remote or 
automatic operation. Each deck is 
individually adjustable to ensure 
deck-to-deck alignment. An im­
portant feature is the switch's 
constant contact resistance and lack 
of thermal or contact potentials. 
Fully bifurcated brushes maintain 
contact and prevent open circuits 
while switching. 

CIRCLE NO. 278 
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Singer is here 
to Servo you. 

SERVO MOTORS. SERVO AMPLIFIERS. 
Kearfott offers you a complete line to fit just about any 
application. From a % " diameter motor with an ac­
celeration of 150,300 rad/sec• to units such as the 7" 
diameter 1 HP Servo Motor shown above. 

Choose from 1.4 watt output amplifiers to the new 2200 
watt unit above. Only 10" long and weighing just 7 lbs., 
the XA-2200 is a highly-efficient solid-state amplifier 
that furnishes output required by 1 HP motors. 

PRECISION POWER SERVO DRIVES. SERVO. PACKAGES. 
Our broad line of Servo Motors (to 1 HP) are the 
primary drive source for our Power Servo Drives. Typi­
cal units give you: accurate positional feedback informa­
tion; low backlash; highest performance/pound. 

We can give you the "tightest" job, the lowest price 
and meet your delivery dates. How? We make thousands 
of Servo components, from motors to clutches. We de­
sign and build all associated electronics, from Servo 
amplifiers to switching networks. 

We can meet almost any Servo 
requirement you may have from a 
single source-Singer's Kearfott 
Division. 

For nearly 30 years Kearfott has 
been a pacesetter in the development 
of small motors and their associated 
electronics. Today we can offer 
you a wider variety of Servo 
components than any other single 
supplier. 

All components are built to the 
highest order of precision, both in 
concept and construction. In 

addition, we'll design and produce 
units to your special requirements. 

To learn more about Kearfott 
Servos and capabilities, mail the 
coupon now, for our information­
packed 24-page brochure "Servo· 
Motors". We'll rush it to you. 
The Singer Company, Kearfott 
Division, 1150 McBride Avenue, 
Little Falls, New Jersey 07424. 

SINGER 
AEROSPACE & MARINE SYSTEMS 

INFORMATION RETRIEVAL NUMBER 68 

I The Singer Company, Kearfott Division 
1150 McBride Avenue I Little Falls, New Jersey 07424 ED-10 
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Gentlemen: 
Please send me your 24-page booklet on 
Servo Motors. 

Title ____________ _ 

Company·-----------
Address, ___________ _ 

City ______ state ___ zip __ 



NEW 
SHORTER 

CASE! 
SCHAUER 

1-WATT 

ZENERS 

U.S.A. Made 
ALKYD RESI N l _l_ .!. _L 

8 16 

SAME LOW PRICES FOR 
1 % TOLERANCE ZENERS 
ANY VOLTAGE 
FROM 2.0 TO 18.0 

Quantity 
1-99 
100-499 
500-999 
1000-4999 
5000 up 

Price Each 
$1.07 

.97 

. 91 

.86 

. 82 

IMMEDIATE SHIPMENT 
Send for rating data and 
20%, 10% , 5% and 2% 
tolerance prices. 

Semiconductor Division 

SCHAUER 
MANUFACTURING CORP. 

4511 Alpine Ave ., Cinci nnati, Ohio 45242 
Telephone 513/791-3030 
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INSTRUMENTATION 

Portable 3-digit DMM 
costs under $200 

Ballantine Labs, P.O. B ox 97, 
Boonton, N .J. 07005. (201) 335-
0900. $195. 

Model 3/ 24 digital multimeter 
offers a full three digits (1000 
counts) for just $195. The unit 
weighs two pounds, complete with 
internal battery. Dimensions are 
5 x 2-1/ 2 x 7 in. Model 3/ 24 has 
five functions with 24 ranges: 
four of ac and de voltage; five of 
ac and de current, and six of re­
sistance. On the de voltage ranges, 
accuracy is typically 0.2% ± 1 
digit . 

CIRCLE NO. 279 

Test system handles 
both MOS and bipolar 

Western Digital, 19242 Red Hill 
Ave., Newport Beach, Calif. 92663. 
(714) 557-3550. $55,500 . 

SPARTAN 780 MOS and Bipolar 
tester is a successor to the SP AR­
T AN 770 and features functional 
and de parametric testing of all 
bipolar, p-channel and n-channel 
MOS and CMOS LSI devices in­
cluding random and sequential log­
ic, as well as RAMs, ROMs and 
shift registers. The basic unit fea­
tures a mainframe to which memo­
ry channels, test heads and other 
options may be added for specific 
test requirements. The unit can be 
easily expanded to three 48-pin, 
40-channel test stations. 

50-MHz, portable scope 
sells for $1375 

T ektronix, P.O. B ox 500, B eaver­
ton, Ore. 97005. (503) 644-0161. 
$1375; 2 wk. 

TELEQUIPMENT D75 is said 
to be one of t he lowest priced dual­
trace, 50-MHz, portable, delayed 
sweep scopes on t he market. Porta­
bility is optimized in t he horizontal­
configured package-size is 5.4 X 
15 x 18.6 in. and weight is 25 lb. 
For low-amplitude measurements, 
the 50-MHz dual-channel, vertiral 
amplifiers have deflection factors 
starting at 5 mV / div, accurate 
within 3 % . For measuring even 
lower amplitude signals, a gain con­
trol (X5 ) extends the minimum de­
flection factor to 1 mV / div with 
15-MHz bandpass. 

CIRCLE NO. 281 

Radiometer I photometer 
gives absolute readings 

EG & G Inc., Electro-Optics Div., 
35 Congress St., Salem, Mass . 
01970. ( 617) 745-3200. $1645; 4 
wk . 

Model 550 Radiometer / Photom­
eter System provides automated 
operation with direct, absolute 
readings in any of 10 distinct opti ­
cal units and two electrical units. 
The instrument contains a 3-1/ 2-
digit panel meter and a digital dis­
play of the decade exponent. Auto­
ranging is included over seven fu ll 
decades. Provision is also avai lable 
for compensation of unwanted am­
bient light and analog output for a 
recorder. 

CIRCLE NO. 280 CIRCLE NO. 282 
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Recorder meets AHA 
and UL requirements 

Culton Industries, Culton Indus­
trial Park, East Greenwich, R.l 4 

02818. ( 401) 884-6800 . $300· (100); 
4 wk. 

MED 100, an EKG recorder 
building block, comes in a unitized 
"U" frame construction. Frequen­
cy response is 140 Hz at 5 divi­
sions pk-pk. An important feature 
of the new recorder is that it is 
designed specifically to meet UL 
544 leakage-current requirements 
for Type A grounded equipment. 
It also conforms to AHA frequen­
cy and voltage specifications, which 
are 95 to 135 V ac, de to 100 Hz 
(-3 dB). 

CIRCLE NO. 283 

18-GHz counter offered 
for systems use 

EIP Inc., 3130 Alfred St., Santa 
Clara, Calif. 95050. ( 408) 244-7975. 
$5100; 2 wk. 

The EIP 351C offers automatic 
frequency measurement from 20 
Hz to 18 GHz using an electronical­
ly tuned YIG comb generator. 
Under remote control, microwave 
measurements to 100-Hz resolution 
can be made at a 30 per second 
rate. Four system-oriented, TTL­
compatible options are available: 
BCD output ($100), remote pro­
gramming of range ($350), i-f off­
set ($400 ) , and YIG-filter tuning 
( $200 ) . To simplify the data pre­
sentation, an 11-digit display, with 
~onstant decimal placement, is used. 

CIRCLE NO. 284 
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use pressure sensitive 
TEMP-R-TAPE of fiberglass 
for quick relief. 

Excellent electrical properties 
plus most anything else you want 
in fiberglass tapes like high 
tensile and tear strength, dimen­
sional stability, good conform­
a bi I ity, thermal endurance, 
abrasion resistance, non-corro­
s iv en es s, Temperature to 
180°C. Available with several 
adhesive systems. Low unit cost. 

Find your nearest Distributor 
in the Yellow Pages under 
"Tapes, Industrial" or in Indus­
trial Directories or write for 
complete specification kit and 
sample offer. The Connecticut 
Hard Rubber Company, New 
Haven, Conn. 06509 

a HITCO company 
INFORMATION RETRIEVAL NUMBER 71 
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INSTRUMENTATION 

50-MHz counter offers 
50-mV sensitivity 
John Fluke Manufacturing Co., 
P.O. Box 7428, Seattle, Wash . 
. 98133. (206) 774-2211. $445 . 

Model 1950A is a new multifunc­
tion counter, - offering five func­
tions over a 50-MHz range: fre­
quency, period, multiple period 
averaging, ratio and totals. A six­
digit LED display with automatic 
annunciation functions as the read­
out. Model 1950A weighs only 5 
lb and operates on 115 or 230 V, 
50 to 60 Hz or 12 V de at 16 W. 

CIRCLE NO. 285 

110-M Hz synthesizer 
offers spectrum analysis 

Adret Corp., 1887 Lititz Pike, Lan­
caster, Pa. 17601. (717) 569-7059. 
Basic price: $8500; Dec., 1973. 

Series 6000 is a family of pro­
grammable synthesizers with fre­
quency range extending to 110 
MHz. The series comprises a group 
of mainframes and plug-in output 
modules that determine the instru­
ment's fundamental function, fre­
quency range, and operating modes, 
and a series of plug-in auxiliary­
function modules that implement 
the desired operational character­
istics of the instrument. 

CIRCLE NO. 286 

Current source 
programs digitally 
Hewlett-Packard, 1501 Page Mill 
Rd., Palo Alto, Calif. 94304. ( 415) 
493-1501. $2900; 8 wk. 

Model 6145A dual-range, digital­
ly programmable current source 
provides outputs from -9.999 to 
+9.999 mA (Xl range) and from 
- 99.99 to +99 .99 mA (XlO range) 
at compliance voltages up to 100 V 
de. In the Xl range, resolution is 
1 µ,A, accuracy is 1 iµ,A and pro­
gramming speed is 300 µ,s. The 
unit can be programmed from a re­
mote four-digit 8421-BCD source, 
or locally using front-panel thumb­
wheel switches. 

CIRCLE NO. 287 

Illumination meter 
matches eye response 

Simpson Electric, 5200 W. Kinzie 
St., Chicago, Ill. 60644. (312) 379-
1121. $125. 

Model 408 illumination-level me­
ter has a spectral sensitivity close­
ly matched to the response of the 
human eye. The instrument can 
also be used as a light meter (by 
referring to an exposure table on 
the back of the case ) or to make 
luminance measurements (using a 
slip-on luminance measuring tube ) . 
The unit provides four basic 
ranges, 0 to 15/ 50/ 150/ 500 foot 
candles, which can be extended to 
0 to 1500/ 500-0/ 15,000/ 50,000 foot 
candles with a XlOO extension 
filter. 
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Frequency synthesizer 
ranges to 9.1 MHz 

~.,..,... • 
.... 
• • i • 

Ii• - ·-· I ·o • • • • .. . • • 
Cushman Electronics, 830 Stewart 
Dr., Sunnyvale, Calif. 94086. ( 415) 
941-8860. $2675. 

The CE-26A frequency synthe­
sizer provides a flat, precisely tun­
able signal over a frequency range 
of 4 kHz to 9.1 MHz. The instru­
ment also features settable output 
levels from - 70 to + 10 dBm. Res­
olution is 1 kHz on the four digi­
tal frequency dials, and 25 Hz 
with a fine tuning control. Har­
monic distortion referred to the 
fundamental is greater than 40-dB 
down at signal levels below 0 dBm, 
and intermodulation distortion is 
greater than 50-dB down. 

CIRCLE NO. 289 
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Clamp-on V /I/ n meter 
also traces conductors 

r 

Amprobe Instrument, 630 Merrick 
Rd., Lynbrook, N.Y . 11563. (516) 
593-5600. $49 .50; stock. 

Thi1s clamp-on volt/amp/ohmme­
ter, t.he LINE-PROBE ALP501, 
performs five important testing 
functions. It measures current on 
a O to 100-A ac scale, measures 
voltage on either of two ranges, 0 
to 150/ 600 V ac; measures resist­
ance on a 1000-n midscale range; 
checks continuity; traces and 
identifies up to 10 pairs of conduc­
tors at one time. 

CIRCLE NO. 290 

Portable instrument 
tests aid converters 

C-0 Manufacturing Co., 646 Sum­
mer St., Brockton, Mass. 02403. 
( 617) 584-4710. $4400; stock. 

Model ADT-iA tests analog-to~ 
digital and digital-to-analog con­
verters. The unit measures and dis­
plays both converter accuracy, mon­
otonicity and noise. Analog inputs 
and outputs are displayed on a 
precision zero-centered meter. Di­
rect error readings are also dis­
played with a 2-bit full-scale sensi­
tivity. A set of LED indicators 
provides a digital display of in­
puts and outputs. Dynamic opera­
tion may be displayed as a two­
dimensional CRT presentation of 
input vs output or input vs error. 

CIRCLE NO. 291 
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Why Non•forgettable? 
Because a digital cassette tape recorder should 
not ever forget unless it is programmed to forget -

and it should remember nothing extra. 
The things that make it forget- capstans, 
pinch rollers, solenoids, belts- are simply 

not there. The patented constant tape spee 
motor control system eliminates noise 

susceptability. Please call or write 
now for all the details. 

Spend I•• for l•s ... 
ancl get 1110re. 

INFORMATION RETRIEVAL NUMBER 72 

TEFLON / MICRO MINI / SUB MINI / STANDARD/ 
PRINTED CIRCUIT / BRASS SOLDER 

~fP ~ ~JACKS 
"JP•l' •ifl ·~ - ~ 
Ii I* 1(1~ .-1 11.. I~[ 

'If'~ rlr iJii ~ m 
~~~OjA,,. i~i'' tff 'tff' BERYLLIUM 
~ ~ ·~- ~. .. ~ 0 1 COPPER 

.9 ~~ ~ CAGES 

WE PRECISION-MANUFACTURE AND PLATE TO MIL SPEC 
IN GOLD, SILVER, TIN, SOLDER, AND OTHERS TO ORDER. 

FREE CATALOG AVAILABLE. 

~'ONCORD ELECTRONICS (; CORPORATION 
37 GREAT JONES STREET. NEW YORK . N. Y 10012 

(212) 777-6571 TWX 710-581-4930 
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Greater reliability from 
HUTSON'S 

advanced thyristor technology 

TRIAC's 
6A, BA, 10A, 15A (ltlRMSI) 
50 tO 600 V (V DROM) 

SCR's 
BA, 1 OA, 20A (ltlRMSI) 
50 tO 600 V (V DROM) 

For greater operational reliability, 
Hutson lsotab thyristors feature an 
improved electrical isolation tech­
nique. They have a low thermal 
impedance and center gate design 
for high di/dt capability and im­
proved dv I dt ratings with very low 
switching losses. 
Void free glass passivated chips 
are hermetically sealed in the 
package. 
All Hutson thyristors also available 
in chip form. 

flt 
Call or write tor 
complete Information 

•T.M. HUTSON INDUSTRIES 

HUTSON INDUSTRIES 
BOX 34235 • 2019 W. VALLEY VIEW~ DALLAS, 
TEX. 75234 (214) 241-3511 TWX 910·860·5537 

Distributed by: 
In C1n1da: WEBER·SEMAD ELECTRONICS, Downs· 
view, Ont. 416/ 635-9880 

Vice-President, European Operations: 
30 Rue Pierre Semard, Yerres, 91 Fronce Tel: 
Poris 925-8258 • TELEX 21 ·311 

Distributed in Europe by: 
Belgium: C. N. ROOD S.A. Brussels 02·352135 
• Denmark: E. V. JOHANSSEN A/S, Copenhagen 
(01)' 295622 • Norway: INTELCO, Bo• 158, 
47 2 207451. Sentrum, Oslo • Spain : BELPORT, 
M1drid 234.62.62 • Sweden : ELEKTROFLEX, Sun· 
dybere 08·28-9290 • Switzerland : D. LEITGEB, 
Dubendorf 051 85 9666 • UK, CLAUDE LYONS, 
LTD, Hoddeston, Hertfordshire (09924) 67161 
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INSTRUMENTATION 

Spectrum analyzer tests 
communication signals 

Nelson-Ross, 5 Delaware Dr., Lake 
Success, N.Y. 11040. (516) 328-
1100. $4950. 

Model CSA-290 Communications 
Spectrum Analyzer System pro­
vides graphic, quantitative analy­
sis of SSB, AM, FM, baseband and 
other communications signals from 
audio through rf, 10 Hz to 40 MHz. 
Analysis at higher frequencies is 
also feasible, with somewhat de­
graded specifications. A built-in 
frequency counter provides highly 
accurate center frequency calibra­
tion and can be used for measure­
ment of other inputs from 0.5 to 
100 MHz. 

CIRCLE NO. 292 

Unit generates 
p~ecise time codes 

2 45 I U 38 3 7 

·.: .... ~ 
• • ::i .. "' 

Datametrics, 340 Fordham Rd., 
Wilmington, Mass. 01887. (617) 
658-5410. $2595; 60 days. 

Model SP-125 Universal Time 
Code Generator serves as a Master 
Time Reference for distributing 
precision time code indices to in­
dex recording mediums such as 
magnetic tape, camera film and 
oscillographs. The unit can also be 
slave synchronized to within ± 20 
µ,s of an external received IRIG-B 
time code that is derived from an­
other Master Time Code Generator. 
The unit has an internal time base 
oscillator to assure continuous op­
eration in the event of input code 
drop-out during slave sync opera­
tion, as well as a fail-safe power 
supply. 

CIRCLE NO. 293 

Rf 'test set synthesizes, 
measures frequencies 

Cushman Electronics, 830 Stewa1·t 
Dr., Sunnyvale, Calif. 94086. ( 408) 
739-6760. Basic Unit: $5100. 

A portable, rf test set, Model 
CE-6, combines synthesized signal 
generation with precise frequency 
measurement. The new instrument 
generates signals from 10 kHz to 
1000 MHz, with cw, AM and FM, 
and measures frequency from 20 
to 1000 MHz. Through the use of 
optional plug-in modules, the CE-6 
can also be used as a sensitive AM 
and FM receiver; an FM peak-devi­
aition meter; and AM modulation 
meter; and/ or an audio oscilloscope 
and waveform monitor. Weight is 
40 lb., without plug-ins, and the 
unit takes up only one square foot 
of bench space. 

CIRCLE NO. 294 

Angle position indicator 
is ruggedized 

Transmagnetics, Inc., 210 Adams 
Blvd., Farmingdale, N.Y. 11735. 
( 516) 293-3100. $895; stock to 5 
wk. 

These rugged, industrial Abso­
lute-Angle Position Indicators con­
sist of a transducer and a digital 
readout receiver having an accu­
racy of 0.1 degree. The receiver 
converts the transducer informa­
tion into digital form and presents 
a digital display that is readable 
in direct sunlight conditions. Si­
multaneously, BCD outputs are 
available at the rear of the re­
ceiver. Output formats of ±179.9 °, 
0 to 360° or 0 to 9999, with float­
ing decimal point, are available. 

CIRCLE NO. 295 
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YourA/D 
or D/A application 

can wintlie 

A design contest like this may be an in­
dustry "first''. But then, firsts are a way of life 
at Micro Networks Corporation ... first 12 
bit dip package D to A ... first 8 bit dip ~ 
package A to D ... first 12 bit MIL range r 
D to A in a dip package and in a miniature 
module ... plus over 12 more firsts in the 
last 3 years alone! 

MNC offers the broadest selection of dip 
package standards D to A and A to D's for 
the avionics, instrumentation, computer and 
military Hi-Rel markets. 

81000 

HERE'S HOW. 
Send in your application that includes one or more 
AID or DI A converters. 

Win the $1 ,000 Grand Prize or one of the many second 
prizes of valuable Bowmar Calculators. Handy technical 
pocket calendars given to all entries. 

The rules are simple . • • 

1. Your design application must 
include one or more AID or D/A 
converters. Need not be Micro 
Networks converters. 

2. Entries will be judged on 
originality, completeness, and 
usefulness of application . 

3. Entries become property of 
Micro Networks Corporation, 
which reserves right to publish, 
in whole or in part, any entry 
at its discretion. An honorarium 
will be given for those entries 
published by MNC. 

4. MNC personnel, their families, 

Typical MNC products : 

and personnel and families of 
affiliates are ineligible. 

5. Entries judged by 5 impartial 
judges, whose decisions are final. 
For anonymity entries will be 
coded for judging. 

6. Contest closes February 15, 
1974. Void where prohibited. 

7. Each entry must include circuit 
diagram with description of 
circuit operation. Include if 
possible a statement of the 
significance of the application . 

8. Submit all entries to P.O.Box308 
Worcester, Mass. 01601. 

MN502H .• . 8 bit A to D 
converter. 

MN515 .. . 12 bit A to D 
converter. 

MN360 . .. 12 bit D to A 
converter. 

Salient Features: 
• 18 pin dip • . • hermeti· 

cally sealed 
• Low Power .. . 600 Mw 
• Fast ••. 1 µsec/bit 
• Unsurpassed Linearity . .. 

± lh bit (- 55 to + 125C) 

Salient Features: 
• Linearity . .. ±lh bit 

(0 to 70C) 
• Linearity (MN515H) ... 

± lh bit (- 55 to + 125C) 
• Conversion Time •• • 

50 µsec 

Sailent Features: 
• 18 pin dip . . . hermeti­

cally sealed 
• Linearity ... ± lh bit 

(0 to 70C) 
• Settling Time . . . 5 µsec 

Micro Networks Corporation 
5 Barbara Lane• Worcester, Mass. 01604 I Tel : (617) 753-4756 
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ICs & SEMICONDUCTORS 

4 k n-channel 
RAM introduced 

Intel Corp., 3065 Bowers Ave., 
Santa Clara, Calif. 950'51. (408) 
246-7501. P: S ee below; stock. 

A 4096-word-by-1-bit n-channel 
silicon-gate RAM, called the 2107, 
comes with all decoding on the 
chip, a single high-level clock and 
is TTL compatible. The dynamic 
RAM dissipates power only dur­
ing chip enable. Refresh of all the 
bits is done in 64 read cycles. 
Presently priced at $64 ( 100-999), 
the company projects an eventual 
price of 0.1¢ per bit for the 2107. 

CIRCLE NO. 296 

Stud mounted S'CRs can 
handle 1000 A peak 
General Electric, Bldg. F. Mail 
Drop 49, Electronics Park, Syra­
cuse, N.Y. 13201. (315) 456-2021. 
For 10 up: $9.25 (147), $12.75 
( 149); stock. 

The C147 and C149 SCRs can 
handle 63 Arms. The C147 is rated 
at 63 A rms max and up to 1200 
V. Its dv/ dt 1s 200 V /µs and can 
withstand a 1000 A peak one-cycle 
on current. Applications include de 
motor control, power supplies, and 
ac motor, temperature and light­
ing controls. The C149 is a high 
speed version for inverter appli­
cations. It has a 10 µs turn-off 
time and is rated at 63 A rms max 
at 95 C case temperature, and up 
to 600 V. It can also handle a 
1000 A peak one cycle on current. 
Both the C147 and C149 are avail­

a 1/ 4-28 stud mount 

Schottky decoders 
feature 9-ns delay 
Signetics, 811 E. Arques 
Sunnyvale, Calif. 94086. 
739-7700. $5.40 (100). 

Ave., 
(408 ) 

A binary-to-octal decoder, the 
82S50, and a BCD-to-decimal de­
coder, the 82S52, both use Schott­
ky-clamped TTL for a typical 
propagation delay of 9 ns. Maxi­
mum input load currents for the 
gate arrays are 400 µ,A (logic 
ZERO ) and 25 µA (logic ONE ) . 
Minimum output currents are 20 
mA at 0.5 V ( ZERO ) and 1 mA 
at 2.7 V (ONE ). 

INQUIRE DIRECT 

SOS multiplexer 
switches in 75 ns 

lnselek, Inc., 7 43 Alexander Rd., 
Princeton, N.J. 08540. (609) 452-
2222. $19.50 (100-999); stock. 

An 8-channel TTL-compatible 
multiplexer switch uses SOS tech­
nology for a 75-ns channel-to­
channel switching time. Called the 
L05, the multiplexer features a low 
data-channel ON resistance of 15 n 
and a 150-mW power dissipation 
level. The L05 comes in a 16-pin 
DIP. 

CIRCLE NO. 298 

IC multiplier holds 
errors to 0.5% 
Analog Devices, Route 1 Industrial 
Park, Norwood, Mass. 02062. (617) 
329-4700. AD533JH: $5.95; stock. 

A family of IC multipliers guar­
antees 0.5 % maximum multiplying 
errors. Called the AD533, it pro­
vides a ± 10 V, 5 mA output with­
out the need for an external op 
amp. The AD533 multiplies in 
four quadrants with a transfer 
function of XY / 10. It also divides 
in two quadrants with lOZ/ X 
transfer function, and square 
roots in one quadrant with a 
transfer function of - v lOZ. The 
devices provide typical small sig­
nal bandwith of 1.0 MHz, full 
power bandwith of 750 kHz and 
slew rate of 45 V I lLS. 

CIRCLE NO. 297 CIRCLE NO. 299 
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Quad comparator 
uses one supply 

Motorola, P.O. B ox 2091 2, Phoenix, 
Ariz. 85036. (602) 244-3466. $1.50 
(100 up); stock. 

The MC3302 IC packs four inde­
pendent voltage comparators into 
a single plastic DIP package. The 
comparators can operate from a 
single power supply ranging any­
where from 2 to 28 V de. Total 
current drain is only 1.5 mA max 
at voltages of 5 to 28 V. The com­
parators feature a voltage gain of 
30,000, an input bias current of 
about 30 nA and an input offset 
voltage of 3 mV. The outputs are 
TTL compatible and can sink 2 
mA minimum at V oL ·= 0.8 V. 

CIRCLE NO. 300 

IC diode arrays offer 
design flexibility 
National Semiconductor, 2900 
Semiconductor Dr., Santa Clara, 
Calif. 95051. (408) 732-5000. L M -
3019: $1.18; L M 3039 : $1 .17 ( 100); 
stock. 

Two monolithic ICs-the LM-
3019 and LM3039-contain diode 
arrays that are grouped for con­
venient use. The LM3019 contains 
six diodes; four are connected in a 
fu ll-wave bridge configuration and 
two are completely uncommitted. 
Each diode has a 20-m W power dis­
sipation. Typical reverse break­
down voltage is 6 V per diode and 
80 V between any diode and the 
substrate. The LM3039 contains 
six fast, low capacitance diodes. 
Five are independently accessible, 
and the sixth shares a common 
terminal with t he substrate. Re­
verse recovery time is typically 1 
ns, and the de forward voltage of 
the diodes is matched within 5 
mV. Power dissipation is 100 mW 
each, and the diodes have a typical 
reverse breakdown voltage of 7 V. 

INQUIRE DIRECT 
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How can you resist . 
a 400% improvement 
in feedback slability? ____ , 

____ , 
.................. TIME .................... . 

So beautifully done! 
With DIVIDER-MOX resistors, the effects of T-C matching, V-C, 
self-generated heat, and other control variables are minimized 
by a unique manufacturing process. 

Precision is % allowable change over operating temperature 
range; DIVIDER-MOX resistors give 0.5% stability at 10% 
power dissipation over a temperature range of -55° to 125°C. 

And, along with precision and stability you also get size ad­
vantages as well ... DIVIDER'-MOX resistors are about 112 as 
large as the equivalent resistance carbon film. 

Resistance ranges available from 25K to 2000 Megs with 
maximum power ratings up to lOW at 30kV. Customers may 
specify divider ratios in the range of 300:1 to 10,000:1. 

Victoreen .. . where else can you get so 
many accurate ohms for your money: 
VICTOREEN INSTRUMENT DIVISION 
VLN Corporation 
10101 Woodland Avenue 
Cleveland, Ohio 44104 VICTOREEN 
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The 
Smarter 
Way ... 

EMCs Pin-in-Board 
Still best! EMC's high density 
Wire-Wrap® non-warping epoxy 
panels assure accurate true 
position, especially on ){611 

boards. Edgeboard finger pat­
terns, power and ground 
planes, and new TIP-DIP™ for 
double density! Funnel-Entry 
design simplifies lead insertion; 
Nurl-Loc® terminals prevent 
twist during wrap. Standard 
and Custom panels for every 
requirement, too. 

ELECTRONIC MOLDING CORP. 
96 Mill St., Woonsocket, R. I. 02895 

Phone (401) 769-3800 

Write or phone for latest 
Computer Products Catalog 

C>l ,~3~ 
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ICs & SEMICONDUCTORS, 

Gas-display drivers 
simplify interfacing 

Sprague Electric, 551 Marshall St., 
North Adams, Mass. 01247. ( 413) 
664-4411. 

Two series of monolithic high­
voltage display drivers interface 
MOS or other low-voltage circuitry 
and high-voltage gas discharge dis­
plays. The Series 480 and 481 
drivers feature 130-V breakdown 
and can be used as cathode drivers 
for both Burroughs Planaplex and 
Sperry SP300 displays. The Series 
480 ICs have five switches per DIP 
while the Series 481 contain sev­
en switches in each DIP. The Se­
ries 490 and 491 anode drivers 
can also replace most of the dis­
crete components usually required 
for interfacing. Series 490 devices 
have five drivers per DIP while 
the Series 491 contain six drivers 
per package. 

CIRCLE NO. 301 

Thyristors rated 
for 80-A operation 

Motorola, P.O. Box 20924, Phoenix, 
Ariz. 85036. (602) 244-3465. $9.65 
to $31.75 (10-99) ; stock. 

A line of 80-A rms isolated-stud 
thyristors-called MCR82-include 
nine repetitive peak-reverse block­
ing voltage ratings from 50 to 800 
V. Peak nonrepetitive surge cur­
rent for all ratings is 1000 A. The 
units use glass-passivated junc­
tions with center-gate firing for 
uniformity and stability. 

CIRCLE NO. 302 

128-bit .static register 
guarantees 2-MHz speed 
A d van c e d Micro D evices, 901 
Thompson Pl., Sunnyvale, Calif. 
94086. ( 408) 732-2400. Am2810DC: 
$6 .50 ; Am2810DM: $13.00 ( 100-
up). 

A dual 128-bit static shift regis­
ter offers guaranteed speeds of 2 
MHz over the full MIL temperature 
range. The · p-channel silicon-gate 
IC, the first in a series of such 
circuits, is a high-speed, pin-for­
pin replacement for Mostek's 
1002P. Other static shift registers 
to follow in the series include quad 
128-bit, dual 256-bit, 512-bit and 
1024-bit devices. 

CIRCLE NO. 303 

Static shift register 
buffers card images 
Texas Instruments, P .O. B ox 5012, 
M/S 308, Dallas, Tex. 75222. (214) 
238-3741. $4.68, plastic; $6.16, 
ceramic ( 100); stock. 

A 4 x 80 MOS/LSI static shift 
register-the TMS3120-can be 
used as a read or punch buffer 
for 80-column-card applicationg;. 
Three TMS3120s can buffer one 
standard IBM card image. The 
TMS3120 features dc-to-2.5-MHz 
operation, recirculate logic and 
feedback path on the chip, a single 
TTL-compatible clock and TTL­
compatible inputs and outputs. 

CIRCLE NO. 304 

Precision timer avoids 
triggering problems 
National Semiconductor, 2900 
Semiconductor Dr., Santa Clara, 
Calif. 95051. ( 408) 732-5000. $2.50 
( 100) ; stock. 

The LM122 IC timer provides 
accurate, repeatable timing with­
out concern for input trigger con­
ditions. The input circuitry reacts 
only to the rising edge of the trig­
ger sjgnal. Thus, it is immune to 
any trigger voltage that might oc­
cur during the timing period. The 
input has a threshold of 1.6 V in­
dependent of power supply voltage 
and it is fully protected from in­
puts as high as ± 40 V, even when 
using a 5-V supply. The output of 
the LM122, a floating transistor 
with built-in current limiting, can 
dl'ive either ground referred or 
supply referred loads up to 40 V 
at 50 mA. 

INQUIRE DIRECT 
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the standard power supply is a minor consideration . 
until it fails! 

• • 

OEM's are getting a little tired of 'power failures '. And 
many have decided it's better to pay the difference to 
be sure their products are powered reliably . The cost 
isn't that much more - - and it may save some valuable 
reputations. 

This concept puts North Electric squarely in the picture , 
because reliability is our stock in trade. 

We've been the leading custom power producer for more 
than 40 years - - and our modular power supplies follow 
the same quality standards ... including rugged Life 
Tests, EMI analysis , shock, vibration, humidity and tem­
perature tests -- and most are UL recognized. 

Another point - if you are presently making your own 
power , let us show you (through a make or buy analysis) 
why it might be to your advantage to have North handle 
this specialized area of production. 

When you buy power supplies, standard or custom, buy 
from the one big name that makes both. 

NORTH!m 
ELECTRIC COMPANY . -

E1ectronetics Division/Galion, Ohio 44833 
A United Telecommunications Company 
41 9/468· 8874 
Ask for Product Managf?r/Standard Power 

MODEL 11000 12000 13000 14000 15000 16000 

voe AMPERES 

5.0 3.9 5.3 11 .3 13.0 20 .0 32.5 
12.0 2.8 4.2 8 .0 10.5 15.0 23.0 
15.0 2.4 3 .7 7.5 9 .5 14.0 20 .5 
18.0 2.1 3.3 6 .0 8 .0 13.0 18.0 
24 .0 1.5 2.8 4 .2 7.0 11.0 15.0 
28.0 1.4 2.4 4.0 6 .3 9 .0 14.0 
36.0 1.2 2.2 3 .1 5 .6 8 .0 11.0 
48 .0 .95 1.8 2.6 4 .2 6 .0 8 .0 

Listed here are the more popular models­
many other voltages are available. 

DUAL OUTPUT MODEL 10000 
SUPPLIES 

MODEL N03052 voe AMPS 

voe AMPS 0- 7.5 2.10 
±15·12 400MA 0- 16 1.25 

MODEL N60052 
voe AMPS 

0- 25 0.85 
0- 33 0 .68 

±15-12 1.0A 

17000 18000 

49.0 82.0 
36.0 58.0 
27.0 47 .0 
26 .0 40.0 
21 .0 33.0 
20.0 29.0 
14.0 23.0 
10.0 18.0 

INFORMATION RETRIEVAL NUMBER 81 

HUNT: 
THE CASE PLACE 

Need thyristors (triacs and SCR's) in a variety of 
cases? You can get 'em at the case place. Write 
Hunt for a brochure, or call toll-free 800-645-9200. 

~ 

now ... you 
can test 
digital 
IC's ... 
economically ... 
to manufacturer's specs 

New Kurz-Kasch Model IC-590 is the first economically priced digital IC 
analyzer for accurate testing in the lab, shop, inspection, production, field 
or any other location. 

The Model IC-590 is a completely portable, battery powered digital IC 
tester for use in conjunction with published IC specification sheets for 
static and dynamic testing of all 14 and 16 pin dual in-line IC modules of 
the DTL and TIL, 5 and 15 volt families. Flat pack and T0-5 modules may 
also be tested by using appropriate adapters. Price $169.95. 

A unique sister Model IC-591 is also available. It comes complete, as 
IC-590 above, internal power supply for highly regulated 5 volt, 1 amp 
operation and adapter cable for firing-up complete card units containing as 
many as 15 or more mounted !C's. Price $295.00. 

HUNT ELECTRONICS 
2639 Mariana, Dallas, Texas 75220 

(214) 350-5571 

For complete technical data, 
write ~r call now: Tom Barth, ® Kurz-Kasch.Inc. 
Marketing Manager Electronics Division 

2876 Culver Avenue 
Dayton , Ohio 45429 
(513) 296 -0330 

INFORMATION RETRIEVAL NUMBER 82 
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ICs & SEMICONDUCTORS (219) 838-1912. $2.20 (100 up). 

Audio amp IC handles 
wide voltage spread 

The LM354A is a monolithic IC 
designed for use as an audio am­
plifier. Special features of the cir­
cuit include self-centering bias for 
operation from 6 to 24 V, direct­
coupled input, high input imped­
ance (> 100 kn) and high supply 
voltage rejection ratio (52 dB ) . It 
is assembled in a 14-pin plastic 
split-DIP with a shaped heat-sink 
soldered onto a copper bar insert­
ed in the plastic. 

-
EEP Corp., 10180 W. J efferson 
Blvd., Culver City, Calif. 90230. CIRCLE NO. 305 

OUR ANGLE: 
More Synchro Conversion 
For Less Cost 

with our 
SID and 

DIS modules 

How does a choice of 14-bit resolution (greater for 2-speed SID) , 60 
or 400 Hz data frequency, high accuracy, 11 .BV to 90V line-line voltages 
and all kinds of self-protection circuitry - look from your angle? Not to 
mention that as few as 5 modules make up a complete SID or DIS 
converter, or that all modules are replaceable one-for-one without trim­
ming! And, economically too! 

New 2-speed SID sets are now available with accuracies typically 
better than 20 seconds from all error sources in.eluding resolution. DIS 
specifications include 4 minute accuracy, 1.25 VA output with optional 
20 VA output for torque receiver applications. 

Key performance specifications for both converters include 14-bit 
(0.022°) resolution over 360°, 4000°1sec analog data rates and 0-70°C 
operation. Some units available for operation from - 55°C to + 105°C. 
All units are DTL and TTL compatible. 

Prices start at $650.00 for a set of modules. Delivery from stock. 
Call toll-free (800) 645-9200 for the name and address of your local 

.... sales engineering representative. 

..ANORT::a: .A.TL.A.NTIC industries, inc . 

~ 200 Terminal Drive, Plainvi ew. New York 11803 • Phone (516) 681·8600 Te California District Office: 13418 Wyandotte Street, N. Hollywood, CA 91605 • Phone (213) 982--0442 
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Phototransistors have 
light currents to 25 mA 

Sensor T echnology, 21012 Lassen 
St. , Chatsworth, Calif. 91911. (219) 
882-4100. 

The STPT 100, 110, 120 and 130 
series of npn silicon photodetec­
tors offers a total of 12 models. 
Series 100/110 have light-current 
ranges from 0.2 to 4 mA and the 
120/130 series covers 2 to 25 mA. 
The designer can specify either a 
convex lens for wide angular re­
sponse, or a flat lens suitable for 
flush mounting. The units are pack­
aged in a three lead plastic tran­
sistor case. 

CIRCLE NO. 306 

Npn transistor boasts 
3.5 dB noise figure 
Sprague Electric, 347 Marshall St., 
North Adams, Mass. 01247. ( 419) 
664-4411. 

The Type TN-3200 silicon npn 
planar transistor has a typical 
noise figure of 3.5 dB at 45 MHz. 
Power gain is 22.5 dB min at 45 
MHz. The max BV cBo is 40 V and 
the total power dissipation is 150 
mW max. The unit is in a hermetic 
T0-72 case. 

CIRCLE NO. 307 

N-channel MOSFET 
becomes smoke detector 
Motorola, P.O. B ox 20924, Phoenix, 
Ariz. 85096. (602) 244-3465. $1.85 
(100 up); stock. 

The MFE824 depletion-en­
chancement mode (Type B) n-chan­
nel MOSFET can be used for 
smoke detection applications. The 
reverse gate current, lass• is 1 pA 
max at Vas of 10 V. Typical oper­
ating temp range is - 65 to + 200 
C. The unit is available in the 
T0-18 package and can dissipate 
300 mW of power at 25 C. Max 
drain current In is 30 mA with a 
max Yns of 20 V. 

CIRCLE NO. 308 
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PACKAGING & MATERIALS 

Conducting epoxy is all 
solid, needs no solvent 

E poxy T echnology, Inc., 65 Grove 
S t ., Watertown, Mass . 02172. ( 617) 
926-0136. 

Epo-Tek H31D, a 100·% solids, 
electrically conductive epoxy that 
normally requires no refrigeration, 
is suitable for machine-dispensing 
and screen-printing operations. 
When used with dispensing equip­
ment, it eliminates problems with 
r esin bleed or separation. Epoxy 
dots as small as 4 mils can be de­
posited. At the same time, H31D 
can be left in dispensers for 
months at a time without the neces­
sity of refrigeration because of its 
solvent-free formulation. Volume 
resistivity and thermal resistance 
ratings are 0.0001 to 0.0005 n-cm 
and 11.3 to 12.6 C/ W, respectively. 
Curing takes place in just 30 min. 
at 150 C. No significant outgassing 
occurs to 190 C and a vacuum of 
10-1 to 10-8 torr. 

CIRCLE NO. 309 

Protect your hands when 
you use steel wool 

Industrial-Home P r oducts, P.O. 
Box 1138, T emple Ci ty, Cali f. 
91006. $1.49 (unit qty) . 

No more cut fingers or dirty 
hands from handling steel wool. 
You can do a professional job 
polishing or cleaning by using the 
unbreakable Randi-Grip steel wool 
holder. Use it wet or dry. 

CIRCLE NO. 31 0 
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Higher component density ••• 

Lower insertion costs ••. with 

\ ~ 

MULTI-COM MONOL YTHIC® 
CERAMIC 
CAPACITORS 

STANDARDIZED DESIGN* FOR 
BETTER AVAILABILITY, BETTER PRICES 

TYPE 939C TYPE 934C TYPE 936C 
(4 ca pacitor sect ions) (7 ca pacitor sections) (8 capacitor sections) 

Compatible with ICs and other standard DIP devices. especially 
useful for noise bypassing and signal coupling in high -frequency 
signal or data processing systems. Molded package provides 
mechanical protection and reliability under seyere envi ronmental 
conditions. Monolythic® construction . . . alternate layers of ce­
ramic d ielectric material and metallic electrodes are fired into 
an almost indestructible homogeneous block. Standard ratings, 
18pF to 0 .1 µ. F@ lOOWVDC. Temperature range, - SSC to +1oc. 

*Other circuit configurations (including internally-paralleled capacitor sections, commoned 
capacitor leads, and various ratings within single package) are available on special order. 

Sprague puts more passive component families into 
dual in-line packages than any. other manufacturer: 

e TANTALUM CAPACITORS 
e CERAMI C CAPACITORS 
e TANTALUM-CERAMIC NETWORKS 
e RESISTOR-CAPACITOR NETWORKS 
e PULSE TRANSFORMERS 
e TOROIDAL INDUCTORS 

For more information on Sprogue DIP components, 
write or call Ed Geissler, Manager, 
Specially Components Marketing, 
Sprague Electric Co., 347 Marshall SI., 
North Adams, Moss. 0124 7. Tel . 413/664-4411. 

THE BROAD-LINE PRODUCER OF ELECTRONIC PARTS 

e HYBRID CIRCUITS 
e TAPPED DELAY LINES 
e SPECIAL COMPONENT COMBINATIONS 
e THICK-FILM RESISTOR NETWORKS 
e T!-ilN -FILM RESISTOR NETWORKS 
e ION-IMPLANTED RESISTOR NETWORKS 

SPRAGUE" 
THE MARK OF RELIABILITY 
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•LOW LOSS 
•ULTRA STABLE 
•HI-REL PERFORMANCE 

in 55 mil SIZE 
• OPL TO MIL-C-11272C 

A wide range of application 
notes is available upon request 
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PACKAG ING & MATERIALS 

Flat cables offered in 
width to 100 wires 

Hughes Aircraft Co., 500 Superior 
A ve., Newport B each, Calif. 92663. 
( 714) 548-0671. 

Hughes new ribbon cable is of­
fered in widths from two to 100 
conductors. Conductors are round 
and either solid or stranded with 
color-coded PVC insulation and in 
sizes 22-28 A WG. Multiple twisted­
pair conductors are also available. 

CI RCLE NO. 320 

Tiny connectors fit 
small PC boards 

Microtech, Inc., 777 H enderson 
Blvd., Folcroft, Pa. 19032. (215) 
532-3388. $2.25 (unit qty) ; stock. 

Miniature PC-board connectors 
allow you to construct a small in­
strument with small removable PC 
boards raither than with captive 
ones. The old problem of having 
no choice but to use connectors 
larger than the PC board itself is 
now solved. The standard board­
connector line consists of 10 and 
20 feed-through contacts with 
0.075-in. spacing in phenolic strips 
of 1/ 8 H x 1/ 8 W x 3/ 4 L in. 
for wave soldering to the board. 
The mating connectors are only 
1/ 4 H x 1/ 8 W x 3/4 L in. The 
pins and sockets are made of gold­
plated brass. Units with up to 50 
contacts are available on special 

CIRCLE NO. 321 

Conductive paint 
metalizes insulators 

tiS 
~. 

1...__ 

T ecknit, 129 D ermody St., Cran­
ford, N .J. 07016. (201) 272-5500. 
$0.01/in'l/mil; 1 wk. 

Electrically conductive silver/ 
acrylic paint is a one-component, 
air drying, electrically conductive 
coating that may be applied by 
conventional spray, brush or dip 
method. It can be used in many 
areas including: EMI shielding, to 
coat nonconductive enclosures, 
flanges or seams; for reflection, to 
paint plastic antenna forms, non­
conductive surfaces and inflatables; 
for grounding, to spray ground 
planes or grounding surfaces on in­
sulating materials; as a preplate, 
to accept electroplating_; and for 
static prevention. 

CIRCLE NO. 322 

New solder-gun el1ement 
can desolder 

Gunmaster Universal Industries, 
P .O. Box 743, Kings Park, N.Y. 
11754. (516) 269-0797. 

A new solder-gun element which 
accommodates interchangeable sol­
dering tips and solder removers 
should restore the popularity of the 
solder gun. A basic receptacle ele­
ment, which will fit most of the 
popular solder guns, is permanent­
ly installed. Then either a unit, 
called the Slug, fits the receptacle 
element for general soldering or 
another unit called the Dum-Dum 
removes solder by capillary action. 
For heavy solder deposits, a solder 
sucker may be attached to the back 
end of the Dum-Dum. 

CIRCLE NO. 323 
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OUR PUNCH FEATURES 
OUTNUMBER YOUR PROBLEMS 

• 75 cps 
• 5-8 track standard, 6 track TTS 

optional 
• Automatic tape monitoring 

system 
• Back spacing for accuracy 

control 
• Includes control and drive 

electronics 
• Modular construction 

• Powered, wired and space 
rrovided for extra PC board 

• Built in tape supply and take-up 
spools 

• No routine lubrication necessary 
• Very quiet-54 db. 
• Lightweight 
• Low power consumption 
• Immediate delivery from stock 

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

I Fac it-Addo Inc. ED-11 \ 

I 501 Winsor Drive ~ACIT-ADD0,1Nc. \ 
! Secaucus. N.J. I 

Gentlemen: I 
I am interested in receiving detailed data I 
on your Tape Punch I 
Name Title 

Phone I 
Company I 

Add ress 

City State Zip 

I 
I 
I 

L---------------------~ 
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Plexus now offers the WA2K Self-Programming Wi ring 
Analyzer System for testing backplanes, printed 
ci rcu it cards, and cable harnesses. There are no 
sophisticated computer programs to establish or 
debug. And , the system can be operated by non­
non-technical personnel after only a few minutes of. 
instruction . All that is needed is a network that is 
known to be good, some simple fixturing and 
connector information , and the WA2K does the rest. 
It programs itself in minutes and stores the program 
on reliable cassette tape. A paper tape printer output 
clearly identifies network errors and simplifies 
subsequent repairs. 
The compact WA2K System can test up to 1,024 
points and is easily expandable to 2,048 points by 
plugging in an expander card for each additional 
128 points needed . The 1,024 point WA2K System is 
priced at $11,900 . .. a price well below comparable 
systems. Expander cards are priced at just 
$320.00 each . 
Other quality Plexus Wiring Analyzer Systems are 
available for testing networks of from 4,000 to over 
65 ,000 points For further information. ci rcle this 
publications reader service card or phone Plexus to 
discuss your particular requirements . 

inc. ~LEXUS '==== Plexus, Incorporated 
7345 E. Evans Road 
Scottsdale, Arizona 85260 
Telephone: (602) 948-3150 
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World's 
Smallest 

Thermostats 
• Tiny-Stat from TI. Extremely 
reliable, hermetically-sealed, snap­
acting design. 
• Extremely fast response. 
• Tamperproof- calibration preset 
at factory. 
• Ideal for remote sensing applications 
where size and weight are c1itical. 

World's Biggest Line. 
Tl's line of precision thermostats 

gives you more to choose from. 
• More reliability. 
• More switching cycles. 
• More resistance to shock and 
vibration. 

All are fast because they're snap­
acting. All are custom calibrated to 
prevent tampering. Many are UL 
listed. 

Wlite for literature. 

~ ~ ­
~~ 

r--~--- ~-: ~ --, 
I Texas Instruments Incorporated 

1

1 I Control Products Division, MS 12-33 

I Attleboro, Mass. 02703 I 
Gentlemen: Please send me your I product information on KLIXON® I I Precision Thermostats. I 

I Na~ I 
I Company I 
I Address I 
I c~ I 
I State Zip___ I 
I TEXAS INSTRUMENTS I 
L 

INCORPORATED _________ J 
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PACKAGING & MATERIALS 

Mag recording tape 
withstands -65 to 400 F 

Graham Magnetics Inc., Jacksboro 
Hwy., Graham, Tex. 76046. (817) 
549-4500. 

Thermo-465 is claimed to be the 
first magnetic recording tape 
which retains high-performance 
properties in the extremes of heat 
and cold that range from 400 to 
-65 F. Graham Magnetics says 
that the new tape has performed 
after exposure to 800 F with no 
loss of operability or signals re­
corded on the tape prior to expo­
sure. Thermo-465 will record in 
either a digital or analog format. 
The tape is now offered in 1/ 4 and 
1/2-in. widths and 1000-foot 
lengths. Other sizes are available 
upon request. 

CIRCLE NO. 324 

Flexible-shaft coupling 
reduces side loads 

Metal Bellows Co., 1075 Providence 
Hwy., Sharon, Mass. 02067. (617) 
668-3050. 

These flexible-shaft couplings for 
low torque applications have ex­
tremely soft side rates. This re­
duces side loads on bearings. Other 
features include low wind-up, zero 
backlash, high torque carrying 
capability and a long axial stroke. 
Five basic models can meet most 
r-equirements. 

CIRCLE NO. 325 

High-speed air-driven 
tool cuts PC layouts 

Electro-Dent, Inc., 120 Haddon­
towne Ct., Cherry Hill, N.J. 08034. 
(609) 429-1256. 

ED-1000 is a high-speed, ball­
bearing, air-turbine tool that ro­
tates in excess of 300,000 rpm. 
It enabl~s you to directly produce a 
PC board layout from a pencil 
sketch on copper clad material. You 
simply remove the undesired copper 
with an appropriate burring bit. 
The same tool can be used to cut 
mounting and throughholes. Also 
odd holes, rectangles and keyways 
are easily produced. In addition, 
this instrument readily lends itself 
to cutting and drilling in tight 
places that are inaccessible to other 
tools. Materials that can be cut in­
clude plastics, glass epoxy and most 
metals. A wide assortment of dif­
ferently shaped burrs are available. 

CIRCLE NO. 326 

Formula kills static 
and bacteria 

Analytical Chemical Laboratories, 
9270 Evenhouse, Rosemont, Ill. 
60618. (312 ) 696-3244. 

A new antisfatic formula, Stati­
cide, eliminates all static on clear 
pl,astic, film, records and all other 
materials. It is easy to apply and 
safe to use in regular and FDA 
approved formulas. Staticide is in­
visible, long lasting, and doesn't 
deteriorate for long periods. 

CIRCLE NO. 327 
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Insert DI Ps with no 
force; locks in place 

Cambridge Thermionic Corp., 445 
Concord Ave., Cambridge, Mass . 
02138. (617) 491-5400. 

Zero-force sockets, Series 703-
1009, accept DIPs with 0.6 in. pin 
alignment and 24, 28, 36 or 40 
pins. Up to five 8-pin DIPs can 
also be handled. With the cover 
open, DIP leads are inserted with­
out restraint or contact pressure. 
As the cover is closed, contacts en­
gage and wipe along both sides of 
each DIP lead. 

CIRClE NO. 328 

Handy spacers stack 
circuit boards 

Richco Plastic Co., 5825 N. Tripp 
Ave., Chicago, Ill. 60646. (312) 539-
4060. $0.02 to $0.04 each (OEM 
qty). 

The Model CBSS spacer system 
can be used to stack circuit boards 
in any number of vertical tiers or 
side-by-side rows. The system has 
only two simple parts-a locking 
spacer for each tier and a capping 
button to top-off and lock the stack. 
The spacers are available in 1/ 2. 
5/8, 3/ 4 and 7 / 8-in. heights. A 
barbed-arrow locking tip snaps 
through a 0.156-in. D. hole in the 
board and into the top of the ad­
jacent spacer. The system is com­
pleted by inserting a capping but­
ton through the top board. The 
capping button protrudes only 0.18 
in. above the top board for a com­
pact assembly. The spacers and 
capping button are made of rigid 
natural nylon. Free samples are 
available. 

CIRCLE NO. 329 
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Cut and peel this PC 
board to your needs 

Circuit-Stik Inc., 24015 Garnier 
St., P.O. Box 3396, Torrance, Calif. 

90510. (213) 530-5530. 
Cut & Peel circuit boards are a 

new idea in keeping with Circuit­
Stik's adhesive backed subelements. 
The boards consist of electr<>­
deposited copper foil laminated to 
epoxy-glass with a pressure-sensi­
tive adhesive. This allows engi­
neers and technicians to cut bread­
board circuits and ground planes 
and peel away the unwanted cop­
per foil. Off-the-shelf boards are 
offered in 38 combinations of sizes 
and styles. 

CIRCLE NO. 330 

INS4000S INS401tS• INS4022S• INS4030S 
INS4001S• INS4012S INS4023S• INS4040S 
INS4002S INS4013S INS4024S• INS4049S• 
INS4007S INS4016S INS4025S• INS4050S• 
I NS4009S I NS4017S• I NS4027S I NS4200S• 
INS4010S INS4019S• INS4029S• INS4201S• 
•Available late 1973. 



1129-U Press on 
May be stacked 
Typical R8, 56° C/W 

S-~,..L~~ 5 1C* .~~) ..... '° 2'2-~ • 

2226-U Press-on 
Clears adjacent compo­
nents 
Typical R8, 59° C/W 

2230-85, 3,4" Press-on 
gear type, screw mount 
Typical R8, 51 ° C/W 

2257 -R 1;2 " Press-on 
gear type 
Typical R8, 68° C/W 

Popular, easy-to-use economy coolers for 
PC board components. Thermalloy offers 
the most complete line of heat sinks in 
the industry: over 100 designs for cool­
ing all types of packages including DIP's, 
plastics, T0-3's, TO-GG's, and power 
transistors. 
•Prices for 5000 quantity 
Re values for natural convection @ I W 

FREE SIMPLES 
and 

NEW CATALOG 
Write Today 

m Therma//fJy Inc. 
P.O. BOX 34829 
2021 W. VALLEY VIEW LANE/ OALLAS, TEXAS 75234 
PHONE 214-243-4321 / TWX 910-860·5542 
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MODULES & SUBASSEMBLIES 

Vapor sensors runs on 
24 V de line or battery 

Erdco Engineering Corp., 136 Of_­
ficial Rd., Addison, JU. 60101. 
(312) 543-6733. 

The single station, diffusion 
type TOX-EX 017D-CGA operates 
from a 20 to 35 V de line or bat­
tery. It can detect concentrations 
of carbon monoxide, acetylene, hy­
drogen, hydrogen-sulfide, hydrocar­
bons or mono-halogenated com­
pounds. The units use MIL-grade 
components and have a two year 
warranty. Each module has its own 
constant voltage control, relay cir­
cuits, automatic or manual reset, 
single or dual set points and lower 
flammable limit meter. Set point(s ) 
may be adjusted on the scale be­
tween 5 % and 100 % of lower flam­
mable limit. Channels may be add­
ed without affecting operation of 
adjacent modules within the chas­
sis and control console. Detection 
sensitivity is maintained in ambi­
ent temperatures from - 40 to 
200 F and humidity levels of 100 % 
RH. The TOX-EX 017D-CGA sys­
tem can meet or exceed the re­
quirements of Factory Mutual and 
Canadian Standard Association. 
MIL-grade components meet haz­
ardous area requirements of Class 
1, Division 2, Groups C and D. 
The explosion-proof sensor meets 
Class 1, Division 1, Group A, B, 
C and D requirements. Size of 
plug-in modules is 2-7 / 8 by 8-3/ 4 
by 14-11 / 16 in. 

CIRCLE NO. 331 

Photomultiplier housing 
includes voltage divider 

Pacific Photometric Instruments, 
5745 Peladeau St., Emeryville, 
Calif . 94608. ( 415) 654-6585 . 

Model 50B photomultiplier tube 
housing is designed to accommo­
date side-window tubes such as 
RCA 1P21, Hamamatsu R-446 and 
EMI 9781. Model 50B comes ready 
for use. It contains a low-loss sock­
et with precision voltage divider 
built from 1 % metal-film resistors. 
A mu-metal cylinder with side port 
encases the photomultiplier tube 
and shields it from magnetic and 
electrostatic fields. A series of 
mechanical options (circular and 
square filter holders, optical bench 
mount, etc. ) makes the Model 50B 
adaptable to a variety of systems 
and applications. 

CIRCLE NO. 332 

Miniature receiver 
sorts out WWVB signals 

r· iiiiiiiim; 

L 
------·~·------~ 

True Time Instrument Co., 2255 
M elbrook Way, Santa Rosa, Calif. 
95405. (707) 528-1230. $390 ( T ) , 
$490 ( TR) . 

Designed to recover the WWVB 
timing code, the Model 60-T re­
ceiver measures only 1-3/ 4 by 6-
1/ 2 in. All IC construction gives 
the unit a high sensitivity of 0.5 
µ. V. It is guaranteed to operate 
anywhere within 1800 miles of 
WWVB. A rack-mounted version, 
Model 60-TR, is mounted on a 
standard 1-3/ 4 in. rack panel, and 
utilizes the same circuitry and fea­
tures, and includes a regulated 
power supply. 

CIRCLE NO. 333 
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anew 
choice in 
Plug-In Rotaries 
Start with Stackpole's exclusive environment proof rotary. Then 
add terminal pins facing front or rear, ready to plug in instantly to 
your PC board. Or design in a Stackpole PC board rotary switch 
with 12 terminals ending at a common junction point for vertical 
or horizontal mounting or mating to an edge-board connector. 

Eliminate wiring harnesses, hand wiring errors, costly interme­
diate assembly. Pin termination switches are available as standard 
off-the-shelf switches as well as with binary codes and special 
switching sequences. Yet they cost less than $2.00. 

Call Stackpole. They're plugged in to your needs. Stackpole Com­
ponents Company, P.O. Box 14466, Raleigh, N.C. 27610. Phone: 
919-828-6201. 

INFORMATION RETRIEVAL NUMBER 93 

YOU DESIGN IT ..• 
WE'LL SUPPLY IT ••• WITHOUT cosnv TOOLINCi 

FEMALE PLATE 
CONNECTORS 

MALE PLATE 
CONNECTORS 

""" CRIMP 
CONNECTORS 

00 
CONNECTORS 

This is National Connector's Modular Plate Inter-Connection 
System - offering versatility plus for you , the circuit designer. 
Your own custom design ... little or no tooling required. 

Almost unlimited flexibility, size and shape - .100, .1 25, .150 
or .200 spacing. Density - up to 100 contacts per square inch, 
all in a sturdy aluminum plate. 

FREE DESIGN GUIDE describes our entire line of connector 
configurations - contacts, insulators, ground bushings, plate 
and molded connectors, PC headers and PC connectors. 

Ask for it! 

NATIONAL CONNECTOR 
5901 South County Road 18 Minneapolis. Minnesota 55436 (612) 935-0133 

DIVISION OF~ FA~Rl:0Tfi:UC INC. 
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Call Sandy collect at (201) 542-1902 to get 
all the information (prices, delivery, specs) 
on our popular 2N4998 through 2N5005 
(2N5006-9 on special request) series. 
We make them all. High quality 5 Amp 
NPN-PNP Planar devices for hi-voltage, 
hi-current and hi-speed applications. 
Excellent gain stability, power dissipation 
(50W), switching times and Safe Energy 
Area specified. 

If you need more power 
( 140W, 20A) ask about our · 
2N5038 & 2N5039 devices. 
If you're really serious 
call Sandy now, or, 
circle the reader service 
number to obtain 
a data sheet. 

. Power Physics -
Specialists in Power 
Semiconductor 
Technology 
Industrial Way West, 
Eatontown, 
N.J. 07724 

Pow!:l f:?vs1cs 
CORPORAi iON 
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General Electrics New 
PowerUp-15* Battery 

RECHARGES 
IN 15 MINUTES 

THINK 
OF THE 
POSSIBILITIES 

When charged at room 
temperature for 15 minutes with 
an approved charger, General 
Electric's new PowerUp-15* 
battery delivers 90 percent of its 
rated capacity. 

The battery is charged with a 
unique Voltage/Temperature Cutoff 
system which features straight 
forward charger control circuitry. 

Ideal for portable industrial 
power tools, photographic 
equipment, portable 
communications devices ... 
anywhere portable electric power 
is needed fast. 
And you get all the advantages of 
time-proved GE nickel-cadmium 
rechargeable batteries. 

For more information, write 
General Electric Company, 
Section 452-04, Schenectady, N. Y. 
12345, or circle reader service card . 
·Trademark of General Electric Company 

GENERAL ELECTRIC 
INFORMATION RETRIEVAL NUMBER 96 
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MODULES & SUBASSEMBLIES 

Driver cards offer 
versatile motor control 

Warner Electric Brake and Clutch 
Co., 36 Main St., Madison, N.J. 
07940. (201) 377-4800. 

The MCS-1800 series of solid­
state driver cards converts serial 
command pulses into sequenced 
high-current motor excitation sig­
nals for both open and closed-loop 
variable-reluctance step motor con­
trol systems. They are designed for 
either three or four phase motors 
that draw a maximum current per 
phase of 1.5, 3 or 8 A. The printed­
circuit board drivers fire either 
one or two motor phases at a time. 
User-supplied pulse source, logic 
power (5 V de) and motor power 
supply complete the basic control 
system. Six of the 18 cards operate 
with an additional overexcitation 
power supply. All have DTL/ TTL 
compatible input logic which ac­
cepts separate clockwise and count­
erclockwise pulse trains or a single 
step pulse source and separate di­
rection signals. Fly-back diode 
suppression with provisions for ad­
ditional suppression resistors is 
standard. Driver cards mate with 
22-pin, 0.156-in. center edge con­
nectors. 

CIRCLE NO. 334 

V /f converters span 
0 through 100 kHz 
North Hills Electronics, Inc ., Glen 
Cove, N.Y . 11542. (516) 671-5700. 

The DF-20 Series of voltage-to­
frequency converters are printed­
circuit plug-in modules. The seven 
standard models cover output fre­
quency ranges from 0 to 1 kHz 
through 0 to 100 kHz. Linearity 
for all models is specified as 
±0.02 % maximum and power re­
quirement is · 10 mA from ± 15 V 
regulated de. 

CIRCLE NO. 335 

Telephone tone decoder 
performs 15 functions 

Speedcall, 2020 National Ave., Hay­
ward, Calif. 94545. ( 415) 783-5611. 

The Speedcall 527 tone decoder 
allows specific sites to be individ­
ually addressed and up to 15. func­
tions performed at any fixed or 
mobile site. This unit is offered 
with momentary, latched and inter­
locking outputs and is addressable 
with up to four digits. It has an 
operating temp range of - 35 to 
+ 85 C and a power supply re­
quirement of 16.3 V ±20 % . The 
input range is 20 mV to 6 V (each 
tone) and - 32 to + 18 dBm. Out­
puts are open collectors capable of 
sinking 50 mA at 24 V de. 

CIRCLE NO. 336 

Trigger generator gives 
50 kV fast-rise pulses 

The Condenser Products Corp., 
P.O. Box 997, Brooksville, Fla. 
33512. (904) 796-3562. $395. 

The CP-50 fast-rise, low jitter, 
50 kV pulse generator delivers long 
duration pulses. Almost no protec­
tive isolation is required for the 
trigger device (only 100 n up to 
25 kV and only 4 n per kV there­
after ) allowing positive, low-jitter 
performance. 

CIRCLE NO. 337 
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Tone repeater panel can 
handle 18 separate tones 

Alpha Electronic S ervices Inc., 
8431 Monroe Ave., Stanton, Calif. 
90680. (714) 821-4400. 

The RCP-780 is a multifrequen­
cy repeater tone panel. The unit is 
capable of handling up to 18 sepa­
rate tone-controlled functions uti­
lizing a modular plug-in card for 
each function. System "A" will re­
spond to a received tone, either 
sub-audible or pulse tone, by key­
ing and modulating the transmit­
ter with the same tone, filtered and 
regenerated. System "B" removes 
the received tone from the audio 
and keys and modulates the trans­
mitter with the received signal 
minus the tone. A new tone is gen­
erated for the transmit carrier 
which can be the same tone fre­
quency as the received tone or may 
be a different frequency if desired. 
System "C" utilizes any number of 
pulse-tone combinations to accom­
plish the same action as System 
"B." Plug-in cards are also avail­
able for any of the following spe­
cial tone combinations: pulse-tone 
decode with sub-audible encode, 
sub-audible decode with pulse-tone 
encode, pulse-tone decode of one 
tone frequency with pulse-tone en­
code of another or any combina­
tion of sub-audible and audible 
tone can be employed simultane­
ously. 

CIRCLE NO. 338 

Lamp flasher handles 
inrush currents of 120 A 
SSAC Precision Products, P.O. Box 
395, Liverpool, N.Y. 13088. (315) 
699-2551. $25.33. 

The Model FS154 Flasher mea­
sures 2 by 2 by 3/4 in. and oper­
ates on 120 V ac, ± 15 %. Maximum 
voltage drop is 1.5 V and the 90 
per minute flash rate is consis­
tent within ± 15 flashes, from unit 
to unit. Added features of the 
FS154 are full-wave ac power cir­
cuitry, zero voltage switching for 
minimum radio frequency interfer­
ence, longer lamp life, capability 
of 120 A inrush current and a 
steady state current of 1?. A. 

CIRCLE NO. 339 
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Meet the perfect 
link between 

computer signals and 
heavy loads. 

Crydom's solid-state relays simplify the control of AC 
power loads because they operate directly from low-level 
DC logic inputs. And as the first photo-isolated SSRs with 
zero-voltage switching, they give you complete signal-to­
load de-coupling and eliminate RFI. Add our high dv/dt and 
you have a device that makes it easy to pass tough tests for 
line transient susceptibility. 

Their proven ability to handle rugged load switching re­
quirements makes them ideal for computer interfacing with 
motors, solenoids, transformers, heaters and lamps. All­
solid-state design (no reeds) assures you of long term 
reliability and silent operation. They are also UL recognized 
for inductive, resistive and tungsten lamp loads. Crydom 
offers the broadest range of SSR ratings in the industry -
now from 2.5 through 40 Amps, for 120 or 240 VAC line 
operation . Send for details. 

Transfer-molded 
encapsulation fully 

protects from humidity. 
shock and vibration. 

UL RECOGNIZED 

Heavy·duty screw 
terminals provide 

rugged connections. 

All solid-state . No 
contacts or reeds 

to wear out. 

Zero-voltage 
switching eliminates 

RFl/EMI. 

State-of-the·art 
photo-isolated 

design . 

Low-level AC 
or DC inputs. 

c RV~~l~OF~T~N~I!~ R~T~I== I IQR I 
1521 Grand Ave . El Segundo. California. 90245 (213) 322-4987 
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Design in Elmwoocfs fast, de­
pendable snap-acting thermo­
stats .. . artery to more reliable 
temperature control. Some are 
available for "world-trade" appli­
cations with U.L., C.S.A. and 
European listings. Many offer a 
choice of narrow or wide differen­
tials to minimize cost. All are pre­
set, tamperproof, and 100% 
checked for years of trouble­
free performance. Phone, TWX, 
or write for prototypes, specs 
and prices. 
ELMWOOD SENSORS, INC. 

1675 Elmwood Ave. 
Cranston, R. I. 02907, U .S.A. 

Phone [ 401l 781 -6500 
TWX 710-381-6413 

ELAIW~D 
SENSOR,S 
INFORMATION RETRIEVAL NUMBER 98 

MODULES & SUBASSEMBLIES 

Multichannel oscilla'tor 
switches in under 10 µ s 
Greenray Industries, Inc., 840 W. 
Church Rd., Mechanicsburg, Pa. 
17055. (717) 766-0223. $1145; 8-9 
wk. 

The Model M-398 multiple-chan­
nel oscillator can switch between 
four customer specified channels in 
the 20 to 125 MHz range in less 
than 10 µ,s. Frequencies are re­
motely selected by a standard TTL 
code. In termod u la ti on between 
channels is down at least 40 dB. 
The M-398 has a frequency stabili­
ty of ±0.003 % over the tempera­
ture range of 0 to +50 C. Output 
power is 10 mW with an input 
supply voltage of 28 V de. 

~IRCLE NO. 340 

Voltage/ current alarm 
has 100% deadband 
Rochester Instrument Systems, 275 
N. Union St., Rochester, N.Y. 
14605. (716) 325-5120. 

Model ET-1218, solid-state 
alarm, accepts current or voltage 
inputs and provides a DPDT relay 
output. The unit has a deadband 
adjustability of 0 to 100 % via a 
multiturn potentiometer. The 1218 
accepts all standard process inputs: 
1 to 5, 4 to 20, 10 to 50 mA de, or 
1 to 5 V de. External shunt resis­
tors are used to convert the volt­
age range for current activation on 
any of the milliamp ranges, with 
an input resistance of 5 Mn mini­
mum at 5 V de. The basic range of 
the unit is 0 to 5 V de, but the in­
put stage is fully surge-protected 
against potentials as high as 115 
V ac to guard against wiring er­
rors. Three standard power sup­
plies are available with the ET-
1218-117 V ac, 24 V de, or 48 V 
de-with ±20% voltage regula­
tion furnished as standard with 
any supply. The output of the sen­
sor is a DPDT relay rated at 10 
A, 117 V ac resistive. Trip set ad­
j ustability is by means of a multi­
turn potentiometer and accuracy is 
0.1 % . Response time is less than 
30 ms. Trip point stability and 
drift is ±0.5 % of span for a 50 F 
change in ambient temperature 
maximum, with a drift of ± 0.2 % 
typical. 

CIRCLE NO. 341 

A/ d converter resolves 
15 bits in 4 µs 

Phoenix Data, Inc., 3384 W. Os­
born Rd., Phoenix, Ariz. 85017. 
(602) '278-8528 . $1495; 2 to 4 wk. 

The ADC1215F a/d converter re­
solves 15 binary bits and has a 
total conversion time of 4 ,µs. It 
uses a fold-back conversion tech­
nique in which two 9-bit successive 
approximation conversions are com­
bined with a high-speed, high ac­
curacy DAC and a fast settling 
differential amplifier. Accuracy is 
0.005 % of full scale ± 1 LSB and 
resolution is 0.003 %, both guaran­
teed along with monotonicity. The 
analog dynamic range of the ADC-
1215F is in excess of 86 dB. It 
also offers an overrange bit, an 
output buffer register and a high 
impedance input buffer amplifier 
or an optional differential input 
buffer amplifier. Mechanically, the 
ADC1215F measures 4.5 by 5 by 
1.5 in. Power requirements are 
± 15 V at 150 mA and + 5 V at 1 
A maximum. 

CIRCLE NO. 342 

Three-axis rate sensor 
resolves 0.01° /sec 
Humphrey Inc., 9212 Balboa A ve ., 
San Diego, Calif. 921 23. (714) 
565-6631. 

Model RT02-0201-1 is a solid­
state three-axis angular rate sen­
sor. It provides ±60 ° /sec range 
for pitch and yaw, a ± 360° /sec 
range for roll and operates on 28 
V de using less than 10 W. This 
hermetically sealed unit has no 
moving parts and comes in a pack­
age capable of withstanding 100 
g shock and 10 g vibration. Input 
resolution is 0.01 ° /sec., and out­
put impedance is 2 kn. The rug­
gedized unit has a 200 ms startup 
arid is guaranteed for 10,000 hours. 
It weighs less than two pounds 
and is 3.75 by 4.62 by 3 in. 

CIRCLE NO. 343 
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The lireat Pair·Off 
Woven Electronics puts two and two together for a 
total of.handling pluses no other cable can match. 
Twisted pairs. Neat, flat, flexible and readily separable 
-without the unyielding problems of bonded and 
laminated forms. 

WOUED ELECTRODIC5 
P.O. Box 189, Mauldin. South Carolina 29662 

INFORMATION RETRIEVAL NUMBER 99 

Need portability with 
custom styling? 
Zero has a better way. 

5 lines of aluminum carrying cases, each in a variety 
of sizes. Handsome appearance & rugged protection . 
Available in 2 weeks from stock. 

Ask for Catalog FV. It's FREE. 

Zero Manufacturing Co. 
777 FRONT STREET • BURBANK, CALIFORNIA 91503 

Design and I ZERO-WEST • BURBANK, CALIFORNIA 
Manulacturlno ZERO-EAST • MONSON, MASSACHUSETTS 

Facllltle& ZERO-SOUTH • ST. PETERSBURG, FLORIDA ~-
INFORMATION RETRIEVAL NUMBER 100 
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Phoenix Data's 7000 Series 
Automatic Gain Ranging Data 
Acquisition System has the 

DYNAMIC RANGE 
IN ITS CLASS 

Dynamic Range input : 112 db 
Thruput Rate : 50 KHz 

I ! ~ -T-~ r.-;-;-; ~ 
. Pl>I - _i { '!" ~ ~ "! "! .. # 

Phoenix Data's 7000 Series 

.. .. 

The 7000 Series of High-Speed, Auto­
matic/Programmable, Gain-Ranging 
Data Acquisition Systems offer maxi­
mum flexibility in Input Levels, 
Scanning Rates, and Resolution at 
minimum cost per channel. 

FEATURES: 

• Dynamic Range input of 112db 

• Five Customer-Selectable gains 
from 1to100. 

• ADC resolution thru 15 Binary Bits. 

•Full Scale Input Ranges from ±100 
millivolts to ± 10.24 volts. 

• Automatic or programmed Gain 
Ranging thruput rate to 50 KHz. 

• Thruput rate to 100 KHz at Unity 
Gain. 

• CMRR of 94db. 

• Thruput accuracy to 0.01%. 

• Up to 128 differential input chan­
nels with expansion capability. 

If it's stability, accuracy, speed, or 
all-around quality performance 
you need in Data Conversion, 
contact Phoenix Data now! 

PHOENIX DATA,INC. 
3384 West Osborn Road 

Phoenix, Arizona 85017 

Ph. (602) 278-8528. TWX 910-951-1364 

INFORMATION RETRIEVAL NUMBER 102 

MODULES & SUBASSEMBLIES 

Hybrid s/d and d/s 
converters consume 1 W 

ILG Data Device Corp., 100 Tee 
St., Hicksville, N.Y. 11801. (516) 
433-5330. $1800 to $2000; 6 wk. 

The synchro tracking converters 
of the H-Series are thick-film hy­
brid devices. A 16-bit s/ d convert­
er can be assembled with as few 
as five double dual-in-line modules. 
CMOS logic reduces power con­
sumption to less than 1 W. Single 
or multispeed, high (90 V L-L) or 
low level ( 11.8 V L-L) , synchro or 
resolver, and wideband systems 
are available. Processing to MIL­
STD-883 level C is standard pro­
cedure with processing to level B 
available. These devices use the 
Type II servo loop approach and 
have high resolution (up to 16 
bits ) , high accuracy ( up to ±2') 
and fast tracking (0 to 1440° / sec, 
full aocuracy. They also have 
small size (six DIPs for a s/ d, four 
DIPs for a d/ s ) . 

CIRCLE NO. 344 

BCD coded keyboards 
include encoder IC 
Key Tronic Corp., Bldg. 14-Spo­
kane Industrial Pk., Spokane, 
Wash. 99216. (509 ) 924-9151. 

A 16-key BCD encoded keyboard 
includes the 20-0165 keyboard en­
coder-a 16-line to four-bit parallel 
encoder in a 24-pin hermetic DIP. 
The keyboard operates over the 
temperature range of 0 to +75 C. 
The encoder provides strobe and 
two-key rollover protection as well 
as BCD encoded data. Full type­
writer keyboard encoding up to 
eight bits can be accomplished 
using two encoder packages. Out­
puts of the package interface 
readily with all popular DTL and 
TTL logic families. The 16-key 
keyboard requires only +5 V input 
and prior to shipment is cycled 
50,000 times and undergoes a min­
imum 24 hour burn-in. 

Proportional servo speed 
control has many uses 
Automated S ervo Control, Linden­
wood, Ill. 61049. (815 ) 393-4471. 

A proportional servo speed con­
trol system can interface with mo­
bile or industrial hydraulic drive 
systems. This closed-loop control 
consists of a solid-state compara­
tor-amplifier, rotary control actu­
ator and photoelectric speed de­
tector. The basic control function 
is speed synchronization of two 
rotating devices. However, the de­
sign flexibility offers automatic 
control relative to pressure, G.P.M., 
temperature, torque, position and 
ac/ dc voltage or current, etc. 

CIRCLE NO. 346 

Phase shifter controlled 
by a six-bit signal 

M errimac Industries, Inc., 41 Fair­
field Pl., W est Caldw ell, N.J. 
07006. (201 ) 228-3890. $525. 

The PSD Series of digital phase 
shifters is available for center fre­
quencies from 21.4 to 160 MHz. 
Phase can be shifted in binary in­
crements using a six-bit binary 
word. The least-significant bit is 
3 degrees for Model PSD-63-30 and 
5.75 degrees for Model PSD-64-30, 
while the most-significant bit for 
these two models is 96° and 
354.25 °, respectively. Other speci­
fications include a center frequency 
of 30 MHz, a bandwidth of 5 % , a 
50 n impedance, a VSWR of 1.5 :1, 
an insertion loss of 3 to 4 dB, a 
maximum input power of - 10 dBm 
and phase shift accuracy from 2.7 
to 5.2 degrees. Model PSD-63-30 
has a nominal phase shift range of 
0 to 180 degrees; the model PSD-
64-30 covers a nominal 0 to 360 
degrees. BNC female connectors 
are used for the rf ports, and 
solder pins are used for control 
terminals. Both models weigh 10 
oz. 

CIRCLE NO. 345 CIRCLE NO. 347 
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Four-quadrant multiplier 
offers high accuracy 

Teledyne Philbrick, Allied Dr. at 
Route 128, D edham, Mass. 02026~ 
(617) 329-1600. Model 4454: $85; 
Model 4455: $125; stock. 

Models 4455 and 4454 modular 
four quadrant multipliers deliver 
pretrimmed accuracies of 0.25 % 
and 0.5%, respectively. Tempera­
ture drifts are 0.01 %/°C for the 
4454 and 0.02%/°C for the 4455. 
Small signal bandwidth for both 
units is 600 kHz. Both units are 
housed in 1.5 by 1.5 by 0.6 in. en­
capsulated modules and are rated 
for operation from 0 to 70 C. 

CIRCLE NO. 348 

A/ d converter offers 
10-MHz throughput 
Datel Systems, Inc., 1020 Turwpike 
St., Canton, Mass. 02021. (617) 
828-6395. $1295. 

The ADC-VH video a / d convert­
er uses a parallel /serial conversion 
scheme. It can deliver a 5-MHz 
throughput rate for eight-bit words 
or 10 MHz for four-bit 'words. 
First the four most-significant bits 
are determined through a four-bit 
parallel converter. These four bits 
in turn control an ultra-high speed 
d/a converter whose output is sub­
tracted from the input signal and 
the remainder is fed to a second 
four-bit parallel converter which 
determines the four least-signifi­
cant bits. The total propagation 
delays and settling times involved 
,are less than 200 ns. The eight 
digital outputs can each drive up 
to four TTL loads. The converter 
will operate within specifications 
from 0 to + 70 C. Long term 
stability is specified at ±0.25 %/ 
year and the temperature coef­
ficient is +50 ppm/° C. Power re­
quirement is ± 15 V de at 75 mA. 
+ 5 V de at 1.2 A and - 5 V de at 
225 mA. 

CIRCLE NO. 349 
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General Electric has 
all the Solid State Lamps 

(LED's) you may need, 
ready fOr off-shelf delivery. 
GE has a complete line of competitively priced infrared and visible 
SSL's now available for immediate delivery from your GE dis­
tributor or your local GE representative. We have a new plant 
on-stream ready to serve you, devoted exclusively to manufactur­
ing solid state lamps. 

New small infrared SSL. 

With the addition of our new 
SSL-65, GE can now offer an 
infrared SSL as small as .050". 
It's the ideal lamp to specify 
where package size is critical. 
With GE's line of infrared SS L's, 
you can now choose lamps 

from .25" to .050" in diameter; 
select beam distance up to 1 
mile with proper external optics 
and specify power output from 
a maximum of 7.5 mW@ 100 
mA down to .1 mW. 

Bright visible SSt:s. 

You'll have to see our visible 
SS L's to appreciate their bright­
ness. They feature high effi­
ciency GaP pellet material and 

the GE-patented light reflector. 
GE's GaP pellet gives you 
bright uniform light. 

Exclusive GE guarantees. 

As a result of GE's design 
and construction features, 
we can offer these exclusive 
guarantees: Power output 
to be within published min­
max range. 100% lamp in­
spection at rated current for 
power output and forward 

. I' 3° 1 13° 
I I 

voltage; reverse current @ """"~~..,..,,..,., 
1 Oti A is 2 volts or greater. 

In addition to this blanket 
guarantee, GE also guar­
antees every SSL-558, SSL-

55C, and SSL-56 infrared 
lamp for precision beam 
alignment to within 3 de­
grees of the mechanical axis 
of the lamp. Power output of 
each of these lamps is within 
the less than 2 to 1 range, 
as published. GE will refund 
your purchase price or pro­
vide replacements for re­
turned lamps not meeting 
published specifications. 

Send today for information. 
For a free copy of our Solid State Lamps catalog (3-3358), prices and 
delivery details, write or phone your GE electronic distributor today. 

Or call GE collect. Ask for John Hall at (216) 266-2400 for further details 
and technical information. General Electric, Miniature Lamp Products 
Department, Nela Park, Cleveland, Ohio 44112. 

GENERAL fl ELECTRIC 
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GENERAL 
ELECTRIC'S 

TYPE84F 
TUBULAR 
ALUMINUM 
CAPACITOR ... 

New from General Electric - an 
axial leaded, all welded tubular 
capacitor meeting the high CV small 
case size requirements of today's 
transistorized electronic 
equipment. Excellent for industrial 
and entertainment applications 
requiring maximum capacitance with 
limited space. Quality constructed 
for long life and high reliability, the 
84F capacitor offers these features: 

• All welded construction 
• High volumetric efficiency 
• High ripple current capacity 
• 1,000 hour life rating at 85 C 
• Wide range of case sizes and 

voltages 
For more information on these, or any 
of General Electric's wide range of 
capacitors, call your nearest GE sales 
office today, or write Section 430-54, 
Schenectady, N. Y. 12345. 

MAKE 
SOMETHING 

OUT OF IT! 
GENERAL. ELECTRIC 
INFORMATION RETRIEVAL NUMBER 104 
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DATA PROCESSING 

Modular mini handles 
up to 255 devices 

Interdata, 2 Crescent Pl., Ocean­
port, N.J. 07757. (201) 229-4040. 
See text; Feb. 

Model 7 / 16, a microprogrammed 
minicomputer, consists of a two­
board CPU packaged in an eight­
slot RETMA chassis. A CPU plus 
8-k bytes of core costs $3200 in 
single units. The computer pro­
vides 16 general registers, a 
set of 100 instructions and pro­
vides for 255 I / 0 interrupts with 
automatic vectoring to service rou­
tines. Data-word length is 8, 16 
or 32 bits; instruction-word length 
is 16 or 32 bits. Typical time for 
a 16-bit register-to-register add is 
1.5 µ,s. The computer handles up 
to 255 devices at rates up to 2-M 
byte/s-with an optional selector 
channel. Core modules, mounted on 
15-in. PC boards, are available in 
capacities 8, 16 or 32 k bytes with 
1 µs cycle time. The 32-k boards 
are also available with 750 ns cy­
cle times. 

CIRCLE NO. 350 

Punched-tape emulator 
requires no interface 

Remex, 1783 Alton St., Santa Ana, 
Calif. 92705. (714) 557-6860. From 
$2395; stock. 

The punched tape emulator 
(PTE ) converts equipment that 
uses paper tape to digital-cassette 
operation without the need for in­
terface devices or software modifi­
cations. The unit provides asyn­
chronous operation at speeds from 
zero to 300 char/s. A single cas­
sette stores the equivalent of ten 
130-foot punched tapes. A dial-con­
trolled file search allows access to 
10 or more programs on a single 
cassette. A single PTE handles 
two independent cassette drives. 

CIRCLE NO. 351 

Portable video recorder 
has 3.5-MHz bandwidth 
Ampex Corp., 401 Broadway, Red­
wood City, Calif. 94063. ( 415) 867-
4151. MS-1: $39,000; MX-1: $120,-
000. 

A portable video recorder, the 
MS-1, weighs less than eight pounds 
wilh battery pack attached. The 
recorder has a 3.5-MHz bandwidth 
and a dynamic range of 32 dB. Re­
cording time is 20 min. with the 
1-in. wide tape and helical-scan 
wrap used. A companion unit, the 
MX-1, provides for playback of the 
recorded data. 

CIRCLE NO. 352 

Manual programm1er can 
handle 1000X8 pROMs 

Spectrum Dynamics, 1320 W. Mc­
Nab Rd., Fort Lauderdale, Fla. 
33309. (305 ) 974-9500. $900; 90 
days. 

According to the manufacturer 
Model 310 pROM programmer han­
dles any field-programmable ROM. 
The unit, intended for manual use, 
programs and verifies both bipolar 
and MOS pROMs-including fusi­
ble-link, MOS erasable and ava­
lanche migration types. A single 
plug-in card adapts the unit to 
any manufacturer's pROM. Opera­
tion is simple: pROM words are 
addressed decimally with a three­
digit thumbwheel switch. Depress­
ing any one of eight switches pro­
grams the corresponding bit. And 
the buttons light up to verify the 
programmed bit. PROMs up to 
( 1000 x 8) can be handled by the 
basic unit; an available option al­
lows expansion to a 10,000 x 8 
capacity. 

CIRCLE NO. 353 
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Dear Gabby: ___ _ 

"Why doesn't someone mount 
a Multi-Message Display 
on a PC board?" 
_ ______ _ __ Shelly's Girl Gabby 

USS 
COS RY 
THAN 
OTHER 
DISPLAYS 

Somebody has. Shelly's 
SR-600 multi-message 
display module now comes 
mounted on a PC board for 

simple integration into your product or 
system. 12 different messages in 
black & white or color from decimal or 
BCD inputs can be displayed on 
one module. 
Why not send for 
our free brochure. 

z 
1helly/datatron 
1562 Reynolds Ave .. Santa Ana. California 92711 

(714) 540-9330 

INFORMATION RETRIEVAL NUMBER 105 
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DO-IT-YOURSELF 

grabber 

• Simplified Assembly 
• Versatile 
• Comfortable Finger Grip Action 
• Completely Field Serviceable Model 3925 

• Molded of Tough Lexan* 
Mini Test Clip 
Shown Actual Size 

This test clip with gold plated hook is excellent for rapid test­
ing of components and Wire Wraptpins. Clip is completely 
insulated to point of connection. Build any combination of test 
leads with wire up to .090 dia. Easy and comfortable to operate. 
Molded of rugged Lexan to resist melting when soldering. 
Write for literature and prices. 

SIMPLIFIED ASSEMBLY 

Rapid assembly or replacement 
of damaged lead. 

MODEL 3925 
hooks onto components or slips over square Wire-Wrap pins 

POMONA ELECTRONICS 
A Subsidiary of ITT 

1500 East Ninth St., Pomona, Calif. 91766 
Telephone (714) 623-3463 

INFORMATION RETRIEVAL NUMBER 107 
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ALSO: 
• Custom design units: for wide 
range of applications - electro­
statics, accelerators, lasers, mon­
ocyclic charging, high power 
radars, high voltage testing, and 
more. 
• HV power packs: wide range 
of compact, miniaturized power 
packs, with output voltages from 
2.5 to 100 KV and current ratings 
of 2 to 1 O ma. Also, standard 5-
ma and 2-ma HV power packs 
with simplified controls. 

Send for our 24-page catalog, " High 
Voltage DC Power Supplies and Com­
ponents " or call our Sales Depart­
ment a,;d ask for the Power Supplies 
Manager. ® 

I HX~TRO+XCB I 
HIPOTRONICS, INC. 
Brewster, N. Y. 10.509 /{914) 279-8091 

TWX: 710-574-2420 

INFORMATION RETRIEVAL NUMBER 1 08 
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Industry's first 32-bit 
mini heads product list 

Interdata, Inc., 2 Crescent Pl., 
Oceanport, N.J. 07757. (201) 229-
4040. See text. 

Model 7 /32, t he first minicom­
puter pr iced under $10,000, can di­
rectly address up to 1-Mbyte of 
memory as well as perform 32-bit 
a rithmetic and logic operations. 
Memory for the computer (750-ns 
core) comes in 32-k byte modules 
mounted on 15-in. P C boards and 
costs $4500. The three-board proc­
essor has hardware mult iply / divide 
and two sets of 16, 32-b1t registers. 
A 32-bit register-to-register add re­
quires one microsecond. I / 0 capa­
bili ties include DMA: 2.6 M 
byte/s, programmed data transfer: 
26 to 150 k and automatic t rans­
fer : 50 k. The latter mode permits 
microprogrammed decoding of data 
without t he use of software inter­
rupt routines. The price includes 
8-k bytes of memory. Delivery is 
scheduled for the first quarter of 
1974. 

CIRCLE NO. 354 

Production programmer 
handles most pROMs 
Spectrum Dynamics, 1302 W. Mc­
Nab Rd., Fort Lauderdale, Fla. 
33309. (305) 974-9500. See text. 

At the push of a button, t he 
Model 520 pROM programmer 
"blank-checks," programs and veri­
fies field-programmable ROMs. A 
preprogrammed ROM, inserted in 
t he "master socket" provides the 
pattern. P lug-in modules permit the 
520 to program most pROMs now 
on the market. The unit can pro­
vide program voltages up to 60-V 
at one ampere. Programming time 
varies from a few ms to 20 min., 
depending on the device type used. 

CIRCLE NO. 355 

Time-code generator 
has decimal readout 

T hiem Industries, 1918 N. Artesia 
Blvd., T orrance, Calif . 90540. (213) 
321-191 1. $690. 

Output of t he series M time code 
generator is in IRIG B serial for­
mat. The display-either Nixie or 
Sperry seven-segment--shows deci­
mal digits representing seconds, 
minutes and hours from 00 :00 :00 
to 23 :59 :59. The time base, a crys­
tal-controlled oscillator, is available 
with accuracies up to 25 ppm. 
Stand pulse rates include 1000, 
100, 10 and 1 Hz as well as 1 or 
6 pulse/ hr. 

CIRCLE NO. 356 

Modular terminal system 
includes diagnostics 

T eletype Corp., 5555 T ouhy Ave., 
Skokie, Ill. 60076. (312) 982-2500. 

The Model 40 terminal system 
includes a CRT display, ASCII key­
board and medium speed impact 
printer. The display screen has a 
capacity of 1920 characters (24 
lines x 80 characters ) ; the display 
memory accommod.ates 24 lines, ex­
pandable to 48 or 72 lines. All data 
can be entered on the screen, edited 
and corrected if necessary then 
transmitted at speeds up to 1200 
baud (other speeds optional ). The 
printer speed is 80 cols. at 314 
lines/ min-with a single-case char­
acter set. The system is modular­
the user can chose the desired com­
binations of keyboards, printer and 
CRT. To minimize downtime, self­
contained diagnostic circuits pro­
vide display patterns and activate 
lights on individual circuit cards. 

CIRCLE NO. 35 7 
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Terminal handles ASCII 
or APL character set 

Anderson Jacobson, Inc., 1065 
Morse Ave., Sunnyvale, Calif. 
94086. (408) 734-4030. $4250; Nov. 

A printer-keyboard terminal, the 
AJ630 A, can be switched locally 
or remotely between the standard 
ASCII character set and the APL­
ASCII system. The terminal oper­
ates at the rate of 10, 15 or 30 
char/ s and provides a 140-column 
thermal printout. The character 
set consists of APL, plus standard 
upper and lower case characters. 
Options include an internal modem 
or an acoustic coupler. 

CIRCLE NO. 358 

Low-cost calculator 
has 8-LED display 

Litronix, Inc., 19000 Homestead 
Rd., Cupertino, Calif. 95014. ( 408 ) 
257-7910. $39.95 (retail). 

Three penlight batteries power 
the Litronix 1100, a four-function 
calculator, that can perform chain 
computation. The calculator uses a 
single MOS/ LSI circuit and an 8-
LED display. A switch selects two­
or-four decimal place operation; 
the "clear-entry" key permits era­
sure of the last-entered number 
without erasing the results of pre­
vious calculations. An optional ac 
adaptor is available at a suggested 
retail· price of $4.95. 

CIRCLE NO. 359 
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Control Meter Relay Systems 
Servo-Tek's NEW Control Meter Relay Speed Indicating 
System is designed for accurate speed monitoring 
and speed limit control in process and 
control machinery. Adjustable single 
and double set point systems, 
accuracy ± 2% full scale, 
repeatability 0.5%, speed ranges 
from 0-10 rpm to 0-12,000 
rpm. Double set points 
adjust to 0° of each 
other. The system's 
permanent magnet 
de generator can 
also provide a 
signal to auxiliary 
equipment. 

FREE CATALOG of rotating components available. 

Be Selectiue, Tum To ... 

SERllO-TEK® 
PRODUCTS COMPANY 
1086 Goffle Road, Hawthorne, NJ 07506 · 201-427-3100 

Servo-Tek of California, Inc. 
8155 Van Nuys Blvd., Van Nuys, CA 91402 · 213-786-0690 

INFORMATION RETRIEVAL NUMBER 109 

New Series 

• Low co•t, high 
rellablllty 

• 10 Amp (lo) 

• Electrically 
l•olated caH 

• Low thermal Imped­
ance for longer llfe 
and greater operational 
rellablllty 

A bonded metal-to-ceramic substrate 
achieves electrical isolation with an 
exposed copper mounting pad result­
ing in low circuit-junction-to-heat-sink 
thermal impedance. 
The VJ series is available in 200 V, 
400 V, 600 V, and 800 V PRV ratings 
in controlled avalanche series. Non­
controlled avalanche series also avail-

EPOXY BRIDGE 
RECTIFIERS 

able. G 
VJ248.$1.65 ea., 200 V, 1000 qty. 

Design us in; we'll stay there 
VARO 

VARO SEMICONDUCTOR, INC. 
P.O. BOX 676 , 1000 N. SHILOH, GARLAND , TEX. 75040, 214/272-4551, TWX 910-860-5178 

Distributed bv: 
ALLIED ELECTRONICS, Chicago, Ill . 312/ 421 ·2400. THE ALTAIR CO., Houston, Tex. 7131781 -5300; 
Richardson, Tex. 214/ 231·5166. BELL INDUSTRIES, Menlo Park, Cal. 415 / 323-9431 ; Skokie, Ill. 
312 / 965-7500 ; Bellevue, Wash . 206/747 -1515 . BLUFF CITY DIST. CO., Memph is, Tenn. 
901 1725-9500. &RIDGEFIELD SUPPLY, Chesterland, Ohio 216/ 729-9451. CRAMER ELECTRONICS, 
Nationwide; Newton, Mass. 617 / 969-7700; ELECTRONIC PARTS CO., Denver, Colo. 303/744-1992. 
MILGRAY ELECTRONICS, Freeport, N. Y. 516/ 546-6000; Hyattsville, Md., 301 / 864·1 ll l; Cherry 
Hill , N. J. , 609/ 424-1300. WESTATES ELECTRONICS, Chatsworth, Calif. 213/ 341 -4411. 
In Canada : 
ELECTRO SONIC, Toronto, Ont . 416/ 924·9301. R.A.E. IND. ELECTRONICS, Vancouver. B. C. 
604/ 687-2621. PRELCO ELECTRONICS, LTD., Montreal, Quebec 514/ 389·8051. WESTERN RADIO 
SUPPLY, Hamilton, Ont. 4161528-0151. 
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SOLID RELIABILITY 
Micro packaged pulse transformers with 

outstanding performance. 
Toko pulse transformers are proven per­
formers in the electronics world, and are 
known· for compactness, reliability and 
product quality which are hard to beat. 
Make your selection from our list of 
standard types or let us design a unit spe­
cifically for your application . 
Standard Types 

Turns Primary ET Leakage 
Type rat io inductance Constant inductance 

(min.) (max .) 

PGWB 4-1AA 1:1 1.8 1.2 0.10 
PGWB 10-1AA 1:1 11.0 2.5 0.15 
PGBB 8-1AA 1:1 38.0 3.5 0.15 
PGRB 10-1AA 1:1 134.0 5.0 0.15 
PGRB 16-1AA 1 :1 340.0 10.0 0.15 
PGXB 22-1AA 1:1 1,400.0 20.0 0.20 

Technical Data 

l nterwinding DC 
capacitance resistance 

(max.) (max.) 

8.0 0.20 
12.0 0.20 
8.0 0.20 

12.0 0.20 
18.0 0.30 
25.0 0.35 

Connections 

A (LCED) 
A (LCED) 

(LCED 
A (LCED) 
A LCED 
A (LCED) 

• Operating temperature range: 0~70°c •Storage temperature range: 
-40"'+100°C •Insulation resistance: (At 250 VDC) More than 103 M 
• Package: Transfer molding (epoxy) • Environmental test: Units satisfy 
MIL-STD-2020 lilFor detailed information, please contact ou; sa les department. 

r~ . ..,. • !S!,~,~~me~ ~h£i:aya. Ohta· ku , Tokyo, Japan 
New York : Toko New York Inc. 

• 350 Fiflh Avenue , New York , N.Y. 10001 U.S.A. Tel : 565-3767 
Los Angeles : Toko, Inc . Los Angeles Li.i.ison Office 3440 Wilstlire Blvd ., Tish man Building , 

Suite 1106 Los Angeles , Calif. 90010, U.S.A. Tel : 380·0417 
DUssc/dorf: Toko Elektronik C.m .b .H. 4 Dilsseldorf, La kronst rassc 77 , W. Ge rm any Tel : 0211 ·28421 1 

INFORMATION RETRIEVAL NUMBER 111 
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Less than l~V 
Offset! wr

0 

new 
Ultra-Low Thermal 
emf Reed Relays! 
• Unique. new method (pat. pend.} virtually 

eliminates thermal offsets, permits use of 
almost any type reed switch ... Hg wet , dry, 
high voltage . 

• Remarkably independent of ambient temperature , 
environment. 

• Many contact forms, pin configurations 
available. 

• Units also available at less than 500 nanovolts 
per switch, or less than lµV differentially 
between switches. 

• Greater than 1011 ohms isolation resistance. 
• Rugged molded package. Moderate price. 

Write for Complete New Catalog MR-6.1 

COTO-COIL COMPANY, INC. 
59 Pavilion Avenue, Providence, R. I. 02905 

Tel: (401) 941-3355 
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MICROWAVES & LASERS 

Mm-wave sources 
deliver up to 50 mW 

Hughes Aircraft, P.O. Box 90515, 
Los Angeles, Calif, 90009. (213) 
670-1515. $1050 to $2950; 90 days. 

A series of solid-state milli­
meter-wave power sources are 
tunable over broad frequency band­
widths by means of a built-in 
micrometer. The new oscillators-­
Models 44101H through 44103H­
are offered in three models: two 
have center frequencies from 33 to 
40 GHz, while the third spans the 
50-to-75-GHz band. Minimum out­
put powers range from 10 to 50 
mW, and minimum bandwidths are 
4 to 5 GHz. The sources consist 
of lmpatt diodes mounted in spe­
cial high-Q cavities. 

CIRCLE NO. 360 

Measure time delays 
from 20 MHz to 18 GHz 
Rantec Div., Emerson Electric, 
24003 Ventura Blvd., Calabasas, 
Cali f. 91302. (213) 347-5446. 

The ET-300 series of time-delay 
instruments permits tests over the 
frequency range of 20 MHz to 18 
GHz by the use of interchangeable 
modulators and detectors. The ET-
300 can resolve delay changes as 
small as 0.1 ns, and the rf and 
output signals may be in different 
frequency bands. Ten linear delay 
scales provide readability from 0.1 
to 5000 ns. Selectable 200-kHz and 
1-MHz modulation frequenci es al­
low indicator optimization with re­
spect to the bandwidth of the de­
vice under test. 

CIRCLE NO. 361 
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Power attenuators 
handl·e 10 kW 
Radiall, 101 rue Philibert Hoff­
mann, Zone lndustrielle Ouest, 
93116-Rosny S / Bois, France. 

Coaxial fixed power attenuators, 
type ACO, offer attenuation values 
of 3, 6, 10 and 20 dB over a 2-to-
18-GHz frequency range. Average 
power handling is 50 W and peak 
power handling is 10 kW. VSWR 
is less than 1.3 from 2 to 10 GHz 
and less than 1.2 from 10 to 18 
GHz. Also available are type AFP 
waveguide attenuators that provide 
attenuation values of 3 to 6 and 
10 dB, from 3.3 to 18 GHz over 
seven bands. Average power han­
dling is 50 W and peak power is 
10 kW. Max VSWR is 1.10. 

CIRCLE NO. 362 

Thermistor heads 
m·easure mm power 

EMl-Varian Limited, Hayes, Mid­
dlesex, England. 

Variable and fixed tuned ther­
mistor heads, series MMC, meas­
ure mean power output from 20 
to 110 GHz. Each waveguide unit 
consists of a mount containing a 
tunable short-circuit and a plug-in 
waveguide wafer in which the ther­
mistor is mounted. The tunable 
head offers an instantaneous band­
width of 10%. Power handling of 
all units in the series is typically 
14 mW at 200 !}, with a 2.3 VSWR. 
Heads are self-heating from the rf 
power. At room temperature, their 
resistance falls by approximately 
4% for every degree C increase 
in temperature. Each thermistor 
head is supplied with an individual 
calibration certificate specifying 
minimum and typical efficiency 
within each band. 

CIRCLE NO. 363 
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Why pay more for 
square wire terminals 
just because they're made 
on screw machines? 
Screw machined parts are 
expensive. If you're using a 
square wire terminal (or even 
round wire parts) made on 
screw machines, we can save 
you money. Our equipment 
can upset, head, point, cut 
radii, knurl, flatten and form 
square wire to your specifi­
cations ... and at far less 
cost. If you require, we'll 
supply the parts plated to suit 
your specifications. 
Send us a sample or a print. 
We may be able to save you a 
lot more money than you realize. 

Write for free catalog. 

ART WIRE & STAmPIR& EOmPARY 
116 Wing Drive, Cedar Knolls, New Jersey 07927 

INFORMATION RETRIEVAL NUMBER 113 

DIP REED RELA VS 
Available in all standard configurations 
From distributor stock 

Elec-Trol's totally encapsulated DIP REED RELAYS can be 
driven directly by TTL logic. Available in 1 and 2 Pole 
Form A, 1 Form 8, 1 Form C with 5 through 24 VDC 
standard coil voltages. Contact ratings up to 10 watts. 
Available in .225" and .275" heights. Clamping 
diode and electrostatic shielding optional. 

Phone, wire or write. 

ELEC-TROL, I NC. . .. 
26477 N. Golden Valley Road 
Saugus, California 91350 
(213) 788-7292 
TWX 910-336-1556 
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application 
notes 

Film resistors 
A bulletin describes the use of 

Bulk Metal-film resistors in TV 
color encoders to eliminate the 
basic problem of drift and insta­
bility in TV color transmission. 
Schematics and descriptions of the 
matrix and modulator circuits are 
included. Vishay Intertechnology, 
Malvern, Pa. 

CIRCLE NO. 364 

Tests for plastics 
"Standard Tests on Plastics," a 

32-page brochure, contains o·ver 30 
ASTM tests commonly used to de­
scribe the characteristics of plas­
tics. The illustrated brochure sepa­
rates tests into six cate.gories: 
mechanical, thermal, optical, per­
manence, analytical and electrical. 
Also included are conditioning p·ro­
cedures and 11 conversion charts 
and reference tables. Celanese Plas­
tics Co., Newark, N.J. 

CIRCLE NO. 365 

Low-noise preamplifiers 
A 16-page brochure entitled 

"Low-Noise Preamplifiers" pro­
vides information on weak-signal 
amplification in the 0.01-Hz to 1-
MHz range. Included is informa­
tion on 30 preamplifiers and notes 
on noise and other factors affect­
ing preamplifier selection and use. 
Ithaco, Ithaca, N.Y. 

CIRCLE NO. 366 

Programmed logic systems 
A 130-page book, Designers 

Guide to Programmed Logic, in­
cludes theory, specific designs 
and applications using 4-bit pro­
grammed logic systems. Pro-Log 
Corp., Monterey, Calif. 

CIRCLE NO. 367 

Dual-gate MOSFETs 
Details on the performance of 

dual-gate MOSFETs in rf and i-f 
amplifiers are provided in a four­
page brochure. Special considera­
tion is given to age functions, bias­
ing, distortion and stability. Gen­
eral Instrument Corp., Semiconduc­
tor Components Div., Hicksville, 
N.Y. 

CIRCLE NO. 368 
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evaluation 
samples 

Linear motion sliders 
A family of linear slide controls, 

the 1-1/ 4-in. slim-line series 440, 
complements the existing line of 
1-3/ 4-in. and 2-in. potentiometers. 
The new series features smooth re­
sistance adjustment over the full 
1-1/4 in. of mechanical travel, a 
power rating of 1/ 4 W at 55 C, and 
resistance values from 200 n 
through 5 Mn. Top, side or bottom 
twist tab mountings are provided 
with straight PC, snap-in PC or 
solder-lug terminals. 0 per at in g 
force in either direction is 5 to 
15 oz. CTS of Elkhart Div. 

CIRCLE NO. 370 

Stacking spacer system 
The CBSS spacer system is com­

prised of two simple nylon compo­
nents, which can be used to stack 
circuit boards in any number of 
vertical tiers or side-by-side rows. 
The spacers are available in 1/2, 
5/8, 3/ 4 and 7 /8 in. heights. The 
system is completed by inserting 
a capping button through the top 
board to secure it to the spacer 
below. The capping button pro­
trudes 0.18 in. abov.e the top board 
for a compact assembly. Richco 
Plastics. 

CIRCLE NO. 371 

PC card ejectors 
Electro-Flex card ejectors are 

molded of UL-approved, 20V ny­
lon. The ejectors attach to cards 
of 1/16, 3/ 32 and 1/ 8 in. thick­
ness. Drive pins are included. 
Standard colors are white and red; 
other colors are available. Electro­
Space Fabricators. 

CIRCLE NO. 372 

Thin-line bushing 
A thin-line strain-relief bushing 

for chassis thicknesses of 1/16 in. 
and less accommodates SJT, SJO 
and SJ 18/ 2 cable. It securely an­
chors, insulates and protects cables 
at chassis point-of-entry and is ap­
proved for high-temperature appli­
cations. Heyman Manufacturing. 

CIRCLE NO. 373 

design 
aids 

IR-emitting diode chart 
A brochure/wall chart compares 

solid-state GaAs infrared emitting 
diodes and GaAs and GaAlAs laser 
diodes. RCA. 

CIRCLE NO. 374 

Slide rule 
A pocket-size platinum resist­

ance vs temperature slide rule en­
ables users to convert platinum re­
sistance to degrees celsius or fahr­
enheit and to determine the non­
linearity error when using plati­
num, nickel or balco resistance 
temperature transducers. Genisco 
Technology Corp., Instruments 
Div. 

CIRCLE NO. 375 

Capacitor kits 
"ATC UHF/Microwave Capaci­

tor Kits," a four-page folder, de­
scribes six kits (55 mil cube) with 
capacitance values ranging from 
0.3 through 91 pF and 10 kits (110 
mil cube) with capacitance values 
ranging from 0.3 through 620 pF. 
American Technical Ceramics. 

CIRCLE NO. 376 

Resistor selector guide 
The fired resistor properties, 

sensitivity to processing variables 
and effects of subsequent process­
ing steps on the company's thick­
film resistor compositions are de­
scribed in a selector guide. Resis­
tivity, thermal coefficient of resis­
tance, noise, stability and fired 
print definition are among the 
properties delineated by the pam­
phlet. Du Pont. 

CIRCLE NO. 377 

Mercury switch kit 
A 19-piece design kit permits. en­

gineers to investigate a new family 
of rugged all-position mercury 
switches, series LC2. Self-healing 
mercury film contacts provide over 
250-million bounce-free operations 
switching contact loads to 2 A. The 
design kit lists for $45. Fifth Di­
mension, Box 483, Princeton, N.J. 
08450. 
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C(J// the 
HOTLINE 

tod(Jy 
for complete 
in form(/ tion: 

(201) llfJ-OSSO 
extension 203 
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New NOP 1252 
from NATIONAL ELECTRONICS 

featuring 

Gas Discharge Display Panel 

• Proven Reliability 
•Available in Quantity 
• Inexpensive 
Call or write for quotation 

INFORMATION RETRIEVAL NUMBER 116 

FIEE 
·711 ll!illllkil 
Billillll 

Send 
for your 

FIEE 
Heathkit 
catalog, 
NOW 

rH~~coMPANY.°o-;;,t&Q:;'i"""-----•i!h;:frJ -, 
I Benton Harbor, Michigan 49022 I 
I D Please send FREE Heathkit Catalog. I 
I D Please send IB·llDJ. Enclosed is $379.95, plus shipping. I 
I Name I 
1 ~~ I 
I City State Zip ___ I 
I •Mail order prices; F.0.B. factory. TE·297R I 
L----------------------~ 
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(new· 1iterature) 

~ound \lt•a'lurt•m••nl and \nal~sis 

Noise measurements 
Instruments described m the 

Sound Measurement and Analysis 
brochure are all easy to operate 
and use. As an aid to the correct 
selection of instruments for a cer­
tain noise reduction problem, the 
brochure sumn:iarizes what noise is 
and how it can be measured. B & K 
Instruments, Cleveland, Ohio. 

CIRCLE NO. 378 

Low-frequency oscillators 
Low-frequency oscillators span­

ning from less than 1 Hz to 100 
kHz are described in a series of 
technical bulletins. Bulova Watch 
Co., Woodside, N.Y. 

CIRCLE NO. 379 

Wafer dicing saw 
Features, specifications and ca­

pabilities of the model 602 dicing 
saw are contained in a brochure. 
Tempress, Div. of Sola Basic, Los 
Gatos, Calif. 

CIRCLE NO. 449 

EMI ceramic filters 
A "how-to-select" section in cata­

log FC-73 helps specifiers to nar­
row the choice of the right ceramic 
filter for the job. Charts show 
typical full load attenuation vs 
temperature and insertion loss vs 
frequency. Part numbers of filters 
and their A VX equivalents are list­
ed. A VX Ceramics, Braintree, 
Mass. 

CIRCLE NO. 450 
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Measurement instruments 
A two-color, six-page brochure 

describes products for measure­
ment, signal conditioning and con­
trol. Moxon/ SRC Div., Irvine, 
Calif. 

CIRCLE NO. 451 

Power supplies 
A 120-page de power supply cat­

alog makes it easy for the user to 
find exactly what he wants without 
having to interpret pages of com­
plicated tables. First, this catalog 
lists all of its power supplies in or­
der of ascending voltage. Then, 
within each voltage rating, current 
ratings are listed in ascending or­
der. The catalog is divided into 
five categories: low-cost lab sup­
plies, general-purpose, special-pur­
pose, modular and digitally pro­
grammable power supplies . Hew­
lett-Packard, Palo Alto, Calif. 

CIRCLE NO. 452 

lnterconnectors 
A data sheet describes conduc­

tive elastomeric liquid crystal in­
terconnectors and carbon-filled or 
silver-filled elastomeric materials. 
Technical Wire Products, Cran­
ford, N.J. 

CIRCLE NO. 453 

De testers 
Four series of portable high­

voltage de insulation testers and 
four types of fault locators are il­
lustrated and described in a 12-
page catalog. Design and safety 
features, specifications, instrumen­
tation data and optional equipment 
are included. Hipotronics, Brewster, 
N.Y. 

CIRCLE NO. 454 

Telecommunications LSI 
A four-page, full-color brochure 

introduces the company's LSI test 
system, the MD-154, and goes in­
to detail explaining how to use the 
system to test complex LSI tele­
communication devices. The bro­
chure is complete with specifica­
tions, photos and block diagrams. 
Macrodata, Woodland Hills, Calif. 

CIRCLE NO. 455 

Precision potentiometers 
Six 2-page, two-color data sheets 

describe low-cost, single-turn, con­
ductive plastic precision potentiom­
e t er s. Photographs, dimensional 
drawings, specifications and order­
ing information are given. Spectrol 
Electronics Corp., City of Industry, 
Calif. 

CIRCLE NO. 456 

Thermocouples 
A 16-page brochure of Enclad 

sheathed thermocouples describes 
the use of p1·ecious metal and 
selected base metal sheaths and 
thermocouple wires. Engelhard In­
dustries, Murray Hill, N.J. 

CIRCLE NO. 457 

Computer peripherals 
An OEM product sheet lists com­

puter peripheral product lines and 
describes typical models, including 
chain and drum printers, reel-to­
reel and cartridge tape transports, 
disc drives, card readers, digital 
lister printers and paper-tape equip­
ment. Mohawk Data Sciences, King 
of Prussia, Pa. 

CIRCLE NO. 458 

Modems 
Modem 4600/48, a 4800 bps data 

set featuring a simplified type of 
manual equalization, is described 
in an eight-page catalog. The il­
lustrated data sheet includes a 
description of the unit's remote 
control test feature and other func­
tional and interface data. Inter­
national Communication Corp., Mi­
ami, Fla. 

CIRCLE NO. 459 

High-purity materials 
A 116-page catalog contains com­

plete product information, includ­
ing available forms of analytical 
data, prices, ordering information 
and definitions of commercial and 
technical terminology dealing with 
high-purity metals, alloys and cer­
amics. Also included are coated 
and uncoated filaments, evapora­
tion boat sources, coated and unr­
coated Superstrate and ceramic 
substrates and opto-electronic ma­
terials such as gallium arsenide and 
gallium phosphide for LEDs and 
microwave devices. Materials Re­
search Corp., Orangeburg, N.Y. 

CIRCLE NO. 460 
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Allochiral is the most sophisti­
cated high-density wirewrap 
packaging system available. 

ROBINSON 

Yet, it's available for immediate 
delivery-from factory stocks. And, its 
price is the lowest. 
We back A-OK with our reputation 
for quality, design and construc­
tion . Look at A-OK's super-low 

profile and longer usable wire­
wrap tail for space-saving. And, 
check its exclusive one-piece 
contact/terminal concept for 
greater reliability. You get 
more with Allochiral from 

Robinson-Nugent! 
Want to learn more? Just 
ask about A-OK! Okay? 
The Socket People 

800 East Eighth Street 
New Albany, Indiana 47150 NUGENT .nc (812) 945-0211/TWX 810-540-4082 

INFORMATION RETRIEVAL NUMBER 118 
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1,000's OF HARD-TO-FIND 
BUYS FOR INDUSTRY 
Brand new 164·page easy-to·read edition packed with new 
products, charts; diagrams , illustrations. On·the·job helps; 
qual ity control aids, unique , exclusive items to speed your 
work , improve quality, cut development and production 
costs! Loaded with optical, scientific and electronic 
equipment available from stock for industry, research 
labs, des ign engineers, experimenters, hobbyists . 

ONESOURCEFORALLYOURNEEDS 
Tremendous variety . Terrifi c savings. Countless hard·to-get 
surplus bargains . Many " one·of-a·kinds " nowhere else. 
Ingenious scientific tools . Thousands of components: 
lenses, prisms, wedges , mirrors, mounts, all types of ac­
cessories. Hundreds of instruments: pollution testing 
equipment, lasers, comparators, magnifiers , microscopes. 
projectors, telescopes, binoculars , photo attachments, eco· 
logical items, black l ight equipment and Ameri ca's largest 
collection of unique lighting products. 

BUY DIRECT WITH MONEY-BACK GUARANTEE 
Edmund ships over 5,000 orders monthly to America 's 
largest industr ia ls - every item guaranteed' You must be 
sa tisfied , or return your purchase in 30 days for your 
money ba ck. Shop the catalog of Am erica's largest Science· 
Opt ics·Electronics Mart with confidence! Get your FREE 
copy without ob°ligation. No salesman will call. Write now 
for free catalog "OA' 

EDMUND SCIENTIFIC CO. 
300 EDSCDRP BUILDING 
•ARRINGTON, N•W JER•EY D•DD7 

TELEPHONE: 609-547-3488 
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What you 
should knovv 

about 

Reconstituted 
Mica ... 

Capacitors 
A recent survey of 10,000 EEs indicated 
only 10% demonstrated a working knowl­
edge of reconstituted mica as a 
capacitor dielectric. 

Reconstituted mica is not "recycled" 
or "second-hand" mica. It is natural 
capacitor grade mica formulated into 
continuous sheets of uniform thickness. 
After removal of soluble contaminants 
this "paper like" structure is main- ' 
tained by the natural cohesive forces 
characteristic of natural mica itself. 
The reconstituted mica " 'paper" dielec­
tric is then capable of being wound on 
conventional capacitor winding machines 
in conjunction with purified aluminum 
foil as the conducting media. Flag 
leads are inserted during the winding 
process to serve as the terminations. 

Upon completion of impregnation, 
the winding is compressed while the 
impregnant is in an unpolymerized state. 
Pressure is maintained during curing 
until polymerization is complete, 
whereupon, a totally solid capacitor 
section is now ready for packaging to 
customer requirements. 

Excellent performance under environ­
mental extremes is a prime advantage 
of reconstituted mica capacitors. 
At Custom each step of production 
begins and ends with Quality Control 
because we know our customers can not 
afford failures. 

Now that you know what reconstituted 
mica capacitors are, let us show how 
we can meet your requirements. See 
our page in EEM and write for FREE 
product sheets today. 

§sTOM 
CUSTOM ELECTRONICS, Inc. 

4 Browne St., Oneonta, N. Y. 13820 
PH: 607-432-3880 TWX 510-241-8292 

P.S. Oil exploration personnel; Custom 
can help you with your logging tool 
problems. 

INFORMATION RETRIEVAL NUMBER 121 
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NEW LITERATURE 

olitron 
DEVICES, INC. 

QUICK REFERENCE GUIDE TO 
Hl·VOLTAGE TRANSISTORS 

High-voltage transistors 
A 24-page book provides a con­

densed listing guide to more than 
160 high-voltage power transistors. 
Device series numbers, breakdown 
voltages, current gains, saturation 
voltages, leakages, and thermo re­
sistance a:s well as JEDEC package 
types are included. Solitron De­
vices, Riviera Beach, Fla. 

CIRCLE NO. 461 

Logarithmic amplifiers 
A brochure describes character­

istics of logarithmic amplifiers and 
includes features of ac and de­
coupled logarithmic video ampli­
fiers and rf log detectors. Ameri­
can Astrionics, Costa Mesa, Calif. 

CIRCLE NO. 462 

Integrated circuits 
Advanced linear integrated cir­

cuits for industrial and communi­
cations equipment are described in 
a short-form catalog. It inchdes 
ICs originally developed and i:dro­
duced by the company &.s well as 
second-source devices. Exar Inte­
grated Systems, Sunnyvale, Calif. 

CIRCLE NO. 463 

Fasteners 
High-performance, quarter-turn 

fasteners are described in a 12-
page catalog. In addition to speci­
fications, performance data and or­
dering information, the catalog 
gives instructions on installation 
and field adjustments. The Paneloc 
Corp., Colinsville, Conn. 

CIRCLE NO. 464 

Rf switches 
Series EE940 and series EE950 

rf inductive proximity switches 
with fail-safe features are the 
subject of an eight-page brochure. 
Namco Controls, Cleveland, Ohio 

CIRCLE NO. 465 

VCOs 
Varactor-tuned solid-state sources 

for applications from 0.2 to 20 GHz 
are described in a 12-page bro­
chure. Curves depicting typical 
power output/tuning voltage char­
acteristics, package outline draw­
ings and specifications are includ­
ed. Watkins-Johnson, Palo Alto, 
Calif. 

CIRCLE NO. 466 

Permanent magnets 
Characteristics of ceramic per­

manent magnets and specific fea­
tures and applications for nonori­
ented, fully oriented and partially 
oriented magnets a:re given in a 
four~page brochure, Stackpole Car­
bon Co., Kane, Pa. 

CIRCLE NO. 467 

Thermometers 
Specifications, prices and order­

ing data for thermistor thermome­
ters and temperature controllers 
for precise measurement and con­
trol through - 80 to + 150 C are 
described in a four-page catalog. 
Yellow Springs Instrument Co., 
Yellow Springs, Ohio. 

CIRCLE NO. 468 

Rf semiconductors 
A 16-page catalog and selection 

guide on rf semiconductors de­
scribes hyperabrupt tuning diodes, 
chips for hybrid circuits and LIDs 
for hybrid circuits. The catalog 
contains a description of all type 
numbers and is illustrated with 
electrical characteristics and appli­
cation information. A complete 
cross-reference chart is included. 
KSW Electronics, Burlington, Mass. 

CIRCLE NO. 469 

Sockets and connectors 
A four-page short-form catalog 

features key socket and connection 
products and comes complete with 
technical data and pricing. Robin­
son-Nugent, New Albany, Ind. 

CIRCLE NO. 470 

Carbon-film resistors 
Performance characteristics of 

carbon-film resistors are described 
in a data sheet. A wide range of 
resistance values ·are available and 
standard EIA color coding is used. 
Sakata International, Elk Grove 
Village, Ill. 

CIRCLE NO. 471 
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Power systems 
Static uninterruptible power sys­

tems (UPS) and sine-wave static 
inverters are described in a bro­
chure. Schematics illustrate four 
types of UPS available: basic con­
tinuous, manual transfer, automat­
ic transfer and redundant parallel 
systems. NIFE, Copiague, N.Y. 

CIRCLE NO. 472 

Transformers 
A 24-page brochure provides in­

formation for the specification and 
selection of dry-type transformers. 
The bulletin includes a question­
and-answer section, proper trans­
former sizing and problem applica­
tions. Acme Electric, Cuba, N.Y. 

CIRCLE NO. 473 

Hybrid components 
Standard and custom hybrid com­

ponents including oscillators, comb 
generators, bite modules, i-f ampli­
fiers and i-f systems are featured 
in an eight-page catalog. Specifi­
cations are given on each model 
with curves where necessary. Trak 
Microwa¥e Corp., Tampa, Fla. 

CIRCLE NO. 474 

Digital timers 
Programming instruments and 

controls, timers, clocks, counting 
and measuring devices are featured 
in a six-page catalog. Also included 
is a list of modular display units 
for custom digital instrumentation 
and a section outlining digital 
clocks, multimeter and frequency 
counter kits. E S Enterprises, 
Inglewood, Calif. 

CIRCLE NO. 475 

Service monitor 
A six-page color brochure de­

scribes many features that make 
the Model S-1327 A series service 
monitor the answer to FM servic­
ing needs. Motorola, Schaumburg, 
Ill_ 

CIRCLE NO. 476 

Male/female standoffs 
A selection of precision male-· 

to-female standoffs is found in a 
12-page catalog. Tables, illustra­
tions and schematics give details 
on metal and plastic materials, 
platings and finishes, standard 
lengths, diameters and thread 
sizes. Unicorp, Orange, N.J. 

CIRCLE NO. 477 
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5 volt output 
OEM power 

supplies 

1.5 amps to 100 amps 
Rating 5V@ 5V@ 5V@ 5V@ 5V@ SV@ 5V @ SV@ 

1.5 Amps 5.7 Amps 10 Amps 17 Amps 25 Amps 35 Amps 65 Amps 100 Amps 
10 pc. (1 pc.) (1 pc.) 
Price $28.50 $57 $69.50 $105 $149 $184 $245 $315 

Three series: OEM modules, high current, and compact pc card models. 
0.1 % regulation. Optional overvoltage protection. Excellent stability. High 

performance at lowest prices. UL recognized. 
GSA listed. Off-the-shelf delivery. 

Write for new catalog with over 100 standard OEM power supplies. 

acdc electronics inc. 
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Vector systems help you 
Tl ME 

1. Finished etched circuits in your 
lab within an hour! Photo sensi­
tized copper clad boards have 
POSITIVE ACTING resist coat­
ing which eliminates usual neg­
ative reversing step. 

2. Dozens of standard off-the-sheif 
Plugboards in many sizes and 
connector styles for mounting 
DIPS or discrete components. 
New socket pins & wrappable/ 
solderable pins, too. 

3. Terminals for .025", .042" , .062" 
and .093" holes for soldering, 
wire wrapping. New impact ter­
minal staking tools speed pro­
duction. 

4. Versatile, adjustable Vector 
Strut Cage systems accommo­
date cards and/or modules of 
various sizes. Supplied com­
pletely assembled, in kits, or as 
separate parts for custom jobs. 

INFORMATION RETRIEVAL NUMBER 123 
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Now you need 
only ONE reader 

for 150/300/600 CPS 

DECITEK'S NEW 

UNIVERSAL 
READER 

cuts inventory costs 
saves on spare parts 
speeds servicing 
simplifies your designs 
reduces documentation. 
software and training 

Think of the money, time and trouble 
you can save by standardizing on 
one, proven-reliable punched-tape 
reader for all your applications. 
Decitek's evolutionary new "Universal 
Reader" reads to 300 CPS step-at-a­
time truly asynchronously ... to 
600 CPS stop-on-character. 
Combines refined electromechanical 
design and improved electronics 
with all original Decitek advantages 
that avoid edge guides, capstans, 
pinch rolls, brakes, lenses ... 
stepping motor/ dual sprocket 
bi-d irectional drive ... interchange­
able reading of 5, 6, 7 or 8-level 
paper, metallized polyester or paper­
polyester tapes having up to 70% 
transmissivity. Basic reader with or 
without electronics, fanfold or 
spooler. Call or write DECITEK, 
16 Sagamore Rd ., Worcester, Mass. 
01605. Tel. (617) 757-4577. 

IQ)J]](CJIUJrJ]]TI[ 
A DIVISION OF JAMESBURY CORP. 
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NEW LITERATURE 

Circuit assemblies 
A four-page rectifier bridge 

cross-reference shows replacement 
capability of a line of molded low 
power circuit assemblies. The cross­
reference lists over 250 devices in­
cluding the competitive part num­
ber, the IR part number and the 
IR case style. Also shown is a pho­
tograph of the various devices. In­
ternational Rectifier, El Segundo, 
Calif. 

CIRCLE NO. 478 

Half-dip reed relays 
A two-page illustrated bulletin 

gives design information on a half­
dip reed relay. The bulletin tabu­
lates coil characteristics, contact 
ratings and life expectancy. It 
gives socket diagrams as well as 
full dimension drawings. Options, 
including clamp diodes, are dis­
cussed. Struthers-Dunn, Pitman, 
N.J. 

CIRCLE NO. 479 

Die cutting 
Custom die cutting of films and 

pressure sensitive materials for use 
in a broad range of applications 
is described in a six-page bro­
chure. Webtek Corp., Los Angeles, 
Calif. 

CIRCLE NO. 480 

Indicators 
LED indicators, lamps, switches 

and panel displays.; incandescent, 
neon and LED digital readouts in 
heights from 0.27 to 3 inches; con­
ventional and transistorized switch­
es and indicators; plus lamps and 
displays are featured in eight-page 
brochur.e. TEC, Tucson, Ariz. 

CIRCLE NO. 481 

Industrial adhesives 
Typical end uses of 11 versatile 

industrial adhesives are described 
in a two-color, two-page bulletin. 
Overlap shear strengths, T-peel 
strengths and 180° peel strengths 
at various operating temperatures 
and cure times are listed for the 
adhesives in easy-to-read table 
form. Another table lists applica­
tion methods, color, solids content, 
consistency, covt!rage and bonding 
range. 3M Co., St. Paul, M{nn. 

CIRCLE NO. 482 

Data sets 
An eight-page short-form cata­

log describes 300, 1200, 2400 and 
4800 bps data sets that are com­
patible with Bell models, and 
includes other specialized data­
communications products. Tele-Dy­
namics, Fort Washington, Pa. 

CIRCLE NO. 483 

Data-conversion equipment 
A 12-page short-form catalog 

covers data conversion and high­
speed signal conditioning equip­
ment. Included are specifications 
for d/a and a/d converters, syn­
chro converters, hybrid synchro 
converters, instruments, operation­
al amplifiers and an outline of the 
company's total data conversion 
systems capabi li ty in commercial 
and MIL-grade specifications. ILC 
Data Device Corp., Hicksville, N.Y. 

CIRCLE NO. 484 

Position transducers 
Linear variable different i a 1 

transformer precision gauge heads 
for position transducers are de­
scribed in a catalog. Out line draw­
ings and specifications for over 30 
different models are shown. Tabu­
lar data, cutaway sketches and 
wiring diagrams are used to de­
scribe the theory of operation and 
typical gauging systems. Schaevitz 
Engineering, Camden, N .J. 

CIRCLE NO. 485 

De control motors 
Five 4-page illustrated publica­

tions include features and applica­
tions of de control motors. Modular 
selection guides with character­
istics as well as intrinsic and de­
rived parameters, listings of analog 
and digital tachometer character­
istics, frequency response charts, 
thermal data graphs, mounting 
dimensions and suggestions on se­
curing application assistance are 
included. Micro Switch, Freeport, 
Ill. 

CIRCLE NO. 486 

Electronic calculator 
The 1145 compact electronic 

printing calculator is detailed in a 
four-page brochure. A detailed 
step-by-step diagram gives exam­
ples of calculations that can be per­
formed on the machine. Facit-Addo, 
Secaucus, N .J. 

CIRCLE NO. 487 
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Heat pipes 
"Heat Pipe Technology for In­

dustry" explains what a heat pipe 
is, different types of heat pipes, 
and how they may be applied to a 
variety of industrial uses. Numer­
ous illustrations show applications 
in which heat pipes are already 
proven useful. Hughes Electron Dy­
namics Div., Torrance, Calif. 

CIRCLE NO. 488 

Portable recorders 
Features, photos and specifica­

tions on portable recorders are 
given in a 12-page catalog. Full 
specifications are provided on all 
plug-in preamps presently available, 
and a general discussion of the 
company's concept of recorder de­
sign is included. Gulton Industrial 
Systems Div., East Greenwich, R.I. 

CIRCLE NO. 489 

Feed-thru filters 
Updated to include new configu­

rations and improved performance, 
data sheet 73-133 describes the 
physical and electrical characteris­
tics of series 55 miniature feed­
thru filters. Capitron Div. of AMP, 
Elizabethtown, Pa. 

CIRCLE NO. 490 

Rf capacitors 
The Rf Capacitor Handbook de­

tails specific design considerations 
and criteria to further knowledge 
in the field of circuit design. The 
handbook is divided into four main 
categories: topic locators, design 
equations and explanatory text, 
test data for circuit design and 
additional design aids. American 
Technical Ceramics, Huntington 
Station, N.Y. 

CIRCLE NO. 491 

Instrumentation head 
A specification sheet describes 

a 2-MHz 14-channel wideband head 
assembly. Infomag, Pomona, Calif. 

CIRCLE NO. 492 

Pushbutton switches 
The series D200 heavy duty 

momentary switches is described 
in a two-page catalog. Dimensional 
diagrams, schematics and pertinent 
data are contained in easy-to­
follow tabular form. Cont r o I 
Switch, Folcroft, Pa. 

CIRCLE NO. 493 
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card type 
OEM power 

supplies 

4 to 32 volts @s2a.so 
Volts 5 12 I 15 I 24 ±12 -+-15 
Amps 1.5 .85 l .74 l .51 .42 .37 
10-pc. Price $28.50 $37:50 

Designed for versatile mounting inside your equipment. Put the power 
supply where you need it. 0.1 % regulation. Overvoltage protection and voltage 

adjustment pot available. GSA listed. 
Stock delivery on 5·, 12-, 15·, 24·, -+-12- and -+-15-volt models. Others 

in 4 weeks. Write for new catalog with over 100 standard OEM power supplies. 

acdc electronics inc. 
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bulletin 
board 

A computer system for scientific 
calculations, having twice the 
speed of systems costing five 
times as much, has been an­
nounced by Digital Equipment 
Corp.'s Education Products Group. 
FORTRAN ENGINE is based on 
the company's EduSystem-25 con­
figuration, with a floating point 
processor, OS/ 8 FORTRAN IV 
software and a RK8-E disc car­
tridge system. System prices be­
gin at $37,085. 

CIRCLE NO. 494 

A software program, DAT ACOM, 
enabling computer-output-micro­
film users to convert print tapes 
or raw data file~ to microfilm or 
microfiche without any program­
ming effort or post-processing of 
computer-generated tap e s, has 
been announced by the Business 
Systems Div. of Pertee Corp. De­
signed for use with the Pertee 
3700 COM system, DATACOM is 
a fully programmed software pro­
gram for IBM 360/ 370 systems 
that use parameter cards. The 
cards define formatting require­
ments for an application includ­
ing report page layout and film 
format. 

CIRCLE NO. 49S 

Eight CMOS ICs for military ap­
plications have been introduced 
by Texas Instruments. Six of 
these circuits are pin-for-pin re­
placements for Series 4000 and 
14000 equivalents. Offered in her­
metic dual-inline packages, these 
circuits feature low-power dissi­
pation of 50 n W typ, 3 to 15 V op­
eration, noise immunity of ap­
proximately 45 % of the supply 
v o 1 tag e, high-input impedance, 
and up to 10 MHz operation. 

CIRCLE NO. 496 

The E series of miniaturized pow­
er modules manufactured by 
Acopian Corp. has been expanded 
to provide outputs ranging from 
1.5 to 28 V at current ratings to 
1.5 A. Duals offer ± 12 or ± 15 V 
outputs at current ratings of 300 
and 350 mA. 

CIRCLE NO. 497 

194 

Bowar Instrument Corp., has in­
troduced a line of calculator key­
boards in new colors and new 
sizes for manufacturers of hand­
held calculators. 

CIRCLE NO. 498 

Motorola Semiconductor Products 
is supplying 13 MECL 10,000 in­
tegrated circuits in small flat­
packs. These devices have high 
packaging density, meet MIL­
temp range of - 55 to + 125 C, are 
hermetically sealed and weigh 
less than previously available 
packages. 

CIRCLE NO. 499 

Two new transistor arrays, the 
SG3081 and SG3082, from Silicon 
General are suited for driving all 
types of seven-segment displays. 
The devices are electrical and pin­
for-pin equivalents to the RCA 
CA3081 and CA3082. 

CIRCLE NO. SOO 

Fairchild Camera & Instrmment 
Corp. has announced it is raising 
distributor cost on TTL and DTL 
SSI products by an average of 
about 15 % across SSI product 

·Jines. 
CIRCLE NO. SOl 

Iomec has announced the first de­
liveries of its Iodise Series 3000 
minicomputer cartridge disc drive 
with 200 track-per-inch recording 
capability. The 200 tpi technology 
allows the user to effectively 
double the storage capacity of a 
cartridge disc drive from 48 to 96 
megabits, using four disc sur­
faces. 

CIRCLE NO. S02 

An integrated-circuit timer with 
an output capable of sourcing or 
sinking up to 200 mA is available 
from N a t i on a l Semiconductor 
Corp., 2900 Semiconductor Dr., 
Santa Clara, Calif. 95051. Called 
the · LM555, the monolithic in­
tegrated circuit may be employed 
as a monostable one-shot time de­
lay or as an astable oscillator. 

Six TTL integrated circuits for 
use in data-processing equipment 
are now available in quantity 
from Signetics Corp., 811 E. 
Arques Ave., Sunnyvale, Calif. 
94086. Each of the circuits is com­
pletely compatible with most TTL 
and DTL families. 

Carter Semiconductor has enter­
ed the LED market with a new 
gallium-phosphide red diffused 
LED in a molded-plastic package. 
It is a direct replacement in ap­
plications where Monsanto, Li­
tronix and Fairchild LEDs are 
now used. 

CIRCLE NO. SOJ 

Ferrite cores from Magnetics have 
made it possible to reduce the size 
of oscilloscopes. The cores are 
used in two circuits in the Tek­
tronix Model 212-a gapped fer­
rite pot core is used in the de-de 
inverter main power transformer 
and an ungapped ferrite pot core 
is used in a rejection transformer 
for a two-way line filter. 

CIRCLE NO. S04 

ITT Semiconductor has intro­
duced 12 LED display drivers­
six segment drivers and six digit 
drivers-designed to interface be­
tween MOS and LED displays. 
The segment/ digit drivers range 
from 9 to 18 V and 3.8 to 250 
mA operation. 

CIRCLE NO. SOS 

TEL-1, a software package that 
allows an 810 programmable ter­
minal processor controlling up to 
four of the company's printers to 
operate with Bell's BISCOM sys­
tem, has been announced by 
Sanders Data Systems. 

CIRCLE NO. S06 

A family of junction field-effect 
transistor high-speed switches 
from Intersil has been qualified 
to JAN-TX specifications. The 
JAN-TX 2N4091, 2N4092 and 
2N4093 are n-channel FETs with 
maximum ON resistances from 30 
to 100 n, leakage current of 200 
pA and switching speeds of 40, 
60 and 80 ns, respectively. 

CIRCLE NO. S07 

American Electronic Laboratories, 
Inc., Product Assurance Div. has 
announced a service that provides 
functional and parametric testing 
of all families of digital inte­
grated circuits. 

CIRCLE NO. S08 

Omnitec Corp. has announced a 
coupler subassembly to meet ter­
minal manufacturers' circuit spec­
ifications and PC-board configu­
rations. 

CIRCLE NO. S09 
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Mirco, Inc. has announced that its 
FLASH II software package, used 
in the generation of test programs 
to determine and identify faulty 
components on printed-c i r cu it 
boards, is now available for the 
first time on a lease, purchase or 
lease-buy basis. 

CIRCLE NO. 510 

Improved materials and processes 
allow Sprague to offer a new se­
ries of extended capacitance rat­
ings in its type 150D hermetically 
sealed solid-electrolyte Tantalex 
capacitor lines. These capacitors 
meet MIL-C-39003C. 

CIRCLE NO. 511 

Price reductions 

Inter-Computer Electronics Inc., 
a subsidiary of American Elec­
tronic Laboratories, Inc., has re­
duced the price of its pulse tran­
sient recorder, model PTR 9200, 
to $9300 from $9850. 

CIRCLE NO. 512 

RCA Solid State Div. has added 
a new series to its sensitive-gate 
SCRs. The 4-A SCRs have types 
with voltage ratings of 15, 30, 
50, 100, 200, 300, 400, 500 and 
600 V and use the standard 
JEDEC T0220AB package. The 
de gate-trigger current for this 
series is 2000 µA, maximum, at 
a case temperature of 25 C. 

CIRCLE NO. 513 

Berkey Photo, Inc., Keystone Div. 
has reduced prices on its elec­
tronic pocket calculators. The 
Model 350 has been reduced to 
$94.95 from $119.95; Model 370 
reduced to $99.95 from $139.95 
and Model 390 reduced to $119.50 
from $159.95. 

CIRCLE NO. 514 

Burr-Brown has cut prices 20 % 
on its 16-bit/ 4-digit integrating 
a/d converter. Prices for the 
ADCIOO now start at $175. 

CIRCLE NO. 515 

Litronix has announced price re­
ductions ranging up to 23 % for 
six IL-series opto-isolators. The 
IL-1 has been reduced to $1.20 
from $1.55; IL-5 reduced to $1.40 
from $1.75; IL-12 reduced to 95¢ 
from $1.19; IL-15 reduced to $1.05 
from $1.25; IL-16 reduced to $1.25 
from $1.50; IL-74 reduced to 90¢ 
from $1. 

CIRCLE NO. 516 
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dual output 
OEM power 

supplies 

+12 volts and +15 volts 
Voltage Current Size Wt. (lbs.) 10-pc. Price 

+12 & -+-15 .42 & .37 1%x4Xx4 1K6 $37.50 
+12 & -+-15 1.5 & 1.3 3K6 x 41Yi6 x 6X 4Y2 $81.00 
+12 & -+-15 2.7 & 2.4 3K6 x 41Yi6 x 10 7Y2 $89.00 

-+-12 or -+-15, fully adjustable voltage on OEM models, optional on pc card 
models. Built·in tracking and long term stability. UL recognized. 

GSA listed. Compact, low priced, available from stock. 
Write for new catalog with over 100 OEM power supplies. 

acdc electronics inc. 
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· The right Ferramic™ for the right 
application ... everytime! 

With Permag supplying application-Jated Indiana 
General Corp. Ferramics, you'll always get exactly 
what you need. Complete fabricating facilities. Pro­
totype quantities available. Engineering assistance. 
Annealing and field testing.Prompt 24-hourdelivery. 
Extensive stock of ferrite parts at all locations. 
Catalog available. 

YOUR NO. 1 SOURCE 

FERRAMICST.M. FOR ALL MAGNETIC MATERIALS 

FROM PERMAG 
Consult your Yellow Pages 

for address and telephone number of Permag near you. 

Cable Address: MAGNETS NEWYORK ALL ACROSS THE COUNTRY 

INFORMATION RETRIEVAL NUMBER 128 

195 



LAFAYETTE 
1974 CATALOG 740 

The World's Largest 
Consumer Electronics Catalog 

Everything In Electronics for 
Home, Business, Industry 

Tools and Test Equipment• Cameras and 
Photographic Equipment • Walkie-Talk­
ies • CB and Amateur gear• Stereo/ Hi-Fi 
Components • Musical Instruments • 
Radio and TV• Books · ·Public Address 
and Paging Systems • Plus Much More 

Send Today! 
For your FREE 1974 

Lafayette Catalog 740 

Your Complete 
0

Electronics Buying Guide 

Stores From Coast-to-Coast 

Lafayette Radio Electronics 
P.O. Box 10, Dept. 45103 

Syosset, L.I., N.Y. 11791 

r - - - - - - 4s113 l 
Send FREE 1974 Catalog 

I I 
I NAME ____________ --l 

I ADDRESS '------------
' CITY ___________ _ 

I 
i_:TATE __ -_--_- -_-_ ZIP - _ j 
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vendors 
report 

Annual and interim reports can pro· 
vide much more than financial-posi­
tion information. They often include 
the first public disclosure of new 
products, new techniques and new 
directions of our vendors and cus­
tomers. Further, they often contain 
superb analyses of segments of in­
dustry that a company serves. 

Selected companies with recent 
reports are listed here with their 
main electronic products or services. 
For a copy, circle the indicated 
number. 

Spar Aerospace Products Ltd. Me­
chanical subsystems and ground­
support equipment, hf and vhf 
antennas, and gearbox dual-pro­
peller transmission systems. 

CIRCLE NO. 517 

ARINC Research Corp. Design 
and analysis. 

CIRCLE NO. 518 

Solid State Scientific Inc. CMOS, 
semiconductors, oscillators, count­
ers, shift registers, static CMOS 
memories, rf transistors and dis­
plays. 

CIRCLE NO. 519 

Burroughs. Business machines, 
computers, terminal systems, data 
storage and peripherals and com­
ponents. 

CIRCLE NO. 520 

Storage Technology Corp. Tape 
and disc drives and semiconduc­
tor memory systems. 

CIRCLE NO. 521 

Western Union International. In­
ternational communications, radio 
paging and mobile radio services. 

CIRCLE NO. 522 

Systems Engineering Laborato­
ries. Computer systems, automo­
tive electronics, telemetry, simu­
lators and defense support 
equipment. 

CIRCLE NO. 523 

Computer Optics, Inc. Computer­
related products. 

CIRCLE NO. 524 

Universal Instruments Corp. Com­
ponents, electronic assemblies, 
contract instrumentation and met­
alworking. 

CIRCLE NO. 525 

Mohawk Data Sciences Corp. 
Data-entry and dedicated data­
processing systems. 

CIRCLE NO. 526 

Advanced Micro Devices, Inc. 
Monolithic integrated circuits, 
linear ICs, MSI, computer-inter­
face circuits, MOS/ LSI and bi­
polar memories. 

CIRCLE NO. 527 

On-Line Systems Inc. Computer 
time-sharing services . 

CIRCLE NO. 528 

Gates Learjet Corp. Aircraft elec­
tronics and aircraft. 

CIRCLE NO. 529 

ARi Industries, Inc. Cable, heat­
ers and antipollution products. 

CIRCLE NO. 530 

Ampex. Computer peripheral 
equipment, magnetic tape, profes­
sional video products, on-line tape 
mass-memory storage systems and 
instrumentation recorders. 

CIRCLE NO. 531 

North American Philips Corp. 
High-intensity discharge lighting, 
components, motors, switches, 
keyboards, LEDs, information and 
data systems, electro-optics, med­
ical electronics, instrumentation, 
materials and consumer products. 

CIRCLE NO. 532 

Sperry Rand Corp. Aerospace, 
semiconductor wafer processing, 
laser holography, planar gas­
discharge displays, computers and 
consumer products. 

CIRCLE NO. 533 

Morse Electro Products Corp. 
Stereo and quadraphonic systems, 
switches and cabinets. 

CIRCLE NO. 534 

Informatics. Computer systems 
and software. 

CIRCLE NO. 535 

Computer Sciences Corp. Nation­
wide remote data-processing net­
work and computer systems. 

CIRCLE NO. 536 

Aeronautical Radio, Inc. (ARINC). 
Air-ground-air communication 
service, electronic switching sys­
tems, intercity communications 
and weather wire service. 

CIRCLE NO. 537 
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quickad1 

OmniScribeT" Strip Chart Recorder 
provides low cost, high quality for in­
dustrial, chemical , medical. biochem­
ical, physiological and university lab­
oratories. Prices start at $395 which 
is half of competition. Features in· 
elude multi-speed chart drive, sproc­
ketless paper feed and a re-balance 
element to replace the potentiomet­
er. Houston Instrument, 3950 Term­
inal Ave., Bellaire, Texas 77401. 
(713) 667-7403 
INFORMATION RETRIEVAL NUMBER 151 

5 watt regulated power supplies. 
Low cost power supplies designed 
around 7800 series of voltage regu­
lators, these units are available in 
5, 6, 8, 12, 15, 18, and 24 volts 
with a 5 watt output rating. Short 
circuit protected. $9.75 in unit 
quantity. ELCOM Industries, Inc., 
Civil Air Terminal, Bedford, Ma. 
(617) 274-6656. 
INFORMATION RETRIEVAL NUMBER 1 54 

Spade-Sert by Sems simplifies elec· 
trical connections with 2 washers 
which automatically space them­
selves for easiest insertion of spade 
connector or wire. Close tolerance 
eliminates troublesome wire cutting. 
Washer surfaces are precision bevel­
ed, free from rough edges and burrs. 
Sems Div. Camcar Srew & Mfg. 1818 
Christina, Rockford, 111.815-226-2400 
'INFORMATION RETRIEVAL NUMBER 157 

New and current products 
for the electronic designer 
presented by their manufacturers. 

New free catalog containing speci· 
fications for over 60 models of 
single, dual and triple output AC to 
DC power modules. MIL Electronics, 
Inc., Lowell, Mass. 01854. (617) 
453-4142 . 

INFORMATION RETRIEVAL NUMBER 152 

400 Ideas for Design, Vol. 2, Edited 
by Frank Egan. Ready to borrow, 
modify, or adapt, the top recent con­
tributions to Electronic Design's 
popular "Ideas for Design" column 
range from amplifiers to switching 
circuits. 288 pp., illus., cloth , 
$11.95. Circle below for 15-day 
examination copies. Hayden Book 
Co., New York, N.Y. 10011. 

INFORMATION RETRIEVAL NUMBER 1 55 

Materials for Semiconductor Func­
tions, by E. G. Bylander. Practical 
handbook for selecting materials for 
diodes and transistors for applica­
tions in amplifiers, generators, and 
multi-junction devices. 220 pp., 6 
x 9, illus., cloth, $13.50. Circle 
number below for 15-day examina­
tion copy. Hayden Book Company, 
Rochelle Park, N.J. 07662. 
INFORMATION RETRIEVAL NUMBER 158 

Thin-Trim variable capacitors pro­
vide a reliable means of adjusting 
capacitance without abrasive trim­
ming or interchange of fixed capac­
itors. Series 9401 has high Q's and 
a range of capacitance values from 
0.2-0.6 pf to 3.0-12.0 pf and 250 
WVDC working voltage. Johanson 
Manufacturing Corporation, Boon­
ton, New Jersey (201) 334-2676. 

INFORMATION RETRIEVAL NUMBER 153 

The Pulsecom Model 461-6 Auto­
matic Message Numbering Device 
electronically inserts station identi · 
fication and message numbers. This 
device saves operator time, and pre­
vents mistakes. The 461-6 operates 
at 45-1200 Baud with most termi­
nals. PULSECOM, 5714 Columbia 
Pike, Falls Church, Va. 22014. 703-
820-0652. 

INFORMATION RETRIEVAL NUMBER 156 

30 watt DC/DC converter. ±15 vdc 
output at 1 amp load with external 
heat sink. Short circuit protected. 10 
mv line/load regulation . Filtered in­
put and output. 12 V to 28V input 
models. Protected against input 
over-voltage. Size 2.7 x 5.8 x 1.2 
inches. $119 ea (1 to 9). B. H. IN­
DUSTRIES, Los Angeles, CA, 213· 
479-8278. 

INFORMATION RETRIEVAL NUMBER 1 59 



Electronic Design 
ELECTRONIC DESIGN'S f unction is: 

• T o a id pr ogress in t he electronics 
manufacturing indus try by promoting 
good design. 
• T o give t he electr onic design engi­
neer concepts a nd ideas that ma ke his 
job easier a nd mor e productive. 
• To p rovide a central source of 
timely electronics information. 
• To promote communication among 
members of t he electronics engineer­
ing community. 

Want a subscription? ELECTRONIC DE­
SIGN is sent free to qualified engineers 
and engineering managers doing de­
sign work, supervising design or set­
t ing standards in the United States 
and Wester n E urope. F or a free sub­
scription, use t he application form 
bound in t he magazine. If none is 
included, write to us direct for an 
application forlfl. 

If you do not qualify, you may take 
out a paid subscription for $30 a year 
in the U.S.A., $40 a year elsewhere. 
Single copies are $.1.50 each . 

If you change your address, send us an 
old mailing label and your new ad­
dress; t here is gener ally a post car d 
for t h is bound in the magazine. You 
will have to r equa lify t o continue 
receiving E LECTRONIC DESIGN free. 

The accuracy policy of ELECTRONIC 
DESIGN is: 
• To make diligent efforts to ensure 
the accuracy of editorial matter. 
• To publish prompt corrections 
whenever inaccuracies are brought to 
our attention. Corrections appear in 
"Across t he Desk." 
• T o encourage our readers as re­
sponsible members of our b usiness 
community to report to us misleading 
or fraudulent advertising. 
• To refuse any advertisement deemed 
to be misleading or fraudulent. 

Microfilm copies are available of 
complete volumes of ELECTRONIC DE­
SIGN at $19.00 per volume, beginning 
with Volume 9, 1961. Work is now 
ih process to complete the microfilm 
edition of Volumes 1-8. Reprints of 
individual articles may be obtained 
for $2.00 each, prepaid ( $.50 for 
each additional copy of the same 
article) no matter how long the 
article. For further details and to 
place orders, contact the Customer 
Services Department, University Mi­
crofilms, 300 North Zeeb Road, Ann 
Arbor, Michigan 48106 telephone 
( 313) 761-4700. 

Want to contact us? If you have any 
comments or wish to submit a manu­
script or article outline, address your 
correspondence to: 
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Editor 
ELECTRONIC DESIGN 

50 Essex Street 
Rochelle Park, N.J. 07662 

Design Data from 

Noise/Vibration Diagnosis: 
Real-Time Analysis Explained 

Informative booklet answers the 11 most-asked ques­
tions on what a real -time analyzer is , and how it can 
be used to diagnose complex machinery and trace 
sources of noise. It answers such questions as : 
Why do I need real time? 
How much resolution do I really need? 
Can I calibrate frequency and amplitude quickly and 
accurately? 
Do I need spectrum averaging? 
How can I compare past data with new data? 
How do I know I am analyzing (or averaging) valid 
data? 
Can I interface to my computer? CIRCLE NO. 111 

Federal Scientific Corp. 
An affil. of Nicolet Instrument 
615 West 131st St., New York, N.Y. 10027 (212) 286-4400 

ABSOLUTE TIMING DISTRIBUTION HANDBOOK 
Absolu1E 
TiMiNG 
DisrniburiON 
SysrEM 
HANdbook 
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Datametrics is pleased to offer our new valuable 
handbook on the theory and application of absolute 
timing systems. The handbook outlines techniques 
on how to synchronize to within microseconds to Uni­
versal Time (UTC) , as well as describing redundancy 
techniques to obta in overall system rel iability of bet­
ter than 100,000 hours. 

This handbook should serve as a valuable gu ide for 
the instrumentation engineer engaged in real time 
data indexing, as well as serve as a primary standard 
for the Public Utilities and Metrology Standard Labo­
ratories for time and frequency calibration. 
Copies of Technical Bulletin ATD are available upon 
request by contacting 

CIRCLE NO. 172 

Mr. Phil Miccicche, c/o Datametrics, Inc. 
340 Fordham Road, Wilmington, MA 01887 
Telephone No. (617) 658-5410, Ext. 12 

400 IDEAS FOR DESIGN Volume 2 
Edi ted by Frank Egan 

A unique sourcebook of practical des ign techniques and app roaches 
using the latest components , representi ng the best contributio ns to 
Electronic Design's " Ideas for Design "' column . All selected for their 
practical value in solving the des ign eng ineer's most commo n, eve ryday 
problems. They have proved useful as parts of larger designs or as aids 
in measu ring the parameters and testi ng the effectiveness of existing de­
signs. 288 pp., 7Ys x 9~, illus., cloth, $11.95. Circle the reader-service 
number to order a 15-day examination copy. 

CIRCLE NO. 173 

[[] HAYDEN BOOK COMPANY, INC., 50 Essex St., Rochelle Park, N. J. 07662 
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Measure Vector Angle, Magnitude And Components 
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- -=---=, The new P.A.R. Corp. Model 129A Two Phase Lock-In/ 
Vector Voltmeter, enables you to simultaneously meas­
ure the magnitude and phase angle with respect to a 
reference signal of virtually any low-level signal within 
its range of 0.5 Hz to 100 kHz-even if the signal is 
buried 60 dB beneath background noise. At the flip of 
a switch, you can also measure the in-phase and 
quadrature components of the vector. The Model 
129A features fully automat ic reference tracking, in­
dependent output expansion and filtering for each 
channel. Complete specifications ar!l contained in bul­
letin T-314, available on request . 

CIRCLE NO. 174 

PRINCETON APPLIED RESEARCH CORPORATION 
P.O. Box 2565 
Princeton, New Jersey 08540 (609) 452-2111 

PRACTICAL RELAY CIRCUITS 
By Frank J. Oliver 

11 I 

I 

mmim~ 
II 

Uniquely groups various relay circuits according to the functions they 
perform, enabling the systems designer to quickly select the best circuit 
for his specific purposes. Includes arc and RFI suppression systems; time 
delay function; audio tone control and resonant-reed relays; sequenti al 
relays ; protective functions of relays against overload overvoltage, and 
overcurrent, pulse generation and detection; logic circuits; and more. 
Particul arly important is coverage of pulse-operated relay systems now 
extensively used with automated control systems. Illustrated with many 
c ircuit diagrams using the latest American National Standard graphical 
symbols. 363 pp., 6 x 9Y4, illus., cloth, $14.95. Circle the reader-service 
number to order a 15-day examination copy. 

CIRCLE NO. 175 

c;:J HAYDEN BOOK COMPANY, INC., 50 Essex St., Rochelle Park, N. J. 07662 

NEW, GENERAL PURPOSE, LOW-NOISE AMPLIFIER 

Quan-Tech 

The Model 206 C, Quan-Tech's latest version of its 
highly regarded general purpose, low noise amplifier, 
offers significant features at the low price of $290. 
• Selectable gains of 20, 40 and 60 dB, ±0.5 dB. 
• Frequency response is flat from 1 Hz to 100 kHz 
• Noise less than 10 µ.,V. 
• 1 V RMS at 1 ma. 
• Less than 0.1 % distortion. 
• Dimensions: 3"H x 41/4"W x 7" Deep, 2112 lbs. 
The Model 206 C is powered by two internal mercury 
batteries, with a life expectancy of 2000 hrs. A front 
panel pushbutton and lamp provides a check on bat­
tery condition. Always ready, the Model 206 C can 
be added to test instrumentation when additional gain 
is required, without introducing more problems than 
benefits. 

CIRCLE NO. 1 76 

Div. of KMS Industries, Inc. 
43 South Jefferson Road, Whippany, N. J. 07981 
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recruitment 
and 

classified Ads 

WINTER'S COMING 
FLORIDA OPPORTUNITIES 

Digital, Analog Design 13-20K 
MOS, Memory Specialists 12-20K 
Silicon Gate Specialists 12-20K 
RF Design 14-24K 

Telemetry Systems 13-20K 
Modems, Data Comm. . 14-20K 
Real Time Programmers 12-17K 
Computer Design 13-20K 

Please direct resume and earning's history in 
confidence to: 

R. W. Marsh 
Professional Management Search 

7370 N. W. 36th Street Suite 241 Miami, Florida 33166 
Miami (305) 592-3610 Broward (305) 925-4568 

College dollars need 
time to grow. 

Take stock in America. 
W"'1 h;gl... paying U~ScMngs Bonds. 

equipment for sale 

IMMEDIATE DELIVERY 
Minis & Peripherals 

DEC-HIS-NOVA 
SEL-HP-MOHAWK 

CPU, Card, Printer, Tape, 
Disk 

NEW-MOHAWK 
4320 PRINTERS 

DATA PRINTER V132C 
DEC & HONEYWELL 

MODULES 
PDPB CPU $1,500 

$750 MINIS 
TELETYPE 35 & 37 

For Sale /Rent 
617 /261-1100 

Send for Free Report 
" Ma intenance of Computers" 
AMERICAN USED COMPUTER 

CORP. 
P. 0 . Box 68, Kenmore Station 

Boston , MA 02215 

CIRCLE NO. 210 

WE BUY EXCESS ELECTRONIC 
INVENTORY FOR CASH. 

UP TO $1,000,000.00 
CASH AVAILABLE. 

VIKON, INC. 
3429 West Kingsley Road 

Garland, Texas 75041 
214/271 -2455 TWX 910-860-5160 

CilVE ... 
HEART 
FUND 

Large inventory TTL l.C.'s in 
stock. Having trouble finding 
l.C.'s semis, or other compo­
nents? Call Billy Gage or Jim 
Tanner, 214/271-2455. 

VIKON, INC. 
3429 West Kings ley Road 

Garland , Texa s 75041 
TWX 910-860-5160 
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ENGINEERS 
Have you heard about 

NCR's new organization? 

We've changed! And in that change there could 
be opportunity for greater professional involve­
ment for you! 

We've changed many of our products from me­
chanical free-standing equipment to complete 
electronic systems for business, industry, and 
diverse government functions. Among other 
things, they include 

• Accounting Computer Systems 

• Data Entry Systems 

• Data Processors 

• Electronic Communication Systems 

• Financial Systems 

• Postal Systems 

• Retail Systems 

And we 've changed our location! NCR Engineer­
ing was once basically in Dayton , Ohio. Now it 
is California, Ohio, New York, Florida, Kansas 
and Delaware - wherever the product itself is 
made! 

Now we must staff to meet our goals. Devel­
oping the many current products (as well as 
those yet to come) for complete systems require 
professionals with advanced understanding of 
applied electronics and innovative minds in peo­
ple who think fresh and new. Business systems 
is the fastest growing segment of the electronic 
industry, and our invitation to you is come, 
grow with us! 

If you have experience in digital logic and cir­
cuit design for business systems, or if you are 
software-oriented and knowledgeable with the 
firmware and hardware that goes into comput­
erized systems, terminals, or mini -computers, 
contact us now! 

Let us know your product interest, your geo­
graphic preference and your professional cre­
dentials. One of our many divisions will be 
happy to explore employment with you. 

NCR Worldwide Headquarters 

Corporate Executive & Professional Placement 

Dayton, Ohio 45479 

An Equal Opportunity Employer Ml F 

CIRCLE NO. 211 
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(product index J 
Information Retrieval Service. New Products, Evaluation Samples (ES), Design Aids 
(DA), Application Notes (AN), and New Literature (NL) in this issue are listed 
here with page and Information Retrieval numbers. Reader requests will be 
promptly processed by computer and mailed to the manufacturer within three days. 
*Appears in the International Technology Section outside the USA. 

Category Page IRN Category Page IRN 

Components 
capacitors, 64 24 
capacitors, aluminum 180 104 
capacitors, ceramic 21 13 
capacitors, ceramic 167 85 
capacitors, rf 168 86 
cassette drive 152 273 
components 10 9 
displays 181 105 
encoder 152 274 
ferrites 111 40 
generator, tach 152 272 
inductors, decade 148 264 

computer, medium-scale* F 184 
computers 153 66 
data-acquisition system 178 102 
data-conversion equip-

ment (NL) 192 484 
data logger* G 191 
digital cassette system 67 26 
display panel 187 116 
displays, CRT 121 46 
generator, time-code 182 356 
keyboards 189 119 
memory, cassette 180 351 
minicomputer 180 350 

LED switch /indicator 150 63 minicomputer 182 354 
LEDs 12 10 modems (NL) 188 459 
LEDs 31 20 printer 139 54 
lamps 179 103 programmer, pROM 180 353 
light sensor 148 267 
motor, PM, gear 154 277 

programmer, pROM 182 355 
reader 192 124 

motor, timing 150 270 recorder, video 180 352 
motors, PM 127 48 recorders, portable (NL) 193 489 
motors, servo 155 68 software, Nova 4 5 
opto-electronics 7 6 terminal, CRT 182 357 
potentiometer 14 11 terminal, data 183 358 
potentiometers, linear 154 275 
relay 150 271 ICs & Semiconductors 
relay, amp input 150 269 amplifier, IC audio 166 305 
relays 2 168 CMOS, ceramic 151 64 
relays 144 57 CMOS ICs 171 91 
relays, delay 148 61 CMOS, linear 149 62 
relays, meter 183 109 comparator, quad 163 300 
relays, reed 184 112 detector, MOSFET 166 308 
relays, solid-state 175 97 diodes, zener 156 67 
resistor, precision 154 276 display driver 16 12 
resistors 8 7 drivers, gas-display 164 301 
resistors 87 34 ICs (NL) 190 463 
resistors 150 268 ICs, high level logic* G 188 
resistors 163 79 MOS device 126 47 
switch, flow 148 265 microelectronic devices 74 30 
switch, PC board 148 266 
switch, rotary 154 278 
switches 111 244 
switches 33 21 

multiplexer, analog 147 60 
multiplexer, SOS 162 298 
multiplier, IC 162 299 
npn-pnp planar devices 173 95 

switches 75 17 
switches 116 43 

phototransistor, npn 166 306 
RAM 162 296 

switches 177 101 rectifiers 183 110 
switches, rotary 173 93 register, static 164 303 
thermostat 170 90 SCR, stud mounted 162 297 
thermostats 176 98 SCRs 137 53 
timers 35 22 semiconductors, rf (NL) 190 469 
transformers 184 111 sensors 95 37 
trimmers II 243 
yokes, deflection 162 78 

shift register, static 164 304 
thyristors 143 56 
thyristors 164 302 

Data Processing transistor, hf 166 307 
CRT camera systems 110 39 transistors, power 68 27 
calculator 29 19 transistors, power 193 126 
calculator, electronic triacs and SCRs 160 76 

(NL) 192 487 zener chips 141 55 
calculator, pocket 106 38 
calculator, pocket 183 359 Instrumentation 
calculator, programmable 73 29 a/ d-converter tester 159 291 
calculators, pocket 135 52 analyzer, IC 165 83 
computer 61 23 analyzer, spectrum 160 292 

Category Page IRN 

analyzers, gas/acid* H 196 
angle position indicator 160 295 
counter 15 7 284 
counter 158 285 
current source 158 287 
generator, pattern* F 186 
generator, time-code 160 293 
LSI test system (NL) 188 455 
MOS test system 156 280 
meter, clamp-on V /I /n 159 290 
meter, illumination level 158 288 
meters, digital panel* H 195 
multimeter, digital 156 279 
oscilloscope 75 31 
oscilloscope 156 281 
oscilloscopes 22 14 
photometer* F 182 
photometer 156 282 
rt test set 160 294 
recorder 157 283 
recorder, chart* G 187 
synthesizer 158 289 
synthesizer, frequency* G 189 
synthesizer, frequency 158 286 
thermometer, digital* H 194 
transducer, contactless* G 190 
voltmeter, rms 157 70 
wiring analyzer system 169 89 

Microwaves & Lasers 
attenuator, programmable* F 183 
attenuators* H 193 
attenuators, power 185 363 
microwave modules 129 49 
power sources, mm-wave 184 360 
terminations, short* F 185 
thermistor, waveguide 185 362 
time delay instruments 184 361 

Modules & Subassemblies 
alarm, voltage/ current 176 341 
amplifiers, transducer* F 181 
cards, driver 174 334 
control, speed 178 346 
converter, a/ d 176 342 
converter, a/ d 179 349 
converters, s / d, d / s 178 344 
converters, v /f 174 335 
decoder, tone 174 336 
encoder, multi-tone 175 338 
flasher, lamp 175 339 
housing, tube 172 332 
keyboard 178 345 
multiplier, four-quad 179 348 
oscil.lator, clock 9 8 
oscillator, clock 23 15 
oscillator, multiple 176 340 
phase shifter, digital 178 347 
pulser, 50 kV 174 337 
receiver, radio 172 333 
resolver, angular 176 343 
s/d, d/s modules 166 84 
sensor, gas/vapor 172 331 
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Packaging & Materials 
adhesives (NL) 192 
cable 78 
cable 177 
cable, flat 125 
cable, flat 168 
~~s 165 
cases, aluminum 177 
connector, PC 168 
control , position * G 
epoxy, conducting 167 
epoxy, panels 164 
fasteners (NL) 190 
ferrites 195 
heat sealer 152 
heat sinks 24 
heat sinks 172 
high -purity materials 

(NL) 188 
holder, steel wool 167 
interconnections 173 
jacks, pins 159 
PC board 171 
PC boards 191 
paint, conductive 168 
panels 94 
panels, wire-wrapped 117 
shaft-coupling, flexible 170 
socket, DIP, zero force 171 
sockets 114 
solder gun element 168 
spacers, circuit-board 171 
spray, antistatic 170 
tape, fiberglass 158 
tape, mag 170 
terminals, wire 185 
test clips 181 
tool , burring 170 
wrapped -wire packaging 180 

Power Sources 
batteries 174 
conditioner, ac line 146 
controller, drive 145 
converter, phase 142 
converters, de-to-de 142 
inverters 25 
power source 142 
regulators 36 
supplies, de power 182 
supplies, high power 142 
supplies, low power 142 
supplies, modular 146 
supplies, modular de 146 
supplies, power 6 
supplies, power 181 
supplies, power 191 
supply, dual tracking 145 
supply, high voltage 142 
supply, high -voltage 145 
supply, power 165 
supply, pulsed current 145 
supply, spectral lamp 146 

new literature 
adhesives 192 
amplifiers, logarit hmic 190 
buyers guide 169 
calculator, electronic 192 
capacitors * H 
capacitors , pF 193 
ci rcuit assemblies 192 
computer peripherals 188 
de testers 188 
data -conversion 

equipment 192 

482 
234 

99 
131 
320 

82 
100 
321 
192 
309 

80 
.464 
128 

65 
16 
92 

460 
310 

94 
73 

330 
123 
322 

36 
44 

325 
328 

41 
323 
329 
327 

71 
324 
113 
107 
326 
118 

96 
262 
259 
255 
251 

17 
250 
248 
108 
254 
252 
263 
260 

5 
106 
122 
258 
253 
256 

81 
257 
261 

482 
462 

87 
487 
198 
491 
478 
458 
454 

484 

ELECTRON IC D ES IGN 23 , November 8, 1973 

data sets 192 
die cutting 192 
electro-optics* H 
fasteners 190 
filters 188 
filters , feed-thru 193 
heat pipes 193 
high-purity materials 188 
hybrid components 191 
ICs 190 
indicators 192 
instrumentation head 193 
interconnectors 188 
LSI test system 188 
magnets, permanent 190 
microscopes* H 
modems 188 
motors, de control 192 
newsletter* H 
noise measurements 188 
oscillators, low-freq. 188 
potentiometers 188 
power systems 191 
radio equipment* H 
recorders, portable 193 
reference guide 146 
relays, reed 192 
resistors , carbon -film 190 
semiconductors, rf 190· 
service monito( 191 
sockets 190 
standoffs 191 
supplies, power 188 
supplies, power 188 
switches, push button 193 
switches, rf 190 
thermocouples 188 
thermometers, 

controllers 190 
timers, digital 191 
t ransistors 190 
transducers, position 192 
transformers 191 
VCOs 190 
wafer dicing saw 188 

application notes 
MOSFETs, dual -gate 186 
preamplifiers 186 
programmed logic 

system 186 
resistors, film 186 
tests for plastic;s 186 

design aids 
capacitor kits 186 
IR-emitting diode chart 186 
resistor selector guide 186 
slide rule 186 

evaluation samples 
bushing 186 
card ejectors 186 
slider, linear motion 186 
stacking spacer system 186 

483 
480 
199 
464 
450 
490 
488 
460 
474 
463 
481 
492 
453 
455 
467 
200 
459 
486 
197 
378 
379 
456 
472 
201 
489 

59 
479 
471 
469 
476 
470 
477 
451 
452 
493 
465 
457 

468 
475 
461 
485 
473 
466 
449 

368 
366 

367 
364 
365 

376 
374 
377 
375 

373 
372 
370 
371 

WIDE BAND 
RF 

TRANSFOMERS 

$ 
Great Value at 

95 
10 piece 
quantities 

Some Models $3.45 

0 .1 - 500 MHz 
50 Ohm impedance 

1:1 to 16:1 
impedance ratio 

micro-miniature case 

A breakthrough in technology 
and high production volume enables 
Mini-Circuits Laboratory to offer 
these new products at an unpre­
cedented low price. 

In today's tough competitive 
market can you afford not to use 
these remarkably low priced and 
high performance units? 

Ruggedness and durability are 
built in the T-series transformers. 
These new units are packaged with ­
in a 1/3 D.l.P. package. They use 
uniquely designed transmission line 
transformers for extra wide band­
width. 

We invite you to convince your­
self. Place your order now and 
check our delivery, product per­
formance and reliability. 

Mini-Circuits 
9.e~!~gl~'-~g2fY 
(212) 252-5252, lnt'I Telex 620156 
A Division Scientific Components Corp. 

•FRANCE: S.C.l.E., •31, rue, George-Sand, 
Pala1seau 91 , France. 'GERMANY, AUSTRIA, 
SWITZERLAND: Industrial Electron ics GMBH, 
* Kluberstrasse 14, 6000 Frankfurt/ Main, Ger­
many. ENGLAND: Dale Electronics, Dale 
House, Wharf Road, Frimley Green, Camberley , 
Surrey. JAPAN: Densho Ka isha Ltd. Eguchi 
Building, 8-1 1-Chrome, Hamamatsucho, Mina­
to-Ku , Tokyo. * ISRAEL: Hamashbir Electron ics, 
76 Giborei Israel St., Tel-Aviv, Israel 

• UNIT IN STOCK 

INFORMATION RETRIEVAL NUMBER 130 

203 



When it comes to a wire bundle ... 

Gudebrod's harness room accessories can 
tie it up, hold it down or cut it off·~~----

Choose the items you need and call now. -
Gudebrod Lacing Tape 

Gudebrod's complete line of lacing tapes is backed by over 100 
years of manufacturing know-how. Many types and styles meet ' ~· ' ; 1 

or exceed military specifications and are guaranteed the 
finest quality available. 

Gudebrod makes tapes from nylon, dacron*, nomex*, 
glass, teflon* and other fibers that cover all harness lacing 
requirements, plus a research and development depart­
ment that is continually working to improve or 
develop new tapes. 

Gudebrod Swivel-Tilt 
Harness Board Mount 

Gudebrod Swivel-Tilt mounts reduce 
fatigue, eliminate stretching and bending 
and increase production. 

Portable mount swivels and locks securely 
in any position with a single lever. Handles 
boards up to 3 ft. by 3 ft . and clamps to any 
sturdy table or bench. Larger sizes also 
available. 

*DuPont Reg istered TM 

Gudebrod . 
Wire Holding Pins 

No need to use nails, cotter pins, etc. and 
gamble on cutting the harness wire or maybe 
your hand. Gude-pins are made of case 
hardened blued steel with rounded heads. 
They resist bending and can be used over 
and over again. Gude-pins are available in 
seven sizes ranging from 1.18 to 4.0 inches 
in length and various diameters. 

( 

Gude-snips 
A real time saver. Unique design elimin­

ates the need for picking up scissors every 
time the tape has to be cut. Gude-snips are 
held in the palm of your hand while allowing 
use of fingers at the same time. Fine cutlery 
steel and hot drop forged construction 
maintains sharpness a long time. They can be 
resharpened. 

Heavy Duty all-purpose tape and wire 
cutters. Compact in size - easy to use. Drop 
forged construction with special serrated 
cutting edge prevents wire from slipping 
during cut. 

Gudebrod 
Wire Holding Objects 

Branch-off wires can be held in place 
with lightweight, inexpensive WHO™ clips. 
Only one pin is required to securely hold 3 
to 5 wires in place, either stripped or 
insulation covered. WHO™ clips are made 
from steel, are reusable and have low initial 
cost. 

Gudebrod 
Cable-Lacer 

Cable-Lacer is precision 
made and designed to speed many 

production jobs. Light in weight and 
handy to use, the Cable-Lacer produces 
tighter knots and makes lacing easier. 

Self-contained bobbin holds and feeds 
tape as required to increase worker efficiency 
and reduces the strain to the worker's hands. 

~udebrod Bros. Silk Co., Inc. Dept. E111, 12 South 12th Street, Phila., Pa. 19107 Phone: (215) WA2-1122 
Branch Offices 

~ New York, N. Y. Boston, Mass. Chicago, Ill. Burbank, Ca. Charlotte, N. C. 
~ (212) LA4-5858 (617) HA6-5347 (312) DE7-3025 (213) 848-3962 (704) 333-9591 
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ER-HAM' 
SNAPS INFO N:.. I 
WHEN YOU NEED 
PROTOTYPES. 
Just watch our action when you call 
for service! The old-fashioned, de­
pendable kind that just could be 
brand new to you. With fast applica­
tion help, fast action on prototypes, 
and delivery dates you can count on. 

Fact is, we have snapped into 
action in a big way. Coming up with 
new lines of precision snap-action 
switches, designed and manufactured 

in the Cutler-Hammer quality tradi­
tion. We have samples in stock for 
immediate inspection. 

But remember. If we don't have 
exactly what you want already, tell 
us and we'll snap into action to get 
you a prototype promptly. 

Call your Cutler-Hammer Sales En­
gineer or Switch Distributor and ask 
him how our snap-action switches (and 
service) can help you meet your prod-

/ 
uct development schedules on time. 

SW.Itch More thon . iu•t. ~witches ; Action you want. 
prompt ovo1lab1hty, 

to N~l fiel~ help, innovation, Action you'll get! 
• quahty assurance, too. 

INFORMATION RETRIEVAL NUMBER 244 

-----

Miniature-Five different types with 
U.L. rating up to 15 amps. Four terminal 
styles. Choice of actuators-straight 
lever, roller lever, simulated roller lever. 
Sub-miniature-Four basic types with 
U.L. rating up to 10 amps. Four terminal 
styles. Same actuator choice as above. 
Sub-subminiature-Four basic types 
with U.L. rating up to 7 amps. Four termi­
nal types. Actuators-a variety of lever, 
leaf and roller lever types. 

CUTLER-HAMMER 
SPECIALTY PRODUCTS DIVISION. Ml/waukee. Wis. 53201 



itl ea1y 
to 1ee ••• 
Thanks to large, sharp, clear 
characters, and uniform 
brightness, the PANAPLEX™ II 
panel display is the first 
choice of calculator users. 
The soft, orange-red neon 
glow is easy on the eyes, yet 
bright enough to be viewed 
comfortably in brightly lit 
offices. 
Manufacturers find that cal­
culators using PANAPLEX II 
panel displays sell better ; and 
at the same time, PANAPLEX II 

panels offer low cost drive 
circuitry and low-power con­
sumption. 

Most significant, the uniquely 
simple single envelope con­
struction of PANAPLEX II panel 
displays offers premium reli­
abilty at the best price per digit 
... now and in the future! 

For additional information 
about PANAPLEX II panels 
and how to solve your read­
out problems, 

calculato1 
people 

write to Burroughs Corporation , 
Electronic Components 
Division , P.O. Box 1226, Plain -
field , New Jersey 07061 ; or call 
our special sales/ application 
assistance number, (201} 757-
3400. Our representative 
will show you why . . . 

p1efe1 Pi NAPP~~~::11 
.'Ii.\• • • • 
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